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HOW TO USE THIS SOIL SURVEY

HIS SOIL SURVEY contains infor-

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

Liocating Soils

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

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

Finding and Using Information

The “Guide to Mapping Units” can be
used to find information. This guide lists
all the soils of the county in alphabetic
order by map symbol and gives the capa-
bility classification and woodland suit
ability classification of each. It also shows
on what page each soil is described and on
what pages the capability unit and the
Woodlang suitability group are described.

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

soil map and colored to show soils that
have the same limitation or suitability. For
example, soils that have a slight limitation
for a given use can be colored green, those
with a moderate limitation can be colored
yellow, and those with a severe limitation
can be colored red.

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

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

Game managers, sportsmen, and others
can find information about soils and wild-
life habitat in the section “Wildlife.”

Community planners and others can
find, in the section “Soil Properties in
Relation to Town and Country Planning,”
information significant in various aspects
of town and country planning.

Engineers and builders can find, under
the heading “Engineering Uses of the
Soils,” tables that contain estimates of
specified soil properties and interpreta-
tions of these soil properties as they affect
engineering practices.

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

Newcomers to the county may be es-
pecially interested in the “General Soil
Map,” where broad patterns of soils are
described, and in the general information
about the county given at the beginning
and the end of this publication.

Cover: Stripcropping and grassed waterways in an area
of Nester soils.
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UNITED STATES
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WITH THE MICHIGAN AGRICULTURAL

EXPERIMENT STATION

TTAWA COUNTY is situated in the southwestern
part of Michigan, bordering Lake Michigan (fig. 1).
Its eastern boundary is about 30 miles from north to
south, the western shoreline is about 24 miles long, and the
east-west boundaries are about 22 miles long. The area is
approximately 564 square miles. Grand Haven, the county
seat, is in the northwestern part of the county, at the mouth
of the Grand River.
About half of the county is in farms. Corn, wheat, oats,
hay, and fruit are the major crops. Dairy products are
also important. Large areas are wooded.

4
&
o>
L A K E S » .
3 P
o
S
'
0
SAULT STB. MARI,
2, Q:,E&t: X
©
nd ' N ¢ “
R . 4~ .
7 oL N i
-
~ Q -
Voo
=
0 y
N L
°©
&
3 ] ks
~ 19
Y .
x5 [_® saGinaw
122 o
b crano 130 | wiika .PUNT
:< HAVEN ~’L'.
7
*
- LANSING L LANSING
3
b DETROITY
‘ LAKE,
LFRIFE
*State Agricultural Experiment Station

Figure 1.—Location of Ottawa County in Michigan.

How This Survey Was Made

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

The soil scientists made comparisons among the pro-
files they studied and 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. The soil series and the soil phase are the cate-
gories of soil classification most used in a local survey (8).

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

Soils of one series can differ in the texture of their sur-
face layer and in slope, stoniness, or some other characteris-
tic that affects the use of the soils by man. On the basis
of such differences, a soil series is divided into phases. The
name of a soil phase indicates a feature that affects man-
agement. For example, Nester loam, 2 to 6 percent slopes,
is one of several phases within the Nester series.

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

*Ttalic numbers in parentheses refer to Literature Cited, p. 137.
1



2 SOIL SURVEY

The soil map at the back of this publication was prepared
from the aerial photographs.

The areas shown on a soil map are called mapping units.
On most maps detailed enough to be useful in planning
the management of farms and fields, a mapping unit is
nearly equivalent to a soil phase. It is not exactly equiva-
lent, 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 rec-
ognized soil phase.

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

A I;oil complex consists of areas of two or more soils,
so intermingled or so small in size that they cannot be
shown separately at the scale used for the soil map. Each
area of a complex contains some of each of the two or more
dominant soils, and the pattern and relative proportions
are about the same in all areas. The name of a soil complex
consists of the names of the dominant soils, joined by a
hyphen. Adrian-Houghton mucks is an example.

An undifferentiated group is made up of areas of two
or more soils that could be delineated individually but are
shown as one unit because, for the purpose of the soil sur-
vey, there is little value in separating them. The pattern
and proportion of soils are not uniform. An area shown on
the map may be made up of only one of the dominant soils,
or of two or more. The name of an undifferentiated group
consists of the names of the dominant soils, joined by
“and.” Croswell and Au Gres sands, 0 to 6 percent slopes,
is an example.

In most areas surveyed there are places where the soil
material is so rocky, so shallow, or so severely eroded that
it cannot be classified by soil series. These places are shown
on the soil map and are described in the survey, but they
are called land types and are given descriptive names.
Blown-out land, 0 to 6 percent slopes, is a land type in
Ottawa County.

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

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

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

General Soil Map

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

A map showing soil associations is useful to people who
want a general idea of the soils in a county, who want to
compare different parts of a county, or who want to know
the location of large tracts that are suitable for a certain
kind of land use. It is useful in watershed management,
woodland management, and community development. It
is not suitable for planning the management of a farm or
field or for selecting an exact location for a road or build-
ing, because the soils in any one association ordinarily
differ in slope, depth, stoniness, drainage, and other char-
acteristics that affect their use.

The 12 soil associations in Ottawa County are described
in the following pages.

1. Rubicon-Blown-out land-Deer Park association

Level to steep, well-drained, sandy soils of the dunes and
plains

Association 1 extends the entire length of the western
border of Ottawa County, along Lake Michigan. It is
made up of steep young sand dunes next to the lake and
stabilized older dunes and level to sloping sand plains
inland from the lake. In acreage it totals about 15 percent
of the county.

Rubicon soils (fig. 2) are on the stabilized dunes and
the plains and make up about 45 percent of the associa-
tion. They are older than Deer Park soils and have more
distinct horizons and are more acid. Deer Park soils oc-
cupy the steep dunes next to the lake and make up about
15 percent of the association. They are young soils and
have faint horizons. Blown-out land makes up 25 percent
of the association. It consists of Rubicon and Deer Park
soils from which wind has removed both the surface and
subsurface layers; the loose sand substratum is at the
surface in most places, and active blowouts are common.
The remaining 15 percent of the association is made up
mainly of moderately well drained Croswell soils, some-
what poorly drained Au Gres soils, and poorly drained
to very poorly drained Granby soils.

All the major soils of this association have a very low
available water capacity and very low natural fertility.
Unless irrigated, they have severe limitations for farming.
Rubicon and Deer Park soils support a mature mixed for-
est of conifers and hardwoods, including sugar maple, red
oak, hemlock, and white pine. Stabilizing Blown-out land
is a major problem (fig. 8).

Limitations for community development and recrea-
tional uses are no more than slight. The soils are good
material for foundations for buildings, highways, and
other structures. Scenic views and attractive settings for
homes are plentiful. Many landowners are developing
wildlife areas and recreational facilities. Churches and
other groups have established camps along the lakeshore.
Reforested areas belonging to schools and townships are
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Figure 2—A Rubicon sand in association 1. Scotch pine and red pine have been planted.

used as outdoor classrooms and for recreation and are also
sources of incoine.

2. Rubicon-Granby-Croswell-Au Gres association

Level and gently sloping, well-drained to wvery poorly
drained, sondy soils of the lake plains and outwash plains

Association 2 extends from the central part of the
county to the northwestern part. It consists of sandy
plains on which are scattered long, low, narrow, dunelike
ridges. In acreage it totals about 20 percent of the county.

Rubicon soils occupy the ridges and the higher parts
of the plains. These well-drained soils make up about 25
percent of the association. Granby soils, which are poorly
drained or very poorly drained, are in drainageways and
on slightly depressed broad flats. They make up about 25
percent of the association. Croswell soils, which are mod-
erately well drained, and Au Gres soils, which are some-
what poorly drained, are on slightly lower parts of the
plains and commonly occur together. They make up about
25 gercent of the association. The remaining 25 percent is
made up largely of somewhat poorly drained Saugatuck
soils, well drained and moderately well drained Montcalm
soils, somewhat poorly drained Allendale soils, and poorly
drained fine sands,

The major soils of this association are severly limited
for farming by droughtiness, low fertility, and a hazard
of soil blowing. Much of the acreage is i1dle. Only small
areas are farmed. Small fruits and vegetables are grown,
usually under irrigation. Christmas trees and other forest
products are suitable crops. Christmas tree plantations of
5 to more than 160 acres are common. Scotch pine is the
species most commonly planted for Christmas trees

(fig. 4). Other areas that have been reforested with pine are
managed for pulpwood and timber. The mixture of small
farms, idle fields, and woods creates a favorable environ-
ment for wildlife.

Rubicon and Croswell soils have few limitations for com-
munity development, except for droughtiness, which makes
it difficult to establish lawns and shrubbery. Au Gres soils
are severely limited by excessive wetness and instability.

3. Granby-Au Gres-Saugatuck association

Nearly level and gently sloping, very poorly drained to
somewhat poorly drained, sandy soils of the lake plains.

Association 8 occurs as one large area in the central
and west-central parts of the county and one small area
near the north-central boundary. (Generally, the nearly
level plains are broken by only minor dips and swells,
but low, narrow ridges occur locally. In acreage this as-
sociation totals about 12 percent of the county.

Granby soils, the darkest colored of the major soils,
occupy the broad, nearly level parts of the plains and
make up about 50 percent of the association. They have
a high water table and poor or very poor drainage. Au
Gres soils, which are somewhat poorly drained, occupy
low swells and ridges and make up about 25 percent of
the association. Saugatuck soils have a cemented pan in
the subsoil and are poorly drained or somewhat poorly
drained. They are at elevations a few inches to a foot or
two higher than Granby soils, and they also occur as slight
depressions within the larger areas of Au Gres soils.
Saugatuck soils make up about 15 percent of the associa-
tion. The remaining 10 percent of the association is made
up mainly of moderately well drained Croswell soils; of
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Figure 3.—Blown-out land, in association 1, stabilized with rows of beachgrass and wood pilings in 13-foot squares.

areas, mainly in the southern part of Blendon Township,
in which the soils have a clayey substratum at a depth
of 2 to 5 feet; and of areas in which fine-textured lake-
laid material occurs in the subsoil and substratum.

The soils in this association are severely limited for
farming by a low available water capacity, low fertility,
and a severe hazard of soil blowing. Special crops, in-
cluding blueberries and truck crops, are grown on selected
sites for which supplemental irrigation i1s available. The
low wet areas are subject to early frost, and many are dif-
ficult to drain because they lack outlets. Trees grow slowly
and are usually of low quality. Reforestation is generally
limited to Christmas tree plantations on Au Gres soils.
Wildlife that requires an open-land habitat is abundant.

Limitations for community development are severe. The
high water table interferes with the functioning of sewage-
disposal systems, and shallow wells in these porous soils
are likely to be polluted by sewage effluent. Most of the
homes and other buildings within the association are
located on the highest parts of the landscape.

4. Nester-Kawkawlin-Sims association

Gently sloping to rolling, well-drained to poorly drained,
loamy soils of the uplands

Association 4 occurs in the east-central and north-
eastern parts of the county. The landscape is one of rolling

uplands. All the major soils developed in glacial drift of
clay loam texture. They differ mainly in degree of drain-
age. In acreage this association totals 12 percent of the
county.

Nester soils, which are well drained or moderately well
drained, occupy the higher parts of the landscape and
malke up about 55 percent of the association. The somewhat
poorly drained Kawkawlin soils and the poorly drained
Sims soils occupy depressions, the lower part of slopes,
and basins between slopes. Kawkawlin soils make up about
15 percent of the association, and Sims soils, about 10 per-
cent. The remaining 20 percent of the acreage is made u
mainly of well drained and moderately well drained Ubly
soils, somewhat poorly drained Belding.soils, and poorly
drained Breckenridge soils.

The major soils of this association have few limitations
for farming. Erosion is a hazard, and the Kawkawlin and
Sims soils need random tile drainage. Dairying is the
chief livestock enterprise, but some beef cattle are raised.
Corn, small grain, and hay are common crops. Good
orchard sites are common in the area east of the main
drainageway in Chester and Wright Townships. Apples
are the leading orchard crop. Peaches, pears (fig. 5),
cherries, and plums are grown also. Woodlots of 5 to 15
acres are common. Sugar maple, red oak, beech, and aspen
are the principal species in the woodlots; some white pine
is also included. The rolling terrain and the mixture of
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Figure 4.—Scotch pines, tagged and ready to be harvested for Christmas trees; soil is an Au Gres loamy sand, in association 2.

cropland, orchards, and woodland provide cover and food
for birds and animals that need an open-land habitat.

Moderately slow permeability and a hazard of frost
heave are severe limitations for community development.
Kawkawlin and Sims soils have the additional limitation
of a fluctuating high water table.

5. Richter-Gilford-Gladwin association

Nearly level and gently sloping, somewhat poorly drained
to very poorly drained, sandy and loamy soils of glacial
drainageways

Association 5 occupies glacial drainageways in the north-
eastern part of the county. The landscape is one of nearly
level plains intermixed with gently sloping areas. In
acreage this association totals about 4 percent of the
county.

Richter soils are stratified sandy loams; they are nearly
level or gently sloping and are somewhat poorly drained.
They make up about 25 percent of the association. Gilford
soils are predominantly sandy loam and are underlain
with limy sand and gravel; they are nearly level and are
poorly drained or very poorly drained. They make up
about 20 percent of the association. Gladwin soils are
loamy sand or sandy loam and are underlain with sand
and gravel ; they are nearly level and are somewhat poorly
drained. They make up about 20 percent of the association.
The remaining 85 percent of the acreage is made up of
somewhat poorly drained Matherton soils, well-drained
Chelsea and Newaygo soils, poorly drained Lacota and

Tonkey soils, somewhat poorly drained Au Gres soils,
and poorly drained to very poorly drained Granby soils.

The major soils of this association need artificial drain-
age but otherwise have no serious limitations for farming.
Corn, small grain, and hay are the common crops. Beans,
pickling cucumbers, and melons are also grown. Man
fields are not drained well enough to be suitable for culti-
vated crops and are used only for hay or pasture. Other
areas are idle. Woodlots are common, but trees generally
grow slowly and are of poor quality. Maple, aspen, elm,
and ash are among the common species. Many elm trees
are dead or diseased.

Limitations for community development are severe.
Unfavorable texture and alternating excessive wetness
and droughtiness are among the limiting characteristics.

6. Mancelona-Nester-Belding-losco association

Gently sloping to hilly, well-drained to somewhat poorly
drained, sandy and loamy soils of the uplands

Association 6 occupies one large area in the northeastern
part of the county and one small area in the north-central
part. The slopes are complex. In acreage this association
totals 10 percent of the county.

Both Mancelona and Nester soils are well drained or
moderately well drained. Mancelona soils make up about
25 percent of the association, and Nester soils about 20
percent. Belding and Tosco soils occur on the lower parts
of slopes and in depressions and are somewhat poorly
drained. Together they make up about 25 percent of the
association. The remaining 30 percent is made up of well
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Figure 5—Young pear orchard on Nester soils, in association 4.

drained or moderately well drained Montcalm soils and
somewhat poorly drained Richter, Au Gres, and Blount
soils.

Complex soil patterns and complex slopes impose some
limitations for farming. Erosion 1s a hazard. Some areas
need artificial drainage. General farming is the predomi-
nant land use. Corn, small grain, hay, and pickling cucum-
bers are the main crops. Both dairy cattle and beef cattle
are raised. A few sites in the association are suitable for
the production of fruit. Woodlots of 5 to 40 acres are
common. Maple, oak, hickory, aspen, and beech are the
principal species in the woodlots. In wet depressions dead
and diseased elms predominate. Some areas of sandy soils
have been reforested with pine. Food and cover for wildlife
are abundant, and both open-land and woodland wildlife
are plentiful.

The most easterly part of this association, mainly in
Tallmadge Township, is being converted to suburban use
as a result of the growth of the city of Grand Rapids.
The area offers scenic views and suitable locations for
homes. Some of the soils have only slight limitations
for community development, but others have severe limita-
tions. Careful investigation and planning are needed to
avoid such troubles as wet basements, uneven settling,

cracked foundations, and failure of sewage-disposal
systems.

7. Sloan-Adrian-Houghton association

Level, poorly drained, bottom-land soils and organic soils

Association 7 extends from Jenison, on the eastern
border of the county, southwestward to Zeeland. The
area is an old glacial drainageway and is now occupied by
Black Creek. In acreage this association totals 4 percent
of the county.

Sloan soils are on bottom lands and make up about 30
percent, of the association. Adrain and Houghton soils are
in depressions. Adrian soils consist of 12 to 42 inches
of organic material over sand, and Houghton soils of
more than 42 inches of organic material. Together they
make up about 40 percent of the association. The remain-
ing 80 percent is made up mainly of very poorly drained
Carlisle and Linwood soils, poorly drained Wallkill soils,
and somewhat poorly drained Shoals soils.

The soils of this association are limited for farming
by a flood hazard, excessive wetness, low fertility, and a
hazard of soil blowing. Nevertheless, intensive farming is
common. Artificial drainage is essential if cultivated crops
are to be grown. Adrain and Houghton soils are used
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mainly for specialty farming; celery, onions, and carrots
are common crops. They are also used to some extent for

eneral farming. Sloan soils are used for general farming.
Some undrained areas are used only for hay and pasture.
Woodlots are very few on the soils of this association. Food
for wetland wildlife is generally plentiful.

Limitations for community development are severe.
The soils are unstable, and the high water table interferes
with the functioning of septic-tank systems and hinders
the construction of basements.

8. Chelsea-Mancelona-Montcalm association

Level and gently sloping, well drained and moderately well
drained, gravelly and sandy soils of outwash plains and
terraces

Association 8 occurs as two small areas in the east-cen-
tral part of the county. The topography is dominantly level
and gently sloping, but small areas next to drainageways
have short, steep slopes. In acreage this association totals
3 percent of the county.

Chelsea soils, which are well drained, make up about 30
percent of the association ; they occupy the higher parts of
the plains. These soils have thin layers of loamy sand be-
low a depth of 42 inches. Mancelona soils, which are well
drained or moderately well drained, make up about 25 per-
cent of the association. They are on slightly lower parts of
the plains and terraces and on short slopes next to drain-
ageways. They are underlain with sand and gravel at a
depth of 18 to 40 inches. Montcalm soils, which are well
drained or moderately well drained, make up about 25 per-
cent of the association. They occur with Clljlelsea. soils on
the higher parts of the plains and are similar to Chelsea
soils but finer textured below a depth of 42 inches. The
remaining 20 percent of the acreage is made up mainly of
somewhat poorly drained Gladwin and Matherton soils,
poorly drained Lacota soils, and poorly drained or very
poorly drained Gilford soils.

The major soils of this association are limited for farm-
ing by low fertility, a shortage of moisture, and a hazard
of soil blowing. General farming and some livestock farm-
ing are practiced. Most of the common crops are grown.
Limitations for growing trees are slight. Small woodlots
are scattered throughout the association, and some pine
plantations have been established, but the production of
wood crops is not a major land use. Wildlife that requires
an open-land habitat is abundant.

Limitations for community development are slight.
Farmland is rapidly being converted to residential and
commercial uses, as a result of the growth of the city
of Grand Rapids. Many residences have been built,
and homesites of between 1 acre and 20 acres are numerous.

Gravel pits that yield material suitable for use in high-
way building and other construction are common.

9. Blount-Morley-Kibbie association

Lewel and gently sloping, well-drained to somewhat poorly
drained, loamy soils of uplands

Association 9 occupies till plains in the southeastern part
of the county. Short, steep breaks to drainageways are the
only significant variations in the gradual, fairly long
slopes. In acreage this association totals about 8 percent
of the county.

Blount soils are level or gently sloping and are some-
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what poorly drained. They make up about 45 percent of
the association. Morley soils are gently sloping to steep and
are well drained or moderately well drained. They occur on
the slightly higher parts of the landscape and on the
short, steep breaks. They make up about 20 percent of the
assoclation. Kibbie soils are level and somewhat poorly
drained. They make up about 10 percent of the association.
The remaining 25 percent of the acreage is made up mainly
of well drained or moderately well drained Owosso soils,
well-drained Tuscola soils, and poorly drained Sims soils.
Sims soils occupy depressions.

Because the slopes are fairly long, there is some hazard
of erosion. Structure and tilth deteriorate if the soils are
worked when wet. Blount soils and Kibbie soils need arti-
ficial drainage. General farming is the major land use.
Small woodlots containing a mixture of hardwoods are
common. Many of the woodlots are on breaks to drainage-
ways. Others are in poorly drained depressions; in these,
the trees are generally of low quality, and many dead and
diseased elms are included. Wildlife that requires an open-
land habitat is abundant.

Limitations for community development are moderate
to severe. Moderately slow permeability, a seasonal high
water table, and susceptibility of frost heave are among
the unfavorable characteristics.

10. Miami-Hillsdale-Spinks association

Rolling and hilly, well-drained, loamy and sandy soils of
the uplands

Association 10 is in the southeastern corner of the
county. The landscape is characterized by short, broken
slopes and wet pockets and depressions. In acreage this
association totals 8 percent of the county.

Miami and Hillsdale soils are loamy, and Spinks soils
are sandy. Miami soils make up about 35 percent of the
association, Hillsdale soils about 25 percent, and Spinks
soils about 20 percent. The remaining 20 percent is made
up mainly of somewhat poorly drained Metamora and
Conover soils, poorly drained Sims and Washtenaw soils,
and very poorly drained Edwards and Cohoctah soils.
These minor soils occupy the pockets and depressions and
the lower parts of slopes.

The erosion hazard is the main limitation for farming.
Dairying and beef farming are the principal land uses.
Miami and Hillsdale soils are well suited to crops but need
careful management if cultivated. Woodlots are numerous.
The trees are mainly hardwoods, including maple, beech,
oak, hickory, and some largetooth aspen. Food and cover
for all types of wildlife are abundant.

The stronger slopes of this association have some limi-
tations for intensive uses, but otherwise limitations for
community development are slight.

11. Bowers-Hettinger-Nester association

Nearly level to gently sloping, well-drained to poorly
drained, loamy soils of the lake plains

Association 11 is in the north-central part of the county.
The nearly level to gentle slopes are interrupted by -breaks
to drainageways. In acreage this association totals 4 per-
cent of the county.

Bowers soils, which are nearly level to gently sloping
and are somewhat poorly drained, make up about 40 per-
cent of the association. Hettinger soils, which are in depres-
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sions and drainageways and are poorly drained, make up
about 20 percent of the association. Nester soils are next to
drainageways, have short, irregular slopes, and are well
drained to moderately well drained; they make up about
10 percent of the association. The remaining 30 percent
of the acreage is made up mainly of somewhat poorly
drained Kawkawlin, Belding, and Allendale soils, poorly
drained Brevort and Pinconning soils, well-drained Rubi-
con soils, and well drained or moderately well drained
Montcalm soils,

Bowers and Hettinger soils need artificial drainage, but
otherwise the soils of this association are suitable for
farming. Many areas are in livestock farms. Partly be-
cause of inadequate drainage, much of the acreage is now
in pasture or hay. Some is idle. Woodlots of 5 to 40 acres
occur on all the soils of the association. Most are in drain-
ageways or on breaks to drainageways: On the Bowers
and Hettinger soils, the stands generally consist of slow-
growing, low-quality hardwoods, including red maple,
silver maple, cottonwood, largetooth aspen, elm, and ash.
Many elm trees are dead or diseased. The mixture of crop-
land, pasture, and woodland provides food and shelter
for wildlife that needs an open-land habitat.

Limitations for community development are severe. A
fluctuating water table, unfavorable texture, and slow per-
meability are among the limiting characteristics.

12, Kawkawlin association

Gently sloping, somewhat poorly drained, loamy soils of
the till plains

Association 12 is a low-lying area in the south-central
part of the county. In acreage it totals about 5 percent of
the county.

Kawkawlin soils make up about 55 percent of the asso-
ciation. The rest is made up mainly of poorly drained
Sims, Breckenridge, and Brevort soils, well drained or
moderately well drained Menominee, Ubly, and Nester
soils, and well-drained Chelsea soils. No single one of these
minor soils makes up a significant percentage of the
acreage.

Kawkawlin soils have few limitations for farming.
They are well suited to the common crops if drained of
excess water. Livestock farming is the principal land use.
Corn, small grain, and hay are the common crops. Fields
that are inadequately drained are used for hay or pasture.
Woodlots are not so common nor so large as in the other
associations. Maple, aspen, birch, and elm are the common
species. Woodlots in the wettest areas contain mainly
slow-growing, low-quality red maple, silver maple, cotton-
wood, elm, and ash. Many elm trees are dead or diseased.
Wildlife that requires an open-land habitat is abundant.

Kawkawlin soils and most of the minor soils have some
properties unfavorable for community development.
Among these are excessive wetness, a moderate shrink-
swell potential, and moderately slow permeability.

Descriptions of the Soils

In this section the soil series and mapping units of
Ottawa County are described. The acreage and propor-
tionate extent of each mapping unit are given in table 1.

The procedure is to describe first a soil series and then

the mapping units in that series. To get full information
on any given mapping unit, one needs to read the descrip-
tion of the series as well as the description of the mapping
unit.

Each series includes two descriptions of the same typical
profile of a soil of the series. The first is a brief description,
in paragraph form, which many readers will find gives as
much information as they need. The second is a longer,
more detailed description that soil scientists, engineers,
and others can use as a basis for technical interpretations.

As explained in the section “How This Survey Was
Made,” some mapping units are miscellaneous land types
rather than soils of any given series. The Blown-out land
units are examples. Such mapping units are described in
this section, along with the soil series and the soil units.

In parentheses following the name of each mapping
unit is a symbol made up of capital and small letters and,
in some cases, a figure. This symbol identifies the mapping
unit on the detailed soil map, which is at the back of this
publication. In parentheses at the end of each soil descrip-
tion are the symbols that identify the capability unit, the
Michigan management group (6), and the woodland suit-
ability group in which the mapping unit has been placed.
The “Guide to Mapping Units,” at the back of this pub-
lication next to the detailed soil map, gives the map sym-
bols and names of all the mapping units, in alphabetical
order; the number of the page on which each unit is
described ; the symbol for the capability unit, the Michigan
management group, and the woodland suitability group
for each mapping unit; and the number of the page on
which the capability unit and the woodland suitability
group are described.

Technical terms used in describing the soils are defined
in the Glossary.

Adrian Series

The Adrian series consists of poorly drained, fibrous
organic deposits that are 12 to 42 inches thick over sand.
These soils occur on bottom lands, in shallow depressions
on the sandy plains, and in depressions on the uplands.

In a typical profile, the surface layer consists of black
muck and is about 14 inches thick. Below the muck is
about 6 inches of dark reddish-brown, finely divided,
fibrous peat. The underlying material consists of a 4-inch
layer of very dark gray loamy sand over 36 inches of
grayish-brown and light brownish-gray sand.

Adrian soils are low in fertility and moderate in avail-
able water capacity. They are rapidly permeable. The
organic material is susceptible to decomposition and set-
tling and to soil blowing. Frost damage to crops is a
hazard. '

Drained areas of these soils are suitable for crops.
Undrained areas are suitable for pasture or for woods.
T}cxle native vegetation consists of grass, shrubs, reeds, and
sedges.

Typical profile of Adrian muck, cultivated, located in
the NW14NE1,NW1; sec. 30, T. 5 N., R. 14 W. (Zeeland
Township) :

1—0 to 14 inches, black (10YR 2/1) muck; fine, granular
structure; friable; neutral; clear, wavy boundary.
2—14 to 20 inches, dark reddish-brown (5YR 3/2) fibrous

peat; weak, thick, platy structure; friable; neutral;
clear, wavy boundary.
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TaBLE 1.—Approximate acreage and proportionate extent of soils

Soil Acres | Percent Soil Acres | Percent

Adrianmuek . .. ______. 1, 655 0.4 || Miami loam, 2 to 6 percent slopes. ..._..___.. 1,210 0.3
Adrian-Houghton mueks._ .o ______.__._______ 4,176 1. 2 || Miami loam, 6 to 12 percent slopes. - .- ___ 824 .2
Algansee loamy sand._______________________._ 633 .2 || Miami loam, 12 to 18 percent slopes_ .. _____ 284 .1
Allendale sandy.loam, 0 to 4 percent slopes._..__ 1, 453 .4 || Miami loam, 18 to 45 percent slopes.._.______ 309 .1
Au Gres loamy sand, 0 to 6 percent slopes_____ 2, 159 . 6 |} Montecalm loamy sand, 0 to 2 percent slopes__.| 1,416 .4
Au Gres loamy sand, loamy substratum, 0 to 6 Montcalm loamy sand, 2 to 6 percent slopes_-_| 3, 649 1.0

percent slopes__ __ oo _____. 1, 022 .3 || Montealm loamy sand, 6 to 12 percent slopes__{ 1, 176 .3
Au Gres-Saugatuck sands, 0 to 6 percent slopes__| 18, 022 5.0 || Morley loam, 2 to 6 percent slopes_.o._ ... 2, 681 .7
Belding sandy loam, 0 to 2 percent slopes__..__ 1, 163 .3 || Morley loam, 6 to 12 percent slopes, eroded____| 2,111 .6
Belding sandy loam, 2 to 6 percent slopes_____ 3, 030 . 8 || Morley loam, 18 to 25 percent slopes, eroded.__ 334 .1
Blount loam, 0 to 2 percent slopes__._________ 3, 486 1.0 || Morley clay loam, 12 to 18 percent slopes,
Blount loam, 2 to 6 percent slopes____________ 7, 344 2.0 severely eroded_ ... ___________.__ 367 .1
Blown-out land, 0 to 6 percent slopes_________ 1, 540 .4 || Morley clay loam, 25 to 45 percent slopes,
Blown-out land, 6 to 50 percent slopes...___.__ 15, 556 4.3 severely eroded_____ . _______.______.____ 1, 504 .4
Bowers loam, 0 to 2 percent slopes_.___._.__.__ 937 . 2 | Nester loam, 2 to 6 percent slopes_ . ___-__-__ 20, 862 5.8
Bowers loam, 2 to 6 percent slopes___.____.__.___| 3, 681 1. 0 || Nester loam, 6 to 12 percent slopes_______._.__ 6, 973 2.0
Boyer loamy sand, 0 to 2 percent slopes.___.__ 2, 732 . 8 || Nester loam, 12 to 18 percent slopes-..___.____ 683 .2
Boyer loamy sand, 2 to 6 percent slopes_______ 696 .2 || Nester loam, 18 to 25 percent slopes_______._. 547 .1
Boyer loamy sand, 6 to 12 percent slopes..__ .. 604 . 2 || Nester loam, 25 to 45 percent slopes..-_.-.___ 2, 523 .7
Breckenridge sandy loam.___________________ 604 .2 || Nester clay loam, 6 to 12 percent slopes,
Brevort sandy loam_____ ... ______________ 680 .2 severely eroded_____ . ___________.______ 582 .2
Bruceloam_ . _._________________________. 529 .1 |{ Nester clay loam, 12 to 18 percent slopes,
Carlisle muck. .. ____ e 3, 846 1.1 severely eroded. . _ . _________ . _______ 800 .2
Cerescoloam__ . ______________________...___ 1, 989 .5 || Nester clay loam, 18 to 25 percent slopes,
Chelsea loamy sand, 0 to 6 percent slopes_ - ___ 5, 867 1.6 severely eroded . _ . ________ . ________. 177 .1
Chelsea loamy sand, 6 to 12 percent slopes_ _ _ _ 302 .1 || Nester clay loam, 25 to 45 percent slopes,
Chelsea complex, 0 to 6 percent slopes..__.____ 6, 560 1.8 severely eroded ... _______ . ____._.__ 946 .3
Cohoctahloam.___________ . ______._ 2,337 .6 || Newaygo sandy loam, 0 to 6 percent slopes..._._ 466 .1
Conover loam, 2 to 6 percent slopes...__._____ 664 .2 || Oshtemo sandy loam, 0 to 2 percent slopes-.___| 1,086 .3
Croswell sand, 0 to 6 percent slopes____.__.___. 3, 001 . 8 || Oshtemo sandy loam, 2 to 6 percent slopes.___ 797 .2
Croswell and Au Gres sands, 0 to 6 percent Oshtemo sandy loam, 6 to 12 percent-slopes..__ 300 .1

SlOPeS - - e 18, 080 5.0 || Oshtemo sandy loam, 12 to 18 percent slopes.__ 386 .1
Deer Park sand, 0 to 6 percent slopes....___.__ 961 . 38 || Owosso sandy loam, 2 to 6 percent slopes_...__ 792 .2
Deer Park sand, 6 to 18 percent slopes__._____ 2, 836 . 8 || Pinconning loamy sand.____ - __________ 1, 288 .4
Deer Park sand, 18 to 45 percent slopes.______ 3,740 1. 0 || Pinconning and Breckenridge sandy loams_____ 1, 808 .5
BEdwards muek. - __ e 636 . 2 || Richter sandy loam, 0 to 2 percent slopes_____ 3, 346 .9
Fox sandy loam, 0 to 6 percent slopes___-_._..__ 398 . 1 || Richter sandy loam. 2 to 6 percent slopes_.____ 819 .3
Gilford sandy loam________________.__.______ 3,213 .9 || Rubicon sand, 0 to 6 percent slopes..____._.__ 38, 709 10. 8
Gladwin sandy loam, 0 to 2 percent slopes_____ 2, 822 . 8 || Rubicon sand, 6 to 18 percent slopes__________ 1, 823 .5
Gladwin sandy loam, 2 to 6 percent slopes___._ 855 . 2 || Rubicon sand, 18 to 45 percent slopes_________ 2, 116 .6
Glendora sandy loam__ . ___________.______. 1,902 L5 || Sand pits. . oo emmdmeeoeoo 274 .1
Granby loamy sand_______. . ______________. 45, 201 12. 6 || Selkirk loam, 0 to 2 percent slopes_______._.__ 191 .1
Granby fine sandy loam_______________._.__.._ 7,733 2.1 || Selkirk loam, 2 to 6 percent slopes.__._.__.__. 527 .1
Gravel pits. - ________ 950 .8 1| Shoals loam._._ . e oo 2, 088 .6
Hettinger loam___ oo 2,233 .6 | Simsloam___ . ___ ... 3, 848 1.1
Hillsdale sandy loam, 2 to 6 percent slopes_- - - - 909 .8 il Sloan loam .- - o oo e 4, 348 12
Hillsdale sandy loam, 6 to 12 percent slopes___. 721 .2 || Spinks loamy sand, 0 to 2 percent slopes_.____ 194 .1
Tosco loamy sand, 0 to 4 percent slopes___..___ 2,075 . 6 || Spinks loamy sand, 2 to 6 percent slopes._.____ 337 .1
Tosco and Allendale loamy sands, O to 4 percent Spinks loamy sand, 6 to 12 percent slopes_____ 394 .1

SlOPeS - - o e 3, 400 .9 {| Spinks and Montcalm loamy sands, 12 to 18
Tosco-Belding complex, 2 to 6 percent slopes_._| 1,575 .4 percent slopes._ ... _______ 453 .1
Kalkaska sand, 0 to 12 percent slopes._____.__ 159 ® Spinks and Montcalm loamy sands, 18 to 25
Kawkawlin loam, 0 to 2 percent slopes_.___.__._ 4, 481 1.2 percent slopes. .o o e 334 .1
Kawkawlin loam, 2 to 6 percent slopes..___.__. 14, 185 3.9 || Spinks and Montcalm loamy sands, 25 to 45
Kibbie loam, 0 to 2 percent slopes_ . _._.__._ 1,122 .3 pereent slopes_. oo _.___._. 353 .1
Kibbie loam, 2 to 6 percent slopes____________ 907 .2 || Toledo silty elay toam_______________________ 807 .2
Lacota silt loam___ .. ______________________ 912 .2 || Tonkey sandy loam__..________ . _____.______ 1, 817 .5
Lake beaches._ . ... ___________________.___. 303 . 1 || Tuscola fine sandy loam, 2 to 6 percent slopes. . 285 .1
Linwood muek_ ... _______ .. ..__._____ 137 O] Ubly sandy loam, 0 to 2 percent slopes________ 475 .1
Madeland.. . ___ .. 706 . 2 |l Ubly sandy loam, 2 to 6 percent slopes_____.__ 2, 144 .6
Mancelona loamy sand, 0 to 2 percent slopes...| 4,974 1. 4 || Ubly sandy loam, 6 to 12 percent slopes_______ 456 .1
Mancelona loamy sand, 2 to 6 percent slopes.__| 2, 940 . 8 || Wallkill silt loam.___ . _________ .. 851 .2
Mancelona loamy sand, 6 to 12 percent slopes_. 514 L1l Warners muek . oo oo ao- 318 .1
Marsh. __ . ... 1, 695 .5 || Wasepi sandy loam, 0 to 2 percent slopes_.____ 1,220 .4
Matherton loam, 0 to 2 percent slopes__ . _.__ 1, 650 .5 || Washtenaw loam______ . ______.__________ 619 .2
Menominee loamy sand, 2 to 6 percent slopes- . 990 . 3 || Wind eroded land, sloping_ - ____ . _________ 981 .3
Menominee loamy sand, 6 to 12 percent slopes. 232 .1
Metamora sandy loam, 0 to 2 percent slopes. - - 824 .2 Total o .o 360, 960 100. 0
Metamora sandy loam, 2 to 6 percent slopes. .. 713 .2

! Less than 0.05 percent.



10 SOIL SURVEY

I1C1g—20 to 24 inches, very dark gray (10YR 3/1) loamy sand;
massive; friable; neutral; abrupt, wavy boundary.

IIC2—24 to 32 inches, grayish-brown (10YR 5/2) sand; few,
medium, distinet, dark-gray (10YR 4/1) mottles
and many, medium, distinct, light yellowish-brown
(10YR 6/3) mottles; single grain; loose; mildly
alkaline ; gradual, wavy boundary.

IIC3—32 to 60 inches, light brownish-gray (10YR 6/2) sand;
many, medium, faint, pale-brown (10YR 6/3) mottles
and few, fine, distinct, yellowish-brown (10YR 5/6)
mottles; single grain; loose; moderately alkaline.

The thickness of the two organic layers combined ranges
from 12 to 42 inches. The reaction of the organic material
ranges from strongly acid to neutral.

In the muck layer, the organic material is moderately well
to well decomposed ; in the peat layer, it is well decomposed to
practically undecomposed. In color, the peat ranges from dark
reddish brown (5YR 3/2) to dark yellowish brown (10YR 3/4).

The texture of the IIC horizon is sand or loamy sand but
predominantly sand. In some places the IIClg horizon is
lacking. Mottling is very faint or lacking in some areas.

Adrian soilg are similar to Carlisle and Houghton soils, but
in both Carlisle and Houghton soils, the organic layers are
more than 42 inches thick. Adrian soils occur near Grandby
soils, which do not have organic layers.

Adrian muck (0 to 2 percent slopes) (Ad).—This soil is
scattered throughout the county. It occupies bottom lands,
shallow depressions on the sandy plains, and depressions on
the uplands. It is associated with and in some places inter-
mixed with Carlisle and Houghton soils, which are deeper
or%'anic soils, and Granby soils, which are wet mineral
solls.

In some areas of Adrian muck, mainly those on bottom
lands, the profile consists of alternate layers of organic
material and sand. In other places there are wood frag-
ments in the organic material. Included in mapping were
small areas of E‘rmnby soils and areas where the slope is
between 2 and 6 percent,

Fertility is low, and the available water capacity is
moderate. Natural drainage is poor, and installing arti-
ficial drainage facilities is difficult. Soil blowing is a
hazard in the dry months of summer.

Many areas of this soil have been cleared and drained
and are now cultivated. The larger areas are used for
celery, onions, carrots, and other special crops; others are
used for corn and small grain. Special mixtures of fertil-
izer are needed for most crops. Undrained areas are used
for pasture or left idle. (Capability unit IVw-5 (M/4c) ;
woodland suitability group U)

Adrian-Houghton mucks (0 to 2 percent slopes) (Ah).—
In some places Adrian and Houghton soils occur together
in such intricate patterns that neither soil can be shown
separately on the soil map. This complex is on sandy
plains, in depressions, and in drainageways.

Most areas of this complex are 60 percent Adrian muck,
25 percent Houghton muck, and 15 percent other soils.
In the Adrian soil, the organic deposit is 12 to 42 inches
thick ; in the Houghton soil, it is more than 42 inches thick.
In some areas of Adrian muck, thin layers of organic
material occur within the sand substratum. Included in
mapping were small spots of Granby soils.

Fertility is low, and the available water capacity is
moderate to very high. Natural drainage is poor, and in
many areas it is difficult to install and maintain artificial
drainage systems. Soil blowing and frost damage are
hazards.

Many areas of this complex have been cleared and
drained and are now cultivated. Some of these areas are

used for celery, onions, carrots, and other special crops;
others are used for corn and small grain. Special mixtures
of fertilizer are needed for most crops. Undrained areas
are used for pasture or for woods or are left idle. Some
areas now idle have been cropped continuously and have
lost organic material through decomposition, settling,
and erosion. (Capability unit IVw-5 (Adrian—M/4c,
Houghton—Mec) ; woodland suitability group U)

Algansee Series

The Algansee series consists of somewhat poorly drained
soils on flood plains.

In a typical profile, the surface layer consists of black
loamy sand and is about 10 inches thick. Below this are lay-
ers of light yellowish-brown, grayish-brown, very dark
gray, and brown, very friable to loose sand.

Algansee soils are low in fertility and in available water
capacity and are rapidly permeable. They are subject to
flooding and susceptible to soil blowing.

Most areas of these soils are still wooded. The native
vegetation is a mixture of hardwoods, including red
maple, elm, swamp white oak, and aspen. A few areas have
been cleared and are used as native pasture.

Typical profile of Algansee loamy sand, undisturbed,
located in the SW14,SE1/NW1; sec. 17, T. 7 N., R. 13 W.
(Tallmadge Township) :

Al—0 to 10 inches, black (10YR 2/1) loamy sand; weak,
medium, granular structure; friable; medium acid;
clear, smooth boundary.

C1—10 to 13 inches, light yellowish-brown (10YR 6/4) sand;
many, coarse, distinct, very dark gray (10YR 3/1)
mottles and few, fine, distinct, yellowish-red (5YR
5/8) mottles; single grain; loose ; medium acid; grad-
ual, wavy boundary.

C2—13 to 31 inches, grayish-brown (10YR 5/2) sand; few,
fine, distinct, yellowish-brown (10YR 5/8) mottles;
single grain; loose; very dark grayish-brown (10YR
8/2) vertical streaks, becoming fewer with depth;
medium acid ; abrupt, smooth boundary.

C3g—31 to 38 inches, very dark gray (10YR 3/1) sand; many,
coarse, distinet, dark grayish-brown (10YR 4/2)
mottles ; very weak, medium, subangular blocky struc-
ture; very friable; slightly acid; abrupt, smooth
boundary.

C4—38 to 60 inches, brown (10YR 5/3) sand; single grain;
loose ; very dark brown (10YR 2/2) chunks intermixed
with the matrix color ; neutral.

The color of the Al horizon ranges from black (10YR 2/1)
to very dark grayish brown (10YR 3/2). The texture of this
horizon is either sandy loam or sand that is high in organic-
matter content.

The C horizon has a hue of 10YR, values of 3 to 6, and
chromas of 1 to 4; the mottles in this horizon have values of
5 or less and chromas mainly of 1 or 2. The texture of the C
horizon ranges from the predominant sand to loamy sand.
Within the C horizon, in places, is a thin layer of organic
matter or a thin layer of dark-colored alluvium. In places there
are one or more layers of finer textured material, 1 to 3 inches
thick. The thickness and sequence of the C horizons below a
depth of 13 inches vary considerably.

The reaction ranges from medium acid to moderately alka-
line. Normally, it is medium acid to slightly acid in the C1 and
C2 horizons and neutral to moderately alkaline in the lower
horizons.

The depth to mottling ranges from 10 to about 20 inches.

Algansee soils are similar to Glendora soils but occur at
slightly higher elevations and consequently have better drain-
age and are flooded less often. Algansee soils are also similar
to Au Gres soils, but they lack the A2 horizon and the Bhir
horizon that are characteristic of Au Gres soils.
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Algansee loamy sand (0 to 6 percent slopes) (Ak).—
This soil is on flood plains, mainly in the western part of
the county. Many areas are on natural levees; these areas
are long and narrow and have gentle slopes. Broader
areas occur on lower, nearly level parts of the flood plains.

In some areas this Algansee soil is better drained than
1s typical and has a thinner and lighter colored surface
layer. Included in mapping were small areas of Glendora
solls,

Fertility is low, runoff is slow, and permeability is rapid.

Most areas of this soil are in woods or pasture. (Capa-
bility unit ITTw-14 (L—4c) ; woodland suitability group O)

Allendale Series

The Allendale series consists of somewhat poorly
drained soils on lake plains. These soils are underlain with
silty clay at a depth of 18 to 40 inches.

In a typical profile, the surface layer consists of very
dark brown sandy loam and is about 8 inches thick. Below
it is a 4-inch subsurface layer of light brownish-gray
loamy sand. The upper 14 inches of the subsoil consists of
yellowish-brown, friable loamy sand over dark-brown,
friable loamy sand. Below this is an 8-inch layer of pale-
brown, mottled, friable loamy sand. At a depth of about
34 inches is a layer of yellowish-brown, mottled sandy
clay, and below that, at a depth of about 89 inches, is the
underlying material of grayish-brown, mottled, limy silty
clay.

l<¥ertility is medium. Permeability is rapid in the upper
layers and slow in the clayey lower layers. If the fluctuat-
ing high water is corrected by artificial drainage, the
available water capacity is moderate.

Many areas are cleared and cultivated. Artificial drain-
age is needed for most crops. Installing drainage systems
is difficult because of the sandy texture of the subsoil and
the clayey texture of the underlying material. In wooded
areas, the vegetation consists mainly of lowland hard-
woods, including réd maple, elm, ash, and birch; it also
includes some white pine.

Typical profile of Allendale sandy loam, cultivated, lo-
cated in the SW14,SW1,NW1, sec. 16, T. 7 N,, R. 14 W.
(Allendale Township) :

Ap—~0 to 8 inches, very dark brown (10YR 2/2) sandy loam;
weak, coarse, granular structure; friable; medium
acid (pH 6.0) ; abrupt, smooth boundary.

A2—8 to 12 inches, light brownish-gray (10YR 6/2) loamy
sand ; few, medium, distinct, yellowish-brown (10YR
5/4) mottles; weak, coarse, subangular blocky struec-
ture; friable; medium acid (pH 6.0) ; clear, wavy
boundary.

B2lir—12 to 18 inches, yellowish-brown (10YR 5/8) loamy
sand; many, medium, prominent, light brownish-gray
(2.5Y 6/2) mottles; weak, medium, subangular blocky
structure; friable; slightly acid (pH 6.5); gradual,
wavy boundary.

B22ir—18 to 26 inches, dark-brown (7.5YR 4/3) loamy sand;
many, medium, distinct, yellowish-red (5YR 4/8) mot-
tles ; moderate, medium, subangular blocky structure;
friable; slightly acid (pH 6.5) ; clear, wavy boundary.

A’2—26 to 34 inches, pale-brown (10YR 6/3) light loamy sand;
many, medium, distinct, yellowish-brown (10YR 5/8)
mottles; weak, coarse, subangular blocky structure;
very friable; slightly acid (pH 6.5); clear, wavy
boundary.

IIB’t—34 to 39 inches, yellowish-brown (10YR 5/4) sandy
clay; common, medium, prominent, grayish-brown
(2.5Y 5/2) mottles; weak, medium, subangular blocky

structure; friable to firm ; cracks and voids filled with
pale-brown (10YR 6/3) loamy sand; neutral (pH
7.0) ; gradual, wavy boundary.

IICg—39 to 60 inches, grayish-brown (10YR 5/2) silty clay;
many, fine, distinct, light-gray (2.5Y 7/2) mottles;
weak, medium, angular blocky structure; firm;
calcareous.

The thickness of the solum above the IIB’t horizon ranges
from 18 to 40 inches. The reaction of this part is predominantly
medium acid to slightly acid. For the entire solum, the range
in reaction is from very strongly acid to neutral.

The color of the Ap horizon ranges to very dark grayish
brown (10YR 3/2) or dark grayish brown (10YR 4/2). The
texture of this horizen is sandy loam or loamy sand. The color
of the A2 horizon ranges to light gray (10YR 6/1). In some
cultivated areas the A2 horizon is lacking.

In places there is & Bhir horizon that is 2 to 6 inches thick
and ranges from dark reddish brown (5YR 8/2) to dark brown
(10YR 3/3) in color. The color of the B22ir horizon ranges to
yellowish brown (10YR 5/8) or reddish brown (5YR 4/4).
The texture of this horizon is sand or loamy sand. Weakly
cemented chunks of ortstein occur in the B22ir horizon in
places.

The color of the A’2 horizon ranges to pinkish gray (7.5YR
6/2). The texture of this horizon is sand or loamy sand. In
places material of this description occurs as thick coatings on
ped surfaces in the upper part of the IIB’t horizon.

The matrix color ef the IIB’t horizon ranges to dark brown
(7.5YR 4/4), and the texture of this horizon ranges to heavy
sandy clay loam, silty clay loam, or silty clay.

The color of the IICg horizon ranges to brown (10YR 5/3
or 7.5YR 5/2-5/4).

Allendale soils are similar to Iosco soils but have a finer
textured IICg horizon. Allendale soils occur with Au Gres
soils, which lack the finer textured IIB’t and IICg horizons
that are typical of Allendale soils.

Allendale sandy loam, 0 to 4 percent slopes (AlA).—
This soil occurs on lake plains. The largest areas are in
Polkton, Allendale, Blendon, and Crockery Townships.

In some areas of this soil, thin layers of silty material
occur within the clayey substratum. In other areas, the
substratum consists of clay loam rather than silty clay.
The crests of some slopes are eroded, and in such places
the surface layer is lighter colored than is typical. In-
cluded in mapping were small areas of poorly drained
Brevort and Pinconning soils, which are at the base of
gentle slopes and in minor depressions. Also included were
spots of Au Gres soils.

Fertility is medium. Permeability is rapid in the upper
layersand slow in the underlying material. The water table
1s within a few feet of the surface in wet weather. Because
of the fine texture of the underlying material and the
variations in depth to it, installing an adequate drainage
system Is likely to be difficult. The soil is susceptible to
both water erosion and soil blowing (fig. 6).

_Most areas of this soil have been cleared and are cul-
tivated. Some are idle at present, others are used for
pasture, and a few are still in woods. (Capability unit
IIIw~T7 (4/1b) ; woodland suitability group G)

Au Gres Series

The Au Gres series consists of somewhat poorly drained
soils that occur on outwash plains and lake plains.

In a typical profile, the surface layer consists of dark-
gray loamy sand and is about 5 inches thick. Below this
is a 8-inch subsurface layer of light-gray, mottled sand.
The uppermost 5 inches of the subsoil is dark reddish-
brown, very friable sand that contains a few small chunks
of weakly cemented material. The next 17 .inches is dark-
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Figure 6—Windbreak grown to help control soil blowing in an area of Allendale sandy loam, 0 to 4 percent slopes.

brown, mottled, loose sand, and below this is a 12-inch
layer of brownish-yellow, mottled, loose sand., The under-
lying material, at a depth of about 42 inches, is light
yellowish-brown, mottled sand.

Fertility is low, the available water capacity is low, and
permeability is rapid. The water table is within a few
feet of the surface in winter and spring. In summer the
water table recedes, and the soils become droughty and
susceptible to blowing.

Most areas of these soils have been cleared, but many are
now idle or in second-growth forest. Blueberries, straw-
berries, pickling cucumbers, and other special crops are
grown in a few areas. The native vegetation is a mixture
of hardwoods and conifers, including red maple, aspen,
birch, ash, elm, and white pine.

Typical profile of Au Gres loamy sand, disturbed,
located in the NE14,SW1,SW1,NW1/, sec. 3, T. 6 N., R. 16
W. (Port Sheldon Township) :

Ap—O0 to 5 inches, dark-gray (10YR 4/1) loamy sand; weak,
fine, granular structure; very friable; medium acid
(pH 6.0) ; abrupt, smooth boundary.

A2-—5 to 8 inches, light-gray (10YR 6/1) sand; common, fine,
prominent, dark reddish-brown (5YR 3/3) mottles;
weak, fine, granular structure; very friable; medium
acid (pH 5.8) ; abrupt, irregular boundary.

B21hir—8 to 13 inches, dark reddish-brown (5YR 3/3) sand;
weak, coarse, subangular blocky structure; very fri-
able; a few chunks of weakly cemented ortstein or
iron concretions, % inch to 2 inches in diameter;
strongly acid (pH 5.5) ; clear, irregular boundary.

B22ir—13 to 30 inches, dark-brown (7.5YR 4/4) sand; com-
mon, medium, prominent, brownish-yellow (10YR
6/6) mottles; single grain; loose; medium acid (pH
6.0) ; clear, irregular boundary.

B3—30 to 42 inches, brownish-yellow (10YR 6/6) sand; com-

mon, medium, faint, yellowish-brown (10YR 5/6) mot-
tles; single grain; loose; slightly acid (pH 6.5);
gradual, wavy boundary.

C—42 to 66 inches, light yellowish-brown (10YR 6/4) sand;
common, medium, distinet, yellowish-brown (10YR
5/6) mottles; single grain; loose; slightly acid (pH
6.5).

The thickness of the solum ranges from 24 to about 42 inches.
The reaction of the solum is dominantly strongly acid or
medium acid but ranges from very strongly acid to slightly
acid.

In undisturbed areas the profile includes an Al horizon
that is 2 to 5 inches thick, is very dark brown (10YR 2/2)
or very dark grayish brown (10YR 3/2) in color, and is
of loamy sand or sand texture.

The color of the Ap horizon ranges to very dark gray
(10YR 3/1), dark gray (10YR 4/1), or very dark grayish
brown (10YR 3/2). The texture of this horizon is loamy sand
or sand. In places the Ap horizon is nearly 10 inches thick
and the A2 horizon is thin or nonexistent. The color of the
A2 horizon ranges to light gray (10YR 7/1) or light brownish
gray (10YR 6/2). Mottles in this horizon are few to common.

In the Bir horizons, the colors have a hue of 5YR or 7.5YR,
a value of 3 or 4, and a chroma of 3, 4, or 6. The chunks of
ortstein are most common where Au Gres soils grade to
Saugatuck soils. In some places the B2lhir horizon is very
faintly mottled. The mottles in the B22ir horizon are faint to
prominent,

The color of the C horizon ranges to pale brown (10YR 6/3)
or very pale brown (10YR 7/3-7/4). In some places there is
a thin, discontinuous color Bg horizon below. a depth of 42
inches.

Au Gres soils formed in material similar to that in which
Croswell and Saugatuck soils formed, but Au Gres soils are
wetter and are mottled nearer the surface than Croswell soils,
and they lack the continuous cemented Birm horizon that is
characteristic of Saugatuck soils. Au Gres soils are in the
same drainage class as Allendale and Iosco soils, but they lack
the finer textured IICg horizon that occurs within 40 inches
of the surface in Allendale and Iosco soils.
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Au Gres loamy sand, 0 to 6 percent slopes (AmB).—
This soil occurs on outwash plains and lake plains. It is
predominantly nearly level. In some areas soil material
blown from adjacent areas has accumulated in the form of
hummocks 1 foot to 8 feet high and approximately 5 to 10
feet wide.

This soil has the profile described as typical of the series.
In some areas the subsurface layer is thicker than is typi-
cal and is free of mottling. In other places the subsoil is
lighter colored than the one in the typical profile. In areas
that have been disturbed, the surface layer has been re-
moved by soil blowing and the light-gray subsurface layer
is exposed. Included in mapping were areas of the darker
colored, more poorly drained Granby soils, which are at
the base of gentle slopes, and small spots of Saugatuck
soils, which have a continuous cemented pan.

This Au Gres soil is low in fertility. The water table is
near the surface in winter and spring. When it recedes in
summer, the soil becomes droughty and highly susceptible
to blowing.

This soll is poorly suited to most crops. Many areas
were cleared and cultivated in the past, but most of these
are now idle or are either reforesting naturally with low-
quality, second-growth hardwoods or are being planted
with pine intended for Christmas trees. Blueberries,
melons, strawberries, and pickling cucumbers can be grown
in selected areas, but all these crops need special fertiliza-
tion and supplemental irrigation. Some areas are still in
native vegetation, which consists of quaking aspen, maple,
birch, sweetgum, and white pine. (Capability unit ITVw-2
(5b) ; woodland suitability group F)

Au Gres loamy sand, loamy substratum, 0 to 6 per-
cent slopes (ArB).—This soil is on outwash plains and lake
plains.

The upper part of the profile of this soil is similar to the
one described as typical for the series, but the substratum is
clay loam or silty clay loam instead of sand. The depth to

the substratum ranges from 42 to 66 inches. Where this

soil grades to Allendale or Tosco soils, the substratum is at
a depth of 42 to 48 inches. Included in mapping were
eroded areas in which either the subsurface layer or the
subsoil is exposed. Also included were areas of the darker
colored, more poorly drained Granby and Brevort soils in
minor depressions and drainageways. Other inclusions are
spots of Iosco and Allendale soils. In Brevort, Allendale,
and Tosco soils, a finer textured substratum is within 40
inches of the surface.

This Au Gres soil is low in fertility. The water table is
near the surface in wet weather, and {owering it by artifi-
cial drainage is difficult. In summer, when the water table
recedes, the soil becomes droughty and susceptible to
blowing.

Many areas of this soil were cleared and cultivated in
the past but are now idle or used for pasture. Other areas
are reforesting naturally with a mixture of low-quality
lowland hardwoods or are being planted with pines. There
are a few woodlots of second-growth native trees. Corn,
small grain, and hay are grown in some places. (Capabil-
ity unit IVw—2 (5b) ; woodland suitability group F')

Au Gres-Saugatuck sands, 0 to 6 percent slopes
(AsB).—This complex occurs mainly on sandy plains in the
western part of the county. The two kinds of soils are asso-
ciated in such intricate patterns that neither can be shown
separately on the soil map.

Most areas of this complex are 60 percent Au Gres sand,
25 percent Saugatuck sand, and 15 percent other soils. The
Au Gres soil is gently sloping; at the crests of slopes are
areas of moderately well drained Croswell soils, The Sau-
gatuck soil is in shallow, dish-shaped depressions, alon
with inclusions of poorly drained Granby soils. A cemente
subsoil is characteristic of the Saugatuck soil.

Fertility is low. The water table is near the surface part
of the year. When the water table recedes during the dry
months of summer, the soils become very droughty. Plant
roots do not penetrate the cemented layer in the Saugatuck
ls)011. Soil blowing is a hazard when the soils are dry and

are.

These soils are poorly suited to most crops. Most areas
that have been cleared and cultivated in the past are now
covered with grasses and weeds and scattered clumps of
aspen, sassafras, and sumac. Some areas have been planted
with Scotch pine, red pine, white pine, jack pine, or spruce.
Some have reforested naturally with jack pine, aspen, elm,
and white pine; these naturally wooded areas have a dense
ground cover of greenbrier. Blueberries, which need an
acid, wet soil, are grown in some areas (fig. 7),and melons,
strawberries, and cucumbers are grown on small acreages.
All these crogs need special fertilization and supplemental
irrigation. (Capability unit IVw-3 (Au Gres—b5b, Sauga-
tuck—5b-h) : woodland suitability group F)

Belding Series

This series consists of somewhat poorly drained soils
that occur mainly in upland depressions, on benches, and
along the margins of till plains and lake plains. These soils
are underlain with clay loam or silty clay loam at a depth
of 18 to-40 inches.

In a typical profile, the surface layer consists of very
dark gray sandy loam and is about 8 inches thick. Below
it is a 8-inch subsurface layer of grayish-brown sandy
loam mottled with dark gray. The subsoil is about 17
inches thick. The uppermost 4 inches is dark-brown and
dark reddish-brown, very friable loamy sand; the next 4
inches is strong-brown, mottled, friable sandy loam ; below
this is a 5-inch layer of yellowish-brown, very friable
loamy sand; and the lowest layer is yellowish-brown, mot-
tled, firm sandy clay loam, about 4 inches thick. The un-
derlying material, which extends from a depth of 28
%nches to a depth of 66 inches, is gray, calcareous clay

oam.

Fertility is medium, and the available water capacity is
moderate. Permeability is moderately rapid in the upper
18 to 40 inches and moderately slow at greater depths. In
spring, the water table is near the surface.

Belding soils are well suited to crops if properly man-
aged. Most of the acreage is cultivated. Seme areas are
idle, and some are covered with second-growth trees. The
native vegetation was a mixture of hardwoods and coni-
fers, including maple, ash, birch, white pine, and hemlock.

Typical profile of a Belding sandy loam, cultivated, lo-
cated in the SE1,SW14SW1/ sec. 1, T. 5 N,, R. 15 W.
(Holland Township) :

Ap—O0 to 8 inches, very dark gray (10YR 3/1) sandy loam;
moderate, medium, subangular blocky structure; fri-
able; medium acid; abrupt, smooth boundary.

A2-8 to 11 inches, grayish-brown (10 YR 5/2) sandy loam;
common, coarse, distinct, dark-gray (10YR 4/1) mot-
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Figure 7—Blueberry plantation in an area of Au Gres-Saugatuck sands, 0 to 6 percent slopes. Cover crop of oats between rows of
bushes helps to control soil blowing.

tles; weak, coarse, subangular blocky structure; fri-
able; medium acid; clear, broken boundary.

B21hir—11 to 15 inches, dark-brown (7.5YR 3/2) and dark
reddish-brown (5YR 3/4) loamy sand ; weak, medium,
subangular blocky structure; very friable; medium
acid; clear, irregular boundary.

B22ir—15 to 19 inches, strong-brown (7.5YR 5/6) sandy loam;
common, medium, prominent, gray (10YR 6/1) mot-
tles; moderate, medium, subangular blocky structure;
friable; gray (10YR 6/1) sand coatings on ped sur-
faces and in voids; strongly acid; clear, wavy
boundary.

B3—19 to 24 inches, yellowish-brown (10YR 5/6) loamy sand;
many, medium, faint, light yellowish-brown (10YR
6/4) mottles; very friable; medium acid; clear,
broken boundary.

IIB’2t—24 to 28 inches, yellowish-brown (10YR 5/6) sandy
clay loam; common, medium, distinet, gray (10YR
6/1) mottles; weak, coarse, subangular blocky strue-
ture grading to massive; firm; slightly acid; clear,
wavy boundary.

IICg—28 to 66 inches, gray (10YR 6/1) clay loam; many,
medium, distinct, yellowish-brown (10YR 5/6) mot-
tles; weak, medium, angular blocky structure; firm;
calcareous.

The combined thickness of the sandy loam and loamy sand
layers ranges from 18 to 40 inches.

Tn undisturbed areas there is an Al horizon that is 2 to 5
inches thick, is very dark gray (10YR 3/1) to very dark
grayish brown (10YR 3/2) in color, and in texture ranges from
loamy sand to fine sandy loam but is predominantly sandy loam.
The color of the Ap horizon ranges from very dark gray (10YR
3/1) to dark grayish brown (10YR 4/2). The A2 horizon ranges
in color to pinkish gray (10YR 6/2) ; its texture is loamy sand
or sandy loam ; and in places it has a weak, platy structure.

The color of the B21hir horizon ranges to dark brown (7.5YR
4/4), dark reddish brown (5YR 3/3), and dark yellowish
brown (10YR 4/4). In some places this horizon is mottled. The
texture of the B21hir, the B22ir, and the B3 horizons is either
loamy sand or sandy loam. Each of these horizons contains a

¢considerable amount of gravel in places, and the soil material
is gritty.

In some places there is an A’2 horizon just above the ITB’2t
horizon. The A’2 horizon is as much as 8 inches thick. Its color
ranges from light grayish brown (10YR 6/2) to pale brown
(10YR 6/3) to grayish brown (10YR 5/2) ; its texture is light
loamy sand or sandy loam; its structure is weak, medium or
fine, subangular blocky or platy. During periods of dry weather,
this horizon becomes hard and brittle and has the appearance
of a fragipan. In some places material of this description oc-
curs only as ped coatings and crack fillings in the upper part
of the IIB’2t.

The matrix color of the IIB’2t horizon ranges to dark yellow-
ish brown (10YR 4/4), yellowish brown (10YR 5/4 or 7.5YR
5/6), brown (10YR 5/3), and pale brown (10YR 6/3). The
texture ranges to silty clay or heavy loam.

The texture of the ITCg horizon ranges to light clay loam or
silty clay loam. This layer is neutral in reaction and in places
is calcareous.

The reaction of the solum ranges from slightly acid to
strongly acid.

Belding soils are more poorly drained and more mottled than
Ubly soils, which formed in similar materials. Belding soils are
similar to Allendale and Kawkawlin soils in drainage. They
have a finer textured B22ir horizon and a coarser textured II1Cg
horizon than Allendale soils, and they have a coarser textured
B horizon than Kawkawlin soils.

Belding sandy loam, 0 to 2 percent slopes (BeA).—This
soil occurs along the margin of lake plains and till plains,
where the plains join the uplands, and in depressions and
draws in the uplands. Nearly all of it is in the eastern part
of the county.

This soil has the profile described as typical of the series.
In places, mostly in Wright Township, the sandy loam
layers extend to a depth of more than 40 inches. In other
places there is a gravelly layer just above the fine-textured
underlying material. Some of the areas mapped include
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spots of Iosco soils; of Breckenridge soils, which are
poorly drained ; and of soils in which clay loam occurs at
a depth of less than 18 inches. Also included are small
stony areas (shown on the soil map by stone symbols) and
a few areas in which the slope 1s slightly more than 2
percent. .

Fertility is mediwm, the available water capacity 1s
moderate, and runoff is slow. Permeability is moderately
rapid in the uppermost 18 to 40 inches and moderately
slow at greater depths. The water table is near the surface
in spring but recedes in summer. Moderately slow per-
meability in the underlying material keeps the upper
layers wet after long periods of wet weather. )

If artificially drained and otherwise well managed, this
soil is well suited to most crops. Most areas have been
cleared and are cultivated. Cropping systems commonly
include corn, small grain, and hay. Some areas are now
idle, some are in permanent pasture, and some are still
wooded. (Capability unit IIw-8 (3/2b); woodland suit-
ability group G(f .

Belding sandy loam, Z to 6 percent slopes (BeB).—This
soil occurs along the margin of lake plains and till plains,
where the plains join the uplands. It also occurs on toe
slopes, in draws, and on benches in the uplands. Slopes
are mainly long and gentle, but shorter, steeper slopes occur
in some areas. Nearly all areas of this soil are in the eastern
part of the county.

In some areas of this soil, the surface layer has been
mixed with the subsurface layer by cultivation, erosion,
and blowing, and the result is a surface layer that is
lighter colored than is typical. In places the subsurface
layer is lacking, and in small areas, mainly on low knolls
and on the crest of slopes, the dark-brown subsoil is at the
surface. There are areas, mostly in Wright Township,
where the sandy loam layers extend to a depth of more
than 40 inches, and other areas in which the subsoil con-
tains a considerable amount of gravel. Included in map-
ping were spots of Tosco soils, which are more sandy than
Belding soils; spots of Breckenridge soils, which are
poorly drained ; and spots of soils in which clay loam oc-
curs at a depth of less than 18 inches. Also included are
some areas, generally small, in which the slope is less than
2 percent. o

Fertility is medium, the available water capacity 1s
moderate, and runoff is medium. Permeability is moder-
ately rapid in the uppermost 18 to 40 inches and moder-
ately slow at greater depths. The water table is near the
surface in spring but recedes in summer. Moderately slow
permeability in the underlying material keeps the upper
layers wet after long periods of wet weather and also
causes seep spots. The erosion hazard is moderate.

If artificially drained and otherwise well managed, this
soil is well suited to most crops. Nearly all areas have been
cleared and cultivated. Cropping systems commonly in-
clude corn, small grain, and hay. Some areas are idle, some
are in permanent pasture, and a few are wooded. (Capa-
bility unit ITw-8 (3/2b) ; woodland suitability group G)

Blount Series

The Blount series consists of somewhat poorly drained
soils that occur on glacial till plains in the southeastern
part of the county.

In a typical profile, the surface layer consists of dark-
brown loam and is about 8 inches thick. Below this is a
4-inch subsurface layer of pale-brown loam. The subsoil is
about 13 inches thick; the upper 4 inches is strong-brown,
mottled, firm clay loam, and the lower 9 inches is grayish-
brown, mottled, firm heavy clay loam. The underlying
material, at a depth of 25 inches, is brown, mottled, limy
clay loam.

Fertility is high, the available water capacity is high,
and permeability is moderately slow.

Blount soils are good for farming. Most areas have been
cleared and are cultivated. Artificial drainage is needed for
most crops. A few areas are still wooded. The native vege-
tation consists of maple, oak, hickory, and beech.

Typical profile of Blount loam, 0 to 2 percent slopes, cul-
tivated, located in the NE14SE1,NE1, sec. 3, T. 5 N, R.
13 W. (Jamestown Township) :

Ap—O0 to 8 inches, dark-brown (10YR 4/3) loam; moderate,
medium, granular structure; friable; medium acid;
abrupt, smooth boundary.

A2—8 to 12 inches, pale-brown (10YR 6/3) loam; few, fine,
faint, brownish-yellow (10YR 6/8) mottles; moderate,
medium, platy structure ; friable; strongly acid ; clear,
wavy boundary.

B21t—12 to 16 inches, strong-brown (7.5YR 5/6) clay loam;
common, fine, prominent, light-gray (10YR 7/2) mot-
tles; few, fine, prominent, pale-brown (10YR 6/3) niot-
tles; moderate, medium, subangular blocky structure;
firm; very strongly acid; clear, wavy boundary.

B22tg—16 to 25 inches, grayish-brown (10YR 5/2) heavy clay
loam ; many, medium, distinct, brownish-yellow (10YR
6/8) mottles and dark-brown (10YR 4/3) clay films
on ped faces in lower part; strong, coarse, subangular
blocky structure; firm; slightly acid; gradual, wavy
boundary.

C—25 to 50 inches, brown (10YR 5/3) clay loam ; many, coarse,
distinct, yellowish-brown (10YR 5/8) mottles; many,
fine, prominent, light-gray (N 7/0) vertical lime
streaks in uppermost 5 inches; weak, coarse, angular
blocky structure; firm ; calrareous.

The solum is 20 to 36 inches thirk and is very strongly acid
to slightly acid.

In undisturbed areas the profile includes a 3- to 5-inch Al
horizon of very dark grayish-brown (10YR 3/2) or dark-brown
(10YR 3/3 loam or silt loam.

The texture of the Ap horizon is silt loam in some places. The
A2 horizon has a subangular blocky rather than a platy strue-
ture in places. It ranges in color to grayish brown (10YR 5/2)
or brown (10YR 5/3) and is faintly to prominently mottled.

The texture of the B21t horizon ranges from light clay loam
to heavy clay loam. The color of this horizon ranges to dark
brown (7.5YR 4/4), strong brown (7.5YR 5/8), or dark yel-
lowish brown (10YR 4/4). The mottles have a value of 5, 6,
or 7 and generally a chroma of 2 or less. In the B22tg horizon,
the color ranges to brown (10YR 5/3) or yellowish brown
(10YR 5/4), and the mottles have a value of 4, 5, or 6 and a
chroma of 1 through 8, Where the matrix color has a chroma
of more than 2, low-chroma coatings occur on the faces of peds.
In some places the profile includes a B3 horizon characterized
by thin, patchy clay films and a neutral or mildly alkaline
reaction.

The C horizon is clay loam or silty clay loam in texture, and
it ranges in color to grayish brown (10YR 5/2) or yellowish
brown (10YR 5/4).

Blount soils occur near Morley, Metamora, and Sims soils.
They are less well drained than Morley soils and are mottled
nearer the surface; they are finer textured in the upper part of
the B horizon than Metamora soils ; and they are better drained
than Sims soils and are free of mottles to a greater depth.
Blount soils are in the same drainage class as Bowers solls,
but they lack the stratification that is characteristic of Bowers
soils.
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Blount loam, 0 to 2 percent slopes (BIA).—This soil is
on glacial till plains in the southeastern part of the county.
Most of the areas are in Jamestown, Georgetown, and Zee-
land Townships. _ )

This soil has the profile described as typical of the series.
Included in mapping were small areas of the darker col-
ored, more poorly drained Sims soils, which are in draws
and depressions, and a few spots of Metamora soils, which
are coarser textured than Blount soils. o

Fertility is high, the available water capacity is high,
and permeability is moderately slow.

This soil can be cropped intensively if artificially
drained. (Capability unit IIw-2 (1.5b); woodland suit-
ability group Z)

Blount loam, 2 to 6 percent slopes (BIB).—This soil is
on glacial till plains in the southeastern part of the county.
Most of the areas are in Jamestown, Georgetown, and Zee-
land Townships.

Included in mapping were eroded areas where part of
the original surface layer has been removed and the rest
has been mixed with strong-brown clay loam from the sub-
soil. Other inclusions are small areas, mainly on and near
the crests of slopes, where the soil is better drained and
lighter colored than is typical. Small areas of the darker
colored, more poorly drained Sims soils, in drainageways
and depressions, are also included.

This soil is suitable for crops, but it needs artificial drain-
age and protection against erosion. Because of the gentle
slopes, water does not ordinarily stand on the surface ex-
cept in the included drainageways and depressions. (Capa-
bility unit ITw-3 (1.5b); woodland suitability group Z)

Blown-Out Land

Blown-out land consists of areas of sandy soils that were
cleared of their original forest cover and left exposed to
the erosive action of water and wind. Some areas have
been stabilized, but others are actively eroding.

Blown-out land, 0 to 6 percent slopes (BoB).—This unit
occurs throughout the open sandy areas of the county and
on severely eroded sand dunes near Lake Michigan. The
original surface layer and subsoil have been removed, and
loose sand is at the surface. Active blow-outs make up
between 20 and 50 percent of any given area, and soil mate-
rial is accumulating in some areas between blow-outs. In-
cluded in mapping were some less severely eroded areas.

This land type is not suitable for crops, but trees can
be grown on 1t. All of the acreage needs to be protected
against further erosion. Some areas have been stabilized
with planted beachgrass, and some areas thus stabilized
have been reforested with red pine, Scotch pine, pitch pine,
or jack é)ine. The present natural vegetation consists of
moss and lichen and scattered scrub oak and fire cherry.
In some areas the surface is covered only with lag gravel,
and in some the loose sand is exposed. (Capability unit
VIIs-1 (5.8a) ; woodland suitability group Y)

Blown-out land, 6 to 50 percent slopes (BoF).—This
unit, occurs throughout the open sandy areas of the county
and on active sand dunes along Lake Michigan. Some of
the original subsoil remains on lee slopes and in other
sheltered spots, but in most areas the original surface layer
and subsoil have been removed and loose sand that was
originally the substratum is at the surface. Active blow-
outs make up between 20 and 50 percent of any given area,

and accumulations of soil material occur at the base of and
on the leeward side of slopes. In several places the dunes
are expanding eastward and covering other soils.

This land type is not suited to crops, but trees can be
grown on it. All of the acreage needs to be protected
against further erosion. Some areas have been stabilized
with planted beachgrass or with a brush mulch, and some
areas thus stabilized have been reforested with pitch pine,
red pine, jack pine, or locust. The present natural vegeta-
tion consists of a sparse cover of moss and lichen. In some
areas the surface is covered only with a thin mantle of lag
gravel, and in some the.loose sand is exposed. The dunes
along the lake are used mainly for recreation and as wild-
life habitat. (Capability unit VIIs-1 (5.3a); woodland
suitability group Y)

Bowers Series

The Bowers series consists of somewhat poorly drained
solil§ that occur on lake plains and on water-worked till

ains.

P In a typical profile, the surface layer consists of dark
grayish-brown loam and is about 7 inches thick, Below this
1s a 4-inch subsurface layer of light brownish-gray, mot-
tled fine sandy loam. The subsoil is about 18 inches thick.
The upper 9 inches consists of yellowish-brown, mottled,
firm clay loam and light brownish-gray, firm sandy loam.
The lower 9 inches is yellowish-brown, mottled, very firm
heavy silty clay loam. The underlying material, at a depth
of about 29 inches, is brown, mottled, limy silty clay loam
stratified with thin layers of silt loam.

Fertility is high, the available water capacity is high,
and permeability is moderately slow.

Bowers soils are good for farming. Most areas have been
cleared and cultivated. Artificial drainage is needed for
most crops. Some areas formerly cultivated are now idle or
are used for hay and pasture. A few areas are still wooded.
The native vegetation consists mainly of hardwoods, in-
cluding maple, ash, elm, birch, and beech. In addition, the
stands contain hemlock.

Typical profile of Bowers loam, 2 to 6 percent slopes,
cultivated, located in the SE1,SE1,SE1; sec. 12, T. 6 N.,
R.15 W. (Crockery Township) :

Ap—0 to 7 inches, dark grayish-brown (10YR 4/2) loam ; weak,
medium, granular structure; friable; slightly acid;
abrupt, smooth boundary.

A2—7 to 11 inches, light brownish-gray (10YR 6/2) fine sandy
loam; few, fine, distinct, very dark grayish-brown
(10YR 3/2) mottles; weak, medium, subangular
blocky structure; friable; slightly acid; abrupt, ir-
regular boundary.

B&A—11 to 20 inches, yellowish-brown (10YR 5/4) clay loam
with many, fine, prominent, yellowish-red (5YR 5/8)
mottles, representing the B horizon, and light brown-
ish-gray (10YR 6/2) sandy loam, representing the A
horizon ; moderate, medium, subangular blocky struc-
ture; firm; peds coated with, and cracks and voids
filled with, light brownish-gray (10YR 6/2) sandy
loam, becoming less apparent with depth; slightly
acid; clear, irregular boundary.

B22t—20 to 29 inches, yellowish-brown (10YR 5/4) heavy silty
clay loam ; many, fine, distinct, gray (10YR 5/1) mot-
tles and few, fine, distinct, yellowish-brown (10YR
5/8) mottles; strong, medium, angular blocky struc-
ture; very firm; neutral; clear, wavy boundary.

C—29 to 50 inches, brown (10YR 5/3) silty clay loam stratified
with a few 34-inch to 2-inch layers of silt loam ; many,
fine, prominent, pinkish-gray (5YR 7/2) mottles and
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few, fine, prominent, red (2.5YR 5/6) mottles; mod-
erate, medium, angular blocky structure; firm; cal-
careous.

The solum is 20 to 36 inches thick. In reaction it ranges from
medium acid to neutral.

In undisturbed areas the profile includes a 3- to 5-inch Al
horizon of very dark gray (10YR 3/1) loam or silt loam

In places the Ap horizon is silt loam instead of loam. The A2
horizon is sandy loam, fine sandy loam, loam, or silt loam. In
color it ranges to gray (10YR 5/1) or grayish brown (10YR
5/2). The mottles have a chroma of 2 or less. In some places the
profile lacks an A2 horizon.

The texture of the B22t horizon is heavy silty clay loam,
gilty clay loam, or heavy clay loam. The color ranges to gray-
ish brown (10YR 5/2) or brown (10YR 5/3). The mottles have
a chroma of 2 or less.

The C horizon contains thin strata of silt loam, loam, or fine
sandy loam.

Bowers soils occur near Nester, Hettinger, and Kawkawlin

soils. They are more mottled than Nester soils, they are less -

gray than the poorly drained Hettinger soils, and they differ
from Kawkawlin soils in having thin layers of coarser tex-
tured material in the lower part of the subsoil and in the sub-
stratum.

Bowers loam, 0 to 2 percent slopes (BpA).—This soil
occurs on lake plains and on water-worked till plains. It
is scattered throughont the county but is most common in
Crockery, Tallmadge, and Wright Townships.

In Tallmadge Township are a few areas in which the
surface layer is darker colored than that in the typical
profile and the profile includes layers of coarser textured
material ; in some of these areas, gravelly material occurs
below a depth of 42 inches. Included in mapping were
areas of better drained soils, on slight swells in the land-
scape, and areas of poorly drained Hettinger soils, in
minor dips. Also included were eroded areas, in which the
surface layer is lighter colored and the light brownish-
gray subsurface layer commonly is lacking, and a few
spots, mostly in Crockery Township, in which the profile
is finer textured throughout.

This soil'is suitable for farming but needs artificial
drainage for most crops. Most areas have been cleared and
are cultivated, but a few areas are still in woods. (Capa-
bility unit ITw-2 (1.5b); woodland suitability group Z)

Bowers loam, 2 to 6 percent slopes (BpB).—This soil
occurs on lake plains and water-worked till plains. Many
areas are in Crockery, Tallmadge, and Wright Townships.

This soil has the profile described as typical of the series.
There are places in Talmadge Townsﬁip, mostly in the
west-central part, where the surface layer is darker colored
than that in the typical profile and the layers below a
depth of 42 inches are coarser textured and in spots
gravelly. In and around Eastmanville are areas in which
the texture is finer than is typical and the thin layers of
coarser textured material are lacking. The slopes are pre-
dominantly long and of less than 5 percent gradient. In
small areas where the gradient exceeds 5 percent, the sur-
face layer is lighter colored and in places is eroded. In-
cluded in mapping were areas of Hettinger soils, which
are in minor dips, depressions, and drainageways.

This soil is suitable for farming, but 1t needs artificial
drainage and protection against erosion. Nearly all areas
have been cleared and are cultivated. Some areas are used
for hay and pasture, and a few are wooded. Because of the
gentle slopes, water does not ordinarily stand on the sur-
face except in the included drainageways and depressions.
(Capability unit ITw-3 (1.5b); woodland suitability
group Z)

Boyer Series

The Boyer series consists of well-drained soils that occur
on broad outwash plains and sandy moraines located
mainly in the southeastern part of the county. These soils
?Jrehunderlain with sand and gravel at a depth of 24 to 42
inches.

In a typical profile, the surface layer consists of dark-
brown loamy sand and is about 6 inches thick. Below this
is a 24-inch subsurface layer of brown sand. The subsoil,
about 6 inches thick, consists of reddish-yellow, friable
gravelly sandy loam. The underlying material, at a depth
of about 36 inches, is light brownish-gray, limy gravel and
coarse sand.

Fertility is low, the available water capacity is low, and
permeability is rapid. The soils warm up early in spring
and become droughty in summer.

Most areas of Boyer soils have been cleared and culti-
vated, but many are now idle or are used for hay and
pasture (fig. 8). Some areas are possible sites for housing
developments. The substratum is a potential source of sand
and gravel. There are a few second-growth woodlots. The
native vegetation consists of hardwoods and some white
pine. Among the hardwoods are sugar maple, oak, hickory,
and aspen.

Typical profile of Boyer loamy sand, 0 to 2 percent
slopes, cultivated, located in the S1,SW14NW1,NE1,
sec. 14, T. 6 N., R. 13 W. (Georgetown Township) :

Ap—2O0 to 6 inches, dark-brown (10YR 4/3) loamy sand ; weak,
fine, granular structure; very friable; strongly acid;
abrupt, smooth boundary.

A2—6 to 30 inches, brown .(10YR 5/3) sand; single grain;
loose; medium acid; clear, wavy boundary.
B2t—30 to 36 inches, reddish-yellow (7.5YR 6/8) gravelly
sandy loam; weak, coarse, subangular blocky struc-

ture; friable; medium acid; clear, wavy boundary.

C—36 to 66 inches, light brownish-gray (10YR 6/2) sand and
gravel ; single grain; loose ; calcareous.

The solum is 24 to 40 inches thick. In reaction it ranges
from strongly acid to neutral. Gravel occurs in various amounts
throughout the profile.

In undisturbed areas the profile includes a 1- to 5-inch Al
horizon of dark gray (10YR 4/1) or very dark gray (10YR 3/1)
loamy sand or sand.

The texture of the Ap horizon is loamy sand or sandy loam,
and the color ranges to very dark brown (10YR 2/2). In the
A2 horizon, the texture is ordinarily sand or loamy sand but
ranges from sand to sandy loam, and the color ranges to pale
brown (10YR 6/3) or grayish brown (10YR 5/2).

In some areas the profile includes a 4- to 12-inch B1 horizon
{)f yellowish-brown (10YR 5/4-5/6) loamy sand or light sandy
oam,

In the B2 horizon the color has a hue of 5YR to 10YR, a
value of 4, 5, or 6, and a chroma of 8 through 8. The soil material
feels gritty. In places the lower boundary is very irregular
and tongues of B2 material extend several inches into the
calcareous C horizon.

Boyer soils are similar to Spinks and Oshtemo soils. They
differ from Spinks soils in having a sandy and gravelly sub-
stratum. They have a thinner solum than Oshtemo soils; in
Boyer soils the substratum is within 40 inches of the surface,
and in Oshtemo soils it is at a much greater depth.

Boyer loamy sand, 0 to 2 percent slopes (BrA).—This
soil occurs mainly on outwash plains in the southeastern
part of the county.

This soil has the profile described as typical of the series.
In some places the color of the surface layer is very dark
brown, and in some the texture of this layer is sandy loam.
Included in mapping were areas of Rubicon and Spinks
soils, which lack the gravel and sand substratum that is
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Figure 8.—Beef cattle grazing on alfalfa in an area of a Boyer loamy sand.

typical of Boyer soils. Also included were small areas of
eroded soils that have a lighter colored surface layer, and
small areas in which the slope is between 2 and 6 percent.

Fertility is low, and the available water capacity is low.
Soil blowing is a hazard if crops are grown.

Most areas of this soil have been cleared and cultivated
in the past, but some are now idle or in grass. Cropping
systems commonly include more than 2 years of meadow.
Limitations for urban uses are few, and areas next to
existing urban communities are being put to such uses.
Sand and gravel are being obtained from some areas.
(Capability unit IITs-38 (4a) ; woodland suitability group
M)

Boyer loamy sand, 2 to 6 percent slopes (BrB).—This
soil occurs on outwash plains in the southeastern part of the
county and, to a limited extent, in areas of rolling topog-
raphy. The slopes generally are less than 200 feet long, and
many are much less than that.

In some places the color of the surface layer is very dark
brown, and in some the texture is sandy loam. Included in
mapping were areas of Rubicon and Spinks soils, which
lack the underlying gravel and sand that is typical of
Boyer soils. Also included were small areas of eroded soils
in which the surface layer is dark grayish brown to dark
yellowish brown and the underlying material is within
3 feet of the surface.

Most areas of this soil have been cleared and cultivated
in the past, but many are now idle or in grass. Cropping
systems commonly include moie than 2 years of meadow.
Timitations for urban uses are few, and areas near existing

urban communities are being put to such uses. Sand and
gravel are being obtained from some areas. (Capability
unit ITIs—4 (4a); woodland suitability group M)

Boyer loamy sand, 6 to 12 percent slopes (8rC).—This
soil ovcurs on the sides and tops of sandy hills in the south-
eastern part of the county and also on long, narrow breaks
on outwash plains. The slopes generally are less than 200
feet long. The slopes are more uniform on the narrow
breaksthan on the sandy hills.

The texture of the surface layer is loamy sand or sandy
loam. In most areas the brown subsurface layer is lacking
and the subsoil is thinner than is typical, and in some places
the subsoil is mixed with the surface layer. The depth to
the underlying material ranges from 24 to 30 inches. In-
cluded in m.aﬁ)lplng were hummocks and eroded spots where
the soil is lighter colored and in places very gravelly. Also
included are slopes of more than 12 percent and of less
than 6 percent.

Fertility is low, and the available water capacity is low.
The soil erodes and blows readily.

Many areas have been cleared and are used for the com-
mon crops, mainly corn, small grain, and hay. Cropping
systems commonly consist largely of close-growing crops.
Second-growth woodlots occupy some areas. (Capability
unit ITIe-9 (4a); woodland suitability group M)

Breckenridge Series

The Breckenridge series consists of poorly drained soils
that occur on lake plains, till plains, and outwash plains.
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These soils are underlain at a depth of about 35 inches
with silty clay loam and clay loam.

In a typical profile, the surface layer consists of very
dark gray sandy loam and is about 7 inches thick. Below
this is a 7-inch {ayer of dark-gray and gray, mottled, fri-
able sandy loam. At a depth of 14 inches 1s a layer of light-
gray, mottled, very friable loamy sand, and below that,
at a depth of 24 inches, a layer of yellowish-brown, mot-
tled, friable sandy loam. The underlying material, at a
depth of about 85 inches, consists ofa 3-inch layer of light
olive-brown, mottled, firm silty clay loam over a 12-inch
layer of brown, mottled, limy clay loam.

Fertility is medium, and the available water capacity is
moderate. Permeability is moderate in the upper part of
the profile and moderately slow in the limy layer. Runoff
is very slow and occasionally ponded. The water table is
high. Frost is a hazard to crops.

Many areas of Breckenridge soils have been cleared and
drained and are cultivated. Corn, small grain, and hay are
the common crops. Areas cleared but not drained are used
mainly for pasture, and some areas, mostly undrained, are
idle. Still others have been-left in woods. The native vege-
tation is a mixture of lowland hardwoods, including elm,
ash, red maple, and a little sycamore.

Typical profile of Breckenridge sandy loam, cultivated,
located in the SE1,SE1,SW1j sec. 32, T. 6 N., R. 14 W.
(Blendon Township) :

Ap—o0 to 7 inches, very dark gray (10YR 8/1) sandy loam;
weak, medium, granular structure; friable; medium
acid ; abrupt, smooth boundary.

B2g—7 to 14 inches, dark-gray (10YR 4/1) and gray (10YR
6/1) sandy loam; common, medium, distinct, yellow-
ish-brown (10YR 5/4) mottles; weak, coarse, subangu-
lar blocky structure; friable; slightly acid; clear,
wavy boundary.

A’2g—14 to 24 inches, light-gray (10YR 7/2) loamy sand;
few, medium, distinct, very dark grayish-brown (10YR
3/2) mottles; weak, coarse, subangular blocky struc-
ture; very friable; medium acid; clear, wavy
boundary.

B’2—24 to 35 inches, yellowish-brown (10YR 5/6) sandy loam ;
many, medium, distinct, grayish-brown (10YR 5/2)
mottles; weak, coarse, subangular blocky structure;
friable ; neutral ; clear, wavy boundary.

IIC1—35 to 38 inches, light olive-brown (2.5Y 5/6) silty clay
loam; common, medium, prominent, gray (N 6/0)
mottles; moderate, medium, subangular blocky struc-
ture; firm; mildly alkaline; gradual, wavy boundary.

IIC2g—88 to 50 inches, brown (7.5YR 5/2) clay loam; com-
mon, medium, prominent, gray (N 6/0) mottles; mas-
sive, parting to weak, coarse, subangular blocky struc-
ture; firm; moderately alkaline; calcareous.

The thickness of the solum ranges from 18 to 40 inches but
is most commonly between 24 and 36 inches. The reaction of
the solum ranges from strongly acid to neutral, and that of the
C horizon from neutral to moderately alkaline.

In undisturbed areas the profile includes-an Al horizon of
very dark gray (10YR 3/1) or black (10YR 2/1) sandy loam,
and in some profiles there is a 8- to 10-inch layer of muck or
peat.

The texture of the B2 horizon is predominantly sandy loam
but ranges to loamy fine sand. The matrix color of this hori-
zon ranges to dark grayish brown (10YR 4/2), and the mot-
tles are faint to prominent. In places this horizon contains a
few small chunks of very weakly cemented material.

In some profiles the A’2g horizon contains a considerable
amount of gravel.

In some profiles the A’2g horizon contains considerable
gray (10YR 6/1), light gray (10YR 7/2), or grayish brown
(10YR 5/2). Instead of a B’2 horizon, some profiles have a
IIB’s horizon that is as much as 8 inches thick and has a

sandy clay loam or clay loam texture. A few profiles have
both a B’2 and a IIB’g horizon.

The IIC horizon is glacial till of clay loam or silty clay loam
texture. .

Breckenridge soils are similar to and occur near Belding,
Brevort, Pinconning, and Sims soils. They have a finer tex-
tured B horizon than Brevort soils. They contain less coarse-
textured material in the uppermost 18 to 40 inches and have a
coarser textured IIC horizon than Pinconning soils. Brecken-
ridge soils formed in the same kind of material as Belding
soils, but they are more poorly drained and grayer than Beld-
ing soils. They have a coarser textured B horizon than Sims
soils.

Breckenridge sandy loam (0 to 2 percent slopes) (Bu}.—
This nearly level to depressional soil occurs on outwash
plains, till plains, and lake plains. It is most common
near the edges of the till plains. )

In some places the texture of the surface layer is loam,
and in some it is loamy fine sand. Included 1n mapping
were spots of Sims soils, which do not have sandy loam
layers within the uppermost 18 to 40 inches, and of Bre-
vort, soils, in which sandy layers are just above the clay
loam substratum. Also included were short slopes of more
than 2 percent. In the southern half of the county are some
included areas in which small deposits of gravel occur in
the subsoil. ) ) o

Fertility is medium, and the available water capacity is
moderate. Permeability is moderate in the upper layers and
moderately slow in the limy part of the substratum. Run-
off is slow, and the water table is high. Frost is a hazard to
crops. Artificial drainage is needed for most crops.

Many areas of this soil have been cleared, drained, and
farmed. Cropping systems commonly include corn, small
grain, and hay. Some areas are used only for pasture, and
some are idle. A few are still wooded. (Capability unit
ITw-8 (3/2¢) ; woodland suitability group W)

Brevort Series

The Brevort series consists of poorly drained soils that
occur on outwash plains, lake plains, and till plains. These
soils are underlain at a depth of 18 to 40 inches with limy
glacial till of clay loam or silty clay loam texture.

In a typical profile, the surface layer consists of very
dark brown light sandy loam and is about 8 inches thick.
Below this is a 17-inch subsurface layer of grayish-brown
loamy sand. The subsoil, about 7 inches thick, consists of
dark-gray, mottled, very friable loamy sand. The under-
lying material, at a depth of about 32 inches, is brown
and gray, limy clay loam.

Fertility is low, and the available water capacity is mod-
erate. Permeability is rapid in the uppermost 18 to 40
inches and moderately slow in the underlying material.
Runoff is slow to ponded, and the water table is.high.
Frost is a hazard to crops.

Some areas of Brevort soils have been cleared, drained,
and cultivated. Some are now idle. Areas cleared but not
drained are used mainly for pasture. Many areas are still
wooded. The native vegetation is mainly a mixture of low-
land hardwoods but includes some conifers. Klm, ash, red
maple, and birch are among the hardwoods; hemlock,
arborvitae, and white pine are the conifers.

Typical profile of Brevort sandy loam, cultivated, lo-
cated in the NE1,NE1,NW1j sec 12, T. 5 N, R. 15 W.
(Holland Township) :
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Ap—0 to 8 inches, very dark brown (10YR 2/2) light sandy
loam ; moderate, medium, granular structure; friable;
neutral ; abrupt, smooth boundary.

A2z—8 to 25 inches, grayish-brown (10YR 5/2) loamy sand;
common, coarse, faint, dark-gray (10YR 4/1) mottles.;
weak, coarse, subangular blocky structure; very fri-
able ; medium acid ; clear, wavy boundary.

Bg—25 to 32 inches, dark-gray (10YR 4/1) loamy sand ; few,
medium, faint, grayish-brown (10YR 5/2) mottles;
weak, coarse, subangular blocky structure; very fri-
able; neutral ; clear, wavy boundary.

IIC—32 to 50 inches, brown (10YR 5/3) and gray (1QYR
6/1) clay loam; massive; firm, moderately alkaline;
calcareous.

The solum is 18 to 40 inches thick. In reaction it ranges from
medium acid to mildly alkaline, In some profiles the solum
contains gravelly material. .

The texture of the Ap horizon ranges from sand to light
sandy loam, and the color ranges to black (10YR 2/1).

In some profiles the A2g and Bg horizons are replaced by
a Clg horizon of gray (10YR 6/1) or light-gray (10YR
6/1) sand or loamy sand. This Clg horizon ranges up to
82 inches in thickness. The texture of the IIC horizon is clay
or silty clay loam, and the reaction of this horizon is mildly
or moderately alkaline. .

Brevort soils are similar to and occur near Breckenridge
and Pinconning soils. They have a coarser textured B horizon
than Breckenridge soils and a coarser textured IIC horizon
than Pinconning soils.

Brevort sandy loam (0 to 2 percent slopes) (Bv).—This
nearly level to depressional soil occurs in the eastern
part of the county, mainly in the areas where the till
plains join the outwash plains and lake plains. It occurs as
small, scattered areas in the landscape, along with
Kawkawlin, Belding, and Tosco soils. _ ]

In places this soil has a 6- to 8-inch subsoil that is finer
textured than the subsoil in the typical profile. In other
places the underlying material is stratified. Included in
mapping were spots of Tosco soils, which are slightly better
drained and lighter colored than this Brevort soil; spots
of Breckenridge and Sims soils, which do not have sandy
material in the uppermost 18 to 42 inches; and spots of
Granby soils, which do not have finer textured underlying
material within 42 inches of the surface.

The use of this soil is governed by the use of the
surrounding soils. Most areas are in fields where crops
are grown. Artificial drainage is needed for most crops.
Drainage is difficult in many places, and if the water table
1s lowered too much, the soil becomes droughty and suscep-
tible to blowing. (Capability unit ITTw-10 (4/2c) ; wood-
land suitability group W)

Bruce Series

The Bruce series consists of poorly drained soils that
occur on lake plains and outwash plains throughout the
county. These soils developed in stratified loamy material.

In a typical profile, the surface layer consists of very
dark gray loam and 1s about 6 inches thick. Below this
is an 8-inch subsurface layer of gray, mottled silt loam.
The subsoil, about 10 inches thick, consists of grayish-
brown, mottled, friable light silty clay loam. Light
brownish-gray, mottled, stratified silt loam and very fine
sandy loam underlie the subsoil at a depth of about 24
inches.

Fertility is medium, the available water capacity is high,
and permeability is moderate. Runoff is slow to ponded,
and the water table is high. Frost is a hazard to crops.

Cleared areas that have been drained artificially are used
for crops; those that have not been drained are used for
pasture or are idle. Some areas are still wooded. The
native vegetation is mainly a mixture of lowland hard-
woods, including red maple, elm, ash, and aspen; it also
contains a little white pine.

Typical profile of Bruce loam, cultivated, located in the
S1L,SW1,SW1,SWij sec. 2, T. 7 N,, R. 13 W. (Tall-
madge Township) :

Ap~—0 to 6 inches, very dark gray (10YR 3/1) loam ; weak, fine,
granular structure; friable; neutral; abrupt, smooth
boundary.

A2g—6 to 14 inches, gray (10YR 5/1) silt loam; few, fine,
distinet, very dark brown (10YR 2/2) mottles; weak,
fine, subangular blocky structure; friable; neutral;
clear, wavy boundary.

Bg—14 to 24 inches, grayish-brown (10YR 5/2) light silty clay
loam; many, medium, prominent, light olive-brown
(2.5Y 5/6) mottles and common, medium, faint, pale-
brown (10YR 6/3) mottles; weak, medium, sub-
angular blocky structure; friable; mildly alkaline;
clear, wavy boundary.

Cg—24 to 50 inches, light brownish-gray (10YR 6/2), stratified
silt loam and very fine sandy loam; few, fine, faint,
light yellowish-brown (10YR 5/4) mottles and com-
mon, medium, distinet, light yellowish-brown (10YR
6/4) mottles; weak, medium to coarse, subangular
blocky structure; mildly alkaline.

Strata of silty clay, loam, loamy fine sand, and fine sand,
1 to 3 inches thick, occur in both the solum and the substratum
in some profiles. The thickness and the sequence of the strata
vary within short distances. In reaction the solum ranges from
medium acid to mildly alkaline,

In some places a thin layer of black organic matter occurs
at the surface.

The texture of the Ap horizon is loam, silt loam, or fine sandy
loam, and the color ranges to dark gray (10YR 4/1) or dark
grayish brown (10YR 4/2).

The horizons below the Ap horizon are very poorly expressed
in some places. In the A2g horizon the color ranges to dark gray
(5Y 4/1), gray (10YR 6/1), or grayish brown (10YR 5/2) and
the mottles are faint to prominent.

The Cg horizon is neutral or mildly alkaline in reaction.

Bruce soils and Kibbie soils formed in similar material, but
Bruce soils are wetter and grayer than Kibbie soils. Bruce soils
are in the same drainage class as Hettinger and Sims soils.
They have a coarser textured Cg horizon than Hettinger soils,
and they differ from Sims soils in having layers of silt loam
in the Cg horizon.

Bruce loam (0 to 2 percent slopes) (By).—This nearly
level to depressional soil occurs throughout the county,
mainly on lake plains but also on outwash plains.

In some places the surface layer is thicker and darker
colored than the one in the typical profile. In other places
the texture of the surface layer is silt loam or fine sandy
loam. Included in mapping were spots of Kibbie soils,
which are lighter colored and better drained than this
Bruce soil, and spots of Tonkey and Granby soils, which
are coarser textured. Also included are a few areas in
which the slope is slightly more than 2 percent.

Fertility is medium, and the available water capacity is
high. Runoff is slow to ponded, and the water table is high.
Artificial drainage is needed for most crops. Installation
and maintenance of drainage systems are likely to be
difficult.

Many areas have been cleared ; some of these are used for
crops, and others for pasture. Corn, small grain, and hay
are the common crops. (Capability unit ITw-6 (2.5¢);
woodland sunitability group W)
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Carlisle Series

The Carlisle series consists of very poorly drained, level
to depressional, organic soils that occur on lake plains, on
outwash plains, on flood plains, and in pockets and swales
on the uplands.

In a typical profile, the surface layer consists of black
muck and is about 12 inches thick. Below this is about 8
inches of dark reddish-brown muck, then another 8 inches
of black muck. At a depth of about 28 inches is dark red-
dish-brown, partly decomposed peat that contains some
woody fragments, and at 40 inches, dark reddish-brown,
undecomposed woody peat.

Natural fertility 1s low, the available water capacity is
high, and permeability is rapid. Runoff is slow to ponded,
and water from higher adjacent soils collects. Artificial
drainage is needed for most crops.

If drained and carefully managed, Carlisle soils are well
suited to special crops, including celery, mint, carrots, and
onions. Corn is the main field crop. Artificial drainage is
difficult because of the unstable nature of the organic
material. Undrained areas are in pasture, mainly of reed
canarygrass, or in second-growth woodlots. The native
vegetation consists mainly of lowland hardwoods, includ-
ing elm, ash, and soft maple, but also contains some
tamarack, cherry, willow, and white pine.

Typical profile of Carlisle muck, cultivated, located in
the N14SE14NW1j sec. 10, T. 5 N., R. 14 W. (Zeeland
Township) :

1—0 to 12 inches, black (N 2/0), well-decomposed muck ; mod-
erate, medium, granular structure; friable; slightly
acid; abrupt, smooth boundary .

2—12 to 20 inches, dark reddish-brown (5YR 2/2) muck;
massive, parting to weak, thick, platy structure; fri-
able; a few small fragments of woody material;
medium aecid ; gradual, wavy boundary.

3—20 to 28 inches, black (5YR 2/1), finely divided muck;
massive, parting to weak, medium, subangular blocky
structure; friable; many fragments of woody ma-
terial ; medium acid ; gradual, wavy boundary.

4—28 to 40 inches, dark reddish-brown (5YR 3/2), partly
decomposed fibrous peat; massive; friable; some
coarse, undecomposed fragments of woody material;
medium acid; gradual, wavy boundary.

5—40 to 60 inches, dark reddish-brown (5YR 2/2), undecom-
posed woody peat; massive; friable; slightly acid.

The content of woody fragments in the uppermost 24 inches
varies widely. The range in reaction is from medium acid to
neutral. The various horizons range from 4 to more than 12
inches in thickness.

In some places the surface layer contains some mineral
material. The color of the surface layer and the second layer
ranges to black (10YR 2/1) or very dark brown (10YR 2/2),
and the color of the third layer to dark brown (7.5YR 4/4).
The organic material below a depth of 24 inches is generally
fibrous or woody peat, but one or more layers may consist of
Jjellylike colloidal peat.

Carlisle soils contain more woody material than Houghton
soils. They have thicker deposits of organic material than
elther Adrian soils, which are underlain with sand, or.Edwards
soils, which are underlain with marl.

Carlisle muck (0 to 2 percent slopes) (Cc).—This nearly
level to depressional soil occurs on lake plains, on outwash
plains, on flood plains, and in pockets and swales on the
uplands.

In some places the content of woody fragments is greater
and the reaction more acid than is typical. In a few places
the reaction is extremely acid and the organic material is
underlain with marl; one such area is near Hudsonville.

In other places the reaction is extremely acid or very
strongly acid and the content of fibrous material is greater
than 1s typical; one such area is in Aman Park. Included
in mapping were small areas of Adrian soils, which are
underlain with sand. On flood plains are included spots of
Wallkill soils, which have a mineral overwash.

This soil is highly valued for growing special crops,
including celery, onions, mint, carrots, and radishes. Arti-
ficial drainage is needed for most crops. Control of the
water level is important, because the soil settles if over-
drained and also becomes susceptible to blowing. (Capa-
bility unit ITTw-15 (Mc) ; woodland suitability group U)

Ceresco Series

The Ceresco series consists of somewhat poorly drained
soils that occur on flood plains, commonly on the natural
levees next to the stream. These soils formed in alluvium
of loamy fine sand to sandy loam texture.

In a typical profile, the surface layer consists of very
dark gray loam and is about 12 inches thick. Below this
are a 9-inch. layer of brown, mottled, friable sandy loam;a
9-inch layer of grayish-brown, mottled, friable loamy
fine sand; and a 10-inch layer of gray, mottled, friable
sandy loam.

Fertility is medium, the available water capacity is
moderate, permeability is moderately rapid, and runoff is
very slow. Flooding is a hazard.

Because of the flood hazard and the somewhat poor
drainage, few areas of Ceresco soils are used for crops.
Most areas are in native pasture or in woods or are idle.
The native vegetation is a mixture of lowland hardwoods,
including elm, ash, maple, cottonwood, and some sycamore.

Typical profile of Ceresco loam, undisturbed, located in
the NE1Y4,SEY,NE1, sec. 18, T. 7 N,, R. 13 W. (Tall-
madge Township) :

A1—0 to 12 inches, very dark gray (10YR 3/1) loam; weak,
medium, granular structure; friable; neutral; clear,
wavy boundary.

C1—12 to 21 inches, brown (10YR 5/3) sandy loam; many,
medium, distinct, gray (10YR 5/1) mottles and com-
mon, medium, distinct, very dark grayish-brown
(10YR 3/2) mottles; weak, medium, subangular
blocky structure; friable; slightly acid; clear, wavy
boundary.

C2g—21 to 80 inches, grayish-brown (10YR 5/2) loamy fine
sand; many, coarse, distinct, dark yellowish-brown
(10YR 4/4) mottles; weak, coarse, subangular blocky
structure; friable; neutral; gradual, wavy boundary.

(C3g—30 to 60 inches, gray (10YR 5/1) sandy loam; common,
medium, faint, brown (7.5YR 5/2) mottles; massive;
friable ; moderately alkaline.

The texture of the Al horizon is silt loam, loam, fine sandy
loam, sandy loam, or loamy fine sand, and the color ranges
to very dark grayish brown (10YR 3/2). In some places the
profile includes an A2g horizon and a Bg horizon.

The texture of the C horizon is loamy fine sand, sandy loam,
or fine sandy loam. Below a depth of 36 inches, the texture is
dominantly sandy loam but there are thin layers of silt, silty
clay, and sand. The color of the C1 horizon ranges to grayish
brown (10YR 5/2) mottled with dark gray (10YR 4/1).

Ceresco soils and Cohoctah soils formed in similar material,
but Ceresco soils occur at slightly higher elevations than Co-
hoctah soils and are better drained. Ceresco soils and Shoals
soils are in the same drainage class, but Ceresco soils are
coarser textured than Shoals soils.

Ceresco loam (0 to 6 percent slopes) (Ce).—This soil
is on flood plains throughout the county. Much of it occurs
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as narrow areas on the natural levees, which are next to and
parallel to the streams. These areas on the natural levees
have long, gentle slopes; the other areas are nearly level.

Included with this soil in mapping were areas of poorly
drained Cohoctah and Sloan soils, which are in depres-
sions, sloughs, and ponded areas on the flood plains; small
areas of Shoals soils, which are finer textured than this
Ceresco soil ; and spots of Algansee soils, which are coarser
textured.

Fertility is medium, the available water capacity is
moderate, permeability is moderately rapid, and runoff
is very slow. Farming is difficult because of the flood haz-
ard and a fluctuating water table that limits tillage and
interferes with the growth of roots.

Although crops can be grown under careful manage-
ment, most areas of this soil are in pasture or woods.
(Capability unit ITTw-12 (L-2¢); woodland suitability
group O

Chelsea Series

The Chelsea series consists of well-drained soils that
occur on lake plains, outwash plains, till plains, and mo-
raines. These soils developed in deep deposits of sand stra-
tified below a depth of 42 inches with thin layers of loamy
sand or sandy loam.

In a typical profile, the surface layer consists of dark
grayish-brown loamy sand and is about 7 inches thick.
Below this is a 4-inch subsurface layer of gray sand. The
upper 25 inches of the subsoil consists of yellowish-brown,
very friable sand over light yellowish-brown, loose sand.
Beginning at a depth of 36 inches is a 12-inch layer of pale-
brown, loose sand, and below that are alternate layers of
yellowish-brown sandy loam and light yellowish-brown
sand that extend to a depth of more than 66 inches.

Fertility is low, the available water capacity is low, and
permeability is rapid. The growth of plants is slowed in
summer by the shortage of moisture. The soils are suscep-
tible to both water erosion and soil blowing.

Chelsea soils are only fairly well suited to crops. Many
areas have been cleared and cultivated in the past, but
some of these are now idle. Other areas are still wooded.
The native vegetation consists mainly of hardwoods, in-
cluding oak, aspen, hickory, and sugar maple; it also
contains some white pine. At one time there were some
dense stands of white pine.

Typical profile of Chelsea loamy sand, 0 to 6 percent
slopes, cultivated, located in the NE14SE1,SW1; sec. 22,
T. ?N., R.13'W. (Tallmadge Township) :

Ap—0 to 7 inches, dark grayish-brown (10YR 4/2) loamy sand;
weak, medium, granular structure; very friable; neu-
tral ; abrupt, smooth boundary.

A2—T7 to 11 inches, gray (10YR 5/1) sand; weak, medium,
granular structure; very friable; medium acid; clear,
wavy boundary.

B2ir—11 to 22 inches, yellowish-brown (10YR 5/8) sand;
weak, coarse, subangular blocky structure; very fri-
able; medium acid; clear, wavy boundary.

B3—22 to 36 inches, light yellowish-brown (10YR 6/4) sand;
single grain; loose; slightly acid; clear, wavy
boundary.

A’2—386 to 48 inches, pale-brown (10YR 6/3) sand; single
grain; loose; slightly acid; abrupt, wavy boundary.

B’t&A’2—48 to 66 inches, yellowish-brown (10YR 5/8-5/6)
sandy loam, representing the B’t horizon, and light
yellowish-brown (10YR 6/4) sand, representing the
A’2 horizon. B’t layers are % inch to 2 inches thick

and discontinuous; A’2 layers are 3 to 8 inches thick.
B’t material is massive, friable, and medium acid;
boundaries are abrupt and wavy. A’2 material has
weak, medium, subangular blocky structure and is
very friable and slightly acid.

In undisturbed areas the profile includes a very dark gray
(10YR 38/1) or very dark grayish-brown (10YR 3/2) Al hori-
zon, 2 to 4 inches thick. In places it contains some gravel.

In some places the texture of the Al or Ap, A2, and B2ir
horizons is light loamy sand.

The color of the A2 horizon ranges to gray (10YR 6/1) ; that
of the B2ir horizon to dark brown (7.5YR 4/4) or dark yel-
lowish brown (10YR 4/4); and that of the A’2 horizon to
brown (10YR 5/3).

The reaction of the B’t&A’2 horizon is slightly acid or neu-
tral. In the B’t layers of this horizon, the color ranges to dark
yellowish brown (10YR 4/4), dark brown (7.5YR 4/4), or
brown (7.5YR 5/4). In places there are B’t layers below a
depth of 66 inches, but they are thinner and farther apart than
those above that depth.

Chelsea soils formed in the same kind of material as Mont-
calm, Kalkaska, Rubicon, and Croswell soils. Multiple B’t hori-
zons, which are characteristic of Chelsea goils, are lacking
from the Kalkaska, Rubicon, and Croswell soils but are more
numerous and nearer the surface in Montcalm soils than in
iChelsea soils. Chelsea soils lack the limy, sandy and gravelly
TIC horizon that is characteristic of Mancelona soils, which
occur nearby.

Chelsea loamy sand, 0 to 6 percent slopes (ChB).—This
soil occurs on lake plains and outwash plains and also on
ridgetops and in small level areas on the uplands. The in-
dividual areas in the uplands are much smaller than those
on the plains.

This soil has the profile described as typical of the series.
In some places the surface layer is black and is 2 to 5
inches thick; in some the texture is light loamy sand to a
depth of about 18 or 20 inches; and in others the texture
in the uppermost 3 feet is dominantly loamy sand and the
bands of sandy loam or loamy sand in the lower part are
lacking. Included in mapping were eroded spots in which
the surface layer is sand ang is lighter colored ; spots of
Rubicon soils, which are sand throughout; and spots of
Montcalm soils, which have one thick layer of sandy loam
in the subsoil. Also included were areas in which limy

ravel occurs deep in the subsoil, and others, mainly near
Ener textured upland soils, in which clay loam occurs
within 66 inches of the surface.

Fertility is low, the organic-matter content is low, and
the available water capacity is low. Erosion and soil blow-
ing are hazards where crops are grown.

Most areas of this soil have been cleared and cultivated
in the past. Many of the areas once cultivated are now idle
and are covered with grass and weeds. Others have been
planted to pine for Christmas trees or for timber. Some of
the acreage is still used for crops. Cropping systems com-
monly consist largely of close-growing or early-maturing
crops. (Capability unit IVs—4 (5a) ; woodland suitability
group E)

Chelsea loamy sand, 6 to 12 percent slopes [ChC).—
This soil is on lake plains, outwash plains, and sandy
moraines throughout the country. The slopes are short,
and those on the uplands are irregular.

The surface is grayish-brown loamy sand or sand, as a
result of the mixing of some subsoil material with the sur-
face layer by plowing. Included in mapping were some
severely eroded spots; in these places the surface layer is
yellowish-brown sand and the bands of finer textured ma-
terial are within 8 feet of the surface. Also included were a
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few spots in which the surface layer is dark grayish-brown
loamy sand and the bands of finer textured material below
a depth of 42 inches are thinner and fewer. Small areas
were included in which the texture is loamy sand to a
depth of 2 or 3 feet and the bands in the lowest layer of the
profile are lacking or are distinguishable only by color.
Included in mapping were spots of Rubicon soils, which
are sandy throughout, and areas in which the slope is less
than 6 percent or more than 12 percent.

Fertility is low, and the available water capacity is low.
Water erosion and soil blowing are hazards.

Most of this soil has been cleared and cultivated, but
many areas once cultivated are now in permanent pasture
or have been reforested with pine trees. Some areas are
still cultivated. Long cropping systems that consist mainly
of meadow crops and small grain are usual. (Capability
unit VIs-1 (5a) ; woodland suitability group E)

Chelsea complex, 0 to 6 percent slopes (CIB).—This
mapping unit occurs in the western part of the county.
About 60 percent of the acreage consists of Chelsea soils,
and about 30 percent of Rubicon soils that have a loamy
substratum. Most of the rest consists of small areas of
other sandy soils.

In most areas the surface layer is dark grayish-brown
loamy sand, but in some places this layer is dark-brown
loamy sand and the texture throughout is dominantly
loamy sand. In some places, mainly in Olive and Crockery
Townships, the sandy loam layers are thicker and more
numerous than is typical. In some places a continuous fine-
textured layer occurs at a depth of 42 to 66 inches. In-
cluded in mapping were small eroded spots in which the
surface layer is yellowish-brown sand and the layers of
sandy loam start at a depth of 42 to 48 inches. Also in-
cluded were spots of Croswell soils, which are only mod-
erately well drained and are faintly mottled at or below a
depth of 20 inches.

Natural fertility is low, the available water capacity is
low, and permeability is rapid. The organic-matter con-
tent is low. Erosion and soil blowing are hazards.

Most areas of these soils have been cleared and culti-
vated in the past, but many are now idle and are covered
with grass and weeds. Some are used for spring pasture,
and some have been reforested with pine for Christmas
trees or for timber. A few areas are still wooded. Corn,
small grain, and hay are grown in some areas. Cropping
systems are generally long and are dominated by close-
growing, early-maturing crops. (Capability unit IVs—4
(5a) ; woodland suitability group E)

Cohoctah Series

The Cohoctah series consists of very poorly drained soils
on first bottoms. These soils developed in water-deposited
sandy loam and loam. They have a high water table and
are flooded frequently.

In a typical profile, the surface layer consists of very
dark gray loam and is about 13 inches thick. Below this
is an 8-inch layer of dark-gray, streaked, friable sandy
loam; a 12-inch layer of grayish-brown, mottled, friable
fine sandy loam; a 7-inch layer of very dark grayish-
brown, mottled, friable sandy loam; and at least 20 inches
of grayish-brown, mottled, friable sandy loam.

Fertility is high, the available water capacity is high,
permeability is moderate to moderately rapid, and runoff

is very slow. The high water table hinders cultivation and
restricts the growth of plant roots. The grayish colors
result from prolonged saturation.

Few areas of Cohoctah soils are used for crops. Most
are in pasture or are idle or still wooded. The native vege-
tation is a mixture of lowland hardwoods, including elm,
ash, maple, cottonwooed, and sycamore.

Typical profile of Cohoctah loam, undisturbed, located
in tﬂe SE1,SEL,SW1, sec. 22, T. 7 N, R. 13 W. (Tall-
madge Township) :

A1—0 to 18 inches, very dark gray (10YR 3/1) loam; weak,
medium, granular structure ; friable; mildly alkaline;
clear, smooth boundary.

Clg-—13 to 21 inches, dark-gray (10YR 4/1) sandy loam ; many,
medium, distinet, very dark brown (10YR 2/2) ver-
tical streaks; weak, coarse, subangular blocky struc-
ture; friable; moderately alkaline; clear, smooth
boundary.

C2g—21 to 33 inches, grayish-brown (10YR 5/2) fine sandy
loam ; many, fine, distinct, yellowish-red (5YR 5/6)
mottles; weak, coarse, subangular blocky structure,
grading to massive; friable; moderately alkaline;
abrupt, smooth boundary.

C3g—33 to 40 inches, very dark grayish-brown (10YR 3/2)
loam ; few, fine, prominent, gray (10YR 5/1) mottles;
massive; friable; moderately alkaline; abrupt, wavy
boundary.

C4g—40 to 60 inches, grayish-brown (10YR 5/2) sandy loam ;
common, medium, distinct, yellowish-brown (10YR
5/8) mottles; weak, coarse, subangular blocky strue-
ture; friable ; moderately alkaline.

The horizons and the strata within the horizons vary in
thickness and in texture. The dominant range in texture is
from loam to loamy fine sand, but thin layers of fine sand and
silt loam occur in some areas. The range in reaction is from
slightly acid to moderately alkaline.

In cultivated areas there is an Ap horizon that is 7 to 10
inches thick, The ‘texture of this layer is loam, sandy loam, silt
loam, or loamy fine sand, and the color ranges to black (10YR
2/1) or very dark grayish brown (10YR 3/2). The structure
is weak or moderate granular. Below the Ap horizon in this
area is a 3- to 8-inch Al horizon that is very dark gray (10YR
3/1), very dark brown (10YR 2/2), or very dark grayish
brown (10YR 3/2).

The color of the Cg horizon has a hue of 10YR, a value of
3, 4, 5, or 6, and a chroma of 1 or 2, The mottles in this
horizon range from faint to prominent.

Cohoctah soils formed in the same kind of material as
Ceresco soils, which occur nearby, but Cohoctah soils are
more poorly drained than Ceresco soils and are grayer through-
out. Ceresco soils are more poorly drained and generally
coarser textured than Sloan soils.

Cohoctah loam (0 to 2 percent slopes) (Cm).—This soil
occurs throughout the county, on first bottoms that are
mainly nearly level but include slight depressions and
slight elevations.

The surface layer of this soil is very dark gray or black
and is 10 to 15 inches thick. Floods often deposit new mate-
rial of various colors and textures. Some areas are not
easily accessible. Included in mapping were spots of finer
textured Sloan soils, which occupy many of the slight
depressions, and of better drained Ceresco soils, which
occupy many of the slightly elevated areas.

Fertility 1s high, and the available water capacity is
high. Drainage is very poor, and installing artificial drain-
age facilities is difficult. Floods are frequent, and frost
is a hazard to crops.

Many areas of this soil are still wooded, and many
are used for native pasture. Corn and hay are the main
crops grown. (Capability unit ITTw-12 (L—2¢) ; woodland
suitability group O)
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Conover Series

The Conover series consists of somewhat poorly drained
soils that occur on till plains in the southeastern part of
the county. )

In a typical profile, the surface layer consists of very
dark grayish-brown loam and is about 8 inches thick. The
subsoll is about 21 inches thick. The upper 5 inches con-
sists of pale-brown, mottled, firm loam, and the lower 16
inches of yellowish-brown and grayish-brown, mottled,
firm clay loam. The underlying material, at a depth of
29 inches, is light brownish-gray, mottled, limy heavy
loam; it extends to a depth of at least 60 inches.

Fertility is high, the available water capacity is high,
permeability is moderate, and runoff is slow. Krosion is
a hazard. .

Most areas of these soils are cleared and cultivated.
Corn, small grain, and hay are the main crops. Very
little of the acreage is wooded. The native vegetation in-
cludes hard maple, soft maple, beech, red oak, hickory,
and some basswood.

Typical profile of Conover loam, 2 to 6 percent slopes,
cultivated, located in the NE1,SE1/NE1,NW1, sec. 14,
T. 5 N., R. 14 W. (Zeeland Township):

Ap—0 to 8 inches, very dark grayish-brown (10YR 3/2) loam;
moderate, medium, granular structure, friable;
neutral; abrupt, smooth boundary.

B1—8 to 13 inches, pale-brown (10YR 6/3) loam; common,
medium, distinct, yellowish-brown (10YR 5/8) mottles
and few, medium, distinet, light brownish-gray
(10YR 6/2) mottles; moderate, medium, subangular
blocky sturcture; firm; very strongly acid; gradual,
wavy boundary.

B21t—13 to 23 inches, yellowish-brown (10YR 5/4) clay loam;
many, medium, distinet, yellowish-brown (10YR 5/8)
and few, medium, distinet, light-gray (10YR 7/2) mot-
tles; strong, medium, subangular blocky structure;
firm; light brownish-gray (10YR 6/2) clay films on
ped faces; strongly acid; gradual, wavy boundary.

B22tg—23 to 29 inches, grayish-brown (10YR 5/2) clay loam;
common, medium, distinct, yellowish-brown (10YR
5/4) mottles; strong, coarse, subangular blocky
structure; firm; slightly acid; clear, wavy boundary.

Cg—29 to 60 inches, light brownish-gray (10YR 6/2) heavy
loam ; common, medium, distinet, brown (10YR 5/3)
mottles; moderate, medium, subangular blocky
structure; firm; vertical streaks of lime are grayish
brown (10YR 5/2) ; calcareous.

The solum is 20 to about 42 inches thick. In reaction it
ranges from very strongly acid to neutral, but it is dominantly
medium acid.

In undisturbed areas the profile includes an Al and A2
horizon, each 3 to 6 inches thick. The color of the Al horizon
is very dark gray (10YR 3/1), and that of the A2 ig grayish
brown (10YR 5/2) or brown (10YR 5/3). An A2 horizon as
much as 4 inches thick also occurs in some cultivated areas.
Profiles that have an A2 horizon generally lack a B1 horizon.

In the Ap horizon the color ranges to very dark brown (10YR
2/2) or very dark gray (10YR 3/1).

The texture of the B2t horizon is clay loam or silty clay
loam. The color of this horizon ranges to grayish brown (10YR
5/2), brown (10YR 5/3-4/3), yellowish brown (10YR 5/6),
or dark yellowish brown (10YR 4/4).

The texture of the C horizon is loam, heavy loam, or light
clay loam. The color of this horizon ranges to grayish brown
(10YR 5/2) or brown (10YR 5/3).

Conover soils occur near Sims soils and Metamora soils. They
are better drained than Sims soils, and they have a finer tex-
tured B2t horizon than Metamora soils. Conover soils are in the
same ‘drainage class as Kibbie soils, but they lack the layers of
silt and very fine sand in the C horizon that are characteristie
of Kibbie soils.

Conover loam, 2 to 6 percent slopes (CnB).—This soil
occurs on gently undulating till plains in the southeastern
part of the county. Some areas have long, uniform slopes;
others have short, irregular slopes dissected with depres-
sions and shallow drainageways.

Included in mapping were areas of poorly drained
Sims soils in the depressions and drainageways; of well-
drained Miami soils at slightly higher elevations; and of
coarser textured Metamora soils. Also included were
eroded ridgetops where the surface layer is brown or dark
grayish brown. In places the texture of the underlying
material is clay loam.

Fertility is high, and the available water capacity is
high. Natural drainage is somewhat poor, and artificial
drainage is needed. Erosion is a hazard.

Most areas of this soil are used for crops, mainly corn,
small grain, and hay. (Capability unit IIw-3 (2.5b);
woodland suitability group Z)

Croswell Series

The Croswell series consists of moderately well drained
soils of the sandy outwash plains and lake plains. These
soils developed in deep deposits of acid sand.

In a typical profile, the surface layer consists of very
dark brown sand and is only about 2 inches thick, Below
this is a 6-inch subsurface layer of gray sand. The subsoil,
about 16 inches thick, consists of very friable sand. It is
dark brown in the upper 6 inches and dark yellowish
brown and mottled in the lower 10 inches. The underlying
material, at a depth of 24 inches, is light yellowish-brown,
mottled sand; it extends to a depth of at least 60 inches.

Fertility is low, the organic-matter content is low, and
the available water capacity is low. Permeability is rapid
above the fluctuating water table. These soils are saturated
during periods of rainy weather. The upper part of the
profile dries out quickly after the rain stops, but the part
below a depth of 36 inches remains wet. The soils erode
and blow readily if exposed.

Only a few areas of Croswell soils are cultivated. Many
areas that were cultivated in the past are now idle or are
used for supplemental pasture. Other areas once culti-
vated have been reforested with pine for Christmas trees
or for timber. Some areas are second-growth woodlots. The
native vegetation is mainly a mixture of hardwoods and
white pine but includes some hemlock.

Typical profile of Croswell sand, 0 to 6 percent slopes,
undisturbed, located in the NW1,NE1,SE1, sec. 6, T. 7
N, R. 14 W. (Allendale Township) :

A1—0 to 2 inches, very dark brown (10YR 2/2) sand; weak,
fine, granular structure; very friable; very strongly
acid ; abrupt, wavy boundary.

A2—2 to 8 inches, gray (10YR 5/1) sand; weak, coarse, sub-
angular blocky structure; very friable; very strongly
acid ; clear, irregular boundary.

B21ir—8 to 14 inches, dark-brown (7.5YR 4/4) sand; weak,
coarse, subangular blocky structure; very friable;
strongly acid ; clear, wavy boundary.

B22ir—14 to 24 inches, dark yellowish-brown (10YR 4/4) sand;
many, medium, distinct, grayish-brown (10YR 5/2)
mottles; weak, coarse, subangular blocky structure;
very friable; strongly acid; gradual, wavy boundary.

C—24 to 60 inches, light yellowish-brown (10YR 6/4) sand;
common, medium, distinct, grayish-brown (10YR 5/2)
mottles; single grain; loose; medium acid.

In cultivated areas there is a 6- to 10-inch Ap horizon that
is very dark grayish brown (10YR 3/2) or dark gray (10YR



OTTAWA COUNTY, MICHIGAN 25

4/1). Where the Ap horizon is almost at its maximum thick-
ness, the A2 horizon is very thin or lacking.

The texture of the Al horizon is sand or loamy sand, and
the color ranges to very dark gray (10YR 3/1). The texture of
the A2 horizon is sand or light loamy sand, and the color ranges
to light gray (10YR 6/1) or light brownish gray (10YR 6/2).

The color of the B21ir horizon ranges to dark yellowish brown
10YR 4/4) or reddish brown (5YR 4/4), and that of the B22ir
horizon to dark brown (7.5YR 4/4). The depth to mottling
ranges from about 14 to 24 inches. The mottles have a hue of
10YR, a value of 5 or more, and a chroma of 2 or less. In a few
places the profile contains small chunks of ortstein, and in some
places the lower part of the subsoil contains a little dark
reddish-brown (2.5YR 3/4), shotlike cemented material.

Croswell soils, Rubicon soils, and Au Gres soils all formed
in similar material. Croswell soils differ from Rubicon soils in
having mottles in the B22ir horizon and from Au Gres soils in
being moderately well drained instead of somewhat poorly
drained.

Croswell sand, 0 to 6 percent slopes (CrB).—This soil
is on lake plains and outwash plains in the eastern section
of the county. The areas range in size from a few acres to
more than 100 acres. Most are fairly large.

This soil has the profile described as typical of the series.
In some areas the texture of the surface layer is loamy sand
instead of sand. Included in mapping were spots of well-
drained Rubicon soils and of somewhat poorly drained
Au Gres soils. Also included, mostly where the plains grade
into the uplands, were spots in which a fine-textured sub-
stratum occurs at a depth of 42 inches. Other inclusions are
blow-outs and other eroded areas.

Fertility is low, and the available water capacity is low.
The soil erodes and blows readily.

This soil is not well suited to crops, and only a few areas
are cultivated. Most areas are idle or have been reforested
with pine. (Capability unit IVs4 (5a); woodland suit-
ability group E

Croswell and Au Gres sands, 0 to 6 percent slopes
(CwB).—This unit occurs on sandy plains in the western
part of the county. Croswell sand predominates in some
areas, and Au Gres sand in other,

Both soils have a fluctuating water table that rises dur-
ing prolonged periods of rainy weather. The water table
rises closer to the surface in Au Gres soils than in Croswell
soils,and as a result Au Gres soils are mottled closer to the
surface. Both soils have a thicker, darker colored surface
layer in undisturbed areas than in eroded areas.

These soils are low in fertility and in organic-matter
content. They are wet in spring and dry in summer, When
bare they erode easily and are susceptible to blowing.

Most large areas of this unit have been cleared and were
cultivated at one time. Many are now idle and are covered
with weeds and grass and scattered quaking aspen, fire
cherry, and scrub oak. Other areas have been reforested
with pine intended for Christmas trees or for timber. Only
a few areas are now cultivated. (Capability unit IVs—4
(Croswell—ba, Au Gres—5b) ; Croswell soil in woodland
suitability group E, Au Gres soil in woodland suitability
group F)

Deer Park Series

The Deer Park series consists of well-drained soils that
occur on stabilized dunes and beach ridges along the shore
of Lake Michigan and on older stabilized dunes as far in-
land as Crockery, Robinson, and Olive Townships. These
soils developed in slightly acid, leose sand.

In a typical profile, a 2-inch layer of black organic mate-
rial is at the surface. Below the organic material is a 1-
inch layer of very dark gray sand and then a 10-inch layer
of pale-brown sand. The subsoil, about 7 inches thick,
consists of light yellowish-brown, loose sand. At a depth of
about 18 inches is pale-brown sand; this extends to a
depth of at least 66 inches.

ertility is very low, the available water capacity is very

low, and permeability is rapid. If the native vegetation is
removed, these soils start to blow and are very difficult to
stabilize again.

Deer Park soils are not suitable for farming, but they
have esthetic and recreational values as cottage sites, parks,
and scenic wooded areas. The native vegetation in the areas
nearest the lake, where the climate is tempered somewhat,
consists of a dense growth of beech, maple, red oak, white
pine, and hemlock. In areas more than a quarter of a mile
inland, the vegetation is a mixture of hardwoods and
conifers that includes white oak, black oak, aspen, and
white pine. Some of the inland areas once supported nearly
pure stands of white pine.

Typical profile of Deer Park sand, 6 to 18 percent
slopes, undisturbed, on a 15-percent lee slope of a wooded
fore dune, located in the SE1,NE1,NE1; sec. 1, T. 8 N.,
R. 17 W. (Spring Lake-West Township) :

02—2 inches to 0, black (10YR 2/1) organic mat; a few light
yellowish-brown (10YR 6/4) sand grains intermixed ;
single grain; friable; slightly acid; abrupt, smooth
boundary.

A1—0 to 1 inch, very dark.gray (10YR 3/1) sand; light yel-
lowish-brown (10YR 6/4) sand grains intermixed give
horizon a “salt and pepper’” appearance; single grain;
loose; medium acid; clear, wavy boundary.

A2-1 to 11 inches, pale-brown (10YR 6/38) sand; single grain;
few, fine, faint, gray (10YR 6/1) organic stains in
uppermost 3 inches; loose; medium acid; gradual,
wavy boundary.

Bir—11 to 18 inches, light yellowish-brown (10YR 6/4) sand;
single grain; loose; medium acid; gradual, wavy
boundary.

C—18 to 66 inches, pale-brown (10YR 6/3) sand ; single grain;
loose; slightly acid.

In some profiles the reaction ranges to mildly alkaline below
a depth of 3 feet.

The Al horizon is lacking from the profile in some places, and
the A2 horizon is immediately below the O2 horizon. In the A2
horizon the color ranges to light gray (10YR 6/1), light
brownish gray (10YR 6/2), or gray (10YR 5/1).

The Bir horizon is weakly expressed and in places is not
readily distinguishable. The color of this horizon ranges to
yellowish brown (10YR 5/4) or brown (10YR 5/3).

Deer Park soils and Rubicon soils formed in similar material,
but Deer Park soils have a lighter colored and less well de-
veloped Bir horizon than Rubicon soils.

Deer Park sand, 0 to 6 percent slopes (DpB).—This soil
occurs as small stable areas within steeper areas in the
dunes along Lake Michigan. Some areas are on the saddles
between dunes, some are on the crests of dunes, and some
are on the lower slopes. Most areas are within a quarter of a
mile of the lake, but some are as far inland as Crockery,
Robinson, and Olive Townships.

In disturbed spots the surface layer is pale brown. There
are small areas in which the organic mat is more than 2
inches thick and others that have an overburden of wind-
blown light yellowish-brown or pale-brown sand 1 to 4
inches thick. Included in mapping were soils that have a
brighter colored subsoil. In some of the inland areas, the

soil is similar to Rubicon soils.
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This Deer Park soil is very low in fertility and in avail-
able water capacity. It is highly susceptible to blowing if
the vegetation is removed, and it is difficult to stabilize once
it has started to blow.

This soil is highly valued for cottage sites. Access to
some areas is difficult. (Capability unit VIIs-1 (5.3a);
woodland suitability group H)

Deer Park sand, 6 to 18 percent slopes (DpD).—This
soil occurs as stable areas on the sides and lee slopes of
dunes and beach ridges along Lake Michigan and on sta-
bilized dunes farther inland. Nearly all the areas are
within a quarter of a mile of the lake, but some are as far
inland as Crockery, Robinson, and Olive Townships.

This soil has the profile described as typical of the series,
but variations in the profile occur from place to place. In
places the pale-brown sand is at the surface. In many of
the inland areas, this soil is similar to the Rubicon soils.

This Deer Park soil is very low in fertility and in avail-
able water capacity. It is highly susceptible to erosion if
the vegetation is removed.

This soil is not suitable for farming, but it has esthetic
and recreational values. Most of the areas along the lake
are covered with a forest of beech, maple, red oak, white
pine, and hemlock. Other areas are covered with beach-
grass and briers. (Capability unit VIIs-1 (5.3a); wood-
Iand suitability group H)

Deer Park sand, 18 to 45 percent slopes (DpF).—This
soil is on dunes and beach ridges. Nearly all areas are
within a quarter of a mile of Lake Michigan, but some are
as far inland as Crockery, Robinson, and Olive Townships.

The light yellowish-brown subsoil is lacking from the
profile of this soil, and the organic mat at the surface is
Iacking or is very thin. In some places the pale-brown un-
derlying material is at the surface. Included are areas in
which the slope is less than 18 percent. In the inland areas
this soil resembles Rubicon soils.

This Deer Park soil is very low in fertility and in avail-
able water capacity. It is highly susceptible to blowing if
the vegetation is removed.

This soil is not suitable for farming, but it will support
a dense forest and has esthetic and recreational values.
Much of the acreage is covered with a forest of beech,
maple, red oak, white pine, and hemlock. Some has a cover
of beachgrass and briers. ( Capability unit VIIs-1 (5.3a);
woodland suitability group H)

Edwards Series

The Edwards series consists of very poorly drained, level
to depressional, organic soils that occur on flood plains and
on uplands. These soils are underlain with marl at a
depth of 12 to 42 inches.

In a typical profile, the surface layer consists of well-
decomposed black muck and is about 12 inches thick.
Below this is an 18-inch layer of partly decomposed, black
mucky peat that contains some dark reddish-brown
woody fragments. The underlying material, at a depth of
30 inches, consists of light-gray marl; it extends to a depth
of at least 60 inches.

Fertility is low, and the available water capacity is high.
Permeability is rapid in the organic layers and is variable
in the marl. Runoft is very slow to ponded, and water from
surrounding areas runs onto these soils. The water table is

at or very near the surface unless lowered by artificial
drainage. Drainage is difficult, and overdrainage can cause
settling and decomposition and make the soils susceptible
to blowing. Frost damage to crops is a hazard.

Many areas have been cleared and drained and are used
to grow special crops, including celery, onions, and carrots.
Crops need special mixtures of fertilizer. Some areas are
still wooded. The native vegetation consists of lowland
hardwoods, including elm, ash, red maple, and cotton-
wood ; the stands also contain northern white-cedar. Trees
grow slowly and are shallow rooted.

Typical profile of Edwards muck, cultivated, located in
the SW14,SW14SE1, sec. 33, T. 5 N, R. 13 W. (James-
town Township) :

1—0 to 12 inches, black (10YR 2/1), well-decomposed muck;
moderate, fine, granular structure; friable; medium
acid ; abrupt, wavy boundary.

2—12 to 30 inches, black (5YR 2/1), partly decomposed mucky
peat; moderate, fine, granular structure ; friable; con-
tains some woody fragments that are dark reddish
brown (5YR 3/2) ; neutral; abrupt, smooth boundary.

11C—30 to 60 inches, light-gray (10YR 6/1) marl; yellowish-red

(5YR 4/6) root channels; massive ; nonplastic; highly
calcareous.

The depth to marl ranges from 12 to 42 inches. The reaction
of the organic layers ranges from medium acid to mildly
alkaline. Both woody and fibrous materials are included. The
color depends on the nature of the original material. The hue
is predominantly 10YR to 5YR, the value 2 or 3, and the chroma
1, 2, or 3. The color of the marl varies but is predominantly
light gray (10YR 6/1 or 2.5Y 7/2).

Edwards soils are similar to Carlisle, Houghton, Adrian, and
Warners soils. In Edwards soils, the organic deposit is between
12 and 42 inches thick; in Carlisle and Houghton soils, it is
more than 42 inches thick ; and in Warners soils, it is less than
12 inches thick. Edwards soils are underlain with marl, and
Adrian soils with sand.

Edwards muck (0 to 2 percent slopes) (Ed)..—This soil
occurs in nearly level areas and depressions on flood plains
and in potholes and depressions on uplands.

In some places, mainly where this soil grades to more
strongly sloping soils on uplands, there is a 6- to 12-inch
overwash of very dark gray to dark grayish-brown mineral
material. Included in mapping were spots that have been
damaged by soil blowing; in these spots the surface layer
includes small chunks of grayish marl. Near Hudsonville
is a small included area in which mineral material is mixed
with the organic material and the texture of the surface
layer is silt loam.

A unique area in the vicinity of Hudsonville was also
mapped as part of this unit. In this area the organic ma-
terial is extremely acid and contains calcium sulfate erys-
tals; in certain lights, the surface appears to be covered
with small pieces of broken glass. Highly calcareous marl
occurs at a depth of 18 to 36 inches, and in places there is
sand below the marl at a depth of 42 to 48 inches.

Fertility is low, and the available water capacity is
high. Drainage is needed for most crops. Installing drain-
age facilities is difficult, and overdrainage can cause set-
tling and decomposition. Blowing is a hazard when the soil
is dry and exposed.

Most areas of this soil are used for crops or pasture. A
few small areas in upland depressions are wooded. Onions,
carrots, and celery are grown, as well as corn and forage
crops. {Capability unit IVw—6 (M/mc) ; woodland suita-

bility group U)
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Fox Series

The Fox series consists of well-drained soils that occur
on outwash plains, deltas, terraces, and rolling uplands.
These soils are underlain at a depth of about 38 inches with
coarse sand and gravel.

In a typical profile, the surface layer consists of dark-
brown sandy loam and is about 7 inches thick. The subsoil
is about 31 inches thick. The uppermost 5 inches is yellow-
ish-brown, friable heavy loamy sand; the next 8 inches
is dark-brown, friable heavy sandy loam; and the lowest
18 inches is reddish-brown, firm gravelly sandy clay loam.
The underlying material, at a depth of 38 inches, 1s light
yellowish-brown coarse sand and gravel.

Fertility is medium, the available water capacity is
moderate, and permeability is moderate. Runoff is slow to
medium, depenging on the slope. Erosion and blowing are
hazards if the soil is exposed.

Fox soils are moderately well suited to crops, and most
of the acreage is cultivated. Some of it is in orchards.
Some areas formerly cultivated are now idle, and some
have been converted to building sites. Some areas are
sources of sand and gravel. A few are still wooded. The
native vegetation is mainly a mixture of hardwoods, in-
cluding beech, hard maple, oak, hickory, and largetooth
aspen; it also contains some white pine.

Typical profile of Fox sandy loam, 0 to 6 percent slopes,
cultivated, located in the SW14,NW1,NW1, sec. 14, T. 5
N., R. 13 W. (Jamestown Township) :

Ap—0 to 7 inches, dark-brown (10YR 4/3) sandy loam ; weak,
fine, granular structure; friable; medium acid;
abrupt, smooth boundary.

B1-—7 to 12 inches, yellowish-brown (10YR 5/4) heavy loamy
sand; weak, coarse, subangular blocky structure;
friable; strongly acid; clear, irregular boundary.

B21t—12 to 20 inches, dark-brown (7.5YR 4/4) heavy sandy
loam; weak, medium, subangular blocky structure;
friable; medium acid; clear, irregular boundary.

B22t—20 to 38 inches, reddish-brown (5YR 4/4) gravelly heavy
sandy clay loam; weak, medium, subangular blocky
structure; firm; abrupt, irregular boundary.

IIC—38 to 60 inches, light yellowish-brown (10YR 6/4) coarse
sand and gravel; single grain; loose; neutral.

The solum is 24 to 42 inches thick. It contains pebbles and
cobblestones in varying amounts.

In undisturbed areas the profile includes a dark-gray (10YR
4/1) A1l horizon that is 3 to 6 inches thick. The texture of this
horizon is loamy sand, sandy loam, or loam. In some places
there is a thin A2 horizon that has a texture range of loamy
sand to loam and a color range of light yellowish brown (10YR
6/4) to brown (10YR 5/3).

The texture of the Ap horizon is loamy sand, sandy loam,
or loam,

In some places the profile lacks a B1 horizon. The texture
of the B21t horizon is sandy loam or sandy clay loam, and
the color ranges to yellowish brown (10YR 5/4). In the B22t
horizon, the texture is gravelly sandy clay loam or gravelly
heavy clay loam, and the color ranges to dark brown (7.5YR
4/4) or dark reddish brown (5YR 3/4).

In some places the profile includes a B3 horizon of gravelly
sandy loam or gravelly loamy sand. Tongues of B material,
more than 12 inches wide in some places, commonly extend into
the IIC horizon.

The reaction of the IIC horizon ranges from neutral to
moderately alkaline.

Fox soils, Boyer soils, and Oshtemo soils all formed in
similar material. Fox soils have a thicker B2t horizon than
Boyer and Oshtemo soils. Fox soils and Hillsdale soils are
in the same drainage class, but Hillsdale soils lack the sandy
and gravelly IIC horizon that is characteristic of Fox soils.

Fox sandy loam, 0 to 6 percent slopes (FoB}.—This soil
occurs as small, scattered areas on outwash plains and on
rolling uplands.

In places the texture of the surface layer is loam instead
of sandy loam, and in places the color is very dark grayish
brown instead of dark brown. Included in mapping were
small areas of Boyer soils, which are coarser textured and
lighter colored than this Fox soil. Other inclusions are
areas in which the reaction is more acid and the depth to
the gravelly substratum is more than 42 inches, and areas
in which the slope is slightly more than 6 percent and the
surface layer is eroded and lighter colored.

Fertility is medium. The available water capacity is
moderate, and the shortage of moisture is especially notice-
able in July, in August, and in the early part of Septem-
ber. The soil blows readily when exposed. Maintenance of
the organic-matter content is a problem if crops are grown.

Most areas of this soil have been cleared and cultivated.
Corn, small grain, and hay are the common crops. Some
areas formerly cultivated are now idle or are in grass.
Sand and gravel are extracted from some areas. Limita-
tions for construction are slight. (Capability unit ITs-2
(3a) ; woodland suitability group K)

Gilford Series

The Gilford series consists of poorly drained and ver,
poorly drained soils that occupy lake plains, outwas
plains, glacial drainageways, and deltas. These soils de-
veloped in sandy loam and loamy sand material that was
18 to 40 inches thick over stratified sand and gravel.

In a typical profile, the surface layer consists of black
sandy loam and is about 12 inches thick. The subsoil is 19
inches thick. The uppermost 3 inches is grayish-brown,
mottled and streaked, friable loamy sand; the next 4
inches is brown, mottled, friable loamy sand; and the
lowest 12 inches 1s dark-gray, mottled, friable sandy loam.
The underlying material, at a depth of 81 inches, 1s gray
sand and gravel; it extends to a depth of at least 66 inches.

Fertility is medium, and the available water capacity is
low. Runoff is very slow or ponded. The water table is
near the surface much of the time. The dull grayish colors
are the result of prolonged saturation. The growth of
plant roots is limited by the water table, and frost dam-
age to crops is a hazard. Permeability is moderate if the
water table is lowered.

Many areas of Gilford soils have been cleared and are
cultivated. Other areas are used for pasture or are idle.
Some swampy woodlots exist, but trees grow slowly and
are generally of low quality. The native vegetation is a
mixture of hardwoods, including elm, ash, red maple, cot-
tonwood, and some white birch.

Typical profile of Gilford sandy loam, cultivated, lo-
cated in the SW1,SW1/ sec. 27, T. 6 N., R. 13 W. (George-
town Township, 300 feet north of Van Buren Street, on
22nd Avenue) :

Ap—O0 to 10 inches, black (10YR 2/1) sandy loam; moderate
fine, granular structure; friable; high in organic-
matter content; slightly acid; clear, smooth boundary.

A1—10 to 12 inches, black (N 2/0) sandy loam; moderate,
medium, subangular blocky structure; friable; high in
organic-matter content; slightly acid; abrupt, smooth
boundary.

B21g—12 to 15 inches, grayish-brown (2.5Y 5/2) loamy sand;
many, medium, distinet, brown (10YR 5/3) mottles;
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many vertical streaks of black (10YR 2/1); weak,
coarse, subangular blocky structure; friable; medium
acid; clear, wavy boundary.

B22—15 to 19 inches, brown (10YR 5/3) loamy sand; many,
medium, distinct, very dark grayish-brown (10YR
3/2) mottles and few, medium, faint, yellowish-brown
(10YR 5/6) mottles; weak, medium, subangular
blocky structure; friable; medium acid; gradual,
wavy boundary.

B23g—19 to 81 inches, dark-gray (5Y 4/1) sandy loam; many,
coarse, faint, olive-gray (5Y 4/2) mottles; weak,
medium, subangular blocky structure; friable;
slightly acid; clear, wavy boundary.

IICg—31 to 66 inches, gray (5Y 5/1) sand and gravel; single
grain ; loose ; mildly alkaline.

The thickness of the solum ranges from 18 to 40 inches but
is dominantly between 24 and 36 inches. The reaction ranges
from medium acid to neutral.

In undisturbed areas the profile includes a black (10YR 2/1)
or very dark gray (10YR 8/1) Al horizon that is 7 to 12 inches
thick. A layer of muck 4 to 12 inches thick is at the surface in
some places, and in others stones occur at the surface.

The color of the Ap horizon ranges to very dark gray (10YR
3/1).

The B21g horizon containg varying amounts of gravel. The

texture is sandy loam or loamy sand, and the color ranges to

gray (10YR 5/1) or grayish brown (10YR 5/2). In some pro-
files this horizon is unmottled. In the B22 and B23g horizons,
the texture ranges from heavy gravelly loamy sand to light
sandy clay loam. Where the texture is light sandy clay loam,
the combined thickness of these horizons is less than 6 inches.

In places the IICg horizon is dominantly coarse sand. In
reaction this layer ranges from neutral to moderately alkaline.

Gilford soils are similar in drainage to Bruce and Granby
soils, Gilford soils have a sandy and gravelly IICg horizon;
Bruce soils have layers of silt loam in the Cg horizon. Gil-
ford soils have a B2 horizon; Granby soils do not.

Gilford sandy loam (0 to 2 percent slopes) (Gd).—This
nearly level to depressional soil occurs on outwash plains
and lake plains and in.glacial drainageways. Some of the
areas on plains and in drainageways are fairly large.

Included in mapping were areas in the eastern and
southeastern parts of the county in which the profile is
somewhat different from the one described as typical. In
some places, mainly in the southeastern part, the surface
layer is loam or loamy sand instead of sandy loam, the
subsoil and underlying material are more acid, and the
underlying material is at a depth of more than 42 inches
and is medium acid in reaction. Also in the eastern part
of the county are areas in which the sandy and gravelly
substratum is lacking, the texture of the subsoil and sub-
stratum is predominantly fine sand or loamy fine sand,
and the texture of the surface layer is loam or loamy fine
sand. Other spots included in mapping are some that have
a finer textured subsoil and some in which a thin layer of
muck or peat is buried within the profile. Areas of Glad-
win soils occur on slight elevations in the landscape, and
areas of Granby soils in sandy spots.

This Gilford soil is medium in fertility and low in avail-
able water capacity. Runoff is very slow or ponded. The
water table is high much of the time. Permeability is
moderate if the water table is lowered. Installation and
maintenance of artificial drainage systems are difficult, and
overdrainage can be damaging. Frost damage to crops is a
hazard.

Most areas of this soil have been cleared and drained and
are cultivated. The common field crops are grown and also,
on selected sites, special crops, including pickling cucum-
bers, melons, and vegetables. Undrained areas are used
mainly for pasture; some are idle. Some areas are still
wooded, but trees grow slowly and are shallow rooted. This

soil is also a potential source of gravel and sand. (Capa-
bility unit IIIw—6 (4c); woodland suitability group W)

Gladwin Series

The Gladwin series consists of somewhat poorly drained
soils that occur on outwash plains, terraces, and deltas.

In a typical profile, the surface layer consists of very
dark gray sandy loam and is about 7 inches thick. Below
this is a 4-inch subsurface layer of gray, mottled loamy
sand. The subsoil is 15 inches thick. The upper 6 inches is
dark-brown, mottled, friable loamy sand, and the lower
9 inches is dark yellowish-brown, mottled, friable gravelly
sandy loam. The underlying material, at a depth of 26
inches, is light brownish-gray, mottled, limy coarse sand
and gravel ; it extends to a depth of several feet.

Gladwin soils are low in natural fertility, have a low
available water capacity, and are moderately permeable.
They have a fluctuating water table that rises in spring
and recedes in summer, The mottles in the subsoil indicate
excessive wetness for part of the year. Runoff is slow to
very slow.

Many areas of these soils have been cleared and drained
and are used for crops. Cropping systems commonly con-
sist largely of small grain and hay. Some areas are idle or
are used for pasture. Others are still wooded. The native
vegetation consists mainly of hardwoods, including red
maple, sugar maple, ash, oak, and birch; it also contains
some white pine. Sand and gravel are obtained from some
areas.

Typical profile of Gladwin sandy loam, 0 to 2 percent
slopes, cultivated, located in the SW14SW14,NE1, sec. 29,
T.5 N.,R. 14 W. (Zeeland Township) :

Ap—O0 to 7 inches, very dark gray (10YR 3/1) sandy loam;
weak, medium, granular structure; friable; medium
acid ; abrupt, smooth boundary.

A2—7 to 11 inches, gray (10YR 5/1) loamy sand; common,
medium, distinet, very dark grayish-brown (10YR 3/2)
mottles and few, medium, distinct, strong-brown
(7.5YR 5/8) mottles; weak, medium, subangular
blocky structure; friable; medium acid; clear, ir-
regular boundary.

Bir—11 to 17 inches, dark-brown (7.5YR 4/4) loamy sand;
common, medium, distinct, olive-brown (2.5Y 4/4) mot-
tles and few, fine, prominent, brown (10YR 5/3) mot-
tles; weak, coarse, subangular blocky structure; fri-
able; slightly acid ; clear, wavy boundary.

B’t—17 to 26 inches, dark yellowish-brown (10YR 4/4) gravel-
ly sandy loam; common, medium, distinct, grayish.
brown (10YR 5/2) and pale-brown (10YR 6/3) mot-
tles; weak, medium, subangular blocky structure; fri-
able ; neutral ;.gradual, wavy boundary.

IIC—26 to 60 inches, light brownish-gray (10YR 6/2) coarse
sand and gravel ; common, coarse, faint, brown (10YR
5/3) mottles; single grain, loose; calcareous.

The solum is 18 to 40 inches thick. In reaction it ranges
from strongly acid to neutral, becoming less acid with increas-
ing depth. Varying amounts of gravel occur within the solum,
and in a few places the Ap horizon contains some cobblestones.

In undisturbed areas the profile includes a 2- to 4-inch Al
horizon that has a texture of sandy loam or loamy sand and
is very dark gray (10YR 3/1) or very dark grayish brown
(10YR 3/2) in color.

The texture of the Ap horizon is sandy loam or loamy sand.
The A2 horizon ranges in color to gray (10YR 6/1) or light
brownish gray (10YR 6/2). In some places it is unmottled.

In the Bir horizon the matrix color ranges to dark yellowish
brown (10YR 4/4), and the mottles are faint to prominent.
The texture of this horizon is light sandy loam or loamy sand.
Below the Bir in some profiles is an A’2 horizon that is gray
(10YR 5/1) or grayish brown (10YR 5/2) and mottled. The
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matrix color of the B’t horizon ranges to grayish brown (10YR
5/2) or brown (10YR 5/8). The texture of this horizon is
heavy sandy loam, gravelly sandy loam, or gravelly light
clay loam.

The upper part of the IIC horizon is neutral to moderately
alkaline in reaction. The lower part is calcareous.

Gladwin soils formed in the same kind of material as Man-
celona and Gilford soils, which occur nearby. Gladwin soils
are less well drained than Mancelona soils and have more
gray mottles; they are better drained and less gray than
Gilford soils. Gladwin soils are in the same drainage class
as Kibbie soils, which lack the sandy and gravelly IIC horizon
that is characteristic of Gladwin soils.

Gladwin sandy loam, 0 to 2 percent slopes {GeA).—
This soil occurs on outwash plains and on low terraces
along streams on the uplands. It is associated with Gilford
and Lacota soils, which are in lower positions and are more
poorly drained, and with Mancelona and Montcalm soils,
which are better drained.

This soil has the profile described as typical of the Glad-
win series. Included in mapping were areas in the south-
eastern part of the county in which the reaction is more
acid than is typical and the depth to the underlying mate-
rial is more than 40 inches. In other included areas in the
southeastern part of the county, the surface layer is thicker
than is typical, the upper part of the subsoil is yellowish
brown, and the subsoll is very strongly acid in places. In
other areas limy clay loam occurs at a depth of 40 to 66
inches, and the sandy and gravelly layer is thin and is
less alkaline than is typical; most of these areas are where
the plains and uplands meet. Included also were small
areas in depressions and waterways in which the surface
layer is thicker and darker colored than that in the typical
profile; spots in which the dark-brown subsoil is exposed
as a result of erosion ; and gently sloping areas.

Fertility is medium, and the available water capacity
is low. The fluctuating water table causes the soil to be
excessively wet at some times and droughty at others.
Drainage is needed for most crops. After prolonged pe-
riods of dry weather, the soil blows readily.

Most areas of this soil have been cleared and cultivated.
Corn, small grain, and hay are the common crops. Some
areas are idle, some are used for pasture, a few are still
wooded, and others are supplying sand and gravel.
% Capability unit IITw-5 (4b) ; woodland suitability group

Gladwin sandy loam, 2 to 6 percent slopes (GeB).—
This soil occurs on outwash plains and on low terraces
along streams on the uplands. Associated with it are Gil-
ford and Lacota soils, which are in lower positions and
are more poorly drained, and Mancelona and Montcalm
soils, which are at higher elevations and are better drained.

Included with this soil in mapping were areas in the
southeastern part of the county in which the reaction is
more acid than is typical and the depth to the underlying
material is more than 40 inches. Also in this part of the
county are areas in which the surface layer is thicker than
is typical and the upper part of the subsoil is yellowish
brown. The subsoil is very strongly acid in places. In other
areas limy clay loam occurs at a depth of 40 to 66 inches
and the sandy and gravelly layer is thin and is less alkaline
than is typical; most of these areas are where the plains
and uplands merge. Included also were small areas in de-
pressions and waterways in which the surface layer is
thicker and darker colored than that in the typical profile;
spots in which the dark-brown subsoil is exposed as a result

of erosion; small areas that are nearly level; and some
higher spots where the upper part of the subsoil is free of
mottles.

Fertility is medium, and the available water capacity is
low. Although the water table does not rise as close to the
surface as in the nearly level soil of this series, drainage is
needed for most crops. The soil becomes droughty when
the water table recedes in summer. Soil blowing is a haz-
ard, especially during the dry months of summer.

Most areas of this soil have been cleared and cultivated.
Corn, small grain, and hay are the common crops. Some
areas once cultivated are now idle or are used for pasture.
A few areas are still wooded, and a few are supplying sand
and gravel. (Capability unit IITw-5 (4b) ; woodland suit-
ability group F)

Glendora Series

The Glendora series consists of poorly drained to very
poorly drained soils on first bottoms. These soils are under-
lain with coarse-textured material at a depth of only 10
inches.

In a typical profile, the surface layer consists of black
sandy loam and is about 10 inches thick. Below this is
about 15 inches of loamy sand ; the upper 6 inches is gray-
ish brown and mottled, and the lower 9 inches is pale brown
and mottled. At a depth of 25 inches is grayish-brown,
mottled, loose sand.

Fertility is low, the available water capacity is low, and
permeability is rapid. Floods are frequent. Runoff is very
slow, and water ponds after heavy rain and after floods.

Most areas are idle or in pasture or woods. The native
vegetation consists mainly of low-quality, slow-growing
lowland hardwoods, including elm, ash, and cottonwood ;
it also contains some northern white-cedar. Trees are shal-
low rooted.

Typical Eroﬁle of Glendora sandy loam, undisturbed, lo-
cated in the NW1,NEY,NW1/ sec. 13, T. 7 N., R. 16
W. (Grand Haven Township) :

Al—0 to 10 inches, black (10YR 2/1) sandy loam; weak,
medium, granular structure; friable; slightly acid;
abrupt, wavy boundary.

Clg—10 to 16 inches, grayish-brown (10YR 5/2) loamy sand;
common, medium, distinct, very dark gray (10YR 3/1)
and few, fine, distinct, strong-brown (7.5YR 5/8) mot-
tles; weak, medium, subangular blocky structure ;
very friable; neutral ; clear, wavy boundary.

C2—16 to 25 inches, pale-brown (10YR 6/3) loamy sand; com-
mon, coarse, distinct, dark grayish-brown (10YR 4/2)
mottles; weak, coarse, subangular blocky structure;
very friable; neutral; gradual, wavy boundary.

C8-—25 to 50 inches, grayish-brown (10YR 5/2) sand; few,
coarse, distinet, very dark gray (10YR 8/1) mottles;
single grain ; loose ; mildly alkaline.

The reaction of the profile ranges from medium acid to
mildly alkaline,

The color of the Al horizon ranges to very dark grayish
brown (10YR 3/1), and the texture to loamy sand. In a few
places a thin layer of organic material covers the surface.

In the C horizon the basic color ranges from gray (10YR
5/1) to pale brown (10YR 6/8). Mottles in this horizon are
faint to prominent. The Clg, C2, and C3 horizons vary in
thickness as well as in texture and other characteristics. Thin
strata of finer textured material occur in some profiles, and
a thin layer of organic material or of dark-colored alluvium
in some. The lower part of the C horizon is gravelly in places.

Glendora soils and Algansee soils formed in similar material.
Glendora soils are in lower positions and are more poorly
drained than Algansee soils. Glendora soils and Granby soils
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have similar drainage, but Glendora soils formed in alluvial
material and have a less coarse textured substratum than
Granby soils.

Glendora sandy loam (0 to 2 percent slopes) (Gll.—
This soil is on first bottoms, mainly in the western part of
the county. It has short slopes, generally of less than 2 per-
cent. Associated with it are areas of Algansee soils, which
occupy second bottoms and natural levees. )

In some places a thin layer of organic material covers
the surface. Included in mapping were spots of Algansee
soils.

Fertility is low, the available water capacity is low, per-
meability is rapid, and runoff is very slow to ponded.
Floods are frequent. Frost is a hazard.

Most areas of this soil are in woods or pasture. Some
are idle. (Capability unit IITw-14 (L—4c) ; woodland suit-
ability group O)

Granby Series

The Granby series consists of poorly drained and very
poorly drained soils that occur both on plains and on
uplands.

In a typical profile, the surface layer consists of black
loamy sand and is about 10 inches thick. Below the surface
layer, and extending to a depth of at least 60 inches, are
layers of dark-gray, light brownish-gray, and light-gray,
mottled, loose or very friable sand.

Fertility is low, the available water capacity is low,
permeability is rapid, and runoff is very slow to ponded.
Controlled artificial drainage is needed for most crops;
droughtiness results if the water table is lowered too much.
Soil blowing is a hazard when the soil is dry and exposed.

Most areas of these soils have been cleared and culti-
vated. Many are now idle or used for pasture. Almost all
areas now cultivated are drained artificially, mainly by
means of open ditches. Some areas are still wooded. The
native vegetation consists mainly of lowland hardwoods,
including elm, ash, red maple, cottonwood, and some
willow; it also contains some spruce and northern white-
cedar.

Typical profile of Granby loamy sand, cultivated, lo-
cated in the SE14SELYNE1, sec. 28, T. 7 N,, R. 15 W.
(Robinson Township) :

Ap—0 to 10 inches, black (10YR 2/1) loamy sand; high in
organic-matter content; weak, medium, granular
structure; very friable; mneutral; abrupt, wavy
boundary.

C1g—10 to 16 inches, dark-gray (10YR 4/1) sand; weak,
coarse, subangular blocky structure; loose; slightly
acid; gradual, wavy boundary.

C2—16 to 382 inches, light brownish-gray (10YR 6/2) sand;
common, medium, distinet, dark-gray (10YR 4/1) and
gray (10YR 5/1) mottles; weak, coarse, subangular
blocky structure; very friable; neutral; clear, wavy
boundary.

(3—32 to 60 inches, light-gray (10YR 7/2) sand; common,
medium, faint, grayish-brown (10YR 5/2) mottles
and few, medium, distinct, gray (10YR §5/1) mottles;
single grain; loose; neutral.

In some places a layer of muck less than 12 inches thick is at
the surface.

The texture of the Ap horizon is loam, fine sandy loam,
sandy loam, loamy sand, or loamy fine sand. The color of this
horizon ranges to very dark gray (10YR 38/1). Where the
Ap horizon is less than 10 inches thick, it is underlain with a
black (10YR 2/1) or very dark gray (10YR 3/1) Al horizon
that is 2 to 8 inches thick. The thickness of the Ap horizon, or of

the Ap and the Al together, is 10 to about 15 inches. In some
places the profile includes a gray (10YR 6/1 or 5/1) A2g
horizon 4 to 8 inches thick.

The texture of the Clg horizon is loamy sand in some
places. Faint to prominent mottles occur in this horizon in
some profiles. In a few places there are thin, discontinous
layers of very fine sand, silt, and loam below a depth of 20
inches.

The reaction in the Ap horizon and the upper part of the
C horizon ranges from medium acid to neutral.

Granby soils occur near Adrian, Gilford, and Glendora soils.
They differ from Adrian soils in consisting mainly of mineral
rather than organic material; they lack the B2 horizon and
the sandy and gravelly IICg horizon that is characteristic
of Gilford soils; and they formed from a different kind of
material than Glendora soils and are not subject to flooding.

Granby loamy sand (0 to 2 percent slopes) (Gm).—This
soil is on plains and in wet depressions on uplands. Most
areas of 1t are in the western part of the.county. The
individual areas are fairly large. Associated with this
soil are Granby fine sandy loam and Au Gres-Saugatuck
sands, 0 to 6 percent slopes.

This soil has the profile described as typical of the series.
There are areas in which the surface layer is darker
colored and is less than 10 inches thick. In some such areas
the reaction throughout the profile is more acid than is
typical. Loamy sand is the dominant texture in some
profiles. In areas that have been cultivated for a long time,
the surface layer is lighter colored, and in some cultivated
areas the dark-colored surface layer has been completely
removed by erosion. A salt-and-pepper appearance of the
surface in some areas is the result of soil blowing, which
has mixed dark-colored sand or loamy sand from the sur-
face layer with lighter colored sand from lower layers.
In some depressions where the soil is undisturbed, a layer
of organic material as much as 12 inches thick is at the
surface. Included in mapping were spots of Adrian soils;
small areas of Au Gres-Saugatuck sands, 0 to 6 percent
slopes, on slight knolls and ridges; areas of Brevort and
Pinconning soils, which are of loamy texture within 42
inches of the surface and occur where the sandy plains
and loamy uplands meet; gently sloping areas near the
margins of depressions; better drained soils at slightly
higher elevations; and spots of soils that are dominantly
of sandy loam texture below the surface layer.

Fertility is low, and the available water capacity is
low. The water table is high. Soil blowing and loss of
organic matter are likely if the water table is lowered by
artificial drainage. Frost damage to crops is a hazard.

Many areas of these soils have been cleared and drained
and are cultivated. Long rotations that consist largely of
close-growing and early-maturing crops are usual.
Specialty crops, including blueberries, melons, and pick-
ling cucumbers, are grown in selected areas. Many areas
are idle, and others are used only for pasture. (Capability
unit TITw-11 (5¢) ; woodland suitability group Q)

Granby fine sandy loam (0 to 2 percent slopes) (Gn).—
This soil is on plains and in wet depressions on uplands.
Most areas are in the western part of the county. The
individual areas are fairly large. Associated with this
soil are Granby loamy sand and Au Gres-Saugatuck sands,
0 to 6 percent slopes.

The surface layer is very dark gray or black. The lower
layers contain more fine sand than is typical of the series.
Tn some areas the surface layer is less than 10 inches
thick; in other areas the reaction in the upper part of the
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profile is more acid than is typical. Loamy sand is the
dominant texture in some places, especially in the smaller
depressions. Where the soil has been cultivated for a long
time, the surface layer is lighter colored; in some cul-
tivated areas the dark-colored surface layer has been com-
pletely removed by erosion. A salt-and-pepper appearance
of the surface in some areas is the result of soil blowing,
which has mixed dark-colored sand or loamy sand from
the surface layer with lighter colored sand from lower
layers. In some depressions where the soil is undisturbed,
a layer of organic material as much as 12 inches thick is at
the surface. Spots of Adrian soils were included in map-
ping. Also included were gently sloping areas near the
margins of depressions.

Fertility is low. The available water capacity is slightly
higher than that of Granby loamy sand. The water table
1s high. Soil blowing and loss of organic matter are likely
if the water table is lowered by artificial drainage.

Many areas have been drained and are used for crops.
Long rotations in which close-growing and early-maturing
crops predominate are usual. Many areas are idle or are
used only for native pasture. (Capability unit TTTw-11
(5¢) ; woodland suitability group Q)

Gravel Pits

A number of Gravel pits (Gr) in Ottawa County are
large enough to be shown on the soil map as separate units.
Those too small to be delineated separately are shown by
symbols. Also shown as part of this mapping unit are bor-
row pits, which are areas from which material other than
gravel has been removed for use at another location. Some
relatively new gravel pits, mostly in the western part of
the county, are not shown on the soil map.

Along the Grand River are some very large pits from
which large amounts of gravel are being removed. The
gravel is transported by barge to Lake Michigan and from
there to markets outside the county. A number of older pits
have been abandoried ; some of these are now covered with
scattered trees, brush, and weeds; some are bare of vege-
tation; and some are filled with water but are unsafe for
recreational uses. The abandoned pits are used by wildlife.
(Capability unit VIITs-1 (Sa); no woodland suitability
classification)

Hettinger Series

The Hettinger series consists of poorly drained soils that

occur on water-worked till plains, on lake plains, and in
glacial drainageways. These soils developed in stratified
silty clay loam, clay loam, and silt loam.

In a typical profile, the surface layer consists of black
Joam and is about 8 inches thick. The subsoil is about 20
inches thick. The uppermost 8 inches is mottled light-gray
and dark-gray, friable to firm heavy silt loam; the next 9
inches 1s mottled grayish-brown and very dark gray, firm
silty clay loam; and the lowermost 8 inches is mottled
light-gray and dark-gray; friable light silty clay loam. The
underlying material, at a depth of 28 inches, consists of a
4-inch layer of grayish-brown, mottled, limy silty clay
loam over light brownish-gray, mottled, limy, silty clay
loam stratified with a few thin layers of very dark gray silt
loam.

422-714—72—3

Fertility is high, the available water capacity is high,
permeability is moderately slow, and runoff is slow to
ponded. The water table is high much of the year unless
lowered by artificial drainage. The excessive wetness hin-
ders plant growth and interferes with the use of machin-
ery. The soils warm up slowly in spring. Frost damage to
crops is a hazard, )

1t artificially drained, Hettinger soils are well suited to
crops, and most areas have been cleared and are cultivated.
Installation and maintenance of drainage- facilities are
difficult in places. A few areas are still wooded. The native
vegetation 1s a mixture of lowland hardwoods, including
elm, red maple, ash, swamp white oak, and some sycamore.

Typical profile of Hettinger loam, cultivated, located in
the NW1,NE1,NE1, sec. 34, T. 6 N., R. 15 W. (Olive
Township) :

Ap—0 to 8 inches, black (10YR 2/1) loam ; moderate, medium,
granular structure; friable; neutral; abrupt, wavy
boundary.

Blg—S8 to 11 inches, mottled light-gray (10YR 6/1) and dark-
gray (10YR 4/1) heavy silt 1oam ; vertical streaks of
very dark gray (10YR 3/1); weak, medium, sub-
angular blocky structure; friable to firm; neutral;
clear, wavy boundary.

B21g—11 to 20 inches; mottled grayish-brown (2.5Y 5/2) and
very dark gray (N 3/0) silty clay loam ; weak, coarse,
subangular blocky structure; firm; mildly alkaline;
clear, wavy boundary.

B22g—20 to 28 inches, mottled light-gray (10YR 6/1) and
dark-gray (10YR 4/1) light silty clay loam; weak,
coarse, angular blocky structure ; friable; calcareous;
clear, wavy boundary.

Clg-—28 to 32 inches, grayish-brown (10YR 5/2) silty clay
loam; many, fine, distinct, yellowish-brown (10YR
5/6) mottles ; moderate, medium, angular blocky strue-
ture; firm; calcareous; abrupt, wavy boundary.

C2g—32 to 50 inches, light brownish-gray (2.5Y 6/2), stratified
silty clay loam ; many, medium, faint, light-gray (2.5Y
7/2) mottles and few, fine, distinct, very dark gray
(N 3/0) mottles; weak, medium, angular blocky struc-
ture; firm; thin strata of very dark gray (N 3/0)
silt loam.

The reaction of the solum ranges from slightly acid to moder-
ately alkaline. Some profiles are calcareous at a depth of 12
inches.

In undisturbed areas there is a black (10YR 2/1) or very
dark gray (10YR 3/1) A1l horizon that is 6 to 10 inches thick.

The color of the Ap horizon ranges to very dark brown
(10YR 2/2), and the texture is clay loam, silt loam, loam, or
sandy’ loam. Bélow the Ap horizon in some places is an Al
horizon that is 1 to 3 inches thick and has a clear or abrupt
lower boundary.

In the Bg horizon, the colors have a hue of 10YR or 25Y, a
value of 4, 5, or 6, and a chroma of 1 or 2. The mottles in
this horizon are faint to prominent. The texture is dominantly
silty clay loam or clay loam, but in some places this horizon
includes 1- to 6-inch strata of silt loam, loam, or fine sandy
loam,

The texture of the Cg horizon also is dominantly silty clay
loam or clay loam, but in some places this horizon includes 1-
to 6-inch strata of clay, very fine sandy loam, silt loam, loam,
or sand.

Hettinger soils are in the same drainage class as Sims and
Bruce soils and occupy similar positions on the landscape.
Hettinger soils have thin layers of silt loam in the C2g horizon,
which Sims soils lack. They have a finer textured Cg horizon
than Bruce soils.

Hettinger loam (0 to 2 percent slopes) (Hg).—This
nearly level to depressional soil occurs on water-worked
till plains, on lake plains, and in glacial drainageways.

In some areas the texture of the surface layer is clay
loam, silt loam, or sandy loam. In the old glacial drainage-
way 1n Tallmadge Township, the surface layer is thicker
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than is typical, one or more layers of fine-textured allu-
vium occur at a depth of 2 to 8 feet, and coarse-textured
material occurs below a depth of 3 feet. Included in map-
ping were spots of Bowers soils, which are less poorly
drained than Hettinger soils; spots of Bruce soils, which
are slightly coarser textured throughout; and spots of
Sims soils, which lack the strata of silt loam in the under-
lying material. - , )

Fertility is high, and the available water capacity is
high. Frost damage to crops is a hazard in some places.
Artificial drainage is needed. 5

If drained this soil is well suited to crops. Most areas
have been cleared and arve cultivated. Corn, small grain,
and hay are the common crops. Cropping systems are com-
monly 3 to 4 years long. A few areas are still wooded, but
trees grow slowly and ave of low quality. (Capability unit
ITw-2 (1.5¢) ; woodland suitability group I?)

Hillsdale Series

The Hillsdale series consists of well-drained soils that
occur in the undulating to rolling countryside in the
southeastern part of the county. )

In a typical profile, the surface layer consists of dark
grayish-brown sandy loam and is only 3 inches thick. Be-
low this is a 4-inch subsurface layer of pale-brown, friable
sandy loam. The subsoil extends to a depth of 78 inches. It
consists of 7 inches of yellowish-brown over dark yellow-
ish-brown, friable sandy loam; 9 inches of dark-brown,
friable sandy clay loam; and 55 inches of strong-brown,
friable sandy loam. The underlying material is light yel-
lowish-brown sandy loam. o

Fertility is medium, the available water capacity is mod-
erate, and permeability is moderate. Runoff 1s moderate to
rapid, depending on the slope. In dry years, most crops are
affected by a moisture shortage late in the growing sea-
son. Erosion and soil blowing are hazards.

Most areas of Hillsdale soils have been cleared and are
used for crops. A few areas are in orchards, a few are in

asture, and a few are still wooded. The native vegetation
1s a mixture of hardwoods, including sugar maple, oak,
and hickory.

Typical profile of Hillsdale sandy loam, 2 to 6 percent
slopes, undisturbed, located in the NE14NE1,NE, sec.
36, T. 5 N., R. 13 W. (Jamestown Township) :

Al1—0 to 3 inches, dark grayish-brown (10YR 4/2) sandy
loam ; moderate, medium, granular structure; friable;
strongly acid ; abrupt, smooth boundary.

A2—3 to 7 inches, pale-brown (10YR 6/3) sandy loam; weak,
thin, platy structure; friable; very strongly acid;
gradual, wavy boundary.

BR1—7 to 11 inches, yellowish-brown (10YR 5/4) sandy loam;
moderate, medium, subangular blocky structure; fri-
able; very strongly acid; clear, wavy boundary.

B21t—11 to 14 inches, dark yellowish-brown (10YR 4/4) heavy
sandy loam; moderate, medium, subangular blocky
structure; friable; extremely acid; clear, wavy
boundary. )

B22t—14 to 23 inches, dark-brown (7.5YR 4/4) sandy clay
loam; strong, coarse, subangular blocky structure;
friable; extremely acid; clear, wavy boundary.

B23--23 to 43 inches, strong-brown (7.5YR 5/6) sandy loam;
moderate, medium, subangular blocky structure; fri-
able: extremely acid; gradual, wavy boundary.

B3—43 to 78 inches, strong-brown (7.5YR 5/6) sandy loam;
weak, medium, subangular blocky structure; friable;
very strongly acid in upper part, grading to strongly
acid in lower part; gradual, wavy boundary.

C—78 inches -+, light yellowish-brown (10YR 6/4) sandy
loam ; weak, coarse, subangular blocky structure; fri-
able; medium acid.

The solum is 8% to more than 6 feet thick. In reaction it is
extremely acid or strongly acid.

In cultivated areas the Al and A2 horizons have been mixed
and now form an Ap horizon that is 6 to 10 inches thick. The
texture of the Ap horizon is loam, fine sandy loam, sandy
loam, or loamy sand, and the color is dark gray (10YR 4/1) or
dark grayish brown (10YR 4/2).

The texture of the Al horizon is loam, fine sandy loam, sandy
loam, or loamy sand. In the A2 horizon the color ranges to
brown (10YR 5/3).

The color of the B1 horizon ranges to dark brown (10YR
4/3). .Some profiles lack a Bl horizon. In the B2 and B3 hori-
zons, the colors have a hue of 7.5YR or 10YR, a value of 4 or
5, and a chroma of 3, 4, or 6. The texture of the B2 horizon
ranges from sandy loam to sandy clay loam or light clay loam.
The weighted average clay content of the B2 horizon is less
than 18 percent. In places the solum containg pockets or dis-
continuous layers of loamy sand and sand 2 to 12 inches thick;
generally these are below a depth of 36 inches.

The C horizon has a loamy sand texture in places. It con-
tains pockets of noncalcareous sand and gravel, In reaction it
ranges from strongly acid to moderately alkaline, commonly
being strongly acid in the uppermost few inches and becoming
less acid with increasing depth.

Hillsdale soils oceur near Miami, Spinks, and Oshtemo soils.
Hillsdale soils have a coarser textured and more acid C hori-
zon than Miami soils; they have a thicker and finer textured
Bt horizon than Spinks soils; and they lack the sandy and
gravelly IIC horizon that is characteristic of Oshtemo soils.

Hillsdale sandy loam, 2 to 6 percent slopes (HIB).—
Most of this soil is on hillsides and rounded hilltops in the
southeastern part of the county.

This soil has the profile described as typical of the series,
but variations in the profile occur from place to place. In
some areas the plow layer consists of dark grayish-brown
sandy loam and the subsurface layer is lacking or very
thin. Included in mapping were spots that have a coarser
textured layer and subsoil, small spots in which the surface
layer is loam, some in which the reaction is less acid than is
typical, and a few short slopes of more than 6 percent. In
an area located partly in Jamestown Township and partly
in Zeeland Township, the profile contains more fine sand
than is typical, the slope range is 0 to about 4 percent,
drainage is moderately good, and the reaction is less acid
than is typical.

Fertility is medium, and the available water capacity is
moderate. The organic-matter content is low. In prolonged
periods of dry weather, the soil becomes droughty. It is
easily eroded and is susceptible to blowing. Where eroded
it becomes hard and crusty upon drying.

Nearly all areas have been cleared and are cultivated.
Corn, small grain, and hay are the common crops. Orchards
occupy some of the higher sites. There are a few second-
growth woodlots, (Capability unit He-3 (3a) ; woodland
suitability group K)

Hillsdale sandy loam, 6 to 12 percent slopes (HIC).—
This soil occurs mainly on hillsides in rolling areas in the
southeastern part of the county.

In most areas there is a plow layer of dark grayish-
brown sandy loam and no subsurface layer. The depth to
the light yellowish-brown underlying material is less than
in the typical profile. In some eroded areas the surface
layer is dark yellowish-brown sandy loam, the subsurface
layer is dark-brown sandy clay loam, and the depth to the
underlying material is about 42 inches, Included in map-
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ping were short, irregular slopes of more than 12 percent
and some slopes of less than 6 percent.

Fertility is medinm, and the available water capacity is
moderate. Runoff is rapid. In eroded areas the organic-
matter content is very low, tilth is poor, and the surface is
hard and crusty when dry. Erosion is a serious hazard.
The moisture supply is deficient late in the growing season.

Most areas have been cleared and are cultivated. Corn,
small grain, and hay are the common crops. Long cropping
systems that include more than 2 years of hay are usual. A
few areas are now in orchard, some are in grass, and a few
are still wooded. (Capability unit IITe-5 (8a) ; woodland
suitability group K)

Houghton Series

The Houghton series consists of poorly drained, nearly
level to depressional, organic soils that occur on wet plains,
in drainageways, and on flood plains in the western part of
the county. These soils consist of organic material derived
mainly from reeds, sedges, and other herbaceous plants.
In Ottawa County, Houghton soils occur in intricate pat-
terns with Adrian soils and were mapped only as part of
the complex called Adrian-Houghton mucks.

In a typical profile of a Houghton soil, the surface layer
consists of a well-decomposed, fibrous, black muck and is
about 12 inches thick. Below this is a 6-inch layer of partly
decomposed, woody and fibrous, black mucky peat. Below
a depth of 18 inches is fibrous peat ; the uppermost 7 inches
of this is very dark brown, the next 7 inches is very dark
grayish brown, and the part below a depth of 32 inches is
dark reddish brown. The peat extends to a depth of several
feet.

Fertility is low, the available water capacity is high, and
runoff is very slow to ponded. The water table is high un-
less lowered by artificial drainage. Permeability is rapid
if the water table is lowered. The organic material is likely
to settle if overdrained. Frost damage to crops is a hazard.
When dry, the soils are susceptible to blowing.

Many areas are used for crops. Corn is grown in some
of these areas, and special crops, including celery, onions,
carrots, and mint, in others. Some areas are in pasture. The
native vegetation is made up largely of fibrous plants, in-
cluding marsh grasses, sedges, reeds, and cattails; it also
includes herbs and lowland trees.

Typical profile of Houghton muck, undisturbed, located
in the NW1,NE1,SW1/ sec. 385, T. 8 N., R. 15 W.
(Crockery Township):

1—0 to 12 inches, black (10YR 2/1), well-decomposed, fibrous
muck; weak, medium, granular structure; friable;
neutral ; clear, smooth boundary.

2—12 to 18 inches, black (5YR 2/1) partly decomposed, mixed
woody and fibrous mucky peat; weak, medium, sub-
angular blocky structure; friable; neutral; diffuse,
smooth boundary.

3—18 to 25 inches, very dark brown (10YR 2/2), finely divided,
fibrous peat ; massive, friable ; this horizon has a pasty
appearance; slightly acid; clear, smooth boundary.

4—25 to 32 inches, very dark grayish-brown (10YR 3/2), finely
divided, fibrous peat; massive ; friable ; neutral ; clear,
smooth boundary.

5—32 to 60 inches, dark reddish-brown (5YR 2/2), fine, fibrous
peat; massive; friable ; neutral.

The reaction of the profile ranges from neutral to medium
acid.

The color of the surface layer is very dark brown (10YR
2/2) in places. The second layer contains a few woody frag-
ments. In some profiles the color of the fibrous peat becomes
more yellow with increasing depth. In places mineral soil
material underlies the organic material at a depth of 42 to
66 inches.

Houghton soils are similar to Carlisle, Adrian, and Linwood
soils. Houghton soils consist of material derived from herba-
ceous plants, and Carlisle soils of material derived from woody
plants. Houghton scils typically consist of organic material to
a depth of at least 5 feet ; Adrian soils have a sandy IIC horizon
and Linwood s0ils a loamy IIC horizon within 42 inches of the
surface.

Iosco Series

The Tosco series consists of somewhat poorly drained
soils that occur on lake plains and till plains. These soils
developed in 18 to 40 inches of sandy material over clay
loam and silty clay loam.

In a typical profile, the surface layer consists of dark
grayish-brown loamy sand and is about 8 inches thick. Be-
low this is a 4-inch subsurface layer of light-gray sand.
The B horizon is about 22 inches thick. The uppermost 5
inches is very dusky red and dark reddish-brown, very
friable sand; the next 14 inches is yellowish-brown over
light yellowish-brown, mottled, loose sand ; and the lower-
most 3 inches is brown, mottled, firm light silty clay loam.
The underlying material, at a depth of 34 inches, 1s gray,
mottled, limy clay loam.

Fertility is low, the available water capacity is low, and
runoff is slow. Permeability is rapid in the upper part of
the profile and moderately slow in the lower part. The
water table rises to within a foot or two of the surface
during prolonged periods of wet weather. Unless it is
lowered by artificial drainage, it delays tillage and plant-
ing and restricts root development.

Tosco soils are fairly well suited to crops, and most areas
have been cleared and are cultivated. Some areas are still
wooded. The native vegetation consists largely of hard-
woods, including aspen, maple, oak, and elm; it also con-
tains some white pine.

Typical profile of Iosco loamy sand, 0 to 4 percent slopes,
cultivated, located in the SE1,NW1,NW1, sec. 19, T. 8
N, R.13 W. (Wright Township) :

Ap—O0 to 8 inches, dark grayish-brown (10YR 4/2) loamy sand ;
weak, medium, subangular blocky structure; very
friable; medium acid; abrupt, smooth boundary.

A2—8 to 12 inches, light-gray (10YR 6/1) sand ; weak, medium,
subangular blocky structure breaking to single grain;
loose ; medium acid; clear, irregular boundary.

B21hir—12 to 17 inches, very dusky red (2.5YR 2/2) and
dark reddish-brown (2.5YR 8/4) sand; weak, medium
and coarse, subangular blocky structure; very
friable; high in organic-matter content; medium acid;
clear, wavy boundary.

B22ir—17 to 25 inches, yellowish-brown (10YR 5/8) sand;
many, medium, faint, light yellowish-brown (10YR
6/4) mottles; weak, medium, subangular blocky
structure breaking to single grain ; loose ; medium acid;
clear, wavy boundary.

B3—25 to 31 inches, light yellowish-brown (10YR 6/4) sand;
many; medium, distinct, yellowish-brown (10YR 5/8)
mottles; single grain; loose; slightly acid; clear,
wavy boundary.

ITB’t—31 to 34 inches, brown (10YR 5/3) light silty clay loam;
common, medium, faint, grayish-brown (10YR 5/2)
mottles and many, medium, distinect; yellowish-brown
(10YR 5/8) mottles; massive; firm; mildly alkaline;
clear, wavy boundary.
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IICg—34 to 60 inches, gray (10YR 5/1) clay loam; many,
medium, distinet, yellowish-brown (10YR 5/6) mottles
and common, medium, faint, grayish-brown' (10YR
5/2) mottles; moderate, medium, subangular blocky
structure; firm; calcareous.

The depth to the YIB’t horizon ranges from 18 to 40 inches.
The reaction in this horizon ranges from mildly alkaline to
medium acid, and the reaction of the solum above this horizon
from slightly acid to strongly acid. In some places the solum
containg gravelly material.

In undisturbed areas there is a very dark gray (10YR 3/1)
Al horizon.

The texture of the Ap horizon is sand in places, and the
color ranges to very dark grayish brown (16YR 3/2). In the
A2 horizon the color ranges to pinkish gray (7.5YR 6/2-7/2)
or light gray (10YR 7/1). Where the Ap horizon is more than 8
inches thick, there may be no A2 horizon. The color of the
B21hir horizon ranges to dark reddish brown (5YR 3/2 or
2.5YR 3/4), and that of the B22ir to dark brown (7.5YR 4/4)
or dark yellowish brown (10YR 4/4). The texture of both the
B21hir and the B22ir horizons is loamy sand in places. Chunks
of ortstein occur in these horizons in some places.

An A’2 horizon occurs just above the ITB’t horizon in some
profiles. The color of the A’2 horizon is grayish brown (10YR
5/2), brown (10YR 5/3), or pale brown (10YR G/3).

In the IIB’t horizon, the color ranges to yellowish brown
(10YR 5/6), and the texture is sandy clay, sandy clay loan,
or silty clay loam.

The texture of the IICg horizon is clay loam or silty clay

loalrtl)léco soils and Menominee soils formed in similar material.
Tosco soils are less well drained than Menominee soils and
have more mottles in the upper part of the profile. Tosco soils
are in the same drainage class as Allendale and Belding soils.
They have a coarser textured IICg horizon than Allendale soils
and a coarser textured B22ir horizon than Belding soils.

Tosco loamy sand, 0 to 4 percent slopes {loA).—This
soil is on lake plains and till plains. It occupies low sandy
ridges and long slopes next to drainageways. Nearly all
areas are in the eastern part of the county. The individual
areas are not large. Associated with this soil are Belding,
Breckenridge, Kawkawlin, Nester, and Sims soils.

This Tosco soil has the profile described as typical of
the series, but variations in the profile occur from place
to place. In some places the texture of the surface layer
is sandy loam or sand, and in some the texture is sandy
loam throughout the surface layer and subsoil. In other
places the subsoil includes a cemented sand layer, and in
still others it contains some gravel. Some areas have an
irregular surface. Included in mapping were areas of
Brevort and Breckenridge soils, which are in minor de-
pressions and drainageways; of Au Gres soils, in which
sandy material extends to a depth of more than 40 inches;
of Kawkawlin soils, in which clay loam occurs at a depth
of less than 18 inches; and of Belding soils, which are
slightly finer textured than Iosco soils in the upper part
of the profile. Also included are some areas in which the
slope is more than 4 percent.

Fertility is low. Artificial drainage is needed to remove
excess water in spring and in wet weather at other times
of the year, but the available water capacity is low and
during prolonged periods of dry weather the soil dries out
and crops show the effects of moisture deficiency.

Most of this soil is used for crops; some is used for
pasture, and some is still wooded. Most areas are within
fields that include other soils, and the irregular surface
and sandy texture-of this Tosco soil result in uneven growth
of crops in such fields. (Capability unit IITw-9 (4/2b) ;
woodland suitability group G)

SOIL SURVEY

Tosco and Allendale loamy sands, 0 to 4 percent
slopes (IrA).—This mapping unit is in the western part of
the county; it occurs on lake plains, on uplands, and in
the areas where the plains and uplands merge. Some areas
consist predominantly of Tosco loamy sand and some pre-
dominantly of Allendale loamy sand. The two soils differ
mainly in the texture of the underlying material. Tosco
soils are underlain with clay loam or silty clay loam at a
depth of less than 40 inches, and Allendale soils have silty
clay orclay at a depth of less than 40 inches.

Tosco loamy sand predominates in small areas on lower
slopes and in pockets on the uplands; the surface in these
areas is irrregular. Larger areas that are mostly Tosco
loamy sand occur where the uplands and plains merge; in
these areas the slope is more uniform. In places the texture
of the Tosco soil is loamy fine sand. Included in mapping
were eroded spots, some on knolls and ridges, in which
the surface layer is sand and is lighter colored than that
of the uneroded soil. Also included were spots of Brevort
and Breckenridge soils in minor depressions, and spots
of Au Gres soils, which are sandy to a depth of more
than 40 inches.

Allendale loamy sand predominates in the areas on lake
plains. The larger of these areas are on gradual slopes to
drainageways; in these places a sandy smear overlies the
silty clay material. The smaller areas are on low, narrow
ridges; 1n these the texture is finer than is typical. The
texture of the Allendale soil is sandy loam or sand in some
places. Included in mapping were spots of darker colored
Pinconning and Hettinger soils in minor drainageways
and small depressions,

These Tosco and Allendale soils have a fluctuating water
table that is high in spring and in the early part of sum-
mer. Artificial drainage is needed for most crops, but dur-
ing the summer the water table recedes and crops show
the effects of moisture deficiency. Both water erosion and
soil blowing are hazards.

_ Nearly all areas of this unit have been cleared and cul-
tivated. Corn, small grain, and hay are the common crops.
Some areas are idle, and some are used for pasture.” A
few are wooded ; most of these have been planted to pines
intended for Christmas trees. (Capability wnit ITIw-9
(Tosco—4/2b, Allendale—4/1b); woodland suitability
group G)

Tosco-Belding complex, 2 to 6 percent slopes (sB).—
In the western part of the county, Tosco loamy sand and
Belding sandy loam occur together in such intricate pat-
terns that neither can be shown separately on the soil map.
The larger areas of this complex are on the lower part of
slopes on uplands; the smaller are on low ridges on lake
plains. The main difference between the two soils is that
Tosco soils developed in sandy material and Belding soils
in sandy loam material. Most areas are about 65 percent
Tosco loamy sand, about 25 percent Belding sandy loam,
and 10 percent other soils.

In some parts of this complex, the surface layer is sandy
loam and the subsoil is sandy material; in other parts,
the surface layer is loamy sand.and the subsoil sandy loam.
Included in mapping were spots of Menominee and Ubly
soils that have slopes of more than 6 percent; of darker
colored, more poorly drained Brevort and Breckenridge
soils, which are in small depressions and waterways; and
of eroded soils in which the surface layer is lighter colored
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and the underlying material is within 18 inches of the
surface.

These soils have a fluctuating water table that is only
a foot or two below the surface during prolonged periods
of wet weather but is lower during the dry months of
summer. Artificial drainage is needed for most crops.
Both water erosion and soil blowing are hazards.

Nearly all of this complex has been cleared and cul-
tivated. Some is now idle, some is used for hay or pasture,
and some has been planted to pine intended for Christmas
trees. A few areas have never been cleared. Corn, small
grain, and hay are the common crops. Cropping systems
commonly consist mainly of small grain and hay.
(Capability unit IITw-9 (Iosco—4/2b, Belding—3/2b) ;
woodland suitability group G)

Kalkaska Series

The Kalkaska series consists of well-drained soils that
occupy long, narrow ridges and interior dunes in the
western part of the county. These soils developed in
deposits of acid sand.

In a typical profile, the surface layer consists of very
dark gray sand and is only about 3 inches thick. Below it
18 a 4-inch subsurface layer of light-gray sand. The subsoil,
about 23 inches thick, consists of very friable sand; it is
dark reddish brown in the uppermost 6 inches, dark brown
in the next 8 inches, and strong brown in the lowermost 9
inches. The underlying material, at a depth of about 30
inches, is light yellowish-brown sand.

Fertility is low, the available water capacity is low,
permeability is rapid, and runoff is slow.

There are a few active blowouts, but most areas of this
soil are covered with second-growth trees or beachgrass.
Some areas were first stabilized with beachgrass and then
planted with pine. The native vegetation is a mixture of
conifers and hardwoods, including white pine, oak, and
aspen. Some areas are now covered with sassafras, fire
cherry, sweetgum, and sumac.

Typical profile of Kalkaska sand, undisturbed, located
in the NW14SE1NE1, sec. 13, T. 6 N., R. 16 W. (Port
Sheldon Township) : .

Al1—0 to 3 inches, very dark gray (10YR 38/1) sand; weak,
medium, granular structure; very friable; slightly
acid ; abrupt, smooth houndary. '

A2—3 to 7 inches, light-gray (10YR 6/1) sand; weak, coarse,
subangular blocky structure; loose; medium acid;
abrupt, wavy boundary.

B21hir—7 to 13 inches, dark reddish-brown (5YR 3/4) sand;
weak, coarse, subangular blocky structure; very fri-
able; strongly acid ; clear, wavy boundary.

B22ir—13 to 21 inches, dark-brown (7.5YR 4/4) sand; weak,
medium, subangular blocky structure; very friable;
medium acid ; clear, wavy boundary.

B23ir—21 to 30 inches, strong-brown (7.3YR 5/6) sand ; weak,
medium, subangular blocky structure; very friable;
medium acid ; clear, irregular boundary.

C—30 to 66 inches, light yellowish-brown (10YR 6/4) sand;
single grain ; loose; slightly acid.

The solum is 20 to about 36 inches thick. In reaction it ranges
from very strongly acid to slightly acid.

In some places a thin mat of black organic material is at the
surface.

The color of the Al horizon ranges to black (N 2/0) or very
dark gray (N 3/0), and that of the A2 to gray (10YR 5/1) or
pinkish gray (7.5YR.6/2-7/2). In cultivated areas there is an
Ap horizon that is 6 to 10 inches thick and is very dark grayish
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brown (10YR 3/2), dark grayish brown (10YR 4/2), or very
dark brown (10YR 2/2) in color.

In the B2lhir horizon the color has a hue of 2.5YR, 5YR, or
7.5YR, a value of 2 or 3, and a chroma of 4 or less. In some
places this horizon contains chunks of ortstein. In the B22ir
horizon the hue is 5YR or 7.5YR and both the value and the
chroma are 4 or less.

The color of the C horizon ranges to brown (10YR 5/3) or
pale brown (10YR 6/3). In places this horizon is faintly mot-
tled. Thin, discontinuous color bands occur below a depth of 48
inches in some profiles.

Kalkaska soils formed in material similar to that in which
Rubicon and Croswell soils formed. They have a dark reddish-
brown B2lhir horizon, which Rubicon soils lack. They are
better drained than Croswell soils and are unmottled.

Kalkaska sand, 0 to 12 percent slopes (KaC).—This
soil occupies long, narrow ridges and interior dunes on out-
wash plains and lake plains. Nearly all areas are in the
western part of the county.

Some of the ridges are low and are within plains where
Au Gres and Saugatuck soils are dominant. In such places
drainage is poorer than is typical, the lower part of the sub-
soil is mottled, and in some spots the profile includes a
cemented subsoil. Included in mapping were spots of Rubi-
con soils, which lack the dark reddish-brown layer in the
subsoil. Also included were severely eroded spots in which
the light yellowish-brown underlying material is at the
surface ; less eroded spots in which the subsoil is at the sur-
face; spots that have chunks of dark reddish-brown
ortstein in the subsoil ; and a few areas that have slopes of
more than 12 percent.

Fertility is low, the available water capacity is low, run-
oft is slow, and permeability is rapid. The soil 1s susceptible
to blowing and is difficult to stabilize after it has once
started to blow.

This soil is not well suited to farming, but it does have
value as forest, as a recreation area, and as wildlife habitat.
(Capability unit IVs4 (5a); woodland suitability
group H)

Kawkawlin Series

The Kawkawlin series consists of somewhat poorly
drained soils that occur on uplands and till plains. These
soils developed in glacial till of clay loam or silty clay
loam texture,

In a typical profile, the surface layer consists of dark-
gray loam and is about 7 inches thick. The upper 7 inches
of the subsoil consists of mottled, light-gray, friable loam
and mottled, grayish-brown, firm clay loam; the lower 10
inches consists of reddish-brown, very firm heavy clay
loam. The underlying material, at a depth of 24 inches, is
gray, mottled, limy clay loam.

Fertility is high, the available water capacity is high,
runoff is slow, and permeability is moderate. The organic-
matter content is medium. Excessive wetness in spring and
after rain in other seasons delays planting and tillage,
interferes with the use of farm machinery, and restricts
the development of roots. Drainage is needed for most
crops.

Most areas of these soils have been cleared and are cul-
tivated. Some small areas are wooded. The native vegeta-
tion consists mostly of hardwoods, among them maple,
beech, oak, aspen, and birch; it also includes some white
pine and hemlock.

Typical profile of Kawkawlin loam, 2 to 6 percent slopes,
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cultivated and eroded, located in the NW14,NW14NE1}
sec. 85, T.6 N, R. 15 W. (Olive Township) :

Ap—0 to 7 inches, dark-gray (10YR 4/1) loam; moderate,
coarse, subangular blocky structure ; friable ; neutral ;
abrupt, smooth boundary.

B&A—T to 14 inches, light-gray (10YR 6/1), friable loam (A
part) and grayish-brown (10YR 5/2), firm clay loam
(B part) ; both. parts have few, coarse, faint, gray
(10YR 5/1) mottles and few, medium, distinet, light
yellowish-brown (10YR 6/4) mottles; the B part has
moderate, coarse, subangutar blocky structure; the A
part has weak, fine, granular structure; A material
completely or partly surrounds peds and fills cracks,
voids, and channels; neutral; clear, irregular
boundary.

B2t—14 to 24 inches, reddish-brown (5YR 4/4) heavy clay
loam ; many, medium, distinet, gray (N 5/0) mottles;
moderate, medium, subangular blocky structure; very
firm ; neutral ; clear, wavy boundary.

Cg—24 to 50 inches, gray (10YR 6/1) clay loam; common,
coarse, distinct, yellowish-brown (10YR 5/4) mottles
and few, medium, faint, light-gray (10YR 7/1) mot-
tles; strong, medium, subangular blocky structure;
firm; calcareous.

The solum is 24 to about 40 inches thick. In the western
part of the county, it is dominantly between 24 and 30 inches
thick, and in the eastern part dominantly between 30 and
40 inches. The reaction of the solum is dominantly medium
acid to neutral, but in some profiles the B2 horizon is mildly
alkaline.

In undisturbed areas the profile has an A1 and an A2 horizon
instead of an Ap horizon. The Al horizon is very dark gray
(10YR 3/1) or very dark grayish brown (10YR 3/2) and is 2
to 5 inches thick. The A2 horizon is grayish brown (10YR 5/2)
or gray (10YR 6/1) and is as much as 7 inches thick. A2
material occurs as thick coatings around peds and in cracks
and root channels in the upper part of the Bt horizon.

In the B2t horizon and in the B part of the A&B horizon,
the color has a hue of 5YR, 7.5YR, or 10YR, a value of 4
or 5, and a chroma of 2, 3, or 4. The mottles generally have
a chroma of 2 or less, The texture of the B horizon is domi-
nantly clay or silty clay, but light clay occurs in the B2t
horizon in some places. The weighted average clay content
ranges from 35 to about 45 percent.

The texture of the C horizon is clay loam or silty clay loam.

Kawkawlin soils are in the same drainage class as Blount,
Bowers, and Conover soils and occur in similar positions on
the landscape. Kawkawlin soils differ from Blount and
Conover soils in having a B&A horizon, and from Bowers
soils in lacking stratification in the C horizon.

Kawkawlin loam, 0 to 2 percent slopes (KnA).—This
soil is on till plains and in upland depressions. Associated
with it are well-drained Nester soils, which are at higher
elevations, and poorly drained Sims soils, which are in
depressions,

In undisturbed areas the surface layer of this soil is very
dark gray or very dark grayish brown. In most cultivated
areas it is dark grayish brown. In some places the texture
of the surface layer is silt loam, and in some it is sandy
loam. Included in mapping were spots of Belding soils,
in which the depth to clay loam is 18 to 40 inches, and
spots of Sims soils, which are in depressions and drain-
ageways and are more poorly drained and darker colored
than Kawkawlin soils.

Fertility is high, the organic-matter content is medium,
the available water capacity is high, runoff is slow, and
permeability is moderate.

If drained artificially this soil is well suited to most
crops. Intensive cropping systems that emphasize row
crops are common. (Capability unit ITw—2 (1.5b) ; wood-
land suitability group Z)

Kawkawlin loam, 2 to 6 percent slopes (KnB).—This

soil is on till plains and uplands. On the uplands it oc-
cupies the lower part of slopes and the concave margins
of areas of wetter soils. On the till plains it has an ir-
regular surface characterized by low knolls and shallow
depressions. Associated with this soil are Nester soils,
which are well drained, and Sims soils, which are poorly
drained.

This Kawkawlin soil has the profile described as typical
of the series. In some places the texture of the surface
layer is silt loam instead of loam, and in others it is sandy
loam. Included in mapping were spots of Belding soils, in
which the depth to clay loam is 18 to 40 inches, and spots
of better drained, lighter colored Nester soils that have
slopes of more than 6 percent.

Fertility is high, the organic-matter content is medium,
and the available water capacity is high. Runoff is slow,
and water ponds in low areas.

If artificially drained this soil is well suited to crops.
Most of the acreage is cultivated. (Capability unit ITw-3
(1.5b) ; woodland suitability group Z)

Kibbie Series

The Kibbie series consists of somewhat poorly drained
soils that occur on lake plains and outwash plains, mainly
in the eastern ]iart of the county. These soils developed in
layers of silt, silt loam, and very fine sand.

In a typical profile, the surface layer consists of very
dark grayish-brown loam and is about 10 inches thick. The
subsoil is about 20 inches thick. The upper 10 inches is
brown, mottled, friable heavy silt loam, and the lower 10
inches is hfht yellowish-brown, mottled, friable silt loam.
The underlying material, at a depth of 30 inches, is made
up of layers of very pale brown silt and very fine sand ; it
extends to a depth of several feet.

Fertility is medium, the available water capacity is high,
permeability is moderate, and runoff is slow. The soils are
seasonally wet, and artificial drainage is needed for most
crops. Installation and maintenance of drainage systems
are difficult because the soil material is unstable, especially
when wet.

Most areas of Kibbie soils have been cleared and are

,used for crops. Some are idle, some are used for hay or

pasture, and some are still wooded. The native vegetation
1s a mixture of hardwoods, including elm, ash, maple,
aspen, and beech.

Typical profile of Kibbie loam, 0 to 2 percent slopes,
cultivated, located in the SIE14SE1,SW1/ sec. 8, T. 5 N. R.
13 W. (Jamestown Township) :

Ap—O0 to 10 inches, very dark grayish-brown (10YR 3/2) loam;
moderate, medium, granular structure; friable; neu-
tral; abrupt, smooth boundary.

B21t—10 to 20 inches, brown (10YR 5/3) heavy silt loam;
many, medium, distinet, light-gray (10YR 7/2) mot-
tles and few medium, distinct, brownish-yellow (10YR
6/6) mottles; moderate, medium, subangular blocky
structure; friable to firm; slightly acid; clear, wavy
boundary.

B22—20 to 30 inches, light yellowish-brown (10YR 6/4) silt
loam; many, medium and coarse, distinct, light-gray
(10YR 7/1-7/2) mottles; moderate, medium, platy
structure; friable; mildly alkaline; clear, wavy
boundary.

C—30 to 50 inches, very pale brown (10YR 7/4) silt and very
fine sand; few, medium, distinet, light-gray (10YR
7/1) mottles; moderate, medium, platy structure;
friable ; moderately alkaline.
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The solum is 24 to 48 inches thick. In reaction it ranges from
slightly acid to mildly alkaline.

In undisturbed areas-the profile has an Al and an A2 hori-
zon instead of an Ap horizon. The Al horizon is very dark
gray (10YR 3/1) and is 4 to 6 inches thick. The A2 is grayish
brown (10YR 5/2) or dark grayish brown (10YR 4/2) and is
2 to 6 inches thick. A thin A2 horizon occurs in some culti-
vated areas.

In some areas the profile includes a 2- to 6-inch B horizon
that is free of mottling or nearly so.

In the B horizon the color ranges to grayish brown (10YR
5/2) or yellowish brown (10YR 5/4). The mottles in the B
horizon are dominantly light gray (10YR 7/1-7/2), gray (10YR
6/1-5/1), light brownish gray (10YR 6/2), or grayish brown
(10YR 6/2). The texture of this horizon is light clay loam, silty
clay loam, silt loam, or loam.

Thin strata of clay occur in the C horizon in some profiles.
The reaction is mildly alkaline in places.

Kibbie soils and Tuscola soils formed in similar material.
Kibbie soils are less well drained than Tuscola,soils, and they
have gray mottles in the B2 horizon, which Tuscola soils lack.
Kibbie soils are in the same drainage class as Conover soils,
which lack the stratification in the C horizon that is char-
acteristic of Kibbie soils.

Kibbie loam, 0 to 2 percent slopes (KoA).—This sqil
occurs on lake plains and outwash plains. Most areas are in
the eastern part of the county. Those in the southeastern
part are near areas of Blount and Morley soils, and those
In the northeastern part are near areas of Nester, Bowers,
and Kawkawlin soils.

This Kibbie soil has the profile described as typical of
the series, but variations in the profile occur from place to
place. In areas north of Highway M-21, the upper part of
the subsoil is redder than is typical and in places the pro-
file contains two separate subsoils. In some places the tex-
ture of the surface layer is silt loam, fine sandy loam, or
sandy loam, and in a few places a layer of silty clay occurs
at a depth of 3 to 4 feet. Included in mapping were spots
of Blount soils; of Bruce and Hettinger soils, which are
more poorly drained; and of Tuscola and Morley soils,
which are better drained.

Fertility is medium, and the available water capacity is
high. Excessive wetness in spring and early in summer
limits the use of farm machinery and restricts the growth
of plants. Installation and maintenance of drainage sys-
tems are difficult because of the unstable nature of the soil
material.

If drained artificially this soil is well suited to crops.
The instability of the soil material is a limitation in con-
struction. (Capability unit ITw-6 (2.5b) ; woodland suit-
ability group G)

Kibbie loam, 2 to 6 percent slopes (KoB).—This soil is
on lake plains, at the margins of outwash plains. Most
areas are in the eastern part of the county. Those in the
southeastern part are near areas of Blount and Morley
soils, and those in the northeastern part are near areas of
Nester, Bowers, and Kawkawlin soils.

In some areas, mainly north of Highway M-21, the up-
per part of the subsoil is brighter colored than is typical
and in places the profile contains two separate subsoils. In
some places the surface layer is silt loam, fine sandy loam,
sandy loam, or loamy fine sand. In eroded areas the sur-
face- layer is dark grayish brown or dark brown. In a
few areas in the lake plains, silty clay occurs at a depth
of 3 to 4 feet. Included in mapping were spots of Blount
soils; of more poorly drained Bruce and Sims soils in
depressions and waterways; and of better drained Tus-

cola, Morley, and Nester soils that have slopes of more
than 6 percent. ]

Fertility is medium, and the available water capacity
is high. Excessive wetness in spring and early in summer
limits the use of farm machinery and restricts the growth
of plants. Installation and maintenance of drainage sys-
tems are difficult because of the unstable nature of the
soil material. Erosion and soil blowing are hazards.

If drained artificially this soil is well suited to crops.
Most areas are cultivated. Some are used mainly for hay
or pasture, and a few for woodlots. The instability of
the soil material is a limitation in construction. (Capabil-
ity unit ITw—7 (2.5b) ; woodland suitability group G')

Lacota Series

The Lacota series consists of poorly drained soils on lake
plains and outwash plains. These solls are underlain with
sand and gravel at a depth of 18 to 40 inches. They occur
most commonly where plains and uplands merge.

In a typical profile, the surface layer consists of very
dark brown silt loam and is about 7 inches thfick. The
subsoil is about 23 inches thick. The uppermost 7 inches
is dark grayish-brown, mottled, friable silt loam, and
the rest 1s grayish-brown and very dark grayish-brown,
mottled, firm light silty clay loam. The underlying mate-
rial, at a depth of about 30 inches, is mottled grayish-
brown, light olive-brown, and light yellowish-brown, limy
heavy silt loam over light brownish-gray, mottled, limy
sand and fine gravel.

Fertility is high, the available water capacity is mod-
erate, and runoff is very slow to ponded. Permeability is
moderate in the upper layers and rapid in the underlying
sand and gravel. The dull, grayish colors of the subsoil
are evidence of excessive wetness during much of the year.
Artificial drainage is needed for most crops. Frost dam-
age to crops is a hazard.

These soils are moderately well suited to crops if
drained. Most areas have been cleared and cultivated, but
many are now idle or in pasture. Some are still wooded.
The native vegetation is a mixture of lowland hardwoods,
including elm, ash, swamp white oak, cottonwood, red
maple, and some sycamore.

Typical profile of Lacota silt loam, cultivated, located
in the SW14NE1,NW1, sec. 16, T. 6 N.,, R. 13 W.
(Georgetown Township) :

Ap—0 to 7 inches, very dark brown (10YR 2/2) silt loam;
weak, medium, subangular blocky structure; friable
to firm ; mildly alkaline; abrupt, smooth boundary.

B21g—7 to 14 inches, dark grayish-brown (2.5Y 4/2) silt
loam; common, medium, distinct, very dark grayish-
brown (10YR 3/2) mottles; weak, medium, subangu-
lar blocky structure; friable; neutral; clear, wavy
boundary.

B22g—14 to 22 inches, grayish-brown (10YR 5/2) light silty
clay loam; many, fine, faint, light brownish-gray
(10YR 6/2} mottles; weak, medium, subangular
blocky structure; firm ; neutral ; clear, wavy boundary.

B23g—22 to 30 inches, grayish-brown (2.5Y 5/2) and very
dark grayish-brown (10YR 3/2) light silty clay loam;
few, medium, distinct, olive (5Y 5/6) mottles; weak,
medium, angular blocky structure; firm; mildly alka-
line; gradual, wavy boundary.

C1lg—30 to 38 inches, mottled grayish-brown (2.5Y.5/2), light
olive-brown (2.5Y 5/6), and light yellowish-brown
(2.5Y 6/4) heavy silt loam ; massive; friable to firm;
calcareous ; abrupt, smooth boundary.
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IIC2—38 to 66 inches, light brownish-gray (10YR 6/2) sand
and fine gravel ; common, fine, distinet, dark greenish-
gray (5GY 4/1) mottles; single grain; loose; calcar-
eous.

The depth to the IIC2 horizon ranges from 18 to 40 inches
but most commonly is between 24 and 38 inches. The reaction
of the solum ranges from slightly acid to mildly alkaline.

In undisturbed areas there is a black (10YR 2/1) Al horizon
5 to 12 inches thick and in some places a black organic sur-
face layer less than 12 inches thick., In some cultivated areas
an Al horizon of black (10YR 2/1) or very dark brown (10YR
2/2) silt loam occurs below the Ap horizon.

In the Bg horizon the color has a hue of 10YR or 2.5Y. a
value of 3 to 6, and a chroma of 1 or 2. In some profiles this
horizon is not mottled. The texture is loam, silt loam, light
silty clay loam, or clay loam. The weighted average clay con-
tent ranges from ahout 18 to 25 percent.

The reaction of the Clg and IIC2 horizons ranges from
neutral to moderately alkaline. In some profiles these horizons
are not caleareous.

Lacota soils are in the same drainage class as Gilford and
Sims soils. They have a finer textured B2g horizon than
Gilford soils, and they have a sand and gravel ITC2 horizon,
which Sims soils lack.

Lacota silt loam (0 to 2 percent slopes) (La).—This level
to depressional soil is on outwash plains and lake plains
and in major drainageways. Many areas are at the margins
of plains, where plains and uplands merge. Nester, Ubly,
and Morley soils commonly occur on the adjacent uplands,
and Gilford, Tonkey, and Gladwin soils occur nearby on
the plains.

In some places the surface layer is loam, fine sandy loam,
or sandy loam, and in some the texture is predominantly
clay loam to a depth of 18 to 40 inches. The underlying
sand and gravel in some places contains thin layers of silt
and clay, and in other places it contains lenses of silt and
clay that are 2 to 4 inches in diameter. Included in map-
ping were spots of Sims and Hettinger soils, in which the
depth to the underlying material is more than 40 inches,
and of Tonkey soils, in which loamy material extends to
a depth of less than 18 inches. Also included were ridges
that have slopes of more than 2 percent.

TFertility is high, the available water capacity is mod-
erate, and runoff is very slow to ponded. Artificial drain-
age is needed for most crops. Frost damage to crops is a
hazard.

Most areas of this soil have been cleared and are culti-
vated. Some are in pasture, and some are still wooded.
(Capability unit ITw-6 (3c¢); woodland suitability group

W)
Lake Beaches

Lake beaches (Lb) consists of grayish-brown to light-gray
sand that shows no horizon differentiation. It occurs along
Lake Michigan and also along inland bodies of water. Gen-
erally it slopes very gently from the water level up to an
elevation of as much as 15 feet higher, but in some places
the slopes are short and steep. The lowest parts ave inter-
mittently covered with water. Wind action results in a
changing pattern of low humps and pits in dry areas.
Along Lake Michigan, the sand is calcareous; along the
inland bodies of water, it is noncalcareous.

Recreation is the principal use. Cottages have been built
in a few places. Beachgrass grows near the water in some
areas, and a few scattered trees in some, but many areas
have no vegetation. (Capability unit VIIIs-1 (Sa) ; wood-
land suitability group Y)

Linwood Series

The Linwood series consists of nearly level to depres-
sional, very poorly drained soils on till plains, lake plains,
and moraines. These soils consist of woody and fibrous
organic material and are underlain at a depth of 12 to 42
inches with mineral soil.

In a typical profile, the surface layer consists of very
dark brown, well-decomposed muck and is about 12 inches
thick. Below this is a 6-inch layer of very dark grayish-
brown, partly decomposed mucky peat; a 6-inch layer of
very dark brown, finely divided peat; and a 6-inch layer
of dark-brown, fibrous peat. The underlying material, at
a depth of 30 inches, is gray, mottled loam.

Fertility is low, and the available water capacity is high.
Permeability is rapid in the organic material and moderate
in the underlying loam. Runoff is slow to ponded, and
water runs oft adjacent higher areas onto these soils. The
water table is at the surface unless lowered by artificial
drainage. Establishing drainage is difficult, and the or-
ganic material is likely to settle and decompose if drained
and cultivated.

Some areas of Linwood soils have been cleared and are
cultivated. Others are still wooded. The native vegetation
is a mixture of lowland hardwoods, including elm, ash,
swamp white oak, cottonwood, red maple, silver maple,
and some sycamore. The trees are shallow rooted and of
low quality.

Typical profile of Linwood muck, undisturbed, located
in the SE1SE1Y,NE1 sec. 1, T. 9 N, R. 13 W. (Chester
Township) :

1—0 to 12 inches, very dark brown (10YR 2/2), well-decom-
posed muck ; moderate, medium, granular structure;
friable ; medium acid; clear, smooth boundary.

2—12 to 18 inches, very dark grayish-brown (10YR 3/2), partly
decomposed, woody mucky peat; weak, medium, gran-
ular structure; friable; medium acid; clear, wavy
boundary.

3—18 to 24 inches, very dark brown (10YR 2/2), finely divided,
gelatinous peat; massive; friable; strongly acid;
clear, smooth boundary.

4—24 to 30 inches, dark-brown (10YR 3/3), fibrous peat; mas-
sive; friable; strongly acid; clear, smooth boundary.

IICg—30 to 50 inches, gray (10YR 5/1) loam; few, fine, dis-
tinet, pale-brown (10YR 6/3) and common, coarse,
distinet, very dark gray (10YR 3/1) mottles ; massive;
friable; very dark gray (10YR 3/1) mottles are
organic stains; medium acid.

The organic material is 12 to 42 inches thick, In reaction it
ranges from strongly acid to neuntral but is most commonly
medium acid or slightly acid. In some places the organic mater-
ial is predominantly woody, and in others it is partly woody
and partly fibrous.

The IIC horizon is medium acid to moderately alkaline in
reaction and is calcareous in places. In texture this horizon
ranges from sandy loam to silty clay loam.

Linwood soils are similar to Adrian, Edwards, and Carlisle
soils, Linwood soils have a IICg horizon of loam, Adrian soils
a I1C horizon of loamy sand and sand, and Edwards soils a 1IC
horizon of marl. In Linwood soils the organic deposit is 12 to
42 inches thick, and in Carlisle soils it is more than 42 inches
thick.

Linwood muck (0 to 2 percent slopes) (Ls).—This soil
occurs in small depressions on moraines and on low, wet
flats within till plains and lake plains. It is associated with
mineral soils of loamy texture.

Typically, the organic deposit is thin at the edges of an
area and thicker toward the center. Some areas are rimmed
with mineral soils that have a mucky surface layer, and
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small spots of deep organic soils occur in places. In areas
that have been drained and cultivated for some time, the
organic deposit has been thinned by blowing, settling,
and decomposition. Included in mapping were small areas
in which layers of mineral soil and organic material alter-
nate, and spots where the underlying material is sandy.
Also included were areas that have slopes of more than 2
percent.

Fertility is low, and the available water capacity is high.
Cultivated areas are susceptible to soil blowing. Artificial
drainage is difficult because of the variable thickness of the
organic deposit. Drainage and special fertilization are
needed to grow crops successfully.

Individual areas are small, and most are with other soils
in fields in which corn is grown. A few undrained areas
are covered with trees or brush. (Capability unit ITIw-15
(M/3¢) ; woodland suitability group U)

Made Land

Made land (Ma) consists of soils that have been covered
with fill and soils that have been scraped to such a depth
that the characteristics of the original profile are obliter-
ated. Sanitary land fills, borrow pits, and prospective
building sites are among the kinds of areas in the mapping
unit. The composition of the soil material varies. Indi-
vidual areas differ greatly in size; some are too small to
be shown separately on the soil map and are identified by
a spot symbol.

Made land is not suitable for farming. (Capability unit
VIIIs-1 (Sa); no woodland suitability classification)

Mancelona Series

The Mancelona series consists of well drained and mod-
erately well drained soils that occur on outwash plains and
on uplands. These soils are underlain at a depth of 18 to 40
inches with limy sand and gravel.

In a typical profile, the surface layer consists of very
dark grayish-brown loamy sand and is about 7 inches
thick. The subsoil is about 27 inches thick. It is made up of
7 inches of brown, friable light sandy loam; 10 inches of
strong-brown, very friable loamy sand; 6 inches of light
yellowish-brown, Joose coarse sand ; and 4 inches of dark
yellowish-brown, firm sandy clay loam. The underlying
material, at a depth of 34 inches, is pale-brown, limy coarse
sand and gravel.

Fertility is low, and the available water capacity is low.
Permeability is moderate in the subsoil and very rapid in
the underlying material. Runoff is very slow to moderate,
depending on the slope. The organic-matter content is low.
The soils are susceptible to water erosion and to blowing.

Many areas of Mancelona soils have been cleared and are
cultivated. Corn, small grain, and hay are the common
crops. Some areas are now idle, some are used for pasture,
some are still wooded, and still others are supplying sand
and gravel. The native vegetation is a mixture of hard-
woods and conifers; it includes oak, aspen, hard maple,
beech, and some white pine. At one time there were some
dense stands of white pine. Some areas formerly used for
crops have been planted to red pine and white pine for
timber or to Scotch pine for Christmas trees.

Typical profile of Mancelona loamy sand, 0 to 2 percent
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slopes, cultivated, located in the NW1,NW1/SE1,NW1;
sec. 29, T. 5 N., R 14 W. (Zeeland Township)

Ap—oO0 to 7 inches, very dark grayish-brown (10YR 3/2) loamy
sand ; weak, medium, granular structure ; very friable;
slightly acid ; abrupt, smooth boundary.

B21lir—7 to 14 inches, brown (7.5YR 4/4) light sandy loam;
weak, coarse, subangular blocky structure; friable:
strongly acid; gradual, wavy boundary.

B22ir—14 to 24 inches, strong-brown (7.5YR 5/6) loamy sand;
weak, coarse, subangular blocky structure; very fri-
able; medium acid; clear, wavy boundary.

A’2—24 to 30 inches, light yellowish-brown (10YR 6/4) coarse
sand; single grain; loose; medium acid; clear, wavy
boundary.

B’t—30 to 34 inches, dark yellowish-brown (10YR 4/4) sandy
clay loam; massive, breaking to weak, coarse, sub-
angular blocky structure; firm; medium acid; clear,
irregular boundary.

ITC—34 to 66 inches, pale-brown (10YR 6/3) coarse sand and
gravel ; single grain; loose; caleareous.

The solum is 18 to 40 inches thick and most commonly is
more than 24 inches thick. The reaction of the A and B2ir
horizons ranges from strongly acid to slightly acid, and that
of the A’2 and B’t horizons from medium acid to neutral.
Varying amounts of gravel occur within the solum. Some
profiles are mottled at a depth of about 30 inches.

In undisturbed areas the profile has an Al horizon and an
A2 horizon instead of an Ap. The Al horizon is very dark
gray (10YR 3/1) or very dark grayish brown (10YR 3/2)
and is 2 to 5 inches thick. The A2 is grayish brown (10YR
5/2) or light brownish gray (10YR 6/2) and is 2 to 6 inches
thick.

The color of the Ap horizon ranges to dark grayish brown
(10YR 4/2) or very dark gray (10YR 3/1). In some culti-
vated areas the profile includes a thin A2 horizon of sand,
loamy sand, or sandy loam.

In the Bir horizon the color ranges to dark yellowish brown
(10YR 4/4 or 4/3), and the texture is sand, loamy sand, or
sandy loam. In some places the profile includes a dark reddish-
brown (5YR 3/2<3/3-3/4 or 2.5YR 3/4) Bhir horizon that is
2 to 4 inches thick. The color of the A’2 horizon ranges to
pale brown (10YR 6/3), and the texture is sand or loamy
sand. The color of the B’t horizon ranges to brown (7.5YR
4/4) or strong brown (7.5YR 5/6), and the texture is sandy
clay loam or sandy loam.

The IIC horizon is dominantly sand in some places, domi-
nantly gravel in others, and stratified in still others. In some
profiles the reaction is neutral in the uppermost 6 to 8 inches
of the IIC horizon.

Mancelona soils occur near Chelsea and Montcalm soils.
They differ from these associated soils in having a IIC hori-
zon of limy sand and gravel. Mancelona soils formed in the
same kind of material as Gladwin soils. They occur at higher
elevations than Gladwin soils and are better drained.

Manecelona loamy sand, 0 to 2 percent slopes (McA).—
This soil occurs on outwash plains and on upland hilltops
and benches. In general, the areas on the plains are larger
than those on the uplands. Associated with this soil are
somewhat poorly drained Gladwin soils and poorly drained
Gilford soils, both of which occur in drainageways and
depressions,

This Mancelona soil has the profile described as typical
of the series, but variations in the profile occur from
place to place. In undisturbed areas there is a darker
colored surface layer 2 to 5 inches thick and a grayish-
brown subsurface layer. Mottling occurs in the lower part
of the subsoil in some places. Included in mapping were
spots of Newaygo soils, which have a thicker and finer
textured subsoil than this Mancelona soil; spots of darker
colored, less well drained Gladwin soils in depressions and
drainageways; spots in which the depth to the limy under-
lying material is less than 18 inches or more than 40



40

inches; and some areas that have slopes of more than 2
percent.

Fertility is low, the available water capacity is low, and
runoff is very slow. The organic-matter content is low.
The water table fluctuate and is within 4 feet of the
surface after long periods of wet weather. The soil warms
up and dries out fairly early in spring but then becomes
droughty in summer. Soil blowing i» a hazard if the sur-
face 1s exposed.

This soil is used for crops and pasture. It is fairly well
suited to the common crops if well managed. Long crop-
ping systems that emphasize close-growing and early-ma-
turing crops are usual (fig. 9). Some areas are idle, some
remain wooded, and still others are supplying sand and
gravel. Limitations for construction are few. (Capability
unit ITTs-3 (4a) ; woodland suitability group C)

Mancelona loamy sand, 2 to 6 percent slopes (McB).—
This soil is on outwash plains, terraces, and uplands. The
upland areas are -smaller than those 1n other locations.
Slopes are generally less than 300 feet long. Associated
witﬁ this soll are somewhat poorly drained Gladwin soils
and poorly drained Gilford soils, both of which are in
drainageways and depressions.

In wooded areas and other undisturbed areas, there is
a darker colored surface layer 2 to 5 inches thick and a
grayish-brown subsurface layer. Mottling occurs in the
Iower part of the subsoil in some places. In areas that have
been cultivated and are eroded, the present surface layer
is a mixture of what were originally the uppermost three
layers and commonly consists of dark-brown loamy sand
or light sandy loam. In places the gravelly underlying
material is within 2 feet of the surface. Included in
mapping were areas of darker colored, more poorly drained
Gladwin soils that have slopes of less than 2 percent;
spots of Newaygo soils, which are finer textured than
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Mancelona soils; spots of Chelsea and Rubicon soils; and
some areas that have slopes of more than 6 percent.

Fertility is low, the available water capacity is low,
and runoff is slow. The organic-matter content is low. The
soil warms up and dries out fairly early in spring and is
droughty in summer. Soil blowing is a hazard if the surface
1s exposed.

This soil is fairly well suited to most crops if well man-
aged. Most areas are used for crops. Long cropping sys-
tems that emphasize close-growing and early-maturing
crops are usual. Some areas are now idle, some are supply-
ing sand and gravel, and some have been planted to pine
for timber or for Christmas trees. Limitations for con-
struction are few. (Capability unit ITIs—4 (4a) ; woodland
suitability group C)

Mancelona loamy sand, 6 to 12 percent slopes (McC).—
Some areas of this soil occupy hillsides and hilltops on
u%)l.ands, and some occupy long, narrow breaks on outwash
plains and on terraces. On the uplands, the slopes are
irregular and knolls and pockets are common. On the ount-
wash plains and terraces, the slopes are long and fairly
uniform,

The plow layer typically is dark grayish-brown sandy
loam or loamy sand. In places the depth to the gravelly
underlying material is only 2 feet. Included in mapping
were severely eroded areas in which brownish sand or
loamy sand predominates; areas of eroded soils that re-
semble Newaygo soils, in which the surface layer is dark-
brown or dark reddish-brown sandy clay loam that is hard
and crusted when dry; spots of soils that have a sandy
loam surface layer and subsoil and resemble Fox soils; wet
spots occupied by Gladwin soils; areas of Rubicon and
Chelsea solls on inol]s; and some areas that have slopes
of more than 12 percent.

Fertility is low, the available water capacity is low, and

7F‘igure 9.—Typical scene in an area of Mancelona loamy sand, 0 to 2 percent slopes.
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runoff is slow. The organic-matter content is low. The soil
is susceptible to water erosion and to blowing.

Most areas of this soil have been cleared and cultivated,
but some are now idle, some are used only for hay and
pasture, and some have been planted to pine for timber or
for Christmas trees. Crops, mainly corn, small grain, and
hay, are still grown in a few areas. Long rotations that
consist largely of close-growing -and early-maturing crops
are usual. (Capability unit I1Te-9 (4a); woodland suit-
ability group Cg

Marsh

Marsh (Me} is made up of old bayous and other wet areas
along distributaries of streams that flow into Lake
Michigan and of extremely wet inland areas along the
margins of old lakes and on bottom lands.

The soil material is pasty, finely divided peat. It is sat-
urated continuously, and it will not support weight. The
vegetation consists of cattails, sedges; water-loving herba-
ceous plants, and scattered clumps of water-tolerant trees,
including tamarack, willow, hoary alder; and dogwood.

Most areas of Marsh are useful only as habitat for water-
fowl, muskrats, and other birds and animals that need a
wetland environment. A few small selected areas have
been diked and drained and are used to grew specialty
crops, mainly flowers, bulbs, celery, and melons. Drainage
and reclamation are very expensive and should be under-
taken only after a feasibility study. (Capability unit
VIIIw-2 (Sc); woodland suitability group U)

Matherton Series

The Matherton series consists of somewhat poorly
drained soils that occur on outwash plains, in drainage-
ways, and on terraces. These soils developed in 24 to 40
inches of sandy loam to clay loam underlain with loose
sand and gravel.

In a typical profile, the surface layer consists of very
dark brown loam and is about 10 inches thick. The sub-
soil is about 30 inches thick. The uppermost 15 inches is
brown, mottled, friable sandy loam; the next 4 inches is
dark grayish-brown, mottled, friable light sandy loam;
and the lowermost 11 inches is dark reddish-brown, mot-
tled, firm gravelly clay loam. The underlying material, at
a depth of 40 inches, consists of yellowish-brown sand over
light yellowish-brown, limy sand and fine gravel.

Fertility is medium, the available water capacity is mod-
erate, and runoff is slow to ponded. The water table rises
to within 2 feet of the surface during prolonged periods
of wet weather. Except when the water table is high,
permeability is moderate in the upper 24 to 40 inches of
the profile and very rapid in the underlying material.

Matherton soils are well suited to crops if adequately
drained. Most areas have been cleared and drained and are
cultivated. Some areas that are inadequately drained and
some that are not drained are used for pasture. Some are
still wooded. The native vegetation consists mainly of
lowland hardwoods, including maple, elm, ash, oak, and
birch; it also contains some white pine: A few areas are
sources of sand and gravel.

Typical profile of Matherton loam, cultivated, located
in the SE. corner of sec. 24, T. 6 N, R. 13 W. (Georgetown
Township) :

Ap—O0.to 10 inches, very dark brown (10YR 2/2) loam ; weak,
medium, granular structure ; friable; mildly alkaline;
abrupt, smooth boundary.

B1—10 to 25 inches, brown (10YR 5/3) sandy loam; few, me-
dium, faint, dark-gray (10YR 4/1) mottles below a
depth of 12 inches; weak, medium, subangular blocky
structure ;. friable; neutral; clear, wavy boundary.

B21tg—25 to 29 inches, dark grayish-brown (10YR 4/2) light
sandy clay loam; few, medium, faint, brown (10YR
5/3) mottles; weak, medium, subangular blocky struc-
ture; friable; slighfly acid; clear, wavy boundary.

B22tg—29 to 40,inches; dark reddish-brown (5YR 3/2) grav-
elly clay loam; many, medium, distinct, pale-brown
(10YR 5/3) mottles; moderate, medium, subangular
blocky structure; firm; slightly acid, grading to neu-
tral in the lower part; clear, wavy boundary.

IIC1—40. to 44 inches, yellowish-brown (10YR 5/6) sand;
many, medium, distinct, grayish-brown (10YR 5/2)
mottles; single grain; loose ; mildly alkaline; gradual,
wavy boundary.

IIC2—44 to 66 inches, light yellowish-brown (10YR 6/4) sand
and fine gravel ; single grain; loose; moderately alka-
line and calcareous.

The solum is 24 to 40 inches thick over the coarse-textured
IIC horizon. In reaction the solum ranges from strongly acid
to mildly alkaline but is predominantly medium acid or slightly
acid.

In undisturbed areas the profile has a 3- to 6-inch Al horizon
of black (10YR 2/1) silt loam, loam, or sandy loam. A layer
of organic material 3 to 5 inches thick covers the surface in
some slightly depressed areas.

The color of the Ap horizon ranges to black (10YR 2/1) or
very dark gray (10YR 3/1), and the texture is silt loam or
loam instead of sandy loam in some places.

The texture of the B1 horizon is silt loam instead of sandy
loam in places. The color of the B2 horizon ranges to grayish
brown (10YR 5/2), and the texture ranges from silty clay
loam to sandy clay loam. In some profiles the B2 horizon is
gravelly. Tongues of B2 material extend down into the IIC
horizon in some places.

The reaction of the IIC horizon ranges from neutral to mod-
erately alkaline. In some profiles there is no free lime above
a depth of 66 inches. Strata of sand and gravel and thin, dis-
continuous layers of silty material occur in this horizon in
some places.

Matherton soils and Fox soils formed in similar material and
occur near together. Matherton soils are at lower elevations
than Fox soils, are less well drained, and have mottles in the
B2 horizon. Matherton soils also occur near Gladwin and
Gilford soils. They have a thicker and finer textured B2 horizon
than either Gladwin or Gilford soils, and they are less poorly
drained than Gilford soils.

Matherton loam, 0 to 2 percent slopes (MhA).—This
soil occurs throughout the county on outwash plains, on
terraces, in old drainageways, and, to a limited extent, on
lake plains. Associated with it are Mancelona and Fox
soils, which are at higher elevations and are better
drained; Lacota and Gilford soils, which are- at lower
elevations and are more poorly drained ; and Nester, Tosco,
and Kawkawlin soils, which are at the edge of the
uplands.

The surface layer of this Matherton soil is very dark
brown.loam. or very dark gray silt loam or sandy loam. In
the northern part of the county are areas of this soil in
which the upper part of the subsoil contains more iron
than is typical and consequently has a redder hue. In
scattered areas the texture throughout the profile is pre-
dominantly loam and clay loam and the depth to the
underlying material is more than 40 inches. Also, in the
glacial drainageway in the northeastern part of the
county, the depth to the underlying material is more than
40 inches. In some places the underlying material consists
of layers of sand, sandy loam, and silty material. Included
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in mapping were a few areas in which the slope is_more
than 2 percent. Some of these areas are eroded and now
have a surface layer of dark grayish-brown sandy loam
or sandy clay loam. Other inclusions are spots of Gladwin
soils, which are coarser textured in the upper part of the
profile; spots of Wasepi soils, in which limy material is
within 24 inches of the surface; small areas of Lacota and
Gilford soils, which are in depressions and drainageways
and are wetter and darker colored than Matherton soils;
and spots of Tonkey soils, in which layers of sandy loam
and sand occur below a depth of 3 feet.

Fertility is medium, the available water capacity is
moderate, and runoff is slow to ponded. The water table
rises to within 2 feet of the surface during long periods of
wet weather but is much lower at other times, Except
when the water table is high, permeability is moderate 1
the upper part of the profile and very rapid in the under-
lying material. Artiﬁlcial drainage is needed for most
crops. Drainage systems are difficult to install and main-
tain because of the loose underlying material ; ditchbanks
are unstable, and tile lines fill up with sand. Frost is a
hazard to crops in some areas.

If drained this soil is suited to most crops. Most areas
have been cleared and drained and are cultivated. Corn,
small grain, and hay are the common crops. Some of the
undrained areas are used for native pasture, and a few
are still wooded. Sand and gravel are being obtained from
a few areas. (Capabliity unit ITw—6 (8b) ; woodland suit-
ability group G)

Menominee Series

The Menominee series consists of well drained and mod-
erately well drained soils on uplands. These soils devel-
oped n 18 to 40 inches of sand or loamy sand and are
underlain with limy clay loam.

In a typical profile, the surface layer consists of very
dark grayish-brown loamy sand and is about 7 inches
thick. The subsoil is about 28 inches thick. It is made up
of 4 inches of reddish-brown, very friable loamy sand;
11 inches of strong-brown, very friable loamy sand; 10
inches of light yellowish-brown, Joose sand; and 3 inches
of brown, friable sandy clay loam. The underlying ma-
terial, at a depth of 35 inches, is grayish-brown, mottled,
limy clay loam.

Fertility is low, and the available water capacity is
moderate. Runoff varies, depending on the slope and the
vegetation. Permeability is rapid in the surface layer and
subsoil and moderately slow in the underlying material.
The organic-matter content is low. Water erosion and
soil blowing are hazards.

Most areas of Menominee soils have been cleared and
are cultivated. Corn, small grain, and hay are common
crops. Some areas are now idle, and others are used for hay
and pasture. Some are still wooded. The native vegetation
consists of a mixture of hardwoods and conifers, includ-
ing hard maple, oak, aspen, and white pine.

Typical profile of Menominee loamy sand, 2 to 6 per-
cent slopes, cultivated, located in the SE14SE14SE1}
sec. 32, T. 9 N, R. 13 W. (Chester Township) :

Ap—0 to 7 inches, very dark grayish-brown (10YR 3/2) loamy

sand; weak, medium, granular structure; very fri-
able; neutral; abrupt, smooth boundary.
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B21ir—7 to 11 inches, reddish-brown (5YR 4/4) loamy sand;
weak, medium, subangular blocky structure; very
friable; medium acid; clear, wavy boundary.

B22ir—-11 to 22 inches, strong-brown (7.5YR 5/6) loamy sand ;
weak, medium, subangular blocky structure; very fri-
able ; medium acid; gradual, wavy boundary.

A’2&B21t—22 to 32 inches, light yellowish-brown (10YR 6/4)
sand; single grain; loose; a few ¥-inch to %-inch
bands of yellowish-brown (10YR 57/6), massive loamy
sand; medium acid; clear, wavy boundary.

IIB’22t—32 to 35 inches, brown (7.5YR 4/4) sandy clay
loam; massive; friable; neutral; clear, wavy boun-
dary.

IIC—35 to 66 inches, grayish-brown (10YR 5/2) clay loam;
few, medium, distinet, yellowish-brown (10YR 5/6)
mottles ; moderate, medium, subangular blocky strut-
ture; firm ; calcareous.

The depth to the IIB’22t horizon ranges from 18 to 40
inches, In the layers between the Ap horizon and the IIB’22t
horizon, the reaction ranges from slightly acid to strongly acid
and is most commonly medium acid or strongly acid.

In undisturbed areas the profile has an Al and an A2 hori-
zon instead of an Ap horizon. The Al horizon is very dark
gray (10YR 38/1) and is 1 to 3 inches thick. The A2 is gray
(10YR 5/1) to light brownish gray (10YR 6/2) and is 4 to
8 inches thick.

The color of the Ap horizon in some areas is dark grayish
brown (10YR 4/2).

In the Bir horizon the color ranges to dark brown (7.5YR
4/4) or dark yellowish brown (10YR 4/4). Some profiles lack
the A’2&B21t horizon., In some places where the A’2&B21t
horizon is lacking, there is an A’2 horizon, as much as 10
inches thick, between the Bir and the IIB’22t horizons. This
A’2 horizon is pale brown (10YR 6/3) to light brownish gray
(10YR 6/2). In some places it is slightly brittle. The color of
the IIB’22t horizon ranges to reddish brown (5YR 4/4), and
fhe texture is sandy clay loam, loam, clay loam, or silty clay
oam,

The texture of the IIC horizon is silty clay loam in some
places. This horizon is not mottled in all places.

Menominee soils and Tosco soils formed in similar material.
Menominee soils are better drained than Iosco soils and lack
the mottles in the upper part of the B horizon that are char-
acteristic of Iosco soils. Menominee soils are similar to Ubly
soils but have a coarser textured Bir horizon.

Menominee loamy sand, 2 to 6 percent slopes (MmB).—
This soil occurs on knolls and in depressions on uplands.

This soil has the profile described as typical of the
series, but variations from the typical profile occur from
place to place. In a few scattered areas, the underlying
material 1s finer textured than is typical. In places the
texture of the surface layer is sandy loam or fine sandy
loam. Also in a few places the texture is sand or loamy
sand to a depth of 18 to 40 inches and there is no finer
textured layer in the subsoil. The depressions include spots
of Chelsea and Rubicon soils, and the knolls include spots
of Ubly and Nester soils. Deeper depressions are occupied
by Belding and Tosco soils. Other inclusions are some
areas of nearly level soils and some eroded spots in which
the surface layer is dark-brown sand or loamy sand and
the limy underlying material is commonly within 2 feet
of the surface.

Fertility is low, and the available water capacity is
moderate. The organic-matter content is low. This soil is
droughty in long periods of dry weather, and it is suscep-
tible to water erosion and to blowing.

Most areas of this soil are small, and their use commonly
depends on the use of the surrounding soils. Most of the
acreage is part of cultivated fields, but some is part of
idle areas. (Capability unit TTIs—4 (4/2a) ; woodland suit-
ability group C)
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Menominee loamy sand, 6 to 12 percent slopes
{MmC).—This soil occurs on uplands, where it occupies
rounded ridges and knolls and short breaks to natural
drainageways.

The plow layer is dark grayish brown. In some places
it is sand instead of loamy sand. The depth to the limy
underlying material is less than 86 inches in most places.
In some eroded areas the surface layer is reddish brown
or strong brown, and in others clay loam or silty clay loam
is at the surface. Included in mapping were spots of Ubly
soils, which are slightly finer textured in the uppermost
2 feet of the profile, and spots of Allendale and Tosco soils,
which are finer textured in the lower part of the profile.
Also included were some areas in which the slope is more
than 12 percent.

Fertility is low, and the available water capacity is low.
The organic-matter content is low. This soil is droughty
in summer, and it is susceptible to water erosion and to
blowing.

Areas of this soil are small, and their use commonly
depends on the use of surrounding soils. Most of the acre-
age is in fields that are used .for crops. (Capability unit
11Ie~9 (4/2a); woodland suitability group C)

Metamora Series

The Metamora series consists of somewhat poorly
drained soils that occur on till plains, on low moraines,
and at the margin of lake plains. These soils are under-
lain with silty clay loam at a depth of 24 to 40 inches.

In a typical profile, the surface layer consists of very
dark grayish-brown sandy loam and is about 7 inches
thick. Below this is a 8-inch subsurface layer of light
brownish-gray, mottled loamy sand. The subsoil is about
22 inches thick. It is made up of 8 inches of brown, mot-
tled, very friable loamy sand; 7 inches of dark yellowish-
brown, mottled, friable heavy sandy loam; 4 inches of
pale-brown, mottled, very friable light sandy loam; and
3 inches of yellowish-brown, mottled, firm light sandy clay
loam. The underlying material, at a depth of 32 inches, is
grayish-brown, mottled, limy silty clay loam.

Fertility is medium, and the available water capacity
is moderate. Permeability is moderately rapid in the sur-
face layer and subsoil and moderately slow in the under-
lying material. The water table rises to within 2 feet of
the surface during long periods of wet weather but recedes
during dry weather. Seepage occurs at times.

If drained these soils are suited to most crops. Most
areas have been cleared and drained and are cultivated.
Corn, small grain, and hay are common crops. Undrained
and inadequately drained areas are now idle or are used
for hay and pasture. A few areas are still wooded. The
native vegetation is a mixture of hardwoods, including
elm, maple, birch, aspen, and oak.

Typical profile of Metamora sandy loam, 0 to 2 percent
slopes, cultivated, located in the NW1,NE1 sec. 33, T. 6
N, R. 13 W. (Georgetown Township, 200 feet east of
Edison Road on Van Buren) :

Ap—O0 to 7 inches, very dark grayish-brown (10YR 8/2) sandy
loam; weak, medium, granular structure; friable;
slightly acid; abrupt, smooth boundary.

A2g—T to 10 inches, light brownish-gray (10YR 6/2) loamy
sand ; many, medium, faint, gray (10YR 5/1) vertical
streaks and blotches; weak, medium, subangular

blocky structure; very friable; slightly acid; clear,
wavy boundary.

B1—10 to 18 inches, brown (10YR 5/3) loamy sand; few, fine,
faint, yellowish-brown (10YR 5/6) mottles; weak,
coarse, subangular blocky structure; very friable;
slightly acid; gradual, wavy boundary.

B21t—18 to 25 inches, dark yellowish-brown (10YR.4/4) heavy
sandy loam; many, medium, distinet, grayish-brown
(10YR 5/2) mottles and coatings on peds; moderate,
medium, subangular blocky structure ; friable; slightly
acid ; gradual, wavy boundary.

B22t—25 to 29 inches, pale-brown (10YR 6/3) light sandy
loam; many, medium, distinct, dark-brown (7.5YR
4/4) mottles ; weak, medium, subangular blocky struc-
ture; very friable; neutral; clear, wavy boundary.

IIB23t—29 to 32 inches, yellowish-brown (10YR 5/4) light
sandy clay loam; many, coarse, faint, light brownish-
gray (10YR 6/2) mottles and coatings on peds and
many, medium, prominent, yellowish-red (5YR 4/8)
mottles; weak, medium, subangular blocky structure;
firm ; mildly alkaline; clear, wavy boundary.

IICg—32 to 60 inches, grayish-brown (2.5Y 5/2) silty clay
loam ; many, medium, distinct, yellowish-brown (10YR
5/8) mottles and many, fine, faint, olive-brown (25Y
4/4) mottles; strong, medium, angular blocky struc-
ture; firm; calcareous.

The solum is 24 to 40 inches thick. In reaction it ranges
from medium acid to mildly alkaline,

In undisturbed areas there is an A1 horizon that is 3 to 6
inches thick and consists of very dark grayish-brown (10YR
3/2) or very dark gray (10YR 8/1) loam, sandy loam, or loamy
sand.

The texture of the Ap horizon is sandy loan, loam, or loamy
sand. The color of the A2g horizon ranges to grayish brown
(10YR 5/2) or gray (10YR 5/1), and the texture is loamy
sand or sandy loam.

The color of the B1 horizon ranges to grayish brown (10YR
5/2), and the texture is loamy sand or sandy loam. In the
B21t horizon the color ranges to brown (10YR 5/3). grayish
brown (10YR 5/2), and dark yellowish brown (10YR 4/3),
and the texture is sandy loam or sandy clay loam. The color
of the B22t horizon ranges to light brownish gray (10YR 6/2).
In some profiles an A’2 horizon of loamy sand occurs below
the B22t; this horizon is similar in color to the B22t horizon.
In the TIB23t horizon the color ranges to dark brown (7.5YR
4/4) and the texture ranges to light clay loam.

The texture of the IICg horizon ranges from light clay loam
to silty clay loam. The reaction in the uppermost 4 to 8 inches
of this horizon is neutral.

Metamora soils are similar to Belding soils but lack the Bir
horizon that is characteristic of Belding soils. Metamora soils
occur near Blount and Kibbie soils. They are coarser textured
in the upper part of the B2 horizon than Blount soils, and they
have a finer textured C horizon than Kitbie soils.

Metamora sandy loam, 0 to 2 percent slopes {MnA).—
This soil occurs on till plains and low moraines.

This soil has the profile described as typical of the series,
but variations in the profile occur from place to place.
In some areas the texture of the surface layer is sand, and .
in others it is loamy sand. In some places the subsoil con-
tains a considerable amount of gravel, and in a few places
a thin layer of limy sand and gravel occurs just above the
substratum. In other places the texture is dominantly
sandy loam to a depth of 24 to 40 or more inches. Included
in mapping were spots of Iosco soils, which are coarser
textured than this Metamora soil; spots of Kawkawlin
soils, in which the depth to the underlying material varies
and 1s less than 18 inches in places; and areas of Brecken-
ridge and Sims soils in minor depressions and waterways.
Other inclusions are areas in which the depth to the under-
lying material is more than 40 inches and some knolls and
depressions where the slope is more than 2 percent.

Fertility is medium, and the available water capacity
is moderate. Permeability is moderately rapid in the sur-
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face layer and subsoil and moderately slow in the under-
lying material. The water table fluctuates. Artificial drain-
age 1s needed for most crops.

Most areas of this soil have been cleared and drained
and are used for crops. Undrained areas are used for pas-
ture and hay. A few areas are still wooded. (Capability
unit ITw-8 (3/2b) ; woodland suitability group G)

Metamora sandy loam, 2 to 6 percent slopes (MnB).—
This soil occurs on low moraines and at the margin of lake
plains, where the plains and moraines merge. Associated
with it are Blount, Breckenridge, and Morley soils.

The texture of the surface layer is loam in some areas
and loamy sand in others. In places the subsoil contains a
considerable amount of gravel, and in a few places a thin
layer of limy sand or gravel occurs between the subsoil
and the underlying material. In eroded fields the surface
layer consists of brownish loamy sand and the depth to
the limy underlying material is less than 24 inches. In-
cluded 1n mapping were spots of Ubly soils, which are
better drained than Metamora soils; spots of Iosco soils,
which are coarser textured; spots of Kawkawlin soils, in
which the depth to the underlying material varies and is
less than 18 inches in places; and areas of Breckenridge
and Sims soils, which are in minor depressions and water-
ways. Also included were areas that have slopes of more
than 6 percent; most of these are occupied by better
drained soils but some are affected by seepage and are
occupied by poorly drained Breckenridge soils. In other
included soils the depth to the underlying material is
more than 40 inches and sandy loam is the gominant tex-
ture in the upper part of the profile.

Fertility is medium, and the available water capacity is
moderate. Because of a fluctuating high water table, ar-
tificial drainage is needed for most crops. The soil is sus-
ceptible to water erosion and to soil blowing.

If drained this soil is suitable for the common crops,
but most areas are so small that their use depends on the
use of the surrounding soils. Nearly all the acreage has
been cleared and used for crops at some time, but now
some is idle and some is used for hay and pasture. (Capa-
bility unit ITw-8 (3/2b) ; woodland suitability group G)

Miami Series

The Miami series consists of well-drained soils that
occur in undulating to hilly areas in the southeastern part
of the county.

In a typical profile, the surface layer consists of dark-
brown loam and is about 6 inches thick. Below it is a 4-
inch subsurface layer of brown loam. The subsoil, about
20 inches thick, consists of firm light clay loam; it is dark
yellowish brown in the upper 6 inches and dark brown in
the lower part. The underlying material, at a depth of 30
inches, is grayish-brown, limy loam.

Fertility is medium, the available water capacity is high,
permeability is moderate, and runoff is moderate to rapid,
depending on the slope.

Miami soils are well suited to most crops, and nearly all
areas are used for crops. Only a few woodlots remain. The
native vegetation is a mixture of upland hardwoods, in-
cluding beech, maple, oak, and hickory.

Typical profile of Miami loam, 2 to 6 percent slopes;
cultivated, located in the SE1/NE1,NEL,SE1j sec. 10,
T. 5 N, R. 13 W. (Jamestown Township) :

Ap—O0 to 6 inches, dark-brown (10YR 4/3) loam; weak,
medium, granular structure; friable; neutral; abrupt,
smooth boundary.

A28 to 10 inches, brown (10YR 5/3) loam; weak, medium,
subangular blocky structure; friable; medium acid;
gradual, wavy boundary.

B21t—10 to 16 inches, dark yellowish-brown (10YR 4/4) light
clay loam; moderate, medium, subangular blocky
structure; firm; medium acid; gradual, wavy
boundary.

B22t—16 to 30 inches, dark-brown (10YR 4/3) light clay loam;
strong, medium, angular blocky structure; firm;
slighty acid; gradual, wavy boundary.

C—30 to 66 inches, grayish-brown (10YR 5/2) loam; moder-
ate, medium, subangular blocky structure; friable;
calcareous.

The solum is 24 to 42 inches thick. In reaction it ranges from
strongly acid to neutral.

In undisturbed areas there is a 3- to 6-inch Al horizon of very
dark gray (10YR 3/1), very dark grayish-brown (10YR 3/2),
or dark-gray (10YR 4/1) loam or sandy loam.

The texture of the Ap horizon is loam or sandy loam. The
color of the A2 horizon ranges to grayish brown (10YR 5/2)
or pale brown (10YR 6/3), and the texture is loam or sandy
loam.

In the B horizon the color has a hue of 10YR, a value of 3, 4,
or 5, and a chroma of 3 to 8, The texture of this horizon is light
clay loam, clay loam, or light silty clay loam.

The color of the C horizon ranges to brown (10YR 5/3), yel-
lowish brown (10YR 5/4), or pale brown (10YR 6/3), and the
texture is loam or light clay loam.

Miami soils occur near Morley, Conover, and Owosso soils.
Miami soils have a coarser textured C horizon than Morley
soils ; they are better drained than Conover soils and lack the
mottles that are characteristic of Conover soils; and they have
a finer textured B21t horizon than Owosso soils.

Miami loam, 2 to 6 percent slopes (MoB}.—This soil is
on hilltops and hillsides. The slopes vary from fairly uni-
form to irregular and complex. Associated with this soil
are Morley, Conover, and Metamora soils.

This so1l has the profile described as typical of the series,
but variations in the profile occur from place to place. In
slight depressions the surface layer is a little thicker and
darker colored than is typical, In eroded areas the surface
layer consists of dark yellowish-brown light clay loam that
is low in organic-matter content and is hard and crusty
when dry; the depth to the limy underlying material in
these areas is about 24 inches. In areas at the lower eleva-
tions, the lower part of the subsoil is mottled. Included in
mapping are spots of Owosso soils, which have a sandy
loam subsoil; spots of Morley soils, which have a thicker
and finer textured subsoil and substratum; and spots of
Conover soils, which are in minor drainageways and
depressions, are somewhat poorly drained, and have a
darker colored surface layer. L

Fertility is medium, the available water capacity is high,
permeability is moderate, and runoff is medium. Erosion
1s a hazard 1f crops are grown. )

Most of this soil is used for crops. Short cropping sys-
tems that include corn, small grain, and hay are usual.
(Capability unit ITe-2 (2.5a) ; woodland suitability group
D)

Miami loam, 6 to 12 percent slopes {MoC).—This soil
occurs within an undulating to steep landscape in the
southeastern part of the county. The slopes range from
uniform and fairly long (though generally not more than
300 feet in length) to short, irregular, and complex. On the
irregular slopes are small knolls and depressions. Associ-
ated with this soil are Morley, Conover, and Metamora

soils.
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In a few areas of this soil, the lower part of the subsoil
is mottled. In other aréas the texture is dominantly grav-
elly sandy loam to a depth of 18 to 40 inches. In eroded
areas the surface layer 1s dark yellowish-brown or dark-
brown clay loam that is very low in organic-matter content
and is sticky when wet and hard and crusty when dry. In-
cluded in mapping were spots of Morley soils, which have
a finer textured subsoil and substratum, and of Conover
soils, which are in waterways and depressions and are less
well drained and darker colored than Miami soils. Also in-
cluded are some areas that have slopes of more than 12 per-
cent or of less than 6 percent.

Fertility is medium, the available water capacity is high,
and permeability is moderate. Runoff is medium to rapid.
Erosion is a hazard if crops are grown.

This soil is suited to crops if protected against erosion.
Corn, small grain, and hay are commonly grown. Because
of the erosion hazard, hay and pasture commonly consti-
tute half or more of the cropping system. Some slopes can
be stripcropped. (Capability unit IXIe-5 (2.5a); wood-
land suitability group D) o

Miami loam, 12 to 18 percent slopes (MoD).—This soil
occurs within an undulating to steep landscape in the
southeastern part of the county. The slopes range from
fairly long to short, irregular, and complex. On the irreg-
ular slopes are many knobs and depressions. Associated
with this soil are Morley, Conover, and Metamora soils.

Some areas of this so1l are eroded and have a surface
layer of dark yellowish-brown or dark-brown clay loam
that is very low in organic-matter content and is sticky
when wet and hard and crusty when dry. In most areas
the limy underlying material i1s within 2 feet of the sur-
face. In a few places the texture in the uppermost 2 feet
is dominantly gravelly sandy loam. Included in mapping
are spots of Morley soils, which are finer textured than
Miami soils; spots of Conover soils, which are in water-
ways and depressions and are less well drained and darker
colored than Miami soils; scattered areas of Owosso soils;
and a few spots of sand.

Fertility is medium, and the available water capacity
is high. Runof is rapid, and the erosion hazard is serious
ifthe soil is cultivated intensively.

Although this soi} is suited to only limited use for crops,
all of it has been cleared and cultivated. Long cropping
systems are advisable. Grass-legume mixtures or similar
protective vegetation are needed to check runoff and con-
trol erosion. (Capability unit ITVe-1 (2.5a); woodland
suitability group D)

Miami loam, 18 to 45 percent slopes (MoF).—This soil
is within an undulating to steep landscape in the south-
eastern part of the county. The slopes are mainly short
and fairly uniform, and the gradient is predominantly
less than 25 percent.

The subsoil is thinner than that in the typical profile.
The underlying-material is at a depth of no more than 24
inches and in some places is just below the surface layer.
Eroded areas have a surface layer of dark-brown clay
loam that is low in organic-matter content and is sticky
when wet and hard and crusty when dry. In places the
surface layer consists of vellowish-brown gravelly sandy
clay loam, and in others it consists of silt loam or silty
clay and is underlain with silt and very fine sand.

This soil is not suitable for cultivation. Most areas are
used for pasture. Hay is harvested where the slope is not
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too steep. Because of the erosion hazard, a permanent
cover of grasses and legumes is needed. (Capability unit
VIe-1 (2.5a) ; woodland suitability group D)

Montcalm Series

The Montcalm series consists of well drained and mod-
erately well drained soils that occur on moraines, till
plains, and outwash plains throughout the county.

In a typical profile, the surface layer consists of very
dark grayish-brown loamy sand and is about 4 inches
thick. The uppermost 10 inches of the subsoil is dark-brown
over yellowish-brown, very friable loamy sand. At a depth
of 14 inches is light yellowish-brown, loose sand, and at
26 inches, light-gray, loose sand stratified with yellowish-
brown, friable loamy sand to sandy loam. The stratified
layer extends to a depth of 48 inches and is underlain with
12 inches of yellowish-brown, friable loamy sand. The
underlying material, at a depth of 60 inches, is light
brownish-gray, mottled sand.

Fertility is low, the organic-matter content is low, the
available water capacity islow, and permeability is moder-
ately rapid. Runoff is slow to medium, depending on the
slope. Crops usually show the effects of moisture deficiency
late in the growing season. Water erosion and soil blowing
are hazards.

Montcalm soils are used for crops, for pasture, and for
woodland. The native vegetation is a mixture of hardwoods
and conifers, including oak, aspen, white pine, hard maple,
and some beech. There were once some dense stands of
white pine.

Typical profile of Montcalm loamy sand, 2 to 6 percent
slopes, undisturbed, located in the W14NE1,SE1 sec. 32,
T.5N,,R.14 W. (Zeeland Township) :

Al1—0 to 4 inches, very dark grayish-brown (10YR 3/2)
loamy sand; very weak, fine, granular structure;
very friable; neutral; abrupt, smooth boundary.

B2lir—4 to 8 inches, dark-brown (7.5YR 4/4) loamy sand;
weak, medium, subangular blocky structure; very
friable; medium acid; clear, wavy boundary.

B22ir—8 to 14 inches, yellowish-brown (10YR 5/8) loamy
sand; weak, medium, subangular blocky structure;
very friable; slightly acid; clear, wavy boundary.

A’2—14 to 26 inches, light yellowish-brown (10YR 6/4) sand;
single grain; loose ; medium acid; clear, wavy bound-
ary.

A’2&B’t—26 to 48 inches, light-gray (10YR 6/1) sand (A’2
part), and l4-inch to 1-inch bands of yellowish-brown
(10YR 5/4 to .5/6) loamy sand to sandy loam, oc-
curring every 3 or 4 inches (B’t part) ; A’2 is single
grain and loose; B’t is massive and friable; slightly
acid ; clear, wavy boundary.

B’2t-—48 to 60 inches, yellowish-brown (10YR 5/4) sandy loam ;
common, medium, faint, pale-brown (10YR 6/3)
mottles; weak, medium, subangular blocky structure;
friable ; slightly acid ; clear, wavy boundary.

C—60 to 66 inches, light brownish-gray (10YR 6/2) loamy
sand ; many, coarse, distinct, yellowish-brown (10YR
5/8) mottles; weak, thin, platy structure; friable;
medium acid.

In some places the profile includes a light-gray (10YR 6/1)
or gray (10YR 5/1) A2 horizon that is 3 to 8 inches thick. In
cultivated areas there is a dark-brown (10YR 4/3), dark
yellowish-brown (10YR 4/4), or dark grayish-brown (10YR
4/2) Ap horizon.

The color of the Al horizon ranges to very dark gray (10YR
3/1).

In the Bir horizon the color ranges to dark brown (10YR
4/4), reddish brown (5YR 4/4), or strong brown (7.5YR 5/6-
5/8), and the texture is loamy sand or sand.
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The color of the A’2 horizons ranges to light brownish gray
(10YR 6/2), gray (10YR 6/1), or grayish brown (10YR 5/2).
In some profiles the B’t horizon is just below the uppermost
A’2 horizon and A’2 material occurs as ped coatings and crack
fillings in the B’t horizon. The depth to the B’t horizon ranges
from 18 to 40 inches. The color of the B’t horizon ranges to
dark brown (7.5YR 5/6), reddish brown (6YR 4/7), or yellow-
ish brown (10YR 5/8). The dominant texture is sandy loam.

In the A’2&B’t horizon, the B’t layers are 14 inch to 4 inches
thick and the A’2 layers 2 to 12 inches thick.

The depth to the C horizon ranges from 48 to more than 66
inches.

Montcalm soils occur near Chelsea, Menominee, and Man-
celona soils. Montcalm soils have a B’22t horizon, which Chelsea
soils lack, and they have multiple B’t horizons closer to the
surface than Chelsea soils. Montcalm soils lack the finer
textured ITB and IIC horizons that are characteristic of
Menominee soils, and they lack the coarser textured IIC horizon
that is characteristic of Mancelona soils.

Montcalm loamy sand, 0 to 2 percent slopes (MrA).—
This soil is on moraines, till plains, and outwash plains.

In undisturbed wooded areas the surface layer is very
dark gray or very dark grayish-brown loamy sand or light
sandy loam and 1s 1 inch to 4 inches or more in thickness.
Below it is a 3- to 8-inch layer of light-gray or gray loamy
sand or sand. In some areas fine sand is the dominant tex-
ture throughout the profile. In other places the underlying
material, at a depth of 42 to 66 inches, is limy clay loam;
in some of these areas the upper part of the profile lacks the
thin bands of loamy sand or sandy loam, and in some the
subsoil is gravelly. In eroded places the surface layer is
dark-brown loamy sand. Mottling occurs below a depth of
3 feet in some places. Included in mapping were spots of
Rubicon soils, which have a sand texture, and of Chelsea
soils, in which thin bands of loamy sand occur in the
subsoil.

Fertility is low, the available water capacity is low, and
runoff is slow. Crops are affected by moisture deficiency
late in summer. Soil blowing is a hazard when the surface
1s exposed.

This soil is fairly well suited to crops. Most areas have
been cleared and are cultivated. Corn, small grain, and
hay are the common crops. Long cropping systems in which
small grain and hay predominate are usual. This soil is
also well suited to pine, and some areas have been re-
forested. Limitations for construction are few. (Capability
unit II¥s-3 (4a) ; woodland suitability group C

Montcalm loamy sand, 2 to 6 percent slopes (MrB).—
This soil occurs on outwash plains, till plains, and
nioraines,

This soil has the profile described as typical of the series,
but variations in the profile occur from place to place. The
surface layer is 1 to 4 inches thick, and in places it has a
sandy loam texture. Below the surface layer in a few areas
is a 8- to 8-inch layer of light-gray or gray loamy sand or
sand. In some areas fine sand is the dominant texture
throughout the profile. In others, mainly in the uplands,
the underlying material, at a depth of 48 to 66 inches, is
limy clay loam; in some of these areas the upper part of
the profile has a sandier texture than is typical, and in
some the subsoil is gravelly. In eroded places the surface
layer is dark-brown or dark yellowish-brown loamy sand
or sand. In some of the eroded areas the sandy loam layer
in the subsoil is within 2 feet of the surface. Mottling
occurs below a depth of 3 feet in a few places. Included in
mapping were spots of Rubicon soils and of Chelsea soils.

Fertility is low, the available water capacity is low, and

runoff is slow. Crops are affected by a shortage of moisture
late in summer. Water erosion and soil blowing are haz-
ards if crops are grown.

This soil is fairly well suited to crops. Some of the acre-
age is cropland, some is pasture, some is woodland, and
some is idle land. Corn, small grain, and hay are the com-
mon crops. Long cropping systems in which small grain
and hay predominate are usual. This soil is also well suited
to trees, and many areas have been reforested with pine.
Limitations for construction are few. (Capability unit
IIIs—4 (4a) ; woodland suitability group C)

Montcalm loamy sand, 6 to 12 percent slopes {MrC).—
This soil occupies short, irregular slopes on moraines and
long, narrow, uniform breaks on outwash plains. It is
associated with the less sloping Montcalm soils.

The sandy loam layer in the subsoil generally is thinner
and closer to the surface than the corresponding layer in
the profile described. In some areas fine sand is the domi-
nant texture throughout the profile. In other areas, mainly
on uplands, the underlying material is at a depth of 36 to
60 inches and consists of limy clay loam; in some of these
areas the upper part of the profile is sand, and in others
the subsoil 1s gravelly. In eroded places the surface layer
is dark yellowish-brown sand or loamy sand; in a few
eroded places on knolls and short concave breaks, the sandy
loam layer in the subsoil is exposed. Included in mapping
were spots of Rubicon soils and of Chelsea soils.

Fertility is low, the available water capacity is low, and
runoff is medium. Permeability is moderately rapid. Crops
are affected by a shortage of moisture late in summer.
Water erosion and soil blowing are hazards.

Some of this soil is croplancT, some is pasture, and some
is woodland. Row crops are grown occasionally, usually
as part of a long cropping system that consists largely of
hay and pasture. Some areas are idle, and some have been
reforested with pine, either for timber or for Christmas
trees. The slope constitutes a limitation for construc-
tion. (Capability unit ITTe-9 (4a); woodland suitability
group C)

Morley Series

The Morley series consists of well drained and moder-
ately well drained soils that occur in undulating to steep
areas in the southeastern part of the county.

In a typical profile, the surface layer consists.of dark-
brown loam and is about 6 inches thick. The subsoil is
about 20 inches thick. It is made up of 5 inches of light
yellowish-brown, friable loam; 8 inches of yellowish-
brown, firm heavy clay loam; and 7 inches of yellowish
brown, mottled, firm clay loam. The underlying
material, at a depth of 26 inches, is light brownish-gray,
rfnottled, limy clay loam; it extends to a depth of several

eet.

Fertility is high, the available water capacity is high,
and permeability is moderately slow. Runoff is medium to
rapid, depending on the slope. Erosion is a hazard.

Some areas of Morley soils are used for crops, but some
are too steep to be suitable for cultivation. A few areas
are still wooded. The native vegetation is a mixture of
hardwoods, including sugar maple, beech, red oak, and
largetooth aspen.

Typical profile of Morley loam, 2 to 6 percent slopes,
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cultivated and eroded, located in the NE1,NW1,NW1,
NW1, see. 11, T. 5 N., R. 14 W. (Zeeland Township):

Ap—O0 to 6 inches, dark-brown (10YR 3/3) loam; weak, me-
dium, subangular blocky structure; friable; neutral;
abrupt, smooth boundary.

B21—6 to 11-inches, light yellowish-brown (10YR 6/4) clay
loam; moderate, medium, subangular blocky struc-
ture; friable; contains a few very pale brown (10YR
7/3) remnants of an A2 horizon; strongly acid; clear,
wavy boundary.

B22t—11 to 19 inches, yellowish-brown (10YR 5/4) heavy
clay loam; weak, medium, subangular blocky struc-
ture; firm; peds have films of brown (10YR 5/3)
clay; very strongly acid; gradual, wavy boundary.

B23—19 to 26 inches, yellowish-brown (10YR 5/4) clay loam;
few, medium, distinet, light brownish-gray (10YR
6/2) mottles; moderate, medium, subangular blocky
structure; firm; medium acid; clear, wavy boundary.

C—26 to 50 inches, light yellowish-brown (10YR 6/4) clay
loam; common, medium, faint, light brownish-gray
(10YR 6/2) mottles; moderate, medium, subangular
blocky structure ; firm ; calcareous.

The solum is 20 to about 40 inches thick. The reaction of
the B horizon ranges from very strongly acid to slightly acid.
In undisturbed areas the profile has an Al and an A2 hori-
zon instead of an Ap. The Al horizon is very dark brown

(10YR 2/2), very dark gray (10YR 3/1), or very dark grayish

brown (10YR 3/2) and is 8 to 5 inches thick. The A2 horizon is

very pale brown (10YR 7/8), pale brown (10YR 6/3), or
grayish brown (10YR 5/2) and is 3 to 6 inches thick.

The texture of the B22t horizon is heavy silty clay loam,
heavy clay loam, or light silty clay.

The texture of the C horizon is clay loam to silty clay loam.

Morley soils occur near Blount, Sims, and Owosso soils.

Morley soils are better drained than Blount and Sims soils and

have fewer gray mottles. They are finer textured in the upper

part of the B2 horizon than Owosso soils. Morley soils and

Nester soils formed in similar material, but Morley soils

lack the A&B horizon that is characteristic of Nester soils.

Morley loam, 2 to 6 percent slopes (MiB).—This soil is
on hillsides and hilltops within an undulating to steep
landscape in the southeastern part of the county. Most
areas are moderately well drained. Associated with this
soil are Blount and Sims soils.

This Morley soil has the profile described as typical of
the series. Small areas that are eroded have a surface layer
of yellowish-brown clay loam that is sticky when wet and
hard and crusty when dry. Included in mapping were
spots of somewhat poorly drained Blount soils in minor
depressions and drainageways, and spots of Owosso soils,
which are sandy in the nppermost 2 to 3 feet. Also in-
cluded were areas of nearly level, undisturbed soils that
have a 5- to 10-inch surface layer of very dark gray loam.

Fertility is high, and the available water capacity is
high. The organic-matter content is low. Runoff is me-
dium, and permeability is moderately slow. The water
table rises to within 3 or 4 feet of the surface during pro-
longed periods of wet weather and is often high at the
planting season. Puddling and poor tilth result if the soil
is worked when it is excessively wet. Erosion is a hazard
in cultivated areas.

This soil is suited to crops, and most of it is cultivated.
Corn, small grain, and hay are the common crops. Short
cropping systems that include only a year or two of hay
are usual. (Capability unit ITe-1 (1.5a) ; woodland suit-
ability group B)

Morley loam, 6 to 12 percent slopes, eroded (MtC2).—
This soil is on hillsides within an undulating to steep land-
scape in the southeastern part of the county. The slopes

are short, and many are irregular. Most areas are well
drained.

The surface in about half of the areas is yellowish-
brown clay loam. In a few places that are severely eroded,
the surface layer is heavy clay loam and the limy under-
lying material is within 15 inches of the surface. Gener-
ally the subsoil is free of mottling. Included in mapping
were areas of Owosso soils, in which the underlying mate-
rial is at a depth of about 2 feet and the upper part of the
profile consists of dark-brown sandy loam. Also included
were spots of somewhat poorly drained Blount soils in
minor depressions and drainageways, and spots of soils
that are sandy to a depth of 2 to 3 fect.

Fertility is high, the available water capacity is high,
permeability is moderately slow, and runoff is rapid. The
organic-matter content is low. Erosion is a problem if
Crops are grown,

Nearly all areas of this soil are cropland. Corn, small
grain, and hay are the common crops. Moderately long
cropping systems that include several years of small grain
and hay are usual. (Capability unit IITe—4 (1.5a) ; wood-
land suitability group B)

Morley loam, 18 to 25 percent slopes, eroded (MtE2).—
This soil is on short, irregular slopes and slope breaks in
the southeastern part of the county. It is well drained.

The surface layer is dark yellowish-brown clay loam.
In places the limy underlying material is at the surface.
Rills and shallow gullies are common.

Some of this soil has been cultivated in the past, but
now most of it is idle or is covered with a mixture of
grasses and legumes. Because of the slope, the very rapid
runoff, and the effects of erosion, a permanent cover of
vegetation is needed. (Capability unit VIe-1 (1.5a);
woodland suitability group B)

Morley clay loam, 12 to 18 percent slopes, severely
eroded (MuD3).—This soil is on slopes toward drainage-
ways and on knolls and ridges. It is well drained. Some
shallow gullies have formed.

The surface layer in about three-fourths of the areas is
dark yellowish-brown clay loam. The limy underlying
material is at a depth of about 15 inches in some places;
in others the limy material is at the surface and rills are
common. Included in mapping were areas of somewhat
poorly drained Blount soils in drainageways and depres-
sicf)ns, and spots of a soil that is sandy to a depth of 2 to
3 feet.

Because of the slope, the rapid runoff, and the effects of
past erosion, this soil is not suited to crops. It needs a cover
of hay or pasture plants or other permanent vegetation.
(Capability unit VIe-1 (1.5a); woodland suitability
group B)

Morley clay loam, 25 to 45 percent slopes, severely
eroded (Muf3).—This soil occurs mainly on the side slopes
of deep, V-shaped drainageways in the southeastern part
of the county. The slopes are short and irregular.

The surface layer consists of yellowish-brown clay loam
and is limy in many places. Ril's and shallow gullies have
formed in some areas, and seep spots occur in others. In-
cluded in mapping were some slopes of less than 25 percent.

Most areas of this soil are idle or are covered with grass,
weeds, and brush. Because of the slope and the effects of
erosion, a permanent cover of protective vegetation should
be established and maintained. (Capability unit VIIe-1
(1.5a) ; woodland suitability group B)
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Nester Series

The Nester series consists of well drained and moderately
well drained soils that occur on uplands and along drain-
ageways on lake plains. These soils developed in limy clay

loam.
In a typical profile, the surface layer consists of dark

grayish-brown loam and is about 7 inches thick. Below
this is a 7-inch layer that consists of light brownish-gray,
friable loam and brown, firm clay loam. The subsoil, about
14 inches thick, is reddish-brown, firm heavy clay loam.
The underlying material, at a depth of about 28 inches, is
brown, limy clay loam; it extends to a depth of at least
50 inches.

Fertility is high, the available water capacity is high,
and permeability is moderately slow. Runoft is moderate to
rapid, depending on the slope. Erosion is a hazard.

Some of the acreage is cropland, some is pasture, and
some is woodland. Most of the gently sloping to strongly
sloping areas are farmed intensively. Corn and small
grain are the common crops. Some areas are still wooded.
The native vegetation is a mixture of upland hardwoods,
including sugar maple, beech, red oak, and largetooth
aspen.

%‘ypical profile of Nester loam, 2 to 6 percent slopes,
cultivated and slightly eroded, located in the NE1/NW1,
SW1 sec. 20, T. 8 N., R. 13 W. (Wright Township) :

Ap—O0 to 7 inches, dark grayish-brown (10YR 4/2) loam;
weak, fine, granular structure ; friable; strongly acid;
abrupt, smooth boundary.

A&B—7 to 14 inches, light brownish-gray (10YR 6/2) loam
(A part) and brown (7.5YR 4/4) clay loam (B part) ;
the A part is friable and has weak, fine, granular
structure; the B part is firm and has weak, medium,
subangular blocky structure; both parts are strongly
acid; A material completely or partly surrounds peds
and fills cracks, voids, and channels; abrupt, ir-
regular boundary.

B22t—14 to 28 inches, reddish-brown (5YR 4/3) heavy clay
loam ; moderate, medium, angular blocky structure;
firm; clay films on peds and in voids in lowermost
4 to 6 inches; slightly acid; clear, irregular boundary.

C—28 to 50 inches, brown (7.5YR 4/4) clay loam; weak,
coarse, angular blocky structure; firm; pinkish-gray
(5YR 6/2) lime coatings and streaks; calcareous:

In undisturbed areas the profile has an Al horizon and an
A2 horizon instead of an Ap. The A1l horizon is thin and con-
sists of very dark brown (10YR 2/2) or very dark gray (10YR
3/1) loam, fine sandy loam, or sandy loam. The A2 horizon is
2 to § inches thick and consists of pale-brown (10YR 6/3),
light-gray (10YR 7/2), grayish-brown (10YR 5/2), or light
brownish-gray (10YR 6/2) loam, fine sandy loam, or sandy
loam,

The Ap horizon is dark grayish brown (10YR 4/2), dark
brown (10YR 4/3), or dark gray (10YR 4/1). In some culti-
vated areas the profile includes a thin A2 horizon between
the Ap and the A&B horizons.

The texture of the B22t horizon is heavy clay loam, heavy
silty clay loam, or light silty clay. In some places the B hori-
zon is mottled below a depth of 24 inches.

The depth to the calcareous C horizon ranges from 24 to
about 40 inches. The texture of this horizon is clay loam or
silty clay loam.

Nester soils and Morley soils formed in similar material.
Nester soils have an A&B horizon, which Morley soils lack.
Nester soils occur near Ubly and Kawkawlin soils. They are
finer textured than Ubly soils in the upper part of the solum,
and they are better drained and less mottled than Kawkawlin
soils.

Nester loam, 2 to 6 percent slopes {NeB).—This soil
occurs on uplands in all parts of the county except the
southeastern.

This soil has the profile described as typical of the series.
In areas that have not been disturbed, the surface layer is
very dark gray ‘or very dark brown and is 8 to 5 inches
thick. The subsurface layer in these areas is 2 to 5 inches
thick and consists of pale-brown to light brownish-gray
loam or sandy loam. An inch or two of the subsurface layer
remains in some cultivated areas. In eroded places the sur-
face layer is dark grayish-brown clay loam, and immedi-
ately below it is the subsoil of reddish-brown heavy clay
loam. Where drainage is only moderately good, the lower
part of the subsoil is mottled. In some areas, mainly in and
around Eastmanville, the subsoil is silty clay and the
underlying material is heavy clay loam or silty clay loam.
Drainage in these areas is moderately good, and mottles
occur in the lower part of the subsoil and in the underlying
material. Where the uplands merge with the plains, the
texture in the uppermost 3 feet is coarser than is typical,
and in some of these areas, the underlying material con-
sists of sand or loamy sand and is less limy than the
underlying material in the typical profile.

Included in mapping were spots of Ubly soils, which
consist of sandy loam to a depth of 18 to 40 inches, and
spots of Kawkawlin and Sims soils, which occur in depres-
sions and drainageways and are less well drained than
Nester soils. Also included were areas in which the slope is
less than 2 percent; in these areas drainage is moderately
good and the lower part of the profile is mottled.

Fertility is high, the available water capacity is high,
and permeability is moderate. The organic-matter content
is low. Where the slope is more than 4 percent, runoff is
medium and erosion 1s a hazard. The soil warms up and
dries out slowly in spring, and it compacts and puddles
readily if worked when wet. The included wet spots need
to be drained artificially.

Most areas of this soil are farmed intensively, some are
in grass-legume hay, and few are wooded. (Capability unit
ITe-1 (1.5a) ; woodland snitability group B)

Nester loam, 6 to 12 percent slopes {NeC).—This soil is
on uplands and on short slopes along drainageways that
dissect lake plains.

In the areas on lake plains, the profile includes thin layers
of silt and fine sand below a depth of 8 feet and one or two
such layers at a lesser depth. In some areas in and around
Eastmanville, the subsoil is silty clay and the underlying
material is heavy clay loam or heavy silty clay loam.
Where the uplands merge with the plains, the texture in
the uppermost 3 feet is coarser than is typical and the
underlying material consists of sand and gravel and is less
limy than the underlying material in the typical profile.
Many areas of this soil are eroded, and in these places the
surface layer is dark grayish-brown clay loam. Drainage
is good in most areas, but in depressions and on the lower
part of slopes, it is only moderately good, and in such
places the lower part of the subsoil is mottled. Included in
mapping were spots of Ubly soils, which consist of sandy
loam to a depth of 18 to 42 inches, and spots of Kawkawlin
soils, which are in depressions and drainageways and are
less well drained than Nester soils. Also included were
some areas that have slopes of more than 12 percent or less
than 6 percent.

Fertility is high, the available water capacity is high,
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and permeability is moderately slow. The organic-matter
content is low. Runoff is medium to rapid, depending on
the ground cover. Erosion is a hazard if crops are grown.

Corn, small grain, and hay are the common crops. Be-
cause of the slope and the erosion hazard, a large propor-
tion of grain and hay crops in the cropping system is
usual. (Capability unit I1Te—4 (1.5a) ; woodland suitabil-
ity group B)

Nester loam, 12 to 18 percent slopes {NeD).—This soil
is on uplands and on short slopes along drainageways that
dissect lake plains.

In the areas on lake plains, the profile includes thin
layers of silt and fine sand. Where the uplands and plains
merge, the underlying material is sand or loamy sand in-
stead of clay loam. There are scattered areas in which a
2-foot layer of sandy loam overlies the clay loam sub-
stratum. In the many eroded areas, the surface layer is
dark yellowish-brown clay loam, the subsoil is thinner than
that in the typical profile, and the depth to the underlying
material is less than 24 inches. Reddish-brown clay loam is
at the surface in severely eroded spots. Included .in map-
ping were spots of sandy loam and spots of less well
drained Kawkawlin soils.

Fertility is high, the available water capacity is high,
and permeability is moderately slow. Runoff is rapid. The
organic-matter content is low, and tilth is generally poor.

Nearly all of this soil is used for crops or for pasture.
Because of the erosion hazard, cropping systems should be
long and cultivated crops should be grown only occasion-
ally. Permanent vegetation affords protection against ero-
sion. (Capability unit IVe-1 (1.5a) ; woodland suitability
group B)

Nester loam, 18 to 25 percent slopes (NeE).—This soil
occurs on the sides of deep, V-shaped drainageways, both
on uplands and on lake plains, and also on other parts of
the uplands.

In the areas on lake plains, the surface and subsurface
layers have a silty texture. The surface in a few areas
has a thin covering of sand or loamy sand. In eroded areas
the surface layer is dark yellowish-brown or dark reddish-
brown clay loam, and the subsoil is thinner and lighter
colored than that in the typical profile. In these areas
the depth to the limy underlying material is generally more
than 24 inches. Included in mapping were small areas
where the underlying material is heavy silty clay loam or
light silty clay instead of clay loam and is at a depth of
a foot or two. Also included were spots of Kawkawlin
and Sims soils, both of which are more poorly drained than
Nester soils.

Because of the slope and the erosion hazard, this soil is
not suitable for cultivation. Permanent vegetation is
needed for control of erosion and conservation of moisture.
(Capability unit VIe-1 (1.3a); woodland suitability
group B)

Nester loam, 25 to 45 percent slopes (NefF).—This soil
occurs on the sides of deep, V-shaped drainageways on
uplands and lake plains and on other short slopes on
uplands. The areas are long and narrow and of small size,
but the total acreage is large.

Many areas of this soil are eroded, and in these places
the surface layer is yellowish-brown or reddish-brown clay
loam or silty clay loam. The depth to the limy underlying
material is less than in the typical profile. A few shallow
gullies have formed in a few areas. The underlying mate-

rial in a few areas is sandy loam, loamy sand, or sand.
Included in mapping were spots of Kawkawlin, Sims, and
Hettinger soils, all of which are less well drained than
Nester soils.

Because of the slope and the erosion hazard, this soil
is not suited to crops. Some areas have a cover of grasses
and legumes, but even pasture use should be restricted.
Most areas are idle or are growing up to trees and brush.
Permanent vegetation is needed. (Capability unit VIIe-1
(1.5a) ; woodland suitability group B)

Nester clay loam, 6 to 12 percent slopes, severely
eroded (NsC3).—This soil is on uplands and along drain-
ageways on lake plains,

Erosion has removed the original surface layer, the sub-
surface layer, and in many places the upper part of the
subsoil. In about half the areas, the present surface layer
is reddish-brown heavy clay loam. In others it is dark
grayish-brown clay loam., The limy underlying material
1s within 2 feet of the surface in many places, and in small
areas it is at the surface. In a few places the underlying
material is loamy sand or sand and is at a depth of 12
inches. In the areas on lake plains, the surface layer is
silt loam or silty clay loam, and the subsurface layer con-
sists of strata of limy silt, fine sand, and silty clay. In-
cluded in mapping were small spots that are less severely
eroded.

This soil is very low in organic-matter content. It has
poor structure and poor tilth and is very sticky when wet
and hard and crusty when dry. Water is not absorbed
readily, and most of it runs off.

All of this soil is now in cultivation or has been in the
past. The effects of erosion make it difficult to establish
a full stand of a crop. (Capability unit IVe-3 (1.5a);
woodland suitability group B)

Nester clay loam, 12 to 18 percent slopes, severely
eroded (NsD3).—This soil is on short slopes on uplands
and along drainageways on lake plains.

Erosion has removed the original surface layer, the sub-
surface layer, and part of the -subsoil. The color of the
present surface layer is predominantly dark yellowish
brown but in some places it is reddish brown. The limy
underlying material is close to the surface in places. The
underlying material in a few areas is nonlimy sand or
loamy sand and is only about 12 inches below the surface.
Along the drainageways on lake plains, the surface layer
is silt loam or silty clay loam, and the subsurface layer
consists of strata of silt, fine sand, and silty clay. Included
in mapping were sinall areas that are less severely eroded.

This soil is very low in organic-matter content. It has
poor structure and poor tilth and is sticky when wet and
hard and crusty when dry. Water is not absorbed readily,
and much of it runs off.

Some of this soil has been cultivated in the past. The
effects of erosion make it difficult to establish a full stand
of a crop. Forage crops can be grown under careful man-
agement. Permanent vegetation 1s needed. (Capability unit
Vie-1 (1.5a) ; woodland suitability group B)

Nester clay loam, 18 to 25 percent slopes, severely
eroded (NsE3).—This soil is on the sides of deep, V-shaped
drainageways, both on uplands and on lake plains, and
also on other upland slopes.

The surface layer consists of yellowish-brown clay loam
or silty clay loam. In places limy clay loam or silty clay
loam is at the surface.
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Because of the slope and the hazard of erosion, this soil
should not be farmed. Most areas have been cultivated in
the past, but now some of these areas are idle, some are
growing up to weeds and brush, and some are used for
pasture. Permanent vegetation is needed. (Capability unit
VIIe-1 (1.5a) ; woodland suitability group B)

Nester clay loam, 25 to 45 percent slopes, severely
eroded (NsF3).—This soil occurs on the sides of deep,
V-shaped drainageways, both on uplands and on lake
plains, and also on other short upland slopes.

Erosion has removed the original surface layer, subsur-
face layer, and subsoil. The present surface layer is red-
dish-brown heavy clay loam or dark grayish-brown clay
loam. The limy underlying material is within 20 inches
of the surface and in many places is exposed. Rills are
common, and some shallow gullies have developed. In pro-
tected spots that are less severely eroded, the surface layer
is loam, but even in these places the profile is thin. There
are some areas in which the underlying material consists
of sand or loamy sand and is just below the surface layer.
Included in mapping were spots of somewhat poorly
drained Kawkawln soils and poorly drained Sims soils.

Because of the slope and the erosion hazard, this soil is
not suited to crops. Some areas were once cultivated, but
these areas are now idle or are covered with brush or grass.
A permanent cover of protective vegetation is needed.
(Capability unit VIIe-1 (1.5a); woodland suitability
group B)

Newaygo Series

The Newaygo series consists of well-drained soils that
occur on outwash plains, terraces, and deltas. These soils
are underlain with limy sand and gravel at a depth of
24 to 40 inches.

In a typical profile, the surface layer consists of dark
reddish-brown sandy loam and is about 8 inches thick.
The subsoil is about 82 inches thick. The upper 22 inches
is reddish-brown, very friable light sandy loam, and the
lower 10 inches is reddish-brown, firm light clay loam.
The underlying material, at a depth of 40 inches, is pale-
brown, limy sand and gravel that extends to a depth of
several feet.

Fertility is medium, and the available water capacity
is moderate. Crops show the effects of a moisture shortage
during the latter part of the growing season in dry years.
Runoff is slow. Permeability is moderate to a depth of 24
to 40 inches and very rapid in the underlying material.
Erosion and soil blowing are hazards.

Newaygo soils are used for crops, for pasture, and for
woodland. Corn, small grain, and hay are the common
crops. Very few areas are wooded. The native vegetation
is a mixture of hardwoods and conifers, including hard
maple, beech, oak, hickory, and white pine.

Typical profile of Newaygo sandy loam, cultivated and
eroded, located in the NENWI,NE1SELY] sec. 12, T,
7 N.,R.14 W. (Allendale Township) :

Ap—O0 to 8 inches, dark reddish-brown (5YR 3/3) sandy loam;
weak, fine, granular structure; very friable; medium
acid; abrupt, smooth boundary.

Bir—8 to 80 inches, reddish-brown (5YR 4/4) light sandy
loam; weak, fine, subangular blocky structure; very

friable; strongly acid; clear, irregular boundary.
B’'t—30 to 40 inches, reddish-brown (5YR 4/3) light clay

loam; moderate, medium, subangular blocky struc-
ture; firm; neutral; abrupt, irregular boundary.

I1C—40 to 66 inches, pale-brown (10YR 6/3) sand and gravel;
single grain; loose; calcareous.

In undisturbed areas the profile has an Al and an A2
horizon instead of an Ap. The Al horizon is very dark grayish
brown (10YR 38/2) or very dark gray (10YR 3/1) and is
2 to 4 inches thick. The A2 is gray (10YR 5/1) or light brown-
ish gray (10YR 6/2) and is 2 to 6 inches thick. The A2 horizon
is strongly acid to slightly aecid.

In uneroded areas the color of the Ap horizon ranges to very
dark brown (10YR 3/2), dark grayish brown (10YR 4/2), or
very dark gray (10YR 3/1).

In the Bir horizon the color ranges to dark brown (7.5YR
4/4) or reddish brown (5YR 4/3), and the texture is sandy
loam or loamy sand. The reaction of this horizon ranges from
strongly acid to slightly acid. In some profiles a pale-brown
(10YR 6/3), slightly acid to mildly alkaline A’2 horizon, 1 to
3 inches thick, occurs above the B’t horizon; in other profiles
A’2 material occurs only as thin coatings on peds in the upper
part of the B’t horizon, The texture of the B’t horizon is
heavy sandy loam, sandy clay loam, or light clay loam. In
some places this horizon is gravelly. In reaction it ranges from
slightly acid to mildly alkaline.

Newaygo soils occur near Mancelona and Montcalm soils.
Newaygo soils have a thicker B’t horizon than Mancelona
soils. They have a finer textured B’t horizon than Montcalm
soils, and they have a IIC horizon of sand and gravel, which
Montealm soils lack. Newaygo soils formed in the same kind
of material as Fox soils, which lack a Bir horizon.

Newaygo sandy loam, 0 to 6 percent slopes (NwB).—
This soil occurs on outwash plains, terraces, and deltas.
Associated with it are Mancelona, Matherton, Gladwin,
and Lacota soils.

. In some places the color of the upper part of the profile
is less red than in the typical profile. In other places the
soil is less eroded and the surface layer is darker colored.
A gray or light brownish-gray subsurface layer occurs in
some areas. Included in mapping were spots of Mancelona
soils, which are coarser textured than Newaygo soils, and
of Gladwin, Matherton, and Lacota soils, which are less
well drained.

_ Fertility is medium, and the available water capacity
is moderate. The moisture supply is usually deficient in
the latter part of the growing season.

This soil is suited to crops if well managed. Cropping
systems usually consist largely of small grain and hay.
A few areas are sources of sand and gravel. (Capability
unit ITs-2 (3a); woodland suitability group A)

Oshtemo Series

The Oshtemo series consists of well-drained soils that
occur on outwash plains and on rolling to hilly moraines
in the eastern and southeastern parts of the county. These
soils developed in 40 to 66 inches of sandy loam or loamy
sand underlain with sand and gravel.

In a typical profile, the surface layer consists of dark-
brown lig}qt sandy loam and is about 10 inches thick. Below
this is a 10-inch subsurface layer of pale-brown loamy
sand. The subsoil is about 30 inches thick. It is made up of
16 inches of strong-brown, very friable loamy sand; 9
inches of strong-brown, friable light sandy clay loam ; and
5 inches of reddish-yellow, very friable light sandy loam.
The underlying material, at a depth of 50 inches, is yellow
coarse sand ; it extends to a depth of at least 66 inches.

Fertility is low, the available water capacity is low, and
permeability is moderate. Crops show the effects of a mois-
ture shortage during prolonged periods of dry weather.
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The organic-matter content is low. Runoff is slow to rapid,
depending on the slope.

gome of the acreage is cropland, some is woodland, and
some is pasture. Corn, small grain, and hay are the com-
mon crops. The native vegetation is a mixture of hard-
woods, including oak, hickory, and maple. A few areas
are sources of sand and gravel. Limitations.for construc-
tion are few.

Typical profile of Oshtemo sandy loam, 0 to 2 percent
slopes, cultivated, located in the W14SW1,SE14SI1/ sec.
18, T. 7 N, R. 13 W. (Tallmadge Township) :

Ap—0 to 10 inches, dark-brown (10YR 3/3) light sandy loam;
moderate, medium, granular structure; friable; ex-
tremely acid; abrupt, smooth boundary.

A2—10 to 20 inches, pale-brown (10YR 6/3) loamy sand;
structureless (single grain); loose; strongly acid;
clear, wavy boundary.

B1—20 to 36 inches, strong-brown (7.5YR 5/8) loamy sand;
structureless (single grain); very friable; very
strongly acid; clear, wavy boundary.

B2t—36 to 45 inches, strong-brown (7.5YR 5/6) light sandy
clay loam; weak, fine, subangular blocky structure;
friable; very strongly acid; clear, wavy boundary.

B3—45 to 50 inches, reddish-yellow (5YR 7/8) light sandy
loam; weak, coarse, subangular blocky structure;
very friable; strongly acid; clear, wavy boundary.

IIC—50 to 66 inches, yellow (10YR 8/8) coarse sand; struc-
tureless (single grain) ; loose; strongly acid.

The solum is 40 inches to more than 60 inches thick. The
reaction of the solum below the Ap horizon ranges from
medium acid to very strongly acid.

The texture of the Ap horizon is sandy loam,or loamy sand.
The color ranges to very dark grayish brown (10YR 3/2)
or brown (10YR 5/3). The dry color is light grayish brown
(10YR 6/2. The reaction of this horizon ranges from neutral
to extremely acid, depending upon how much lime has been
applied. The color of the A2 horizon rangss to brown (10YR
5/3) or yellowish brown (10YR 5/4).

In-both the Bl and the B3 horizons, the texture is either
sandy loam or loamy sand. The B2t horizon is at a depth
of 12 to more than 36 inches and is less than 10 inches thick.
The texture of this horizon is sandy loam, light sandy clay
loam, or clay loam. The color of the B3 horizon ranges to red-
dish brown (5YR 4/4) or dark yellowish brown (10YR 4/4).
Below a depth of 40 inches in some profiles, discontinuous
layers of dark-brown (7.5YR 3/2) loamy sand or sandy loam,
1% inch to 2 inches thick, alternate with 4- to 12-inch layers
of B3 material.

The reaction of the C horizon ranges from very strongly acid
to mildly alkaline. In some profiles the C horizon is as much
as 15 percent gravel.

Oshtemo soils occur near Spinks, Matherton, and Wasepi
soils. Oshtemo soils are more acid than Spinks soils and have
a IIC horizon of coarse sand that Spinks soils lack. They are
better drained than Matherton and Wasepi soils. They formed
in the same kind of material as Mancelona soils but lack the
Bir horizon that is characteristic of Mancelona soils,

Oshtemo sandy loam, 0 to 2 percent slopes {OsA).—
This soil occurs on outwash plains in the eastern part of
the county and on hilltops within rolling to hilly uplands
in the southeastern part of the county.

This soil has the profile described as typical of the series,
but variations in the profile occur from place to place. In
cultivated areas the plow layer is dominantly dark brown
or very dark brown sandy loam or, in a few areas, loamy
sand: In undisturbed areas the surface layer is darker
colored. Eroded spots in some cultivated areas have a
lighter colored surface layer of loamy sand. In other places
the reaction is less acid than is typical, and the underly-
ing material is limy and is within 40 inches of the surface.
Included in mapping were spots of Hillsdale soils, which

have a thicker and finer textured subsoil than Oshtemo
soils. Also included were some areas that have slopes of
more than 2 percent.

Fertility is low, the organic-matter content is low, and
the available water capacity is low. The soil is dronghty
in summer, and it is readily susceptible to soil blowing.

Some of this soil has been cleared and is cultivated, some
is in hay, and some is wooded. Corn, small grain, and hay
are the common crops. Long cropping systems in which
small grain and hay predominate are suitable. Limitations
for construction are few. Some areas have been subdivided,
and other areas are awaiting such use. (Capability unit
ITIs-3 (4a) ; woodland suitability group M)

Oshtemo sandy loam, 2 to 6 percent slopes (OsB).—
This soil oceurs on outwash plains in the eastern part of
the county and on rolling to hilly moraines in the south-
eastern part of the county.

Where this soil is eroded, the plow layer is dark grayish-
brown sandy loam or loamy sand and the underlying ma-
terial is within 3 feet of the surface. In some areas in
Jamestown Township, the soil is finer textured than is
typical and the finest textured part of the subsoil, a layer
at least 10 inches thick, is gravelly clay loam. Included
in mapping were severely eroded spots in which the surface
layer is dark-brown sandy clay loam; spots in which the
reaction is less acid than is typical and the underlying
material is limy and is within 40 inches of the surface;
and a few small areas in which the slope is more than 6
percent. Also included were spots of Hillsdale soils, which
consist dominantly of sandy loam throughout the profile.

Fertility is low, the organic-maftter content is low, and
the available water capacity is low. The soil is droughty
in summer, and it is readily susceptible to both water ero-
sion and soil blowing.

Some of this soil has been cleared and is cultivated, some
is in hay, and a little is wooded. Corn, small grain, and
hay are the common crops. Long cropping systems in which
small grain and hay predominate are suitable. Limitations
for construction are few. Some areas have been subdivided,
and others are awaiting such use. A few areas are sources
of sand and gravel. (Capability unit IIIs—4 (4a); wood-
land suitability group M)

Oshtemo sandy loam, 6 to 12 percent slopes (OsC).—
Some of this soil occupies long, narrow, smooth slopes on
outwash plains in the eastern part of the county, and some
occupies irregular hillsides and hilltops on moraines in
the southeastern part.

Where this soil is eroded, the plow layer is strong-brown
sandy loam or clay loam and the yellow substratum is much
closer to the surface than in uneroded places. The subsur-
face layer is thinner than that in the typical profile and
consists of sandy loam rather than loamy sand. The subsoil
also is thinner than is typical, and the depth to the under-
lying material is less. In some areas the upper part of the
profile is finer textured, and the finest textured part of the
subsoil, a layer at least 10 inches thick, is clay loam. In-
cluded in mapping were spots in which the underlying
material is limy and is within 40 inches of the surface, and
also areas in which thin bands of finer textured soil mate-
rial occur throughout the profile.

Fertility is low, and the available water capacity is low.
In eroded areas the surface layer has poor tilth and is
sticky when wet and hard and crusty when dry. Water is
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not absorbed readily. The soil is readily susceptible to both
water erosion and soil blowing,

Some of this soil has been cleared and cultivated. Corn,
small grain, and hay are the common crops. Cropping sys-
tems in which small grain and hay predominate are suit-
able. A few areas are used only for forage crops. The slope
is a limitation for construction. (Capability unit ITTe-9
(4a) ; woodland suitability group M)

Oshtemo sandy loam, 12 to 18 percent slopes (OsD).—
Some of this seil occupies long, narrow, smooth slopes on
outwash plains in the eastern part of the county, and some
occupies hillsides and hilltops on moraines in the south-
eastern part.

In most areas the surface layer is strong-brown sandy
loam or loamy sand. Both the surface layer and the sub-
soil are thinner than those in the typical profile, and the
yellow underlying material is within 86 inches of the sur-
face in most places. Where erosion has been severe enough
to remove the surface layer, the subsurface layer, and the
upper part of the subsoil, the underlying material is within
2 feet of the surface. In some areas the upper part of the
profile is finer textured than is typical, and the finest tex-
tured part of the subsoil, a layer at least 10 inches thick, is
clay loam. The underlying material in some eroded spots
1s limy and is within 2 feet of the surface. In some eroded
spots the surface layer is brown clay loam, and the under-
lying material is limy and is within 2 feet of the surface.
Included in mapping were severely eroded spots in which
the original underlying material is at the surface, and also
spots in which the underlying material includes thin bands
of finer textured soil material.

Fertility is low, and the available water capacity is low.
The organic-matter content is very low, and tilth is poor.
The surface layer is sticky when wet and hard and crust
when dry. Runoff is rapid, and little water is absorbed.
Water erosion is a serious hazard.

All of this soil has been cleared, and all of it is or has been
cultivated. Corn, small grain, and hay are the common
crops. Because of the slope and the erosion hazard, a per-
manent cover of grass or of a grass-legume mixture is more
suitable than cultivated crops. (Capability unit IVe-9
(4a) ; woodland suitability group M)

Owosso Series

The Owosso series consists of well drained and moder-
ately well drained soils that occur on uplands in the south-
ern part of the county. These soils developed in 18 to 40
inches of sandy loam or loamy fine sand over limy clay
loam and silty clay loam.

In a typical profile, the surface layer consists of dark
grayish-brown sandy loam and is about 7 inches thick.
Below it is a 5-inch subsurface layer of brown loamy fine
sand. The subsoil is about 18 inches thick. It is made up of
7 inches of yellowish-brown, friable sandy loam; 6 inches
of dark yellowish-brown, friable heavy sandy loam; and 5
inches of yellowish-brown, mottled, friable sandy clay
loam. The underlying material, at a depth of about 30
inches, is brown, mottled clay loam; it extends to a depth
of at least 60 inches.

Fertility is medium, the organic-matter content is mod-
erately low, the available water capacity is moderate, and
runofl is medium. Permeability is moderately rapid in the
upper part of the profile and moderate in the lower part.

Crops show the effects of a moisture shortage late in the
growing season.
Owosso soils are well suited to most crops. Some of the
acreage is cropland, some is pasture, and some is woodland.
Typical profile of Owosso sandy loam, cultivated, lo-
cated in the E%SE%SELSW4 sec. 27, T. 5 N, R. 13 W.
(Jamestown Township) :

Ap—O0 to 7 inches, dark grayish-brown (10YR 4/2) sandy
loam; weak, medium, granular structure; friable;
neutral; abrupt, smooth boundary.

A2--7 to 12 inches, brown (10YR 5/38) loamy fine sand; weak,
medium, subangular blocky structure; friable;
slightly acid; clear, wavy boundary.

B1—12 to 19 inches, yellowish-brown (10YR 5/4) sandy loam;
weak, medium, subangular blocky structure; friable;
slightly acid ; gradual, wavy boundary.

B21t—19 to 25 inches, dark yellowish-brown (10YR 4/4)
heavy sandy loam; moderate, medium, subangular
blocky structure; friable; slightly acid; clear, wavy
boundary.

IIB22t—25 to 30 inches, yellowish-brown (10YR 5/4) sandy
clay loam; common, medium, faint, light yellowish-
brown (10YR 6/4) mottles; weak, coarse, subangular
blocky structure; friable to firm; neutral; gradual,
wavy boundary.

I1C—30 to 60 inches, brown (10YR 5/3) clay loam; common,
medium, faint, yellowish-brown (10YR 5/4) mot-
tles; weak, ‘medium, angular blocky structure; firm;
moderately alkaline.

The solum is 24 to 44 inches thick. In reaction it ranges from
strongly acid to neutral. In places the lower part of the
solum contains a considerable amount of gravel.

In undisturbed areas there is a 2- to 4-inch, very dark gray
(10YR 3/1) Al horizon.

The color of the Ap horizon ranges to dark brown (10YR
4/3) or dark gray (10YR 4/1), and that of the A2 to yellow-
ish brown (10YR 5/4). The structure of the A2 horizon in
some profiles is weak, medium, platy.

In ‘the B1 horizon the color ranges to brown (10YR 5/3),
dark yellowish brown (10YR 4/4), or brown (7.5YR 4/4),
and the texture is loamy fine sand, heavy loamy sand, or sandy
loam. The color of the IIB22t ranges to brown (7.5YR 4/4),
and the texture is sandy clay loam, sandy clay, or clay loam.
In some places the IIB22t horizon is free of mottles.

The texture of the IIC horizon is clay loam or silty clay
loam. In some places this horizon is free of mottles.

Owosso soils occur near Miami and Morley soils. They are
coarser textured in the upper part of the B horizon than
either Miami or Morley soils. Owosso soils -are similar to
Menominee and Ubly soils but lack the Bir horizon that is
characteristic of both of these soils.

Owosso sandy loam, 2 to 6 percent slopes (OwB).—
This soil is on hilltops and hillsides in the rolling uplands
of the southeastern part of the county. Morley, Blount, and
Miami soils are common in these areas.

In some areas of this soil, the dominant texture in the
uppermost 18 to 40 inches of the profile is loamy sand. In
other places this part of the profile is gravelly and has a
thin layer of sand or gravel below the middle layer of the
subsoil and above the substratum. Some of these areas are
less well drained than is typical. Where the soil is eroded,
the underlying material is'within 24 inches of the surface
and the surface layer consists of yellowish-brown sandy
loam or gravelly sandy loam that is very low in organic-
matter content. Included in mapping were spots of Morley
and Miami soils, which are loamy in the upper part of the
profile. Also included were areas of Metamora and Blount
soils, which are in depressions and drainageways and are
less well drained than Owosso soils.

Fertility is medium, and the available water capacity is
moderate. Permeability is moderately rapid in the upper
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part of the profile and moderate in the lower part. In dry
years crops show the effects of a moisture shortage late in
summer. Water erosion and soil blowing are hazards.

This soil is well suited to most crops, and most of it is
cropland. A few areas are in pasture, and a few are still
wooded. (Capability unit ITe-3 (3/2a); woodland suita-
bility group A)

Pinconning Series

The Pinconning series consists of poorly drained, level
to depressional soils that occur on lake plains. These soils
developed in 18 to 40 inches of sandy material over limy
silty clay.

In a typical profile, the surface layer consists of black
sandy loam and is about 8 inches thick. Directly below this
is the underlying material, which is made up of 4 inches of
dark-gray, mottled, very friable loamy sand; 24 inches
of light brownish-gray, mottled, loose sand; and at least
14 inches of gray, mottled, limy silty clay.

Fertility is low, the available water capacity is moder-
ate, and runoff is very slow to ponded. Permeability is
moderately rapid in the upper part of the profile and slow
in the silty clay layer. The water table is near the sur-
face much of the year unless lowered by artificial drainage.
If the water table is lowered too much, the soils are
droughty during the growing season. When dry, the soils
blow readily. Frost damage to crops is another hazard.

Some areas of these soils have been cleared and drained
and are cultivated ; some are idle; some are used for hay
and pasture. There are some second-growth woodlots. The
native vegetation consists mainly of lowland hardwoods,
including elm, red maple, silver maple, and ash; it also
contains some white pine. The trees are generally slow
growing, shallow rooted, and of poor quality.

Typical profile of Pinconning sandy loam, cultivated,
located in the NE14NE1,SW1/ sec. 36, T. 6 N., R. 15 W.
(Olive Township) :

Ap—O0 to 8 inches, black (10YR 2/1) sandy loam; weak, me-
dium, subangular blocky structure; friable; neutral;
abrupt, smocth boundary.

C1g—8 to 12 inches, dark-gray (10YR 4/1) loamy sand; few,
fine, faint, very dark gray (10YR 3/1) mottles and
few, fine, faint, dark grayish-brown (10YR 4/2) mot-
tles; weak, medium, subangular blocky structure;
very friable ; neutral; clear, wavy boundary.

C2—12 to 36 inches, light brownish-gray (10YR 6/2) sand;
common, medium, distinct, light-gray (10YR 7/2) mot-
tles and few, fine, faint, gray (10YR 6/1) mottles;
single grain ; loose ; neutral ; abrupt, smooth boundary.

ITC3g—36 to 50 inches, gray (N 5/0) silty clay; many, coarse,

prominent, dark yellowish-brown (10YR 4/4) mottles;
massive ; plastic when wet; calcareous.

The depth to the IIC3g horizon ranges from 18 to 40 inches
but is dominantly more than 24 inches. In some . places a thin
layer of black (10YR 2/1) organic material covers the surface.

The color of the Ap horizon (or, in undisturbed areas, the Al
horizon) ranges to very dark gray (10YR 3/1), and the texture
is sandy loam, fine sandy loam, loamy fine sand, or loamy sand.

In the Clg and C2 horizons, the color ranges to gray (10YR
6/1-7/1) or grayish brown (10YR 5/2). The mottles in these
horizons are faint to prominent.

The upper part of the IIC3g horizon is noncalcareous in some
places.

Pinconning soils are similar to and occur near Brecken-
ridge and Brevort soils. Pinconning soils are coarser textured
in the uppermost 18 to 40 inches than Breckenridge soils, They

have a finer textured IIC horizon than either Breckenridge
or Brevort soils.

Pinconning loamy sand (0 to 2 percent slopes) (Pn).—
This nearly level to depressional soil is on lake plains.
Associated with it are Selkirk, Hettinger, and Tosco soils.

This soil has the profile described as typical of the series,
but variations in the profile occur from place to place. In
some areas the texture in the uppermost 18 to 40 inches
of the profile is sandy loam or fine sandy loam. Included
in mapping were some slopes between 2 and 4 percent. Also
included were spots of Brevort soils, in which the under-
lying material is heavy clay loam or silty clay loam; spots
of Allendale soils, which are better drained than Pincon-
ning soils; and spots in which silty clay is just below the
surface.

Fertility is low, and the available water capacity is mod-
erate. The water table is high unless lowered artificially.
The soil blows readily when dry and bare. Frost damage
to crops is a hazard.

If drained, this soil is suitable for most crops. Some areas
have been cleared and drained and are cultivated. Corn,
small grain, and hay are the common crops. Long crop-
ping systems that consist largely of hay and pasture are
usual. Many of the areas once cultivated are now idle or
are used for hay or pasture. Undrained areas are in pas-
ture or woods. (Capability unit IITw-8 (4/1c) ; woodland
suitability group W)

Pinconning and Breckenridge sandy loams (0 to
2 percent slopes) (Pr).—The soils in this undifferentiated
unit occur in the western part of the county, on lake plains
and where the plains merge with the uplands. None of the
areas mapped contains both soils. Most areas consist pre-
dominantly of Pinconning sandy loam, and the rest pre-
dominantly of Breckenridge sandy loam. Both soils are
level to depressional, and both are poorly drained. Pin-
conning soils developed in loamy sand and sand over silty
clay, and Breckenridge soils, which occur where the plains
grade to the uplands, developed in sandy loam over clay
loam.

Included in the areas dominated by Pinconning sandy
loam are spots of Granby soils, which lack the silty clay
substratum within 40 inches of the surface; spots of Au
Gres and Allendale soils, which have slopes of 2 to 4 per-
cent and are less poorly drained ; and spots in which either
the subsoil is cemented or chunks of cemented material
occur below a depth of 12 inches. The areas that are dom-
inantly Breckenridge sandy loam include spots of Brevort
soils and spots of Tosco and Belding soils, which have
slopes of 2 to 4 percent and are less poorly drained.

The Pinconning soil is low in fertility, and the Brecken-
ridge soil is medium. Both have a moderate available water
capacity. The water table is near the surface much of the
year. When the water table recedes, permeability is mod-
erate or moderately rapid in the uper part of both soils
and moderately slow or slow in the underlying material.
Both soils are suspectible to blowing. Frost damage to
crops is a hazard.

If drained, these soils are suited to most of the common
crops. Most areas have been cleared and cultivated, but
now some are idle or are used only for hay or pasture. A
few are covered with brush. (Capability unit ITTw-8 (Pin-
conning—4/1e, Breckenridge—3/2¢c); woodland suita-
bility group W).
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Richter Series

The Richter series consists of somewhat poorly drained
soils that occur in glacial drainageways and on lake plains
and outwash plains, mainly in the eastern half of the
county. These soils developed in layers of sandy loam,
fine sandy loam, loamy fine sand, and loamy sand.

In a typical profile, the surface layer consists of very
dark grayish-brown sandy loam and is about 7 inches
thick. Below this is a 3-inch subsurface layer of grayish-
brown loamy sand. The subsoil is about 20 inches thick.
It is made up of 4 inches of dark-brown, mottled, very
friable loamy sand; 6 inches of dark yellowish-brown,
mottled, friable sandy loam; 6 inches of brown, mottled,
very friable loamy fine sand; and 4 inches of yellowish-
brown, mottled, friable fine sandy loam. The underlying
material, at a depth of 30 inches, consists of grayish-
brown, mottled fine sandy loam.

Fertility is medium, and the available water capacity
is moderate. Runoff is slow to medium, and water ponds
in small depressions in spring. The water table is high
in spring but recedes in summer. The organic-matter con-
tent is medium. When dry, the soils are susceptible to
water erosion and soil blowing.

If drained artificially, these soils are suited to most
crops. Corn, small grain, and hay are the common crops.
Some areas are used for hay or pasture, and others are
still wooded. The native vegetation is a mixture of hard-
woods and conifers, including maple, elm, birch, aspen,
and white pine.

Typical profile of Richter sandy loam, 0 to 2 percent
slopes, cultivated, located in the SE4NE1,SE1, sec. 27,
T. 6 N., R. 13 W. (Georgetown Township) :

Ap—o0 to 7 inches, very dark grayish-brown (10YR 3/2) sandy
loam; weak, medium, granular structure; friable;
slightly acid; abrupt, smooth boundary.

A2—7 to 10 inches, grayish-brown (10YR 5/2) loamy sand;
weak, medium, subangular blocky structure; very
friable; medium acid; clear, wavy boundary.

B21ir—10 to 14 inches, dark-brown (7.5YR 4/4) loamy sand;
few, fine, prominent, red (2.5YR 4/8) mottles; weak,
coarse, subangular blocky structure; very friable;
medium acid; clear, wavy boundary.

B22ir—14 to 20 inches, dark yellowish-brown (10YR 4/4)
sandy loam; many, medium, distinct, yellowish-red
(5YR 5/8) mottles; moderate, medium, subangular
blocky structure; friable; medium acid; clear, wavy
boundary.

ITA’2—20 to 26 inches, brown (10YR 5/3) loamy fine sand;
many, medium, faint, yellowish-brown (10YR 5/6)
mottles ; weak, medium, subangular blocky structure;
very friable; slightly acid; clear, wavy boundary.

IIB’t—26 to 30 inches, yellowish-brown (10YR &/4) fine
sandy loam; many, medium, distinct, strong-brown
(7.5YR 5/8) mottles; moderate, medium, subangular
blocky structure; friable; neutral; abrupt, smooth
boundary.

IICg—30 to 50 inches, grayish-brown (10YR 5/2), stratified
fine sandy loam and loamy fine sand, common, me-
dium, distinct, brownish-yellow (10YR 6/8) mottles:
weak, medium, subangular blocky structure; friable;
mildly alkaline.

The solum ranges from 24 inches to more than 42 inches in
thickness. In reaction it ranges from medium acid to neutral.
The thickness and texture of the horizons vary considerably.
The thickness is predominantly between 1 and 6 inches. Loamy
sand and sandy loam are the predominant textures, but others
are-represented. Gravel is scattered through some profiles.

In undisturbed areas there is an Al horizon that is 1 to
5 inches thick., The range in color in this horizon is from black

(10YR 2/1) to very dark grayish brown (10YR 3/2). In some
places the profile includes a thin layer of black organic
material.

The color of the Ap horizon ranges to dark brown (10YR
4/3) or dark grayish brown (10YR 4/2), and the texture is
sandy loam, loamy sand, or loam. The color of the A2 horizon
ranges to light brownish gray (10YR 6/2) or pale brown
(10YR 6/3), and the texture is loamy sand, sand, or sandy
loam.

In the B2lir and B22ir horizons, the color ranges to reddish
brown (5YR 4/4), and the mottles are faint to prominent. The
texture of these horizons is predominantly loamy sand or
sandy loam, but thin strata of fine sandy loam, loam, and silt
loam occur in some profiles.

The texture of the IIA’2 horizon is loamy sand, loamy fine
sand, or sand. Scattered lenses of fine sandy loam or silty mate-
rial occur in this horizon, mainly where the horizon is
thickest.

In the IIB’t horizon the color ranges to dark yellowish
brown (10YR 4/4) or strong brown (7.5YR 5/8), and the tex-
ture is sandy loam, fine sandy loam, or silt loam.

The IICg horizon is predominantly mildly alkaline in re-
action but ranges from neutral to moderately alkaline and
is caleareous in some places. In some profiles strata of fine sand
or gravel or both occur below a depth of 50 inches.

Richter soils formed in material similar to that in which
Tonkey soils formed, but they are neither so wet nor so gray
as Tonkey soils, Richter soils occur near Montealm and
Gladwin soils. They are less well drained than Montcalm soils,
and they lack the sandy and gravelly IIC horizon that is
characteristic of Gladwin soils.

Richter sandy loam, 0 to 2 percent slopes (RcAl.—This
soil occurs on outwash plains and lake plains and in
glacial drainageways.

This soil has the profile described as typical of the series,
but variations in the profile occur from place to place. In
some places the dominant texture of the profile is loamy
sand, in others it is loamy fine sand, and in still others
it is fine sand. In protected depressions the surface is cov-
ered with a thin overwash of material washed from the
surrounding slopes. Included in mapping were spots of
poorly drained Tonkey soils in depressions and narrow
drainageways; of Gladwin soils, which have gravelly un-
derlying material; of Montcalm soils, which are better
drained than Richter soils; and of Kibbie soils, which are
a little finer textured. Also included are sandy spots; areas
of a soil that has finer textured underlying material at a
depth of 4 or 5 feet; and ridges, knolls, and depressions
that have slopes of more than 2 percent.

Fertility is medium, and the available water capacity 1s
moderate. The water table is high in spring but recedes in
summer. Crops are likely to show the effects of a moisture
shortage late in the growing season. When dry and bare,
the soil is susceptible to blowing.

Most areas of this soil have been cleared and cultivated.
Corn, small grain, and hay are the common crops. Some
areas are used only for hay and pasture, and a few are
still wooded. Trees grow slowly and are shallow rooted.
(Capability unit IIw-6 (3b) ; woodland suitability group
G)

Richter sandy loam, 2 to 6 percent slopes (RcB).—This
soil occurs on outwash plains and lake plains and in glacial
drainageways. Slopes are generally long, but short, irregu-
lar slopes occur on knolls and in depressions.

In some places the texture throughout the profile is
sandy loam, and the strata of other textures are lacking. In
other areas the dominant texture is fine sand, loamy sand,
or sand. In eroded places the surface layer is dark gray-

ish-brown or dark-brown sandy loam. Included in map-
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ping were spots of poorly drained Tonkey soils in depres-
sions and narrow drainageways; of Gladwin soils, which
have gravelly underlying material ; and of Montcalm soils,
which are better drained. Also included are areas of soils
that have fine-textured underlying material at a depth
of 4 or 5 feet and areas in which the slope is more than 6
percent or less than 2 percent.

Fertility is medium, and the available water capacity
is moderate. The water table is within 2 feet of the surface
after prolonged periods of wet weather. In summer it re-
cedes, and the soil becomes droughty late in the growing
season. The soil is susceptible to water erosion and blow-
ing when unprotected.

Most of the acreage is used for crops or pasture. Crop-
ping systems consist largely of small grain and hay. Only
a few areas are wooded. Trees grow slowly and are shal-
low rooted. (Capability unit IIw-7 (8b) ; woodland suita-
bility group G)

Rubicon Series

This series consists of well-drained soils that occur on
outwash plains and lake plains, on stabilized dunes, and,
less extensively, on uplands. These soils developed in deep
deposits of acid sand.

In a typical profile, the surface layer consists of very
dark gray sand and is about 3 inches thick. Below this is a
6-inch subsurface layer of light brownish-gray sand. The
subsoil is about 17 inches thick. It is made up of dark-
brown, strong-brown, and yellowtish-brown, loose sand.
The underlying material, at a depth of about 26 inches,
is very pale brown sand.

Fertility is very low, the available water capacity is very
low, and permeability is rapid. Runoff is slow to medium,
depending on the slope. Soil blowing is a hazard if the
surface is exposed.

These soils are not suitable for farm crops. They are
suitable for trees, for wildlife habitat, and for recreational
facilities. Much of the acreage is idle, is in forest, or is
reforesting. The native vegetation is a mixture of hard-
woods and conifers, including white pine, white oak, black
oak, and aspen.

Typical profile of Rubicon sand, 0 to 6 percent slopes,
disturbed, located in the NW1,SW1,NW1; sec. 8, T. 8 N.,
R.16 W. (Spring Lake Township) ;

A1—O0 to 3 inches, very dark gray (10YR 3/1) sand; weak, fine,
granular structure ; very friable ; medium acid ; abrupt,
smooth boundary.

A2—3 to 9 inches, light brownish-gray (10YR 6/2) sand ; single
grain; loose; medium acid ; clear, irregular boundary.

B2lir—9 to 15 inches, dark-brown (7.5YR 4/4) sand; single
grain ; loose ; strongly acid ; clear, wavy boundary.

B22ir—15 to 20 inches, strong-brown (7.5YR 5/6) sand; single
grain ; loose ; strongly acid ; clear, wavy boundary.

B3—20 to 26 inches, yellowish-brown (10YR 5/6) sand; single
grain; loose ; medium acid ; clear, wavy boundary.

C—26 to 66 inches, very pale brown (10YR 7/4) sand; single
grain; loose ; medium acid.

The solum is 20 to 40 inches thick. In reaction it ranges from
slightly acid to strongly acid.

In undisturbed areas a 1- to 2-inch O horizon of black
(10YR 2/1 or 7.5YR 2/1) organic material is at the surface.

The color of the Al horizon ranges to black (10YR 2/1), and
that of the A2 horizon to light gray (10YR 7/2).

In cultivated areas the Ap horizon, a mixture of the O, Al,
and A2 horizons, is very dark grayish brown (10YR 3/2).

Where the B2lir horizon is less than 3 inches thick, the

color ranges to dark brown (7.5YR 3/2) or dark reddish brown
(5YR 3/3). The color of the B22ir ranges to dark brown (7.5YR
4/4) or dark yellowish brown (10YR 4/4).

Thin color bands occur in the C horizon in some profiles. The
color of the C horizon ranges to yellowish brown (10YR 6/4)
or very pale brown (10YR 7/3). Mottles occur below a depth
of 40 inches in some profiles. The reaction of this horizon is
slightly acid or medium acid.

Rubicon soils formed in the same kind of material as Chelsea,
Croswell, and Deer Park soils. Rubicon soils lack the multiple
Bt horizons that are typical of Chelsea soils. They are better
drained than Croswell soils, and they lack the mottles in the
B22ir horizon that are typical of Croswell soils. They have a
darker colored and better developed Bir horizon than Deer
Park soils.

Rubicon sand, 0 to 6 percent slopes (RsB).—This soil,
one of the most extensive in the county, occurs as large
areas on outwash plains and lake plains, as long narrow
areas on dunes, and as small, irregularly shaped areas on
parts of the uplands.

This soil has the profile described as typical of the series,
but variations in the profile occur from place to place, In
some areas in the southern and eastern parts of the county,
the subsoil lacks the brownish and reddish colors. In some
areas on the outwash plains and lake plains, the underlying
material is gravelly. Fine-textured underlying material
occurs at a depth of 3 to 4 feet in some places; in others
the upper part of the subsoil is a darker brown that is typi-
cal; and in still others the subsoil contains fragments of
cemented material. Soil blowing has removed the surface
and subsurface layers from some srall areas, and in these
places the present surface layer is dark-brown sand. In
other places wind-blown material has been deposited on
the surface. Included in mapping were spots of moderately
well drained Croswell and somewhat poorly drained Au
Gres soils, which occur in depressions and drainageways,
and spots of Chelsea soils, which are finer textured than
Rubicon soils. Also included were small spots that are
severely eroded.

Fertility is very low, the available water capacity is
very low, and permeability is rapid. The soil blows readily
if the surface is exposed.

Although this soil is not suitable for most crops, spe-
cialty crops, including flowers, seedling trees, melons,
pickling cucumbers, and small fruits, are grown in a few
places where supplemental irrigation is available. Many
areas are covered with second-growth oak, white pine, and
aspen. Other areas, once cultivated but now abandoned,
have grown up to black oak, white oak, aspen, sassafras,
and fire cherry. Red pine, jack pine, and white pine have
been planted for timber, and Scotch pine for Christmas
trees. (Capability unit VIIs-1 (5.3a); woodland suita-
bility group H)

Rubicon sand, 6 to 18 percent slopes (RsD).—This soil
occurs as long, narrow ridges on plains and as small areas
on upland hillsides. Both the size of individual areas and
the total extent are greater on the plains than on the
uplands.

The surface layer in some areas is loamy sand, and the
lower part of the subsoil in some places 1s mottled. The
subsoil is less well differentiated than that in the typical
profile. Where soil blowing has removed the original sur-
face and subsurface layers, the present layer is dark-brown
sand. In depressions and protected pockets, the surface
layer is thicker and darker colored than is typical. In-
cluded in mapping were spots of Chelsea soils, which have
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thin bands of fine-textured material below a depth of 36
inches. Also included are severely eroded spots in which
the surface layer is pale-brown sand.

Fertility is very low, the available water capacity is
very low, and permeability is rapid. The soil blows readily
if the surface is exposed.

This soil is not suitable for crops. Some of it is now cov-
ered with second-growth trees, and some with a mixture
of beachgrass, fire cherry, sumac, and scrub oak. Pine,
either for timber or for Christmas trees, has been planted
in some areas. (Capability unit VIIs-1 (5.3a) ; woodland
suitability group H)

Rubicon sand, 18 to 45 percent slopes (RsF).—This soil
occurs mainly on ridges and on the sides of deep drainage-
wagrs in the western part of the county. Slopes are short
and steep.

Most areas of this soil are eroded to the extent that the
present surface layer is dark-brown sand. All horizons
1n the profile are thinner and less well differentiated than
those in the typical profile. Included in mapping were
spots of Chelsea soils, which have thin bands of finer
textured material within 3 feet of the surface; severely
eroded spots in which the surface layer is pale-brown sand ;
and protected spots in which the surface layer is thicker
and darker colored than is typical.

This soil is not suitable for crops, but it does have value
as a source of timber products, as wildlife habitat, and
for recreational uses. It needs to be protected by a cover
of trees or other permanent vegetation. (Capability unit
VIIs-1 (5.8a) ; woodland suitability group. H)

Sand Pits

Sand pits (Sd) consists of scattered areas that have been
excavated to obtain sand for fill material, for borrow, and
for other commercial uses. The areas vary in size and
shape. Some large pits along Lake Michigan are sources
of sand used in foundry castings. Free water stands in
some of the pits. The loose, dry sand, especially in the
gits near Lake Michigan, i1s highly susceptible to soil

lowing.

If stabilized and revegetated, these areas are useful as
wildlife habitat and as recreation areas. They are not suit-
able for farming. (Capability unit VIIIs-1 (Sa); wood-
land suitability group Y)

Saugatuck Series

The Saugatuck series consists of somewhat poorly
drained and poorly drained soils that occur on outwash
plains and lake plains, mainly in the western part of the
county. These soils have cemented layers in the lower part
of. the subsoil. In Ottawa County, Saugatuck soils were
mapped only as part of the complex called Au Gres-
Saugatuck sands, 0 to 6 percent slopes.

In a typical profile, the surface layer consists of black
sand and is about 4 inches thick. Below it is a 3-inch sub-
surface layer of reddish-gray fine sand. The subsoil con-
sists of fine sand and is 16 inches thick. The uppermost
inch is black and very friable; the next inch is very dusky
red and very friable. The next 10 inches is dark reddish
brown to reddish yellow and is weakly to strongly
cemented. Below the cemented layers is a 4-inch layer of

loose fine sand that is reddish yellow blotched with darker
colors. The underlying material, at a depth of 23 inches, is
very pale brown over pale brown fine sand ; it extends to a
depth of at least 60 inches.

Fertility is low, and the available water capacity is low.
Runoff is very slow. Water ponds in slight depressions for
short periods after heavy rains. Permeability is rapid in
the surface layer and the upper part of the subsoill and
slow in the cemented layers. The water table fluctuates.
It is within a few feet of the surface part of the year but
drops several feet in summer. The cemented layers restrict
the growth of roots. The soils blow readily when dry.

A large part of the acreage has been cleared but is now
idle. Some areas are wooded. The native vegetation is a
mixture of hardwoods and conifers, including oak, white
pine, sweetgum, and birch. Trees grow slowly and are
shallow rooted and of low quality. Blueberries are grown
in some areas.

Typical profile of Saugatuck sand, undisturbed, located
in the NW14NW1, sec. 30, T. 7 N., R. 15 W. (Robinson
Township, 525 feet E. and 600 feet S. of NW. corner of
section, at junction of 144th St. and Michigan Route 45) :

02—2 inches to 0, mat of partly decomposed leaves and twigs
and roots. .

A1-—0 to 4 inches, black (N 2/0) sand; very weak, granular
structure ; very friable; some light-gray (N 7/0) sand;
a mat of fine roots makes up about 40 percent of
horizon ; very strongly acid ; abrupt, smooth boundary.

A2—4 to 7 inches, reddish-gray (5YR 5/2) fine sand; common,
fine, distinct, dark reddish-brown (5YR 3/3) mottles;
very weak, medium, subangular blocky structure; very
friable; contains a mass of fine roots; very strongly
acid; abrupt, wavy boundary.

B21h—T7 to 8 inches, black (5YR 2/1) fine sand ; weak, fine and
medium, subangular blocky structure; very friable;
contains many fine roots; very strongly acid; abrupt,
wavy boundary.

B22hir—S8 to 9 inches, very dusky red (2.5YR 2/2) fine sand;
medium, subangular blocky structure; very friable;
contains many fine roots; very strongly acid; abrupt,
wavy boundary.

B23irm—9 to 11 inches, dark reddish-brown (2.5YR 2/4) fine
sand; massive, parting to moderate to strong, thin,
platy structure; weakly to strongly cemented
(ortstein) ; a few tongues, 2 to 4 inches thick, extend
into the B24irm horizon; very strongly acid; abrupt,
wavy boundary.

B24irm—11 to 138 inches, dark reddish-brown (5YR 3/4 or
2.5YR 3/4) fine sand; massive, parting to moderate,
thin, platy structure; strongly cemented (ortstein) ; a
mass of fine, flat roots between horizontal planes and
plates; very strongly acid; abrupt, wavy boundary.

B25irm—13 to 19 inches, reddish-yellow (7.5YR 6/6) fine sand;
streaks of dark reddish brown (5YR 3/4) at irregular
intervals; very few roots; massive; strongly cemented
(ortstein) ; very strongly acid; gradual, irregular
boundary. '

B3—19 to 23 inches, reddish-yellow (7.5YR 7/6) fine sand;
single grain ; loose; contains numerous vertical stems
or channels, from less than 1 millimeter to about 3
millimeters in diameter, and blotches of dark reddish
brown (6YR 3/3) and dark brown (7.5YR 4/4) ; chan-
nels of stems are 1 to 3 inches long; the color is
strongest or reddest in the center of the channel and
fades gradually toward the outside; very strongly
acid; clear, wavy boundary.

C1—23 to 30 inches, very pale brown (10YR 7/4) fine sand;
dark-brown (7.5YR 4/4) channels or tubes, from less
than 1 millimeter to about 3 millimeters in diameter
and from % inch to § inches in length, plentiful in
upper part and ,decreasing in number with depth;
single grain; loose;. strongly acid; gradual, wavy
boundary.
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02—30 to 60 inches, pale-brown (10YR 6/3) fine sand; few,
fine, vertical channels or tubes of dark brown (7.5YR
4/4) ; single grain; loose; strongly acid.

The solum is 18 to 60 inches thick but dominantly between
20 and 40 inches. The texture throughout is fine sand or medium
sand. In reaction the solum ranges from medium acid to ex-
tremely acid but is most commonly strongly or very strongly
acid. The reaction of the C horizon is medium acid to strongly
acid.

In cultivated areas there is an Ap horizon that is very dark
brown (10YR 2/2) or dark gray (10YR 4/1).

The color of the A2 horizon ranges to white (N 8/0 or 10YR
8/1), light gray (10YR 6/1), or pinkish gray (7.5YR 7/2 or
5YR 7/2). Tongues of A2 material extend into the Bh and Birm
horizons in some profiles.

Color, thickness, and degree of cementation in the Bh horizon
vary within short horizontal distances. In the Birm horizon,
the hue is 2.5YR, 5YR, or 7.5YR, the value is 2 to 6, and the
chroma is 1 to 6. The thickness of the cemented (Birm) hori-
zons ranges from 9 to 28 inches.

The color of the C horizon ranges to light brownish gray
(10YR 6/2) or light yellowish brown (10YR 6/4).

Saugatuck soils occur near Croswell, Au Gres, and Granby
soils, none of which have the continuous cemented Birm hori-
zon that is characteristic of Saugatuck soils.

Selkirk Series

The Selkirk series consists of somewhat poorly drained
soils that occur on lake plains. These soils developed in
deposits of limy clay or silty clay.

In a typical profile, the surface layer consists of dark-
gray loam and 1s about 8 inches thick, The subsoil is about
14 inches thick. The upper 4 inches is a mixture of light
brownish-gray, firm loam and brownish-yellow, firm silty
clay loam. The lower 10 inches is yellowish-brown, mottled,
very firm silty clay. The underlying material, at a depth
of 22 inches, is yellowish-brown, mottled, limy silty clay.

Fertility is high, and the available water capacity is
moderate, Runoff is slow, and water ponds in depressions.
Permeability is slow. The soils warim up and dry out slowly
in spring. Mottling in the subsoil is evidence of prolonged
saturation. Because of the slow permeability, it is difficult
to drain these soils well enough to make them suitable for
crops. Tilth deteriorates without careful management.
Frost damage to crops is a hazard.

Some of the acreage is cropland, some is pasture, and
some is woodland. Hay and pasture crops do well. The
native vegetation consists mainly of lowland hardwoods,
including maple, ash, beech, and elm ; some white pine and
some hemlock are included also. Trees grow slowly and are
shallow rooted.

Typical profile of Selkirk loam, 2 to 6 percent slopes,
cultivated, located in the SE1,NW14SE1; sec. 17, T. 8 N,
R.14W. (Polkton Township) :

Ap—o0 to 8 inches, dark-gray (10YR 4/1) loam ; weak, medium,
granular structure; friable; mildly alkaline; abrupt,
smooth boundary.

A&B—S8 to 12 inches, light brownish-gray (10YR 6/2) loam
(A part), which occurs in cracks and surrounds or
nearly surrounds isolated peds of brownish-yellow
(10YR 6/6) silty clay loam (B part); moderate,
medium, subangular blocky structure; firm; neutral;
clear, irregular boundary.

B2t—12 to 22 inches, yellowish-brown (10YR 5/4) silty clay;
many, medium, distinct, gray (10YR 6/1) and light
brownish-gray (10YR 6/2) mottles; strong, fine,
angular blocky structure; very firm; films of gray

(10YR 5/1) clay in cracks, voids, and root channels;
mildly alkaline; clear, wavy boundary.

C—22 to 50 inches, yellowish-brown (10YR 5/4) silty clay;
many, medium, distinet, light-gray and gray (10YR
7/1 and 6/1) mottles; strong, medium, angular blocky
structure; very firm; streaks and coatings of gray
(10YR 5/1) lime; calcareous.

The solum is 16 to 28 inches thick. In reaction it ranges from
slightly acid to moderately alkaline.

In undisturbed areas the profile has an Al and an A2 horizon,
each 3 to 5 inches thick. The color of the Al horizon is very
dark grayish brown (10YR 3/2) or very dark gray (10YR 3/1),
and the texXture is dominantly loam but is silt loam or clay
loam in some places. The color of the A2 horizon is gray (10YR
5/1 or 5YR 5/1), pinkish gray (7.5YR 5/2), or light brownish
gray (10YR 6/2).

The color of the Ap horizon ranges to dark grayish brown
(10YR 4/2) or very dark grayish brown (10YR 3/2).

In the B horizon, the color has a hue of 10YR to 5YR, a value
of 4 to 6, and a chroma of 8 to 6. The texture of this horizon is
gilty clay or clay.

The color of the C horizon ranges to pinkish gray (5YR 6/2 or
75YR 6/2) mottled with reddish brown (5YR 6/3) or red
(2.5YR 5/8). The texture of the C horizon is silty clay or clay.

Selkirk soils are in the same drainage class as Kawkawlin
and Bowers soils. They have finer textured B2 and C horizons
than either Kawkawlin or Bowers soils. Selkirk soils occur
near Allendale soils. They are finer textured in the upper part
of the B horizon than Allendale soils. They are less poorly
drained and less gray than Toledo soils.

Selkirk loam, 0 to 2 percent slopes (SeA).—This soil
is on lake plains. Associated with it are Hettinger, Pin-
conning, Allendale, and Bowers soils. )

In undisturbed areas the color of the surface layer is
dark grayish brown or very dark gray. In some places the
texture of the surface layer is silt loam or clay loam. Clay
loam is most likely to be found where the soil has been
cultivated intensively. Included in mapping were spots
in which drainage is poor and the surface layer is thicker
and the color darker than is typical. Also included were
spots in which about 2 feet of fine sandy loam overlies the
silty clay substratum. Spots of Allendale and Pinconning
soils are other inclusions.

Fertility is high, the available water capacity is mod-
erate, and permeability is slow. Subsurface drainage is
needed for most crops, and surface drainage is needed in
many places. Establishing artificial drainage is difficult
because of the slow permeability. Tilth deteriorates if the
soil is worked when wet. The fine-textured subsoil restricts
the root zone. The soil warms up and dries out slowly in
spring. Frost damage to crops is a hazard.

Most areas of this soil are small and are used for crops
or pasture along with the surrounding soils, Careful man-
agement, including drainage, is needed if crops are grown.
Pasture plants do well, but animal traffic when the soil is
wet is likely to cause compaction. Trees grow slowly and
have shallow. roots. Limitations for construction are nu-
merous. (Capability unit IITw-2 (lb); woodland suita-
bility group Z)

Selkirk loam, 2 to 6 percent slopes (SeB).—This soil is
on lake plains. Slopes in some areas are long and uniform
and generally of no more than 3 percent gradient; slopes
in other areas are short, irregular, and choppy. Associ-
ated with this soil are Allendale, Hettinger, and Pincon-
ning soils,

This Selkirk soil has the profile described as typical of
the series. In undisturbed areas the color of the surface
layer is dark grayish brown or very dark gray. In some
places the texture of the surface layer is silt loam or clay
loam. Clay loam is most likely to be found where the soil
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has been cultivated intensively. Where the soil is eroded,
the surface layer is yellowish-brown, mottled silty clay
loam; it has very poor tilth and is sticky and slippery
when wet and hard and crusted when dry. Included in
mapping were spots of Hettinger and Pinconning soils,
which are in depressions and drainageways and are poorly
drained, and of Allendale soils, which have about 2 feet
of sand above the silty clay substratum. Also included are
spots in which about 2 feet of fine sandy loam overlies the
substratum. Other included areas have slopes of more
than 6 percent or less than 2 percent.

Fertility is high, the available water capacity is mod-
erate, and permeability is slow. Ponded water mn depres-
sions delays tillage and prevents or retards the growth
of crops. Seedlings winterkill when ice forms in such
spots. Subsurface drainage is needed for most crops, and
surface drainage is needed in many places. The soil erodes
readily, and erosion quickly removes the thin surface layer
and exposes the silty clay subsoil. Tilth deteriorates if the
soil is worked when wet. The fine-textured subsoil restricts
the root zone. The soil warms up and dries out slowly in
spring.

Most areas of this soil are small and are used for crops
or pasture along with surrounding soils, which are com-
monly of the Allendale and Pinconning series. Careful
management, including drainage, is needed if crops are
grown. Pasture plants do well, but animal traflic when the
soil is wet can cause compaction. Trees grow slowly and
have shallow roots. Limitations for construction are nu-
merous. (Capability unit ITIw-2 (lb); woodland suit-
ability group Z)

Shoals Series

The Shoals series consists of somewhat poorly drained
soils on flood plains. These soils are flooded periodically
and at times are inaccessible.

In a typical profile, the surface layer consists of dark
grayish-brown loam and is about 8 inches thick. The sub-
soil is about 35 inches thick. It is made up of 8 inches of
dark-gray, mottled, friable silt loam; 8 inches of gray,
mottled, firm silty clay loam; and 9 inches of dark-brown,
mottled, very firm silty clay loam. The underlying ma-
terial, at a depth of about 43 inches, is light brownish-
gray, mottled fine sandy loam; it extends to a depth of
at least 60 inches.

Fertility is high, the available water capacity is high,
permeability is moderately slow, and runoff is very slow
to ponded. The water table is seasonally high, and periodic
flooding is a hazard. Crops are subject to frost damage.

Some of the acreage is cropland, some is pasture, and
some is woodland. Drainage is needed if crops are grown.
Pastures have high carrying capacity. Trees are slow
growing, shallow rooted, and of low quality. The native
vegetation is a mixture of lowland hardwoods, including
elm, ash, red maple, silver maple, cottonwood, sycamore,
willow, and alder brush.

Typical profile of Shoals loam, cultivated, located in the
SW1,SW1,SW14NE1, sec. 23,.T. 8 N., R. 15 W. (Crock-
ery Township) :

Ap—O0 to 8 inches, dark grayish-brown (10YR 4/2) loam;

common, medium, faint, very dark gray (10YR 3/1)
mottles; moderate, medium, granular structure;

friable; alkaline; abrupt, smooth
boundary.

Blg—8 to 16 inches, dark-gray (10YR 4/1) silt loam; many,
medium, distinet, light-gray (10YR 7/1) and many,
medium, faint, very dark grayish-brown (10YR 3/2)
mottles ; moderate, medium, subangular blocky sirue-
ture; friable; moderately alkaline; gradunal, wavy
boundary.

B21g—16 to 24 inches, gray (10YR 5/1) silty clay loam ; com-
mon, medium, faint, light-gray (10YR 6/1) mottles
and common, medium, distinet, dark yellowish-brown
(10YR 4/4) mottles; moderate, medium, angular
blocky structure; firm; mildly alkaline; clear, wavy
boundary.

B22g—24 to 43 inches, dark-brown (7.5YR 4/4) silty clay
loam; many, coarse, distinet, light brownish-gray
(10YR 6/2) mottles and many, medium, distinct, gray
(10YR 5/1) mottles; moderate, medium, angular
blocky structure; very firm; mildly alkaline; clear,
wavy boundary.

Cg—43 to 60 inches, light brownish-gray (10YR 6/2) fine sandy
loam ; many, medinm, distinct, yellowish-brown (10YR
5/4) mottles and many, medium, faint, gray (10YR
6/1) mottles; structureless (masgive) ; friable; mod-
erately alkaline; gradual, wavy boundary.

moderately

The solum is 20 to 50 inches thick. In reaction it ranges from
slightly acid to moderately alkaline.

The texture of the Ap horizon is loam, silt loam, or sandy
loam. The color of this horizon ranges to very dark grayish
brown (10YR 3/2) or brown (10YR 5/3), and the mottles are
faint to distinct.

In the B and C horizons, the color has a hue of 10YR or
7.5YR, a value of 3 to 6, and a chroma of 1 to 4. The texture
is dominantly light silty clay-loam or silt loam, but strata of
sandy loam, loam, or clay loam occur at a depth of 20 or more
inches.

Shoals and Sloan soils formed in similar material and occur
near each other. Shoals soils are less poorly drained than Sloan
soils, which are on lower parts of flood plains. Shoals soils
differ from Ceresco and Algansee soils in having a B2g horizon
of silty clay loam.

Shoals loam (0 to 2 percent slopes) (Sh).—This soil
occurs on ‘the flood plains of streams throughout the
county. It is slightly above the first bottoms. Associated
with 1t are Cohoctah, Glendora, and Sloan soils.

The color of the surface layer is dark grayish brown or
very dark gray. In places the texture ranges from loam to
silt loam or sandy loam within short distances. In some
areas, mainly near Hudsonville, a substratum of muck or
peat, from a foot to several feet in thickness, occurs at a
depth of 3 to 5 feet. In other areas sand and gravel occur
at a depth of 3 to 5 feet. Included in mapping were areas
of poorly drained Sloan soils, which are in depressions,
sloughs, meander scars, and pockets, and also areas of
Ceresco soils.

Fertility is high, and the available water capacity is
high. Artificial drainage is needed. Periodic flooding and
variations in texture make it difficult to install and main-
tain drainage facilities. . )

If adequately drained this soil is suited to corn and
other crops. Many areas have been cleared and drained
and are cultivated. Some cleared areas are now idle and
are covered with grass, weeds, and brush. Other areas are
in pasture, and others are still wooded. Trees are slow
growing and shallow rooted. (Capability unit ITIw-12
(L—2¢) ; woodland suitability group O)

Sims Series

The Sims series consists of poorly drained, level to de-
pressional soils that occur on uplands and plains. These



OTTAWA COUNTY, MICHIGAN 59

soils developed in deposits of clay loam or silty clay loam.

In a typical profile, the surface layer consists of very
dark gray loam and is about 9 inches thick. The subsoil is
about 21 inches thick. The upper 11 inches is dark green-
ish-gray, mottled, firm clay loam, and the lower 10 inches
is strong-brown, mottled, very firm clay loam. The under-
lying material, at a depth of about 30 inches, consists of
yellowish-brown, mottled clay loam that is calcareous
below a depth of about 36 inches. This layer extends to a
depth of several feet. o

Fertility is high, the available water capacity is high,
permeability is moderately slow, and runoff is slow to
ponded. The water table is near the surface much of the
vear. Artificial drainage is needed for crops, and frost
damage is a hazard.

Most of the acreage is drained and used for crops. Short
rotations in which row crops are dominant are usual. Un-
drained areas are used for hay or pasture or are wooded.
The native vegetation is a mixture of lowland hardwoods,
including elm, ash, red maple, silver maple, swamp white
oak, and some sycamore. ) .

Typical profile of Sims loam, cultivated, located in the
SW1,SW1,SE1,SE1, sec. 7, T. 6 N., R. 13 W. (George-
town Township) :

Ap—O0 to 9 inches. very dark gray (10YR 3/1) loam; moder-
ate, fine, granular structure; friable; neutral; abrupt,
smooth boundary.

B21g—9 to 20 inches, dark greenish-gray (5GY 4/1) clay
loam; few greenish-gray (5GY 5/1) clay films and
few, medium, prominent, dark-brown (7.5YR 4/4)
mottles ; moderate, medium, subangular blocky struc-
ture; firm; mildly alkaline; clear, wavy boundary.

B22—20 to 30 inches, strong-brown (7.5YR 5/6) heavy clay
loam; many, medium, prominent, greenish-gray
(5G 6/1) mottles; moderate, medium, angular blocky
structure; very firm; mildly alkaline; clear, wavy
boundary.

C1—30 to 36 inches; yellowish-brown (10YR 5/4) clay loam;
many, medium, prominent, greenish-gray (5GY 6/1)
mottles ; moderate, medium, subangular blocky struc-
ture; firm; moderately alkaline; clear, wavy
boundary.

C2——36 to 50 inches, yellowish-brown (10YR 5/4) clay loam;
many, medium,.prominent, greenish-gray (5G 6/1)
mottles ; moderate, medium, subangular blocky struc-
ture; firm; moderately alkaline and calcareous.

The solum is 20 to 40 inches thick.

The color of the Ap horizon ranges to very dark brown
(10YR 2/2). Some profiles have, below the Ap horizon, a
black (10YR 2/1) or very dark gray (10YR 3/1) Al horizon
1 to 4 inches thick. The lower boundary of the Al horizon is
clear or abrupt.

The matrix color of the B horizon ranges to grayish brown
(10YR 5/2), and the texture rangks to heavy silty clay loam.

The texture of the C horizon is clay loam or silty clay loam.

Sims soils formed in the same kind of material as Kawkaw-
lin and Hettinger soils. They are more poorly drained than
Kawkawlin soils, and they lack the thin layers of silt loam
in the C2 horizon that are characteristic of Hettinger soils.
Sims soils are in the same drainage class as Tonkey soils,
which are coarser textured throughout.

Sims loam (0 to 2 percent slopes) {Sm).—This nearly
level to depressional soil occurs on both uplands and plains
throughout the county. Associated with it are Nester,
Morley, Kawkawlin, and Blount soils, all of which are
better drained than Sims soils.

Some areas of this soil have a surface layer of clay loam,
silt loam, or sandy loam. In some depressed areas at the
base of slopes, the surface layer is thicker than that in the
typical profile because of an accumulation of overwash.

In other areas erosion has made the surface layer thinner
and lighter colored than is typical. Included in mapping
were scattered spots of Breckenridge and Brevert soils,
which are coarser textured than Sims soils; of Kawkawlin
soils, which are better drained; and of Hettinger soils,
which contain layers of silty material. Also included were
areas that have short slopes of 8 or 4 percent.

Fertility is high, the available water capacity is high,
permeability is moderately slow, and runoff is slow to
ponded. Artificial drainage is needed for crops. Frost
damage to cropsis a hazard.

It adequately drained, this soil is suited to most crops.
Corn, small grain, and hay are the common crops. Crop-
ping systems are usually short and consist largely of row
crops. Some areas, mostly undrained, are used only for hay
or pasture, and some are still wooded. (Capability unit
ITw-2 (1.5¢) ; woodland suitability group P)

Sloan Series

The Sloan series consists of poorly drained, nearly level
to depressional soils on-flood plains. These soils are flooded
periodically, and some areasare inaccessible.

In a typical profile, the surface layer consists of very
dark gray loam and is about 12 inches thick. The subsoil,
about 6 inches thick, consists of gray, mottled, firm light
silty clay loam. The upper 24 inches of the underlying
material is dark-gray, mottled silt loam. Below this 1s
light brownish-gray, mottled Joam that extends to a depth
of at least 60 inches,

Fertility is high, the available water capacity is high,
permeability is moderately slow, and runoff is slow to
ponded. The water table is high, and artificial drainage is
needed. Flooding and frost damage are hazards.

Some of the acreage is cropland, some is pasture, and
some 1s woodland. Corn is the major crop. Many areas are
In native pasture. Others are covered with low-quality
trees. The native vegetation is a mixture of lowland hard-
woods, including elm, red maple, silver maple, cottonwood,
willow, and alder brush.

Typical profile of Sloan loam, undisturbed, located in
the NE4LSW%NEY sec. 23, T. 8 N., R. 15 W. (Crockery
Township) :

Al1—O0 to 12 inches, very dark gray (10YR 3/1) loam; weak,
fine, granular structure; friable; neutral; gradual,
wavy boundary.

Bg—12 to 18 inches, gray (10YR 5/1) light silty clay loam;
few, medium, distinct, yellowish-brown (10YR 5/4)
mottles and many, medium, faint, dark-gray (10YR
4/1) mottles; weak, medium, subangular blocky struc-
ture; firm; mildly alkaline; gradual, wavy boundary.

Clg—18 to 42 inches; dark-gray (10YR 4/1) silt loam; many,
medium, faint. gray (10YR 5/1) mottles; weak, fine,
subangular blocky structure; friable; moderately al-
kaline.

C2g—42 to 60 inches, light brownish-gray (10YR 6/2) loam;
few, fine, faint, pale-brown (10YR 6/3) mottles;
structureless (massive) ; friable ; moderately alkaline.

The reaction of the solum ranges from neutral to moderately
alkaline. That of the C horizon is mildly or moderately alka-
line. In only a few places is the C horizon calcareous.

The color of the Al or Ap horizon ranges to -black (10YR
2/1). Some profiles include a 4- to 6-inch AI12 horizon. Organic
coatings on peds extend into the C horizon in some p'aces.

In both the B and C horizons, the dominant texture is
light loam; silt loam, or light silty clay loam (clay content
between 18 and 30 percent). Thin strata of sandy loam, fine
sand, and fine sandy leam occur below a depth of 24 inches
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in some places. Thicker strata of sand or, less commonly, of
gravel occur below a depth of 36 inches in some places.

Sloan soils occur near Shoals, Ceresco, Glendora, and Co-
hoctah soils. Sloan soils occupy lower positions on the land-
scape than Shoals soils and are more poorly drained. They
differ from Ceresco, Glendora, and Cohoctah soils in having
a moderately fine textured Bg horizon.

Sloan loam (0 to 2 percent slopes) (Sn).—This soil is
on the lowest parts of flood plains. Associated with it are
Cohoctah, Glendora, Shoals, and Ceresco soils.

In most areas the surface layer is very dark gray loam,
but in some areas the texture of this layer is clay loam,
silt loam, or sandy loam. In protected pockets, meander
scars, and sloughs, where water ponds for long periods of
time, the entire profile is finer textured than 1s typical.
In some depressed areas, mostly at the outer margin of the
flood plain, a 12-inch to 15-inch layer of organic material
is at the surface. In some places a layer of organic material
is buried at a depth of 8 to 5 feet. In the western part of
the county are some areas in which the texture below a
depth of 12 to 18 inches is coarser than is typical. Included
in mapping were spots of Shoals soils, which are less
poorly drained, and of Glendora and Algansee soils, which
are coarser textured than Sloan soils. Also included are
some areas that have slopes between 2 and 4 percent.

Fertility is high, the available water capacity is high,
permeability is moderately slow, and runoff is slow to
ponded. Artificial drainage is needed if crops are grown.
Because of periodic flooding and variations in texture, in-
stallation and maintenance of drainage facilities are diffi-
cult . Frost damage to crops is a hazard.

Many areas of this soil have been cleared, drained, and
cultivated. Corn is the major crop. Some areas are used
only for native pasture, and some are still wooded. Pas-
tures have high carrying capacity. Trees are generally
slow growing and shallow rooted. Wildlife that needs a
wetland habitat is abundant. Some areas have been devel-
oped for recreational use. (Capability unit ITTw-12 (L-
2¢) ; woodland suitability group O)

Spinks Series

The-Spinks series consists of well-drained soils that oc-
cur both on plains and on uplands in the southeastern part
of the county. These soils developed in deposits of sand
and loamy sand.

In a typical profile, the surface layer consists of dark
grayish-brown loamy sand and is about 7 inches thick. A
6-inch subsurface layer consists of pale-brown sand. The
upper 8 inches of the subsoil consists of yellowish-brown,
friable heavy loamy sand. Beginning at a depth of 21
inches is a horizon made up of alternate layers of pale-
brown, loose sand and dark-brown, friable heavy loamy
sand; this horizon extends to a depth of 58 inches. The
underlying material is light yellowish-brown loamy sand ;
it extends downward several feet.

Fertility is low, the available water capacity is low, and
permeability is rapid. Runoft is slow to medium, depend-
ing on the slope. The organic-matter content is low. Crops
generally show the effects of moisture deficiency late in
the growing season. The soils are susceptible to water ero-
sion and to blowing.

Some of the acreage is cropland, some is pasture, and
some is woodland. The native vegetation is a mixture of
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upland hardwoods, including oak, hickory, and maple.
Limitations for construction are few,

Typical profile of a Spinks loamy sand, cultivated, lo-
cated in the NE14,SW1,SW1; sec. 13, T. 7 N, R. 13 W.
(Tallmadge Township) :

Ap—O0 to 7 inches, dark grayish-brown (10YR 4/2) loamy sand ;
weak, medium, granular structure; very friable;
slightly acid ; abrupt, smooth boundary.

A2—7 to 13 inches, pale-brown (10YR 6/3) sand; structureless
(single grain) ; loose; medium acid; clear, irregular
boundary.

Bt—13 to 21 inches, yellowish-brown (10YR 5/6) heavy loamy
sand; weak, medium, subangular blocky structure;
friable ; slighktly acid ; clear, wavy boundary.

A’2&B’t—21 to 58 inches, alternate layers of pale-brown (10YR
6/3) sand (A’2 part) and dark-brown (7.5YR 4/4)
heavy loamy sand (B’t part). A’2 material is struec-
tureless (single grain), loose, and medium acid; lay-
ers have abrupt, smooth lower boundary. B’t material
is structureless (massive), friable, and slightly acid;
lower boundary is clear and wavy.

C—58 to 66 inches, light yellowish-brown (10YR 6/4) loamy
sand; structureless (massive); very friable; mildly
alkaline.

The reaction of the solum below the Ap horizon is medium
acid to neutral but is predominantly medium acid or slightly
acid. The reaction of the Ap horizon depends on how much,
lime has been applied. That of the C horizon ranges from
slightly acid to mildly alkaline.

. In undisturbed areas there is a 3- to 5-inch Al horizon that
is very dark gray (10YR 3/1), very dark grayish brown (10YR
3/2), or dark gray (10YR 4/1).

The color of the Ap horizon ranges to dark brown (10YR
4/3). In the A2 horizon the color ranges to light yellowish
brown (10YR 6/4), and the texture is sand or loamy sand.

The depth to the Bt horizon ranges from 12 to about 24
inches. The number of B’t layers in the A’2&B’t horizon varies
between 4 and 15 or more. In thickness these layers range
from half an inch to about 5 inches; the total thickness is
more than 6 inches.

Spinks soils occur near Boyer, Oshtemo, and Hillsdale soils.
They are much thinner and coarser textured than any of these
other soils and also are less acid than Hillsdale soils. Spinks
soils and Montcalm soils formed in similar material and occur
together. Spinks soils lack the Bir horizon that is character-
istic of Montcalm soils.

Spinks loamy sand, 0 to 2 percent slopes (SpA).—This
soil occurs on plains and uplands in the southeastern part
of the county.

This soil has the profile described as typical of the series.
In some places the underlying material is gravelly. In-
cluded in mapping were spots of Boyer soils, which are
underlain with alkaline gravel at a depth of less than 314
feet, and spots of Oshtemo soils, which have acid, gravelly
underlying material at a depth of more than 31 feet. Also
included were areas that have slopes of more than 2 per-
cent, and some in which the reaction is more acid than is
typical of Spinks soils.

Fertility is low, the organic-matter content is low, and
the available water capacity is low. Soil blowing is a
hazard.

Most areas of this soil have been cleared. Some are now
used for crops, and some are idle and have a cover of grass
and weeds. Cropping systems commonly include more than
2 years of hay. Limitations for construction are few.

(Capability unit IITs-3 (4a) ; woodland suitability group
E

)

Spinks loamy sand, 2 to 6 percent slopes (SpB).—This
soil occurs on plains and uplands in the southeastern part
of the county.
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The color of the surface layer in some areas is dark yel-
lowish brown, and the texture in some areas is sandy loam.
In some areas the underlying material is limy gravel.
Included in mapping were spots of Boyer soils in which
limy gravel is within 814 feet of the surface, and spots
of Oshtemo soils in which the underlying material is
acid gravel. Also included are areas that have slopes of
more than 6 percent or of less than 2 percent, severely
eroded spots, and areas in which the reaction is less acid
than is usual for Spinks soils.

Fertility is low, and the available water capacity is low.
The organic-matter content is low. Tilth deteriorates read-
ily, and soil blowing is a hazard.

Nearly all areas of this soil have been cleared and are
cultivated. Corn, small grain, and hay are the common
crops. Cropping systems commonly consist largely of
small grain and hay. Some areas are idle and have a cover
of grass and weeds. A few areas are still wooded. Limita-
tions for construction are few. (Capability unit IITs—4
(4a) ; woodland suitability group E)

Spinks loamy sand, 6 to 12 percent slopes (SpC).—
This soil occurs on uplands and on long, narrow breaks
on plains in the southeastern part of the county.

Where this soil is eroded, the surface layer is dark yel-
lowish-brown loamy sand or light sandy loam. The most
severely eroded spots are sangy. Included in mapping
were spots of Boyer and Oshtemo soils and also some
areas that have slopes of more than 12 percent or of less
than 6 percent.

Fertility is low, and the available water capacity is low.
The organic-matter content is low. The soil 1s susceptible
to both water erosion and blowing.

Some areas of this soil are cultivated, some are idle or
are used- for hay or pasture, and some are still wooded.
Long cropping systems that consist largely of small grain
and hay are usual. (Capability unit TITe-9 (4a); wood-
land smitability group E

Spinks and Montcalm loamy sands, 12 to 18 percent
slopes (SsD).—These soils occur on uplands and on long,
narrow ridges and breaks on plains. Each individual area
consists dominantly of either Spinks loamy sand or Mont-
calm loamy sand. The two soils are of similar origin and
are similar in drainage as well as in texture. The main
difference between them is that the Montcalm soil is
brighter colored in the upper part of the subsoil.

Some areas-of this unit are eroded to such an extent
that the original surface layer and subsurface layer and
part of the subsoil are gone. In some places the present
surface layer is dark yellowish-brown sandy loam or loamy
sand, and the stratified layer of sand and loamy sand 1is
immediately below it. Even where there has been no sig-
nificant erosion, the horizons are thinner than in the
typical profiles of the respective series. There are some
areas in which clay loam occurs at a depth of 36 inches
and others in which the texture of the subsoil is dominantly
fine sand or very fine sand. In other areas the surface layer
consists of reddish-brown sandy clay loam or sandy loam,
and limy sand and gravel occur at a depth of 2 or 3 feet.
Included in mapping were small areas in which the slope
is more than 18 percent or less than 12 percent.

Fertility is low, the available water capacity is low, and
permeability is rapid or moderately rapid. The organic-
matter content is low. The slope makes it difficult to use
machinery effectively.

Most areas of this soil have been cleared and cultivated
in the past. The only areas now cultivated are a few small
areas that are within field dominated by less steep soils.
Much of the acreage is idle or is used for hay or pasture.
A permanent cover of vegetation is needed.” (Capability
unit IVe-9 (4a); Spinks soil in woodland suitability
group E, Montcalm soil in woodland suitability group C)

Spinks and Montcalm loamy sands, 18 to 25 percent
slopes (SsE}.—These soils occur on short upland slopes and
on long, narrow breaks and ridges on plains. Each indi-
vidual unit consists dominantly of either Spinks loamy
sand or Montcalm loamy sand. The two soils are similar in
origin and are alike in drainage as well as in texture. They
differ mainly in" the color of the upper part of the
subsoil.

Some-areas of this unit are eroded to such an extent that
the original surface layer and subsurface layer and part of
the subsoil are gone. In some places the present surface
layer is dark yellowish-brown sandy loam or loamy sand,
and the stratified layer of sand and loamy sand is immedi-
ately below it. Even where the soil is less severely eroded,
the horizons are thinner than those in the typical profile.
There are areas in which limy clay loam occurs within 2 or
3 feet of the surface and some in which the texture is
dominantly fine sand. In other areas the surface layer
consists of reddish-brown sandy loam or gravelly sandy
clay loam and directly overlies limy gravel. Included in
mapping were small areas in which the slope is more than
25 percent or less than 18 percent.

Fertility is low, the available water capacity is low, and
permeability is rapid or moderately rapid. The organic-
matter content is low. In some areas tilth is poor and the
surface layer is sticky when wet and hard and ecrusted
when dry. Much water is lost through runoff, and little
is absorbed. The soils are susceptible to erosion.

Most areas have been cleared and cultivated in the past.
Many are now idle or are used for pasture. A few are still
wooded. A permanent cover of grass or trees is needed.
(Capability” unit VIs-1 (4a); Spinks soil in woodland
suitabil(i}ty group E, Montcalm soil in woodland suitability

ou
grSpIi)nks and Montcalm loamy sands, 25 to 45 percent
slopes (SsF).—These soils are on short upland slopes and
on the sides of deep drainageways on plains. Each indi-
vidual unit consists dominantly of either Spinks loam
sand or Montcalm loamy sand. The two soils are muc
alike, but each differs from the less sloping soils of the
same series. '

In all areas the horizons are much thinner and less well
differentiated than those in the typical profiles. Some areas
are eroded to such an extent that the original surface layer
and subsurface layer and part of the subsoil have been
removed. In some places the original underlying mate-
rial Is at the surface. Limy sand and gravel are just below
the surface layer in some areas, and in others the dominant
texture throughout the profile is fine sand.

Fertility is low, the available water capacity is low, and
permeability is rapid or moderately rapid. The organic-
matter content is very low. Most of the water is lost
through runoff, and little is absorbed. The soils are very
easily eroded.

Some areas of these soils are wooded ; others have been
cleared but are now idle or in grass. A permanent cover of
trees or grass is needed. (Capability unit VIIe-2 (4a);
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Spinks soil in woodland suitability group E, Montcalm
soil in woodland suitability group C)

Toledo Series

The Toledo series consists of poorly drained soils that
occur on lake plains and in old glacial drainageways.

In a typieal profile, the surface layer consists of very
dark gray silty clay loam and is about 7 inches thick. Be-
low it is a 5-inch layer of dark-gray, mottled silty clay
loam. The subsoil, about 12 inches thick, consists of gray,
mottled, firm silty clay. The upper 6 inches of the underly-
ing material consists of pinkish-gray, mottled, limy strat-
ified silty clay loam and silty clay. Gray, mottled, limy
stratified silty clay and silt loam begin at a depth of 30
inches and extend to a depth of at least 60 inches.

Fertility is high, the available water capacity is high,
permeability is slow, and runoff is very slow to ponded.
The water table is high. Both surface drainage and sub-
surface drainage are needed. Establishing adequate sub-
surface drainage is difficult because of the fine texture of
the subsoil. Tilth deteriorates readily. The subsurface layer
and the subsoil are not readily penetrated by roots. Frost
damage to crops is a hazard.

Some of the acreage is cropland, some is pasture, and
some is woodland. Cropping systems generally are domin-
ated by hay and pasture crops. The native vegetation is
a mixture of lowland hardwoods, including elm, ash, red
maple, silver maple, and some swamp white oak. Trees
grow slowly and are shallow rooted.

Typical profile of Toledo silty clay loam, cultivated,
located in the SE1,SW14SE1, sec. 25, T. 5. N,, R. 15 W.
(Holland Township) :

Ap—O0 to 7 inches, very dark gray (10YR 3/1) silty clay loam;
moderate, medium, granunlar structure; firm; mildly
alkaline ; abrupt, smooth boundary.

A1—T7 to 12 inches, dark-gray (10YR 4/1) silty clay loam ; many
medium, faint, gray (N 5/0) mottles and common,
mediom, faint, gray (10YR 5/1) mottles; moderate,
medium, subangular blocky structure; firm; mildly
alkaline ; gradual, wavy boundary.

B2g—12 to 24 inches, gray (N 5/0 to 10YR 5/1) silty clay;
common, medium, faint, light brownish-gray (10YR
6/2) mottles and few, medium, distinct, yellowish-
brown (10YR 5/6) mottles; moderate, medinm, angu-
lar blocky structure; firm; moderately alkaline;
gradual, wavy boundary.

C1g—24 to 30 inches, pinkish-gray (7.5YR 6/2), stratified silty
clay loam and silty clay ; many, medium, distinct, gray
(N 5/0) mottles; massive; firm; slightly caleareous;
abrupt, smooth boundary.

C2g—30 to 60 inches, gray (N 5/0), stratified silty clay and
very thin layers of silt loam; common, medium, faint,
gray (10YR 5/1-6/1) mottles; common, medium, dis-
tinet, light-gray (10YR 7/1) mottles; moderate,
medium, angular blocky structure; firm; calcareous.

The solum is 20 to about 30 inches thick,

In undisturbed areas the Al horizon is a very dark gray
(10YR 3/1) or black (10YR 2/1) and is 5 to 9 inches thick.
The color of the Ap horizon ranges to black (10YR 2/1), very
dark brown (10YR 2/2), or very dark grayish brown (10YR
3/2). In places the Al and B2g horizons are not mottled.

Thin strata of sandy and silty material occur in the lower
part of the B2g horizon and in the C2g horizon in some places.

Toledo soils formed in the same kind of material as Selkirk
soils, but they are at lower elevations on the lake plains than
Selkirk soils and are more poorly drained. They are in the
same drainage class as Sims, Hettinger, and Sloan soils, all of
which are coarser textured than Toledo soils.

Toledo silty clay loam (0 to 2 percent slopes) (Tc).—
This nearly level to depressional soil occurs on lake plains
and in glacial drainageways.

In some places the texture of the surface layer is clay
loam instead of silty clay loam. Thin layers of old alluvium
occur in some places. In Holland and Zeeland Townships
are areas in which a layer of dark-colored organic alluvinm
a foot or two in thickness is buried at a depth of about
2 feet. Some areas were slightly better drained than is
typical. Included in mapping were spots of Hettinger soils
in which the texture below the surface layer is silty clay
loam; spots of Sloan soils, which consist of layers of silt
loam, loam, and silty clay loam ; and spots of Selkirk soils,
which are on small knolls where the slope is 2 or 3 percent
and are slightly better drained than Toledo soils.

Fertility is high, and the available water capacity is
high. Permeability is slow, and runoff is very slow to
ponded. Water stands on the surface after heavy rain.
Both surface and subsurface drainage are needed. Estab-
lishing drainage is difficult because of the slow perme-
ability. Tilth deteriorates readily. Planting often has to be
delayed because the soil warms up and dries out slowly
in spring. Frost damage to crops is a hazard.

This soil is well suited to legumes and grasses, and most.
of it 1s used for hay and pasture. A few areas are cultivated.
Cropping systems include corn, small grain, and hay. There
are some brushy woodlots in swampy areas. (Capability
unit ITTw-1(1c) ; woodland suitability group P)

Tonkey Series

The Tonkey series consists of nearly level to slightly de-
pressional, poorly drained soils that occur on lake plains
and in glacial drainageways. These soils developed in
layers of sand, loamy sand, and sandy loam.

In a typical profile, the surface layer consists of very
dark gray sandy loam and is about 7 inches thick. The sub-
soil is about 29 inches thick. The upper 19 inches consists
of grayish-brown, mottled, friable sandy loam, and the
lower 10 inches of pale-brown, mottled, firm, stratified
sandy loam. The underlying material, at a depth of about
36 inches, is light brownish-gray, mottled, stratified loamy
fine sand and fine sandy loam,

Fertility is medium, and the available.water capacity is
moderate. Permeability is moderate, and runoff is slow
to ponded. Soil blowing is a hazard, and so is frost damage
to crops.

Drained areas of these soils are used for crops; some
undrained areas are used for hay and pasture, and some
are still wooded. The native vegetation is a mixture of
lowland hardwoods and conifers, including elm, red maple,
silver maple, northern white-cedar, tag alder, and willow.
Trees grow slowly and are shallow rooted.

Typical profile of Tonkey sandy loam, cultivated, lo-
cated in the NW14NE1,NE1,SW1j sec. 33, T. 6 N., R. 14
W. (Blendon Township) :

Ap—0 to 7 inches, very dark gray (10YR 3/1) sandy loam;
weak, fine, granular structure; friable; slightly acid};
abrupt, smooth boundary.

B21g—7 to 26 inches, grayish-brown (2.5Y 5/2) sandy loam;
few, fine, distinet, dark reddish-brown (5YR 3/2)
mottles and common, fine, distinct, dark-brown (10YR
4/3) mottles; moderate, medium, subangular blocky
structure; friable; medium acid; clear, wayvy
boundary.
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B22—26 to 36 inches, pale-brown (10YR 6/3), stratified sandy
loam; many, medium, faint, light brownish-gray
(10YR 6/2) mottles; moderate, medium, subangular
blocky structure; firm; slightly acid; clear, wavy
boundary.

Cg——386 to 50 inches, light brownish-gray (10YR 6/2), stratified
loamy fine sand and fine sandy loam; many, medium,
distinet, yellowish-brown (10YR 5/4) mottles; weak,
medium and coarse, subangular blocky structure;
friable ; mildly alkaline.

The reaction of the solum ranges from medium acid to mildly
alkaline.

The color of the Ap horizon ranges to very dark grayish
brown (10YR 3/2) or black (10YR 2/1).

In the B horizon the matrix color ranges to gray (10YR 5/1),
light gray (10YR 6/1), or grayish brown (10YR 5/2), and
the texture ranges to sandy clay loam or loam. Generally, this
horizon is stratified, the individual layers ranging from 2 to 12
inches in thickness. Also included in the profile are 1- to 3-inch
layers of silt, very fine sand, and clay.

Tonkey soils occur near Richter, Bruce, and Hettinger soils.
They are at lower elevations on the landscape than Richter
soils and are more poorly drained. They have a coarser tex-
tured Cg horizon than Bruce and Hettinger soils.

Tonkey sandy loam (0 to 2 percent slopes) (To).—This
soil is on lake plains and in glacial drainageways. Nearly
all the areas are in the eastern half of the county.

In places the texture of the surface layer is loam or
loamy fine sand instead of sandy loam. In other places the
texture of the entire profile is dominantly loamy fine sand.
In still others the texture is sandy loam throughout the
profile, including the underlying material. Included in
mapping were spots of Granby soils, which are coarser tex-
tured than Tonkey soils; spots of soils that have a thin
layer of muck or peat at the surface; and areas that have
short slopes of slightly more than 2 percent.

Fertility is medium, and the available water capacity is
moderate. Artificial drainage is needed for most crops.
Establishing drainage is difficult because of the variations
in texture. Soil blowing is a hazard, and crops are likely to
be damaged by frost.

If drained this soil is suited to most crops. Much of the
acreage has been cleared and cultivated. Some areas are in
pasture or are still wooded. (Capability unit ITw-6 (3¢) ;
woodland suitability group W)

Tuscola Series

The Tuscola series consists of moderately well drained
soils that occur on uplands and lake plains. These soils
developed in stratified loamy material.

In a typical profile, the surface layer consists of dark-
brown to brown fine sandy loam and is about 8 inches thick.
Below this is a 8-inch subsurface layer of brown fine sandy
loam. The subsoil is about 25 inches thick. It is made up of
8 inches of yellowish-brown, friable loam; 11 inches of
yellowish-brown, mottled, firm, stratified light silty clay
loam; and 6 inches of pale-brown, mottled, friable, strati-
fied silt loam. The underlying material, at a depth of 36
inches, is very pale brown, mottled silt that is stratified
with sand and very fine sand. This material extends to a
depth of at least 60 inches.

Fertility is medium, the available water capacity is high,
permeability is moderately slow, and runoff is slow to me-
dium. There are some wet spots that need drainage. Ero-
sion and soil blowing are hazards if crops are grown.

Most areas of Tuscola soils have been cleared and are
cultivated. Some areas are used for hay and pasture, and
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some are wooded. The native vegetation is a mixture of
hardwoods, including maple, oak, beech, and hickory.

Typical profile of Tuscola fine sandy loam, 2 to 6 per-
cent slopes, cultivated, located in the SE14NE1,SE1/ sec.
18, T. 5 N,, R. 13 W. (Jamestown Township) :

Ap—oO0 to 8 inches, dark-brown to brown (10YR 4/3) fine sandy
loam; weak, medium, granular structure; friable;
slightly acid ; abrupt, smooth boundary.

A2—8 to 11 inches, brown (10YR 5/3) fine sandy loam ; weak,
thick, platy structure; friable; strongly acid; clear,
wavy boundary.

B21t—11 to 19 inches, yellowish-brown (10YR 5/4).loam to silt
loam; weak, medium, subangular blocky structure;
friable; strongly acid; clear, wavy boundary.

B22t—19 to 30 inches, yellowish-brown (10YR 5/6-5/8) light
silty clay loam; few, fine, faint, pale-brown (10YR
6/3) mottles; moderate, medium, subangular blocky
structure; firm; very strongly acid; clear, wavy
boundary.

B23—30 to 36 inches, pale-brown (10YR 6/3) silt loam; com-
mon, medium, faint, very pale brown (10YR 7/3)
mottles; weak, medium, subangular blocky structure;
friable; neutral ; gradual, wavy boundary.

C—36 to 60 inches, very pale brown (10YR 7/3) silt stratified
with thin layers of sand and very fine sand; many,
medium, distinct, brownish-yellow (10YR 6/6)
mottles; massive; friable; moderately alkaline.

The solum is 30 to 46 inches or more in thickness. In reaction
it ranges from neutral to very strongly acid.

The color of the Ap horizon ranges to dark grayish brown
(10YR 4/2) or brown (10YR 5/3). That of the A2 horizon
ranges to grayish brown (10YR 5/2).

The texture of the B horizon is fine sandy loam, loam, silt
loam, or light silty clay loam. The B22t and B23 horizons are
mottled below a depth of 20 inches.

Tuscola soils occur near Miami, Nester, and Morley soils, all
of which lack the stratification that characterizes the C hori-
zon and the lower part of the B horizon of Tuscola soils.
Tuscola soils formed in the same kind of material as Kibbie
soils, but they are better drained than Kibbie soils and have
pale-brown mottles instead of gray mottles in the B2 horizon.

Tuscola fine sandy loam, 2 to 6 percent slopes (TsB).—
This soil occupies ridges and knolls on uplands and lake
plaiﬁs. The slopes are generally short, and the areas are
small.

In some places the surface and subsurface layers have
been removed by erosion and yellowish-brown loam or silt
loam is now at the surface. Included in mapping were spots
of Kibbie soils, which are less well draine?l than Tuscola
soils; spots in which the underlying material is dominated
by layers of silty clay; and areas in which the slope is
slightly more than 6 percent and the lower part of the
subsoil is not mottled.

Fertility is medium, the available water capacity is
high, and permeability is moderately slow. The soil is wet
early in spring, and some spots need artifiicial drainage.
Water erosion and soil blowing are hazards if crops are
grown.

The use of this soil is governed by the use of the sur-
rounding soils. Most areas are within cultivated fields.
(Capability unit IIe-2 (2.52); woodland suitability
group K)

Ubly Series

The Ubly series consists of well drained and moderately
well drained soils that occur on till plains and moraines.
These soils are underlain with clay loam at a depth of 18
to 40 inches.

In a typical profile, the surface layer consists of dark-
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brown sandy loam and is about 8 inches thick. The upper-
most 4 inches of the subsoil is dark-brown, friable sandy
loam. Below this is a 9-inch layer of light brownish-gray,
very friable loamy fine sand and a 7-inch layer of dark
yellowish-brown, firm sandy clay loam. The underlying
material, at a depth of about 88 inches, is dark-brown,
limy clay loam; it extends downward several feet.

Fertility is medium, and the available water capacity 1s
moderate. A shortage of moisture during the latter part
of summer is likely. Permeability is moderate in the upper
layers and moderately slow in the underlying material.
Runoff is slow to rapid, depending on the slope. The
organic-matter content is low. Erosion and soil blowing
are hazards if crops are grown.

Ubly soils are suited to most crops. Some of the acreage
is cropland, some is pasture, and some is woodland. The
native vegetation consists mainly of upland hardwoods,
including hard maple, beech, ash, oak, and some hickory;
it also contains some white pine.

Typical profile of Ubly-sandy loam, 2 to 6 percent slopes,
cultivated and eroded, located in the SE14NEL,NE1} sec.
11, T. 9 N,, R. 13 W. (Chester Township) :

Ap—O to 8 inches, dark-brown (10YR 3/3) sandy loam; weak,
medium, granular structure; very friable; slightly
acid; abrupt, smooth boundary.

Bir—8 to 12 inches, dark-brown (7.5YR 4/4) sandy loam;
weak, medium, subangular blocky structure; friable;
medium acid; clear, wavy boundary.

A’2—12 to 21 inches, light brownish-gray (10YR 6/2) loamy
fine sand; weak, medium, subangular blocky struc-
ture; very friable; slightly acid; clear, irregular
boundary.

IIB't—21 to 38 inches, dark yellowish-brown (10YR 4/4)
sandy clay loam; moderate, medium, subangular
blocky structure; firm; medium acid; gradual, wavy
boundary.

IIC—38 to 60.inches, dark-brown (7.5YR 4/4) clay loam;
moderate, medium, subangular blocky structure; firm;
calcareous.

The depth to the IIB’t horizon ranges from 18 to 40 inches,
and the depth to the calcareous IIC horizon from 30 to 50
inches.

In undisturbed areas the profile has a 1- to 3-inch Al and a
3- to 6-inch A2 horizon instead of an Ap. The color of the
Al horizon is very dark brown (10YR 2/2), very dark gray
(10YR 8/1), or very dark grayish brown (10YR 3/2). The
color of the.A2 horizon is light gray (10YR 6/1), light brown-
ish gray (10YR 6/2), or gray (10YR 5/1), and the texture
is loamy sand or loamy fine sand.

The color of the Ap horizon ranges to very dark grayish
brown (10YR 3/2) or dark grayish brown (10YR 4/2).

The color of the Bir horizon ranges to reddish brown (5YR
4/4), and that of the A’2 to pale brown (10YR 6/3). In some
profiles A’2 material occurs only as thick coatings on peds and
as fillings in cracks and root channels in the upper part of
the IIB’t horizon. The color of the IIB’t horizon ranges to
dark brown (7:5YR 4/4), and the texture to clay loam or silty
clay loam. Where drainage is only moderately good, the pro-
file -is mottled below a depth of about 16 inches.

In the IIC horizon, the color ranges to brown (10YR 5/3),
light brownish gray (10YR 6/2), or dark yellowish brown
(10YR 4/4). The texture of this horizon is clay loam or silty
clay loam.

Ubly soils occur near Nester and Menominee soils. They are
coarser textured in the upper part of the solum than Nester
soils and finer textured in the Bir horizon than Menominee
goils. Ubly soils formed in the same kind of material as
Owosso soils. They have a Bir horizon, which Owosso soils
lack.

Ubly sandy loam, 0 to 2 percent slopes (UIA).—This
soil occupies ridgetops on uplands.
In most areas this soil is only moderately well drained

and is mottled below a depth of 16 to 18 inches. The sab-
surface layer and the uppermost layer of the subsoil are
thicker than those in the profile described. In some areas
the lowest layer of the subsoil is gravelly, and in some a
thin layer of gravel occurs in the uppermost 18 to 40 inches
of the profile. There are small areas in which the texture
to a depth of more than 40 inches is dominantly sandy
loam. Included in mapping were spots of Nester soils,
which have a surface layer of loam, and of Belding and
Kawkawlin soils, which are in depressions and dralnage-
ways and are'less well drained than Ubly soils.

Fertility is medium, and the available water capacity is
moderate. Permeability is moderate in the upper layers
and moderately slow in the underlying material. Runoff
is slow. Small wet spots need drainage. The moisture
supply is deficient after prolonged perioas of dry weather.

Most of the acreage is cropland. Corn, small grain, and
hay are the common crops. A few small areas are still
wooded. (Capability unit IIs-2 (3/2a) ; woodland suita-
bility group A)

Ubly sandy loam, 2 to 6 percent slopes (UIB).—This
soil occupies hillsides and hilltops on uplands.

This soil has the profile described as typical of the series.
In areas that have never been cultivated, the profile gen-
erally has a 8- to 5-inch surface layer of very dark gray
sandy loam and a 4- to 6-inch subsurface layer of gray
sandy loam. In such areas the uppermost layer of the sub-
soil is thicker than that in the profile described. Some cul-
tivated areas still have a thin subsurface layer. In many
areas the soil is mottled at a depth of 18 or more inches.
Where the soil is eroded, the limy underlying material is
nearer the surface. In some places the subsoil is gravelly,
and in other places the texture to a depth of more than 40
inches is sandy loam. Included in mapping were spots of
Menominee soils in which the texture is sand or loamy sand
to a depth of 18 to 40 inches; spots of Nester soils, which
have a finer textured surface layer; and spots of Belding
and Kawkawlin soils, which are in depressions and drain-
ageways and are less well drained than Ubly soils. Other
inclusions are areas that have slopes of less than 2 percent
or more than 6 percent.

Fertility is medium, and the available water capacity is
moderate. Permeability is moderate in the upper layers
and moderately slow in the underlying material. Runoff
is medium. Erosion is a hazard if crops are grown. A
shortage of moisture during the latter part of the summer
retards plant growth.

This soil is suited to the common crops, and most of it
is cropland. (Capability unit ITe-3 (3/2a); woodland
suitability group A)

Ubly sandy loam, 6 to 12 percent slopes (UIC).—This
soil occupies hillsides on uplands.

In most areas of this soil, the horizons are thinner than
those in the profile described, and the limy underlying
material is generally within 36 inches of the surface. In
a few spots that are severely eroded, the depth to the limy
underlying material is less than 18 inches. In other areas
the texture is sandy loam to a depth of more than 42 inches.
The subsoil in some places is gravelly. Included in map-
ping were spots of Nester soils, which are finer textured
throughout; spots of Menominee soils, which are coarser
textured; and spots of Belding and Kawkawlin soils,
which are in depressions and drainageways and are less
well drained than Ubly soils.
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Fertility is medium, and the available water capacity
is moderate. Permeability is moderate in the upper layers
and moderately slow in the underlying material. Runoft
is rapid. Erosion is a hazard if crops are grown. The mois-
ture supply is deficient after prolonged periods of dry
weather.

Nearly all areas of this soil are used for crops, commonly
corn, small grain, and hay. Cropping systems are relative-
ly long and include a high proportion of small grain and
hay. Some areas are used only for hay or pasture. (Capa-
bility unit ITTe-5 (3/2a) ; woodland suitability group A)

Wallkill Series

The Wallkill series consists of poorly drained soils that
occur on flood plains, mainly at the outer edge next to the
uplands, and also on uplands, where they occupy closed
potholes and spots at the edge of organic deposits. These
soils formed in recent deposits of loamy material underlain
at a depth of 10 to 40 inches with buried deposits of organic
material. )

In a typical profile, the surface layer consists of green-
ish-gray silt loam and is about 6 inches thick. Immediately
below this is an 18-inch layer of dark greenish-gray, mot-
tled light silty clay loam. This is underlain with organic
deposits several feet thick. The uppermost 6 inches of or-
ganic material is black, mottled muck mixed with mineral
soil ; the next 10 inches is black, mottled muck that con-
tains particles of wood; and the rest, below a depth of
40 inches, is a mixture of dark reddish-brown peat and
black muck. ) o

Fertility is high, and the available water capacity is
high. Permeability is moderate in the mineral layers and
rapid in the organic layers. Runoff is very slow to ponded.
Drainage is needed, and frost damage to crops is a hazard.
These soils are subject to flooding. They are unstable and
will not support heavy loads.

Areas that have been drained and are not frequently
flooded or ponded have been cleared and are cultivated.
Many areas are idle, and many are still wooded. The native
vegetation consists of elm, ash, red maple, silver maple,
and some northern white-cedar. Trees grow slowly and are
shallow rooted.

Typical profile of Wallkill silt loam, undisturbed, lo-
cated in the SW14NW1,SW1, sec. 2, T. 9 N, R. 13
W. (Chester Township) :

A1—0 to 6 inches, greenish-gray (5GY 5/1) silt loam; many,
medium, faint, gray (5Y 5/1) mottles; massive; fri-
able; neutral ; clear, irregular boundary.

Cg—=6 to 24 inches, dark greenish-gray (5GY 4/1) light silty
clay loam; many, medium, faint, greenish-gray (5GY
5/1) and few, medium, prominent, dark-brown (7.5YR
4/4) mottles; massive, parting to moderate, medium,
granular structure; firm; nonplastic when wet; neu-
tral; gradual, wavy boundary.

IT1b—24 to 30 inches, black (N 2/0), well-decomposed muck
mixed with mineral soil; few, medium, distinect, dark
greenish-gray (5GY 4/1) mottles; moderate, medium,
granular structure; friable; neutral; clear, wavy
boundary.

I12b—30 to 40 inches, black (N 2/0), well-decomposed muck;
few, medium, distinct, dark reddish-brown (5YR 8/4)
mottles around scattered wood particles; moderate,

medium, granular structure; friable; neutral; clear,
wavy boundary.

I18b—40 to 60 inches, dark reddish-brown (5YR 3/2) peat and
black (N 2/0) muck; moderate, medium, granular
structure, grading to massive at a depth of 48 inches;
friable; neutral.

The thickness of the mineral layers is commonly between
18 and 30 inches but ranges from 10 to about 40 inches.

The color of both the A1 and the Cg horizons ranges to
grayish brown (10YR 5/2), brown (10YR 5/3), or dark gray-
ish brown (10YR 4/2). The texture of these horizons is loam,
silt loam, light silty clay loam, or light clay loam. Strata
of sandy loam occur in the Cg horizon in some places.

In some places the IT1b horizon consists of peat.

Wallkill soils occur near Carlisle, Houghton, Cohoctah, and
Sloan soils. Wallkill soils are made up of 10 to 40 inches of
mineral soil over several feet of organic material. Carlisle and
Houghton soils consist of organic material throughout, and
Cohoctah and Sloan soils of mineral material.

Wallkill silt loam (0 to 8 percent slopes) (Wa).—This
nearly level to depressional soil occurs on flood plains, in
closed depressions on uplands, and at the edges of areas
of organic soils, where these soils merge with mineral soils
of the uplands. Most areas are long and narrow in shape
and of small extent.

In some areas of this soil in Georgetown Township, the
uppermost 18 to 24 inches of the profile is alluvium of silt
loam texture ; below the alluvium is a foot or two of organic
material, and below that, marl. In other places the layers
below a depth of 2 or 3 feet consist of thin strata of or-
ganic material and mineral material rather than entirely
of organic material. Included in mapping were scattered
spots of Washtenaw soils, which have a sandy overwash,
and of Carlisle and Houghton soils, which consist entirely
of organic material.

Fertility is high, and the available water capacity is
high. Permeability is moderate in the mineral layers and
rapid in the organic layers. Runoff is very slow to ponded.
Crops are likely to be damaged by frost. Deposition of ad-
ditional overwash is a hazard. Drainage is needed.

Areas that are adequately drained are cultivated. Corn is
the chief row crop. Many areas cannot be drained arti-
ficially and are used for pasture or are covered with trees
or brush. Limitations for construction are severe. ( Capa-
bility unit IITw-15 (L-2c); woodland suitability
group U)

Warners Series

The Warners series consists of very poorly drained. or-
ganic soils that occur in ponded areas along the outer mar-
gin of flood plains and also in pockets on upland hillsides.

In a typical profile, the surface layer consists of well-
decomposed muck and is only about 5 inches thick.
Directly below the organic material is a 7-inch layer of
grayish-brown, limy marl streaked with black. At a depth
of 12 inches is light-gray, mottled, limy marl; it extends
downward several feet.

Fertility is low, and the available water capacity is high.
Runoff is slow to ponded. Permeability is rapid in the
organic layer and variable in the marl. The water table is
high, and drainage is needed. Frost damage to crops is a
hazard.

These soils are suited to only a few kinds of crops. A
few areas are cultivated, but most are in pasture or wood-
land. The native vegetation is a mixture of lowland hard-
woods and conifers, including elm, ash, cottonwood, red
maple, and northern white-cedar. Trees grow slowly and
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are shallow rooted and of low quality. Limitations for
construction are severe. .

Typical profile of Warners muck, undisturbed, located
in the NW14SE1,SE1 sec. 28, T. 5 N., R. 13 W. (James-
town Township) : ‘

1—0 to 5 inches, black (N 2/0), well-decomposed muck;
moderate, fine, granular structure; friable; moder-
ately alkaline ; abrupt, wavy boundary.

IIC1—5 to 12 inches, grayish-brown (2.5Y 5/2) marl; few,
fine, distinct, vertical streaks of black (N 2/0), % inch
thick; massive; friable; calcareous; gradual, wavy
boundary.

I1C2—12 to 60 inches, light-gray (5YR 7/1) marl; few, med-
jum, prominent, reddish-brown (5YR 5/3) mottles;
massive ; calcareous.

The texture of the surface layer ranges to loam or silt
loam. The reaction of this layer is mildly or moderately

alkaline.
The calcium content of the marl ranges from 20 percent to 70

percent or more. .
Warners soils are similar to Edwards soils but have a much

thinner deposit of organic material.

Warners muck (0 to 2 percent slopes) (Wm).—This soil
occurs on flood plains, mainly along the outer margins, and
in pockets on uplands.

In some areas the surface layer is black silt loam that
is high in organic-matter content. In other places the sur-
face layer consists mostly of grayish marl. In Georgetown
Township, and especially near the village of Hudsonville,
the underlying marl is only 12 to 36 inches thick and is
underlain with calcareous sand and gravel. The surface
layer in some areas is strongly acid. Included in mapping
were spots of Edwards soils, which have a thicker deposit

. of organic material. ) o

Fertility is low, and the available water capacity 1s
high. Runoff is slow to ponded. Permeability is rapid in
the organic layer and variable in the marl. Draining this
soil is very difficult. Tilth deteriorates readily, and frost
damage to crops is a hazard.

This soil is better suited to trees and pasture plants
than to cultivated crops. Limitations for construction are
severe. (Capability unit IVw-6 (M/mc) ; woodland suit-
ability group U)

Wasepi Series

The Wasepi series consists of somewhat poorly drained
soils that occur on low terraces, on outwash plains, and
in drainageways in the southeastern part of the county.
These soils developed in 24 to 40 inches of sandy loam or
loamy sand over limy sand and gravel. )

In a typical profile, the surface layer consists of very
dark brown sandy loam and is about 8 inches thick. Below
this is a 4-inch subsurface layer of dark grayish-brown
sandy loam. The subsoil is about 21 inches thick. It is
made up of 8 inches of light olive-brown, mottled, friable
sandy loam; 11 inches of yellowish-brown, mottled, fri-
able heavy sandy loam; and 7 inches of light yellowish-
brown, mottled, very friable gravelly loamy sand. The
underlying material, at a depth of 33 inches, is light
brownish-gray, limy sand and gravel.

Fertility is medium, and the available water capacity
is low. Permeability is moderate in the upper layers and
rapid in the underlying material. Runoff is slow to very
slow. The water table fluctuates; it is within 2 feet of the
surface during prolonged periods of wet weather and re-

cedes during dry weather. Drainage is needed. Blowing
is a hazard when the soils are dry. Frost damage to crops
is a slight hazard.

Most areas of Wasepi soils have been cleared and are
cultivated. Corn, small grain, and hay are the common
crops. Some areas are used only for hay and pasture. A
few areas are still wooded. The native vegetation is a mix-
ture of lowland hardwoods, including elm, ash, maple, and
some oak.

Typical profile of Wasepi sandy loam, cultivated, lo-
cated in the N14,SE1,SE1,NE1, sec. 9, T. 6 N., R. 13 W.

G()aorgetown Township, 0.2 mile N. of Bauer Rd. on 24th
t.) :

Ap—oO0 to 8 inches, very dark brown (10YR 2/2) sandy loam;
weak, medium, granular structure; friable; neutral;
abrupt, smooth boundary.

A2--8 to 12 inches, dark grayish-brown (10YR 4/2) sandy
loam; very weak, medium, subangular blocky struc-
ture; friable; contains pebbles 1 inch in diameter;
slightly acid; clear, wavy boundary.

B21t—12 to 15 inches, light olive-brown (2.5Y 5/6) sandy
loam; many, medinm, distinct, dark grayish-brown
(10YR 4/2) mottles; weak, medium, subangular
blocky structure; friable; medium acid; clear, wavy
boundary.

B22t—15 to 26 inches, yellowish-brown (10YR 5/4) heavy
sandy loam; many, medium, distinct, light brownish-
gray (10YR 6/2) mottles; weak, fine, subangular
blocky structure; friable; contains much pea-sized
gravel ; mildly alkaline; clear, wavy boundary.

B3—26 to 33 inches, light yellowish-brown (10YR 6/4) gravel-
ly loamy sand; many, fine, distinct, dark grayish-
brown (10YR 4/2) mottles; weak, fine, subangular
blocky structure; very friable; mildly alkaline; clear,
wavy boundary.

C—33 to 50 inches, light brownish-gray (10YR 6/2) sand and
gravel; single grain; loose; calcareous.

The solum is 24 to 40 inches thick. In reaction it ranges
from medium acid to mildly alkaline. It contains varying
amounts of gravel and, in some places, numerous cobblestones.

In undisturbed areas there is a 3-inch to 6-inch Al horizon
of very dark gray (10YR 3/1) to very dark brown (10YR 2/2)
sandy loam or loamy sand. -

The color of the Ap horizon ranges to dark brown (10YR
3/3), and the texture is sandy loam or loamy sand. The A2
horizon ranges to pale brown (10YR 6/3) in color and is
mottled in places. .

In the B21t and B22t horizons, the color ranges to yellowish
brown (10YR 5/8) or dark yellowish brown (10YR 3/4), and
the mottles generally have a chroma of 2 or less. The texture
of these horizons is sandy loam, heavy sandy loam, clay loam,
or gravelly clay loam. Where the texture is clay loam, the
horizon is less than 10 inches thick.

In the C horizon, the color has a hue of 10YR, a value of 5
or more, and a chroma of 4 or less. Generally this horizon
consists of stratified sand and gravel, but in some places it
is mostly sand and in others it is mostly gravel.

‘Wasepi soils occur near Matherton and Gilford soils. They
have a coarser textured B2t horizon than Matherton soils
and a slightly finer textured B2t horizon than Gilford soils,
which are more poorly drained than Wasepi soils. Wasepi
soils formed in the same kind of material as Gladwin soils,
bqt th(_ely lack the Bir horizon that is characteristic of Glad-
win soils.

Wasepi sandy loam, 0 to 2 percent slopes (WsA).—
This soil occurs on outwash plains, on low terraces, and
in drainageways in the southeastern part of the county.
Associated with it are Matherton, Gilford, and Lacota
soils.

In some areas the surface layer is very dark gray silt
loam or loamy sand; in others it is very dark gray sandy
loam. In some places the surface layer has a reddish hue
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and 3- to 5-inch cobblestones are to be found throughout
the profile. Included in mapping were spots of Gilford
and Lacota soils, which are more poorly drained than
Wasepi soils; spots in which the surface layer is limy;
imd spots in which limy gravel is just below the surface
ayer.

Fertility is medium, and the available water capacity
is low. The water table fluctuates, so the soil is wet at
some times and dry at others. Soil blowing is a hazard
during the dry summer months. Frost damage to crops is
a slight hazard.

This soil is suited to crops, and most areas have been
cleared and are cultivated. Corn, small grain, and hay are
the common crops. Specialty crops, including vegetables,
melons, and pickling cucumbers, are grown in a few areas.
(Capability unit ITIw-5 (4b); woodland suitability
group G)

Washtenaw Series

The Washtenaw series consists of poorly drained soils
that occur on uplands in closed or nearly closed pockets,
otholes, basins, waterways; and depressions. These soils
ormed in 10 to 40 inches of loamy material deposited over
mineral soils of various textures.

In a typical profile, the surface layer consists of dark
grayish-brown loam and is about 8 inches thick. Below
this is an 11-inch layer of very dark grayish-brown loam
and then an 8-inch layer of dark-gray loam. At a depth
of 27 inches is a buried surface layer of very dark brown
silt loam, and at a depth of 35 inches, a buried subsoil of
gray, mottled clay loam that extends to a depth of more
than 50 inches. '

Fertility is medium to high, and the available water
capacity is high, Permeability is moderate to slow, depend-
ing on the texture of the buried soil. Runoff is very slow
to ponded. The water table is high, and drainage is needed
if crops are to be grown. Many areas lack adequate outlets
for drainage. Frost damage to crops is a hazard.

If drained Washtenaw soils are suited to most crops.
Most undrained areas are used for pasture, but some are
wooded. The native vegetation is a mixture of lowland
hardwoods and brush, including elm, maple, ash, button-
bush, poison sumac, willow, and dogwood.

Typical profile of Washtenaw loam, cultivated, located
in the NE1,SW14SW1,SE1, sec. 26, T. 8 N., R. 15 W.
(Crockery Township, 1,980 ft. E. of 104th Ave. and 660 ft.
N. of Garfield St.,in a pasture) :

Ap—oO to 8 inches, dark grayish-brown (10YR 4/2) loam; weak,
medium, granular structure; friable; slightly acid;
abrupt, smooth boundary.

A1—8 to 19 inches, very dark grayish-brown (10YR 3/2) loam;
weak, medium, subangular blocky structure; friable;
slightly acid; clear, wavy boundary.

Cg—19 to 27 inches, dark-gray (10YR 4/1) loam; weak, me-
dium and coarse, subangular blocky structure; friable;
organic stains of very dark gray (10YR 3/1) on ped
faces; neutral; abrupt, wavy boundary.

A1b—27 to 35 inches, very dark brown (10YR 2/2) silt loam;
moderate, medium, subangular blocky structure; fri-
able to firm ; neutral ; clear, wavy boundary.

Bgb-—35 to 50 inches, gray (5Y 5/1) clay loam; few, fine,
prominent, yellowish-brown (10YR 5/6) mottles; mod-
erate, medium, angular blocky structure ; firm ; mildly
alkaline.

The reaction of the solum ranges from medium acid to mildly
alkaline.

The color of the Ap horizon ranges to grayish brown (10YR
5/2), brown (10YR 5/3), or dark gray (10YR 4/1).

In the Cg horizon the color ranges to gray (10YR 5/1-6/1),
and the texture is silt loam, loam, or sandy loam.

The texture of the Alb horizon is clay loam, loam, sandy
loam, or silt loam, and that of the Bgb horizon is clay loam
or sandy loam. In some profiles the material below a depth of
40 inches is coarse textured.

Mottles that have a chroma of 2 or less occur below the Ap
horizon in some areas.

Washtenaw soils occur near Kawkawlin, Blount, Sims, and
Hettinger soils. The associated soils lack the recent overwash
that is characteristic of Washtenaw soils. Washtenaw soils
resemble Wallkill soils in having a loamy overwash, but in
‘Wallkill soils the buried layers consist of organic rather than.
mineral material.

Washtenaw loam (0 to 4 percent slopes) (Wt).—This
soil occurs throughout the county in small depressions
that lack outlets for surface water, on lower slopes, in
waterways, and in other places where soil material washed
from higher areas can accumulate. Associated with it are
Kawkawlin, Blount, and Sims soils. Most of the areas are
long and narrow in shape and of small extent. Areas in
closed depressions are circular.

The texture of the upper layers is generally similar
to that of the surface layer of adjacent soils. It is com-
monly loam, silt loam, or sandy loam. The lower layers are
of various textures. Included in mapping were spots in
which the loamy overwash is more than 42 inches thick
and also spots that lack the overwash. In the depressions
that have no outlets are spots in which the surface layer
is muck or peat.

Fertility is medium to high, and the available water ca-
pacity is high. Permeability is moderate to slow, and run-
off is very slow to ponded. The water table is high. Many
areas lack drainage outlets. Frost damage to crops is a
hazard.

Some areas of this soil are drained and cultivated. The
closed depressions are idle or are used for pasture. (Capa-

bility unit ITTw-12 (L—2¢) ; woodland suitability group P)

Wind Eroded Land, Sloping

Wind eroded land, sloping (WuC), consists of sandy
soils, mainly of the Croswell and Au Gres series, that
have been severely damaged by soil blowing. All or nearly
all of the original surface layer and subsoil is gone. The
present surface layer is loose, light-colored sand that is
low in organic-matter content. Most areas include some
blowouts and some small, low, dune shaped knolls. Chunks
of a dark reddish-brown hardpan are on the surface in
some areas. The slope range is 6 to 12 percent.

Fertility is very low, and the available water capacity
is very low. The water table fluctates and is within 24
inches of the surface in spring. Areas unprotected by vege-
tation are subject to further damage by soil blowing dur-
ing the dry summer months. In spring, when the soil
material is kept moist by the high water table, the hazard
of blowing is slight.

Some areas of this unit were cultivated in the past.
Nearly all were burned over at one time or another. Some
have been stabilized and reforested. Others are now idle
and have little vegetation. All of the acreage ought to be
stabilized and planted to trees or grass. (Capability unit
VIIIs-1 (Sa); woodland suitability group Y)
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Use and Management of the Soils

This section begins with an explanation of the system
of capability grouping used in the Soil Conservation Serv-
ice to classify soils according to their relative suitability
for general field crops. Following this explanation are dis-
cussions of the use and management of the soils of Ottawa
County, as grouped according to this system. Next is a
table in which are shown predicted yields of the principal
crops grown in the county, by individual soils. This is fol-
lowed by discussions of the use and management of the
soils as woodland ; for this purpose, the soils are grouped
on the basis of similarity in productivity and management
needs. Then comes a table that shows the relative suitabil-
ity of individual soils for the elements of wildlife habitat
and for three kinds of wildlife. The next part of the sec-
tion concerns soils in connection with engineering; 1t con-
sists mainly of tables that give descriptions of soil proper-
ties significant in eriligineering and interpretations of these
properties as they affect the suitability of the soils for spec-
ified engineering uses. The last part of the section dis-
cusses soil properties in relation to town and country
planning.

Capability Grouping

Capability grouping shows, in a general way, the suita-
bility of soils for most kinds of field crops. The soils are
grouped according to their limitations when used for field
crops, the risk of ﬁamage when they are used, and the way
they respond to treatment. The grouping does not take into
account major and generally expensive landforming that
would change slope, depth, or other characteristics of the
soils; does not take into consideration possible but, unlikely
major reclamation projects; and does not apply to rice,
cranberries, horticultural crops, or other crops requiring
special management. )

Those familiar with the capability classification can
infer from it much about the behavior of soils when used
for other purposes, but this classification is not a sub-
stitute for interpretations designed to show the suitability
and limitations of groups of soils for forest trees or for
engineering.

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

Capasinity Crasses, the broadest groups, are designated
by Roman numerals I through VIIL 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. (No soils in Ottawa County are in class I.)

Class II soils have moderate limitations that reduce
the choice of plants or that require moderate con-
servation practices.

Class IIT soils have severe limitations that reduce the
choice of plants, require special conservation
practices, or beth.

Class IV soils have very severe limitations that reduce
the choice of plants, require very careful man-
agement, or both.

Class V soils are subject to little erosion but have
other limitations, impractical to remove, that

limit their use largely to pasture, range, wood-
land, or wildlife. (No soils in Ottawa County are
in class V.)

Class VI soils have severe limitations that make them
generally unsuitable for cultivation and limit
their use largely to pasture, range, woodland, or
wildlife.

Class VII soils have very severe limitations that make
them unsuitable for cultivation and limit their
use largely to pasture, range, woodland, or
wildlife,

Class VIII soils and landforms have limitations that
preclude their use for commercial plants and re-
strict their use to recreation, wildlife, or water
supply, or to esthetic purposes.

Carasmrry SuecLAssEs are soil groups within one class;
they are designated by adding a small letter, e, 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 soils the wetness can be partly corrected by artifi-
cial drainage) ; s shows that the soil is limited mainly be-
cause it is shallow, droughty, or stony; and ¢, used in some
parts of the United States but not in Ottawa County,
shows that the chief limitation is climate that is too cold
ortoo dry.

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

APABILITY 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
designated by adding an Arabic numeral to the subclass
symbol, for example, ITe~3 or ITIe—5. Thus, in one symbol,
the Roman numeral designates the capaj:)ility class, or
degree of limitation; the small letter indicates the sub-
class, or kind of limitation, as defined in the foregoing
paragraphs; and the Arabic numeral specifically identifies
the capability unit within each subclass.

Management by capability units*

In the following pages the capability units in Ottawa
County are described and suggestions for use and manage-
ment are given. The Arabic numerals that identify the
units are not consecutive, because not all the units in the
statewide classification are represented in Ottawa County.
The name of each series represented is mentioned in the
description of each unit, but this does not necessarily mean
that all the soils of a given series are in that particular
unit. The “Guide to Mapping Units,” at the back of this
publication, gives the names of the individual mapping
units and the capability classification of each. The sym-
bols in parentheses following each capability unit designa-

2By WILLIAM ALLRED, RICHARD DRULLINGER, and WARREN STUD-
LEY, Soil Conservation Service.
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tion refer to the management groups in the Michigan State
system of classification (5).

CAPABILITY UNIT He-1 (1.5a)

This unit consists of well drained to moderately well
drained soils of the Morley and Nester series. Both the
subsoil and the underlying material of these soils are
moderately fine textured. Most areas are slightly eroded.
The slope range is 2 to 6 percent.

The available water capacity is high, and fertility is
high. The organic-matter content is moderately low. Run-
off is medium, and permeability is moderately slow. These
soils warm up rather slowly in spring, and they lose their
good tilth and become hard and cloddy if tilled when wet.
The moderately fine textured subsoil is difficult to work
if it is exposed as a result of erosion.

Controlling erosion, maintaining good tilth, and sup-
plying organic matter are the major management needs.
Terracing and contour stripcropping for control of ero-
sion are difficult in some areas because of short, complex
slopes. Cover crops, additional crops of grasses and leg-
umes in the cropping system, and careful tillage are needed
to control erosion where terracing and stripcropping -are
not practical. Fall plowing permits earlier planting in the
following spring, but it also increases the hazard of ero-
sion. Scattered wet spots delay planting and harvesting
unless drained artificially.

‘Wheat, hay, and corn are the main crops grown on these
soils.

CAPABILITY UNIT Ife-2 (2.5a)

This unit consists of moderately well drained to well
drained soils of the Miami and Tuscola series. These soils
have a medium-textured to moderately fine textured sub-
soil and medium-textured underlying material. Most areas
are slightly eroded; a few are moderately eroded. The
slope range is 2 to 6 percent, and the slopes in some areas
are short and complex.

The available water capacity is high, and fertility is
medium. The organic-matter content is moderately low.
Runoff is medium to slow, and permeability is moderate
to moderately slow. Small seep spots and wet depressions
hinder planting and harvesting in wet years.

Controlling erosion, maintaining good tilth, and main-
taining fertility are the major management needs. Terrac-
ing and striperopping for control of erosion are difficult
where the slopes are short and complex. Cover crops, care-
ful tillage, and additional crops of grasses and legumes in
the cropping system are needed to control erosion where
terracing and stripcropping are not practical. Establish-
ing grass in natural waterways reduces the hazard of gul-
lying. Drying up wet spots by means of shallow surface
drains permits tillage earlier in spring. Plowing under
crop residues and green-manure crops adds organic matter
and thereby improves the capacity to absorb water and
reduces the likelihood of crusting. Applying manure helps
to restore good tilth in the moderately eroded areas.

Corn, small grain, hay, and pasture are the common
Crops.

CAPABILITY UNIT He=3 (3a, 3/2a)

This unit consists of moderately well drained to well
drained soils of the Hillsdale, Owosso, and-Ubly series.
These soils have a moderately coarse textured to moder-
ately fine textured subsoil. The Hillsdale soil is under-

lain with moderately coarse textured material, and the
Owosso and Ubly soils with moderately fine textured ma-
terial. The slope range is 2 to 6 percent.

The available water capacity is only moderate; the
moisture supply is not adequate to support the growth of
crops during long periods of dry weather. Fertility is
medium. The organic-matter content is moderately low.
Runoft is slow to medium, and permeability is moderately
slow to moderately rapid. These soils warm up and are
ready for tillage early in spring, and they dry out quickly
after rain. They are easy to till throughout a wide range in
moisture content and are not likely to crust.

Controlling erosion, maintaining fertility, providing
regular additions of organic matter, and conserving mois-
ture are the major management needs. Terracing, strip-
cropping, and contour tillage are effective in controlling
erosion. Minimum tillage helps to preserve good tilth and
also to limit the erosion hazard. Winter cover crops pro-
vide organic matter and help to control erosion and soil
blowing. Manure and crop residues improve tilth and in-
crease the capacity to absorb water.

Corn, oats, wheat, hay, and potatoes are the common
crops. Legumes and grasses suited to well-drained soils

provide good yields of forage. Other suitable crops are

fruits (except blueberries) and vegetables, both of which
need soils that warm up early.

CAPABILITY UNIT Iw-2 (1.5b, 1.5¢)

This unit consists of poorly drained to somewhat poorly
drained soils of the Blount, }l73owers, Hettinger, Kawkaw-
lin, and Sims series. Both the subsoil and the underlying
material of these soils are moderately fine textured. The
slope range is 0 to 2 percent. Some areas are in shallow
depressions.

The available water capacity is high, and fertility is
high. The organic-matter content is moderate to high. Run-
off is slow to ponded, and permeability is moderately slow.
The water table is near the surface unless lowered by arti-
ficial drainage. These soils warm up and dry out slowly in
spring unless drained. They puddle if tilled when wet, then
dry out hard and cloddy. Planting, weeding, and harvest-
ing are difficult because farm machinery is likely to bog
down. Crops are damaged by frost in some years. Most
areas include some wet depressions that can interfere with
planting and cultivation.

Drainage and maintenance of good tilth are the major
management needs. Reed canarygrass pasture is the only
crop that can be grown without tile drainage. Tile drains
are easily installed, and the trenches generally are stable,
but many areas lack natural outlets for drainage. Diver-
sion terraces to intercept runoff from higher areas are
beneficial. Crop residues and green-manure crops improve
tilth and workability. Plowing in fall permits earlier
planting in the following spring and is less likely to dam-
age tilth than plowing when the soils are wet in spring.
After fall plowing the soils should be left in rough furrows
through the winter and protected from erosion and blow-
ing. Pastures should not be used when the soils are wet,
because of the hazard of puddling.

Corn, small grain, and forage crops are the common
crops. The selection of crops depends on the degree of
drainage. Perennial grasses are grown in the wetter areas.
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CAPABILITY UNIT IIw-3 (L.5b, 2.5b)

This unit consists of somewhat poorly drained soils of
the Blount, Bowers, Conover, and Kawkawlin series. These
soils have a moderately fine textured subsoil. The Conover
soil has medium-textured underlying material, and the
others, moderately fine textured. The slope range 1s 2 to 6
percent, and the topography is undulating. o

The available water capacity is high, and fertility is
high. The organic-matter content is moderate. Runoff is
slow to ponded, and permeability is moderately slow to
moderate. The water table is near the surface in spring. If
tilled when wet the soils puddle and then dry out hard and
cloddy and with a crust that hinders emergence of seed-
lings. Wet depressions cause delays in tillage and planting.
Farm machinery bogs down in some areas in spring and
after rain in other seasons.

Drainage and preservation of tilth are the major man-
agement needs. The soils are stable, and trenches and
ditches, if properly constructed, need little maintenance.
Drainage is difficult, nevertheless, because some areas lack
outlets and the undulating topography makes it difficult to
lay out complete drainage systems. Random tile and sur-
face drains are used in some areas. Tilth can be improved
and the tendency to crusting reduced by plowing under
crop residues and green-manure crops. Minimum tillage
helps to prevent deterioration of tilth.

orn, small grain, and forage crops are grown in drained
areas of these soils.

CAPABILITY UNIT IIw-6 (2.5b, 3b, 2.5¢, 3c)

This unit consists of poorly drained to somewhat poorly
drained soils of the Bruce, Kibbie, Lacota, Matherton,
Richter, and Tonkey series. The Richter soil and the
Tonkey soil have a moderately coarse textured to coarse
textured subsoil; the others have a medium-textured to
moderately fine textured subsoil. All have medium-
textured to coarse-textured underlying material. The slope
range is 0 to 2 percent.

The available water capacity is moderate to high, and
fertility generally is medium. The organic-matter content
is moderate to high. Runoff is slow, and water ponds in
depressions. Permeability generally is moderate. These
soils have a fluctuating high water table and are excessively
wet in spring and after rain in other seasons. If drained
artificially they dry out readily and are easy to work.
Generally the moisture supply is adequate for crops. De-
terioration of tilth is not a serious hazard.

Drainage is the major management need. Installing tile
is difficult because the soil material is unstable and trenches
cave in. Backfilling the trenches with organic material or
surface soil helps to keep the drains free of soil; so does
the use of special blinding material. Where the underlying
material is sand, trenches should be dug during the driest
part of the year.

Most of the common crops can be grown on drained areas
of these soils. Small grain planted where drainage is poor
is likely to grow rank and to lodge before it can be
harvested.

CAPABILITY UNIT IIw-7 (2.5b, 3b)

This unit consists of somewhat poorly drained soils of
the Kibbie and Richter series. The Kibbie soil has a me-
dium-textured subsoil and medium-textured to coarse-tex-
tured underlying material. The Richter soil has a coarse
textured to moderately coarse textured subsoil and moder-

ately coarse textured underlying material. The slope
range is 2 to 6 percent, and the topography is undulating.

The Kibbie soil has a high available water capacity, and
the Richter soil a moderate available water capacity. Both
have medium fertility, medium runoff, and moderate
permeability. The organic-matter content is moderate.
These soils have a fluctuating high water table and are
excessively wet in spring and after rain in other seasons.
If drained artificially they dry out readily and are easy
to work. Generally the moisture supply is adequate for
crops. Deterioration of tilth is not a serious hazard.

Drainage and erosion control are the major management
needs. Undulating topography makes it difficult to install
complete drainage systems. Areas that have outlets can
be drained by means of random tile and surface drains.
Tile trenches are likely to fill in with soil material. The
Kibbie soil especially 1s unstable when wet, and trenches
should be dug in this soil only during the driest part of
the year. Special blinding of tile also helps to keep the
lines free of soil material. Minimum tillage and the use
of cover crops reduce the hazard of erosion. Plowing
under green-manure crops and crop residues provides a
regular supply of organic matter.

Most of the common crops can be grown on drained
areas of these soils.

CAPABILITY UNIT IIw-8 (3/2b, 3/2¢)

This unit consists of poorly drained to somewhat poorly
drained soils of the Belding, Breckenridge, and Metamora
series. These soils have a coarse-textured to moderately
fine textured subsoil and moderately fine textured under-
lying material. The slope range is 0 to 6 percent. The
Breatenridge soil is level to depressional.

The available water capacity is moderate, and fertility
is medium. The organic-matter content is moderate. Run-
off is slow to medium, and water ponds in depressions.
Permeability is moderate to moderately rapid in the upper-
most 18 to 40 inches and moderately slow in the lower part.
The water table is near the surface 1n spring unless lowered
by artificial drainage. In some years early planted or late-
maturing crops in low areas are damaged by frost.

Drainage is the major management need. Both tile
drains and surface drains are needed. The depth to and
spacing of tile depend on the depth to the moderately fine
textured layers. Pockets of sand occur in some areas, and
the sand may fill in tile trenches. Tile should be installed
when the soils are dry.

Most of the common crops can be grown in artificially
drained areas of these soils.

CAPABILITY UNIT IIs-2 (3a, 3/2a)

This unit consists of moderately well drained to well
drained soils of the Fox, Newaygo, and Ubly series. These
soils have a moderately coarse textured to moderately fine
textured subsoil. The Fox soil and the Newaygo soil are
underlain with coarse-textured material, and the Ubly
soil with moderately fine textured material. The slope
range is 0 to 6 percent.

The available water capacity is moderate, and fertility
is medium. The organic-matter content is moderately low.
Runoff is slow. Permeability is generally moderate but is
moderately slow below a depth of 18 to 40 inches in the
Ubly soil. These soils warm up and are ready for tillage
early in spring, and they dry out quickly after rain. They
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are easy to till throughout a wide range in moisture con-
tent. They do not hold enough moisture.to support crop
growth through periods of dry weather. They are seldom
excessively wet.

Conserving moisture, controlling erosion, maintaining
fertility, and regularly supplying organic matter are the
major management needs. Green-manure crops and crop
residues add organic matter and thereby increase the ca-
pacity of the soils to absorb water. Terracing, stripcrop-
ping, and contour tillage are effective means of controlling
erosion. Winter cover crops keep the soil from blowing and
also provide organic matter. Minimum tillage reduces the
hazard of erosion and also protects tilth and conserves
organic matter.

Corn, oats, wheat, and hay are the common crops. Other
suitable crops are fruits (except blueberries) and vege-
tables, both of which need soils that warm up early.

CAPABILITY UNIT IIle-4. (1.5a)

This unit consists of moderately well drained to well
drained soils of the Morley and Nester series. These soils
have a moderately fine textured subsoil and moderately
fine textured underlying material. The Nester soil 1s
slightly eroded, and the Morley soil moderately eroded.
The slope range is 6 to 12 percent, and the slopes generally
are short and complex.

The available water capacity is high, and fertility is
high. The organic-matter content is low. Permeability is
moderately slow. Runoff is rapid, and the erosion hazard is
severe. The moderately eroded Morley soil has poorer tilth
and loses more water through runoff than the slightly
eroded Nester soil. Both soils puddle readily if worked
when wet. The surface crusts upon drying, and the crust
results in uneven stands of plants. The effects of crusting
are more severe on the Morley soil than on the Nester soil.
Both soils include a few wet spots.

Controlling erosion, improving tilth, supplying organic
matter regularly, and maintaining fertility are the major
management needs. Because of the erosion hazard, crop-
ping systems ought’ to consist largely of close-growing
crops. Contour farming. is possible in a few areas, but the
short, complex slopes that characterize most areas make
terracing and contour stripcropping difficult. Plowing
under crop residues, applying lime and fertilizer, -and
growing cover crops and green-manure crops are effective
ways of improving fertility and tilth and adding organic
matter.

Corn, small grain, and hay are the common crops. Good
pasture stands of legumes and grasses can be obtained if
enough lime and enough fertilizer are used and grazing is
managed carefully.

CAPABILITY UNIT IIle-5 (2.5a, 3a, 3/2a)

This unit consists of moderately well drained to well
drained soils of the Hillsdale, Miami, and Ubly series.
These soils are moderately fine textured to moderately
coarse textured in both the subsoil and the underlying
material. The slope range is 6 to 12 percent.

The Hillsdale soil and the Ubly soil have a moderate
available water capacity, and the Miami soil, a high avail-
able water capacity. All the soils have medium fertility
and are moderately low in organic-matter content. Runoff
is rapid in areas intensively farmed. The loss of water
through runoff is greater where the soils are moderately
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eroded than where they are slightly eroded. Permeabilit,
1s generally moderate but is moderately slow below a dept.
of 18 to 40 inches in the Ubly soil. Where only slightly
eroded, the soils have good tilth and are easy to work;
where moderately eroded, they have poor tilth and crust
readily upon drying.

Controlling erosion and maintaining tilth and fertility
are the major management needs. Cropping systems that
include a large proportion of close-growing crops are
needed to check runoff and control erosion. More intensive
cropping systems can be used where the topography per-
mits terracing and stripcropping. Minimum tillage 1s a
help in maintaining good tilth and limiting the erosion
hazard. Plowing under manure and green-manure crops
improves tilth and increases the available water capacity.

f protected from erosion these soils are suited to most
of the common crops. Good stands of pasture and- forage
plants can be obtained if enough lime and enough fertilizer
are applied and grazing is managed carefully.

CAPABILITY UNIT Ille-9 (4a, 4/2a)

This unit consists of moderately well drained to well
drained soils of the Boyer, Mancelona, Menominee, Mont-
calm, Oshtemo, and Spinks series. These soils have a
moderately fine textured to coarse-textured subsoil. The
Menominee soil is underlain with moderately fine textured
material, and the other soils with coarse-textured material.
Most of the acreage is slightly eroded; a few areas are
moderately eroded. The slope range is 6 to 12 percent.

The Menomines soil has a moderate water capacity, and
the rest of the soils have a low avaliable water capacity.
Fertility is generally low but is slightly higher in the
Mancelona, Menominee, and Oshtemo soils than in the
others. The organic-matter content is low. Runoff is med-
inm. Permeability generally is moderately rapid or rapid
but is moderately slow below a depth of 18 to 40 inches in
the Menominee soil. All the soils warm up and are ready
for planting early in spring. They are easy to till. If
cultivated they are subject to both erosion and soil blow-
ing. The organic-matter content is less and the available
water capacity is lower where these soils are moderately
eroded than where they are slightly eroded.

Controlling erosion and conserving moisture are the
major management needs. Minimum tillage and stripcrop-
ping are effective in controlling erosion. Where stripcrop-
ping is difficult because of short, irregular slopes, the
proportion of close-growing crops in the cropping system
needs to be increased. Plowing under crop residues, green-
manure crops, and barnyard manure provides a regular
supply of organic matter and thereby improves both the
avallable water capacity and the resistance to erosion.

Corn, small grain, and alfalfa are the main crops. Some
fruits and vegetables are grown. Small grain is well suited
because it matures early, while the supply of available
water is still adequate. Shallow-rooted crops do not get
enough moisture in dry years unless irrigated.

CAPABILITY UNIT IIw-1 (lc)

This_unit consists of Toledo silty clay loam, a poorly
drained soil that has a fine textured subsoil and moderately
fine textured to fine textured underlying material. The
slope range is 0 to 2 percent.

The available water capacity is high, fertility is high,
and the organic-matter content is high. Runoff is very
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slow, and water ponds in low areas. Permeability is slow.
The water table is near the surface part of the year. The
soil warms up slowly and so is not ready for tillage early
in spring. )

Drainage and maintenance of good tilth are the major
management needs. Both tile and surface drains are
needed. Special blinding material helps to promote the
flow of water into the drains. Minimum tillage and fre-
quent and liberal additions of organic matter help t6 main-
tain good tilth. Grazing of forage crops should be delayed
till the soil is dry. In some places fall plowing permits
earlier planting in the following spring.

Drained areas of this soil are suite
common crops.

to most of the

CAPABILITY UNIT Illw-2 (1b)

This unit consists of somewhat poorly drained soils of
the Selkirk series. These soils have a moderately fine tex-
tured to fine textured subsoil and fine textured underlying
material. The slope range is 0 to 6 percent.

The available water capacity is moderate, and fertility
is high. The organic-matter content is moderate. Runoff
is slow, and permeability is slow. Water stands in depres-
sions and low areas for long periods of time. The water

table is high part of the year unless lowered by artificial-

drainage. The gently sloping areas are subject to erosion.
Frost damage to crops is a hazard in some low areas.

Drainage and maintenance of good tilth are the major
management needs. Tile drains, surface drains, and bed-
ding systems are effective in removing excess water. Plow-
ing in fall when the moisture content is favorable is less
likely to damage the soil structure than spring plowing,
and 1t also permits earlier planting. Adding organic mat-
ter improves permeability and thus promotes the flow of
water into tile drains.

Drained areas of these soils are suited to the common
crops.

CAPABILITY UNIT IIw-5 (4b)

This unit consists of soils of the Gladwin and Wasepi
series. These soils are somewhat poorly drained. They have
a moderately coarse textured subsoil and coarse textured
underlying material. The slope range is 0 to 6 percent,
and the topography is undulating.

The available water capacity is low, and fertility is
moderately low to medium. The organic-matter content is
moderately low. Runoff is slow, and permeability is mod-
erate. The water table is seasonally high unless lowered
by artificial drainage. If drained the soils tend to become
droughty in summer. Soil blowing is a hazard if large
areas of the surface are exposed by tillage.

Drainage, maintenance of fertility, and conservation of
moisture during periods of dry weather are the major
management needs. Tile and surface drains remove excess
water effectively. Complete drainage systems are not prac-
tical for some areas, because of undulating relief and lack
of outlets. Random tile and ditches can be used to drain
such areas. Because the soil material is unstable, trenches
are likely to cave in. Installing tile is easiest when the
soils are dry. Because these soils lose nutrients through
leaching, frequent light applications of fertilizer are bet-
ter than a single heavy application. Windbreaks, mulches,
cover crops, minimum tillage, and stripcropping reduce
the hazard of soil blowing.

CAPABILITY UNIT HIw-6 (4c)

This unit consists of Gilford sandy loam, a very poorly
drained to poorly drained, level soil that has a coarse
textured to moderately coarse textured subsoil and coarse
textured underlying material. The slope range is 0 to 6
percent.

The available water capacity is low, and fertility is
medium. The organic-matter content is moderately low.
Runoft is very slow, and water ponds in depressions and
on flats. Permeability is moderate. The water table is high
in spring; if it is lowered by artificial drainage, the soil
tends to be droughty.

Drainage is the major management need. Tile and open
ditches remove excess water effectively. Installing drain-
age systems is easiest when the soil is dry; ditchbanks
and trenches cave in readily when the soil is wet. Wind-
breaks, mulches, cover crops, minimum tillage, and strip-
cropping help to control soil blowing.

orn, small grain, and hay are the common crops. The
choice of crops depends on the degree of drainage. Un-
drained areas are suitable for water-tolerant pasture
plants and forage crops.

CAPABILITY UNIT IIIw-7 (4/1b)

This unit consists of Allendale sandy loam, 0 to 4 per-
cent slopes, a somewhat poorly drained soil that has a
coarse-textured to fine-textured subsoil and fine-textured
underlying material.

The availlable water capacity is moderate, and fertility
is medium. The organic-matter content is moderately low.
Runoft is slow, and water ponds in the lowest spots during
wet weather. Permeability is rapid in the upper layers
and slow in the fine-textured lower layers. The water table
is high in spring and after rain in other seasons. If it is
lowered by artificial drainage, the soil dries out quickly
and tends to become droughty. Soil blowing is a hazard
if large areas of the surface are exposed by tillage.

Drainage and the conservation of moisture in periods of
dry weather are the major management needs. Tile and
open ditches remove excess water effectively. Installing
drainage systems is easiest when the soil is dry ; ditchbanks
and trenches cave in readily when the soil is wet. The spac-
ing of the tile lines depends on the depth to fine-textured
material. The soil dries out more quickly if runoff from
adjacent higher areas is diverted. Windbreaks and strip-
cropping help to control soil blowing. Plowing under crop
residues and green-manure crops improves tilth and in-
creases the available water capacity. Minimum tillage
helps to conserve moisture.

The common field crops are grown on this soil. Small
grain generally is better suited than corn, because it ma-
tures early while the moisture supply is still adequate.
Early-maturing vegetables and small fruits can be grown
in frost-free locations.

CAPABILITY UNIT IIlw-8 (4/1c, 3/2c)

This unit consists of poorly drained soils of the Pin-
conning and Breckenridge series. These soils have a coarse
textured to moderately coarse textured subsoil and fine
textured to moderately fine textured underlying material
The slope range is 0 to 2 percent, and the topography is
level to depressional.

The available water capacity is moderate, and fertility
is low to medium. The organic-matter content is moderate-
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ly low to moderate. Runoff is very slow to ponded. Permea-
bility is moderate to moderately rapid in the upper 18 to
40 inches and slow to moderately slow in the lower part.
The water table is high in spring and after rain in other
seasons. If the water table is lowered by artificial drainage,
the soils tend to become droughty. Frost damage to crops
is a hazard. Large cultivated areas are subject to soil blow-

ing.

%ra.inage is the major management need. Tile and open
ditches drain most areas adequately. Some areas lack out-
lets for drainage. The soils in such areas dry out more
quickly if runoé from higher areas is diverted. Stripcrop-
ping, mulches, cover crops, and windbreaks help to control
soil blowing. Plowing under crop residues and green-
manure crops improves fertility and increases the avail-
able water capacity. Irrigation reduces the frost hazard, in
addition to providing water when needed.

If drained these soils are suited to most of the common
crops. They are better suited to small grain than to corn.
Vegetables and some small fruits can be grown, preferably
under irrigation. The selection of pasture and forage crops
depends on the degree of drainage.

CAPABILITY UNIT IlIw-9 (3/2b, 4/1b, 4/2b)

This unit consists of somewhat poorly drained soils.of
the Allendale, Belding, and Tosco series, These soils have
a coarse-textured to fine textured subsoil and moderately
fine textured to fine textured underlying material. The
slope range is 0 to 6 percent.

The available water capacity is low to moderate, and
fertility is low to medium. The organic-matter content is
moderately low to moderate. Runoft is slow. Permeability
i1s moderately rapid to rapid in the upper 18 to 40 inches
and slow to moderately slow in the underlying material.
The water table is high in spring and after rain in other
seasons. I'f it is lowered by artificial drainage, the soils d
out quickly and tend to become droughty. Soil blowing 18
a hazard ify large areas are cultivated.

Drainage and the conservation of moisture during pe-
riods of dry weather are the major management needs.
Tile and open ditches drain most areas effectively. Drain-
age systems should be installed when the soils are dry,
because trenches and ditchbanks cave in readily when the
soils are wet. Some areas lack outlets for drainage. The
soils in these areas dry out more quickly if runoff from ad-
jacent higher areas is diverted. Stripcropping, minimum
tillage, cover crops, and windbreaks help to control soil
blowing. Plowing under crop residues and green-manure
crops improves tilth and increases the available water ca-
pacity. Irrigation reduces the frost hazard, in addition
to supplying water as needed.

These soils are suited to the common crops. Small grain
does better than corn in dry years, because it matures early
while the moisture supply 1s still adequate. Vegetables and
small fruits can be grown under irrigation.

CAPABILITY UNIT IlIw-10 (4/2c)

This unit consists of Brevort sandy loam, a poorly
drained soil that has a coarse-textured subsoil and mod-
erately fine textured underlying material. The slope range
is0 tlo 2 percent, and the topography is level to depres-
sional.

The available water capacity is moderate, and fertility
is low. The organic-matter content is moderately low.

Runoff is very slow to ponded. Permeability is rapid in
the upper layers and moderately slow in the moderately
fine textured underlying material. The water table is high.
Unless the water table is lowered by artificial drainage,
the soil dries out slowly in spring. If drained it dries out
quickly and tends to become droughty. Crops are dam-
aged by frost in some years.

Drainage is the major management need. Tile and open
ditches drain some areas adequately. Drainage systems
should be installed when the soil is dry, because ditch-
banks and trenches cave in readily when the soil is wet.
The depth to and spacing of tile drains depend on the
depth to the moderately fine textured underlying material.
Some areas lack outlets for drainage. Windbreaks, strip-
cropping, cover crops, and mulches help to control soil
blowing. Adding organic matter increases the available
water capacity.

If drained this soil is fairly well suited to crops and
pasture. Many areas are not used for farming.

CAPABILITY UNIT IIIw-11 (5¢)

This unit consists of very poorly drained to poorly
drained soils of the Granby series. These soils are coarse
textured in both the subsoil and the underlying material.
The slope range is 0 to 2 percent.

The available water capacity is low, and fertility is
low. The organic-matter content is high. Runoff is very
slow, and water ponds in depressions. Permeability is
rapid if the naturally high water table is lowered by arti-
ficial drainage. After the water table is lowered, the soils
tend to become droughty. Soil blowing is a hazard if large
areas are cultivated.

Drainage, conservation of moisture and fertility after
drainage, and control of soil blowing are the major man-
agement needs. Tile and open ditches provide effective
drainage. Drainage systems should be installed when the
soils are dry, because trenches and ditchbanks are likely
to cave in when the soils are wet. Depressions where water
accumulates can be eliminated by leveling. Windbreaks,
stripcropping, minimum tillage, cover crops, and mulches
help to control soil blowing and to conserve moisture. In
dry years crops may fail to mature; consequently, heavy
applications of fertilizer are generally not practical.

Drained areas of these soils are suited to the common
crops. In some places the soils are acid enough to be suited
to blueberries.

CAPABILITY UNIT IITw-12 (L-2¢)

This unit consists of very poorly drained to somewhat
oorly drained soils of the Ceresco, Cohoctah, Shoals,
gloan, and Washtenaw series. Both the subsoil and the
underlying material of these soils are moderately coarse
textured to moderately fine textured. The slope range is
0 to 6 percent. Many small areas are isolated by meander-
ing streams.

The Ceresco soil has a moderate available water capac-
ity and medium fertility and is moderate in organic-mat-
ter content ; all the others in the unit have a high available
water capacity and high fertility and are high in organic-
matter content. Runoff is very slow to ponded. Permea-
bility is moderate to moderately rapid in the Ceresco soil
and the Cohoctah soil and moderately slow in all the oth-
ers. The water table is high. Flooding early in the growing
season is common. Frost damage to crops is a hazard.
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Drainage and protection from flooding are the major
management needs. Some areas lack outlets and so cannot
be drained by means of tile and ditches. The likelihood
of flood damage can be reduced by selecting row crops
and forage crops that can be planted late, and the risk of
frost damage can be reduced by selecting frost-hardy crops
and planting only where air drainage is good. Minimum
tillage and the utilization of crop residues are beneficial.

Areas that are drained and protected from flooding are
well suited to the common crops. Other areas are suited
to water-tolerant pasture plants and forage crops.

CAPABILITY UNIT IIIw-14 (L-4¢)

This unit consists of very poorly drained to somewhat
poorly drained soils of the Algansee and Glendora series.
Both ‘the subsoil and the underlying material are coarse
textured. The slope range is 0 to 6 percent.

The available water capacity is low, and fertility is low.
The organic-matter content is moderately low. Runoff is
very slow to ponded, and permeability is rapid. Flooding
is Iikely early in the growing season.

Drainage and protection from flooding are the main
management needs. Drainage by means of tile and ditches
is not practical for many areas, because of the instability
of the soil material and a lack of outlets. The likelihood
of flood damage can be reduced by selecting row crops and
forage crops that can be planted late. Minimum tillage,
fertilization, and return of crop residues are beneficial.

The suitability of these soils for crops varies; it depends
on the frequency and severity of floods, the degree of
drainage, and the severity of the frost hazard. Generally,
the soils are better suited to water-tolerant forage crops
of settling can be reduced by allowing the water table to

CAPABILITY UNIT HIw-15 (I~2¢, Me, M/3¢c)

This unit consists of very poorly drained to poorly
drained organic soils of the Carlisle, Linwood, and Wall-
kill series. In the Carlisle soil, the organic deposit is more
than 42 inches thick. In the Linwood soil, it is 12 to 42
inches thick and is underlain with medium-textured min-
eral material. In the Wallkill soil, the organic deposit is
covered with a 10- to 40-inch overburden of medium-tex-
tured mineral soil. The slope range is 0 to 6 percent, and
the topography is level to depressional.

The soils in this unit have a high available water ca-
pacity. The Carlisle and Linwood soils are low in fertility,
but the mineral overburden of the Wallkill soil is high 1n
fertility. Runoff is very slow to ponded. The Carlisle soil
is rapidly permeable; the upper, organic part of the Lin-
wood soil is rapidly permeable, and the lower, mineral
part is moderately permeable; the upper, mineral part of
the Wallkill soil 1s moderately permeable, and the lower,
organic part is rapidly permeable. The water table is high;
it must be lowered by artificial drainage before crops can
be grown. Soil blowing results in damage to growing crops
as well as in loss of soil material. Windblown soil material
fills in ditches and thereby impedes drainage.

Controlled drainage, protection from soil blowing, and
improvement of fertility are the major management needs.
Overdrainage should be avoided. A favorable level for the
water table is one that allows crops to be grown and does
not result in settling of the organic material, droughtiness,
or an increase in the hazard of soil blowing. The danger
of settling can be reduced by allowing the water table to

rise closer to the surface when no crop is being grown.
Some areas lack outlets for drainage. Compaction of the
surface layer, sprinkler irrigation, stripcropping, and the
use of buffer strips and windbreaks help to control soil
blowing. Windbreaks provide cover for wildlife, besides
helping to keep the soil from blowing. Selecting frost-
hardy plants and planting where air drainage is good
reduce the risk of frost damage. Fertilization is important
because these organic soils are low in natural fertility, and
the nutrient requirements of the common crops are high.
Drained areas of these soils are well suited to corn, vege-
tables, grass sod, and other specialty crops. :

CAPABILITY UNIT IIls-3 (4a)

This unit consists of moderately well drained to well
drained soils of the Boyer, Mancelona, Montcalm, Osh-
temo, and Spinks series. These soils have a moderately
coarse textured to moderately fine textured subsoil and
coarse textured underlying material. The slope range is
0 to 2 percent.

The available water capacity is low ; the supply is rarely
adequate for optimum growth of crops. Fertility is low
but slightly higher in the Mancelona and Montcalm soils
than in the others. The organic-matter content is low.
Runoff is slow, and permeability is moderate to rapid. Soil
blowing is a serious hazard if the soils are farmed inten-
sively, but there is generally no hazard of water erosion.

Maintaining fertility, supplying organic matter, con-
serving moisture, and controlling soil blowing are the
major management needs. Additions of organic matter are
needed to help conserve moisture and maintain good tilth.
Fertilizer is needed, but large applications are not benefi-
cial in dry years when crops fail to mature because of lack
of moisture. Windbreaks, stripcropping, and minimum
tillage help to control blowing in cultivated areas. Other
means of protecting the soils from wind damage include
cover crops, buffer strips of small grain, plant residues
left on the surface, and rough tillage.

Corn, small grain, and hay are the common crops. Crops
that resist drought and mature early should be selected,
unless irrigation is provided. Deep-rooted forge plants are
better suited than shallow-rooted crops.

CAPABILITY UNIT IlIs—4 (4a, 4/2a)

This unit consists of moderately well drained to well
drained soils of the Boyer, Mancelona, Menominee, Mont-
calm, Oshtemo, and Spinks series. These soils have a mod-
erately fine textured to coarse-textured subsoil. The
Menominee soil is underlain with moderately fine textured
material, and the rest of the soils with coarse-textured
material. The slope range is 2 to 6 percent.

The available water capacity of the Menominee soil is
moderate, and that of the other soils is low. Normally, the
soils are filled almost to capacity with moisture at the
beginning of the growing season, then they become drier
as the season progresses. The moisture supply is not ade-
quate to carry crops through periods of dry weather.
Fertility is generally low but is slightly higher in Man-
celona, Menominee, and Oshtemo soils than in the others.
The organic-matter content of all the soils is low. Runoff
is slow. Permeability generally is moderate to rapid but
is moderately slow in the lower part of the Menominee
soil: These soils are easy to work throughout a wide range
in moisture content, and they are not likely to clod or
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crust. Iixcessive tillage increases the hazard of erosion.
The Spinks soil is more droughty and more susceptible to
blowing than the rest of the soils.

Improving fertility, supplying organic matter regu-
larly, conserving moisture, and controlling erosion are the
major management needs. Plowing under crop residues,
green-manure crops, and barnyard manure increases fer-
tility, supplies organic matter, and helps to conserve mois-
ture. Fertilizer is needed, but large applications are not
beneficial in dry years when crops fail to mature because
of lack of moisture. Windbreaks, stripcropping, and mini-
mum tillage help to control erosion.

Corn, small grain, and hay are the common crops. Crops
that resist drought and mature early are to be preferred.

CAPABILITY UNIT IVe-1 (1.5a, 2.5a)

This unit consists of moderately well drained to well
drained soils of the Miami and Nester series. These soils
have a modrately fine textured subsoil and medium-tex-
tured to moderately fine textured underlying material.
The sloperange is 12 to 18 percent.

The available water capacity is high, and fertility is
medium to high. The organic-matter content is low. Perme-
ability is moderate to moderately slow. Where crops are
grown, runoff is rapid and, consequently, the erosion hazard
is serious. The rapid runoff also results in a shortage of
moisture in summer.

Controlling erosion, supplying organic matter, and
maintaining good tilth are the major management needs.
Minimum tillage, contour stripcropping, and a preponder-
ance of forage crops in the cropping system help to re-
duce runoff and control erosion. Where the slopes are too
short or too complex for striperopping, erosion can be
controlled by planting only close-growing crops. Plowing
under large amounts of organic matter increases the water-
absorbing capacity of the soils and thus saves water that
would otherwise run off. Grassed waterways are needed
to dispose of runoff safely.

These soils are suited to forage crops and an occasional
crop of small grain. Only infrequently should a row crop
be grown. Frost-free sites are suitable for fruit trees. A
cover of permanent vegetation should be established be-
tween the trees.

CAPABILITY UNIT IVe-3 (1.5a)

This unit consists of Nester clay loam, 6 to 12 percent
slopes, severly eroded. This soil is moderately well drained
to well drained. Both the subsoil and the underlying ma-
terial are moderately fine textured.

The available water capacity is high, and fertility is
medium. The organic-matter content is low. Runoff is very
rapid in areas intensively farmed. Permeability is moder-
ately slow. The surface layer has poor structure and tilth;
it is sticky when wet and becomes hard and crusted upon
drying. When the soil is hard, runoff increases. The crust
hinders the germination of seeds and the emergence of
seedlings. The hazard of further erosion is serious.
~ Controlling erosion, supplying organic matter regu-
larly and improving tilth are the major management needs.
Means of controlling erosion include contouring, terrac-
ing, stripcropping, minimum tillage, cover crops, and the
inclusion of grasses and legumes in the cropping system.
Where mechanical practices for control of erosion are not
feasible, the crops should be mainly small grain and forage

75

plants. Crop residues should be kept on or near the sur-
face. Partially incorporating crop residues or manure re-
duces the tendency of the soil to clod and crust. Tilling
when the moisture content is favorable helps to prevent
deterioration of tilth.

This soil is better suited to small grain and forage crops
than to row crops. A row crop should be grown only occa-
sionally.

CAPABILITY UNIT IVe-9 (4a)

This unit consists of moderately well drained to well
drained soils of the Montcalm, Oshtemo, and Spinks series.
These soils have a coarse-textured to moderately fine tex-
tured subsoil and coarse-textured underlying material.
Most of the acreage is slightly eroded. The slope range is
12 to 18 percent.

The available water capacity is low, fertility is low, and
the organic-matter content is low. Where crops are grown,
runoff is rapid and the hazard of erosion is serious. Per-
meability is moderate to rapid. Heavy runoff and low
available water capacity result in a shortage of moisture
during the dry summer months. Soil blowing is a hazard
if large areas are cultivated.

Controlling erosion and conserving moisture are the
major management needs. Minimum tillage, stubble
mulching, and striperopping help to slow runoff and con-
trol erosion. Where the slopes are short and uneven and
stripcropping is not practical, a permanent cover of grass
is needed for control of erosion. Gullies form in pastures
that are overgrazed. Pasture stands improve if fertilizer
and organic matter are added. Large applications of fer-
tilizer are not beneficial in dry years when crops fail to
mature because of lack of moisture.

These soils are better suited to small grain and forage
crops than to row crops. Some fruit trees are grown.

CAPABILITY UNIT IVw-2 (5b)

This unit consists of two somewhat poorly drained soils
of the Au Gres series. One of these soils is coarse textured
throughout, and the other has moderately fine textured
underlying material at a depth of 42 to 66 inches. The
slope range is 0 to 6 percent.

The available water capacity is low, fertility is low, and
the organic-matter content is low. Runoff is slow, and
water ponds in depressions. Permeability is rapid in the
coarse-textured material and moderately slow in the mod-
erately fine textured material. The water table is high in
spring. If it is lowered by artificial drainage, the soils
tend to become droughty. Soil blowing is a hazard if large
areas are cultivated.

Drainage, conservation of moisture after drainage, and
improvement of fertility are the major management needs.
Installing drainage systems is difficult. Ditchbanks and
trenches cave in readily when the soil is wet, and soil
material fills the drains. Tile should be installed when the
soils are dry. Backfilling with porous material, such as
straw, topsoil, or grass clippings, helps to keep the drains
clear. Stripcropping, windbreaks, cover crops, mulches,
and minimum tillage help to conserve moisture and to con-
trol soil blowing. Fertilizer is needed, but large applica-
tions are not beneficial in dry years when crops fail to
mature because of lack of moisture,

These soils are not well suited to general crops, but blue-
berries, strawberries, melons, and other truck crops can
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be grown in areas where drainage is feasible and water is
available for irrigation.

CAPABILITY UNIT IVw=-3 (5b, 5b-h)

This unit consists of Au Gres-Saugatuck sands, 0 to 6
percent slopes, a complex of two somewhat poorly drained
soils, Both soils are coarse textured throughout. The
Saugatuck soil has a cemented layer in the subsoil.

The available water capacity 1s low, fertility is low, and
the organic-matter content is low. Runoff is very slow to

onded. The Au Gres soil is rapidly permeable, but the
Saugatuck soil, because of the cemented layer, 1s slowly
permeable. The water table is near the surtface in spring
and during wet weather in other seasons. If the water table
is lowered by artificial drainage, the soils are droughty
during dry weather. Large cultivated fields are susceptible
to soil blowing.

Drainage, conservation of moisture during dry weather,
and improvement of fertility are the major management
needs. Drainage is difficult because trenches and ditches
cave in. The cemented layer in the Saugatuck soil neces-
sitates onsite investigation before drainage is attempted.
Special blinding and backfilling help to keep sand out of
the drains. Drainage systems should include water level
controls so that the water table can be kept at a level fa-
vorable for the growth of crops. Irrigation is needed dur-
ing dry periods. Cover crops, crop residues, and green-
manure crops supply organic matter and thus improve
the available water capacity. Field windbreaks, stripcrop-
ping, rough tillage, residues left on the surface, and cover
crops or strips of small grain help to control soil blowing.

General crops are seldom grown on these soils, but blue-
berries, strawberries, melons, and some truck crops can
be grown where the degree of soil acidity is favorable, air
drainage is good, lowering the water table is feasible, and
water is available for irrigation.

CAPABILITY UNIT IVw=5 (M/4c, Mc)

This unit consists of poorly drained organic soils of the
Adrian and Houghton series. In the Adrian soil the or-
ganic deposit is 12 to 42 inches thick and is underlain with
coarse-textured mineral material. In the Houghton soil
the organic deposit is 42 or more inches in thickness. The
slope range is 0 to 2 percent and the topography is level
to depressional.

The available water capacity of the Adrian soil is mod-
erate, and that of the Houghton soil is very low. Fertility
is low. Runoff is very slow to ponded, and permeability is
rapid. The water table is high. Farm machinery bogs down
readily when the soils are saturated, and planting and
harvesting are hampered. If the water table is lowered too
much, the organic material settles and in some places dries
out so much that hazards of soil blowing and fire develop.
Wind action thins the layer of organic material, blows out
newly seeded crops, and fills drainage ditches with drifting
soil material. Frost damage to crops is also a hazard.

Drainage, control of soil blowing, and improvement of
fertility are the major management needs. Dams, dikes,
pumps, and irrigation wells are among the means that can

be used to keep the water table at a favorable level. Tile,

open ditches, and surface drains are effective also. The
water table should be low enough that crops can be grown,
but not so low as to result in droughtiness or to intensify
the hazard of blowing. The risk of settling can be reduced

by keeping the water table near the surface in areas where
no crop is being grown. Compaction of the surface layer,
sprinkler irrigation, stripcropping, and the use of buffer
strips and windbreaks help to control soil blowing. The
danger of frost damage can be reduced by selecting frost-
hardy crops and planting only where air drainage 1s good.
The fertilizer elements generally needed are phosphorus,
potassium, manganese, boron, copper, molybdenum, and
zine. These should be applied according to the results of
soil tests, in quantities that will meet the needs of whatever
crops are being grown. Grazing when the soils are wet
should be restricted.

Corn and vegetable crops are grown in drained areas
of these soils. Areas that cannot be drained are used for
grazing.

CAPABILITY UNIT IVw-6 (M/mc)

This unit consists of very poorly drained organic soils
of the Edwards and Warners series. In the Edwards soil
the organic material is underlain with mar! at a depth of
12 to 42 inches, and in the Warners soil, at a depth of less
than 12 inches. The slope range is 0 to-2 percent.

The available water capacity is high, and fertility is
low. Runoff is very slow to ponded. Permeability varies
because of differences in the underlying marl. The water
table is at the surface part of the year unless lowered
by artificial drainage. Soil blowing in cultivated areas is
a serious hazard. Frost damage to crops is a hazard, also.

Drainage, control of soil blowing, and improvement of
fertility are the major management needs. Some areas
can be drained by means of tile, open ditches, and surface
drains. The Warners soil and some areas of the Edwards
soil are difficult to drain because the marl is so near the
surface. Compaction of the surface layer, sprinkler irri-
gation, stripcropping, and the use of windbreaks help to
control soil blowing. Fertilizer should be applied accord-
ing to the results o% soil tests, in quantities tﬁab will meet
the needs of whatever crops are being grown. Grazing
when the soils are wet should be restricted.

Drained areas of the Edwards soil are used for corn and
vegetable crops. Most of the Warners soil and those areas
of the Edwards soil that cannot be drained are used for
grazing.

CAPABILITY UNIT IVs—4 (5a, 5b)

This unit consists of soils of the Au Gres, Chelsea, Cros-
well, and Kalkaska series. The Au Gres soil is somewhat
poorly drained, the Croswell soils are moderately well
drained, and the Chelsea and Kalkaska soils are well
drained. The Chelsea soils have a thin, moderately coarse
textured subsoil and coarse textured underlying material.
All the other soils are coarse textured throughout. The
Kalkaska soil has a slope range of 0 to 12 percent; the rest
have a slope range of 0 to 6 percent.

The available water capacity is low, and fertility is low.
The organic matter content is very low to low. Very little
water runs off. Permeability is rapid.

Conserving moisture, controlling soil blowing, and im-
proving fertility are the major management. needs. Mini-
mum tillage helps to limit the loss of moisture through
evaporation. Windbreaks, cover crops, stripcropping,
mulches, and minimum tillage help to control soil blowing.
Fertilizer is needed, but large applications are not bene-
ficial in dry years when, because moisture is lacking, crops
fail to mature.

Only a few areas of these soils are farmed. Crops quickly
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show the effects of droughtiness. Small fruits and truck
crops, grown under irrigation, are better suited than other
cultivated crops. Shallow-rooted crops do not mature in
dry years. Early maturing crops can be grown, and forage
crops do well in the early part of the growing season. Small
areas of the Kalkaska soil are steep enough to need a cover
of permanent vegetation.

CAPABILITY UNIT VIe-1 (1.5a, 2.5a)

This unit consists of moderately well drained to well
drained soils of the Miami, Morley, and Nester series.
These soils have a moderately fine textured subsoil and
medium-textured to moderately fine textured underlying
material. One soil in the unit is moderately eroded, an
two are severely eroded. The slope range is 12 to 45
percent.

The available water capacity is high, and fertility is
medium to high. The organic-matter content is low. Runoff
is rapid to very rapid. Permeability is moderately slow to
moderate. The two severely eroded soils are lower in fer-
tility, have poorer tilth, have a lower content of organic
matter, and lose more water through runoff than the rest
of the soils in the unit.

Controlling erosion and improving tilth are the major
management needs. Close-growing vegetation helps to
control erosion. Grassed waterways can be used in some
areas to check runoff and thus reduce the erosion hazard.
Minimum tillage, utilization of crop residues, and appli-
cation of lime and fertilizer help to maintain fertility and
improve tilth. Careful management of grazing also helps
to reduce the erosion hazard and improve tilth.

Because of the slope and the risk of further erosion,
these soils are better suited to pasture and forage crops
than to row crops or small grain.

CAPABILITY UNIT VIs-1 (4a, 5a)

This unit consists of moderately well drained to well
drained soils of the Chelsea, Montcalm, and Spinks series.
These soils have a coarse textured to moderately coarse
textured subsoil and coarse textured underlying material.
The slope range is 6 to 25 percent.

The available water capacity is low, and fertility is low.
The organic-matter content is very low to low. Runoff is
medium, and permeability is moderately rapid to rapid.
These soils dry out quickly. They are easy to till but
are readily eroded.

Conserving moisture and controlling erosion are the
major management needs. A cover of permanent vegeta-
tion helps to do both. Minimum tillage, addition of organic
matter, and application of lime and fertilizer also help to
conserve moisture. Careful management of grazing is
necessary to prevent intensifying the erosion hazard.

Recreation, wildlife habitat, and woodland are better
uses for these soils than the production of crops. Pasture
and forage crops are better suited than row crops and small
grain, but even they are adversely affected by the moisture
shortage.

CAPABILITY UNIT VIfe-1 (L§a)

This unit consists of moderately well drained to well
drained soils of the Morley and Nester series. These soils
have a moderately fine textured subsoil and moderately
fine textured underlying material. Three of the four soils
in the unit are severely eroded. The slope range is 18 to
45 percent.

The available water capacity is high, and fertility is
generally medium. The organic-matter content is low. Run-
off is very rapid, and the erosion hazard is severe. Perme-
ability is moderately slow.

Controlling erosion is the major management need.
Maintaining a cover of permanent vegetation is most
important. Planting trees and shrubs is beneficial. Over-
grazing results in increased runoff and an intensified
erosion hazard.

These soils are too steep and too eroded to be used for
cultivated crops. They are better suited to grass or to
recreational uses, wildlife habitat, or woodland.

CAPABILITY UNIT VIIe-2 (4a)

This unit consists of Spinks and Montcalm loamy sands,
25 to 45 percent slopes, an undifferentiated group of mod-
erately well drained to well drained soils that have a
moderately coarse textured to coarse textured subsoil and
coarse textured underlying material.

The available water capacity is low, fertility is low, and
the organic-matter content is low. Runoff is rapid, and
permeability is moderately rapid to rapid.

Controlling erosion is the major management need.
Maintaining a cover of permanent vegetation is most im-
portant. Planting trees and shrubs is beneficial. Careful
management of grazing is needed because overgrazing in-
tensifies the erosion hazard.

These soils are too steep and too droughty to be used
for cultivated crops. They are better suited to grass or to
recreational uses, wildlife habitat, or woodland. Even
pastures dry up in summer. Because of the slope, the use
of machinery is restricted.

CAPABILITY UNIT VIIs-1 (5.3a)

This unit consists of well-drained soils of the Deer Park
and Rubicon series and two phases of one land type,
Blown-out land. All of these mapping units are coarse
textured throughout. The slope range is 0 to 50 percent.

The available water capacity is very low, and fertility is
very low. The organic-matter content is very low, and the
organic matter decomposes rapidly under cultivation.
Runoff is very slow to slow, and permeability is rapid.

Controlling erosion is the major management need. A
permanent cover of grass, shrubs, or trees is needed.

These soils are not suitable for cultivated crops, and even
pasture plants dry up in summer and provide little forage.
The slope restricts the use of farm machinery. Recreation,
wildlife habitat, and woodland are suitable uses. Christmas
trees can be grown on some areas of the Rubicon soils (fig.
10). Blown-out land can be stabilized by planting beach-
grass and, after that is established, setting out shrubs
and trees.

CAPABILITY UNIT VIIw-2 (Sc)

This unit consists of Marsh, a land type in which the
water table is at or above the surface most of the year.
The soil material is predominantly peat. Most areas are
along the Grand River, where the river flows into Lake
Michigan.

Marsh is not suitable for use as pasture, cropland, or
woodland. It is best suited to recreational uses and wildlife
habitat.

CAPABILITY UNIT VIIs-1 (Sa)

This unit consists of five miscellaneous land types that

are generally unsuitable for farming. Some areas have
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Figure 10.—Christmas tree plantation on a Rubicon sand, which is in capability unit VIIs-1 (5.3a).

possibilities for recreational uses, and other areas have al-
ready been used for commercial and residential building.
Areas that are actively eroding need to be stabilized by
planting beachgrass or brush and, after these have become
established, setting out trees and shrubs.

Predicted Yields®

Table 2 shows the predicted yields per acre of the prin-
cipal crops grown in Ottawa County, under prevailing
management and under improved management. These pre-
dictions are indicative of the relative productivity of the
soils of the county.

The figures in columns A represent recorded yields un-
der prevailing management. At this level of management,
some legume-grass crops are included in the cropping sys-
tem but generally little consideration is given to the
suitability of the cropping system for the soil; the avail-
able barnyard manure is returned to the soil; lime is
applied, but in many places in insufficient amounts and
not according to recommendations based on soil tests;

3 WirLiaM ALLRED and WARREN STUDLEY, Soil Conservation Serv-
ice, helped prepare this section.

some fertilizer is applied; poorly drained soils are culti-
vated without being drained artificially, so partial crop
failures caused by excess water are common; and erosion
control and.other management practices are not used to
the fullest advantage.

The figures in columns B represent yields obtained un-
der improved management, which includes most of the
following : suitable cropping systems, in which the proper
proportion of row crops to legume-grass crops is main-
tained ; such measures as are needed to control water ero-
sion and soil blowing (contour tillage, stripcropping, min-
imum tillage, and return of crop residues, for example) ;
applications of lime and fertilizer in accordance with the
results of soil tests and the requirements of the crop;
adequate artificial drainage, where needed; use of im-
proved varieties of crops and of high-quality seed ; control
of weeds, diseases, and insects; suitable and well-timed
tillage and harvesting; and utilization of cover crops,
crop residues, and manure to improve soil structure, sup-
ply organic matter, and help control erosion.

These yields are averages for a period of several years
under the specified level of management. The predictions
for improved management are not presumed to be the
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TaBLE 2.—Predicted yields under two levels of management

{Columns A show yields to be expected under prevailing management in the county; columns B show yields that can be obtained under
improved management. Dashes indicate that the crop is not suited to the soil or is not ordinarily grown on it]
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Corn (grain) | Corn (silage) Oats Wheat Alfalfa Mixed hay
Soil
A B A B A B A B A B A B
Bu Bu. Tons Tons Bu. Bu. Bu. Bu Tons Tons Tons Tons

Adrian muek_ .. __ .. __________ 60 90 9 18 el __
Adrian-Houghton mueks______._______________ 60 100 9 14 || el
Algansee loamy sand.___________ | ||| oo e e
Allendale sandy loam, 0 to 4 percent slopes__ ___ 60 85 9 12 40 75 32 45 2.4 4.5 1.2 2.0
Au Gres loamy sand, 0 to 6 percent slopes...____ 30 60 4 9 20 55 16 35 1.3 2.1 1.1 1.8
Au Gres loamy sand, loamy substratum, 0 to 6

percent slopes_ - ______ . ______________.___. 30 60 5 9 20 55 16 35 1.3] 2.1 1.1 L8
Au Gres-Saugatuck sands, 0 to 6 percent slopes.. 30 60 5 9 20 55 16 35 1.3 2.1 11 1.8
Belding sandy loam, 0 to 2 percent slopes_______ 60 85 9 12 40 75 32 45 241 40 1.5 2.5
Belding sandy loam, 2 to 6 percent slopes__.____ 60 85 9 12 40 75 32 45 2.4 4.0 1.5 2.5
Blount loam, 0 to 2 percent slopes_____________ 65 110 8 16 48 75 38 50| 2.5 5.0 1.8 2.6
Blount loam, 2 to 6 percent slopes_.___________ 65 110 8 16 48 75 38 50 2.5 5.0 1.8 2.6
Blown-out land, 0 to 6 percent slopes___._____ ||| ____\____ | ____\____ | ____ |l .
Blown-out land, 6 to 50 percent slopes__ ______ |- __ || |oo oo e e
Bowers loam, 0 to 2 percent slopes__ ___________ 60 110 8 16 48 75 35 50 2.5 5.0 1. 8 2.6
Bowers loam, 2 to 6 percent slopes_____________ 65 110 8 16 48 75 38 50 2.5 5.0 1.8 2.6
Boyer loamy sand, 0 to 2 percent slopes_ _______ 35 65 5 10 30 50 20 30 1.5 2.6 1.2 2.0
Boyer loamy sand, 2 to 6 percent slopes________ 35 65 5 10 30 50 20 30 1.5 2.6 1.2 2.0
Boyer loamy sand, 6 to 12 percent slopes__ _____ 30 60 4 9 25 45 16 26 1.5 2.6 1.2 2.0
Breckenridge sandy loam_ ____________________ 50 80 7 11 40 75 32 45 2.4 4.0 L5 3.0
Brevort sandy loam__________________________ 50 80 7 11 35 60 25 38 1.5 3.2 1.5 3.0
Bruce loam_ .. ___________________ . ______ 65 100 9 14 45 73 35 50 2.5 5.0 1.8 2.6
Carlisle muek._ _.___________________________._ 60 100 9 14 ||| e e e e
Cerescoloam_______________.________________. 50 90 7 13 40 70 20 40 1.9 3.5 1.8 2.9
Chelsea loamy sand, 0 to 6 pereent slopes______ _|______| o looo oo oo e 1.5 2.0 1.5 2.0
Chelsea loamy sand, 6 to 12 percent slopes..-— |- _|o oo leoo oo oo e 1.2 2.0 1.2 2.0
Chelsea complex, 0 to 6 percent slopes_________ | ____ | o |omem oo e oo 1.7 2.2 1.7 2.2
Cohoetah loam_.____________________________ 50 90 7 13 40 70 20 40 1.9 35 1.8 2.9
Conover loam, 2 to 6 percent slopes____________ 80 110 11 16 50 80 38 50 2.5 5.0 1. 8 2.0
Croswell sand, 0 to 6 percent slopes___________. 20 50 3 7 18 34 13 22 1.2 2.0 1.0 1.5
Croswell and Au Gres sands, 0 to 6 percent

slopes_ _ - ... 30 60 5 9 20 55 16 35 1.3 21 1.1 1.8
Deer Park sand, 0 to 6 percent slopes_ . ________|______|.____ |l
Deer Park sand, 6 to 18 percent slopes- . - - _ | ___ .| |oo e
Deer Park sand, 18 to 45 percent slopes_ - - . _ | __ | || e
Edwards muck_ - ____________________________ 60 90 9 5 RN USRI SR FUROUPNY RSN RO SN AR
Fox sandy loam, 0 to 6 percent slopes._________ 60 85 9 13 40 75 32 45 2.4 4.0 L5 2.2
Gilford sandy loam__._______________.________ 55 80 8 11 35 60 25 381 20| 4.0 1.5 2.5
Gladwin sandy loam, 0 to 2 percent slopes______ 55 75 8 10 35 55 25 35 20| 40 1.5 2.5
Gladwin sandy loam, 2 to 6 percent slopes______ 55 75 8 10 35 55 25 35 2.0 4.0 1.5 2.5
Glendora sandy loam________________________ V| e e
Granby loamy sand__________________________ 50 70 7 10 22 45 12 25 1.2 2.2 1.0 1.8
Granby fine sandy loam. . ____________________ 50 75 7 10 22 45 12 30 1.2 2.2 1.0 1.8
Gravel pits______ || e e e
Hettinger loam______________________________ 65 110 9 16 48 75 35 50| 2.5 | 5.0 1.8 2.6
Hillsdale sandy loam, 2 to 6 percent slopes_.____ 60 85 9 13 40 75 32 45 2.4 4.0 L5 2.2
Hillsdale sandy loam, 6 to 12 percent slopes.._-. 50 80 8 12 35 70 30 40 2. 4 4.0 L5 2.2
Tosco loamy sand, 0 to 4 percent slopes_____._.. 60 85 9 12 40 75 32 45 2.5 4.5 1.2 2.0
Tosco and Allendale loamy sands, 0 to 4 percent

slopes. . oo 60 80 9 11 40 75 32 45| 2.5 | 4.5 1.2 2.0
Tosco-Belding complex, 2 to 6 percent slopes___ _ 60 80 9 11 40 75 32 45 25| 45 1.2 2.0
Kalkaska sand, 0 to 12 percent slopes_ . .| . ____{ |\ __|o___|o e e e e
Kawkawlin loam, 0 to 2 percent slopes_________ 65 110 9 16 48 75 35 50 2.5 5.0 1.8 2.6
Kawkawlin loam, 2 to 6 percent slopes__ _______ 70 110 10 16 48 75 35 50 2.5 5.0 1.8 2.6
Kibbie loam, 0 to 2 percent slopes_____._______ 65 100 9 14 45 75 35 50 2.5 5.0 1.8 2.6
Kibbie loam, 2 to 6 percent slopes_____________ 65 100 9 14 45 75 35 50 2.5 5.0 1.8 2.6
Lacota silt loam_____________________________ 60 85 9 12 40 75 27 451 2.5 4.0 1.7 2.5
Lake beaches. .. || e e e
Linwood muek___ ___________________________ 60 100 9 " O RSOOSR NN, FEUEPRRIY IUPUPIP (RO R
Made land__ ____ | e
Mancelona loamy sand, 0 to 2 percent slopes._. . 50 75 5 10 30 50 25 35 2.5 4.0 1.2 2.0
Mancelona loamy sand, 2 to 6 percent slopes____ 50 75 5 10 30 50 25 35 2.5 4.0 1.2 2.0
Manc};alona loamy sand, 6 to 12 percent slopes. .. 50 65 4 9 25 45 20 30 25) 40 1.2 2.0

L) 1« U G SR ROUPRUY SRR PRSP SURSIUUO INNRPNO INUPSIOUONS PIPRUINS SO MNP I NS
Matherton loam, 0 to 2 percent slopes._________ 65 100 9 14 45 75 35 50 2.5 5.0 1.8 2.6
Menominee loamy sand, 2 to 6 percent slopes.. . _ 35 65 5 10 30 50 20 30 1.5 2.6 1.2 2.0
Menominee loamy sand, 6 to 12 percent slopes___ 30 60 4 9 25 45 16 26 1.5 2.6 1.2 2.0
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TaBLE 2.—Predicted yields under two levels of management—Continued
Soil Corn (grain) | Corn (silage) Oats Wheat Alfalfa Mixed hay
0i
A B A B A B A B A B A B
Bu. Bu. Tons Tons Bu. Bu. Bu. .
Metamora sandy loam, 0 to 2 percent slopes__ _. 60 &85 9 12 40 75 32 Bl4i5 ,‘gmfi Tf"% Tio.n.% Tozmb'
Metamora sandy loam, 2 to 6 percent slopes_ - __ 60 85 11 20 40 75 32 45 2.4 5.0 1.5 2.5
Miami loam, 2 to 6 percent slopes. - _______.___ 70 | 100 10 4] 50| 8| 35| 50| 25| 50| L5 30
Miami loam, 6 to 12 pereent slopes_ - - - . _.___ 65 90 9 13 50 80 35 50| 25| 50| L5 30
Miami loam, 12 to 18 percent slopes_ - - - - ||| e 2.5 4.0 1.0 2.5
Miami loam., 18 to 45 percent slopes_ - .-~ _-| - -\ CIT Tl )
Montealm loamy sand, 0 to 2 percent slopes_ - - - 35 65 5 10 30 50 20 30| 1.5 2| 12 270
Montealm loamy sand, 2 to 6 perceht slopes_ - _ - 35 65 5 10 30 50 20 30 1.5 2.6 1.2 2.0
. Montcalm loamy sand, 6 to 12 percent slopes..__ 30 60 4 9 25 45 16 26 1.5 2.6 1.2 2.0
Morley loam, 2 to 6 percent slopes_________._ .. 50 | 90 8 14| 48| 70| 32| 45| 23| 40| L8 26
Morley loam, 6 to 12 percent slopes, eroded.__.__ 50 90 8 14 42 65 32 45 2.3 4.0 1.8 2.6
Morley loam, 18 to 25 percent slopes, eroded__ | - |-~ oofoooooo|ooomonf oo 20| 37| 1.5 23
Morley lclay clloam, 12 to 18 percent slopes, o '
severely eroded- - - o oo i e | e e e | 2. . .
Morley clay loam, 25 to 45 percent slopes, 0 3.7 L3 2.3
severely eroded- . - oo oo oo oo e e oo
Nester loam, 2 to 6 percent slopes_ . _._______. 55 | 100 8| 77147 a8’ 757 32 TR0 23| 50| L8 30
Nester loam, 6 to 12 percent slopes. . . ... 50 90 7 13 42 65 30 45| 23| 40| 1.8 2. 6
Nester loam, 12 to 18 percent slopes_ - - - .| o .ooo|omooo|omaaafooa 25 55 15 30 2.0 3.7 L5 2.3
Nester loam, 18 to 25 percent slopes. - -~ - ||l ool . '
Neator loam. 25 0 45 percent slopes. | ..\ |-o_CC|L oLl T I T
Nester clay loam, 6 to 12 percent slopes, severely | | | " T T T T
eroded. - oo o mmmmmmmm oo 45 75 6 10 42 65 28 2.
Nester clay loam, 12 to 18 percent slopes, 38 3 401 18 2. 6
severely eroded- oo - oo e e e e el 1.5 1.5 2.5
Nester clay loam, 18 to 25 percent slopes, - ) )
severely eroded . - oo e | e e e e e e
Nostor day loam, 25 to 45 percent siopes, | | | | T T T
severely eroded. . o oooaeo e Tt N DEURRN S
Newaygo sandy loam, 0 to 6 percent slopes.. .. 60 85 9 13 40 75 32 45 2.4 40| L5 22
Oshtemo sandy loam, 0 to 2 percent slopes_..... 35 65 5 10 30 50 20 30 1.5 2.6 1.2 2.0
Oshtemo sandy loam, 2 to 6 percent slopes..__ .- 35 65 5 10 30 50 20 30 1.5 2.6 1.2 2.0
Oshtemo sandy loam, 6 to 12 percent slopes_._ . 30 60 4 9 25 45 16 26 1.5 2.6 1.2 2.0
Oshtemo sandy loam, 12 to 18 percent slopes. .. _|-ooo|-coooofoaoooo]|-ciooo 20 40 12 24| 15| 225! 1.2 20
Owosso sandy loam, 2 to 6 percent slopes..._... 60 85 9 12 40 75 32 40| 2.4 40 1.5 2.2
Pinconning loamy sand-_ .o o oooooooon- 60 | 80 9| 11| 40| 75| 32| 45| 25| 45| 1.2 20
Pinconning and Breckenridge sandy loams_._.__ 50 80 7 11 35 60 25 38 1.5 3.2 L5 3.0
Richter sandy loam, 0 to 2 percent slopes_..._.. 60 80 9 12 40 75 27 451 2.1 3.3 1.7 2.5
Richter sandy loam, 2 to 6 percent slopes._..._. 60 80 8 12 40 75 27 45 2.1 3.3 1. 7 2 5
Rubicon sand, 0 to 6 percent slopes_ .. | o oleo | e e | e e . )
Rubicon sand, 6 to 18 percent slopes. .. || Co LI 0TI T T I
Rubicon sand. 18 to 45 pereent slopes. - |- |-\ 0TI T
SER 1Y B3 | SN s s R B e R T Rt Rl B R b I DU S I
Selkirk loam, 0 to 2 percent slopes____._ ... 55 | 90 8 13| 48| 75| 301 45| 25| 35| 1.8 2.6
Selkirk loam, 2 to 6 percent slopes.. .. .- ... 55 90 8 13 48 75 30 45 2.5| 3.5 1.8 2. 6
Shoals 10AM oo oooo oo 50 | 90 7| 13| 40| 70| 20| 40| L9| 35| .8 29
SimS 1AM _ . -~ oo .1 65| 110 9| 16| 48| 75| 35| 50| 25| 50| 1.8 26
S1oan 10N - -~ oo eooeoe 50 | 90 7| 13| 40| 70| 20| 40| 19| 35| L8 29
Spinks loamy sand, 0 to 2 percent slopes___.____. 35 65 5 10 30 50 20 30 1.5 2.6 1.2 2.0
Spinks loamy sand, 2 to 6 percent slopes________ 35 65 5 10 30 50 20 30 1.5 2.6 L2 2. 0
Spinks loamy sand, 6 to 12 percent slopes __.___ 30 60 4 9 25 45 16 26 1.5 2.6 1.2 2, 0
Spinks alnd Montealm loamy sands, 12 to 18 per- ) )
cent SlOPes_ - - - - oo mmmmeccmeemmm oo oo e e 20 40 12 1. ,
Spinks and Montealm loamy sands, 18 to 25 per- 2 5,25 L2 2.0
L L) < < TPy pnps) SR BT PR e R o il EEREE T EEEE S B
Spinks and Montealm loamy sands, 25 to 45 per- | | | | | | 7T
P R (0] <. DRSS aap I B R B B o R EE R T e EE S S e e
Toledo silty clay loam______________________.. 50 | 90 7077137 45| 65| 27| 40| 20| 35| L5 25
Tonkey sandy 1oam_ - _________ ... 55 | 80 8| 12| 40| 75| 27| 45| 21| 33| 17 25
Tuscola fine sandy loam, 2 to 6 percent slopes..._ 70 90 10 13 50 80 35 50 2.5 5.0 1.5 3.0
Ubly sandy loam, 0 to 2 percent slopes__ .. .._._ 60 85 9 13 40 75 32 40 2.4 4.0 1: 5 2.2
Ubly sandy loam, 2 to 6 percent slopes._____.__ 60 85 9 12 40 75 32 40 2.4 4.0 1.5 292
Ubly sandy loam, 6 to 12 percent slopes. .. ... 55 80 8 11 35 70 28 38 2. 4 4.0 1.5 2.2
Wallkill silt loam_ oo . 700 90| 10| 18 | |oooo|eoemoofeeiofee . '
N U A U ) O O o s M M A
Wasepi sandy loam, 0 to 2 percent slopes_______ 55 75 8 10 35 55 25 35| 20| 40| L5 25
. Washtenaw L0Am _ - oo ooocoomoam - 50 | 90 7! 13| 40| 70| 20| 40| L9| 35| L8 29
“Wind eroded land, sloping_ _ - J .o oo e e e e e e . )
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Figure 11.—Pulpwood harvested in thinning a plantation of red pine.

maximum obtainable; the potential yields under a favor-
able combination of conditions are somewhat higher. Ir-
rigation is not considered in predicting yields under im-
proved management, because it is little used except for
truck crops and fruit.

Woodland *

When settlement of the area began, Ottawa County was
almost entirely covered with forest. Hardwoods, including
oak, beech, and maple, grew on the finer textured soils,
and white pine on the sandy soils. The first sawmill in
the county was built in 1836, at the mouth of the Grand
River, the site of the town of Grand Haven. By 1870 there
were 32 operating sawmills in the county, but by 1890
some of the large mills had ceased operations. Several
small sawmills still exist, but their output of wood prod-
ucts is less than 7 percent of the amount produced in 1870.
Pulpwood (fig. 11) and Christmas trees are the main
forest products at present.

By 1938 about 17 percent of the acreage of the county

* JacQuEs PINKARD, woodland conservationist, Soil Conservation
Service, helped prepare this section.

had been so badly damaged by soil blowing as to be se-
verely limited for farming. Much of this acreage has been
stabilized and is now producing wood crops, principally
Christmas trees. Some areas still need to be reforested. The
practices needed in management of existing woodlands in-
clude protection from fire and grazing, underplanting
with suitable species, removal of culls, and timely harvest-
ing. Plantations may need to be thinned and pruned.

Woodland suitability groups

To assist owners and managers in planning woodland
management, the soils of Ottawa County are grouped into
17 woodland suitability groups. Each group consists of
soils that are similar in potential productivity, in require-
ments for conservation practices, and in response to wood-
land management. Suitability for Christmas trees and
other special wood crops was not taken into account. Gravel
pits and Made land are not placed in woodland suitability
grogps, because they ordinarily do not support trees of any
kind.

Each woodland suitability group is identified by a letter
of the alphabet. The grouping is on a statewide basis, and
not all the groups in the system are represented in Ottawa
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County; consequently, the groups described here are not
lettered consecutively.

The description of each group gives information about
the pertinent properties of the soils, the major limitations,
potential productivity for the major species, and selection
of species to be favored in management. The major limita-
tions, which are rated slight, moderate, or severe for each
group, are seedling mortality, plant competition, equip-
ment limitation, erosion hazard, and windthrow hazard.

Potential productivity—The ratings of potential pro-
ductivity used in the descriptions of the woodland suit-
ability groups are based on the average annual rate of
growth in fully stocked stands that are well managed but
not fertilized or artificially drained. Fully stocked stands
have the amount of growing stock needed for maximum
growth; the number of trees per acre depends on the spe-
cies and on the age and size of the trees. Fully stocked
stands sustain production if well managed. Primarily, they
need to be protected from fire and from grazing. Timely
and orderly thinning and harvesting improve protected
stands. Many stands in Ottawa County are overstocked.
Many contain undesirable kinds of trees, but most include
enlflmgh trees of useful species to make management worth
while.

The ratings can be translated into terms of board feet
per acre or cords per acre, as follows: Very high, more
than 325 board feet or more than 1.2 cords; hzgh, 275 to 325
board feet or 0.8 to 1.2 cords ; medium, 200 to 275 board feet
or 0.5 to 0.8 cord ; Jow, 185 to 200 board feet or 0.2 to 0.5
cord ; and wvery low, less than 125 board feet or less than
0.2 cord.

Potential productivity reflects the influence of soil prop-
erties, climate (particularly drought), insects and diseases,
genetlc factors, and other circumstances that affect the
growth of trees. The ratings given in any one description
represent the range for the group, not that for any particu-
lar soil.

Species priority—The suggestions for species to be fav-
ored in managing woodland stands apply also to planting.
The selections are based on potential productivity and
relative commercial value. Disease and insect hazards are
not taken into account. The species are listed in order of
suitability.

Seedling mortality.—This refers to the loss of naturally
occurring or planted seedlings as a result of unfavorable
soil properties or topography, not as a result of plant com-
petition. The rating is sligh# if the loss is expected to be less
than 25 percent; moderate if the loss is expected to be be-
tween 25 and 50 percent; and severe if the loss is expected
to be more than 50 percent.

Plant competition.—This refers to the growth of un-
desirable vegetation on a site that has been disturbed by
logging, fire, or other causes. The competing vegetation
hinders or prevents the reestablishment of trees of the
desired species. A rating of slight means that competition
from other vegetation Is no special problem, a rating of
moderate, that competition delays natural or artificial re-
generation but does not prevent the establishment of a
normal, fully stocked stand; and a rating of severe, that
competition prevents natural restocking and necessitates
intensive management if seedlings are planted.

E quipment Uimitation.—This refers to the effects of un-
favorable soil properties or topography on the use of
equipment commonly used for planting and harvesting

trees. A rating of slight means that there is no significant
limitation; a rating of moderate, that not all types of
equipment can be used and that, for a period of no more
than 3 months out of a year, no such equipment can be
used ; and a rating of severe, that the kind of planting and
harvesting equipment that can be used at any time without
damaging trees is limited and that, for a period of more
than 3 months out of a year, no such equipment can be used.

Erosion hazard.—This refers to the potential for erosion
if trees, undergrowth, shrubs, other growing plants, and
plant litter are removed. Good woodland management, in-
cluding fire prevention and careful construction and main-
tenance of roads, skid trails, and loading areas, prevents
the development of an erosion hazard. A rating of slight
indicates that damage from erosion is not likely after clear
cutting by ordinary methods; a rating of moderate, that
some care must be taken and some protective cover pro-
vided after clear cutting; and a rating of severe, that
gullies and blowouts are Iikely to form after clear cutting
unless the area has a dense ground cover, and also that
roads and trails are likely to be washed out unless suitably
located and stabilized.

Windthrow hazard.—This refers to the danger of trees
being blown over by the wind. A rating of slight means
that trees are not expected to be blown down in commonly
occurring winds; a rating of moderate means that trees
generally withstand winds of medium intensity, that scat-
tered trees on unprotected sites are likely to be blown
down, and that protective measures are needed in harvest-
ing and release cutting; a rating of sewere means that,
because of a high water table, a pan, or some other kind
of restrictive layer, trees do not have roots deep enough
for adequate anchorage.

WOODLAND SUITABILITY GROUP A

This group consists of well drained to moderately well
drained soils of the Newaygo, Owosso, and Ubly series.
These soils have a moderate available water capacity and
medium fertility. The slope range is 0 to 12 percent.

The equipment limitation is slight, and so are the haz-
ards of erosion, windthrow, and insect and disease damage.
Plant competition is moderate, and seedling mortality is
slight to moderate.

Red oak, sugar maple, white oak, basswood, white ash,
black cherry, and black walnut are the native species to
be favored. Red oak, black walnut, and sugar maple have
the highest economic value. White pine, red pine, and white
spruce are the species most commonly planted. Potential
productivity is medium to high for all these species.

WOODLAND SUITABILITY GROUP B

This group consists of moderately well drained to well
drained soils of the Morley and Nester series. These soils
are high in available water capacity and in fertility. The
slope range is 2 to 45 percent,

The hazards of insect and disease damage and of wind-
throw are slight. Plant competition is moderate to severe;
without special site preparation, grass and other plants
invade openings in natural stands and prevent adequate
restocking. Seedling mortality is slight to moderate, de-
pending on whether competing vegetation is controlled.
The erosion hazard is moderate to severe, depending on the
slope. The equipment limitation also is moderate to severe.

Sugar maple, red oak, basswood, black cherry, and black
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walnut are the native species to be favored. White spruce,
Norway spruce, and white pine are the species most com-
monly planted. Potential productivity is very high for
mixed hardwoods, high for oak, and low to medium for
pine. WOODLAND SUITABILITY GROUP C

This group consists of moderately well drained to well
drained soils of the Mancelona, Menominee, and Montcalm
series. These soils generally have a low available water
capacity and are droughty in dry weather. They are low
in fertility. The Menominee soils have loamy underlying
material at a depth of 18 to 40 inches, and the Mancelona
soils have grave%y and sandy underlying material. The
slope range is 0 to 45 percent.

Seedling mortality, plant competition, and the hazards
of windthrow and of insect and disease damage are all
slight. The equipment limitation and the erosion hazard
are slight to severe, depending on the slope. On the steeper
slopes seedlings may have to be planted by hand and roads
and skid trails should follow the contour. Machine plant-
ing should be on the contour wherever possible.

hite pine, red oak, white oak, and sugar maple are the
native species to be favored. White pine, red pine, and
white spruce are the species commonly planted. Scotch
pine is grown for Christmas trees. Potential productivity
1s high to very high for pine and medium to high for oak
and for mixed hardwoods.

WOODLAND SUITABILITY GROUP D

This group consists of well-drained soils of the Miami
series. These soils have a high available water capacity
and medium fertility. The slope range is 2 to 45 percent.

The hazards of windthrow and of insect and disease
damage are slight. Plant competition is moderate. Seed-
ling mortality is slight. The equipment limitation and
the erosion hazard are slight where the slope is less than
12 percent, moderate where the slope is between 12 and 18
percent, and severe where it is more than 18 percent. On
the steeper slopes planting and harvesting equipment can-
not be used efficiently and seedlings have to be planted by
hand. Roads, skid trails, and loading areas should, so far
as possible, be located on the less sloping soils. Natural
litter in drainageways should not be disturbed. Areas
from which the original cover has been removed needs to
be protected by seeding grass, planting trees, or mulching.

Red oak, white oak, white ash, walnut, black cherry,
basswood, and sugar maple are the native species to be
favored. White spruce, white pine, Norway spruce, and
Austrian pine are the species most commonly planted.
Black walnut and yellow-poplar are suitable for inter-
planting in the native stands. Potential productivity is
very high for hardwoods and low to medium for pine.

WOODLAND SUITABILITY GROUP E

This group consists of moderately well drained to well
drained soils of the Chelsea, Croswell, and Spinks series.
These soils have a low available water capacity and low
fertility. The slope range is 0 to 12 percent.

Plant competition, seedling mortality, and the hazards
of windthrow and of insect and disease damage are all
slight. The equipment limitation and the erosion hazard
are also slight, but some precautions are needed. The use
of planting and harvesting equipment is somewhat re-
stricted where the slopes are strongest, and in these places

seedlings may have to be hand planted. Roads and skid
trails should follow the contour and should not be located
where the slopes are strongest. Areas that have lost their
original cover need to be protected by seeding grass, plant-
ing trees, or mulching.

White pine, red oak, white oak, aspen, and beech are the
native species to be favored. Scotch pine for Christmas
trees is the only species commonly planted. Potential pro-
ductivity is high to very high for pine, medium to high
for aspen, medium for oak, and low to medium for mixed
hardwoods.

WOODLAND SUITABILITY GROUP F

This group consists of somewhat poorly drained to
poorly drained soils of the Au Gres, Gladwin, and Sauga-
tuck series. These soils have a low available water capac-
ity and low fertility. They all have a fluctuating high
water table. The Saugatuck soil has a cemented subsoil,
and one Au Gres soil has clayey underlying material at
a depth of 42 to 66 inches. The slope range is 0 to 6 percent.

The erosion hazard is slight to moderate. Seedling mor-
tality is moderate to severe. Plant competition and the
hazards of insect and disease damage are moderate. Root
development, is restricted by the water table and by the
hardpan in the Saugatuck soils; consequently, the wind-
throw hazard is moderate, and special management prac-
tices are needed to prevent loss of trees after openings
have been made in the stand. The equipment limitation
is moderate; machinery can be used without restriction
only when the soils are dry or frozen.

Aspen, soft maple, white pine, white birch, and pin oak
are the native species to be favored. Aspen growing on
the An Gres and Saugatuck soils is severely affected by
hypoxylon canker. White pine, white spruce, and Norway
spruce are the species most commonly planted. Potential
productivity is low to medium for pine, aspen, and birch
and very low for oak and mixed hardwoods.

WOODLAND SUITABILITY GROUP G

This group consists of somewhat poorly drained soils
of the Allendale, Belding, Iosco, Kibbie, Matherton, Met-
amora, Richter, and Wasepi series. These soils have a low
available water capacity and low to medium fertility.
They all have a fluctuating high water table that is near
the surface in spring and during wet weather in other
seasons. The slope range is 0 to 6 percent.

The erosion hazard is slight. The equipment limitation
is slight to moderate; equipment can be used without re-
striction only when the soils are dry or frozen. The haz-
ards of insect and disease damage are moderate. The wind-
throw hazard is moderate; special management practices
are needed to prevent excessive losses. Plant competition
is moderate to severe, and seedling mortality is severe.

White ash, red maple, swamp white oak, cottonwood,
and aspen are the native species to be favored. White
spruce, white pine, and Norway spruce are the species
most commonly planted. Potential productivity is low for
oak and mixed hardwoods and low to medium for aspen
and birch.

WOODLAND SUITABILITY GROUP H

This group consists of well-drained soils of the Deer
Park, Kalkaska, and Rubicon series. These soils are sandy
and droughty. They have a very low to low available water
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capacity and very low to low fertility. The slope range is
0 to 45 percent.

Plant competition and the windthrow hazard are slight.
Seedling mortality and the hazards of insect and disease
damage are moderate. The erosion hazard and the equip-
ment limitation are moderate to severe. For the Kalkaska
and Rubicon soils, the erosion hazard varies with the slope,
but for the Deer Park soils, it is severe regardless of slope.
Removal of any vegetation from the Deer Park soils
should be avoided. Roads, skid trails, and loading areas
should be located where the risk of further erosion 1s least
severe ; they should not be on the stronger slopes or on any
part of the Deer Park soils. Special care is needed to pre-
vent destruction of the natural litter in drainageways.
Areas from which the original vegetation has been re-
moved need to be protected from erosion by seeding
grass, planting trees, or mulching.

White pine, red pine, white oak, and black oak are the
native species to be favored. Red pine, white pine, and jack
pine are the species most commonly planted. Scotch pine
1s grown for Christmas trees only. Potential productivity
is very low for oak and mixed hardwoods and medium to
high for pine.

WOODLAND SUITABILITY GROUP K

This group consists of moderately well drained to well
drained soils of the Fox, Hillsdale, and Tuscola series.
The available water capacity of the Fox and Hillsdale
soils is moderate, and that of the Tuscola soil is high. All
the soils have medium fertility. The slope range is 0 to
12 percent.

Seedling mortality, the equipment limitation, the haz-
ards of insect and disease damage, and the windthrow
hazard are all slight. The erosion hazard is slight to mod-
erate, depending on the slope. On slopes of 6 percent or
more, wheel tracks more than 100 feet long tend to de-
velop into gullies. Plant competition is moderate; brush
and weeds delay adequate restocking after cutting. Log-
ging causes some damage to tree roots.

Red oak, white ash, basswood, white oak, sugar maple,
black walnut, and black cherry are the native species to
be favored. White pine, white spruce, Norway spruce,
Austrian pine, red pine, and black walnut are the species
most commonly planted. Potential productivity is high
for oak and high to very high for pine and for hardwoods.

WOODLAND SUITABILITY GROUP M

This group consists of well-drained soils of the Boyer
and Oshtemo series. These soils have a low available water
capacity and low fertility. The slope range is 0 to 18
percent.

The equipment limitation, the hazards of insect and
disease damage, and the windthrow hazard are all slight.
The erosion hazard is slight where the slope is no more
than 12 percent and moderate where it is between 12 and
18 percent. On the stronger slopes all roads should follow
the contour and loading areas should be protected from
erosion. Seedling mortality and plant competition are
slight to moderate. Although plant competition is not a
serious problem, brush control is beneficial.

Oak, sugar maple, basswood, and beech are the native
species to be favored. White pine, red pine, white spruce,
jack pine, and black walnut are the species most com-
monly planted. Scotch pine is grown for Christmas trees

only. Potential productivity is low to medium for oak and
mixed hardwoods and medium to high for pine.

WOODLAND SUITABILITY GROUP O

This group consists of somewhat poorly drained to very
poorly drained soils of the Algansee, Ceresco, Cohoctah,
Glendora, Shoals, and Sloan series. All these soils are
flooded for varying lengths of time in spring and after
prolonged rain in other seasons. The Cohoctah, Glendora,
and Sloan soils have a high water table and are saturated
much of the year. Fertility and the available water capac-
ity range from low to high. The slope range is 0 to 6
percent.

The erosion hazard is slight, and the hazard of damage
by insects and diseases is moderate. The windthrow haz-
ard is moderate to severe; trees released on all sides are
likely to be blown down when the soils are flooded and the
wind is high. Plant competition is moderate to severe;
it delays and sometimes prevents the reestablishment of
a stand by natural reseeding. Seedling mortality also is
moderate to severe; germination of seed and growth of
seedlings are slowed or prevented by excessive wetness
and flooding, and special site preparation, along with
control of competing vegetation, is needed to insure the
survival of enough seedlings. The equipment limitation
is severe, mainly because of flooding and excessive wet-
ness; tree roots can be damaged by the use of equipment
when the soils are wet.

White ash, red maple, basswood, and sycamore are the
native species to be favored. Cottonwood and sycamore are
the species most commonly planted. No ratings of potential
productivity have been established.

WOODLAND SUITABILITY GROUP P

This group consists of poorly drained soils of the Het-
tinger, Sims, Toledo, and Washtenaw series. These soils
have a high available water capacity and high fertility.
They also have a high water table. The slope range is 0
to 4 percent.

The erosion hazard is slight, and the hazards of insect
and disease damage are moderate. Plant competition is
moderate to severe; it delays restocking by natural regen-
eration. Seedling mortality is severe, but such large num-
bers of natural seedlings are produced that stands are re-
stocked in spite of the losses. The high water table restricts
the development of tree roots, and consequently the hazard
of windthrow is severe. The equipment limitation is severe
because the soils are saturated much of the year.

Soft maple, white ash, and basswood are the native
species to be favored. White spruce, Norway spruce, and
white pine are the species most commonly planted. Poten-
tial productivity is low for oak and mixed hardwoods.

WOODLAND SUITABILITY GROUP Q

This group consists of very poorly drained to poorly
drained soils of the Granby series. These soils have a low
available water capacity and low fertility. They also have
a high water table and are saturated much of the year.
The slope range is 0 to 2 percent.

The erosion hazard is slight. Plant competition and the
hazards of insect and disease damage are moderate. The
equipment limitation is moderate to severe; the use of
machinery is limited to periods when the soils are dry
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or frozen. Careless use of equipment can damage tree
roots. The windthrow hazard is severe; special patterns
of harvesting are necessary to prevent excessive losses.
Seedling mortality is severe.

Soft maple, white ash, pin oak, and white birch are the
native species to be favored. Tree planting is not normally
undertaken. Potential productivity is very low for pine
and birch and low to very low for mixed hardwoods.

WOODLAND SUITABILITY GROUP U

This group consists of very poorly drained to poorly
drained soils of the Adrian, Carlisle, Edwards, Houghton,
Linwood, Wallkill, and Warners series; it also includes
one land type, Marsh. All of these soils have a high avail-
able water capacity and low fertility. The water table is
at or near the surface most of the year unless lowered by
artificial drainage. The slope range is 0 to 8 percent.

The erosion hazard is slight; the hazards of insect and
disease damage are moderate; and seedling mortality,
plant competition, the equipment limitation, and the wind-
throw hazard are severe.

Soft maple, white-cedar, and willow are the native spe-
cies to be favored. Generally, trees are planted on these
soils only for windbreaks; the species commonly used in
windbreaks are Austrian pine, white pine, Scotch pine,
and willow. Establishing trees by planting is very difficult.
No ratings of potential productivity have been established.

WOODLAND SUITABILITY GROUP W

This group consists of very poorly drained to poorly
drained soils of the Breckenridge, Brevort, Bruce, Gilford,

4 ke g
b ‘ it ‘
4 >l
5

o

Lacota, Pinconning, and Tonkey series. The available
water capacity and the fertility of these soils vary. The
water table is high. The slope range 1s 0 to 6 percent.

The erosion hazard is slight, and the hazards of insect
and disease damage are moderate. The high water table
restricts the development of tree roots, and consequently
the hazard of windthrow is moderate to severe. Seedling
mortality and plant competition are severe; intensive

reparation for planting is necessary. The equipment lim-
itation is severe because of the high water table. Careless
use of equipment can damage tree roots.

White ash, soft maple, and basswood are the native spe-
cies to be favored. Tree planting is not normally under-
taken. Potential productivity is very low for pine and
very low to low for mixed hardwoods.

WOODLAND SUITABILITY GROUP Y

This group consists of five miscellaneous land types that
represent sandy soils that are severely eroded and are still
actively eroding. The available water capacity is low, and
fertility is low. The slope range is 0 to 50 percent.

Plant competition is slight, the hazards of insect and
disease damage are slight, the windthrow hazard is slight,
seedling mortality is moderate to severe, and the equip-
ment limitation is slight to severe, depending on the slope.

Reforesting these areas is difficult. First the soil mate-
rial has to be stabilized by planting beachgrass, by mulch-
ing, or in some other way. Red pine (fig. 12), white pine,
or jack pine can be planted after an area has been stabil-
ized. One of the land types, Lake beaches, does not ordi-
narily support trees.

4 BAAn e i B

Figure 12.—Stand of red pine, 14 years old, in a stabilized area of Blown-out land, which is in woodland suitability group Y.



86

SOIL SURVEY

WOODLAND SUITABILITY GROUP Z

This group consists of somewhat poorly drained soils of
the Blount, Bowers, Conover, Kawkawlin, and Selkirk
series. The available water capacity of the Selkirk soils is

moderate, and that of the other soils in the group is high.

Fertility is high. The water table is near the surface in
spring and during wet weather in other seasons. The slope

range is 0 to 6 percent.

The erosion hazard is slight, the hazard of insect and
disease damage is moderate, and the windthrow hazard is
moderate. The equipment limitation is moderate also, be-

cause the soils are wet much of the year. Seedling mortal-
ity is moderate to severe because of the high water table;

special preparation of sites for planting is needed. Plant

competition is moderate to severe; to make sure of an ade-
quate stand of the desired trees, chemical and mechanical

[““Well suited”” means the soils have no limitations that cannot easily be overcome; ‘‘su
wildlife habitat is questionable; “not suited’’ means

means must be used to eliminate competing vegetation.

The windthrow hazard is moderate.

White oak, red oak, basswood, soft maple, white ash,
and cottonwood are the native species to be favored. White
spruce, white pine, and white-cedar are the species com-
monly planted. Potential productivity is very low for pine
and low to medium for oak and mixed hardwoods.

Wildlife °

Table 3 shows the relative suitability of the soils of Ot-
tawa County for eight elements of wildlife habitat and for
three general kinds of wildlife. The ratings given in this
table are based on soil properties only. Present land use,

® By CuArLes M. SMmiTH, biologist, Soil Conservation Service.

TaBLe 3.—Suitability of soils for elements

“suited’’ means limitations need to be recognized but
extreme measures would be needed to

Soil series and map symbols

Elements of wildlife habitat

Grain and seed crops

Wild herbaceous
upland plants

Grasses and legumes

Hardwood woody
plants

Adrian: Ad, Ah

For Houghton part of Ah, see Houghton

series.
Algansee:
Allendale:
Au Gres: AmB, ArB, AsB._____________
For Saugatuck part of AsB, see
Saugatuek series.
Belding: BeA, BeB

Blount:
BoB, BoF.

Blown-out land:
Onsite investigation needed.

Bowers: BpA, BpB.________________..__
Boyer: BrA, BrB, BrCoeo -
Breckenridge: Bu_.._ .o _ae___
Brevort: Bv_ oo .
Bruce: By .
Carlisle: Cco_ o
Ceresco: Ceo e
Chelsea: ChB, ChC, CIB_ ... ...
Cohoetah: Cmo_ oo
Conover: CnB.______ ..
Croswell: CrB, CwB__ . __._
For Au Gres part of CwB, see Au Gres
series.
Deer Park: DpB, DpD, DpFo____.__.___
"BEdwards: Ed_ oo
Fox: FoB.___ o ____
Gilford: Gd- o ___
Gladwin: GeA,GeB._______________.____
Glendora: Gl __ .. o ___

Granby: Gm,Gno. o ____
Gravel pits: Gr.

Onsite investigation needed.
Hettinger: Hgo .o oo
Hillsdale:

Mapped only with Adrian soils.
Tosco: loA, IrA,
For Allendale part of IrA, see Allen-
dale series. For Belding part of [sB,

see Belding series.

Poorly suited- - _____
Poorly suited- -~ ____
Poorly suited. ... __

Not suited___ .- _____
Poorly suited-______
Suited. o oo
Not suited.._ .- ___

Not suited ... ____
Not suited .- ____
Well suited_________
Poorly suited_ - __ ...
Suited - oo oo
Poorly suited . _____
Not suited ... __ .-

Poorly suited - _____
Well suited - .- _.._
Suitedo o - .~
Not suited_ .. _

Suited_ _ - oo

Poorly suited_ _ . ____

Wellsuited. - - ... ___
Well suited . _ ... _.__
Poorly suited. .. .__.

Suited_ .- _.__..___ Well suited_________
Suited__ ... __.__.__ Well suited_ . __.____
Suited. . ___._______ Well suited_ .. ______
Well suited_ . .______ Well suited ________
Suited - - .- ___ Suited - o oo
Suited___ oo ___ Suited. ..o
Suited .oe oo Suited ..o
Poorly suited. . -____ Poorly suited . - ..___
Suited .- - ______-_ Well suited..___.____
Poorly suited_ ______ Poorly suited_ - _____
Suited o c oo Suited - - __.._.____
Suited oo ... Well suited.. .- __..__

Poorly suited_______

Poorly suited- .- ____
Poorly suited__.____
Well suited_____.____

Poorly suited_____.__
Poorly suited . _____

wited o oo Suited_ - o oo _-____
Suited.. - . ______ Well suited_________
Suited .. _____.___ Suited- .o ____
Poorly suited - _ .. __ Poorly suited .. _____
Suited . _ ... ________ Suited . .- ______
Well suited - _._____ Well suited - ... ...
Well suited-__..____ Well suited - .. .._._

Poorly sutied__ . ____ Poorly suited. . _____

Suited. .o o~ Well suited_ ___ ... __

Poorly suited_ .. __

Poorly suited- .- ____
Suited. - - - ...

Poorly suited .- - ____
Poorly suited - - ___

Suited .. .. _____

Suited . o oo ___
Well suited - - .. ___
Well suited .. _.___.
Poorly suited. . _____

Suited. o oo oo
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existing vegetation, and artificial drainage were disre-
garded because they are subject to change. The ability of
wildlife to move about from place to place was disregarded
in establishing the ratings for the three kinds of wildlife.
Explanations of the ratings are given in the headnote of
the table.

Each soil is rated as not suited, poorly suited, suited, or
well suited for each of the following:

Grain and seed crops.—In this group of plants are corn,
wheat, oats, barley, buckwheat, millet, sorghum, soybeans,
and sunflowers.

Grasses and legumes~—In this group are some of the
common planted forage plants. Examples are bromegrass,
fescue, timothy, redtop, trefoil, orchardgrass, reed canary-
grass, clover, alfalfa, and sudangrass.

Wild herbaceous upland plants.—In this group are na-

of wildlife habitat and for kinds of wildlife
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tive annuals and perennials. Examples are strawberries,
dandelions, goldenrod, wild oats, nightshade, ragweed,
lambsquarters, and native grasses.

Hardwood woody plants—In this group are trees and
shrubs, both native and planted, that grow vigorously and
produce food for wildlife in the form of sprouts, fruits,
or seeds, Examples are maple, beech, oak, poplar, birch,
dogwood, willow, hawthorn, viburnum, wintergreen, rasp-
berries, blackberries, cherries, grapes, and blueberries.

Coniferous woody plants—In this group are native and
planted trees and shrubs. Examples are pine, spruce,
white-cedar, hemlock, balsam fir, yew, larch, and juniper.

Wetland plonts for food and cover—In this group are
plants that provide food and cover for waterfowl and for
furbearing animals, Examples are cattails, sedges, bul-
rushes, smartweed, wild millet, water plantain, wildrice,

.can be overcome through good management and careful design; “poorly suited’’ means limitations are severe, and the use of the soils for
overcome limitations, and use of the soils for wildlife habitat is generally unsound or impractical]

Elements of wildlife habitat—Continued

Kinds of wildlife

Coniferous woody
plants

Wetland plants for
food and cover

Shallow water
developments

Excavated ponds

Openland wildlife

Woodland wildlife

Wetland
wildlife

Well suited__..____

Poorly suited...._.
Poorly suited_____
Well suited_—.____

Poorly suited.._ ..
Poorly suited._.__

Poorly suited.__._
Well suited-______
Suited__.._____..
Poorly suited_____
Well suited_..____

Well suited_.._____
Well suited_______
Poorly suited_..._
Suited.__________
Poorly suited.____
Suited.. __________
Well suited.______

Suited__._______.
Poorly suited____ .

Poorly suited-__ ..
Well suited...._-.

Not suited.____._..
Well suited_______
Well suited..______

Not suited__..____
Well suited.______
Not suited___.____
Well suited_______
Suited
Well suited_______
Not suited__._____

Well suited.______

Not suited_.______
Not suited________
Well suited______ .

| Suited_ ___.______

Well suited_ _____

Poorly suited____
Suited__________

Poorly suited._._ .
Well suited______
Well suited..____
Not suited_______
Not suited_..____
Well suited.. . _.__

‘Suited_ _________

Not suited_______
Poorly suited..._ -
Suited_ - _______
Not suited._.____

Not suited_______
Well suited.._____
Not, suited__.____

Poorly suited-_.__
Well suited..___.
Well suited_____.
Not suited.._____
Not suited._._ ..
Well suited. _..__

Suited_ _________

Poorly suited_- - -

Well suited._____
Well suited____._
Poorly suited___.

Well suited. _____
Well suited. _____

Poorly suited._ - __
Well suited______
Poorly suited. ___
Suited_ - ..______
Well suited______
Poorly suited_.__

Poorly suited.... .
Poorly suited__.__

Well suited.. . ____
Well suited._. _.___
Poorly suited. - _

Well suited. _____

Poorly suited- - - -

Poorly suited..___
Suited
Poorly suited__.__

Poorly suited_.._.

Poorly suited____ .
Poorly suited___. -

Suited. .. ______
Well suited_____.
Well suited______
Poorly suited_ - _ -

Suited_ . __-_____

Well suited.

Suited.
Suited.
Poorly suited.

Suited.
Suited.

Suited.
Not suited.
Well suited.
Well suited.
Well suited.
Well suited.
Suited.
Not suited.
Suited.
Suited.
Not suited.

Not suited.
Well suited.
Not suited.
Well suited.
Suited.
Suited.
Poorly suited.

Well suited.
Not suited.
Not suited.
Well suited.

Suited.
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TaBLE 3.—Suitability of soils for elemenis
Elements of wildlife habitat
Soil series and map symbols
Grain and seed crops | Grasses and legumes Wild herbaceous Hardwood woody
upland plants plants
Kalkaska: KaCoooomoo oo Not suited....______ Poorly suited._ - ___. Poorly suited. .. ____ Poorly suited. . _____
Kawkawlin: KnA, KnB..______________ Suited. ... _____.__ Suited. ... _._____. Well suited. .. ______ Suited. .. __._._____
Kibbie: KoA, KoB. oo . ___. Suited. oo __ Suited- . oo Well suited._._.___. Suited. . . __________
Lacota: |a. e e Poorly suited. . ____. Suited . oo oo Suited. . ..o Suited. - - _______
Lake beaches: Lb.
Onsite investigation needed.
Linwood: LS_ i Not suited.._.______ Poorly suited__.____| Poorly suited___.____ Poorly suited_ _ _____
Made land: Ma,
Onsite investigation needed.
Manecelona: McA, MeB, McC___________ Suited. ... ____.__ Suited. . ... _____ Well suited._______. Well suited_________
Marsh: Me . oo Not, suited._._______ Not suited...._____. Not suited....______ Not suited..________
Matherton: MhA oo Suited. - .- _.___ uited . _ ... ____. Well suited.________ uited_ oL _____
Menominee: MmB, MmC_________.___.__ Suited. - .- ______ Well suited. ... ____ Well suited. _______. Well suited_ ________
%etamora: MnA, MnB_ .. ... Suited. - _______ Suited. . ..o _._. Well suited. ________ Suited- . .. _________
iami:
MOB o e Well suited_._______ Well suited.________ Well suited. _______. Well suited_ ________
Y O Suited. o= Well suited. . _..____ Well suited. - ____._. Well suited_________
MoD - e Poorly suited_ . ____. Suited .« . oo __. Well suited. ________ Well suited_ ________
MoF C e Not suited. ... ___ Poorly suited_ - .___.| Well suited_ ________ Well suited._ ________
Montealm: MrA, MrB, MrC____________ Suited.. - ___________ Well suited___.__.__ Well suited______.__ Well suited_ ________
Morley:
Mt B e Well suited. - _._____ Well suited_________ Well suited. . _______ Well suited_ ________
MtC e e o o Suited. ____________ Well suited_________ Well suited_ ________ Well suited_ . _______
MtE2, MuD3____ .. Poorly suited_______ Suited_ ____________ Well suited_____._.__ Well suited_________
MUF3 e e e Not suited._________ Poorly suited_ .. _.__ Well suited_ ________ Well suited_ . _______
Nester:
NeB . e Well suited_ - ____ Well suited__ ... __ Well suited_ . .______ Well suited_ ________
NeC, NsC3 oo oo Suited. - __________ Well suited. . _._____ Well suited_ ________ Well suited_ ________
NeD, NsD3__ . _____________..__. Poorly suited_ .. ... Suited. - ____._____. Well suited.._______ Well suited_ ________
Ne E NeF, NsE3, NsF3_______..___. Not suited..._. .. ____| Poorly suited.. ______ Well suited. . _._____ Well suited.________
Newaygo NWB - oo Suited. .- ______ Well suited. . .__.____ Well suited_ . ___._.___ Well suited_ ________
Oshtemo:
OsA,0sB,0sC . Suited oo ... __ Well suited_________ Well suited_ ________ Well suited_ ________
[0 1] T Poorly suited_ __ ____ Suited. - _._______. Well suited. ________ Well suited_ ________
Owosso: OwBo. . Well suited_________ Well suited_ - _______ Well suited.-___.____ Well suited_________
Pinconning: Pn, Pro .. ______ Poorly suited_______ Suited_ . ____.____ Suited_ ... ______ Suited. .. ... _______
For Breckenrldge part of Pr, see Breck-
enridge series.
Richter: RcA, ReB_ .. Suited. ____________ Suited. - __._._. Well suited_____.___ Suited_ ________.___
Rubicon: RsB, RsD, RsF___ .. ___.___. Not suited__________ Poorly suited. - ._.__ Poorly suited___._.__ Poorly suited_ ______
Sand pits: Sd.
Onsite investigation needed.
Saugatuek . . o ______ Not suited__________| Poorly suited_______ Poorly suited. ______ Poorly suited._ . _____
Mapped only with Au Gres soils.
Selkirk: SeA, SeB_ e Suited___ . _____.. Suited_ - __._____.__ Well suited..________ Suited_ . __________
Shoals: Sho_ . Suited. . .- _______ Suited__ .. _______ Well suited._ ________ Suited_______. I
Sims:  SM oo meeoo- Poorly suited_ __.___ Suited .. _________._ Suited___ ... _______ Suited_ - - _ ... _____
Sloan: SN e Poorly suited. ______ Suited. - ... _._.____ Suited_ - ____._____ Suited . __ ..o _____
Spinks:
SpA, SpB, SpC__ - . _____ Suited. __._._______ Wellsuited. ________ Well suited_________ Well suited _______
SsD, SsE e Poorly suited_ _ _____ Suited_ . ____.______ Well suited_________ Well suited_ .. _______
Y Not suited....____._| Poorly suited_ . _.___ Well suited_________ Well suited. ________
For Montealm part of SsD, SsE, and
SsF, see Montcalm series.
Toledo: TCe - - o e Poorly suited_ ______ Suited. ____________ Suited_ ... ________ Suited_ - ___________
Tonkey: ToO. o mmceeeeaa Poorly suited. - _.__. Suited__ - __________ Suited_ .. __________ Suited_ ____________
’II‘juscola,: TsB o o Well suited._ .. _____ Well suited_ ________ Well suited_________ Well suited_________
bl
UTA, UIB . oo iaiao Well suited. ________ Well suited_ . ....___ Well suited_________ Well suited. ________
UIC o o o e Suited_ ____________ Well suited__ . ______ Well suited_ . __.____ Well suited_ ________
Wallkill: Wa_ o e __ Not suited_.________ Poorly suited_ _ _____ Poorly suited. . _____ Poorly suited_ ______
Warners: Wm._ e . Not suited._._._____ Not suited________._ Not suited.____ ______ Not suited__________
Wasepi: WsA_ _ ... Suited.______.______ Suited_____ ... __ Well suited_ .- ______ Suited. ... _______
Washtenaw: Wt_ _ . ________________.___. Poorly suited. . _____ Suited. . _________. Suited_ ____________ Suited. . ___________
Wind eroded land, sloping: WuC________ Not suited__________ Not suited__________ Poorly suited_ ______ Not suited_____._____
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Elements of wildlife habitat—Continued

Kinds of wildlife

Well suited___. ...

Poorly suited__.__
Not suited. . ... _
Poorly suited._.__
Poorly suited...__
Poorly suited..___

Poorly suited. ..
Poorly suited_.___
Poorly suited.____
Poorly suited._.__
Suited-_____._____

Poorly suited_____
Poorly suited_ ...
Poorly suited__ ..
Poorly suited___ -

Poorly suited.____
Poorly suited_____
Poorly suited_.___
Poorly suited_____
Poorly suited- ..

Poorly suited..___
Poorly suited...__
Poorly suited._.._.
Suited--_________

Poorly suited...._.
Well suited____...

Well suited__.._ ..

Poorly suited.___
Poorly suited._.__
Suited.. ... _._____
Suited .. _______

Poorly suited...___
Poorly suited_____
Well suited_._____
Not suited_ . _____
Poorly suited.____
Suited___________

Not suited___._.._
Well suited. ___ ...

Not suited_.__.___
Not suited______._
Not suited________
Not suited._______
Not suited_.._ .. ___

Not suited__._.___
-Not suited..__..__
Not suited________
Not suited________

Not suited......__
Not suited________
Not suited_...__._
Not suited_...__._
Not suited________

Not suited.__.____
Not suited________
Not suited___.__._
Well suited_._____

Not suited________
Not suited._.______
Not suited_.._____

Well suited._. ____
Well suited_______
Poorly suited_ _ . __

Not suited_______._
Not suited________

Not suited_.____.
Not suited_._._._
Not suited_______
Not suited_._____
Not suited.__.___

Not suited_____ ..
Not suited.______
Not suited_______
Not suited_______

Not suited_______
Not suited.__- .-
Not suited._.-_-_
Not suited__..___
Not suited_____._

Not suited____.__
Not suited__ .- ___
Not suited.______
Well suited. - ____

Poorly suited_ _ __

Not suited.._.____

Not suited_______
Not suited.._.____

Well suited____ . _
Well suited_ _____
Poorly suited_ . __

Not suited_______
Not suited_..____
Well suited___ . __
Well suited______
Suited. . ____.__.
Well suited..____
Not suited._.____

Not suited_...___
Not suited.._.._.
Not suited... ...
Not suited_______
Not suited___.___

Not suited.._____
Not suited___..__
Not suited_.._.__
Not suited..._._.

Not suited._.- .. _
Not suited_._.___
Not suited_.___ .

Not suited_______
Not suited....___.
Not suited____.___
Well suited_ .. ___

Poorly suited_ _ __

Not suited..._ ...
Not suited.._.__.
Not suited_______

Well suited._____
Well suited______
Poorly suited_ . . _

Not suited_____._
Not suited_ ..
Well suited.._.__

Poorly suited. . __

Well suited_ ... ..
Not suited..____.
Well suited_ _.___
Well suited_ _____
Well suited_ ... _

Poorly suited. _ - .
Well suited____ ..

Poorly suited____

Well suited. ... ._
Well suited. .-

Poorly suited- - __
Well suited_ - ___

Well suited. - __
Suited
Well suited_ .. __.
Suited_ ...

Well suited_ _____
Poorly suited__ _ _

Poorly suited. __

Well suited_.__.._
Well suited_ - - -

Well suited..._ ..
Suite

Well suited._____
Well suited__ .. __
Poorly suited_ . __
Not suited_____..

Poorly suited._ _ -
Well suited._____

Well suited. ..
Well suited.__.__
Suited
Suited. o e oo __

Poorly suited__ -

Poorly suited-__ -

Well suited.._.__.
Well suited_ .. ___
Suited

Well suited_____.
Well suited_____.
Poorly suited . _ __
Not suited.___._.

Coniferous woody | Wetland plants for | Shallow water IExcavated ponds | Openland wildlife | Woodland wildlife Wetland
plants food and cover developments wildlife
Well suited__...__ Not suited__.______ Not suited_______ Not suited_..__._ Poorly suited-___| Poorly suited-.._| Not suited.
Poorly suited._._. Suited_ . ___.____ Suited_ __ ... ____ Suited_ .. ___.____ Well suited_ ___ .. Suited. ... ____.__ Suited.
Poorly suited.-._. Suited____.__..___ Suited_ ___._____ Suited__ .. __.___ Well suited.._.__ . Suited- ... __ Suited.
Suited. .o _____ Well suited. __.___ Well suited. - - . _. Well suited._.___ Suited. ____-__.. Suited. . ._______ Well suited.

Well suited.

Not suited.
Well suited.
Suited.
Not suited.
Suited.

Not suited.
Not suited.
Not suited.
Not suited.
Not suited.

Not suited.
Not suited.
Not suited.
Not suited.

Not suited.
Not suited.
Not suited.
Not suited.
Not suited.

Not suited.
Not suited.
Not suited.
Well suited.

Suited.
Not suited.

Poorly suited.

Suited.
Suited.
Well suited.
Suited.

Not suited.
Not suited.
Not suited.

Well suited.
Well suited.
Poorly suited.

Not suited.
Not suited.
Well suited.
Well suited.
Suited.

Well suited.
Not suited.




90 SOIL SURVEY

arrowhead, pondweed, pickerelweed, wildcelery, duckweed,
and burreed.

Shallow water developments-—These are impound-
ments in marshy areas and stream channels. Examples of
the structures that may be used are low dikes, nearly level
ditches, dugouts, and devices for controlling the depth of
the water so as to maintain a habitat suitable for wetland
wildlife.

Ewxcavated ponds—Ponds of this kind should have an
independent source of water; they should not depend on
runoff, although runoff may be beneficial if it is not exces-
sive. Such ponds attract migrating waterfowl.

Openland wildlife—In this group of wildlife are birds
and mammals that normally frequent cropland, pastures,
meadows, and areas overgrown with grasses, herbs, and
shrubs. Examples are quail, pheasant, meadowlarks, field
sparrows, red foxes, cottontail rabbits, woodchucks, and
hawks.

Woodland wildlife—In this group are birds and mam-
mals that frequent areas that have a cover of hardwood
trees, coniferous trees, shrubs, or mixtures of these. Ex-
amples are squirrels, raccoons, ruffed grouse, woodcock,
woodpeckers, warblers, nuthatches, deer, gray foxes, and
owls.

Wetland wildlife—In this group are birds and mam-
mals that inhabit ponds, marshes (fig. 13), and swamps.
Examples are muskrats, ducks, geese, herons, rails, king-
fishers, mink, cranes, and bitterns.

Engineering Uses of the Soils*

This section will be of special interest to engineers, con-
tractors, farmers, and others who use soils as structural
or foundation material. Tables 4, 5, and 6 describe and
interpret soil properties that affect the construction and
maintenance of roads and airports, pipelines, building
foundations, water storage facilities, erosion control struc-
tures, drainage systems, and sewage disposal systems.
Among the soil properties significant in engineering are
permeability, shear strength, density, shrink-swell poten-
tial, available water capacity, grain-size distribution,
plasticity, and reaction.

The information given in this section can be used in—

1. Planning and designing agricultural drainage
systems, farm ponds, irrigation systems, diversion
terraces, and other structures for controlling
water and conserving soil.

2. Selecting potential locations for highways, air-
ports, pipelines, and underground cables.

3. Locating probable sources of sand or gravel suit-
able for use as construction material.

4. Selecting potential industrial, commercial, resi-
dential, and recreational areas.

The data and interpretations reported here do not elimi-
nate the need for sampling and testing the soils at the
site of a specific engineering work involving heavy loads
or excavations deeper than the depths of the layers here
described. Even in such a situation, however, this section
and the soil map are useful in that they indicate the kinds
of problems that can be expected and provide a basis for
planning detailed field investigations.

S Homer D. McGHIE, agricultural engineer, Soil Conservation
Service, helped prepare this section.

Some terminology used by soil scientists may be unfa-
miliar to engineers, and some words have different mean-
ings in soil science than in engineering. Among the words
that have special meanings in soil science are the follow-
ing: gravel, sand, silt, clay, surface layer, subsoil, and
horizon. These and other special terms are defined in the
Glossary at the-back of this publication.

Engineering classification systems

Two systems of classifying soils for engineering pur-
poses are in general use. One was developed by the Amer-
lcan Association of State Highway Officials (AASHO)
and is commonly used by highway engineers. The other,
known as the Unified system, was developed by the U.S.
Army Corps of Engineers. It is the one generally used by
the Soil Conservation Service engineers.

In the AASHO system (Z), each soil is placed in one
of seven basic groups, on the basis of grain-size distribu-
tion, liquid limit, and plasticity index. The groups are
numbered A-1 through A-7. In group A-1 are gravelly
soils of high bearing strength, the best soils for subgrade
(foundation). At the other extreme, in group A-7, are
clay soils that have low strength when wet and are the
poorest soils for subgrade. If engineering test data are
available, groups A-1, A-2, and A-7 can be subdivided.
Also provided that test data are available, the relative
engineering values of soils within one group can be indi-
cated by group index numbers, which range from 0 for
the Best soils in the group to 20 for the poorest. The group
index number, if one has been determined, is added 1n pa-
rentheses to the group symbol, in this manner: A-1(0).

In the Unified system (10), each soil is placed in one of
15 groups, according to particle-size distribution, plastic-
ity liquid limit, and organic-matter content. There are
eight classes of coarse-grained soils, identified by the sym-
bols GW, GP, GM, GC, SW, SP, SM, and SC; six classes
of fine-grained soils, identified by the symbols ML, CL,
OL, MH, CH, and OH; and one class of highly organic
soils, identified by the symbol Pt.

Table 4 gives estimated engineering classifications, ac-
cording to both systems, for all the soils of Ottawa County.
It does not give the subdivisions of the basic groups or the
group indexes that are part of the AASH% system, be-
cause these can be determined only by laboratory tests.
Table 4 also gives the USDA textural classifications of all
the soils. In the USDA system 518), the classifications are
based on the proportions of sand, silt, and clay particles.

Estimated engineering properties of the soils

Table 4 gives estimates of selected soil properties that
are significant in engineering and estimates of the
AASHO and Unified classifications of the soils. In gen-
eral, these estimates reflect the properties of the soils to a
depth of 5 feet or less. They do not take the place of de-
tailed onsite investigation. Explanations of the columns
in table 4 follow.

Depth to seasonal high water table is estimated on the
assumption that no artificial drainage is in effect. During
prolonged periods of wet weather or of extremely dry
weather, the depth to the water table is likely to be outside
the range given in the table.

Depth from surface refers to the upper and lower levels
of the major horizons, in terms of inches below the
surface.
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Figure 13.—An area of Marsh; suitable habitat for wetland wildlife.

Brief explanations of the USDA textural classification
and of the two engineering classifications, along with ref-
erences to publications in which these are explained in
greater detail, are given in the section headed “Engineer-
ing classification systems.”

The percentages passing the various sized sieves are
estimates rounded to the nearest 5 percent. The percentage
that passes through the No. 200 sieve approximates the
amount of silt and clay particles in the soil. The larger
percentages that pass through the No. 10 and No. 4 sieves
include coarser particles as well as the silt and clay
particles.

Permeability refers to the rate at which water moves
downward through the undisturbed soil. The estimates
are based mainly on the texture, structure, and consistence
of the soil.

Available water capacity refers to the capacity of a
soil, to a depth of 60 inches, to store water available for
use by most plants. It is commonly defined as the differ-
ence between the amount of soil water at field capacity
and the amount at the wilting point.

Reaction refers to the degree of acidity or alkalinity of

a soil; it is expressed as a range in pH value. A value of
7 indicates a neutral reaction; a lower value indicates an
acid reaction, and a higher one an alkaline reaction., The
pH values given in table 4 are field estimates.

Shrink-swell potential is an indication of the change
in volume to be expected if the moisture content of a soil
changes. The estimates are based mainly on the amount
and kind of clay in a soil.

No estimates of depth to bedrock are given in table 4,
because all the soils are deep enough that bedrock does
not interfere with engineering operations.

Engineering interpretations

Table 5 contains interpretations of the soil properties
presented in table 4, in relation to road building and com-
munity development. Explanations of the columns in
table 5 follow.

The ratings for topsoil refer to suitability for use as
topdressing on back slopes, embankments, lawns, and
gardens. These ratings depend mainly on texture and
organic-matter content. Unless otherwise indicated, only
the surface layer of a mineral soil is considered suitable.
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TABLE 4.—Estimated engineering

Depth to Classification
seasonal Depth
Soil series and map symbols high from
water surface USDA texture
table !
Feet Inches
Adrian: Ad, Ah. oL 0 0-20 | Muck and peat_ - _ . ______
For Houghton part of Ah, see Houghton series. 20-60 | Loamy sand and sand____ ... ______._________
Algansee: Ak . 2 1-2 0-10 | Loamy sand. ... _____________ ...
10-60 | Sand._ ..
Allendale: AlA_ ... 1-2 0-12 | Sandy loam and loamy sand___ .. ___________ B
12-34 | Loamy sand._ - __ .. _..._._
34-39 | Sandy elay._ - - ..
39-60 | Silty elay.. ..
Au Gres:
AmB, AsBoo . oo 1-2 0-8 Loamy sand and sand...______ . _____.__________
For Saugatuck part of AsB, see Saugatuck series. 866 | Sand....___._... e
ArB o s 1-2 0-54 | Loamy sand and sand._______._________________.___
54-66 | Clay loam and silty clay loam.___ .. ___________._._.
Belding: BeA, BeB. . __ ... 1-2 0-11 | Sandy loam .. __ ...
11-24 | Sandy loam and loamy sand_.____ .. _.____.__.___._
24-66 | Clay loam and sandy clay loam._ ... ______.._.______
Blount: BIA, BIB. o oo 1-2 0-12 | Loam _ o e
12-25 | Clay loam and heavy elay loam__._._____._________
25~-50 | Clay loam._ - .
Blown-out land: BoB, BoF.
No estimates of properties. Onsite investigation
needed.
Bowers: BpA, BpB_ . - 1-2 0-7 Loam _ . __ ______ o _..
7-20 | Fine sandy loam and clay loam__________.________
20-29 | Silty clay loam _ . . . .. __
29-50 | Silty clay loam and a few thin layers of silt loam____
Boyer: BrA, BrB, BrCo . 44 0-6 Loamy sand_ . oo __.____
6-30 | Sand_.__________ .
30-36 | Gravelly sandy Yoam_____________________________
36-66 | Sand and gravel .. _ ..
Breckenridge: Bu__ L o. <1 0-14 | Sandy loam.______ ..
14-35 | Sandy loam and loamy sand______________________
35-50 | Clay loam and silty clay loam_______._____________
Brevort: Bv. oo .- R, <1 0-8 | Lightsandy loam ... ... _.____._._.
832} Loamysand. ... __._.
32-50 | Clay loam . ...
Bruce: By. oo e <1 0-14 | Loam and silt loam .. ___ .. ___________
14-24 | Light silty elay loam_____________________________
24-50 | Stratified silt loam_______ . __.____. -
Carlisle:  CCooom oo 0 0-60 | Muck and peat. . .o .o ____.____
Cereseo:  Ce o o o o o e e e 1-2 0-12 | Sandy loam._._.__ . __.__
12-60 | Sandy loam and loamy fine sand____.____ SR
Chelsea: ChB, ChC, CIB._ oo _____. 4+ 0-7 | Loamy sand__ ..
7-48 | Sand._ . e
48-66 | Stratified sand and sandy loam__._________________
Cohoectah: Cmo - e 2 L1 0-13 | Loam . . e ae
13-50 | Stratified loam and sandy loam . .. ________________
Conover: CnB_ . e 1-2 0-13 | Loam. .. o iiaoo.
13-29 | Clay loam__ . _ o ___._
29-60 | Heavy loam._ . _ o _._

See footnotes at end of table.
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properties of the sous

Classification—Continued Percentage passing sieve—
Permea- Available Shrink-swell
bility water Reaction potential
Unified AASHO No. 4 No. 10 No. 200 capacity
Inches per Inches per
hour inch of 8oil pH
Pt . 6. 3~20. 0 0. 50 6. 6-7. 3 | Variable.
SM or SP A-2 or A-3 100 95-100 0-20 6. 3-20. 0 .04 6. 6-8. 0 | Low.
SM A-2 100 100 15-20 6. 3-20. 0 .12 5.6-6.0 | Low.
SP or SP-SM A-3 100 100 0-10 6. 3-20. 0 . 05 5. 6-7.3 | Low.
SM A-2 100 95-100 15-25 6. 3-20. 0 .10 5.6-6. 0 | Low.
SM A-2 100 95-100 10--20 6. 3-20. 0 . 06 6. 1-6. 5 | Low.
SC A-7 100 95-100 40-50 0. 06-0. 2 .14 6. 6-7. 3 | High.
CH A-7 95-100 90-100 75-95 0. 06-0. 2 14 37.4-8.0 | High.
SP or SM A-2 or A-3 100 95-100 0-20 6. 3-20. 0 . 06 5.6-6. 0 | Low.
SP or SP-SM A-3 100 95-100 0-10 6. 3-20. 0 . 04 5.1-6. 5 | Low.
SP or SM A-2 or A-3 100 95-100 0-20 6.3-20. 0 . 06 5.6-6.0 | Low.
CL A-6 or A-7 95-100 90-100 70-85 0. 2-0. 63 . 16 7. 4-8. 0 | Moderate.
SM A-2 95-100 95-100 15-35 2. 0-6. 3 .12 5.6-6. 0 | Low.
SM A-2 95-100 95-100 15-35 2. 0-6. 3 .10 5. 1-6. 0 | Low.
CL or 8C A-6 85-95 80-95 40-90 0. 2-0. 63 .16 3 6.1-8. 0 | Moderate.
ML A4 95-100 95-100 55-70 0. 63-2. 0 .18 5.1-6. 0 | Low.
CL A-6 or A-7 95-100 95-100 70-85 0. 2-0. 63 . 16 5.0-6. 5 | Moderate.
CL A-6 90-95 85-95 70-80 0. 2-0. 63 . 16 37 4-8. 0 | Moderate.
ML-CL A4 100 100 60-75 0. 63-2. 0 .22 6. 1-6. 5 | Low.
CL or ML A—6 or A-4 100 100 50-80 0. 63-2. 0 .18 6.1-6. 5 | Low.
MI-CL A-7 100 100 85-95 0. 2-0. 63 .16 6. 6-7. 3 | Moderate.
CL A-6 100 95-100 70-90 0. 63-2. 0 .18 37 4-8. 0 | Moderate.
SM A-2 95-100 95-100 15-30 6.3-20. 0 10 5.1-5. 5 | Low.
SP or SP-SM A-3 95-100 95-100 0-10 6. 3-20. 0 05 5,6-6. 0 | Low.
SM or SC A-2 or A-4 75-85 70-80 30-45 6. 3-20. 0 12 5.6-6. 0 | Low.
SP-SM or SP A-3 or A~1 55-80 50-70 0-10 6. 3-20. 0 02 37.4-8.0 | Low.
SM A-2 or A-4 100 95-100 25-50 2.0-6.3 .12 5.6-6. 5 | Low.
SM A-2 95-100 90-100 20-35 0.63-2. 0 .10 5.6-7.3 | Low.
CL A-6 95-100 90-100 70-85 0. 2-0. 63 .16 3 7.4-8. 0 | Moderate.
SM A-2 100 100 15-35 6. 3-20. 0 12 6. 6-7. 3 | Low.
SM A-2 95-100 95-100 15-30 6. 3-20. 0 07 5.6-7.3 | Low.
CL A-6 100 95-100 70-90 0. 2-0, 63 .16 37.4-8. 0 | Moderate.
ML-CL A-4 100 100 65-90 0.63-2. 0 18 6.6-7.3 | Low.
CL A-6 100 100 80-95 0. 63-2. 0 .18 7.4-7. 8 | Moderate.
ML and ML~-CL | A-4 100 95-100 60-80 0. 63-2.0 16 7.4-7.8 | Low.
Pt e e e 6. 3-20. 0 .50 5. 6-6. 5 | Variable.
SM A-2 100 100 15-35 2. 0-6. 3 12 6. 6-7.3 | Low.
SM A-2 100 100 15-25 2. 0-6. 3 10 6.1-8. 0 | Low.
SM A-2 100 100 15-25 6. 3-20. 0 .10 6.6-7. 5 | Low.
SP or SM A-2 or A-3 100 100 0-15 6. 3-20. 0 03 5.6-6. 5 | Low.
SM A-2 95-100 90-100 10-25 6. 3-20. 0 12 6. 1-6. 5 | Low.
ML A-4 100 100 55-70 0. 63-2.0 .21 7.4-7. 8 | Low.
SM or ML A4 100 100 35-55 0. 63-6. 3 .15 7.9-8. 0 | Low.
ML A4 100 95-100 60-70 0. 63-2. 0 18 4, 5-7. 3 | Low.
CL A-6 95-100 95-100 65-80 0. 63-2. 0 .18 5. 1-6. 5 | Moderate.
ML-CL or CL A—4 or A-6 90-95 85-95 60-80 0.63-2.0 .16 87.4-8. 0 | Low to moderate.
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TaBLE 4 —FEstimated engineering

Depth to Classification
seasonal Depth
Soil series and map symbols high from
water surface USDA texture
table !
Feet Tnches
Croswell: CrB, CWB oo — 0-60 | Sand_ . iceiaas
For Au Gres part of CwB, see AmB and AsB
under Au Gres series.
Deer Park: DpB, DpD, DpFocmm o 6+ 0-66 | Sand._ . e
Edwards: Ede oo e 0 0-30 | Muck and peat__ ...
30-60 | Marl. .
Fox: FoB o oo e 44 0-12 | Sandy loam and loamy sand___.___ . ___________
12-88 | Gravelly sandy clay loam and heavy sandy loam____
38-60 | Gravel and coarse sand_ _ - .. ___._____
Gilford: Gdo oo e <1 0-12 | Sandy loam_ . el
12-31 | Sandy loam and loamy sand_ _______ .. __.______
31-66 | Sand and gravel . _ ...
Gladwin: GeA, GeB . o oo deaan 1-2 0-11 | Sandy loam and loamy sand__ - ____._______.._.__
11-17 | Loamy sand._ - .. e _o-
17-26 | Gravelly sandy loam...._ . ___________________.
26-60 | Coarse sand and gravel _____________ ...
Glendora: Gl e cmmm—m——me 2 L1 0-10 | Sandy laom ... o .
10-25 | Loamy sand_ ... __ o ____
25-50 | Sand._ . e
Granby: Gm, Gno e emmaen <1 0-10 | Loamy sand - . o oo
10-60 | Sand_ ...
Gravel pits: Gr.
No estimates of properties. Onsite investigation
needed.
Hettinger: Hgo oo e <1 0-11 | Loam and silt loam__ ______ .. . ____________
11-32 | Silty elay loam ... .
32-50 | Silty clay loam and thin layers of silt_ . _______._____
Hillsdale: HIB, HIC oo eeee - 44 0-11 | Sandy loam . oo
11-23 | Sandy loam and sandy clay loam.__________________
23-78 | Sandy loam ... ____
Houghton_ _ oo oo 0 0-60 | Muck over peat. - oo
Mapped only in a complex with Adrian soils.
Josco: loA, IrA, 1sBu o a oo 1-2 0-31 | Loamy sand and sand. . ________ . __.___._..__
For Allendale part of IrA, see Allendale series. For 31-60 | Clay loam and silty elay loam____________________
Belding part of IsB, see Belding series.
Kalkaska: KaC oo immcceammaes 4+ 0-7 | Sand._ . e ieooo__.
7-66 | Sand, weakly cemented in spots__ ... __.__.___.__
Kawkawlin: KnA, KnBo oo moom oo 1-2 0-7 | Loam . e
7-94 | Loam and heavy clay loam______.________________
24-50 | Clay loam.. .o oo ool __.
Kibbie: KoA, KoB_ oo e 1-2 0-10 | Loam _ o e__
10-30 | Silt loam _ _ i
30-50 | Silt and very finesand_________ . __ . _...__
Lacota: La. oo aceeeoooo <1 0-14 | Siltloam_ __ ...
14-38 | Light silty clay loam and silt loam_______ . _________
38-66 | Sand and fine gravel ... ______________________.
Lake beaches: Lb.
No estimates of properties. Onsite investigation
needed.

See footnotes at end of table.
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Classification—Continued

Percentage passing sieve—

422-714—72——7

Permea- Available Shrink-swell
bility water Reaction potential
Unified AASHO No. 4 No. 10 No. 200 capacity
Inches per Inches per
hour inch of soil pH

SP-SM A-3 100 95-100 5-10 6. 3-20. 0 0. 04 4.5-6. 0 | Low.

SP or SP-SM A-3 or A-1 100 95-100 0-10 6. 3-20. 0 .02 5.6-6. 5 | Low.
Pt .. 6.3-20. 0 . 50 5. 6-7. 3 | Variable.
_____________________________________________________________ Q) .18 ® Variable.
SM A-2 or A4 95-100 95-100 25-45 2.0-6. 3 .12 5.1-6. 0 | Low.

SC or SM-SC A-6 or A4 75-85 70-80 35-50 0. 63-2. 0 .16 5. 6-6. 5 | Moderate.
GP or SP A-1 40-80 35-70 0-5 >20.0 .02 6. 6-7.3 | Low.

SM A-2 or A4 95-100 95-100 25-45 2. 0-6. 3 .14 6.1-6. 5 | Low.

SM A-2 95-100 90-100 20-35 0. 63-2. 0 .10 5.6-6. 5 | Low.

SP or SP-SM A-3 55-80 50-70 0-10 6. 3-20. 0 .02 6. 1-7. 8 | Low.

SM A-2 95-100 95-100 15-30 2.0-6. 3 .14 5.6-6. 0 | Low.

SM A-2 95-100 95-100 15-25 6. 3-20. 0 .05 6.1-6. 5 | Low.

SM or SC A-2 or A-6 75-85 70-80 30-45 0.63-2. 0 .10 6. 6-7.3 | Low.
SP-SM or SP A-3 55-80 50-70 0-10 >20.0 .02 37.4-8.0 | Low.

SM A-2 100 100 15-30 6. 3-20. 0 .14 6.1-6. 5 | Low.

SM A-2 100 100 15-35 6. 3-20. 0 . 06 6. 6-7. 3 | Low.

Sp A-3 100 95-100 0-5 6. 3-20. 0 .04 7.4-7.8 | Low.

SM A-2 100 100 15-20 6. 3-20. 0 .07 6. 6-7. 3 | Low.

SP A-3 100 100 0-5 6. 3-20. 0 .04 6. 1-7. 3 | Low.

ML A4 100 100 55-90 0.63-2. 0 .18 6. 6-7. 3 | Low.

CL A-6 100 100 80-95 0. 2-0. 63 .16 37 4-8 0 | Moderate.
ML-CL A-6 100 95~100 70-95 0. 2-0. 63 .16 37.4-8. 0 | Moderate.
SM A-2 or A4 95-100 95-100 25-45 2. 0-6. 3 .12 4. 5-5. 5 | Low.

SM, SC, or CL A-2 or A-6 95-100 95-100 25~55 0. 63-2. 0 .16 <4. 5 | Low to moderate.
SM A-2 or A4 80-95 75-95 25-45 2. 0-6. 3 .10 4. 0-6. 0 | Low.

Pt e 6. 3-20. 0 . 50 6. 1-7. 3 | Variable.
SM or SP-SM A-2 or A-3 95-100 95-100 5-30 6. 3-20. 0 . 04 5.6-6. 5 | Low.

CL A-6 or A-7 85-100 80-100 60-85 0. 2-0. 63 .18 37 4-8 0 | Moderate.
SP A-3 100 95-100 0-5 6. 3-20. 0 . 06 5.6-6. 5 | Low.

SP A-3 100 95-100 0-5 6. 3-20. 0 .04 5.1-6. 5 | Low.

ML A-4 95-100 95-100 55-70 0. 63-2. 0 .18 6. 6-7.3 | Low.
CLor ML A-6 95-100 95-100 70-85 0. 2-0. 63 .16 6. 6-7. 3 | Moderate.
CL A-6 90-95 85-95 70-85 0. 2-0. 63 .16 3 7.4-8. 0 | Moderate.
ML or CL A-4 or A-6 100 100 55~65 0. 63-2.0 .16 6. 6-7. 3 | Low.

ML or CL A-4 or A-6 100 100 60-90 0. 63-2. 0 .18 6. 1-7. 8 | Low.

ML or SM A—~4 or A-2 100 100 40-90 0. 63-2. 0 .16 7.9-8 0 | Low.

ML A-4 100 95-100 60-70 0. 63-2. 0 .20 6. 6-7. 8 | Low.

CL A-6 100 95-100 80-90 0. 63-2. 0 .16 36.6-8. 0 | Low to moderate.
SP or SP-SM A-3 55-80 50-70 0-10 6. 3-20. 0 . 06 37 4-8.0 | Low.
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Depth to Classification
. seasonal Depth
Soil series and map symbols high from
water surface USDA texture
table !
Feet Inches
Linwood: LS cceccmccc e cmmmmmm———————- 0 0-30 | Muckandpeat_ oo mmeo—eas
30-50 | Loam oo e ccccccem——m———————
Made land: Ma.
No estimates of properties. Onsite investigation
needed.
Mancelona: McA, McB, MeCo o m o cmmmaeee 4+ 0-14 | Loamy sand and sandy loam.____ oo _.___._
14-30 | Loamy sand and sand___.___ e
30-34 | Sandy clay loam_ _ . _ . ___ .-
34-66 | Coarse sand and gravel .. ooeo-
Marsh: Me.
No estimates of properties. Onsite investigation
needed.
Matherton: MRA o oo cmmccmcmeemeee e 1-2 0-10 | LOAIM e e
10-25 | Sandy loam .. e eeeooes
25-40 |'Sandy clay loam and gravelly clay loam__ .. ______
40-66 | Fine graveland sand_ o _____
Menominee: MmB, MMC oo oo 3+ 0-22 [ Loamy sand._ o e
22-32 | Sand and a few thin layers of loamy sand_ . _.______
32-66 | Clay loam and sandy clay loam_. . oo _____
Metamora: MnA, MnBocaa oo e 1-2 0-29 | Sandy loam and loamy sand__ - oo _.
29-60 | Sandy clay loam and silty elay loam.____.___.______
Miami: MoB, MoC, MeD, MOF e aa e 3+ 0-10 | Lo _ oo e e e mmmmmmmm e ee e
10-30 | Light clay loam. - oo
80-66 | Loam _ o —mm oo
Montealm: MrA, MrB, MrCo oo 4+ 0-14 | Loamy sand_ . - oo emmemomeao—eoen
14-48 Salnd and thin layers of loamy sand and light sandy
oam,
48-60 | Sandy 10Am oo oo meeecmceceo oo
60-66 | Loamy sand. .o oo oo
Morley: MtB, MtC2, MtE2, MuD3, MuF3_____.._.. 2-34 06 | LOAM o et mmmm e
6-26 | Clay loam and heavy clay loam. ... .-__.___
26-50 | Clay loam _ o emmmmmmeeeeo oo
Nester: NeB, NeC, NeD, NeE, NeF, NsC3, NsD3, 2-3+ 0-14 | Loam e
NsE3, NsF3. 14-28 | Heavy clay loam . __ oo
28-50 | Clay loam oo oo e
Newaygo: NwB . oo o 44 0-30 | Sandy loam oo
30-40 | Light elay loam . o o
40-66 | Sand and gravel . __ ____ .
Oshtemo: OsA,0sB,0sC,OsD_ e 44 0-36 | Sandy loam and loamy sand.____ . ... ..
36-50 | Sandy loam and sandy clay loam__ ... __________.
50-66 | Coarse sand._ . - oo e emmcmmmnm e oo
Owo880: OWB oo oo ccmem e e 3+ 0-25 | Sandy loam and loamy finesand. .- ________
25-30 | Sandy elay loam _ oo
30-60 | Clay 1oam - oo oo
Pinconning: Pn, Proc oo oo minmmaaaco oo <1 0-12 | Sandy loam and loamy sand. - - ccmooo ..
For Breckenridge part of Pr, see Breckenridge 12-36 | Sand . oo e ccm————— e
series. 86-50 | Silty €lay oo oo oo eemem e
Richter: RcA, ReBo oo crccceemcecceeen 1-2 0-20 | Sandy loam and loamy sand.__ ..o
20-50 | Stratified fine sandy loam and loamy fine sand..__..
Rubicon: RsB, RsD, RsF o mcemccce e eeee 4+ 066 | Sand. .- eccccemcccemm———————————

See footnotes at end of table.
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properties of the soils—Continued

Classification—Continued Percentage passing sieve—
Permea- Available Shrink-swell
bility water Reaction potential
Unified AASHO No. 4 No. 10 No. 200 capacity
Inches per Inches per
hour inch of soil pH
Pt e e 6. 3-20. 0 0. 50 5. 1-6. 0 | Variable.
CL or ML-CL A-4 or A-6 95-100 90-100 60-90 0. 63-2.0 .14 5.6-6. 0 | Low.
SM A-2 95-100 95~-100 15-35 6. 3-20. 0 .10 5-1.6.5 | Low.
SM A-2 95-100 95-100 10-20 6. 3-20. 0 .06 5.6-6.0 | Low.
SC A-6 95-100 90-100 30-45 0. 63-2. 0 .16 5. 6-6. 0 | Moderate.
SP-SM or SP A-1 55-80 50-70 0-10 >20.0 .02 37.4-8.0 | Low.
ML A-4 95-100 95-100 55-65 0.63-2. 0 .18 7.4-7.8 | Low.
SM A-2 95-100 80-95 25-35 2.0-6. 3 .14 6. 6-7.8 | Low.
SC or CL A-6 75-85 70-80 35-65 0.63-2. 0 .16 6. 1-7. 3 | Moderate,
GP or SP A-1 or A-3 40-80 35-70 0-5 >20.0 .02 37.4-8.0 | Low.
SM A-2 95-100 95-100 10-30 6. 3-20. 0 .10 5.6-7.3 | Low.
SP or SP-SM A-3 95-100 95-100 0-10 6. 3-20. 0 . 04 5.6-6. 0 | Low.
CL A-6 100 95-100 50-90 0.2-0. 63 .18 36.6-8. 0 | Moderate.
SM A-2 95-100 95-100 15-35 2. 0-6. 3 .10 6.1-7. 3 | Low.
CL A-6 95-100 90-100 50-90 0. 2-0. 63 .16 37.4-8 0 | Moderate.
MIL-CL A-4 100 95-100 60-70 0. 63-2. 0 .16 5.6-7.3 | Low.
CL A-6 95-100 95-100 55-70 0. 63-2. 0 . 18 5. 6-6. 5 | Moderate.
ML or CL A-4 or A-6 90-95 85-95 55-70 0.63-2. 0 .16 37.4-8 0 | Low to moderate.
SM A-2 100 100 10-20 6. 3-20. 0 . 06 5.6-7.3 | Low.
SM or SP-SM A-2 or A-3 100 95-100 5-25 6. 3-20. 0 . 06 5.6-6,.5 | Low.
SM A-2 or A4 100 100 25-45 2, 0-6. 3 .12 6.1-6. 5 | Low.
SP-SM or SP A-2 100 100 10-20 6. 3-20. 0 . 06 5.6-6.0 | Low.
ML A-4 95-100 95-100 55-65 0. 63-2. 0 .18 6. 6-7. 3 | Low.
CL or CH A-6 or A-7 95-100 95-100 70-90 0. 2-0. 63 .18 5. 1-6. 0 [ Moderate to high.
ML or CL A-6 90-95 85-95 70-85 0. 2-0. 63 .18 37.4-8.0 | Moderate.
ML A-4 95-100 95-100 55-65 0. 63-2. 0 .18 5.1-5. 5 | Low.
CL or CH A-6 or A-7 95-100 95-100 70-85 0. 2-0. 63 .18 6. 1-6. 5 | Moderate to high.
CL A-6 90-95 85-95 70-90 0. 2-0. 63 .18 37 4-8.0 | Moderate.
SM A-2 90-100 85-95 20-35 2. 0-6. 3 .12 5.1-6. 0 | Low.
SC or CL A-6 80-90 70-85 45-60 0.63-2. 0 .16 6. 6-7. 3 | Moderate.
GP or SP A-1 30-60 20-60 0-5 >20.0 .02 87 4-8.0 | Low.
SM A-2 95-100 95-100 15-30 6. 3-20. 0 .10 <4. 5-5.5 | Low.
SM or SC A-2 or A4 95-100 90-100 25-50 0.63-2. 0 .14 4. 5-5. 5 | Low to moderate.
SP-SM or SP A-1 90-100 85-95 0-10 6. 3-20. 0 .02 5.1-5.5 | Low.
SM A-2 95-100 95-100 15-25 2.0-6. 3 .10 6. 1-7. 3 | Low.
SC A-2 or A-6 90-100 85-95 20-50 0.63-2. 0 .16 6. 6-7. 3 | Moderate.
CL A-6 95-100 90-100 70-85 0.63-2. 0 .18 7.9-8. 0 | Moderate.
SM A-2 or A4 100 95-100 15-45 2. 0-6. 3 .10 6. 6-7. 3 | Low.
SP-SM A-3 100 95~100 5-10 6. 3-20. 0 .04 6.6-7.3 | Low.
CH or CL A-7 95-100 90-100 80-100 | 0. 06-0.2 .18 37.4-8.0 | High.
SM A-2 or A4 100 100 20-45 2. 0-6. 3 .12 5.6-6. 5 | Low.
SM and ML A-2 and A4 100 95-100 20-60 0.63-2. 0 .12 6. 1-7. 8 | Low.
SP A-3 100 95-100 0-5 6. 3-20. 0 . 04 5.1-6. 0 | Low.
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table !
Sand pits: Sd. i
No estimates of properties. Onsite investigation
needed.
Feel Inches
Saugatuck. oo <1-2 Fine sand and sand . _ - ... ..
Mapped only in a complex with Au Gres soils. 9-19 | Cemented finesand.___ .- ___ . ... ___
19-60 | Finesand. - - oo
Selkirk: SeA, SeB_ e 1-2 0-12 | Loam and silty clay loam_ .. ______ .. _._____
12-22 | Silty elay. o oo e
22-50 | Silty elay. - oo
Shoals:  She e 2 1-2 0-16 | Silt loam and loam _ _ .. .
16-43 | Silty clay loam-_ ..
43-60 | Finesandy loam . _ . ___ .. ._
SIMS:  SMle e e e e e m e <1 0-9 LoaM - o e
9-30 | Clay loam and heavy clay loam ____ . ._._______.
30-50 § Clay loam__ -
S10aN: SN o o e o e 21 0-12 | Loam . e
12-42 | 8ilt loam and light silty elay loam______.._...____.
42-60 | Loam - o e
Spinks: SpA, SpB, SpC, SsD, SsE, SsF____ ... 4+ 0-21 | Loamy sand and sand______ ... _______
For Montcalm part of SsD, SsE, and SsF, see 21-58 | Stratified sand and loamy sand_ ... _____
Montcalm series. 58-66 | Loamy sand . o oo oo
Toledo: TCe oo e <1 0-12 | Silty clay loam__ oo
12-24 | Silty elay. oo v oo e
24-60 | Stratified silty clay loam and silty elay. ... ____
TonKey: T0maco oo eeeemme o <1 0-26 | Sandy loam . _ oo
26-50 | Stratified sandy loam and loamy fine sand....._.___
Tusceola: T8B oo e - 2-3 0-11 | Finesandy loam _ . . _ oo
11-30 | Stratified loam and silty clay loam ______._.__._____.
30-50 | Stratified silt loam and silt. - - .
Ubly: UA, UIB, UlC oo meee e 2-3+ 0-21 | Sandy loam and loamy finesand__ ... ... .____
21-38 | Sandy clay loam. - _ _ oo
38-60 | Clay loam .o
Wallkill:  Wa . o e 20 0-24 | Silt loam and silty elay loam ... ___. - _____
24-60 | Peat and muek ... oo oo
Warners: WM. o o oo mmemmmeoemnem 0 0-5 | MueKeo oo e
5-60 | Marl e
Wasepi: WsA - 1-2 0-12 | Sandy loam______ oo
12-26 | Sandy loam ..o oo
26-50 | Gravelly loamy sand, sand, and gravel_ . .._________
Washtenaw: Wi e cmimmm—a- <1 0-27 1 LOAM e e e e
27-50 | Silt loam and ¢elay loam_ . ________ .. ___.__
Wind eroded land, sloping: WuC.
No estimates of properties. Onsite investigation
needed.

1 Assuming no artificial drainage.

2 Subject to flooding.

8 Calcareous.

4 Variable.
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properties of the soils—Continued

Classification—Continued Percentage passing sieve—
o Permea- Available Shrink-swell
bility water Reaction potential
Unified AASHO No. 4 No. 10 No. 200 capacity
Inches per Inches per
hour inch of soil pH

Sp A-3 100 95-100 0-5 6. 3-20. 0 0. 06 4. 5-5. 0 | Low.

SP or SP-SM A-3 100 95-100 0-10 0. 06-0. 2 .04 4. 5-5.0 | Low.

SP or SP-SM A-3 100 95-100 0-10 6. 3-20. 0 . 04 4. 5-5. 5 | Low.

ML-CL A-4 or A-6 100 100 60-75 0.63-2. 0 .18 6. 6-7. 8 | Moderate.

CH A-7 100 100 80-90 0. 06-0. 2 .14 7.4-7.8 | High.

CH A-7 100 95-100 80-95 0. 06-0. 2 .14 37.4-8.0 | High.

ML A4 100 100 60-90 0.63-2.0 .20 7.9-8.0 | Low.

ML-CL A-6 100 100 80-90 0. 2-0. 63 .18 7.4-8. 0 | Moderate.

SM A-4 100 100 25-50 0.63-2. 0 .12 7.9-8.0 | Low.

ML-CL A4 100 100 60-70 0.63-2. 0 .18 6. 6-7. 3 | Moderate.

CL or CH A—6 or A-7 100 100 70-90 0. 2-0. 63 .18 7. 4-7. 8 | Moderate to high.
CL A6 100 95-100 70-85 0. 2-0. 63 .16 37 4-8. 0 | Moderate.

ML A4 100 95-100 55-65 0. 63-2. 0 .18 6. 6-7. 3 | Low.

ML-CL or ML A-4 or A-6 100 95-100 75-90 0. 2-0. 63 .18 7.4-8. 0 | Low to moderate.
ML-CL A-4 100 100 60-90 0.63-2. 0 . 16 7.9-8.0 | Low.

SM A-2 100 100 10-20 6. 3-20. 0 .06 5.6-6. 5 | Low.

SM or SP-SM A-2 100 100 10-25 6. 3-20. 0 . 06 5.6-6,0 | Low.

SM A-2 100 100 15-35 6. 3-20. 0 .04 7.4-7.8 | Low.

CL or CH A-T7 100 100 80-95 0. 2-0. 63 .18 7.4-7.8 | High.

CL or CH A-T 100 100 80-95 0. 06-0. 2 .14 7.9-8. 0 | High.

CL or CH A-T7 100 95-100 75-95 0. 06-0. 2 .16 37.9-8.0 | High.

SM A-2 100 100 20-35 2.0-6. 3 .14 5. 6-6. 5 | Low.

SM or ML A4 100 95-100 35-60 0.63-2. 0 .12 6. 1-7. 8 | Low.

SM or ML, A4 100 100 35-60 2. 0-6. 3 .16 5.1-6. 5 | Low.

ML or CL A-4 or A-6 100 100 55-90 0.2-2.0 .18 4. 5-5. 5 | Low to moderate.
ML A4 100 95-100 65-95 0.63-2.0 .18 6. 6-8. 0 | Low.

SM A-2 95-100 95-100 15-35 2. 0-6. 3 .12 5. 6-6. 5 | Low.

CL or SC A-6 100 95-100 35-55 0. 63-2. 0 .16 5. 6-6. 0 | Moderate.

CL A-6 85-95 80-95 60-90 0. 2-0. 63 .16 37.4-8. 0 | Moderate.
ML-CL or ML A—4 or A-6 100 100 65-95 0. 63-2. 0 .20 6. 6-7. 3 | Low to moderate.
Pt . e e 6. 3-20. 0 .50 6. 6-7. 3 | Variable.

Pt | e 6. 3-20. 0 . 50 7.9-8. 0 | Variable.
______________________________________________________________ ® ® ® Variable.

SM A-2 95-100 95-100 15-30 6. 3-20. 0 .12 6. 1-7.3 | Low.

SM or SC A-2 95-100 90-100 25-35 0.63-2. 0 .10 5. 6-7. 8 | Low.

SP-SM or SM A-3 or A-2 55-80 50-70 5-20 6. 3-20. 0 .04 37.4-8 0 | Low.

ML-CL A-4 100 100 55-80 0.63-2.0 .20 6.1-7. 3 | Low.

CL or ML-CL A-6 or A4 100 100 70-90 0. 2-0. 63 .16 6. 6-7. 8 | Low to moderate.
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TasLe 5.—Engineering interpretations for

Suitability as source of—

Soil series and
map symbols

Topsoil Sand Gravel Road fill for highway Impermeable material
subgrade

Adrian: Ad, Ah._____. Poor: erodible; Fair; sandy Not suitable._| Surface layers not Not suitable: unstable

For Houghton part readily oxi- material at suitable: organic organic material over
of Ah, see dized. Fair a depth of material; unstable; rapidly permeable
Houghton series. to good if 12 to 42 highly compressible. sand.

mixed with inches; ex- Underlying material
mineral cavation fair: sandy texture;
material. difficult excavation difficult
High water because of because of high
table. high water water table.

table.

Algansee: Ak_oo._..-. Very poor: Fair: con- Not suitable_ .| Fair to good: low Not suitable to fair:
sandy texture; siderable shrink-swell potential; sandy texture; rapid
droughtiness; fines; fair to good bearing permeability.
flood hazard; stratified. capacity.
seasonal high
water table,

Allendale: AlAnceoo--- Poor: sandy Fair: 18 to Not suitable_ .| Uppermost 18 to 40 Uppermost 18 to 40
texture; 40 inches of inches fair: low inches not suitable:
droughtiness; sandy mate- shrink-swell potential; sandy texture; rapid
low organic- rial; some fair to good bearing permeability.
matter content; fines; ex- capacity. Material at greater
seasonal high cavation Material at greater depths fair: poor
water table. difficult depths poor: high workability; poor

when water shrink-swell potential; compaction
table is high. poor workability; characteristics.
poor compaction
characteristics.

Au Gres:

AmB, AsBo ... Very poor: Good: poorly Not suitable__| Fair to good: low Not suitable: sandy

For Saugatuck part sandy texture; graded sandy shrink-swell potential; texture; rapid per-
of AsB, see droughtiness; material to seasonal high water meability.

Saugatuck series.

low organic-
matter content;
seasonal high

a depth of 60
inches; exca~
vation dif-

table.

water table, ficult when
water table is
high.

ArB i ceeeeeea Very poor: Fair: limited Not suitable. .| Uppermost 42 to 66 Uppermost 42 to 66
sandy texture; amount, of inches fair to good: inches not suitable:
droughtiness; poorly graded low shrink-swell sandy texture; rapid
low organic- sandy mate- potential. permeability.
matter con- rial to a depth Material at greater Material at greater
tent; seasonal of 42 to 66 depths poor to fair: depths good: loamy
high water inches. loamy texture; mod- texture; fair work-
table. erate shrink-swell ability.

potential; fair work-
ability.

Belding: BeA, BeB....| Fair: medium Not suitable....| Not suitable._.| Uppermost 18 to 40 Good: good work-
organic-matter inches good: low ability to a depth of
content; sea- shrink-swell potential. 18 to 40 inches; poor
sonal high Material at greater workability at greater
water table. depths poor to fair: depths when wet.

moderate shrink-swell
potential; poor bear-
ing capacity.
Blount: BIA, BIB.____ Fair: 8 to 10 Not suitable._._| Not suitable._| Poor to fair: moderate | Good: fair workability;

inches thick;
loamy texture;
crusts slightly
upon drying;
seasonal high
water table.

shrink-swell potential;
fair workability; fair
compaction character-
istics.

fair compaction
characteristics.
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Soil properties affecting—

Highway location

Foundations for low
buildings

Winter grading

Limitations for use as
sewage-disposal field

High water table;
unstable organic
material must be
removed; sandy
substratum.

Seasonal high water
table; flood hazard;
fair to good bearing
capacity.

Seasonal high water
table; plastic, clayey
material at a
depth of 18 to 40
inches; unstable
and slippery when
wet; seepage on side
slopes; hazard of
frost heave.

Seasonal high water
table; sandy material
liquefies and flows
when wet.

Seasonal high water
table; sandy material
liquefies and flows
when wet; hazard of
frost heave in sub-
stratum.

Seasonal high water
table; wetness hinders
construction in some
areas.

Seasonal high water
table hinders con-
struction in some
areas.

High water table; 12 to
42 inches of unstable
organic material;
substratum has low
shrink-swell potential

and low compressibility

and liquefies and
flows when wet,

Seasonal high water
table; low shrink-
swell potential; low
compressibility ; may
liquefy and flow
when wet.

Seasonal high water
table; high shrink-
swell potential; high
compressibility; low
shear strength; hazard
of frost heave.

Seasonal high water
table; low shrink-swell
potential; very low
compressibility; fair
to good shear strength;
liquefies and flows
when wet.

Seasonal high water
table; hazard of frost
heave; moderate
shrink-swell potential.

Seasonal high water
table; hazard of frost
heave; liquefies and
flows when wet; mod=
erate shrink-swell
potential.

Seasonal high water
table; moderate
shrink-swell potential;
medium compress-
ibility ; medium shear
strength.

High water table;
unstable organic
madterial.

High moisture con-
tent hinders
operations at times.

High moisture con-
tent often hinders
operations; poor
stability upon
thawing,

High moisture con-
tent often hinders
operationsy

Seasonal high water
table; poor stability
upon thawing,

Moisture content often
too high for good
compaction; poor
stability upon
thawing.

Moisture content often
too high for good
compaction; poor
stability upon
thawing.

Corrosivity
Uncoated Concrete
steel
High..____. Low...__..
Moderate...| Low_______
High—eoo. LOWeceeee
LOWaeean--| Moderate...
Moderate...| Moderate...
High.____.. LoWaueooao
Highoeeuoo. Lowecaua--

Severe:

Severe:

Severe:

Severe:

Severe:

Severe:

Severe:

high water
table; unstable organic
material; saturated in
wet weather.

seasonal high
water table; flood
hazard; possibility

of contaminating
shallow water supplies.
Onsite investigation
needed.

seasonal high
water table; slowly
permeable material at
a depth of 18 to 40
inches; seepage on
slopes. Onsite investi-
gation needed.

seasonal high
water table;.rapid
percolation; possi-
bility of contaminating
water supplies. Onsite
investigation neeed.

seasonal high
water table; rapid
percolation; possi~
bility of contaminat~
ing water supplies.
Onsite investigation
needed.

seasonal high
water table; moderately
slowly permeable
material at a depth of
18 to 40 inches. On-
site investigation
needed.

seasonal high
water table; moderately
slowly permeable
material within 24
inches of the surface
Onsite investigation
needed.
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Suitability as source of—

Soil series and
map symbols

Topsoil Sand Gravel Road fill for highway Impermeable material
subgrade

Blown-out land: BoB,

BoF
Onsite investiga-
tion needed.

Bowers: BpA, BpB_.._| Good: seasonal Not suitable_.__| Not suitable__| Poor to fair: moderate Good: seasonal high
high water shrink-swell potential; water table; poor to
table; crusts poor to fair worka- fair workability; poor
slightly upon bility; poor to fair to fair compaction
drying. compaction character- characteristics.

istics.

Boyer: BrA, BrB, BrC_| Poor: drough- Good: sand Fair: more Good: low shrink- Uppermost 24 to 42
tiness; low with some than 50 swell potential; sandy inches fair to good.
organic-matter fines and percent and gravelly material Lower layers not suit-
content; gravel gravel. sand with good for subgrade. able: sandy and
and cobble- some fines. gravelly texture;
stones on the rapid permeability;
surface in many piping hazard.
areas.

Breckenridge: Bu____. Good: 6to8 Not suitable___.| Not suitable._| Uppermost 18 to 42 Uppermost 18 to 42
inches thick; inches fair: low inches fair: low
medium to high shrink-swell potential. shrink-swell potential;
organic-matter Material at greater fair to good work-
content. depths poor to fair: ability.

moderate shrink-swell | Material at greater

potential; wetness depths good: moder-

hinders excavation. ate shrink-swell
potential; fair work-
ability; high water
table.

Brevort: Bv...___.._. Fair: 5to 8 Fair: limited Not suitable_ .| Uppermost 18 to 40 Uppermost 18 to 40
inches thick; amount to a inches fair to good: inches not suitable:
droughtiness; depth of 18 low shrink-swell po- sandy texture; rapid
medium to high to 40 inches. tential, permeability.
organic-matter Material at greater Material at lower depths
content. depths poor to fair: good: loamy texture;

loamy texture; moderate fair workability.
shrink-swell potential;
fair workability.

Bruce: By._._.________ Good: erodible; Not suitable_ ___| Not suitable_.| Poor: low to moderate | Fair: liquefies and flows
medium to high shrink-swell potential; when wet; high water
organic-matter liquefies and flows table.
content; high when wet; high water
water table. table.

Carlisle: Ceo__..__._._. Poor: erodible; Not suitable____{ Not suitable._| Not suitable: organic Not suitable: organic
readily oxidized. material; unstable; material; unstable;
Fair to good if very highly compressi- very highly compressi-
mixed with ble. ble.
mineral material.

High water
table.

Ceresco: Ce____.____._ Fair: sandy Not suitable. ___.| Not suitable._| Fair to good: low Fair: possible seepage;
layers; flood shrink-swell potential. piping hazard.
hazard; seasonal
high water ta-
ble.

Chelsea: ChB, ChC, Poor: 6 to 8 Good: sandy Not suitable__| Fair to good: low Not suitable: sandy

CIB. inches thick; texture; thin shrink-swell potential. texture; rapid perme-

sandy texture;
droughtiness;
low organic-
matter content.

layers of un-
suitable ma-
terial.

ability; piping hazard.
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Soil properties affecting—

Corrosivity

Limitations for use as

sewage-disposal field

excavate but has poor
trafficability ; hazard
of soil blowing.

422-714—72——8

tial; very low com-
pressibility.

ture content usually
low; good stability
upon thawing.

Highway location Foundations for low Winter grading Uncoated Concrete
buildings steel

Seasonal high water Seasonal high water Moisture content often | High_._____ Low____..__ Severe: seasonal high
table hinders construc- table; moderate too high for good water table; moderately
tion in some areas; shrink-swell potential; compaction; poor slow permeability.
hazard of frost heave. medium compress- stability upon Onsite investigation

ibility ; medium shear thawing. needed.
strength.

Cuts and fills needed in Low shrink-swell poten- Moisture content Low to Low._ ____. Slight: rapid drainage
many places. Sub- tial; very low com- usually low to moderate. at a depth of 24 to 42
stratum a good source pressibility; medium medium; fair inches; some slopes of
of fill and subbase to high shear strength. stability upon more than 10 percent;
material, thawing. possibility of con-

taminating shallow
water supplies.

High water table; wet- High water table; moder- | High water table; High__._.__ Low_______ Severe: high water
ness hinders construc- ate shrink-swell poor stability upon table; moderately
tion. potential; medium thawing. slowly permeable

compressibility; material at a depth of
medium shear strength. 18 to 40 inches.

High water table; hazard | High water table; moder- | High water table; High_.____. Low______. Severe: moderately
of frost heave in sub- ate shrink-swell moisture content slowly permeable
stratum. potential; medium often too high for material at a depth of

shear strength; medium good compaction; 18 to 40 inches; high
compressibility. poor stability upon water table.
thawing.

High water table; sub- High water table; low High water table; High_ ______ Low_.._._. Severe: high water
stratum liquefies and shrink-swell potential; poor stability upon table.
flows when wet. low compressibility; thawing.

medium shear strength;
liquefies and flows
when wet.

High water table; un- High water table; insta- | High water table; un- | High_______ Moderate._.| Severe: unstable
stable organic material bility; very high com- stable organic organic material; high
must be removed. pressibility. material. water table; saturated

in wet weather.

Seasonal high water Seasonal high water High moisture con- Moderate...| Low__.____ Severe: seasonal high
table; flood hazard. table;low shrink- tent hinders opera- water table; flood ha-

swell potential; low tions at times. zard. Onsite investiga-
compressibility; lique- tion needed.
fies and flows when
wet.
Sandy texture; easy to Low shrink-swell poten- Sandy texture; mois- Low__..___ Low_______ Slight: possibility of

contaminating shallow
water supplies; some
slopes of more than 10
percent.
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Suitability as source of-—
Soil series and

map symbols
Topsoil Sand Gravel Road fill for highway Impermeable material
subgrade

Cohoctah: Cm.__.___.. Fair: slight Not suitable.._..| Not suitable__] Fair to good: low Fair: possible seepage;
droughtiness; shrink-swell potential; high water table;
medium or- high water table. piping hazard.
ganic-matter
content; flood
hazard; high
water table.

Conover: CnB._______. Good: 10 to 14 Not suitable_...| Not suitable_.| Poor to fair: low to Good: fair workability;
inches thick; moderate shrink-swell fair compaction char-
loamy texture; potential; fair work-. acteristics.
gravel and ability; fair compac-
cobblestones on tion characteristics.
surface in
places.

Croswell: CrB, CwB___| Very poor: 6 to Good: sandy Not suitable_.| Fair to good: low Not suitable: sandy

For Au Gres part 10 inches thick; texture to a shrink-swell potential, texture; rapid perme-
of CwB, see Au sandy texture; depth of ability; piping hazard.

Gres series.

Deer Park: DpB,
DpD, DpF.

Very poor:

low organic-
matter content;
droughtiness.

6 to
8 inches thick;
sandy texture;

more than 60
inches.

Good: sandy
texture to a
depth of more

Not suitable..

Fair to good:. low
shrink-swell potential.

Not suitable: sandy
texture; rapid perme-
ability; piping hazard.

low organic- than 60
matter content; inches.
droughtiness.

Edwards: Ed....._-.- Poor: erodible; Not suitable__..| Not suitable..| Not suitable: organic Not suitable: organie
readily oxidized. material over marl; material over marl;
Fair to good unstable; highly unstable; highly
if mixed with compressible; high compressible.
mineral ma- water table.
terial. High
water table.

Fox: FoBo_oooo-___-. Fair: low Good: strati- Good: Uppermost 24 to 42 Uppermost 24 to 42
organic-matter fied sand and stratified inches poor to fair: inches good: fair
content; gravel gravel. sand and moderate shrink-swell workability; fair
and cobble- gravel, potential; compaction charac-
stones on Material at greater teristics.
surface in depths good: sand Material at greater
places. and gravel; low depths not suitable:

shrink-swell poten- sand and gravel;
tial; good for rapid permeability;
subgrade. piping hazard.

Gilford: Gdaaeeo___.- Good: 10 to 14 Good: strati- Fair: less Uppermost 18 to 40 Uppermost 18 to 40
inches thick; fied sand and than 50 inches fair: low inches fair: low
high organic- gravel; wet- percent shrink-swell shrink-swell
matter content. ness hinders gravel; potential. potential.

excavation wetness Material at greater Material at greater
in many hinders depths good: sand depths not suitable:
areas. excavation and gravel; low sand and gravel;
in many shrink-swell poten- rapid permeability;
areas. tial; wetness hinders piping hazard.
excavation in many
areas.

Gladwin: GeA, GeB.__| Fair: 6to 8 Good: sand Fair: less Uppermost 18 to 40 Uppermost 18 to 40
inches thick; with some than 50 inches fair: low inches fair: low
medium fines and percent shrink-swell shrink-swell
organic-matter some gravel, gravel, potential. potential.
content; Material at greater Material at greater
seasonal high depths good: sand depths not suitable:
water table. and gravel; low sand and gravel;

shrink-swell poten- rapid permeability;
tial; wetness hinders piping hazard.
excavation,
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Soil properties affecting— Corrosivity
Limitations for use as
sewage-disposal field
Highway location Foundations for low Winter grading Uncoated Concrete
buildings steel

High water table; flood High water table;low High water table: Moderate_..| Low.______ Severe: high water

hazard. shrink-swell potential; wetness hinders table; flood hazard;
low compressibility; operations; poor saturated in wet weath-
medium to high shear stability upon er.
strength; flood hazard. thawing.

Seasonal high water Seasonal high water Moisture content often | High__.____ Low.___.__ Severe: seasonal high
table; wetness hinders table; low to moderate too high for good water table; moderate
construction in some shrink-swell potential; compaction; poor permeability. Onsite
areas; hazard of frost medium compressi- stability upon investigation needed.
heave. bility ; medium shear thawing.

strength.

Sandy texture; easy to Low shrink-swell poten- Sandy texture; mois- Low_..____ Low_.___._ Slight to moderate:
excavate but has poor tial; very low com- ture content usually possibility of contami-
trafficability; hazard pressibility ; liquefies low; good stability nating shallow water
of soil blowing,. and flows when wet. upon thawing. supplies; water table

within 3 feet of surface
in wet weather.

Cuts and fills needed in Low shrink-swell poten- | Sandy texture; mois- Low___.... Low.._____ Slight: possibility of
many places; sandy tial; very low com- ture content usually contaminating shallow
texture; easy to exca- pressibility. low; good stability water supplies;
vate but has poor upon thawing. slopes of more than 10
trafficability; hazard percent.
of soil blowing.

High water table; High water table; 12 to High water table; High__..___. Low..___.. Severe: 12 to 42 inches
unstable organie 42 inches of unstable 12 to 42 inches of of unstable organic
material must be organic material over unstable organic material; high water
removed; unstable unstable marl; marl material. table; saturated in
substratum. has poor shear wet weather.

strength.

Substratum a good Low shrink-swell poten- | Moisture content Low to Low.._._._. Slight: rapid drainage
source of fill and tial; very low com- usually too high moderate. at a depth of 24 to
subbase material, pressibility ; medium for good compac- 42 inches; possibility

to high shear tion; poor sta- of contaminating
strength. bility upon shallow water
thawing. supplies.

High water table; High water table; low High water table; High_ ... Low._____. Severe: high water
wetness hinders shrink-swell poten- wetness often table; saturated in
construction. tial; very low com- hinders operations. wet, weather; rapidly

pressibility; fair to permeable sand and
good shear strength; gravel at a depth of
liquefies and flows 18 to 40 inches.
when wet.

Seasonal high water Seasonal high water High moisture con- Moderate.._| Low_...... Severe: seasonal high
table; wetness table; low shrink- tent hinders water table; very
hinders construction swell potential; very operations at rapidly permeable
at times. low compressibility; times. sand and gravel at a

fair to good shear depth of 18 to 40

strength; liquefies and inches; possibility of

flows when wet. contaminating shallow
water supplies. On-
site investigation
needed.
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Glendora: Gl_._.___._. Fair: sandy Fair: some Not suitable__| Fair to good: low Very poor: rapid per-

Granby: Gm,Gn_.___.

Gravel pits: Gr.
Onsite investigation

needed.
Hettinger: Hg-.-__.__..
Hillsdale: HIB, HIC_._
Hou%\}/}ton _____________

apped only in a

complex with
Adrian soils.

Josco: loA, IrA, IsB___
For Allendale part
of IrA, see
Allendale series.
For Belding
part of IsB, see
Belding series.

Kalkaska: KaC______._

Kawkawlin: KnA,

KnB.

texture; medium
organic-matter
content; flood
hazard; high
water table.

Good: sandy
texture; high
water table;
medium to
high organic-
matter content;
hazard of soil
blowing.

Fair: 6 to 10
inches thick;
loamy texture;
high water
table.

Poor; low or-
ganic-matter
content; slight
droughtiness.

Poor: erodible;
readily oxi-
dized. Fair to
good if mixed
with mineral
material, High.
water table.

Poor: 7to9
inches thick;
low organic-
matter content;
droughtiness.

Very poor: 3 to
8 inches thick;
sandy texture;
low organic-
matter content;
droughtiness.

Fair: 6 to 10
inches thick;
loamy texture;
slight crusting
upon drying;
seasonal high
water table,

fines; wetness
hinders exca-
vation in
many areas.

Good: sandy
texture; wet-
ness hinders
excavation in
many areas.

Not suitable____

Not suitable____

Not suitable_ ...

Fair: limited
amount of
sandy ma-
terial to a
depth of 18
to 40 inches.

Good: sandy
texture to a
depth of more
than 60
inches.

Not suitable_ __.

shrink-swell potential;
high water table.

Not suitable_ .| Fair to good: low
shrink-swell potential;

high water table.

Not suitable._| Poor to fair: moderate
shrink-swell potential;

high water table.

Not suitable__| Fair to good: low to
moderate shrink-swell
potential; good work-
ability; good compac-
tion characteristics.

Not suitable_.| Not suitable: unstable;
}i)elry highly compress-
ible.

Not suitable__[ Uppermost 18 to 40
inches fair to good:
low shrink-gwell
potential.

Material at greater
depths poor to fair:
loamy texture;
moderate shrink-swell
potential; fair work-
ability; fair compac-
tion characteristics.

Not suitable__| Fair to good: low
shrink-swell potential.

Not siitable__.| Poor to fair: moderate
shrink-swell potential;
fair workability;
fair compaction

characteristics.

meability; ligeufies
and flows when wet.

Not suitable: sandy
texture; rapid per-
meability; high water
table; piping hazard.

Good: poor to fair
workability; poor to
fair compaction
characteristics.

Fair to good: good
workability; good com-
paction characteristics.

Not suitable: unstable;
very highly compress-
ible.

Uppermost 18 to 40
inches not suitable:
sandy texture; rapid
permeability.

Material at greater
depths good: loamy
texture; fair work-
ability; fair compaction
characteristics.

Not suitable: sandy
texture; rapid permea-
bility; piping hazard.

Good: fair workability;
fair compaction
characteristies.




OTTAWA COUNTY, MICHIGAN

roadbuilding and community development—Continued

107

Soil properties affecting— Corrosivity
Limitations for use as
sewage-disposal field
Highway location Foundations for low Winter grading Uncoated Concrete
buildings steel

High water table; flood High water table; low High water table; Moderate.._| Low_______ Severe: high water

hazard. shrink-swell potential; wetness hinders table; flood hazard.
low compressibility; operations.
medium to high shear
strength; flood hazard.

High water table; loses High water table; low High water table; High___.____ Low_______ Severe: high water
stability and flows shrink-swell poten- wetness hinders table; rapid permea-
when wet. tial; very low com- operations. bility; saturated in

pressibility ; high shear wet weather.
strength; liquefies and
flows when wet.

High water table; wet- High water table; mod- High water table; High_______ Low_______ Severe: high water
ness hinders construec- erate shrink-swell poor stability upon table; moderately
tion. potential ; medium thawing. slowly permeable

compressibility; material within 24

medium shear inches of the surface;

strength. saturated in wet
weather.

Cuts and fills needed in Low shrink-swell poten- Moisture content often | Moderate___| Low._______ Slight: moderate per-
many places; stones tial; low compressi- too high for good meability; some slopes
hinder grading in some bility. compaction; poor of more than 10
areas. stability upon percent.

thawing.

High water table; un- High water table; very High water table; High.. _.___ Moderate...| Severe: high water table;
stable organic material high compressibility ; unstable organic unstable organic
must be removed. instability. material. material; saturated

in wet weather.

Seasonal high water Seasonal high water Seasonal high water High_ __.___ Low.___.___. Severe: moderately
table; hazard of frost table; moderate table; moisture slowly permeable
heave in substratum. shrink-swell potential; content often too material below a

medium shear high for good depth of 18 to 40

strength; medium compaction; poor inches; seasonal high

compressibility. stability upon water table.
thawing.

Cuts and fills needed in Low shrink-swell poten- Sandy texture; mois- Low______. Low to Slight: possibility of
many places; sandy tial; very low com- ture content usually mod- contaminating shallow
texture; easy to pressibility, liquefies low; good stability erate. water supplies; some
excavate but has poor and flows when wet. upon thawing. slopes of more than 10
trafficability; hazard percent.
of soil blowing.

Seasonal high water Seasonal high water Moisture content High._____. Low_______ Severe: seasonal high
table hinders con- table; moderate often too high for water table; moder-
struction in some shrink-swell poten- good compaction; ately slowly perme-
areas; hazard of frost tial; medium com- poor stability upon able material within
heave. pressibility; medium thawing. 24 inches of the sur-

shear strength. face. Onsite investiga-
tion needed.
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TaBLE 5.—Engineering interpretations for

Soil series and
map symbols

Suitability as source of-—

Topsoil Sand Gravel Road fill for highway Impermeable material
subgrade

Kibbie: KoA, KoB..__| Good: 8 to 12 Not suitable.___| Not suitable__.| Poor: low shrink-swell Fair: liquefies and flows
inches thick; potential; liquefies and when wet.
loamy texture; flows when wet.
medium or-
ganic-matter
content; sea-
sonal high
water table.

Lacota: La-_.._.___.__ Good: 7 to 14 Good below Not suitable_ .| Uppermost 18 to 40 Uppermost 18 to 40
inches thick; depth of 18 inches poor to fair: inches good: fair
loamy texture; to 40 inches: moderate shrink-swell workability; fair
medium to sandy tex- potential, compaction charac-
high organic- ture; wetness Material at greater teristics.
matter content; hinders depths good: sandy Material at greater
high water excavation. texture; low shrink- depths not suitable:
table. swell potential; good sandy texture; rapid

for subgrade; high permeability; piping
water table. hazard.

Lake beaches: Lb.

Onsite investiga-
tion needed.

Linwood: Lseo-o._.._.. Poor: erodible; Not suitable____| Not suitable._| Uppermost 12 to 42 Uppermost 12 to 42
readily inches not suitable; inches not suitable;
oxidized. Fair organic material; organic material;
to good if unstable; highly unstable; highly
mixed with compressible, compressible.
mineral Material at greater Material at greater

Made land: Ma.
Onsite investiga-
tion needed.
Mancelona: McA,
McB, McC.

Marsh: Me.
Onsite investiga-
tion needed.

Matherton:

Poor:

MhA___..

material. High
water table.

droughti-
ness; low
organic-matter
content; gravel
and cobble-
stones on sur-
face in many
areas.

Good: medium

content of
organic matter;
seasonal high
water table;
gravel and
cobblestones
on surface in
some areas.

Good: sand
with some
fines and
some gravel.

Good: strati-
fied sand and
gravel; wet-
ness hinders
excavation.

Fair: more
than 50
percent
sand with
some fines.

Good:
stratified
sand and
gravel;
wetness
hinders
excavation.

Good:

depths poor to fair:
loamy texture; low
shrink-swell poten-
tial; high water table.

low to moderate
shrink-swell poten-
tial; sand and gravel
good for subgrade.

Ubppermost 24 to 40

inches poor to fair:
moderate shrink-
swell potential.

Material at greater

depths good: sandy
and gravelly texture;
low shrink-swell
potential; good for
subgrade.

depths good: loamy
texture; fair work-
ability; high. water
table.

Uppermost 18 to 40
inches fair to good.

Material at greater
depths not suitable:
sandy and gravelly
texture; very rapid
permeability; hazard
of piping.

Uppermost 24 to 40
inches good: fair
workability; fair
compaction charac-
teristics.

Material at greater
depths not suitable:
sandy and gravelly
texture; very rapid
permeability; piping
hazard.
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Soil properties affecting—

Highway location

Foundations for low
buildings

Winter grading

Limitations for use as
sewage-disposal field

Seasonal high water
table; substratum
liguefies and flows
when wet; hazard of
frost heave.

High water table;
wetness hinders
construction.

High water, table;
unstable organic
material must be
removed.

Cuts and fills needed in
many places; sub-
stratum a good
source of material for
subbase and fill.

Seasonal high water
table; wetness may
hinder construction.

Seasonal high water
table; low shrink-swell
potential; liquefies and
flows when wet.

High water table; low
shrink-swell potential;
very low compressi-
bility; good shear
strength.

High water table; 12 to
42 inches of unstable
organic material;
fair shear strength
in substratum.

Low shrink-swell poten-
tial; very low com-
pressibility ; medium
to high shear
strength.

Seasonal high water
table; low shrink-
swell potential; low
compressibility; high
shear strength.

Moisture content often
too high for good
compaction; poor
stability upon
thawing.

High water table;
wetness often
hinders operations.

High water table;
unstable organic
material.

Moisture content
usually low to
medium; fair
stability upon
thawing.

Moisture content,
high enough at
times to hinder
operations,

Corrosivity
Uncoated Concrete
steel
Moderate_..| Low.______
High ____._ Low____.__
High__._._._ Low.___._.
Low to Low____._._
moder-
ate.
Moderate...| Low.______

Slight:

Severe:

Severe: seasonal high
water table; when
wet, soil material may
flow into and plug tile
lines and filter beds.
Onsite investigation
needed.

Severe: high water
table; rapidly perme-
able material at a
depth of 18 to 40
inches; saturated in
wet weather.

Severe: high water
table; unstable
organic material;
saturated in wet
weather.

rapid drainage
at a depth of 18 to
40 inches; possibility
of contaminating
shallow water sup-
plies; some slopes of
more than 10 percent.

seasonal high
water table;
possibility of con-
taminating shallow
water supplies. On-
site investigation
needed.
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Suitability as source of—
Soil series and
map symbols
Topsoil Sand Gravel Road fill for highway Impermeable material
subgrade

Menominee: MmB, Very poor: 5 to Fair: limited Not suitable_.| Uppermost 18 to 40 Uppermost 18 to 40

MmC. 9 inches thick; amount of inches fair to good: inches not suitable:
low organic- sandy low shrink-swell sandy texture; rapid
matter content; material to a potential. permeability.
droughtiness. depth of 18 Material at greater depths| Material at greater depths
to 40 inches. poor to fair: loamy good: loamy texture;
texture; moderate fair workability; fair
shrink-swell potential; compaction
fair workability; fair characteristics.
compaction
characteristies.

Metamora: MnA, Fair: 6 to 10 Not suitable_.__| Not suitable_.} Upermost 24 to 40 Good: workability

MnB. inches thick; inches good: low good in uppermost
medium shrink-swell potential. 24 to 40 inches and
organic-matter Material at greater poor at greater depths.
content; depths poor to fair:
geasonal high moderate shrink-swell
water table. potential.

Miami: MoB, MoC, Fair: 6 to 10 Not suitable..__| Not suitable__| Poor to fair: low to Good: fair workability;

MoD, MoF. inches thick; moderate shrink-swell fair compaction
gravel and potential; fair characteristics.
cobblestones on workability; fair
the surface in compaction
places. characteristics.

Montcalm: MrA, Very poor: 4 to Good: sandy Not suitable__.| Fair to good: low Not suitable: sandy

MrB, MrC. 8 inches thick; texture; thin shrink-swell potential. texture; rapid
sandy texture; layers of permeability; piping
low organic- unsuitable hazard.
matter content; material.
droughtiness.

Morley: MtB, MtC2, |} Fair: 6to9 Not suitable.._.| Not suitable..| Poor to fair: moderate | Good: poor to fair
MtE2, MuD3, MuF3. inches thick; to high shrink-swell workability; poor to

loamy texture; potential; poor to fair fair compaction
low organic- workability; poor to characteristies.
matter content; fair compaction
droughtiness. characteristics.

Nester: NeB, NeC, Uneroded soils Not suitable. ___| Not suitable__| Poor to fair: moderate Good: poor to fair
NeD, NeE, NeF, NsC3 fair: 7to9 to high shrink-swell workability; poor
NsD3, NsE3, NsF3. inches thick; potential; poor to fair to fair compaction

loamy texture; workability; poor characteristics.
low organic- to fair compaction

matter content; characteristics.

a few pebbles

and cobble-

stones on the

surface.

Newaygo: NwB_______ Fair: low Good: sand Good: more | Good: low to moderate | Uppermost 24 to 40
organic-matter with some than 40 shrink-swell potential; inches fair to good.
content; fines and percent sandy and gravelly Material at greater
droughtiness; some gravel. gravel. material good for depths not suitable:
gravel and subgrade and subbase. sandy and gravelly
cobblestones on texture; rapid perme-
surface in some ability; piping hazard.
areas.

Oshtemo: OsA, OsB, Poor: low Good: strati- Fair: domi- | Good: low to moderate | Uppermost 40 to 66

OsC, OsD. organic-matter fied sand and nantly shrink-swell potential; inches fair to good.
content; gravel. sandy sandy and gravelly Material at greater
droughtiness; material. material good for depths not suitable:
gravel and subgrade and subbase. sandy and gravelly
cobblestones on texture; rapid perme-
the surface in ability; piping hazard.
many areas.
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Soil properties affecting— Corrosivity
Limitations for use as
sewage-disposal field
Highway location Foundations for low Winter grading Uncoated Concrete
buildings steel
Cuts and fills needed in Moderate shrink-swell Moisture content often'| Moderate...| Low_______ Severe: moderately
many places. potential; medium too high for good slowly permeable
shear strength; compaction; poor material at a depth
medium compressi- stability upon of 18 to 40 inches;
bility. thawing. some slopes of more
than 10 percent.

Seasonal high water Seasonal high water Moisture content High__.____ Low____.__ Severe: seasonal high
table; wetness table; moderate often too high for water table; moderately
hinders construction in shrink-swell potential; good compaction; slowly permeable
some areas. hazard of frost heave. poor stability upon material at a depth

thawing. of 24 to 40 inches.
Onsite investigation
needed.

Cuts and fills needed in Low to moderate Moisture content Moderate-..; Low.__._.____ Moderate: moderate
many places; hazard shrink-swell potential; often too high for permeability; some
of frost heave. medium shear good compaction; slopes of more than 10

strength; hazard of poor stability upon percent.
frost heave. thawing.

Sandy texture; easy to Low shrink-swell Sandy texture; Low______._ Low__.____ Slight: possibility of
excavate but has poor potential; very low moisture content contaminating shallow
trafficability ; hazard compressibility. usually low; good water supplies; some
of soil blowing. stability upon slopes of more than 10

thawing. percent.

Cuts and fills needed in Moderate shrink-swell Moisture content Moderate._. | Low______. Severe: moderately slow
many places; hazard potential ; medium often too high for permeability; some
of frost heave. shear strength; good compaction; slopes of more than

medium compressi- poor stability upon 10 percent. Onsite
bility. thawing. investigation needed.

Cuts and fills needed in Moderate shrink-swell Moisture content often | Moderate...| Low______. Severe: moderately slow
many places; hazard potential; medium too high for good permeability ; some
of frost heave. shear strength; compaction; poor slopes of more than 10

medium stability upon percent. Onsite
compressibility. thawing. investigation needed.

Substratum a good Low shrink-swell Mositure content Low to Low._.___. Slight: rapid drainage
source of fill and potential; very low usually low to moder- at a depth of 24 to 40
subbase material. compressibility; medium; fair ate. inches; possibility of

medium to high stability upon contaminating shallow
shear strength. thawing. water supplies.

Cuts and fills needed in Low shrink-swell Moisture content, Low to Low_______ Slight: rapidly perme-
many places; sub- potential; very low usually low to moder- able material at a
stratum a good source compressibility; medium; fair ate. depth of 40 to 66
of fill and subbase medium to high shear stability upon inches; possibility of
material. strength. thawing. contaminating shallow

water supplies; some
slopes of more than 10
percent,
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Soil series and
map symbols

Suitability as source of—

Topsoil Sand Gravel Road fill for highway Impermeable material
subgrade

Owosso: OwB.o..______ Fair: 7 to 10 Not suitable....| Not suitable. .| Uppermost 18 to 40 Good: workability and
inches thick; inches good: low compaction character-
low to medium shrink-swell potential. isties good in uppermost
organic-matter Madterial at greater 18 to 40 inches and
content. depths fair: moderate fair at greater depths.

to low shrink-swell
potential.
Pinconning: Pn, Pr..__| Poor: sandy Fair: 18 to 40 | Not suitable_.| Uppermost 18 to 40 Uppermost 18 to 40
For Breckenridge texture; inches of inches fair to good: inches not suitable:
part of Pr, see droughtiness; sandy ma- low shrink-swell sandy texture; rapid
Breckenridge medium terial with potential. permeability.
series. organic-matter some fines; Material at greater Material at greater
content; high high water depths poor: high depths fair: poor
water table. table hinders shrink-swell potential; workability; poor
excavation in poor workability; poor compaction
wet weather. compaction characteristics.
characteristies.

Richter: RcA, ReB___.{ Fair: thin; Not suitable....| Not suitable__| Fair to good: low Fair: good worka-
loamy texture; shrink-swell potential. bility; good compac-
low organic- tion characteristics;
matter content. liquefies and flows

when wet.

Rubicon: RsB, RsD, Very poor: 3 to Good: sandy Not suitable._| Fair to good: low Not suitable: sandy

RsF. 6 inches thick; texture to a shrink-swell potential. texture; rapid
sandy texture; depth of permeability; piping
low organic- more than hazard.
matter content, 60 inches.
droughtiness.

Sand pits: Sd.

Onsite investigation
needed.
Saugatuck oo Very poor: Good: sandy Not suitable._| Fair to good: low Not suitable: sandy
Mapped only in a sandy texture; texture to a shrink-swell potential. texture; rapid
complex with Au low organic- depth of permeability.
Gres soils. matter content; more than
droughtiness; 60 inches;
seasonal high high water
water table. table and
cemented
layer hinder
excavation.

Selkirk: SeA, SeB____. Fair: 8to 10 Not suitable_._.| Not suitable__| Poor: low shear Fair: high shrink-swell
inches thick; strength; poor work- potential; poor work-
low organic- ability; poor to fair ability; poor to fair
matter content; compaction character- compaction character-
crusts upon istics; high shrink- istics; seasonal high
drying; seasonal swell potential; sea- water table.
high water sonal high water
table. table.

Shoals: Shooeoo_______ Good: 6 to 14 Not suitable_.__| Not suitable._| Poor: low to moderate | Fair to good: fair work-

inches thick;
loamy texture;
low to medium
organic-matter
content; flood
hazard; seasonal
high water
table.

shrink-swell potential;
fair workability; fair
compaction character-
istics; poor subgrade
material.

ability; fair compac-
tion characteristics.
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Soil properties affecting— Corrosivity
Limitations for use as
sewage-disposal field
Highway location Foundations for low Winter grading Uncoated Concrete
buildings steel

Hazard of frost heave Moderate shrink-swell Moisture content High_______ Low_____._ Moderate: moderately
below a depth of 18 potential; hazard of often too high for permeable material at
to 40 inches. frost heave. good compaction; a depth of 18 to 40

poor stability upon inches. Onsite
thawing. investigation needed.

High water table; at a High water table; high Moisture content often | High_______ Low_.. ... Severe: high water
depth of 18 to 40 shrink-swell potential; high enough to table; slowly permeable
inches is plastic, high eompressibility; hinder operations; material at a depth of
clayey material that is low shear strength. poor stability upon 18 to 40 inches. Onsite
unstable and slippery thawing. investigation needed.
when wet.

Seasonal high water Seasonal high water Moisture content often | Moderate.._| Low_______ Severe: seasonal high
table; wetness hinders table: low shrink- too high for good water table; moderate
construction in some swell potential; low compaction; poor permeability. Onsite
areas; hazard of frost compressibility; stability upon investigation needed.
heave. medium shear thawing.

strength; liquefies and
flows when wet.

Cuts and fills needed in Low shrink-swell Sandy texture; Low__._.__ Low_..____ Slight: possibility of
many places; easy to potential; very low moisture content contaminating shallow
excavate but has poor compressibility. usually low; good water supplies; slopes
trafficability; hazard stability upon of more than 10
of soil blowing. thawing. percent.

Seasonal high water Seasonal high water Moisture content often | Low_.__.__ Moderate Severe: seasonal high
table; liquefies and table; low shrink- high enough to to high. water table; generally
flows when wet; fill swell potential; very hinder operations. rapid permeability;
needed. low compressibility; possibility of con-

fair to good shear taminating water

strength; liquefies and supplies; slowly

flows when wet. permeable cemented
layer. Onsite investiga-
tion needed.

Seasonal high water Seasonal high water Moisture content High___.___ Low___._.. Severe: seasonal high
table; plastie, clayey table; high shrink- often high enough water table; slow per-
material that is un- swell potential; high to hinder operations; meability; saturated in
stable and slippery compressibility; low poor stability upon wet weather. Onsite
when wet; poor bear- shear strength; hard thawing. investigation needed.
ing capacity. when dry.

Seasonal high water Seasonal high water Moisture content often | High. ... .. Lowaeao._ Severe: flood hazard;
table; flood hazard; table; low shrink-swell high enough to moderately slow per-
hazard of frost heave. potential; medium hinder operations; meability. Onsite in-

compressibility ; me- poor stability upon vestigation needed.
dium shear strength; thawing.
flood hazard.
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Suitability as source of—

Topsoil Sand Gravel Road fill for highway Impermeable material
subgrade

Sims: Sm_ .- _._- Good: 8 to 12 Not suitable____| Not suitable_ .| Poor to fair: high to Good: poor to fair
inches thick; moderate shrink-swell workability; poor to
loamy texture; potential; poor to fair fair compaction char-
medium to high workability; poor to acteristics; high water
organic-matter fair compaction table.
content; high characteristics; high
water table. water table.

Sloan: Sn___ - -_-____ Good: thick; Not suitable____| Not suitable__| Poor: moderate to low | Fair to good: fair work-
loamy texture; shrink-swell potential; ability; fair compac-
medium high water table; fair tion characteristics;
organic-matter workability; fair com- high water table.
content; flood paction character-
hazard; seasonal istics; poor subgrade
high water material.
table.

Spinks: SpA, SpB, Very poor: 6 to Good: sandy Not suitable__| Fair to good: low Not suitable: sandy

SpC, SsD, SsE, SsF.

For Montcalm part
of SsD, SsE,
and SsF, see

Montcalm series.

Toledo: Teo- .-
Tonkey: To_ ... .-
Tuscola: TsBo___.____
Ubly: UlA, UIB, UIC_.
Wallkill: Wa.________

8 inches thick;
sandy texture;
low organic-
matter content;
droughtiness.

Fair: 6 to 10
inches thick;
medium to high
organic-matter
content; high
water table.

Good: erodible;
medium to
high organie-
matter con-
tent; high
water table.

Fair: 8 to 11
inches thick;
loamy texture;
low organie-
matter content.

Fair: 8 to 10
inches thick;
low organic-
matter content.

Good: loamy
texture; me-
dium organic-
matter-content;
flood hazard;
high water
table.

texture; thin
layers of un-
suitable
material.

Not suitable_ ___

Not suitable._._

Not suitable._..

Not suitable. ___

Not suitable____

Not suitable.._

Not suitable_ ..

Not suitable. -

Not suitable__

Not suitable. _

shrink-swell potential.

Poor: high shrink-
swell potential; poor
to fair workability;
poor to fair compac-
tion characteristios;
high water table.

Poor: low shrink-
swell potential;
liquefies and flows
when wet; high water
table.

Poor: moderate to low
shrink-swell poten-
tial; liquefies and
flows when wet.

Uppermost 18 to 40
inches good: low
shrink-swell poten-
tial.

Material at greater
depths fair: mod-
erate shrink-swell
potential.

Uppermost 10 to 40
inches poor: mod-
erate to low shrink-
swell potential.

Material at greater
depths not suitable;
organic layers that
are unstable and very
highly compressible;
high water table.

texture; rapid permea-
bility; piping hazard.

Good: high shrink-
swell potential; poor
to fair workability;
poor to fair compac-
tion characteristics;
high water table.

Fair: liquefies and
flows when wet;
high water table.

Fair: liquefies and
flows when wet.

Good: workability and
compaction char-
acteristies good in
uppermost 18 to 40
inches and fair at
greater depths.

Uppermost 10 to 40
inches fair to good.

Material at greater
depths not suitable:
organic layers that
are unstable and very
highly compressible;
high water table.
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sewage-disposal field
Highway location Foundations for low Winter grading Uncoated Concrete
buildings steel

High water table; High water table; High water table; High__._____ Low..__._. Severe: high water
wetness hinders con- moderate shrink-swell poor stability upon table; moderately
struction; hazard of potential; medium thawing. slowly permeable
frost heave. compressibility ; me- material within 24

dium shear strength. inches of the surface;
saturated in wet
weather.

High water table; flood High water table; low High water table; High___.__. Low___.___ Severe: high water
hazard; hazard of shrink-swell potential; wetness hinders op- table; flood hazard;
frost heave. medium compres- erations; poor moderately slow

sibility ; medium shear stability upon permeability.
strength. thawing.

Cuts and fills needed in Low shrink-swell poten- Sandy texture; mois- Low.______ Low_..____. Slight: possibility of
many places; easy to tial; very low com- ture content usually contaminating shallow
excavate but has poor pressibility. low; good stability water supplies; some
trafficability ; hazard upon thawing. slopes of moré than
of soil blowing. 10 percent.

High water table; High water table; High water table; High.._ __._ Low.___._._ Severe: high water
plastic, clayey mate- high shrink-swell clayey texture; table; slowly perme-
rial that is unstable potential; high com- poor stability able material within
and slippery when pressibility; low upon thawing. 24 inches of the sur-
wet; low shear shear strength; hard face; saturated in wet
strength. when dry. weather.

High water table; High water table; High water table; High_._____ Low.______ Severe: high water
substratum liquefies liquefies and flows poor stability table; saturated in
and flows when wet; when wet; low upon thawing. wet weather.
hazard of frost heave. shrink-swell potential;

low compressibility;
fair shear strength.

Substratum unstable; Low shrink-swell poten- Moisture content Moderate...| Low.______ Moderate: liquefies
liquefies and flows tial; liquefies and often too high for readily and may flow
when wet; hazard of flows when wet; good compaction; into and plug tile
frost heave. hazard of frost heave poor stability upon lines and filter beds.

and reduction of thawing.
bearing capacity
upon thawing.

Cuts and fills needed in Moderate shrink-swell Moisture content Moderate__.| Low___.___._ Moderate: moderately
many areas; hazard of potential; hazard of- often too high for slowly permeable
frost heave below a frost heave. good compaction; material at a depth of
depth of 18 to 40 poor stability 18 to 40 inches.
inches. upon thawing. Onsite investigation

needed.

High water table; un- High water table; very Unstable organic ma- High_._..__| Low_______ Severe: high water
stable organic mate- high compressibility; terial at a depth of table; flood hazard;
rial must be removed; unstable organic 10 to 40 inches; unstable organic
flood hazard. material below a high water table; material at a depth

depth of 10 to 40 wetness hinders of 10 to 40 inches.
inches. operations.
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Warners: Wm_________ Poor: erodible; Not suitable_._._| Not suitable._| Not suitable: organic Not suitable: organie
readily oxidized. material over marl; material over marl;

Fair to good if unstable; highly unstable; highly
mixed with compresgible. compressible.
mineral mate-
rial. High water
table.

Wasepi: WsA_.__.__.__ Fair: 6 to 10 Good: sandy; | Fair: less Uppermost 24 to 40 Uppermost 24 to 40
inches thick; some fines than 50 inches fair: low inches fair: low
medium and some percent shrink-swell potential. shrink-swell potential.
organic-matter gravel, gravel. Material at greater Material at greater

Washtenaw: Wt ______

Wind eroded land,
sloping: WuC.
Onsite investigation
needed.

content; sea-
sonal high
water table.

Good: thick;
loamy texture;
medium
organic-matter
content; flood
hazard; high
water table.

Not suitable_ ___

Not suitable__

depths good: sandy
and gravelly texture;
geasonal high water
table; wetness hinders
excavation.

Poor: moderate to low
shrink-swell potential;
poor to fair work-
ability; poor to fair
compaction charac-
teristics; high water
table.

depths not suitable:
sandy and gravelly
texture; rapid perme-
ability; piping hazard.

Good: poor to fair
workability; poor to
fair compaction
characteristics; high
water table.
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Soil properties affecting—

Highway location

Foundations for low
buildings

Winter grading

Limitations for use as
sewage-disposal field

High water table;
unstable organic
material must be
removed.

Seasonal high water

table; wetness hinders

construction at times.

High water table; flood
hazard; hazard of
frost heave.

High water table; less

than 12 inches of
unstable organic mate-
rial over marl; marl
has poor shear
strength.

Seasonal high water

table; low shrink-
swell potential; very
low compressibility;
fair to good shear
strength; liquefies and
flows when wet.

High water table; mod-

erate to low shrink-
swell potential; me-
dium compressibility;
medium shear
strength.

High water table;
unstable organic
material over marl.

Moisture content high
enough at times to
hinder operations.

High water table;
wetness hinders
operations; poor
stability upon
thawing,

Corrosivity
Uncoated Concrete
steel
High.._.____ Loweo ...
Moderate...| Low.._._..
High __.___ Loweooooo

Severe:

Severe:

Severe:

high water
table; unstable organic
material over marl;
saturated in wet
weather.

seasonal high
water table; rapidly
permeable material at
a depth of 24 to 40
inches; possiblity of
contaminating shallow
water supplies. Onsite
investigation needed.

high water
table; flood hazard;
slow permeability;
saturated in wet
weather.
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Soil series and map symbols

Soil properties affecting—

Farm ponds

Reservoir area

Embankment

Adrian: Ad, Ah__ . ___.
For Houghton part of Ah, see Houghton
series.

Algansee: Ak.._ . ._.

Allendale: AlA___ L ___

Au Gres:

For Saugatuck part of AsB, see Sauga~
tuck series.

ArB e ie——————
Belding: BeA, BeB__________ . _..._...
Blount: BlA, BIB. o al..

Blown-out land: BoB, BoF.
Onsite investigation needed.

Bowers: BpA, BpB. .. _ . ____________...
Boyer: BrA, BrB, BrCo_ o o__.
Breckenridge: Bu_____ ... _______._
Brevort: Bv__ .. ___ . __.__
Bruce: By__ ..

High water table; rapid seepage; suitable for
pit-type ponds; flotation of organic ma-
terial possible.

Flood hazard; rapid seepage. .. ... _____

Rapid seepage in loamy and sandy upper
layers; slow seepage in clayey substratum.

Too porous to hold water; seal blanket
necessary.

Seasonal high water table; rapid seepage to
a depth of 42 to 66 inches; medium to
slow seepage at greater depths; seal
blanket necessary unless sandy upper
layers are removed.

Medium to slow seepage_ - - - oo __

Medium to slow seepage . - - oooooo..-

Medium to slow seepage_ o .____

Medium to rapid seepage in subsoil; seal
blanket needed if sand and gravel are
exposed.

High water table; medium rate of seepage;
suitable for pit-type ponds.

High water table; rapid seepage to a depth
of 18 to 40 inches; slow to medium
seepage at greater depths; seal blanket
needed unless sandy material is removed.

High water table; medium rate of seepage;
suitable for pit-type ponds; sides of
ponds unstable when wet.

High water table; 12 to 42 inches of unsta-
ble organic material; sandy substratum
is rapidly permeable and subject to piping.

Seasonal high water table; fair stability;
fair to good compaction characteristics;
medium rate of seepage; piping hazard.

Seasonal high water table; uppermost 18
to 40 inches has rapid seepage and is
subject to piping; clayey substratum has
high shrink-swell potential, poor com-
paction characteristics, and slow seepage
and is unstable when wet.

Seasonal high water table; fair stability; fair
compaction characteristics; rapid seepage;
hazard of piping.

Seasonal high water table; fair stability;
fair compaction characteristics; slow
seepage below a depth of 42 to 66 inches.

Fair to good stability; fair to good compac-
tion characteristics; slow seepage.

Fair to good stability; slow seepage; fair
compaction characteristics.

Fair stability; poor to fair compaction
characteristics; slow seepage.

Uppermost 24 to 42 inches has fair stability,
a medium rate of seepage, and fair to
good compaction characteristics. Sub-
stratum has good stability and rapid
seepage and is subject to piping.

High water table; fair to good stability; fair
to good compaction characteristics; slow
seepage.

High water table; fair stability; fair com-
paction characteristics; slow to medium
seepage below a depth of 18 to 40 inches.

High water table. Subsoil has fair stability
and slow seepage. Substratum has poor
stability and a medium rate of seepage
and is subject to piping.
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Soil properties affecting—Continued

Agricultural drainage

Irrigation

Terraces and diversions

Grassed waterways

High water table; sandy sub-
stratum makes feasibility of
tiling questionable; ditchbanks
unstable.

Normally not suitable for crops
because of flood hazard and
sandy texture.

Seasonal high water table; slowly
permeable clayey material below
a depth of 18 to 40 inches;

Sandy texture; rapid permeability;
wet depressions; ditchbanks
unstable; feasibility of tiling
quesionable; risk of
overdrainage.

Sandy upper layers; rapid
permeability to a depth of 42 to
66 inches; moderately slow
permeability at greater depths;
wet depressions; ditchbanks
unstable; risk of overdrainage.

Moderately slow permeability
below a depth of 18 to 40
inches; seasonal high water
table; wet depressions.

Moderately slow permeability;
seasonal high water table; wet
depressions.

Moderately slow permeability;
seasonal high water table; wet
depressions.

Moderately slow permeability
below a depth of 18 to 40
inches; high water table; wet
depressions.

High water table; moderately
slow permeability below a depth
of 18 to 40 inches; wet
depressions.

High water table; substratum
loses stability when wet and may
flow into and plug tile lines;
ditchbanks unstable.

somewhat poor natural drainage.

Notneeded..._ . _________________

Moderate available water
cupacity; rapid water intake;
poor natural drainage.

Low available water capacity;
very rapid water intake;
flood hazard.

Moderate available water
capacity; very rapid water
intake; slowly permeable clayey
material below a depth of 18
to 40 inches; seepage may
develop on slopes.

Low available water capacity;
very rapid water intake.

Low available water capacity;
very rapid water intake.

Moderate available water
capacity; rapid water intake.

High available water capacity;
medium rate of water intake.

High available water capacity;
medium rate of water intake.

Low available water capacity;
very rapid water intake;
runoff and erosion hazard in
sloping areas.

Moderate available water
capacity; rapid water intake;
poor natural drainage.

Moderate available water
capacity; very rapid water
intake; high water table;
poor natural drainage.

High available water capacity;
medium rate of water intake;
poor natural drainage.

Not needed: nearly level
or depressional; slow
runoff.

Not needed: nearly level._

Generally not needed:
short, irregular slopes;
very rapid water intake;
little runoff.

Not needed: very rapid
intake; little runoff.

Not needed: sandy
texture; little runoff.

Generally not needed:
slopes short and in
many places irregular.

Generally not needed;
slopes short and in
many places irregular.

Not needed: nearly level
to gently sloping.

Erosion hazard; slow to
medium runoff. Avoid
cuts into gravelly layers.

Not needed: nearly
level; slow runoff.

Not needed: nearly
level; slow runoff.

Not needed: nearly
level; slow runoff.

Not needed: nearly level or
depressional.

Generally not needed:
nearly level.

Generally not needed:
nearly level to gently
sloping.

Sandy texture; short, gentle
slopes; low available water
capacity; low fertility.

Sandy texture; short,.gentle
slopes; low available water
capacity; low fertility.

Seepage; wetness may delay
construction.

Seasonal high water table.

Seasonal high water table.

Sandy texture; droughtiness;
erosion hazard; slow to
medium runoff; difficult
to establish vegetation.

Not needed but may be used
to remove surface water.

Not needed: nearly level;
high water table; may be
used to remove surface
water.

Not needed: nearly level;
high water table.
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Soil properties affecting—
Soil series and map symbols Farm ponds
Reservoir area Embankment

Carlisle: CCo e oo High water table; rapid seepage; suitable | Unstable organic material; high water
for pit-type ponds; flotation and caving table.
in of organic material likely.

Cereseo: Ceomvmmmo oo ceceeeon Flood hazard; rapid seepage .- --.....__. Seasonal high water table; fair stability;
fair to good compaction characteristics;
medium rate of seepage; piping hazard.

Chelsea: ChB, ChC, CIB .. .. —___ Rapid seepage; too porous to hold water | Medium to rapid seepage; fair stability;

Cohoctah: Cm oo

Conover; CnB. oo ___

Croswell: CrB, CwB.____ -
For Au Gres part of CwB, see Au Gres
geries.

Deer Park: DpB, DpD, DpFo- o _____._.

Edwards: Ed.o e

Gladwin, GeA,GeB.__._ . . ___._________

Glendora: Gl eeaeee

Granby: Gm,Gno oo iia-

unless a seal blanket is used.

High water table; rapid seepage; flood
hazard; suitable for pit-type ponds.

Medium to slow seepage_- oo

Rapid seepage; too porous to hold water
unless a seal blanket is used.

Rapid seepage; too porous to hold water
unless a seal blanket is used.

High water table; rapid seepage to a depth
of 12 to 42 inches; slow seepage at greater
depths; suitable for pit-type ponds; flota-
tion of organic material possible.

Medium to slow seepage to a depth of 24 to
42 inches; seal blanket needed if sand and
gravel are exposed.

High water table; rapid seepage in sub-
stratum; suitable for pit-type ponds.

Medium rate of seepage to a depth of 18 to
40 inches; seal blanket needed if sand and
gravel are exposed.

High water table; rapid seepage; flood haz-
ard; suitable for pit-type ponds.

High water table; rapid seepage; suitable
for pit-type ponds.

fair compaction characteristics; piping
hazard; low shrink-swell potential.

High water table; fair stability; fair to good
compaction characteristics; medium rate
of seepage; piping hazard.

Fair to good stability; fair compaection
characteristics; slow seepage.

Rapid seepage; fair stability; fair compac-
tion characteristics; piping hazard; low
shrink-swell potential.

Rapid seepage; fair stability; fair compac-
tion characteristics; piping hazard; low
shrink-swell potential.

High water table; 12 to 42 inches of unstable
organic material over marl; marl has
poor stability and poor compaction char-
acteristics.

Uppermost 24 to 42 inches has fair stability,
slow seepage, and fair compaction char-
acteristics. Substratum has good stability
and rapid seepage.

High water table. Uppermost 18 to 40
inches has fair to good stability and
slow seepage. Substratum has fair stabil-
ity and rapid seepage and is subject to
piping.

Uppermost 18 to 40 inches has fair stability,
a medium seepage rate, and fair to good
compaction characteristics. Substratum
has fair stability, fair compaction charac-
teristics, and rapid seepage.

High water table; fair stability; fair to good
compaction characteristics; medium rate
of seepage; piping hazard.

High water table; fair stability; fair com-
paction characteristics; rapid seepage;
piping hazard.
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Soil properties affecting—Continued

Agricultural drainage

Irrigation

Terraces and diversions

Grassed waterways

High water table; organic material
may settle if overdrained.

Seasonal high water table; flood
hazard.

Not needed.... ... _________

High water table; flood hazard____.

Moderate permeability; seasonal
high water table; wet depressions.

Not needed.u. ..o __________

Not needed.-..__ . ______._____

High water table; organic material
may settle if overdrained.

Notneeded- - - oo

High water table; moderate per-~
meability to a depth of 18 to 40
inches; rapid permeability at
greater depths; sandy sub-
stratum makes blinding
necessary.

Seasonal high water table; sand
and gravel substratum makes
blinding necessary.

Normally not suitable for crops;
flood hazard; sandy substratum.

High water table; wet depressions;
ditchbanks unstable; very
sandy substratum makes feasi-
bility of tiling questionable.

High available water capacity;
very rapid water intake; very
poor natural drainage.

Moderate available water
capacity; rapid water intake;
flood hazard.

Low available water capacity;
rapid water intake; hazard of
soil blowing.

High available water capacity;
medium rate of water intake;
very poor natural drainage;
flood hazard.

High available water capacity;
medium rate of water intake.

Low available water capacity;
very rapid water intake; hazard
of soil blowing.

Very low available water capacity;
very rapid water intake; hazard
of soil blowing.

Very high available water capac-
ity; very rapid water intake;
very poor natural drainage.

Moderate available water capac-
ity; rapid water intake; runoff
and erosion hazard in sloping
areas.

Low available water capacity;
rapid water intake; poor to
very poor natural drainage.

Low available water capacity;
rapid water intake; sand and
gravel at a depth of 18 to 40
inches.

Low available water capacity;
very rapid water intake; flood
hazard; poor to very poor
natural drainage.

Low available water capacity;
rapid water intake; poor to
very poor natural drainage.

Not needed: nearly level
to depressional.

Not needed:

nearly
level.

Generally not needed;
sandy texture; little
runoff.

Not needed: level to
depressional.

Generally not needed:
slopes are short, gentle,
and in many places
irregular.

Not needed: sandy tex-
ture; little runoff.

Not needed: sandy tex-
ture; little runoff.

Not needed:

nearly level;
slow runoff.

Short slopes. Avoid cuts

into gravelly substratum.

Not needed: nearly level;
slow runoff.
Not needed: short slopes;

little runoff.

Not needed: nearly level
to depressional.

Not needed; nearly level;
little runoff.

Not needed: nearly level
to depressional.

Not needed: nearly level.

Droughtiness; low fertility;
sandy texture; difficult to
construct waterways and
to establish vegetation.

Not needed: level to
depressional.

Seasonal high water table.

Sandy texture; low available
water capacity; low fer-
tility; little runoff.

Sandy texture; very low
available water capacity;
very low fertility; erosion
hazard; steep slopes; con-~
struction difficult.

Not needed: nearly level.

No unfavorable properties.

Not needed: nearly level.

Short slopes; little runoff;
low available water capac-
ity.

Not needed: nearly level to
depressional.
Not needed: nearly level.
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Soil series and map symbols

Soil properties affecting—

Farm ponds

Reservoir area

Embankment

Gravel pits: Gr.
Onsite investigation needed.

Hettinger: Hg_ ..

Hillsdale: HIB, HIC ... ...

Houghton. _ _ _ _ ..
Mapped only in a complex with Adrian
soils.

Tosco: oA, IrA, lsB_ o ___.___

For Allendale part of IrA, see Allendale

series. For Belding part of 1sB, see
Belding series.

Kalkaska: KaCo_. o __

Kawkawlin: KnA, KnB___________.__.__._

Kibbie: KoA, KoBo oo ...

Lacota:

Lake beaches: Lb.
Onsite investigation needed.

Linwood: LS. _ o ...

Made land: Ma.
Onsite investigation needed.

Mancelona: McA, McB, McC.o_.______._

High water table; slow seepage; suitable for
pit-type ponds.

Medium to rapid seepage; seal blanket usu-
ally needed.

High water table; rapid seepage; suitable for
pit-type ponds; flotation and caving in
of organic matter likely.

Seasonal high water table; rapid seepage to
a depth of 18 to 40 inches; slow to medium
seepage at greater depths; seal blanket
needed unless sandy material is removed.

Rapid seepage; too porous to hold water
unless a seal blanket is used.

Medium to slow seepage_ .. . ______.___

Medium to slow seepage; sides of ponds
unstable when wet.

High water table; rapid seepage in sub-
stratum; suitable for pit-type ponds.

High water table; rapid seepage to a depth
of 18 to 42: inches; slow seepage at
greater depths; suitable for pit-type
ponds; flotation of organic material
possible.

Medium to rapid seepage in subsoil; seal
blanket needed if sand and gravel are
exposed.

.Fair to good stability; poor compaction

High water table; fair to good stability;
fair to good compaction characteristics;
slow seepage.

Fair stability ; fair to good compaction char-
acteristics; medium rate of seepage; some
stones.

Unstable organic material; high water table_

Seasonal high water table; fair stability;
fair compaction characteristics; slow to
medium seepage below a depth of 18 to
40 inches.

Rapid seepage; fair stability; fair compac-
tion characteristics; piping hazard; low
shrink-swell potential.

characteristics; slow seepage.

Subsoil has fair stability, fair compaction
characteristics, and slow seepage. Sub-
stratum has poor stability and a medium
rate of seepage and is subject to piping.

High water table. Uppermost 18 to 40
inches has fair to good stability and slow
seepage. Substratum has fair stability and
rapid seepage and is subject to piping.

High water table; 18 to 42 inches of un-
stable organic material; substratum has
fair to poor compaction characteristics
and fair stability.

Uppermost 18 to 40 inches has fair stability, |
a medium rate of seepage, and fair to
good compaction characteristics. Sub-
stratum has fair stability and rapid
seepage and is subject to piping.
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Soil properties affecting—Continued

Agricultural drainage Irrigation Terraces and diversions Grassed waterways

High water table; moderately slow | High available water capacity; Not needed: nearly level Not needed: nearly level to
permeability; wet depressions. medium rate of water intake: to depressional. depressional.

poor natural drainage.

Not needed__________ . ... ______ Moderate available water capac- Short, irregular slopes in Easily eroded; strongly acid
ity; rapid water intake; runoff some areas. to very strongly acid.
and erosion hazard in sloping
areas.

High water table; organic material | Very high available water capac- Not needed: nearly level Not needed: nearly level to
may settle if overdrained. ity; very rapid water intake; to depressional. depressional.

poor natural drainage.

Seasonal high water table; moder- Moderate available water Not needed: level to Normally not needed but
ately slow permeability below a capacity; very rapid water gently sloping; slow may be used to remove
depth of 18 to 40 inches; wet intake; seasonal high water runoff. surface water.
depressions. table.

Notneeded_-______._ . _________ Low available water capacity; Not needed: sandy tex- Sandy texture; short slopes;

very rapid water intake; hazard ture; short slopes; little erosion hazard; low
of soil blowing. runoff, fertility; droughtiness;

Seasonal high water table; moder-
ately slow permeability; wet
depressions.

Seasonal high water table; sub-
stratum may flow into and plug
drainage tile; ditchbanks un-
stable.

High water table; rapid permea-
bility below a depth of 18 to 40
inches; wet depressions; sandy
substratum makes blinding
necessary.

High water table; organic material
may settle if overdrained.

Not needed__ . __ ... ______._.

construction of waterways
and establishment of
vegetation are difficult.

High available water capacity; Generally not needed: Seasonal high water table.
medium rate of water intake. level to gently sloping;
short, irregular slopes.

High available water capacity; Generally not needed: Seasonal high water table.
medium rate of water intake. level to gently sloping;

little runoff.

Moderate available water Not needed: nearly level_ .| Generally not needed.
capacity; medium rate of
water intake; poor natural

drainage.
High available water capacity; Not needed: nearly Not needed: nearly level.
very rapid water intake; very level; slow runoff.

poor natural drainage.

] Low available water capacity; Slow to medium runoff; Sandy texture; low fertility;
J very rapid water intake; easily eroded. Avoid droughtiness; easily

runoff and erosion hazard in cuts into substratum. eroded; difficult to estab-

sloping areas. lish vegetation.
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Soil properties affecting—

Soil series and map symbols

Farm ponds

Reservoir area

Embankment

Marsh: Me.
Onsite investigation needed.

Matherton:
Menominee: MmB, MmC_ ... ____.__.

Metamora: MnA, MnB_ .. _______

Miami: MoB, MoC, MoD, MoF_.____.___

Montealm: MrA, MrB, MrCo oo ___.
Morley: MtB, MtC2, MtE2, MuD3, MuF3._

Nester: NeB, NeC, NeD, NeE, NeF,

NsC3, NsD3, NsE3, NsF3,

Newaygo: NwB_ ...

Oshtemo: OsA,OsB,0sC,0sD oo _..

Owosso:

Medium rate of seepage in subsoil; seal
blanket needed if sand and gravel sub-
stratum is exposed.

Rapid seepage to a depth of 18 to 40 inches;
medium to slow seepage at greater
depths; seal blanket needed unless sandy
material is removed.

Medium to slow seepage._ ... ___._.__..

Medium to slow seepage._..ccocoooooo__.

Rapid seepage; too porous to hold water
unless a seal blanket is used.

SlOW 8€€PAZE e m e ce e e e

SlowW 86€PAZe . acac oo oiiaoo

Medium to rapid seepage in subsoil; seal
blanket needed if sand and gravel are
exposed.

Medium to rapid seepage in subsoil; seal
blanket needed if sand and gravel are
exposed.

Medium to slow Seepage. - coccomaoaoooo

Uppermost 24 to 40 inches has fair to good
stability, fair to good compaction char-
acteristics, and slow seepage. Substratum
has fair stability, fair compaction char-
acteristics, and rapid seepage.

Fair stability; fair compaction character-
istics; slow seepage; moderate to low
shrink-swell potential.

Fair to good stability; fair to good com-
paction characteristics; slow seepage.

Fair stability; fair compaction character-
istics; slow seepage; moderate to low
shrink-swell potential.

Medium to rapid seepage; fair stability;
fair compaction characteristics; piping
hazard; low shrink-swell potential.

Fair stability; poor to fair compaction
characteristics; slow seepage; moderate
shrink-swell potential.

Fair stability; poor to fair compaction
" characteristics; slow seepage; moderate
shrink-swell potential.

Uppermost 24 to 40 inches has fair stability,
fair to good compaction characteristics,
and a medium rate of seepage. Substra-
tum has good stability and rapid seepage
and is subject to piping.

Uppermost 40 to 66 inches has fair stability,
fair to good compaction characteristics,
and a medium rate of seepage. Substratum
has good stability, rapid seepage, and very
low compressibility.

Fair to good stability; fair compaction
characteristics; slow seepage.
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Soil properties affecting—Continued

Agricultural drainage

Irrigation

Terraces and diversions

Grassed waterways

Seasonal high water table; moder-
ate permeability to a depth of
24 to 40 inches; very rapid per-
meability at greater depths;
blinding needed.

Not needed..__ ___________________

Moderately slow permeability
below a depth of 24 to 40
inches; seasonal high water
table; wet depressions.

Not needed____ . ___._____

Not needed .. ____ . ___.____.

Not needed except for random tile
in small wet areas.

Not needed except for random
tile in small wet areas.

Not needed.._ ___._______________

Notneeded_._________________.___

Not needed except for random
tile in small wet areas.

Moderate available water capac-
ity ; rapid water intake; sand
and gravel at a depth of 24 to
40 inches.

Moderate available water capac-
ity; very rapid water intake;
erosion hazard in sloping
areas.

Moderate available water capac-
ity ; rapid water intake.

High available water capacity;
medium rate of water intake;
erosion hazard in sloping to
steep areas.

Low available water capacity;
rapid water intake; hazard
of soil blowing.

High available water capacity;
medium rate of water intake;
erosion hazard in sloping to
steep areas.

High available water capacity;
medium rate of water intake;
rapid runoff and erosion
hazard in sloping to steep
areas.

Moederate available water
capacity; rapid water intake.

Low available water capacity;
very rapid water intake;
runoff and erosion hazard in
sloping to moderately steep
areas.

Moderate available water capac~
ity; rapid water intake.

Not needed: nearly
level; slow runoff.

Sandy texture to a depth
of 18 to 40 inches; diffi-
cult to work if cuts ex-
tend into clayey
substratum.

Generally not needed:
level to gently sloping;
slow runoff.

Irregular slopes in some
areas; poor workability
in subsoil.

Sandy texture; erosion
hazard; irregular slopes
in many areas.

Irregular slopes in some
areas; poor workability
in subsoil.

Irregular slopes in some
areas; poor workability
in subsoil.

Short slopes. Avoid cuts
into substratum.

Slow to medium runoff;
erosion hazard. Avoid
cuts into substratum.

Short, irregular slopes in
many areas.

Nearly level; slow runoff;
seasonal high water table.

Sandy texture to a depth of 18
to 40 inches; low fertility;
droughtiness; easily eroded;
difficult to establish
vegetation.

Seepage; seasonal high water
table.

Rapid runoff and erosion
hazard in sloping to steep -
areas; difficult to establish
vegetation if subsoil is
exposed.

Sandy texture; rapid perme-
ability; slow to medium
runoff; erosion hazard;
establishing vegetation
may be difficult.

Rapid runoff and erosion
hazard in sloping to steep
areas; difficult to establish
vegetation if subsoil is
exposed.

Rapid runoff; erosion hazard;
difficult to establish
vegetation if subsoil is
exposed.

No unfavorable properties.

Sandy texture; low fertility;
droughtiness; erosion
hazard; difficult to
establish vegetation.

Erosion hazard.
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Soil series and map symbols

Soil properties affecting—

Farm ponds

Reservoir area

Embankment

Pinconning: Pn, Pro . ...
For Breckenridge part of Pr, see
Breckenridge series.

Richter: RcA, ReB. .o

Rubicon: RsB, RsD, RsF_ .-

Sand pits:  Sd.
Onsite investigation needed.

Saugatuek - - oo

Mapped only in a complex with Au
Gres soils.

Selkirk: SeA, SeB._ . .. aao-

Spinks: SpA, SpB, SpC, SsD, SsE, SsF.___
For Montcalm part of SsD, SsE, and
SsF, see Montcalm series.

Toledo:

Tonkey:

Rapid seepage to a depth of 18 to 40 inches;
slow seepage at greater depths.

Medium to rapid seepage; sides of ponds
unstable when exposed.

Rapid seepage; too porous to hold water
unless a seal blanket is used.

Too porous to hold water unless a seal
blanket is used.

SloW 5€ePAEe - - - - oo oo

Slow seepage; flood hazard.___________.._.

High water table; slow seepage; suitable for

pit-type ponds.

High water table; slow seepage; flood
hazard; suitable for pit-type ponds.

Rapid seepage; too porous to hold water un-
less a seal blanket is used.

High water table; slow seepage; suitable for
pit-type ponds.

High water table; medium rate of seepage;
suitable for pit-type ponds; sides of ponds
unstable when wet.

Rapid seepage to a depth of 18 to 40 inches;
slow seepage and low shrink-swell poten-
tial at greater depths; high water table.

Fair stability; fair to good compaction
characteristics; medium rate of seepage.

Rapid seepage; fair stability; fair com-
paction characteristics; piping hazard;
low shrink-swell potential.

Seasonal high water table; fair stability;
fair compaction characteristics; rapid
seepage; piping hazard.

Seasonal high water table; fair stability;
poor to fair compaction characteristics;
slow seepage; high shrink-swell potential.

Seasonal high water table; fair to good sta-
bility; fair compaction characteristics;
slow seepage.

High water table; fair to good stability;
poor to fair compaction characteristics;
slow seepage.

High water table; fair to good stability;
fair compaction characteristics; slow
seepage.

Medium to rapid seepage; fair stability;
fair compaction characteristics; piping
hazard; low shrink-swell potential.

High water table; fair stability; poor to fair
compaction characteristics; slow seepage;
high shrink-swell potential.

Subsoil has fair stability and slow seepage.
Substratum has poor stability and a
medium rate of seepage and is subject to
piping. High water table.
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Soil properties affecting—Continued

Agricultural drainage

Irrigation

Terraces and diversions

Grassed waterways

Slow permeability below a depth
of 18 to 40 inches; high water
table.

Seasonal high water table;
pockets of sandy material;
ditchbanks unstable; soil may
flow into and plug tile lines.

Sandy texture to a depth of 60
inches; slowly permeable
cemented layer below sand;
wet depressions; ditchbanks
unstable; feasibility of tiling
questionable.

Slow permeability; seasonal high
water table; blinding needed.

Seasonal high water table; flood
hazard.

High water table; moderately slow
permeability ; wet depressions.

Not nceded

Slow permeability ; high water
table; blinding needed.

High water table; substratum may
flow into and plug tile lines;
ditchbanks unstable.

422-7T14—72——9

Notneeded.___ . _________..____

High water table; flood hazard____.

Moderate available water capac-
ity; very rapid water intake;
slow permeability below a
depth of 18 to 40 inches; poor
natural drainage.

Moderate available water capac-
ity ; rapid water intake.

Very low available water capac-

ity; very rapid water intake;
hazard of seil blowing.

Low available water capacity;
very rapid water intake.

Moderate available water capac-
ity; medium rate of water
intake; slow permeability.

High available water eapacity;
medium rate of water intake;
seasonal high water table; flood
hazard.

High available water capacity;
medium rate of water intake;
poor natural drainage.

High available water capacity;
medium rate of water intake;
flood hazard; poor natural
drainage.

Low available water capacity;
rapid water intake; hazard of
soil blowing.

High available water capacity;
slow water intake; slow per-
meability; poor natural drain-
age.

Moderate available water cap-
pacity ; medium rate of water
intake; poor natural drainage.

Not needed: nearly
level; slow runoff.

Generally not needed:
sandy texture; little
runoff.

Not nceded: sandy
texture; little runoff.

Generally not needed:
sandy texture; little
runoff.

Generally not needed:
short, irregular slopes.

Not needed: nearly level__
Not needed: nearly level..
Not needed: nearly level__

Sandy texture; irregular
slopes in many areas.

Not needed: nearly level__

Not needed: nearly level. .

Not needed:
slow runoff.

nearly level;

Seasonal high water table.

Sandy texture; very low
fertility ; droughtiness;
erosion hazard; construc-
tion of waterways and
establishment of vegcta-
tion are difficult.

Generally not needed:
sandy texture; little
runoff.

Seasonal high water table;
fine-textured subsoil.

Generally not needed.

High water table; moderately
fine textured subsoil and
substratum.

Generally not needed.

Rapid permeability; slow to
medium runoff; erosion
hazard; establishing vegeta-~
tion may be difficult.

High water table; moderately
fine to fine texture; con-
struction may be difficult
when soil is wet.

High water table.



128

Soil series and map symbols

SOIL SURVEY

Tuscola:

Ubly: UIA, UIB, UIC

TABLE 6.—I'ngineering
Soil properties affecting—

Farm ponds

Reservoir area

Medium rate of seepage; seal blanket needed;

Embankment

Wallkill:

Wa. e
Warners: Wm.__ . _.___
Wasepi: WsA_ .-

Washtenaw: Wt

Wind eroded land, sloping: WuC.
Onsite investigation needed.

depths; suitable for
ponds.

Medium rate of seepage to a depth of 24 to
40 inches; scal blanket needed if sand

and gravel are exposed.

High water table; medium rate of seepage;

suitable for pit-type ponds.

sides of ponds unstable if substratum is
exposed.

High water table; slow seepage to a depth
of 10 to 40 inches; rapid permeability at
greater depths; flood hazard; suitable
for pit-type ponds.

High water table; rapid seepage to a depth
of less than 12 inches; slow seepage at
greater

pit-type

Uppermost 30 to 46 inches has fair to good

stability, fair compaction characteristics,
and slow seepage. Substratum has poor to
fair stability and is subjeet to piping.

Fair to good stability; fair to good com-
paction characteristics; slow seepage.

High water table; unstable organic sub-
stratum at a depth of 10 to 40 inches.

High water table; less than 12 inches of
unstable organic material over marl;
marl has fair stability and poor compac-
tion characteristics.

Uppermost 24 to 40 inches has fair stability,
fair to good compaction characteristics,
and a medium rate of secpage. Substra-
tum has fair stability; fair compaction

characteristics, and rapid seepage.

High water table; fair to good stability;
poor to fair compaction characteristics;
slow seepage.
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Soil properties affecting—Continued

Agricultural drainage

Irrigation

Terraces and diversions

Grassed waterways

Notneeded___ .. _______________.

Notneeded_ . ... __________.__

High water table; flood hazard;
organic material below a depth
of 10 to 40 inches is unstable
and may settle if drained.

High water table; organic material
settles if overdrained; marl at a
depth of less than 12 inches.

Seasonal high water table; sand
and gravel in substratum make
blinding necessary.

High water table; flood hazard;
wet depressions.

High available water capacity;
medium rate of water intake.

Moderate available water capac-
ity; rapid water intake; runoff
and erosion hazard in sloping
areas.

High available water capacity;
medium rate of water intake;
flood hazard; poor natural
drainage.

High available water capacity;
very rapid water intake; very
poor natural drainage.

Low available water capacity;
rapid water intake; sand and
gravel at a depth of 24 to 40
inches.

High available water capacity;
medium rate of water intake;
flood hazard; poor natural
drainage.

Short, irregular slopes in
many areas.

Short, irregular slopes in
many areas.

Not needed: nearly level
to depressional.

Not needed: nearly level
to depressional.

Not needed:
slow runoff.

nearly level;

Not needed: nearly level
to depressional.

Erosion hazard.

No unfavorable properties
except erosion hazard in
sloping areas.

Nearly level; high water
table; construction and
seeding difficult.

Not needed.
Nearly level; slow runoff; low

available water capacity;
erosion hazard.

Nearly level to depressional;
high water table.
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The ratings for sand and gravel refer to the availability
of commercially useful material within 5 feet of the sur-
face. In some soils that have suitable material within a
depth of 5 feet, the material below that depth is unsuitable,
and in some soils that are rated as unsuitable, sand and
gravel do occur below a depth of 5 feet and can be located
by digging test pits.

Suitability as a source of road fill depends partly on
texture. If the subsoil and the substratum have contrast-
ing characteristics, both are rated. Sand that contains
adequate binder is the most suitable material, and clay
and organic material are the least suitable. No specific
values should be inferred from estimates of bearing capac-
ity given in this column.

The ratings for impermeable material refer to com-
pacted soil material. Examples of uses are linings for
reservoirs and sewage lagoons and fill for dams.

For highway location, the properties of the entire pro-
file, undisturbed and without artificial drainage, have to
be considered. The State Highway Department of Mich-
igan has rated the major soils of the State with respect
to their highway engineering properties (4). No specific
values should be inferred from estimates of bearing capac-
ity given in this column. .

Foundations for low buildings generally are based in
the substratum, and the properties listed are those of that
layer, in its undisturbed condition. Shrink-swell potential
(see table 4) is the major factor to be considered.

Winter grading is affected mainly by texture, natural
water content, and depth to the water table. These prop-
erties determine whether or not the soil can be handled
easily and whether or not it can be traversed by ordinary
construction equipment in winter.

Corrosion potential refers to the hazard of damage to
underground conduits by corrosion resulting from scil
properties. Generally, the soil properties that cause cor-
rosion of metal conduits are poor aeration, high acidity,
high electrical conductivity, high salt content, and high
moisture content. Those that cause corrosion of concrete
conduits are low acidity and a high moisture content.

The properties considered in judging the degree of lim-
itation for use as a sewage disposal field were topography,
permeability (or percolation rate), depth to the water
table, and the flood hazard. A rating of slight indicates
that there are no limitations that cannot easily be over-
come; a rating of moderate, that limitations can be over-
come with good management and careful design; and a
rating of severe, that such use of the soil is questionable.

In table 6 the soil properties described in table 4 are
interpreted in relation to farm uses. Explanations of the
columns in table 6 follow.

The properties of the entire profile have to be consid-
ered in evaluating a soil as a location for a farm pond.
Organic-matter content, permeability, depth to bedrock,
shrink-swell potential, depth to the water table, strength,
and stability are the significant properties. The properties
of the soil before it is disturbed affect the reservoir area;
those of the soil after it is disturbed affect embankments.

The properties that affect the installation and function-
ing of farm drainage systems are texture, water-intake
rate, permeability, topography, depth to the water table,
and depth to a restricting layer.

Water-intake rate and available water capacity are the
properties most significant in evaluating a soil for irriga-
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tion. Also important are topography, depth to the water
table, and depth to a restricting layer.

The properties that affect the layout and construction
of terraces and diversions are texture, topography, and
depth to layers unfavorable for crops.

Among the properties that affect the layout and con-
struction of grassed waterways and the establishment,
growth, and maintenance of suitable vegetation are per-
meability, fertility, and the erosion hazard.

Soil Properties in Relation to
Town and Country Planning

Community development, with the accompanying ex-
tension of public utilities and establishment of business
and recreational facilities, creates a need for soil informa-
tion somewhat different from that needed for purposes of
tarming. Land appraisers, realtors, city planners, builders,
and others need facts that will help them determine what
sites are suitable for homes and other buildings and what
areas are best reserved for other uses, Homeowners want
information that will help them in landscaping their prop-
erty and protecting it against the erosion hazards of
built-up communities.

LResidences—Drainage, permeability, slope, erosion haz-
ard, stability, and frequency of flooding have to be
considered in evaluating the suitability of a site for an
individual home or for a subdivision.

Homes built on soils that are poorly drained and have
a high water table, such as those of the Breckenridge,
Hettinger, and Sims series, are likely to have wet base-
ments unless some artificial drainage 1s provided. A high
water table, even if only seasonal, keeps sewage disposal
systems from functioning properly. The soil descriptions
(pages 8 to 67) give information about drainage and the
occurrence of a high water table. Table 4 shows the depth
to the seasonal high water table for the soils of all the
series.

_ Permeability is another property that affects the func-
tioning of sewage disposal systems. If the filter field is in
rapidly or very rapidly permeable soils, such as those of
the Chelsea, Spinks, and Rubicon series, unfiltered effluent
may contaminate the water in shallow wells. Soils that are
moderately or moderately slowly permeable, such as those
of the Miami, Owosso, and Ubly series, provide more ade:
quate filtering. Table 4 gives estimates of permeability
rates for all the soils, and table 5 shows the kind and degree
?ifllémimtions of the soils as locations for sewage disposal

elds.

Shrink-swell potential is among the soil properties that
affect suitability for foundations of low buildings. Boyer,
Fox, and Hillsdale soils, which have a low shrink-swell
potential and also have other favorable properties, pro-
vide good foundations. Organic soils, such as those of the
Carlisle, Edwards, and Wallkill series, are not stable
enough to be good for foundations. Table 4 gives estimates
of shrink-swell potential for all the soils, and table 5 in-
cludes engineering interpretations that help in identifying
the soils that are suitable for foundations.

Soils on bottom lands are subject to flooding and conse-
quently are not good choices for building sites. Algansee,
Ceresco, Cohoctah, Glendora, Shoals, and Sloan soils are
examples.
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Erosion and the accumulation of sediment are serious
hazards where construction is underway. As a result of
paving and of compaction of soil material, runoff from
a built-up area is two to ten times as heavy as runoff from
the same area while it was still in farms or forest. The
runoff water concentrates in streets and gutters, instead
of flowing into natural waterways, and the results are
flooding and deposition of sediment in lower areas. The
steeper the slope, the more severe the hazard. The sloping
and steep soils of the Miami, Morley, Hillsdale, and Nester
series are particularly susceptible to erosion. Table 6 in-
cludes interpretations relating to the construction of diver-
sions and grassed waterways and the installation of drain-
age facilities. Measures that can be taken to control erosion
in small residential tracts include the following :

1. Building driveways, walks, and fences on the con-
tour or, if that is not possible, straight across the
slope.

2. Grgding to make the surface level or gently slop-
ing. The surface layer can be removed before
grading and used later. for topsoil.

3. Building diversions that will intercept runoff and
keep it from flowing over erodible areas.

4. Constructing waterways or improving existing
waterways in order to prevent gullying.

5. Draining seepage areas and waterlogged areas
with tile or other factlities.

Streets, driveways, sidewalks, and patios—Of special
interest, to homeowners and developers are soil properties
that cause eracking and shifting of pavement. Soils high in
silt, such as those of the Bruce, Kibbie, and Tuscola series,
are subject to frost heaving. Concrete placed on such soils
cracks readily unless the surface of the soils is first cov-
ered with sand and gravel. Other properties that cause
pavement to crack and shift excessively are a high water
table and clayey texture. Pavement laid on very poorly
drained organic soils, such as those of the Adrian, Carlisle,
Edwards, and Warners series, is likely to crack and become
uneven as a result of settling of the organic material after
drainage. Table 4 gives estimates of shrink-swell potential
for all the soils, and table 5 includes interpretations relat-
ing to the use of the soils for road fill and locations for
highways; thisinformation can be used to identify the soils
that are unsuitable for streets, driveways, sidewalks, and

atios.
P Underground wtility lines—Water mains, gas pipelines,
communication lines, and sewer lines that are buried in the
ground may corrode and break unless protected against
certain electrobiochemical reactions that result from in-
herent properties of-the soils but differ according to the
nature of the soils. All metals corrode to some degree if
placed underground, and some metals corrode more rap-
1dly in some soils than in others. The corrosion potential
depends on physical, chemical, electrical, and biological
properties of the soils—for example, oxygen concentra-
tion, concentration of anaerobic bacteria, and moisture
content. Design and construction of the lines are also
important. The likelihood of corrosion is intensified by
connecting dissimilar metals, by burying metal structures
at varying depths, and by extending pipelines through
different kinds of soils. Table 5 gives the corrosion poten-
tial of all the soils of the county, for uncoated steel and
for concrete.
422-714—72——10
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If cast-iron pipes are used, stress caused by shrinking
and swelling of the soils is an additional hazard. In soils
that have a high shrink-swell potential, cast-iron pipes
may break unless cushioned with sandy material. Esti-
mates of shrink-swell potential for all the soils are given
in table 4.

Gardening and landscaping.—The ideal soils for yards
and gardens are those that have a deep root zone, a loamy
texture, a balanced supply of plant nutrients, an ade-
quate amount of organic matter, adequate available water
capacity, good drainage, and a structure that allows free
movement of water. Fox, Hillsdale, Miami, and Tuscola
solls closely approximate this ideal. On droughty soils,
such as those of the Boyer, Chelsea, Mancelona, Rubicon,
and Spinks series, lawn grasses and shrubs have to be
watered frequently in dry weather. Poorly drained soils,
such as those of the Sims and Toledo series, are difficult
to work when wet and become hard and cloddy as they
dry out. If such soils are disturbed by construction opera-
tions, seeding them with lawn grasses is difficult.

Other information useful in landscaping is given in
the section “Capability Grouping.”

Public health.—Soils information has applications to
many public health problems, including those of sewage
disposal, trash disposal, prevention of disease, and mainte-
nance of safe and adequate water supplies.

Sewage lagoons, septic tank systems, and sewer lines
need to be located and constructed so that seepage or
drainage from them cannot pollute water supplies. One
cause of pollution is leakage from sewage lagoons built
on unsuitable soils, such as the rapidly permeable Chelsea,
Rubicon, and Spinks soils. Wells, streams, and lakes can
become contaminated by runoff from clogged and im-
properly located filter fields. The soil map, which shows
the major drainageways of the county, can be used as a
guide in locating filter fields where they will not cause
pollution. Rapid percolation of septic tank effluent can
result in pollution of shallow underground water supplies.
Table 6 includes interpretations helpful in identifying
soils that should not be used as material for construction
of lagoons oras locations for filter fields.

In selecting sites for sanitary land fills, it is important
to consider topography, drainage, soil texture, permea-
bility, reaction, and the nature of the underlying ma-
terial. Table 4 gives estimates of the pertinent properties
of the soils. The soil map can be used to locate areas of
suitable soils.

Stability of the soils is of major importance in select-
ing locations for sewer lines. If the gradeline is inter-
rupted and the system breaks down,a public health hazard
results. The shrink-swell potential of a soil (see table 4)
is an indication of its relative stability. Corrosion is an-
other cause of breakdowns in sewer lines. Estimates of the
corrosion potential of all the soils are given in table 5.

Mosquitoes, fleas, and other disease-carrying insects
breed in stagnant water. By the use of the soil descriptions
and the soil map, it is possible to identify areas subject
to flooding or ponding. Once the possible trouble spots are
located, the health hazard can be controlled by spraying
to eliminate insects and by installing drainage systems to
remove standing water.
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Formation and Classification
of the Soils’

This section discusses the five major factors of soil
formation, the processes involved in the differentiation of
soil horizons, and the system of classifying soils and the
placement of the soils of Ottawa County according to that
system.

Factors of Soil Formation

Soil forms through the action of certain forces on mate-
rial deposited or accumulated through geologic processes.
The characteristics of the soil at any given point depend
upon five major factors: parent material, climate, living
organisms, topography, and time. The effect of each of
these factors is conditioned by the other four factors, and
a difference in any one results in the formation of a dif-
ferent kind of soil.

Climate and vegetation are the active factors in soil
formation j their effects on the accumulated parent mate-
rial bring about the formation of a soil with genetically
related horizons.

The effects of climate and vegetation are conditioned
by topography and time and also by the nature of the
parent material. In some cases the parent material is the
dquninant factor in determining the characteristics of the
soil.

Parent material—Parent material is the unconsolidated
mass from which a soil forms. It determines the limits of
the inorganic chemical and mineralogical composition of
the soil. The parent material of the soils of Ottawa County
includes gravelly, sandy, loamy, clayey, and organic ma-
terial. Most of the soils formed in material deposited by
glaciers. Exceptionswure the sandy soils along Lake Michi-
gan, which formed in wind-deposited material; the alluv-
ial soils on flood plains; and the organic soils, which were
derived from decaying vegetation. Mancelona and New-
aygo soils, for example, formed in sandy and gravelly gla-
cial material; Deer Park soils, mainly in sandy wind-
deposited material; Miami and Nester soils, in loamy
glacial material ; Toledo soils, in clayey glacial material;
Sloan soils, in loamy alluvial material; and Carlisle and
Houghton soils, in organic material.

Climate—The climate of Ottawa County is cool and
humid. Presumably the climate that existed while the soils
were forming was similar. The influence of Lake Michigan
affects the vegetation in a narrow belt along the lakeshore.
Otherwise, the climate is about the same throughout the
county, and generally speaking it does not account for
significant differences among the soils.

Living organisms.—Plants, animals, insects, bacteria,
and fungi are responsible for gains and losses in organic
matter, nitrogen, and plant nutrients and for changes in
structure and porosity. Vegetation, dominantly hardwood
and ¢oniferous trees, has affected the soils of Ottawa
County more than other living organisms. Decayed plant

"By R. W. JoHNSON, soil correlator, Soil Conservation Service,
with the assistance of E. P. WHITESIDE, Michigan Agricultural
BExperiment Station.
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material contributes organic matter to the soils, and the
organic matter imparts a dark color to the surface layer.
Granby soils are examples of soils that have a dark-colored
surface layer as a result of the accumulation of organic
matter.

Topography.—Topography affects soil formation
through its influence on drainage, erosion, plant cover, and
soil temperature. The topography of Ottawa County
ranges from steep to depressional. There are steep areas in
which local differences in relief are as much as 150 to 200
feet, undulating and hilly areas interspersed with small
level areas, extensive plams that have slopes of less than
2 percent, and poorly drained depressions. Level and
nearly level areas receive runoff from the slopes. Deer
Park soils are examples of soils that commonly occur
where the local differences in relief are sharp; Nester,
Kawkawlin, and Sims soils are among those that occur
where the landscape is predominantly undulating and
hilly; Granby soils, which are poorly drained or very
poorly drained, are examples of soils that occur on the
broad plains; Wallkill soils are examples of depressional
soils that have a high water table; and Allendale soils are
among the level and nearly level soils that receive runoff
from surrounding slopes.

Time.—Differences in the length of time the parent
material has been in place commonly are reflected in the
degree and distinctness of horizon differentiation. Usually
a long period of time is needed for the formation of dis-
tinct textural horizons, but differences in organic-matter
content become apparent in a shorter period of time.

The soils of Ottawa County have been forming for pe-
riods ranging from a few years to 10,000 years. The older
soils have well-expressed horizons; some of the youngest
show very little differentiation of horizons. Deer Park
soils, for example, are young soils on sand dunes; except
for a darker color in the surface layer, these soils retain
most of the characteristics of their parent material. Rubi-
con soils are older and have better differentiated horizons.

Processes of Horizon Differentiation

Several processes were involved in the formation of ho-
rizons in the soils of Ottawa County. These processes are
accumulation of organic matter, leaching of calcium car-
bonates and bases, reduction and transfer of iron, and
formation and translocation of silicate clay materials.
Most of the soils have been affected by more than one of
these processes.

Accumulation of organic matter in the upper part of
the profile to form an A1 horizon has been important. The
range in organic-matter content is from very low to high.

Leaching of carbonates and bases has taken place in
nearly all the soils. Soil scientists generally agree that
leaching of bases usually precedes translocation of silicate
clay minerals. Most of the soils are moderately to strongly
leached. Nester soils, for example, have been leached of
carbonates to a depth of about 28 inches.

Reduction and transfer of iron, a process called gleying,
is evident in the poorly drained and very poorly drained
soils. Gray colors in the subsoil indicate reduction and
loss of iron. Some horizons have reddish-brown mottles
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and concretions, which indicate a segregation of iron. The
subsurface layer of the Tonkey soils is an example.

Translocation of clay minerals has contributed to ho-
rizon differentiation in some soils. In such soils the elu-
viated A2 horizon commonly has weak structure and is
lower in content of clay and generally lighter in color
than the B horizon. The B horizon has an accumulation
of clay and probably was leached of carbonates and soluble
salts to a considerable extent before translocation of sili-
cate clay took place. Miami soils are examples of soils in
which silicate clay minerals have accumulated in the B
horizon.

In some soils of Ottawa County, iron and humus have
moved from the surface to the B horizon. The color of
the B horizon in such soils ranges from dark reddish brown
to yellowish brown. Kalkaska, Rubicon, and Saugatuck
soils are examples of soils that have an accumulation of
translocated iron and humus in the subsoil.

Classification of the Soils

Soils are classified so that we may more readily remem-
ber their significant characteristics, assemble knowledge
about them, see their relationships to one another and to
the whole environment, and develop principles that help
us to understand their behavior and response to manipu-
lation. Through classification and the use of soil maps,
'we can apply our knowledge of soils to specific fields and
other tracts of land.

The current system of soil classification (6, 9) is de-
signed to accommodate all soils. It defines classes of soils
in terms of observable or measurable properties. The prop-
erties chosen are primarily those that result in the group-
ing of soils of similar genesis, or mode of origin, Genesis
does not, however, appear in the definitions of the classes.
This system, adopted by the National Cooperative Soil
Survey in 1965, replaced the system that had been in use
since 1938 (2, 7).

The system of classification now in use has six catgories.
Beginning with the most inclusive, the categories are the
order, the suborder, the great group, the subgroup, the
family, and the series. Table 7 shows the classification of
the soils of Ottawa County according to this system. This
classification is in effect as of January 1970; it is subject
to change as more precise information becomes available.
Some of the soils do not fit exactly into any established
series but closely resemble the soils of one of the estab-
lished series, differing from them only in small ways that
are not of consequence in interpreting usefulness and be-
havior. Such soils are given the name of an appropriate
series and are known as taxadjuncts to that series. The
taxadjuncts in Ottawa County are identified in-table 7
with footnote references, and the ways in which they differ
from typical soils of the series are explained in footnotes
at the end of the table. Brief descriptions of the six cate-
gories follow.

OrpEr.—Ten soil orders are recognized : Entisols, Verti-
sols, Inceptisols, Aridisols, Mollisols, Spodosols, Alfisols,
Ultisols, Oxisols, and Histosols. The properties used to
differentiate orders are those that tend to give broad cli-
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matic groupings of soils. Two exceptions to this generali-
zation are the Entisols and the Histosols, both of which
occur in many different climates. Six of the ten orders are
represented in Ottawa County : Entisols, Inceptisols, Alfi-
sols, Mollisols, Spodosols, and Histosols.

Entisols are recent soils. They either lack genetic hori-
zons or are only beginning to develop them.

Inceptisols occur most commonly on young but not re-
cent land surfaces. Some of the soils that, under the system
used until 1965, were classified as Alluvial soils and some
that were classified as Low-Humic Gley soils are in this
order.

Alfisols have a clay-enriched B horizon that is high in
base saturation. Some of the soils formerly classified as
Gray-Brown Podzolic soils and as Gray Wooded soils are
in this order.

Mollisols have a fairly thick, dark-colored, mineral sur-
face layer. Some of the soils formerly classified as Al-
luvial soils and some formerly classified as Humic Gley
soils are in this order.

Spodosols have a B horizon enriched with iron and
humus. Some of the soils formerly classified as Podzols are
in this order.

Histosols develop from organic material. Soils formerly
classified as muck, peat, organic soils, and bog soils are
in this order.

SueorpEr.—Each order is divided into suborders,
mainly on the basis of soil characteristics that result in
grouping soils according to genetic similarity. The cli-
matic range is narrower than that of the order. The prop-
erties used are mainly those that reflect either the presence
or absence of waterlogging or differences in climate or
vegetation.

GreaT crour.—Each suborder is divided into great
groups on the basis of similarity in the kind and sequence
of major horizons and in major soil properties. The hori-
zons considered are those in which clay, iron, or humus
has accumulated and those in which pans that interfere
with the growth of roots and the movement of water have
formed. The properties are soil temperature, chemical
composition (mainly base saturation with calcium, mag-
nesium, sodium, and potassium), and the like. (In table
7, this category is not shown separately; the last word in
the name of the subgroup is the name of the great group.)

Suserour.—Each great group is divided into sub-
groups; one represents the central (typic) concept of the
group, and the others, called intergrades, have one or
more properties of another great group, suborder, or
order.

Faummy.—Families are established within each sub-
group, primarily on the basis of properties important to
the growth of plants or properties significant in engi-
neering. Texture, mineralogy, reaction, soil temperature,
permeability, thickness of horizons, and consistence are
among the properties considered.

Serres.—A series is a group of soils that have horizons
similar in all important characteristics, except for texture
of the surface layer, and that are similar in arrangement
in the profile. (See the section “How This Survey Was
Made.”)
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TaBLE 7.—OClassification of soil series by higher categories

Series Family Subgroup Order
Adrian_ .. _.--- (1) oo e e e () e e Histosols.
Algansee_ .- Mixed, mesic - oo Aquic Udipsamments_ ____._ ... Entisols.
Allendale?_ . --- Sandy over clayey, mixed, frigid-. oo~ Aqualfic Haplorthods_____ ... Spodosols.
Au Gres3__ . _---- Sandy, mixed, frigid__.__ o Entic Haplaquods. ... Spodosols.
Belding 3. oo Coarse-loamy, mixed, frigid_. .- Alfie Haplaquods_ oo .. Spodosols.
Blount_ . .- Fine, illitic, mesic. - o - oo Aeric Qchraqualfs__ .. ___._..__ Alfisols.
Bowers3__ oo Fine, mixed - e - Aquic Butroboralfs. __ ... Alfisols.
Boyer. oo Coarse-loamy, mixed, mesic_ .- oo Typic Hapludalfs____ ... Alfisols.
Breckenridge 3. .- _- Coarse-loamy, mixed, nonacid, frigid.. ...~ Mollic Haplaquepts. oo oo ooao Inceptisols.
Brevort 3 _ .- Sandy over loamy, mixed, nonacid, frigid_._____.._-- Mollic Haplaquents_ .- - ... Entisols.
Brueed_ o= Fine-loamy, mixed, nonaeid, frigid.. .-~ Mollic Haplaquepts____ .- Inceptisols.
Carlisle. oo oo meeeae (1) e o e €O U U U Histosols.
CereSCO oo —eemem Coarse-loamy, mixed, mesic_ .. .o coocoiao Aquice Fluventic Hapludolls_.._ ... Mollisols.
Chelsef e oo oo Mixed, MeSie. . o oo e emceec oo Alfie Udipsamments_ ..o ooono-- Entisols.
Cohoetah_ .o oocan Coarse-loamy, mixed, noncalcareous, mesic__ ... Fluventic Haplaquolls_.___________. Mollisols.
Conover . - - e Fine-loamy, mixed, mesic. .. oooceomomm e Udollic Ochraqualfs__ ..~ Alfisols.
Croswell 3____ .- Sandy, mixed, frigid_ .o eemeeoees Entic Haplorthods ..o .o _ao-o-- Spodosols.
Deer Park 3 ____.-_-_ Mixed, frigid. oo Spodic Udipsamments__ . ... Entisols.
Tdwards. - oo [ Y U S () e e e e e Histosols.
FOXo o e Fine-loamy over sandy or sandy-skeletal, mixed, mesic.| Typic Hapludalfs. .o -~ Alfisols.
Gilford_ - o Coarse-loamy, mixed, noncalcareous, mesic__._______. Typic Haplagquolls_ . ___ .. -~ Mollisols.
Gladwin 8 __._o--- Sandy, mixed, frigid___ e Alfic Haplaquods_ ... .- Spodosols.
Glendorav. - cceo - Mixed, MeSiC. - oo oo emmmmm—— oo Mollic Psammaquents___ - __-_ - Entisols.
Granby .. oo Sandy, mixed, noncaleareous, mesic__ . ..o--- Typic Haplaquolls_________ ... .- Mollisols.
Hettinger 3. ____ .. Fine-loamy, mixed, nonacid, frigid-_ ... Mollic Haplaquepts. .- _—-- Inceptisols.
Hillsdaleo oo oo Coarse-loamy, mixed, mesic. . - oo Typic Hapludalfs__.___ .- Alfisols.
Houghton._ .. .- .- () e e e e mm e () e e Histosols.
T0SCO 3o oo Sandy over loamy, mixed, frigid-_ .-~ Aqualfic Haplorthods________..____ Spodosols.
Kalkaska 8. ______._.-_ Sandy, mixed, frigid_ - e Typic Haplorthods_ .. oo Spodosols.
Kawkawlin 3 _____.__ Tine, Mixed oo e Aquic Eutroboralfs_ . __.______ ... Alfisols.
Kibbie. .o oo oo oo Fine-loamy, mixed, mesic____ oo e ao Aquollic Hapludalfs_.___ ... Alfisols.
Lacotad_ ______._-__-- Tine-loamy over sandy or sandy-skeletal, mixed, Mollic HaplagueptS . occ oo mannas Inceptisols.

nonacid, frigid.
Linwood . oo aoooan- D) o e m— - () e e Histosols.
Manecelona 3. Sandy, mixed, frigid_ - o oo o aooaiooan Alfic Haplorthods .. - - - . _____ .- Spodosols.
Matherton..___._-..-- Tine-loamy over sandy or sandy-skeletal, mixed, mesic._.| Udollie Ochraqualfs____ . _____._.___- Alfisols.
Menominee 3___ . ____ Sandy over loamy, mixed, frigid-—_ .o Alfic Haplorthods_ - - .. .-__-- Spodosols.
Metamora_ - _o---- Fine-loamy, mixed, mesic__ . - Udollic Ochraqualfs._____ . ...-_-- Alfisols.
Miamie oo oo Tine-loamy, mixed, mesic___ .. oo Typic Hapludalfs.________ . .- Alfisols.
Montealm 8__ ... _.__ Sandy, mixed, frigid_ . oo eee Alfic Haplorthods_ - - ... -~ Spodosols.
Morley - woomceeaeeam Fine, illitic, mesic_ - o o oo Typie Hapludalfs .. o= Alfisols.
Nester 3 _ o onoo-- Fine, MiXed oo oo mem oo omceemmomoo oo Typic Eutroboralfs_ ... Alfisols.
Newaygo 3. .- Fine-loamy over sandy or sandy-skeletal, mixed, frigid__.| Alfic Haplorthods._ ... .- Spodosols.
Oshtemo. - o coceoe Coarse-loamy, mixed, mesiC oo ooomamem Typic Hapludalfs_._____ .. ..-___- Alfisols,
OWOSSO e o ememem Fine-loamy, mixed, mesic ..o oo Typic Hapludalfs______ . ... —___- Alfisols.
Pinconning 3. . - __-- Sandy over clayey, mixed, nonacid, frigid-__ ...~ Mollic Haplaquents.._____.___ ... Entisols.
Richter 3. - o .ooooo-- Coarse-loamy, mixed, frigid_ ..o oo Alfic Haplaquods___ .- Spodosols.
Rubicon 3 o eooeoo- Sandy, mixed, frigid_ .o e Tntic Haplorthods.__. - -—--- Spodosols.
Saugatuck_ - .- Sandy, mixed, mesie, ortstein_ . oo Aecric Haplaquods_ o~ o= Spodosols.
Selkirk 3. o= Fine, illitic. o o - oo e Aquic BEutroboralfs. ____ ... Alfisols.
Shoals. oo oeoaon Fine-loamy, mixed, nonacid, mesic_._._ .-~ Aeric Fluventic Haplaquepts..______ Inceptisols.
Sims 4 o= Fine, mixed, nonacid, frigid- - oo oo Mollic Haplaquepts_ - .-~ Inceptisols.
SloAN - o e Fine-loamy, mixed, noncaleareous, mesic. . .-------- Fluventic Haplaquolls___.__.__._____ Mollisols.
Spinks. oo Sandy, mixed, mesic. - e “__| Psammentic Hapludalfs_ ___._...__. Alfisols.
ToledOo oo Tine, illitic, nonacid, mesic_ - .- oo Mollic Haplaqueptsoo oo aoeoeo-- Inceptisols.
Tonkey * oo Coarse-loamy, mixed, nonacid, frigid ...~ Mollic Haplaquepts.— oo o= Inceptisols.
Tuseola. oo Fine-loamy, mixed, mesiC oo oo Typic Hapludalfs_ ... .--_- Alfisols.
Ubly 3 o Coarse-loamy, mixed, frigid_. ..o Alfic Haplorthods_ ..~ Spodosols.
Wallkill o _ oo Fine-loamy, mixed, nonacid, mesic. oo Thapto-Histic Haplaquepts_.. .-~ Inceptisols.
Warners 5 oo -~ Fine-silty, mixed, calcareous, mesic- - .- .- ----- Typic Haplaquolls_.____ ... .- Mollisols.
Wasepi-occmcceeonnn- Coarse-loamy, mixed, mesic. - .- e s Aquollic Hapludalfs. ... Alfisols.
Washtenaw._ - e ceeoo- Tine-loamy, mixed, nonacid, mesic .- oo~ Typic Haplaquents_ ... oo Entisols.
1 Classification of Histosols at the subgroup and family levels was 3 Taxadjunct. Average soil temperature lower than 47° F.

provisional at the time this survey was ready for printing. + Taxadjunct. Colors not typical of Mollic Haplaquepts; average

2 Taxadjunct. Wetter than typical; average soil temperature lower  soil temperature higher than 47° F,
than 47° F, s Taxadjunct. Mineral surface layer lacking.
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Climate®

Ottawa County is on the eastern shore of Lake Michi-
gan. Westerly winds prevail, so the flow of air generally
is from the lake. The lake has a moderating effect on the
weather throughout the county but most noticeably in the
western part. Extremely high and extremely low tem-
peratures are rare. Spring is late because the cold lake
water chills the incoming air. After warming up during
summer, the water stays warm long enough to modify the

® NorroN D. STROMMEN, climatologist for Michigan, National
Weather ‘Service, U/!S. Depariment of Commerce, helped prepare
this section.
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first outbreaks of cold weather in fall. Summer is pleasant
because of the cool lake breezes. Winter temperatures are
mild, but snow flurries are frequent and the average total
snowfall is heavy. Climatological data for the county are
given in tables 8, 9, and 10.

The highest temperature of record is 101° F., recorded
on July 21, 1934; at no other time on record has the tem-
perature reached 100°. The lowest temperature of record.
1s —25° F., recorded on February 11, 1899. On the aver-
age, temperatures of more than 90° occur only three times
in a summer and below-zero temperatures only twice in
a winter, The highest mean monthly temperature of rec-
ord is 76.4°, which occurred in August 1947 and July 1955.

TABLE 8.—Temperature and precipitation data
[Based on U.S. National Weather Service records kept at Grand Haven, Ottawa County, Mich. Period of record, 1935-64]

Temperature Precipitation
Two years in 10 will have One year in 10 will
Average | Average at least 4 days with— Average have— Days with Average
Month daily daily total snow depth of
maximum | minimum cover SNOwW on
Maximum Minimum days with
temperature | temperature Less More snow cover
equal to or | equal to or than— than— an inch or
higher lower more deep
than— than—
°F. °F. °F. °F. Inches Inches Inches Number Inches
January_ ____________ 3L. 6 19. 5 44 5 2. 15 1.0 3.5 2 6.9
February. . ___________ 33.1 19. 4 45 5 1.78 .8 2.9 17 8.3
Mareh__.__________.__ 41. 9 26. 5 60 13 2. 14 .9 3.7 8 4.1
April_ .. 54. 6 36. 3 72 25 2. 86 1.2 5.4 {0
AY i ees 66. 1 45.7 81 35 3. 18 1.3 5.4 O oo ..
June . __________ 75. 5 55. 8 87 45 3. 20 1.2 5.7 LV
July_ .. 80. 1 61. 2 89 51 2. 67 1.1 56 [ P
August_ . __________.__ 79. 1 60. 5 88 50 2. 95 1.4 4. 8 L
September__ .. _______ 72.1 53. 1 85 39 3.29 1.3 5.8 (U N
October._________.___ 61. 8 43. 7 74 31 2. 48 .9 4.5 ) ()
November_______._._._ 47.0 33. 6 62 21 2. 69 1.4 4.1 4 3.8
December____________ 35. 4 23. 9 50 11 2. 19 1.0 3.5 14 6.5
Year. . __________ 56. 5 39.9 3 91 42 31. 58 24, 2 39. 3 63 6. 6

! Less than half a day.
2 Less than ¥ inch.

3 Average annual maximum.
4 Average annual minimum.

TaBLE 9.—Probabilities of last freezing temperatures i spring and first in fall

[These dates are calculated from records kept at Grand Haven and apply to the western part of the county. For the
eastern part of the county, calculate 3 to 5 days later in spring and 3 to 5 days earlier in fall]

Probabi

Date for given probability and temperature

lity

16°F. or lower

20°F. or lower

24°F. or lower

28°F. or lower

32°F. or lower

Spring:

1 yearin 10 later than____________________._____ March 29 April 8 April 17 May 5 May 21
2yearsin 10later than____ .. __________________ March 24 April 4 April 12 May 1 May 16
Syearsin 10laterthan__.__.__________________. March 14 March 24 April 2 April 20 May 6

Fall:
1 yearin 10 earlier than_______________________ November 22 | November 13 | November 1 October 16 September 27
2 years in 10 earlier than__ ____________________ November 27 | November 18 | November 6 October 21 October 2
5 years in 10 earlier than December 8 November 29 | November 17 | November 1 October 13
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TaBLE 10.—Probability of snow cover of specified depth before given dates

[At Grand Haven. Based on depth of snow cover at time of daily observation]

Probability

Depth of snow cover

1 inch

3 inches

6 inches

12 inches

B percent o e eaeamememeon
10 percent. e ma -
30 pereent . - e emeaome e emmmmmemeem
50 PEreent_ - oo e
70 PerCent - e mem e o
90 Pereent. _ . oo mmmmmemmme

November 1
November 6
November 18
November 26
December 4
December 16

November 11
November 16
November 27
December 5

December 13
December 24

November 4
November 21
December 5
December 14
December 23
January 7

December 4
December 13
January 2
January 4

®

®

1 Probability less than given percent.

The growing season averages 160 days. At Grand
Haven, the average date of the last freezing temperature
in spring is May 6 and the average date of the first freeze
in fall is October 13. In the eastern part of the county,
the dates are 8 to 5 days later in spring and 3 to 5 days
earlier in fall.

More than half the annual precipitation—an average
of 57 percent—falls during the 6-month period April
through September (see table 8). September is the month
of the heaviest average precipitation, and February the
month of the lightest. The wettest month of record was
September 1892, when precipitation totaled 9.37 inches.
The driest month of record was November 1904, when
precipitation measured only a trace. About once in 2 years,
as much as 1.3 inches of rain falls in an hour, as much
as 1.6 inches in 2 hours, and as much as 2.5 inches in
24 hours. About once in 10 years, as much as 3.7 inches
falls in 24 hours, and once in 50 years, as much as 4.6
inches.

Data recorded at South Haven, about 25 miles south
of Ottawa County, indicates that the average total evap-
oration (class A pan) between the first of April and the
end of October is 36.51 inches, which is more than twice
the average total rainfall for the six-month period. The
deficit is made up from water stored in the soils since the
rains of winter and early spring.

Snowfall averages 66 inches a year but varies consid-
erably from year to year. In the last 35 years, annual
totals have ranged from as much as 121 inches, in the
1985-36 season, to as little as 15 inches, in the 194849
season. Measurable amounts of snow usually fall each
month from October through April.

Cloudy days are most common late in fall and early
in winter and least common late in spring and in summer.
The nearest National Weather Service stations at which
records of cloudiness are kept are at Grand Rapids, which
is to the east, and at Muskegon, which is to the northwest.
At Grand Rapids, December averages 23 cloudy days, 6
partly cloudy days, and 2 clear days; July averages 10
cloudy days, 12 partly cloudly days, and 9 clear days. At
Muskegon, December averages 25 cloudy days, 4 partly
cloudy days, and 2 clear days; July averages 8 cloudy
days, 11 partly cloudy days, and 12 clear days.

Geology and Physiography®

The bedrock of Ottawa County consists of the edges
of bowllike rock formations that fill the Michigan basin.
The oldest rock is the Coldwater Shale (8), which under-
lies all the county and is near the surface along the west-
ern edge. Overlapping the Coldwater Shale in the central
part of the county is the Marshall Formation, which is, in
turn, overlapped in the northeastern part of the county by
the Michigan Formation.

Overlying these rocks is 2 mass of glacial drift deposited
during the Wisconsin glacial period. When the ice melted,
some 8 to 12 thousand years ago, it left deposits of raw soil
material that ranged from less than 100 to more than 300
feet in thickness. Such deposits covered all of the area that
is now Ottawa County. The present surface features are,
for the most part, the results of glacial action.

Physiographically, the county is located in the Great
Lakes Plains. Variations in relief within the county are
not great. The elevation at the shore of Lake Michigan
is about 580 feet, and the highest elevation in the county
is slightly more than 800 feet. Local differences in eleva-
tion exceed 150 feet in only a few places.

The topographic features of the county include nearly
level plains, which are in part well drained and in part wet
and swampy ; high dunes; low, short, narrow sand ridges
rounded hil}]’s, and constructional valleys and basins; an
low bluffs and escarpments. Three well-defined topo-
graphic divisions are recognized: a broad, low-lying
sandy plain, which occupies the western half of the county
and extends eastward through the center of the county as
a V-shaped area; a gently sloping to hilly upland, which
occupies the southeastern quarter of the county; and a
gently sloping to rolling upland plain, which occupies the
northeastern quarter. The low-lying plain probably repre-
sents the bed of Lake Chicago, a glacial lake now extinct.
It is no more than 60 to 75 feet higher than Lake Michigan.
The upland and the upland plain are 100 to 250 feet higher
than Lake Michigan.

The most conspicuous topographic feature of the county
is the line of sand dunes that extends the entire length of
the shore front. These dunes, some as much as 200 feet in
height, form a broken ridge half a mile to a mile wide.

® WrLrIAM ALLRED and W, W. StubpreEy, Soil Conservation Serv-
ice, helped prepare this section.
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In some places they are covered with a dense stand of
maple, beech, red oak, hemlock, and white pine; in other
places they are barren.

Other topographic features are prominent locally. On
the low-lying lake plain are three plateaulike areas that
represent detached parts of the upland; one of these is
near Holland, one is in the southern part of Olive Town-
ship, and one is north of Hudsonville. Two deltalike plains
of sand and gravel occur; one is in and around Allendale,
and the other is near Zeeland. A narrow valley extends
from near Zeeland northeastward to Hudsonville and
merges into the terraced plain of the Grand River near the
eastern boundary of the county. The floor of this valley
is 50 to 100 feet below the general level of the upland, and
the valley sides are fairly abrupt, particularly near Hud-
sonville. Probably this valley was the channel of the
Grand River during parts of the glacial periods. Two long,
narrow valleys dissect the northeastern upland and divide
it into three plateaulike strips. Hilly and broken topog-
raphy characterizes the southern and southeastern parts of
the county.

Streams are few in relation to the land area and are
particularly scarce in the western part of the county. The
streams lack a systematic pattern and direction of flow,
and, as is characteristic of glaciated regions, some small
streams occupy relatively deep and broad valleys.

Water Supply ™

An abundance of water is one of Ottawa County’s most
valuable assets. Three water-distribution pipelines convey
Lake Michigan water to the larger cities and towns in the
southern part of the county and also to the cities of Grand
Rapids and Wyoming in Kent County. Shallow and deep
wells provide ample water for domestic uses, for livestock,
and for irrigation. More than 200 farm ponds store water
for livestock and for fire protection and also provide
recreational opportunities.

Lake Michigan, Spring Lake, Lake Macatawa, Pigeon
Lake, and the numerous bayous along the Grand River
are important as recreational areas and tourist attractions.

Farm Statistics**

Various farming enterprises are carried on in Ottawa
County, the choice in any given area depending largely on
the nature of the soils. In the western part of the county,
where sandy soils are common, the major products are
Christmas trees and other timber products, blueberries,
truck crops, and sod. In the central and southeastern parts
of the county, the soils are well suited to hay, corn, oats,
and wheat, and dairying and general farming predominate.
The organic soils near Zeeland and Hudsonville are used
largely for celery, onions, and other truck crops. Fruit
crops are important in the northeastern part of the county
and to a lesser degree in the central part. Poultry and
nursery stock are other important farm products.

1 ywirrtaM ALLrep and W. W. StUDLEY, Soil Conservation Serv-
ice, helped prepare this section.
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There were 2,260 farms in the county in 1964. Of these,
791 were between 1 acre and 49 acres 1n size, 740 between
50 and 99 acres, 644 between 100 and 259 acres, 78 between
260 and 499 acres, 6 between 500 and 999 acres, and 1
more than 1,000 acres.

Classified according to the main enterprise, 546. were
dairy farms, 346 were poultry or livestock farms other than
dairy, 117 were vegetable farms, 171 were fruit and nut
farms, 109 were general farms, and 971 were miscelleaneous
or unclassified farms.

Corn is the row crop most extensively grown in the
county. In 1964 corn for grain was harvested from 23,529
acres and corn for silage from 8,300 acres. In the same
year wheat was grown on 14,194 acres, oats on 10,327 acres,
barley on 648 acres, and rye on 464 acres. Of the hay crops,
alfalfa and alfalfa mixtures were grown on 21,542 acres,
clover or timothy on 7,930 acres, and other hay crops on 728
acres. Alfalfa and red clover seed were harvested from 915
aires. Potatoes were grown on 242 acres, and beans on
113 acres.

Tree fruits, grapes, and nuts were grown on 4,483 acres
in 1964, and vegetabies for sale on 3,957 acres. Of fruits
harvested, there were 36,359,579 pounds of apples; 2,931,-
768 pounds of peaches; 980,443 pounds of pears; 1,293,512
pounds of plums and prunes; 2,609,571 pounds of cherries;
and 35,811 pounds of grapes. Other fruits grown for sale
included 283,843 pounds of strawberries, 105,541 pounds of
raspberries, and 6,450,864 pounds of blueberries,

One million board feet of saw logs, 278 cords of firewood
and fuel wood, and 199,186 Christmas trees were sold in
1964. Nursery products were produced on 57 farms; cut
flowers, potted plants, florist greens, and bedding plants
on 70 farms; and hothouse vegetables, flower seeds, vege-
table seeds, plants, bulbs, and mushrooms on 89 farms.

Poultry and poultry products accounted for about 27.5
percent of the total value of farm products sold in 1964;
dairy products for about 24 percent ; other livestock prod-
ucts and field crops for about 17.5 percent; fruits and nuts
for about 14.6 percent; vegetables for about 7.8 percent;
and forest products and horticultural specialties for about
8.5 percent.

All statistics in this section are from the U.S. Census of
Agriculture for 1964.
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Glossary

Acidity. See Reaction, soil.

Aggregate. Many fine particles held in a single mass or cluster,
such as a clod, a erumb, a block, or a prism.

Alkalinity. See Reaction, soil.

Alluvium. Soil material that has been deposited on land by streams.

Available water capacity. The capacity of soils to hold water
available for use by most plants. It is commonly defined as
the difference between the amount of soil water at field capac-
ity and the amount at wilting point. It is commonly expressed
as inches of water per inch of soil. Also called available mois-
ture capacity.

Calcareous soil. A soil containing enough calcium carbonate (often
with magnesium carbonate) to effervesce (fizz) visibly when
treated with cold, dilute hydrochloric acid.

Clay. As a soil separate, the mineral soil particles less than 0.002
millimeter in diameter. As a soil textural class, soil material
that is 40 percent or more clay, less than 43 percent sand, and
less than 40 percent silt.

Clay film. A thin coating of clay on the surface of a soil aggregate.
Synonyms: Clay coat, clay skin,

Concretions. Hard grains, pellets, or nodules of various sizes,
shapes, and colors, consisting of concentrations of compounds
or of soil grains cemented together. The composition of some
concretions is unlike that of the surrounding soil. Calcium
carbonate and iron oxide are examples of material commonly
found in concretions.

Consistence, soil. The feel of the soil and the ease with which a
lump can be crushed by the fingers. Terms commonly used to
describe consistence are—

Loose, Noncoherent ; will not hold together in a mass.

Friable. When moist, crushes easily under gentle to moderate
pressure between thumb and forefinger and can be pressed
together in a lump.

Firm. When moist, crushes under moderate pressure between
thumb and forefinger, but resistance is distinctly noticeable.

Plastic. When wet, readily deformed by moderate pressure but
can be pressed into a lump; will form a wire when rolled
between thumb and forefinger.

Contour farming., Plowing, cultivating, planting, and harvesting
in rows that are at right angles to the natural direction of the
slope or that are parallel to the terrace grade.

Contour stripcropping. Growing crops in strips that follow the
contour or are parallel to terraces or diversions. Strips of
grass or close-growing crops are alternated with strips of
clean-tilled crops or summer fallow,

Cover crop. A close-growing crop grown primarily to improve the
soil and to protect it between periods of regular crop
production.

Diversion. A ridge of earth, generally a terrace, that is built to
divert runoff from its natural course and thus to protect areas
downslope from the effects of such runoff.

Drainage, artificial. The removal of excess water on or within
the soil by means of surface or subsurface drains.

Drainage, natural. Refers to the conditions that existed during
the development of the soil, as opposed to altered drainage,
which is commonly the result of artificial drainage of irriga-
tion but may be caused by the sudden deepening of channels
or the blocking of drainage outlets. The following five classes
of natural drainage are recognized in Ottawa County.

Well-drained soils are nearly free from mottling and are com-
monly of intermediate texture.

SOIL SURVEY

Moderately well drained soils commonly have a slowly permeable
layer in or immediately beneath the solum; they have uni-
form color in the A and the upper part of the B horizon and
are mottled in the lower part of the B horizon and in the
C horizon.

Somewhat poorly drained soils are wet for significant perlods
but not all the time; the water table is within 12 to 24
inches of the surface during part of the year; mottling oceurs
below a depth of 6 to 16 inches, in the lower part of the
A horizon and in the B and C horizons.

Poorly drained soils are wet for long periods; they are light gray
and generally are mottled from the surface downward but
may be free of mottling or nearly so.

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 lower part of the

profile.

Fertility, soil. The quality of a soil that enables it to provide com-
pounds, in adequate amounts and in proper balance, for the
growth of specified plants, when other growth factors, such
as light, moisture, temperature, and the physical condition of
the soil, are favorable.

Flood plain. Nearly level land, consisting of stream sediments,
that borders a stream and is subject to flooding unless pro-
tected artificially.

Fragipan. A loamy, brittle, subsurface honizon that is very low
in organic matter and clay but is rich in silt or very fine
sand. The layer is seemingly cemented. When dry, it is hard
or very hard and has a high bulk density in comparison with
the horizon or horizons above it. When moist, the fragipan
tends to rupture suddenly if pressure is applied, rather than
to deform slowly. The layer is generally mottled, is slowly or
very slowly permeable to water, and has few or many bleached
fracture planes that form polygons. Fragipans are a few
inches to several feet thick; they generally occur below the
B horizon, 15 to 40 inches below the surface.

Gravel. Rounded pebbles 2 millimeters to 8 inches in diameter,

Green manure. A crop grown for the purpose of being turned under
in an early stage of maturity or soon after maturity for soil
improvement.

Horizon, soil. A layer of soil, approximately parallel to the sur-
face, that has distinct characteristics produced by soil-forming
processes. These are the major horizons:

O horizon. The layer of organic matter on the surface of a mineral
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 therefore is marked by the accumula-
tion of humus. The horizon may have lost one or more of
the following: soluble salts, clay, or sesquioxides (iron and
aluminum oxides).

B horizon. The mineral horizon below an A horizon. The B
horizon is in part a layer of change from the overlying
A to the underlying C horizon. The B horizon also has dis-
tinctive characteristics caused (1) by accumulation of clay,
sequioxides, humus, or some combination of these; (2) by
prismatic or blocky structure; (3) by redder or stronger
colors than the A horizon; or (4) by some combination of
these. Combined A and B horizons are usually called the
solum, or true soil. If a soil lacks a B horizon, the A hori-
zon alone is the solum.

C horizon. The weathered rock material immediately beneath the
solum. In most soils this material is presumed to be like
that from which the overlying horizons were formed. If the
material 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.

Leaching. The removal of soluble materials from soils or other
material by percolating water.

Mineral soil. Soil composed mainly of inorganic (mineral) ma-
terial and low in content of .organic matter. Its bulk density
is greater than that of an organic soil.

Mottled. Irregularly marked with spots of a different color. Mot-
tles vary in number and size. Their presence usually indicates
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 promi-
nent. The size measurements are these: Fine, less than §
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millimeters (about 0.2 inch) in diameter along the greatest
dimension ; medium, ranging from 5 millimeters to 15 milli-
meters (about 0.2 to about 0.6 inch) in diameter along the
greatest dimension; and coarse, more than 15 millimeters
(about 0.6 inch) in diameter along the greatest dimension.

Muck. An organic soil consisting of fairly well.decomposed organic
material that is relatively high in mineral content, finely
divided, and dark colored.

Munsell notation. A system for designating color by degrees of
the three simple variables—hue, value, and chroma. For ex-
ample, a notation of 10YR 6/4 is a color that has a hue of
10YR, a value of 6, and a chroma of 4.

Organic matter. A general term for plant and animal material,
in or on the soil, in all stages of decomposition. Readily de-
composed organic matter is often distinguished from the more
st:_lble forms that are past the stage of rapid decomposition.

Organic soil. A general term applied to a soil or to a soil horizon
that consists primarily of organic matter, such as peat soils,
muck soils, and peaty soil layers.

Parent material, soil. The horizon of weathered rock or partly
weathered soil material from which soil has formed ; horizon
Cin the soil profile.

Peat. Unconsolidated soil material, largely undecomposed organic
matter that has accumulated where there has been excess
moisture.

Ped. A natural soil aggregate, such as a crumb, a prism, or a
block, in contrast to a clod.

Permeability, soil. The quality of a soil horizon that enables water
or air to move through it. Terms used to describe permeability
are as follows: Very slow, slow, moderately slow, moderate,
moderately rapid, rapid, and very rapid.

Percolation. The downward movement of water through soil.

pH. A numerical means for designating relative acidity and
alkalinity in soils. See also Reaction, soil.

Profile, soil. A vertical section of the soil through all its horizons
-an_cll extending into the parent material. See also Horizon,
soil.

Reaction, soil. The degree of acidity or alkalinity of a soil, ex-
pressed as a pH value. A pH of 7.0 indicates a neutral reaction H
a higher pH indicates alkalinity, and a lower pH, acidity. The
various degrees of acidity and alkalinity are expressed in
words as follows:

pH H

Extremely acid-..__ Below4.5 Neutral ____________ G.é) to 7.3

Very strongly acid. 4.5t05.0 Mildly alkaline_____ T4t0 7.8

Strongly acid_____ 51to5.5 Moderately alkaline. 7.9to8.4

Medium acid______ 56t06.0 Stronglyalkaline____. 85 t09.0
Slightly acid._____ 611065 Very strongly alka-

line _____..______ 9.1 and
hiigher
Relief. The elevations or inequalities of a land surface, considered

collectively.

Runoff. Water that flows off the land surface and into streams
without sinking into the soil.

Sand. As a soil separate, individual rock or mineral fragments
that range from 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 soil textural class, a soil that is
85 percent or more sand and not more than 10 percent clay.

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 soil
textural class, soil that is 80 percent or more silt and less than
12 percent clay.

Slope. The inclination of the land surface from the horizontal.
To get the percentage of slope, divide the vertical distance by
the horizontal distance and multiply by 100. Thus, a slope
of 10 percent is a drop of 10 feet in 100 feet of horizontal
distance.
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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.

Soil separates. Mineral particles less than 2 millimeters in equiv-
alent diameter and ranging between specified size limits. The
names and sizes of separates recognized in the United States
are as follows: Very coarse sand (2.0 millimeters to 1.0 milli-
meter) ; coarse sand (1.0 to 0.5 millimeter) ; medium sand
(0.5 to 0.25 millimeter) ; fine sand (0.25 to 0.10 millimeter) ;
very fine sand (0.10 to 0.05 millimeter) ; silt (0.05 to 0.002
millimeter) ;and clay (lessthan 0.002 millimeter).

Solum. The upper part of a soil profile, above the parent material,
in which the processes of soil formation are active. The solum
in a mature soil consists of the A and B horizons. Generally,
the characteristics of the soil material in these horizons are
unlike those of the underlying parent material. The living
roots and other plant and animal life characteristics of the
soil are largely confined to the solum.

Stratified. Composed of, or arranged in, strata, or layers, such as
stratified alluvium. The term is confined to geological mate-
rial. Layers that result from the processes of soil formation
are called horizons; those inherited from the parent material
are called strata.

Structure, soil. The arrangement of primary soil particles into
compound particles or clusters that are separated from ad-
joining aggregates and have properties unlike those of an
equal mass of unaggregated primary soil particles. The prin-
cipal forms of soil structure ‘are platy (laminated), prismatic
(vertical axis of aggregates longer than horizontal), blocky
(angular or subangular), and granular. Structureless 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).

Subseil. Technically, the B horizon; roughly, the part of the
profile below plow depth.

Substratum. Any layer lying beneath the solum, or true soil; the
O horizon.

Subsurface layer. As used in this survey, that part of the A
horizon that is directly below the surface layer. It is leached
of soluble minerals and clay.

Surface layer. As used in this survey, that part of the A horizon
that occurs at the surface. This layer contains an accumula-
tion of organic matter and generally is dark colored.

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 gemerally built so they can be farmed. Terraces in-
tended mainly for drainage have a deep channel that is
maintained in permanent sod.

Texture, soil. The relative proportions of sand, silt, and clay
particles in a mass of soil. See also Clay, Sand, and Silt. The
basic textural classes, in order of increasing proportions of
fine particles, are as follows: Sand, loamy sand, sandy loam,
loam, silt loam, silt, sandy clay loam, clay loam, silty clay
loam, sandy clay, silty clay, and clay. The sand, loamy sand,
and sandy loam classes may be further divided by specifying
“coarse,” “fine,” or “very fine.”

Tilth, soil. The condition of the soil in relation to the growth of
plants, especially soil structure. Good tilth refers to the friable
state and is associated with high noncapillary porosity and
stable, granular structure. A soil in poor tilth is nonfriable,
hard, nonaggregated, and difficult to till.

Trace elements. Chemical elements found in soils in extremely
small amounts but. essential to plant growth. Some of the trace
elements are zine, cobalt, manganese, and copper.

Water table. The highest part of the soil or underlying rock
material that is wholly saturated with water. In some places
an upper, or perched, water table is separated from a lower
one by a dry zone.



GUIDE TO MAPPING UNITS

For a full.description of_a mapping unit, read both the description of the mapping unit and that of the soil
series to which the mapping unit belongs. In referring to a capability unit or woodland suitability group,
read the introduction to the section it is in for general information about its management. The symbol in
parentheses following the capability unit symbol identifies the soil management group of the Michigan State
system in which the mapping unit belongs. Other information is given in tables as follows:

Acreage and extent, table 1, page 9. Suitability of soils for wildlife habitat, table 3, page 86.
Predicted yields table 2, Engineering uses of soils, tables 4, 5, and 6, pages
page 79. 92 through 129.
Woodland
De- suitability
scribed Capability unit group
Map on
symbol Mapping unit page Symbol Page| Symbol Page
Ad Adrian muck-=-m-cmcm o e e e o 10 IVw-5 (M/4c) 76 u 85
Ah Adrian-Houghton mucks----====r=cm-co-ocomcommomoommnmm oo 10
Adrian part----------ss--m-memmcoroooooooooo—mo—eeo - IVw-5 (M/4c) 76 U 85
Houghton part--=---------m-msmmmomeoomommmmm oo oo -- IVw-5 (Mc) 76 U 85
Ak Algansee loamy sand----==---=--=-----------m-oc-o-o-oo-eoo- 11 IITw-14 (L-4c) 74 0 84
AlA  Allendale sandy loam, 0 to 4 percent slopes--------------- 11 I1Iw-7 (4/1b) 72 G 83
AmB  Au Gres loamy sand, 0 to 6 percent slopes----------------- 13 IVw-2 (5b) 75 F 83
ArB  Au Gres loamy sand, loamy substratum, 0 to 6 percent
slopes 1/-=---c-commmmmmmmmmmmmeommmmmeooome oo on e 13 IVw-2 (5b) 75 F 83
AsB  Au Gres-Saugatuck sands, 0 to 6 percent slopes------------ 13
Au Gres part----------w-ce-c--ooooooooo D R e S -- IVw-3 (5b) 76 F 83
Saugatuck part-------s----m-m-c--meooooosomooomoooooe -- IVw-3 (5b-h) 76 F 83
BeA Belding sandy loam, 0 to 2 percent slopes-------~-=-=-----= 14 IIw-8 (3/2b) 70 G 83
BeB Belding sandy loam, 2 to 6 percent slopes----------------- 15 IIw-8 (3/2b) 70 G 83
Bl1A  Blount loam, 0 to 2 percent slopes----------------===-=---- 16 IIw-2 (1.5b) 69 Z 86
B1B  Blount loam, 2 to 6 percent slopes---=-------------------- 16 IIw-3 (1.5b) 70 Z 86
BoB  Blown-out land, 0 to 6 percent slopes-------------~===---- 16 VIIs-1 (5.3a) 77 Y 85
BoF  Blown-out land, 6 to 50 percent slopes----------=--------- 16 VIIs-1 (5.3a) 77 Y 85
BpA  Bowers loam, 0 to 2 percent slopes----------==--=---=------- 17 IIw-2 (1.5b) 69 Z 86
BpB  Bowers loam, 2 to 6 percent slopes-------~--=------------- 17 IIw-3 (1.5b) 70 Z 86
BrA Boyer loamy sand, 0 to 2 percent slopes------------=-=---- 17 I1Is-3 (4a) 74 M 84
BrB  Boyer loamy sand, 2 to 6 percent slopes-----------~------- 18 IIIs-4 (4a) 74 M 84
BrC Boyer loamy sand, 6 to 12 percent slopes------------------ 18 IIle-9 (4a) 71 M 84
Bu Breckenridge sandy loam------=--=-=c--cc-cen-cooooooonoonn 19 IIw-8 (3/2¢) 72 W 85
Bv Brevort sandy loam----------=-----=-------eocomoomooooonoo 20 ITIw-10 (4/2c) 73 W 85
By Bruce loam--=--=--cc--mmmmmmmm e emmm—em——mmeem o 20 IIw-6 (2.5¢) 70 W 85
Cc Carlisle mucKk-we-=-ccemmmmm e mmmm e —emmmmm oo 21 IIIw-15 (Mc) 74 0] 85
Ce Ceresco loam---==mmcmmeommmmmc e cncmmmmeem———mmm—mmeomoo 21 IIIw-12 (L-2¢) 73 0 84
ChB Chelsea loamy sand, 0 to 6 percent slopes----------------= 22 IVs-4 (5a) 76 E 83
ChC Chelsea loamy sand, 6 to 12 percent slopes---------------- 22 VIs-1 (5a) 77 E 83
ClB Chelsea complex, 0 to 6 percent slopes----------~--=------ 23 IVs-4 (5a) 76 E 83
Cm Cohoctah loam-~-------------mc-ccmmcmmmmcco oo c oo 23 I1Iw-12 (L-2c) 73 0 84
CnB  Conover loam, 2 to 6 percent slopes---=--=----c-ecmoocoo—- 24 IIw-3 (2.5b) 70 Z 86
CrB Croswell sand, 0 to 6 percent slopes-----=-~=o=---cc----oo 25 IVs-4 (5a) 76 E 83
CwB  Croswell and Au Gres sands, 0 to 6 percent slopes--------- 25
Croswell parte----e--c-m---—eoomc-omeemomemmomoom e -- IVs-4 (5a) 76 E 83
Au Gres part----=-------s--------e--o-oocoomemaooo—no -- IVs-4 (5b) 76 F 83
DpB  Deer Park sand, 0 to 6 percent slopes---------=----------- 25 VIIs-1 (5.3a) 77 H 83
DpD  Deer Park sand, 6 to 18 percent slopes------------=------- 26 VIIs-1 (5.3a) 77 H 83
DpF  Deer Park sand, 18 to 45 percent slopes-------------<-=--- 26 VIIs-1 (5.3a) 77 H 83
Ed Edwards muck-e===----c--ccmmcmammmm e mmmcemm e 26 IVw-6 (M/mc) 76 U 85
FoB  Fox sandy loam, 0 to 6 percent slopes--------------------- 27 1Is-2 (3a) 70 K 84
Gd Gilford sandy loam-----=--c---eamcomm oo e 28 I1Iw-6 (4c¢) 72 W 85
GeA Gladwin sandy loam, 0 to 2 percent slopes----------=------ 29 IIIw-5 (4b) 72 F 83
GeB Gladwin sandy loam, 2 to 6 percent slopes-----------w----= 29 IIIw-5 (4b) 72 F 83
Gl Glendora sandy loam------=---m-ro--emmommnomooeeoememooo- 30 IIIw-14 (L-4c) 74 0 84
Gm Granby loamy sand-----=----mc-cecm e mee o 30 I1Iw-11 (5¢) 73 Q 84
Gn Granby fine sandy loam--------=-e--c----cmcemcommooooooone 30 I1Iw-11 (5¢) 73 Q 84
Gr Gravel pitS~-----m-mo--ecmememme e mmeece oo oomeomoe oo 31 VIIIs-1 (Sa) 77 - -




GUIDE TO MAPPING UNITS--Continued

Woodland
De- suitability
scribed Capability unit group
Map on
symbol Mapping unit page Symbol Page | Symbol Page
Hg Hettinger loam-----------=-me-m--memmoomoocecmmoomommoooee 31 IIw-2 (1.5¢c) 69 P 84
H1B Hillsdale sandy loam, 2 to 6 percent slopes---------------- 32 ITe-3 (3a) 69 K 84
H1C Hillsdale sandy loam, 6 to 12 percent slopes--------------- 32 IITe-5 (3a) 71 K 84
IoA Iosco loamy sand, 0 to 4 percent slopes-------------------- 34 ITIw-9 (4/2b) 73 G 83
IrA Iosco and Allendale loamy sands, O to 4 percent slopes----- 34
I10SCO PaTt---=-=cm= oo mom oo eweeeao oo oo -- I1Iw-9 (4/2b) 73 G 83
Allendale part----------sm-mm-mrecmcccmcmem—e e -- ITIIw-9 (4/1b) 73 G 83
IsB  Iosco-Belding complex, 2 to 6 percent slopes--------------- 34
TOSCO PArtm——=-mm-o- - mm e mmcmomooeeo oo oo -- I1Iw-9 (4/2b) 73 G 83
Belding part---------cocommmmmm e mem oo -- IIIw-9 (3/2b) 73 G 83
KaC Kalkaska sand, 0 to 12 percent slopes--------=-=---=-------= 35 IVs-4 (5a) 76 H 83
KnA  Kawkawlin loam, O to 2 percent slopes-------=-=-=--cc-c-oo-- 36 Iiw-2 (1.5b) 69 Z 86
KnB  Kawkawlin loam, 2 to 6 percent slopes------==--=------------ 36 IIw-3 (1.5b) 70 Z 86
KoA  Kibbie loam, O to 2 percent slopes-----~-==---------------- 37 IIw-6 (2.5b) 70 G 83
KoB  Kibbie loam, 2 to 6 percent slopes--------==---e-----cvmun- 37 IIw-7 (2.5b) 70 G 83
La Lacota silt loam--------========-=-mememmommc—esoooooommoo- - 38 IIw-6 (3c) 70 W 85
Lb Lake beaches-==re—mmcmemm e e 38 VIIIs-1 (Sa) 77 Y 85
Ls Linwood MUCK=-=m==mmmmmme e e e - 38 IT1Iw-15 (M/3c) 74 §] 85
Ma Made land-=-----=m-ccmmcccm e oo 39 VIIIs-1 (Sa) 77 -- --
McA  Mancelona loamy sand, 0 to 2 percent slopes---------------- 39 II1s-3 (4a) 74 C 83
McB  Mancelona loamy sand, 2 to 6 percent slopes---~------------ 40 I1Is-4 (4a) 74 C 83
McC Mancelona loamy sand, 6 to 12 percent slopes~-----------=-- 40 I11Ie-9 (4a) 71 C 83
Me Marsh-----cemm e e e o 41 VIIIw-2 (Sc) 77 U 85
MhA  Matherton loam, 0 to 2 percent slopes~----------=--~------- 41 IIw-6 (3b) 70 G 83
MmB  Menominee loamy sand, 2 to 6 percent slopes---------------- 42 I1Is-4 (4/2a) 74 c 83
MmC  Menominee loamy sand, 6 to 12 percent slopes--------------- 43 I1Ie~-9 (4/2a) 71 C 83
MnA  Metamora sandy loam, 0 to 2 percent slopes----------~------- 43 IIw-8 (3/2b) 70 G 83
MnB  Metamora sandy loam, 2 to 6 percent slopes----------------- 44 IIw-8 (3/2b) 70 G 83
MoB Miami loam, 2 to 6 percent slopes------------------w----o-- 44 ITe-2 (2.5a) 69 D 83
MoC Miami loam, 6 to 12 percent slopes-------~----------------- 44 IIIe-5 (2.5a) 71 D 83
MoD Miami loam, 12 to 18 percent slopes-----------~~----wc----- 45 IVe-1 (2.5a) 75 D 83
MoF  Miami loam, 18 to 45 percent slopes---------=-------o-----— 45 Vie-1 (2.5a) 77 D 83
MrA Montcalm loamy sand, 0 to 2 percent slopes-----------m-=~-- 46 IIIs-3 (4a) 74 C 83
MrB  Montcalm loamy sand, 2 to 6 percent slopes----------------- 46 IIIs-4 (4a) 74 C 83
MrC Montcalm loamy sand, 6 to 12 percent slopes---------------= 46 IITe-9 (4a) 71 C 83
MtB  Morley loam, 2 to 6 percent slopes-------------------o----- 47 IIe-1 (1.5a) 69 B 82
MtC2 Morley loam, 6 to 12 percent slopes, eroded---------------- 47 I1Ie-4 (1.5a) 71 B 82
MtE2 Morley loam, 18 to 25 percent slopes, eroded--------------- 47 VIe-1 (1.5a) 77 B 82
MuD3 Morley clay loam, 12 to 18 percent slopes, severely
eroded-----wmmmmmmmo e e rmmmmmcm—ec—e e 47 VIe-1 (1.5a) 77 B 82
MuF3 Morley clay loam, 25 to 45 percent slopes, severely
er0dedemmmmmmm e mm e e m oo 47 VIIe-1 (1.5a) 77 B 82
NeB Nester loam, 2 to 6 percent slopes---------------==co---c-- 48 ITe-1 (1.5a) 69 B 82
NeC Nester loam, 6 to 12 percent slopes-----~-----------~------- 48 IITe-4 (1.5a) 71 B 82
NeD Nester loam, 12 to 18 percent slopes--------=~-=-c--------- 49 IVe-1 (1.5a) 75 B 82
NeE Nester loam, 18 to 25 percent slopes----------------------- 49 VIe-1 (1.5a) 77 B 82
NeF Nester loam, 25 to 45 percent sSlopes---------cocom-oocoo-—- 49 VIIe-1 (1.5a) 77 B 82
NsC3 Nester clay loam, 6 to 12 percent slopes, severely
eroded-----------c--ce e s mm oo oo 49 IVe-3 (1.5a) 75 B 82
NsD3 Nester clay loam, 12 to 18 percent slopes, severely
eroded--=---mmem e e mmeem oo eee 49 VIe-1 (1.5a) 77 B 82
NsE3 Nester clay loam, 18 to 25 percent slopes, severely
eroded------r et e e 49 VIiIe-1 (1.5a) 77 B 82
NsF3 Nester clay loam, 25 to 45 percent slopes, severely
eroded----meemm e e e 50 VIIe-1 (1.5a) 77 B 82
NwB  Newaygo sandy loam, O to 6 percent slopes------------------ 50 IIs-2 (3a) 70 A 82
OsA  Oshtemo sandy loam, 0 to 2 percent slopes---------=--------- 51 I11Is-3 (4a) 74 M 84
0sB  Oshtemo sandy loam, 2 to 6 percent slopes---=--=--w-wom----- 51 I11Is-4 (4a) 74 M 84
0sC  Oshtemo sandy loam, 6 to 12 percent.slopes-----------c-n--- 51 I11e-9 (4a) 71 M 84
OsD  Oshtemo sandy loam, 12 to 18 percent slopes----=------------ 52 ‘ IVe-9 (4a) 75 ] M 84
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OwB  Owosso sandy loam, 2 to 6 percent slopes-----------------~ 52 1Te-3 (3/2a) 69 A 82
Pn Pinconning loamy sand--s=----=--ws-mcmmccocoomaaoooooo oo 53 IIIw-8 (4/1c) 72 W 85
Pr Pinconning and Breckenridge sandy loams------------------- 53
Pinconning part------=--c-c-cmmommmmmmmeeme oo -~ IITw-8 (4/1c) 72 W 85
Breckenridge part-----------me-mmmmmmmmiemem oo -- IIIw-8 (3/2¢c) 72 W 85
RcA  Richter sandy loam, 0 to 2 percent slopes-=-------------=-- 54 IIw-6 (3b) 70 G 83
RcB Richter sandy loam, 2 to 6 percent slopes----------------- 54 I1Iw-7 (3b) 70 G 83
RsB  Rubicon sand, 0 to 6 percent slopes-----------====-------- 55 VIIs-1 (5.3a) 77 H 83
RsD  Rubicon sand, 6 to 18 percent slopes---------------------- 55 VIIs-1 (5.3a) 77 H 83
RsF Rubicon sand, 18 to 45 percent slopes-----------~--------- 56 VIIs-1 (5.3a) 77 H 83
Sd Sand pits-------mmrms-mmmo—mmmo oo meocomceoecoooo—oee 56 VIIIs-1 (Sa) 77 Y 85
SeA  Selkirk loam, 0 to 2 percent slopes---=--=--=-------------~ 57 IIIw-2 (1b) 72 A 86
SeB  Selkirk loam, 2 to 6 percent slopes------------=---------- 57 IIIw-2 (1b) 72 Z 86
Sh Shoals loAm-=====cmm e e e mm o 58 I1Iw-12 (L-2¢) 73 0 84
Sm Sims lo@m=====~m-=mem e oo mmmmmmme——ae-o oo 59 IIw-2 (1.5c) 69 P 84
Sn Sloan loame-======--mm oot eemmemme—rmme—————-——- 60 II1Iw-12 (L-2¢) 73 0 84
SpA  Spinks loamy sand, O to 2 percent slopes------------------ 60 IIIs-3 (4a) 74 E 83
SpB  Spinks loamy sand, 2 to 6 percent slopes------------------ 60 IITs-4 (4a) 74 E 83
SpC  Spinks loamy sand, 6 to 12 percent slopes----------------- 61 I1Ie-9 (4a) 71 E 83
SsD  Spinks and Montcalm loamy sands, 12 to 18 percent slopes-- 61
Spinks part------------mememmmomeooo oo -- Ive-9 (4a) 75 E 83
Montcalm part------------m-------mmmeommmomcomommm oo - IVe-9 (4a) 75 C 83
SsE  Spinks and Montcalm loamy sands, 18 to 25 percent slopes-- 61
Spinks part-----------s---mmmmmee oo mmemoemom oo -- VIs-1 (4a) 77 E 83
Montcalm part---------=----mmrmommcmooeeoeo oo -- Vis-1 (4a) 77 C 83
SsF  Spinks and Montcalm loamy sands, 25 to 45 percent slopes-- 61
Spinks part------------memommmomeem e -- ViIe-2 (4a) 77 E 83
Montcalm part-----==----w-cemcmooocoooaom o —eememmo o -- VIiIe-2 (4a) 77 C 83
Tc Toledo silty clay loam-----------cmommmmmmoo oo oo 62 I1Iw-1 (lc) 71 P 84
To Tonkey sandy loam----=----=m-e-emmcmcocoommoo oo n e 63 IIw-6 (3c) 70 W 85
TsB  Tuscola fine sandy loam, 2 to 6 percent slopes------------ 63 1Ie-2 (2.5a) 69 K 84
UlA Ubly sandy loam, 0 to 2 percent slopes--------------=----- 64 I11s-2 (3/2a) 70 A 82
UIB  Ubly sandy loam, 2 to 6 percent slopes-----------=--=----- 64 IIe-3 (3/2a) 69 A 82
UlC Ubly sandy loam, 6 to 12 percent slopes---------=--=------ 64 I1Ie-5 (3/2a) 71 A 82
Wa Wallkill silt loam------=------ecmemmmmcemmcemmecccoooooo 65 IITw-15 (L-2¢) 74 U 85
Wm Warners muck-e--==--ccmmcm e cdm e e 66 IVw-6 (M/mc) 76 U 85
WsA  Wasepi sandy loam, 0 to 2 percent slopes------------------ 66 IIIw-5 (4b) 72 G 83
Wt Washtenaw loam----------~--mc-ccmcmme e oo oo 67 I1Iw-12 (L-2c) 73 P 84
WuC Wind eroded land, sloping---=-------c--ecwmcmcocccanocmonon 67 VIIIs-1 (Sa) 77 Y 85
74

~ This soil is known as Arenac loamy sand by the Michigan Agricultural Experiment Station.
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The U.S. Department of Agriculture (USDA) prohibits discrimination against its
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USDA, participating in a USDA program, or participating in a program that receives
financial assistance from USDA, you may file a complaint with USDA. Information
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Washington, DC 20250-9410
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appropriate office or to request documents. Individuals who are deaf, hard of hearing,
or have speech disabilities may contact USDA through the Federal Relay service
at (800) 877-8339 or (800) 845-6136 (in Spanish). USDA is an equal opportunity
provider, employer, and lender.

Persons with disabilities who require alternative means for communication of
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