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Consult ‘‘Contents’’ for parts of the publication that will meet your specific needs.
This survey contains useful information for farmers or ranchers, foresters or
7 . agronomists; for planners, community decision makers, engineers, developers,
builders, or homebuyers; for conservationists, recreationists, teachers, or students;
for specialists in wildlife management, waste disposal, or pollution control.
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This soil survey is a publication of the National Cooperative Soil Survey, a
joint effort of the United States Department of Agriculture and other federal
agencies, state agencies including the Agricultural Experiment Stations, and
local agencies. The Soil Conservation Service has leadership for the federal
part of the Nationa! Cooperative Soil Survey. In line with Department of
Agriculture policies, benefits of this program are available to all, regardless of
race, color, national origin, sex, religion, marital status, or age.

Maijor fieldwork for this soil survey was completed in 1982. Soil names and
descriptions were approved in 1983. Unless otherwise indicated, statements in
this publication refer to conditions in the survey area in 1982. This survey was
made by the Soil Conservation Service in cooperation with the Michigan
Department of Agriculture, Michigan Agricultural Experiment Station, and
Michigan Technological University. It is part of the technical assistance
furnished to the Missaukee Soil Conservation District. Financial assistance was
made available by the Missaukee County Board of Commissioners.

Soil maps in this survey may be copied without permission. Enlargement of
these maps, however, could cause misunderstanding of the detail of mapping.
If enlarged, maps do not show the small areas of contrasting soils that could
have been shown at a larger scale.

Cover: A typical area of the Nester-Kawkawlin-Manistee association. Hay has been cut on
some of the fields. The soils are some of the best for crops In Missaukee County. A
plantation of Christmas trees Is on a rise in the foreground.
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Foreword

This soil survey contains information that can be used in land-planning
programs in Missaukee County, Michigan. It contains predictions of soil
behavior for selected land uses. The survey also highlights limitations and
hazards inherent in the soil, improvements needed to overcome the limitations,
and the impact of selected land uses on the environment.

This soil survey is designed for many different users. Farmers, foresters,
and agronomists can use it to evaluate the potential of the soil and the
management needed for maximum food and fiber production. Planners,
community officials, engineers, developers, builders, and home buyers can use
the survey to plan land use, select sites for construction, and identify special
practices needed to ensure proper performance. Conservationists, teachers,
students, and specialists in recreation, wildlife management, waste disposal,
and pollution control can use the survey to help them understand, protect, and
enhance the environment.

Great differences in soil properties can occur within short distances. Some
soils are seasonally wet or subject to flooding. Some are too unstable to be
used as a foundation for buildings or roads. Clayey or wet soils are poorly
suited to use as septic tank absorption fields. A high water table makes a soil
poorly suited to basements or underground installations.

These and many other soil properties that affect land use are described in
this soil survey. Broad areas of soils are shown on the general soil map. The
location of each soil is shown on the detailed soil maps. Each soil in the survey
area is described. Information on specific uses is given for each soil. Help in
using this publication and additional information are available at the local office
of the Soil Conservation Service or the Cooperative Extension Service.

Jhoen SC Jofotinn

Homer R. Hilner
State Conservationist
Soil Conservation Service
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MISSAUKEE COUNTY is in the northwest quarter of
Michigan’s Lower Peninsula. The county is bordered on
the north by Kalkaska County, on the east by Roscom-
mon County, on the south by Osceola and Clare Coun-
ties, and on the west by Wexford County. Missaukee
County covers an area of 366,080 acres, or about 572
square miles. Lake City is the county seat, and it has a
population of about 850.

Farming is the main income producing enterprise in
the county. Timber production, including Christmas trees,
also contributes to the economy in the county and is
steadily increasing in importance. Natural gas and oil
production also‘is important, and its importance is ex-
pected to increase. Currently, there are two large gas
and oil fields operating in the county; one is in the south-
central part, and the other is in the northeastern part.

About 59 percent of the acreage in the county is
forested, 24 percent is used for agriculture, and 17 per-
cent is in other uses, including recreation and transporta-
tion.

General Nature of the County

This section gives general information about Missau-
kee County. It discusses history and development, farm-
ing, physiography and relief, drainage, and climate.

History and Development

Missaukee County was established in 1840. It was
once a part of Antrim and Grand Traverse Counties (6).

Missaukee County was named after an Ottawa Indian
Chief.

Settlement of the county began in about 1865, mainly
by those interested in the timber resources. Many of the
early settlers were Dutch immigrants who worked in the
logging industry. They built many camps and towns but
abandoned them when the timber resources were ex-
hausted. As the logging boom declined, many people left
Missaukee County and followed the timber industry to
other parts of the state. The people that stayed estab-
lished farms on the better soils. Dairy and livestock farm-
ing, tourism, and Christmas tree farming have become
the dominant economic factors since the end of the
logging era.

Farming

Since the homestead settlements of the 1860’s and
1870’s, farming has been the major source of income in
Missaukee County. After the logging industry moved
west, settlers came in to farm the cleared land. The early
farmers grew corn, oats, potatoes, wheat, rye, sugar
beets, and fruit. Most of the farms, then as now, relied
on livestock and dairy production. Many farms failed be-
cause of the climate and the poor soil conditions.

Today, the good cropland soils in the southwestern,
southern, and central parts of the county are farmed.
Dairy farming is dominant. Dairy farming adapts well to
the northern climate. Most of the crops grown in the
county are used as feed on livestock and dairy farms.
Grasses and legumes are grown for pasture. Hay covers
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Figure 1.—Physiography of Missaukee County, Michigan.

much of the open farmland. Many areas that were once
cropland are now Christmas tree farms. Christmas tree

production in Missaukee County contributes to the agri-
cultural base and economic health of the area.

Physiography and Relief

The four distinct kinds of surface features in Missau-
kee County formed through the complex action of gla-
ciers. These features are moraines, till plains, outwash
plains, and ponded areas (fig. 1).

There are several morainic areas in the county. They
are distinguished by rolling to steep, uneven, knoblike
hills and pothole depressions. The largest of these mor-
ainic areas extends northeasterly from the western edge
of Caldwell Township to the northern part of West Nor-
wich Township. Another large area extends west from
near the city of McBain to the county line. It takes in
most of Richland Township. Smaller morainic areas are
near the center of the county and also near the south-
eastern corner of the county.

Till plains and outwash plains are intermingled
throughout the county. The soils on the till plains are
medium textured to fine textured. A variety of soils are
associated with the outwash plains, but most of the soils
have a high percentage of sand in the underlying materi-
al.

Ponded areas are associated with most river and
creek channels. The Dead Stream Swamp is a large
ponded area in East Norwich and Enterprise Townships.

The highest elevation, about 1,525 feet above sea -
level, is in Richland Township. The lowest elevation,
about 965 feet above sea level, is in Bloomfield Town-
ship.

Drainage

Missaukee County has three major drainage systems.
These are the Manistee River, the Muskegon River, and
the Clam River.

The Manistee River flows southwesterly across the
northwest corner of the county. The Muskegon River and
its tributaries drain the northeastern and central parts of
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the county. The major tributaries of the Muskegon River
are the Dead Stream, Addis Creek, Haymarsh Creek,
and Butterfield Creek.

The Clam River and its tributaries drain the southwest-
ern part of the county. The Clam River flows southeast-
erly through the townships of Lake and Clam Union and
empties into the Muskegon River outside of the county.

The largest lake in the county is Lake Missaukee. It is
approximately 1,900 acres in size. There are about 20
smaller lakes in the county. Many of these lakes are
concentrated in the townships of Caldwell and Lake.
Several county parks and state forest campgrounds
border the lakes.

Climate

Climatic data in this section were specially prepared for the Soil
Conservation Service by the Michigan Department of Agriculture, Cli-
matology Division, East Lansing, Michigan.

Table 1 gives data on temperature and precipitation
for the survey area as recorded at Lake City and Hough-
ton Lake in the period 1951-80. Table 2 shows probable
dates of the first freeze in fall and the last freeze in
spring. Table 3 provides data on length of the growing
season.

Growing degree days are shown in table 1. They are
equivalent to “‘heat units.” During the month, growing
degree days accumulate by the amount that the average
temperature each day exceeds a base temperature (50
degrees F). The normal monthly accumulation is used to
schedule single or successive plantings of a crop be-
tween the last freeze in spring and the first freeze in fall.

Lake City

in winter the average temperature is 19.5 degrees F,
and the average daily minimum temperature is 10.6 de-
grees. The lowest temperature on record, which oc-
curred at Lake City on February 11, 1899, is -41 de-
grees. In summer the average temperature is 65.2 de-
grees, and the average daily maximum temperature is
78.6 degrees. The highest recorded temperature, which
occurred at Lake City on July 11 and 12, 1936, is 106
degrees.

The total annual precipitation is 28.87 inches. Of this,
18.16 inches, or 63 percent, usually fails in April through
September, which includes the growing season for most
crops. In 2 years out of 10, the rainfall in April through
September is less than 15.6 inches. The heaviest 1-day
rainfall during the period of record was 6.77 inches at
Lake City on July 8, 1957. Thunderstorms occur on
about 35 days each year, and most occur in July. The
wettest month was April 1929 with 11.71 inches of pre-
cipitation. The driest month, with only a trace of precipi-
tation, was June 1901.

The average seasonal snowfall is 78.5 inches. The
greatest snow depth at any one time during the period of
record was 40 inches on February 28 and March 1,

1904. On an average of 110 days, at least 1 inch of
snow is on the ground. The number of such days varies
greatly from year to year. The greatest seasonal snowfall
was 123.5 inches in the winter of 1970. The lowest
seasonal snowfall was 25.1 inches in 1960-61. The
heaviest 1-day snowfall on record was 18 inches on
January 22, 1898. The greatest snowfall in 1 month was
63 inches in February 1908.

According to data from the National Weather Service
Oftice at Houghton Lake, the average relative humidity in
midafternoon is about 62 percent. Humidity is higher at
night, and the average at dawn is about 84 percent. The
prevailing wind is from the west-southwest. Average
windspeed is highest, 10 miles per hour, in December.

Houghton Lake

in winter the average temperature is 20.1 degrees F,
and the average daily minimum temperature is 11.5 de-
grees. The lowest temperature on record, which oc-
curred at Houghton Lake on February 1, 1918, is -48
degrees. In summer the average temperature is 65.6
degrees, and the average daily maximum temperature is
78.3 degrees. The highest recorded temperature, which
occurred at Houghton Lake on June 1, 1934, is 107
degrees.

The total annual precipitation is 29.1 inches. Of this,
17.8 inches, or 61 percent, usually falls in April through
September, which includes the growing season for most
crops. In 2 years out of 10, the rainfall in April through
September is less than 14.6 inches. The heaviest 1-day
rainfall during the period of record was 5.18 inches at
Houghton Lake on July 8, 1957. Thunderstorms occur on
about 28 days each year, and most occur in July. The
wettest month was October 1951 with 8.38 inches of
precipitation. In the driest month, September 1979, there
was not even a trace of precipitation.

The average seasonal snowfall is 60.4 inches. The
greatest snow depth at any one time during the period of
record was 35 inches in February, 1929. On an average
of 108 days, at least 1 inch of snow is on the ground.
The number of such days varies greatly from year to
year. The greatest seasonal snowfall was 124.1 inches
in the winter of 1970-71. The lowest seasonal snowfall
was 24.0 inches in 1936-37. The heaviest 1-day snowfall
on record was 14.5 inches.

According to data from the National Weather Service
Office at Houghton Lake (Roscommon County Airport),
the average relative humidity in midafternoon is about 64
percent. Humidity is higher at night, and the average at
dawn is about 85 percent. The sun shines 68 percent of
the time possible in summer and 32 percent in winter.
The prevailing wind is from the southwest. Average wind-
speed is highest, 10.1 miles per hour, in January.



How This Survey Was Made

This survey was made to provide information about the
soils in the survey area. The information includes a de-
scription of the soils and their location and a discussion
of the suitability, limitations, and management of the
soils for specified uses. Soil scientists observed the
steepness, length, and shape of slopes; the general pat-
tern of drainage; the kinds of crops and native plants
growing on the soils; and the kinds of bedrock. They dug
many holes to study the soil profile, which is the se-
quence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsoli-
dated material in which the soil formed. The unconsoli-
dated material is devoid of roots and other living orga-
nisms and has not been changed by other biologic activi-

The soils in the survey area occur in an orderly pattern
that is related to the geology, the landforms, relief, cli-
mate, and the natural vegetation of the area. Each kind
of soil is associated with a particular kind of landscape
or with a segment of the landscape. By observing the
soils in the survey area and relating their position to
specific segments of the landscape, a soil scientist de-
velops a concept, or model, of how the soils were
formed. Thus, during mapping, this model enables the
soil scientist to predict with considerable accuracy the
kind of soil at a specific location on the landscape.

Commonly, individual soils on the landscape merge
into one another as their characteristics gradually
change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the
soils. They can observe only a limited number of soil
profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-landscape relationship,
are sufficient to verify predictions of the kinds of soil in
an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil
profiles that they studied. They noted soil color, texture,
size and shape of soil aggregates, kind and amount of
rock fragments, distribution of plant roots, acidity, and
other features that enable them to identify soils. After
describing the soils in the survey area and determining
their properties, the soil scientists assigned the soils to
taxonomic classes (units). Taxonomic classes are con-
cepts. Each taxonomic class has a set of soil character-
istics with precisely defined limits. The classes are used
as a basis for comparison to classify soils systematically.
The system of taxonomic classification used in the
United States is based mainly on the kind and character
of soil properties and the arrangement of horizons within
the profile. After the soil scientists classified and named
the soils in the survey area, they compared the individual
soils with simitar soils in the same taxonomic class in
other areas so that they could confirm data and assem-
ble additional data based on experience and research.

Soil Survey

While a soil survey is in progress, samples of some of
the soils in the area generally are collected for laboratory
analyses and for engineering tests. Soil scientists inter-
preted the data from these analyses and tests as well as
the field-observed characteristics and the soil properties
in terms of expected behavior of the soils under different
uses. Interpretations for all of the soils were field tested
through observation of the soils in different uses under
different levels of management. Some interpretations are
modified to fit local conditions, and new interpretations
sometimes are developed to meet local needs. Data
were assembled from other sources, such as research
information, production records, and field experience of
specialists. For example, data on crop yields under de-
fined levels of management were assembled from farm
records and from field or plot experiments on the same
kinds of soil.

Predictions about soil behavior are based not only on
soil properties but also on such variables as climate and
biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from
year to year. For example, soil scientists can state with a
fairly high degree of probability that a given soil will have
a high water table within certain depths in most years,
but they cannot assure that a high water table will
always be at a specific level in the soil on a specific
date.

After soil scientists located and identified the signifi-
cant natural bodies of soil in the survey area, they drew
the boundaries of these bodies on aerial photographs
and identified each as a specific map unit. Aerial photo-
graphs show trees, buildings, fields, roads, and rivers, all
of which help in locating boundaries accurately.

Map Unit Composition

A map unit delineation on a soil map represents an
area dominated by one major kind of soil or an area
dominated by several kinds of soil. A map unit is identi-
fied and named according to the taxonomic classification
of the dominant soil or soils. Within a taxonomic class
there are precisely defined limits for the properties of the
soils. On the landscape, however, the soils are natural
objects. In common with other natural objects, they have
a characteristic variability in their properties. Thus, the
range of some observed properties may extend beyond
the limits defined for a taxonomic class. Areas of soils of
a single taxonomic class rarely, if ever, can be mapped
without including areas of soils of other taxonomic class-
es. Consequently, every map unit is made up of the soil
or soils for which it is named and some soils that belong
to other taxonomic classes. These latter soils are called
inclusions or included soils.

Most inclusions have properties and behavioral pat-
terns similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and manage-
ment. These are called noncontrasting (similar) inclu-
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sions. They may or may not be mentioned in the map
unit descriptions. Other inclusions, however, have prop-
erties and behavior divergent enough to affect use or
require different management. These are contrasting
(dissimilar) inclusions. They generally occupy small areas
and cannot be shown separately on the soil maps be-
cause of the scale used in mapping. The inclusions of
contrasting soils are mentioned in the map unit descrip-
tions. A few inclusions may not have been observed and
consequently are not mentioned in the descriptions, es-
pecially where the soil pattern was so complex that it

was impractical to make enough observations to identify
all of the kinds of soil on the landscape.

The presence of inclusions in a map unit in no way
diminishes the usefulness or accuracy of the soil data.
The objective of soil mapping is not to delineate pure
taxonomic classes of soils but rather to separate the
landscape into segments that have similar use and man-
agement requirements. The delineation of such fand-
scape segments on the map provides sufficient informa-
tion for the development of resource plans, but onsite
investigation is needed to plan for intensive uses in small
areas.






General Soil Map Units

The general soil map at the back of this publication
shows the soil associations in this survey area. Each
association has a distinctive pattern of soils, relief, and
drainage. Each is a unique natural landscape. Typically,
an association consists of one or more major soils and
some minor soils. It is named for the major soils. The
soils making up one association can occur in another but
in a different pattern.

The general soil map can be used to compare the
suitability of large areas for general land uses. Areas of
suitable soils can be identified on the map. Likewise,
areas where the soils are not suitable can be identified.

Because of its small scale, the map is not suitable for
planning the management of a farm or field or for select-
ing a site for a road or building or other structure. The
soils in any one association differ from place to place in
slope, depth, drainage, and other characteristics that
affect management.

Some of the boundaries on the soil maps of Missau-
kee County do not match those on the soil maps of
adjacent counties, and some of the soil names and de-
scriptions do not fully agree. The differences are a result
of improvements in the classification of soils, particularly
modification or refinements in soil series concepts. Also,
there may be differences in the intensity of mapping or in
the extent of the soils within the survey area.

Soil Descriptions

Nearly level to steep soils that are well drained,
somewhat excessively drained, and excessively
drained

Most of these soils are used as woodland. Some are
used for crops and pasture. The soils are suited to trees
and poorly suited to crops and pasture. The major con-
cerns in woodland management are equipment limita-
tions and seedling mortality. If the soils are cultivated,
soil blowing and droughtiness are the main management
concerns.

The soils are suited to building site development; how-
ever, slope is a limitation in some areas. Most of the
soils can readily absorb the effluent in a septic tank
absorption field, but they cannot adequately filter the
effluent. The poor filtering capacity can result in the
pollution of ground water.

1. Rubicon-Montcalm-Graycalm Association

Nearly level to steep, welf drained and somewhat exces-
sively drained sandy soils on outwash plains, till plains,
and moraines

This association makes up about 55 percent of the
county. It consists of about 35 percent Rubicon soils and
similar soils, 30 percent Montcalm soils and similar soils,
20 percent Graycalm soils and similar soils, and 15 per-
cent soils of minor extent.

Rubicon, Montcalm, and Graycalm soils are in similar
positions on the landscape. They are on plains, ridges,
and hills.

Rubicon soils are somewhat excessively drained. The
slope is O to 30 percent. Typically, the surface layer is
very dark gray and grayish brown sand about 5 inches
thick. The subsoil is reddish brown and yellowish brown,
loose sand about 19 inches thick. The substratum to a
depth of 60 inches is light yellowish brown, loose sand.

Montcalm soils are well drained. The slope is 0 to 30
percent. Typically, the surface layer is very dark gray and
pinkish gray loamy sand about 7 inches thick. The sub-
soil is dark brown and yellowish brown, very friable
loamy sand about 14 inches thick. The next layer is
yellowish brown, very friable loamy sand about 9 inches
thick. Below that, and to a depth of 60 inches, there are
alternate bands of light yellowish brown sand and dark
brown sandy loam.

Graycalm soils are somewhat excessively drained. The
slope is 0 to 30 percent. Typically, the surface layer is
very dark gray sand about 2 inches thick. The subsoil is
strong brown and yellowish brown, loose sand about 22
inches thick. The next layer is light yellowish brown,
loose sand about 20 inches thick. Below that, and to a
depth of 60 inches, there are alternate bands of light
yellowish brown, loose sand and dark brown loamy sand
and sandy loam.

The minor soils are moderately well drained Croswell
soils, poorly drained or very poorly drained Roscommon
soils, and very poorly drained Lupton and Tawas soils.
Croswell soils are slightly lower on the landscape than
the major soils. Generally, they are adjacent to drain-
ageways and swampy areas. Roscommon, Lupton, and
Tawas soils are in depressions, in drainageways, and in
potholes.

The soils making up this association are used mainly
as woodland. Some of the nearly level to gently rolling



soils are used as cropland or pasture. Seedling mortality
is the main limitation to use as woodland. Droughtiness

and soil blowing are the main limitations to use as crop-
land.

The soils are well suited to trees. Because the soils
are droughty and susceptible to erosion and soil biowing,
they are only fairly well suited or poorly suited to cultivat-
ed crops and pasture and to recreation uses. Because of
slope and poor filtering capacity, the soils are only fairly
well suited to use as building sites and septic tank ab-
sorption fields.

2. Kalkaska Association

Nearly level to steep, somewhat excessively drained
sandy soils on outwash plains and moraines

This association makes up about 3 percent of the
county. It consists of about 60 percent Kalkaska soils
and similar soils and 40 percent soils of minor extent.

Kalkaska soils are on plains, ridges, and hills. These
soils are somewhat excessively drained. The slope is 0
to 30 percent. Typically, the surface layer is black sand
and leaf litter about 3 inches thick. The subsoil is about
34 inches thick. The upper part is dark reddish brown,
very friable or loose sand; the middle part is strong
brown, loose sand; the lower part is yellowish brown,
loose sand. The substratum to a depth of 60 inches is
light yellowish brown, loose sand.

The minor soils are well drained Montcalm soils and
somewhat poorly drained AuGres soils. The Kalkaska
and Montcalm soils are in similar positions on the land-
scape. AuGres soils are in lower positions, generally
adjacent to drainageways and swampy areas.

The soils making up this association are used mainly
as woodland. Some of the nearly level to undulating soils
are used as cropland or pasture. Seedling mortality is
the main limitation to use as woodland. Droughtiness
and soil blowing are the main limitations to use as crop-
land.

The soils are well suited to trees. Because the soils
are droughty and susceptible to erosion and soil blowing,
they are poorly suited to cultivated crops and pasture
and to recreation uses. Because of slope and poor filter-
ing capacity, the soils are only fairly well suited to build-
ing site development and to use as septic tank absorp-
tion fields.

3. Grayling Association

Nearly level to undulating, excessively drained sandy
soils on outwash plains

This association makes up about 1 percent of the
county. It consists of about 70 percent Grayling soils and
30 percent soils of minor extent.

Grayling soils are excessively drained. The slope is 0
to 6 percent. Typically, the surface layer is black sand
about 3 inches thick. The subsoil is about 25 inches
thick. The upper part of the subsoil is dark yellowish
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brown, very friable sand, and the lower part is yellowish
brown, loose sand. The substratum to a depth of 60
inches is light yellowish brown, loose sand.

The minor soils are moderately well drained Croswell
soils, somewhat excessively drained Graycalm soils, and
excessively drained Rubicon soils. Croswell soils are
slightly lower on the landscape than the Grayling soils.
Generally, the Croswel! soils are adjacent to drain-
ageways and swampy areas. Graycalm and Rubicon
soils and the Grayling soils are in similar positions.

The soils making up this association are used mainly
as woodland. Extreme droughtiness is the major prob-
lem, and soil blowing is a hazard in cleared areas. Seed-
ling mortality is the main limitation to use as woodland.

The soils are generally not suited to cultivated crops
and pasture. Because of extreme droughtiness, the soils
are poorly suited to use as woodland. Because of poor
filtering capacity, the soils are only fairly well suited to
recreation uses. The soils are well suited to building site
development and to use as septic tank absorption fields.

Nearly level to steep soils that are well drained,
somewhat poorly drained, and poorly drained

Most of these soils are used as cropland. Some are
used as woodland. The soils generally are suited to use
as cropland and pasture. If the soils are cultivated, soil
blowing and water erosion are hazards. Removing
excess water during wet periods and maintaining good
soil tilth are concerns in management.

The major concerns in woodland management are
equipment limitations on wet soils and on soils where the
slope is more than 18 percent. Seedling mortality is a
concern on the sandy soils and on the very wet soils.

The well drained soils are suited to building site devel-
opment; however, slope is a limitation in some areas.
Most of the soils are poorly suited to use as septic tank
absorption fields because of permeability and wetness.

4. Emmet-Montcalm Association

Nearly level to steep, well drained loamy and sandy soils
on moraines and till plains.

This association makes up about 3 percent of the
county. It consists of about 35 percent Emmet soils and
similar soils, 35 percent Montcalm soils and similar soils,
and 30 percent soils of minor extent.

Emmet and Montcalm soils are in similar positions on
the landscape. They are on knolls, ridges, and hills (fig.
2),

Emmet soils are well drained. The slope is 0 to 30
percent. Typically, the surface layer is dark grayish
brown sandy loam about 9 inches thick. The upper part
of the subsoil is dark brown friable sandy loam about 8
inches thick. The middle part is brown, very friable sandy
loam about 5 inches thick. The lower part of the subsoil
is dark brown, friable sandy loam about 21 inches thick.
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Figure 2.—The soils that make up the Emmet-Montcalm association typically are on knolls, ridges, and hiils.

The substratum is pale brown, friable sandy loam to a
depth of 60 inches or more.

Montcalm soils are well drained. The slope is 0 to 30
percent. Typically, the surface layer is very dark grayish
brown and pinkish gray loamy sand about 7 inches thick.
The subsoil extends to a depth of about 60 inches. In
the upper part it is dark brown and yellowish brown, very
friable loamy sand. In the lower part the subsoil is light
yellowish brown, loose sand and bands of dark brown,
friable sandy loam.

The minor soils are somewhat excessively drained
Graycalm soils and well drained Nester soils. Graycalm
and Nester soils are in positions on the landscape simi-
lar to those of the Emmet and Montcalm soils. Graycalm
soils are more droughty than the Emmet and Montcalm
soils, and Nester soils are less droughty.

The soils making up this association are used mainly
as cropland or pasture. Some of the steeper soils are
used as woodland. Steep slopes and the hazard of ero-
sion are the main limitations to use of the soils for crops

and for most other uses. In addition, Montcalm soils are
droughty.

The nearly level and gently undulating soils in this
association are well suited to use as cropland, pasture,
and woodland. These soils are also well suited to recrea-
tion uses, to building site development, and to use as
septic tank absorption fields.

The rolling to steep soils are well suited to use as
woodland. They are fairly well suited to poorly suited to
crops or pasture, to recreation uses and building site
development, and to use as septic tank absorption fields.

5. Nester-Kawkawlin-Manistee Association

Nearly level to gently rolling, well drained and somewhat
poorly drained loamy and sandy soils on till plains and
moraines

This association makes up about 9 percent of the
county. It consists of about 30 percent Nester soils and
similar soils, 25 percent Kawkawlin soils and similar
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Figure 3.—Pattern of soils and underlying material in the Nester-Kawkawlin-Manistee association.

soils, 10 percent Manistee soils and similar soils, and 35
percent soils of minor extent (fig. 3).

Nester and Manistee soils are in similar positions on
the landscape. They are on the higher knolls on till
plains, on upland plains, and on ridgetops on moraines.
Kawkawlin soils are lower on the landscape. They are in
low broad areas and in depressions and drainageways
on uplands.

Nester soils are well drained. The slope is 1 to 12
percent. Typically, the surface layer is very dark grayish
brown sandy loam about 9 inches thick. The next layer is
a mixture of grayish brown sandy loam and dark brown,
firm clay loam about 8 inches thick. The subsoil is dark
brown, firm clay about 21 inches thick. The substratum
to a depth of 60 inches is brown, firm clay loam.

Kawkawlin soils are somewhat poorly drained. The
slope is 0 to 3 percent. Typically, the surface layer is
dark grayish brown loam about 8 inches thick. The next
layer is mottled and mixed, dark brown clay and grayish
brown loam about 4 inches thick. The subsoil is brown,
mottled, firm clay loam about 23 inches thick. The sub-

stratum is yellowish brown, mottled, firm clay loam to a
depth of 60 inches or more.

Manistee soils are well drained. The slope is 0 to 12
percent. Typically, the surface layer is dark brown loamy
sand about 10 inches thick. The upper part of the subsoil
is strong brown, loose sand about 12 inches thick. The
middle part is light brownish gray, loose sand about 2
inches thick. The lower part of the subsoil is dark brown,
firm clay. The substratum to a depth of 60 inches is
brown, firm clay.

The minor soils are losco and Sims soils. losco soils
are somewhat poorly drained. Unlike the Nester and
Kawkawlin soils, the losco soils are coarse textured
throughout, and they are coarser textured in the lower
layers than the Manistee soils. Their position on the
landscape is similar to that of Kawkawlin soils. Sims soils
are poorly drained and are fine textured. They are in
drainageways, in low areas, and in depressions.

The soils making up this association are used mainly
as cropland or pasture. In some areas they are used as
woodland. The wetness of Kawkawlin soils, the suscepti-
bility to soil blowing of Manistee and Nester soils, and
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permeability are the major problems for most uses. Also,
because of the high percentage of clay in the substra-
tum, the shrink-swell potential is moderate. Unless
drained, the Kawkawlin soils are too wet for timely plant-
ing of crops. Drainage outlets, however, are difficult to
locate.

The soils in this association are well suited to fairly
well suited to use as cropland. They are well suited to
use as pasture and woodland. Nester and Manistee soils
are well suited to fairly well suited to recreation uses and
building site development. All of the soils are poorly
suited to use as septic tank absorption fields because of
moderately slow and slow permeability and wetness. The
seasonal high water table of Kawkawlin soils is a limita-
tion for most uses.

6. Kawkawlin-losco-Sims Association

Nearly level, somewhat poorly drained and poorly
drained loamy and sandy soils on till plains

This association makes up about 9 percent of the
county. It consists of about 25 percent Kawkawlin soils
and similar soils, 25 percent iosco soils and similar soils,
15 percent Sims soils and similar soils, and 35 percent
soils of minor extent.

Kawkawlin and losco soils are in similar positions on
the landscape. They are in low broad areas and along
minor drainageways. Sims soils are lower on the land-
scape. They are in small depressions and drainageways,
and they are subject to ponding.

Kawkawlin soils are somewhat poorly drained. The
slope is 0 to 3 percent. Typically, the surface layer is
dark grayish brown loam about 8 inches thick. The next
layer is mottled and mixed dark brown clay and grayish
brown ioam about 4 inches thick. The subsoil is dark
brown, mottled, firm clay loam about 23 inches thick.
The substratum is yellowish brown, mottled, firm clay
loam to a depth of 60 inches or more.

losco soils are somewhat poorly drained. The slope is
0 to 3 percent. Typically, the surface layer is grayish
brown loamy sand about 9 inches thick. The subsurface
layer is light brownish gray loamy sand about 2 inches
thick. The upper part of the subsoil is dark brown, loose
sand about 15 inches thick. The middle part is mottled
and mixed, dark brown sandy loam and light brownish
gray loamy sand about 5 inches thick. The lower part of
the subsoil is dark brown, mottled, firm sandy loam about
15 inches thick. The substratum is brown, mottled, firm
loam to a depth of 60 inches or more.

Sims soils are poorly drained. The slope is 0 to 2
percent. Typically, the surface layer is very dark gray
loam about 8 inches thick. The subsoil is grayish brown,
mottled, firm clay loam about 18 inches thick. The sub-
stratum is grayish brown and yellowish brown, mottled,
firm silty clay loam to a depth of 60 inches or more.

Of minor extent in the association are well drained
Nester soils, somewhat poorly drained AuGres soils,
poorly drained Brevort soils, and very poorly drained

11

Lupton soils. Nester soils are in the highest positions on
the landscape. AuGres soils and the losco and Kawkaw-
lin soils are in similar positions. AuGres soils are more
droughty than the Kawkawlin soils. Brevort soils and the
Sims soils are in similar positions. Brevort soils are
coarser textured than the Sims soils. Lupton soils are in
the lowest positions on the landscape. They are in deep
depressions, drainageways, and potholes.

The soils making up this association are used mainly
as cropland or pasture. In some areas they are used as
woodland. Wetness and the moderately slow permeabil-
ity are the main limitations for most uses. Also, because
of the high content of clay in the substratum, the shrink-
swell potential is moderate. Unless drained, the soils are
too wet for timely planting of crops. In some areas,
however, drainage outlets are difficult to locate.

The soils are fairly well suited to crops, pasture, and
trees. If they are drained, the Kawkawlin soils are well
suited to crops. Because of wetness, the soils in the
association are poorly suited or not suited to most recre-
ation uses, to building site development, and to use as
septic tank absorption fields.

Nearly level soils that are somewhat poorly drained,
poorly drained, and very poorly drained

Most of these soils are used as woodland. Some are
used for crops and pasture. The soils are suited to trees,
crops, and pasture. The major concerns in woodland
management are equipment limitations, seedling mortali-
ty, and windthrow hazard. If the soils are cultivated, re-
moving excess water, preventing ponding, providing
drainage outlets, and controlling soil blowing during dry
periods are concerns in management.

The soils generally are not suited to building site de-
velopment or to use as septic tank absorption fields.

7. AuGres-losco-Lupton Association

Nearly level, somewhat poorly drained and very poorly
drained sandy and mucKy soils on outwash plains and till
plains

This association makes up about 5 percent of the
county. It consists of about 30 percent AuGres soils and
similar soils, 25 percent losco soils and similar soils, 15
percent Lupton soils and similar soils, and 30 percent
soils of minor extent.

AuGres and losco soils are in similar positions on the
landscape. They are in low broad areas, in upland de-
pressions, along major drainageways, and adjacent to
swamps. Lupton soils are lower on the landscape. They
are in depressions, swamps, and drainageways, and they
are subject to frequent ponding.

AuGres soils are somewhat poorly drained. The slope
is 0 to 3 percent. Typically, the surface layer is very dark
gray loamy sand about 7 inches thick. The subsurface
layer is pinkish gray loamy sand about 5 inches thick.
The subsoil is about 31 inches thick. It is mottled, dark
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brown loamy sand in the upper part and mottled, yellow-
ish brown sand in the lower part. The substratum is
yellowish brown, mottled, loose sand to a depth of 60
inches.

losco soils are somewhat poorly drained. The slope is
0 to 3 percent. Typically, the surface layer is grayish
brown loamy sand about 9 inches thick. The subsurface
layer is light brownish gray loamy sand about 2 inches
thick. The upper part of the subsoil is dark brown, loose
sand about 15 inches thick. The middle part is mottled
and mixed, dark brown sandy loam and light brownish
gray loamy sand about 5 inches thick. The lower part of
the subsoil is dark brown, mottled, firm sandy loam about
15 inches thick. The substratum is brown, mottled, firm
loam to a depth of 60 inches.

Lupton soils are very poorly drained. The slope is 0 to
2 percent. Typically, the surface layer is black muck
about 7 inches thick. The underlying layers, to a depth of
60 inches or more, are also black muck.

The minor soils are moderately well drained Croswell
soils, somewhat poorly drained loamy Kawkawlin soils,
and poorly drained Brevort and Roscommon soils. Cros-
well soils are slightly higher on the landscape than
AuGres and losco soils. They are on small ridges and
low knolls. Kawkawlin soils and the AuGres and losco
soils are in similar positions. Brevort and Roscommon
soils are in drainageways and depressions.

The soils making up this association are used mainly
as woodland. In a few small areas, they are used as
pasture or cropland. Wetness is the main limitation. In
addition, on AuGres and losco soils, droughtiness and
soil blowing during dry months are limitations.

The soils are fairly well suited to poorly suited to use
as cropland, pasture, and woodland. Because of wet-
ness, they are poorly suited or not suited to recreation
uses, to building site development, or to use as septic
tank absorption fields.

8. Otisco-Roscommon Assoclation

Nearly level, somewhat poorly drained, poorly drained,
and very poorly drained sandy soils on tll plains and
outwash plains

This association makes up about 2 percent of the
county. It consists of about 35 percent Otisco soils and
similar soils, 30 percent Roscommon soils and similar
soils, and 35 percent soils of minor extent.

Otisco soils are in low broad areas, in upland depres-
sions, along major drainageways, and adjacent to
swamps. Roscommon soils are lower on the landscape.
They are in depressions, swamps, and drainageways and
are subject to frequent ponding.

Otisco soils are somewhat poorly drained. The slope is
0 to 3 percent. Typically, the surface layer is black loamy
sand about 3 inches thick. The subsurface layer is gray-
ish brown loamy sand about 5 inches thick. The subsoil
is mottled and is about 47 inches thick. The upper part
of the subsoil is dark brown, very friable loamy sand. The
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lower part is light yellowish brown, loose sand and bands
of yellowish brown, friable sandy loam. The substratum
to a depth of 60 inches is mottled, yellowish brown,
loose sand.

Roscommon soils are poorly drained or very poorly
drained. The slope is O to 2 percent. Typically, the sur-
face layer is black mucky sand about 4 inches thick. The
underlying layers to a depth of 60 inches are multicol-
ored, loose sand.

The minor soils are somewhat poorly drained losco
soils and very poorly drained Tawas soils. losco and
Tawas soils and Roscommon soils are in similar posi-
tions on the landscape. losco soils are rapidly permeable
in the upper part of the profile and moderately siowly
permeable in the lower part. Tawas soils are moderately
slowly permeable to moderately rapidly permeable in the
muck layer and rapidly permeable in the underlying sand.

The soils making up this association are used mainly
as woodland. In a few small areas, they are used as
pasture or cropland. Wetness is the main limitation to
use as woodland and cropland and for most other uses.
Droughtiness and soil blowing during dry periods are
additional limitations on the Otisco soils.

The soils are fairly well suited or not suited to use as
cropland, pasture, and woodland. Because of wetness,
the soils are poorly suited or not suited to recreation
uses, to building site development, and to use as septic
tank absorption fields.

9. Lupton-Roscommon-Tawas Association

Nearly level, poorly drained and very poorly drained
mucky and sandy soils in upland depressions on
outwash plains, till plains, and moraines

This association makes up about 13 percent of the
county. It consists of about 35 percent Lupton soils and
similar soils, 25 percent Roscommon soils and similar
soils, 15 percent Tawas soils and similar soils, and 25
percent soils of minor extent.

Lupton and Tawas soils are in similar positions on the
landscape. They are in upland and lowland depressions,
swamps, and drainageways. Roscommon soils are slight-
ly higher on the landscape. They are in lowland depres-
sions and drainageways and in areas surrounding bogs.
All of the soils are subject to frequent ponding.

Lupton soils are very poorly drained. The slope is 0 to
2 percent. Typically, the surface layer is black muck
about 7 inches thick. The underlying material to a depth
of 60 inches is black muck.

Roscommon soils are very poorly drained. The slope
is O to 2 percent. Typically, the surface layer is black
mucky sand about 4 inches thick. The underlying materi-
al to a depth of 60 inches is multicolored, loose sand.

Tawas soils are very poorly drained. The slope is 0 to
2 percent. Typically, the surface layer is very dark brown
mucky peat about 4 inches thick. The subsoil is black
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muck about 18 inches thick. The substratum to a depth
of 60 inches is grayish brown, loose sand.

The minor soils are moderately well drained Croswell
soils and somewhat poorly drained AuGres and losco
soils. Croswell soils are on the lower knolls and hilis.
AuGres and losco soils are in slightly higher positions
and generally are adjacent to drainageways and swampy
areas.

The soils making up this association are used mainly
as woodland. In some areas the soils are in marsh grass
or are covered with shrubs. In a few areas, the soils are
used as pasture. On Lupton and Tawas soils, wetness
and soil instability are major limitations for most uses.
Most soils are undrained because drainage outlets are
very difficult to locate.

Excessive wetness and soil instability are severe limi-
tations and are difficult to overcome. The soils, conse-
quently, generally are not suited to use as cropland,
pasture, or woodland or to recreation uses, building site
development, or septic tank absorption fields.

Broad Land Use Considerations

The soils in Missaukee County vary widely in their
suitability for major land uses.

Cropland

About 18 percent of the land in the county is used for
cultivated crops. Cropland is scattered throughout the
county and is concentrated in associations 4, 5, and 6.
The soils in these associations generally are suited to
crops. In association 4, crops are grown on the nearly
level to rolling soils. Droughtiness and the hazard of
erosion are the main limitations. In associations 5 and 6,
the hazards of erosion and soil blowing, removing
excess water during wet periods, and maintaining good
tilth are concerns in cropland management. The poorly
drained soils in association 6 generally are not cultivated.
Crops generally are not grown on the soils in associa-
tions 1, 2, and 3 because of droughtiness, soil blowing,
and steepness of slope. Also, crops generally are not
grown on the sails in associations 7, 8, and 9 because of
wetness. The instability of the organic soils in associa-
tions 7 and 9 is an additional limitation.

Pasture and Hayland

About 2 percent of the land in the county is permanent
pasture, and about 4 percent is hayland in a tillage
rotation. The soils in associations 4, 5, and 6 generally
are suited to use as pasture and hayland. Much of the
pasture is on the rolling to steep soils in association 4.
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Some pasture is on the somewhat poorly drained soils in
association 7.

Woodland

About 59 percent of the county is woodland. The
sugar maple, beech, and yellow birch forest cover type
predominates in associations 2, 4, and 5. In association
1, the oak and red maple forest cover type predomi-
nates. The jack pine cover type is exclusive in associa-
tion 3. In associations 6, 7, and 8, the red maple, paper
birch, white spruce, and balsam fir cover type predomi-
nates. Northern white-cedar is the forest cover type in
association 9. Seedling mortality is the main concern on
woodiand in Missaukee County. Erosion, equipment fimi-
tations, and windthrow hazard are additional manage-
ment concerns on some soils.

Recreation

The soils in Missaukee County vary from well suited to
not suited to use as sites for recreation. The nearly level
and gently undulating soils in associations 4 and 5 are
well suited to intensive recreation uses, for example,
playgrounds, camp areas, picnic areas, and paths and
trails. The sandy surface layer of most of the soils in
associations 1, 2, and 3 is a limitation for recreation
uses. Wetness is the major limitation on the soils in
associations 6, 7, and 8. The soils in association 9 gen-
erally are not suited to recreation uses because of their
extreme wetness and instability.

Wildlife habitat

The soils in associations 1, 2, 3, 4,5, 6,7, and 8
generally are suitable for use as habitat for openland
and woodland wildlife. The very poorly drained organic
soils in associations 7 and 9 and the poorly drainea soils
in associations 6, 7, 8, and 9 are suitable for use as
habitat for wetland wildlife.

Urban land

Generally, the nearly level to rolling soils in association
4 are well suited to building site development, including
onsite waste disposal. The limitations are slight to mod-
erate. Slope is the main limitation. The nearly level to
rolling soils in associatons 1, 2, and 3 are fairly well
suited to use as sites for buildings. The poor filtering
capacity is a major limitation to use of these soils as
septic tank absorption fields. The well drained, nearly
level to rolling soils in association 5 are fairly well suited
to most kinds of building site development. The soils in
associations 6, 7, 8, and 9 generally are not suited to
building site deveiopment or to use as septic tank ab-
sorption fields because of wetness.






Detailed Soil Map Units

15

The map units on the detailed soil maps at the back of
this survey represent the soils in the survey area. The
map unit descriptions in this section, along with the soil
maps, can be used to determine the suitability and po-
tential of a soil for specific uses. They also can be used
to plan the management needed for those uses. More
information on each map unit, or soil, is given under
“Use and Management of the Soils.”

Each map unit on the detailed soil maps represents an
area on the landscape and consists of one or more soils
for which the unit is named.

A symbol! identifying the soil precedes the map unit
name in the soil descriptions. Each description includes
general facts about the soil and gives the principal haz-
ards and limitations to be considered in planning for
specific uses.

Soils that have profiles that are almost alike make up
a soil series. Except for differences in texture of the
surface layer or of the underlying material, all the soils of
a series have major horizons that are similar in composi-
tion, thickness, and arrangement.

Soils of one series can differ in texture of the surface
layer or of the underlying material. They also can differ in
slope, stoniness, salinity, wetness, degree of erosion,
and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soi/
phases. Most of the areas shown on the detailed soil
maps are phases of soil series. The name of a soil
phase commonly indicates a feature that affects use or
management. For example, Nester sandy loam, 1 to 6
percent slopes, is one of several phases in the Nester
series.

Some map units are made up of two or more major
soils. These map units are called soil complexes or un-
differentiated groups.

A soil complex consists of two or more soils, or one or
more soils and a miscellaneous area, in such an intricate
pattern or in such small areas that they cannot be shown
separately on the soil maps. The pattern and proportion
of the soils are somewhat similar in all areas. Montcalm-
Graycalm complex, O to 6 percent slopes, is an example.

An undifferentiated group is made up of two or more
soils that could be mapped individually but are mapped
as one unit because similar interpretations can be made
for use and management. The pattern and proportion of
the soils in the mapped areas are not uniform. An area
can be made up of only one of the major soils, or it can

be made up of all of them. Fluvaguents and Histosols,
frequently flooded, is an undifferentiated group in this
survey area.

Most map units include smail scattered areas of soils
other than those for which the map unit is named. Some
of these included soils have properties that differ sub-
stantially from those of the major soil or soils. Such
differences could significantly affect use and manage-
ment of the soils in the map unit. The included soils are
identified in each map unit description. Some small areas
of strongly contrasting soils are identified by a special
symbol on the soil maps.

This survey includes miscellaneous areas. Such areas
have little or no soil material and support little or no
vegetation. Pits, sand and gravel, is an example. Miscel-
laneous areas are shown on the soil maps. Some that
are too small to be shown are identified by a special
symbol on the soil maps.

Some of the boundaries on the soil maps of Missau-
kee County do not match those on the soit maps of
adjacent counties, and some of the soil names and de-
scriptions do not fully agree. The differences are a result
of improvements in the classification of soils, particularly
modification or refinements in soil series concepts. Also,
there may be differences in the intensity of mapping or in
the extent of the soils within the survey area.

Table 4 gives the acreage and proportionate extent of
each map unit. Other tables (see “Summary of Tables™)
give properties of the soils and the limitations, capabili-
ties, and potentials for many uses. The Glossary defines
many of the terms used in describing the soils.

Soil Descriptions

3A—Croswell sand, 0 to 3 percent slopes. This is a
nearly level, moderately well drained soil on low knolls,
in depressions, and adjacent to streams and drain-
ageways. The areas are linear or irregular in shape and
range from about 5 to 40 acres in size.

Typically, the surface layer is very dark gray and pink-
ish gray sand about 7 inches thick. The subsoil is about
24 inches thick. The upper part of the subsoil is dark
brown, loose sand, and the lower part is strong brown,
mottled, loose sand. The substratum to a depth of 60
inches is light yellowish brown, mottled, loose sand.

Included with this soil in mapping are areas of AuGres,
‘Roscommon, and Tawas soils. AuGres soils are some-
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what poorly drained. Roscommon soils are poorly
drained or very poorly drained. Tawas soils are very
poorly drained. The included soils are in depressions and
wet swales. These soils make up 5 to 10 percent of the
map unit.

Permeability of the Croswell soil is rapid. The availabie
water capacity is low. Runoff is slow. The seasonal high
water table is at a depth of 2 to 3 feet in winter and
spring.

Most areas of this soil are wooded or are idle. The
trees are mainly red pine, quaking aspen, red maple, and
northern red oak. In a-few areas, the soil is used as
cropland or pasture.

This soil is poorly suited to use as cropland because
of droughtiness and soil blowing. Only close-growing
crops, such as alfalfa and oats and legumes for hay, can
be grown. The use of cover crops, green manure crops,
crop residue, and manure conserves soil moisture. Cover
crops, wind stripcropping, vegetative barriers, and field
windbreaks help control soil blowing.

This soil is fairly well suited to pasture. The major
management concern is droughtiness. Proper stocking,
rotation grazing or strip grazing, and restricted use during
excessively dry periods help keep the pasture and soil in
good condition.

This soit is well suited to use as woodland. Seedling
mortality and equipment limitations are the main man-
agement concerns. Good site preparation, the use of
containerized seedlings, and the replanting of seedlings
help reduce seedling mortality in new plantations. The
sandy surface layer affects trafficability during dry peri-
ods.

This soil is poorly suited to recreation uses. The major
concerns are the sandy surface layer and wetness. How-
ever, a layer of medium textured topsoil can make a site
suitable for playgrounds or camp areas, and paths and
trails can be covered with wood chips or bark to improve
footing.

This soil is poorly suited to building site development
because of wetness. If the soil is used as a site for
buildings, subsurface drains should be used to lower the
water table, and well-compacted fill material should be
used to raise the site.

This soil is poorly suited to use as septic tank absorp-
tion fields because of wetness and poor filtering capac-
ity. Filling or mounding the absorption field site with suit-
able material may be needed to raise the site above the
water table and to increase the filtering capacity of the
soil.

The land capability classification of the Croswell soil is
IVs. The Michigan soil management group is 5a.

5B—Emmet-Montcalm complex, 0 to 6 percent
slopes. This complex consists of nearly level to undulat-
ing, well drained soils on broad plains and low knolls.
The areas are irregular in shape and range from about 5
to 100 acres or more in size.

Soil Survey

The Emmet soil makes up about 35 to 40 percent of
the complex, and the Montcalm soil makes up about 35
to 40 percent. These soils are in areas that are so
intricately mixed or so small that it was not practical to
map them separately at the scale used in mapping.

Typically, the Emmet soil has a dark grayish brown
sandy loam surface layer about 9 inches thick. The
upper part of the subsoil is dark brown, friable sandy
loam about 8 inches thick. The next layer is brown, very
friable sandy loam about 5 inches thick. The lower part
of the subsoil is dark brown, friable sandy loam about 21
inches thick. The substratum to a depth of 60 inches is
pale brown, friable sandy loam. In some places, the
surface layer is more than 15 percent pebbles and cob-
bles. In some places, the soil is moderately well drained.

Typically, the Montcalm soil has a very dark grayish
brown and light brownish gray, loamy sand surface layer
about 7 inches thick. The subsoil extends to a depth of
60 inches. It is dark brown and yellowish brown, very
friable sand in the upper part. The lower part is light
yellowish brown, very friable sand with bands of reddish
brown sandy loam. In some places, the surface layer is
more than 15 percent pebbles and cobbles.

Included with these soils in mapping are small areas of
Graycalm, Rubicon, and Nester soils. Graycalm and Ru-
bicon soils are somewhat excessively drained. They are
more droughty than the Emmet and Montcalm soils.
Nester soils are well drained; they are less droughty than
the Emmet and Montcalm soils. The included soils and
the Emmet and Montcalm soils are in similar positions
on the landscape. The included soils make up 10 to 20
percent of the map unit.

Permeability is moderate in the Emmet soil and moder-
ately rapid in the Montcalm soil. The available water
capacity is moderate in the Emmet soil and low in the
Montcalm soil. Runoff is stow. The surface layer of the
Emmet soil is friable and is easily tilled within a wide
range of moisture content.

In most areas, these soils are used as cropland or
pasture. In a few areas, they are used as woodland.

These soils are well suited to corn, winter wheat, and
oats and to grasses and legumes for hay. Erosion and
droughtiness are the major concerns in management.
Cover crops, windbreaks, and conservation tillage that
does not invert the soil and that leaves all or part of the
crop residue on the surface effectively control soil blow-
ing and erosion. The use of cover crops, green manure
crops, crop residue, and manure conserves soil moisture.

These soils are well suited to, pasture. Droughtiness is
the main management concern. Proper stocking, rotation
grazing or strip grazing, and restricted use during dry
periods help keep the pasture and soil in good condition.

These soils are well suited to use as woodland. Seed-
ling mortality is a concern in management. In some
areas, good site preparation, the use of containerized
seedlings, and the replanting of seedlings can reduce
seedling mortality in new plantations.
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These soils are well suited to building site develop-
ment and to use as septic tank absorption fields. There
are no major management concerns.

The land capability classification of these soils is lle.
The Michigan soil management groups are 3a and 4a.

5C—Emmet-Montcalm complex, 6 to 12 percent
slopes. This complex consists of gently rolling, well
drained soils on ridges, knolls, and side slopes. The
areas are irregular in shape and range from about 10 to
200 acres or more in size.

The Emmet soil makes up about 35 to 40 percent of
the complex, and the Montcalm soil makes up about 35
to 40 percent. These soils are in areas that are so
intricately mixed or are so small that it was not practical
to map them separately at the scale used in mapping.

Typically, the Emmet soil has a dark grayish brown,
sandy loam surface layer about 7 inches thick. The
upper part of the subsoil is dark brown, friable sandy
loam about 7 inches thick. The next layer is brown, very
friable sandy loam about 4 inches thick. The lower part
of the subsoil is dark brown, friable sandy loam about 19
inches thick. The substratum to a depth of 60 inches is
pale brown, friable sandy loam. In some places, the
surface layer is more than 15 percent pebbles and cob-
bles.

Typically, the Montcalm soil has a very dark grayish
brown and light brownish gray, loamy sand surface layer
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about 7 inches thick. The subsoil is about 53 inches
thick. The upper part of the subsoil is brown and light
yellowish brown, very friable sand. The lower part is light
yellowish brown, very friable sand with bands of reddish
brown sandy loam. In some places the surface layer is
more than 15 percent pebbles and cobbles.

Included with these soils in mapping are some areas
of Graycalm, Rubicon, and Nester soils. Graycalm and
Rubicon soils are somewhat excessively drained and are
more droughty than the Emmet and Montcalm soils. The
Nester soils are well drained and are less droughty. The
included soils and Emmet and Montcalm soils are in
similar positions on the landscape. The included soils
make up 10 to 20 percent of the map unit.

Permeability is moderate in the Emmet soil and moder-
ately rapid in the Montcalm soil. The available water
capacity of the Emmet soil is moderate, and that of the
Montcalm soil is low. Runoff is medium. The surface
layer of the Emmet soil is friable and is easily tilled within
a wide range of moisture content.

in most areas, these soils are used as cropland or
pasture. In a few areas, they are used as woodland or
are idle.

These soils are poorly suited to use as cropland; but
some crops, such as corn, winter wheat, and oats and
grasses and legumes for hay, can be grown. Cover
crops, wind stripcropping, windbreaks, and conservation

*.f -“. :‘:‘g\‘*(.: ‘.' ".'
Figure 4.—Stripcropping in an area of Emmet-Montcalm complex, 6 to 12 percent slopes, controls soll biowing and erosion.
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tillage that does not invert the soil and that leaves all or
part of the crop residue on the surface effectively control
soil blowing and erosion (fig. 4). The use of cover crops,
green manure crops, crop residue, and manure con-
serves the available water.

These soils are well suited to pasture. Droughtiness is
the main management concern. Proper stocking, rotation
grazing or strip grazing, and restricted use during dry
periods help keep the pasture and soil in good condition.

The soils are well suited to use as woodland. Seedling
mortality is a management concern. Good site prepara-
tion, the use of containerized seedlings, and the replant-
ing of seedlings can reduce seedling mortality in new
plantations.

The soils are fairly well suited to most recreation uses.
Slope is the major limitation. Paths and trails should be
placed on the contour. Some shaping or leveling may be
needed for camp and picnic areas.

These soils are fairly well suited to use as sites for
buildings. Slope is the main limitation. Buildings should
be designed to conform to the natural slope. Land shap-
ing may be necessary in some areas.

These soils are fairly well suited to use as septic tank
absorption fields. If septic tank absorption systems are to
function properly on these soils, land shaping is neces-
sary in most places, and the distribution lines should be
installed across the slope.

The land capability classification of these soils is IVe.
The Michigan soil management groups are 3a and 4a.

5E—Emmet-Montcalm complex, 12 to 30 percent
slopes. This complex consists of rolling to steep, well
drained soils on hills and ridges. The areas are irregular
in shape and range from about 20 to 300 acres in size.

The Emmet soil makes up about 35 to 40 percent of
the complex, and the Montcalm soil makes up about 35
to 40 percent. These soils are in areas that are so
intricately mixed or so small that it was not practical to
map them separately at the scale used in mapping.

Typically, the Emmet soil has a dark grayish brown,
sandy loam surface layer about 6 inches thick. The sub-
soil is brown, friable and very friable sandy loam about
22 inches thick. The substratum to a depth of 60 inches
is pale brown, friable sandy loam. In some places, the
surface layer is more than 15 percent pebbles and cob-
bles.

Typically, the Montcalm soil has a dark grayish brown,
loamy sand surface layer about 6 inches thick. The sub-
soil is about 54 inches thick. The upper part of the
subsoil is brown and light yellowish brown, very friable
sand. The lower part is light yellowish brown, very friable
sand with bands of reddish brown sandy loam. In some
places, the surface layer is more than 15 percent peb-
bles and cobbles.

Included with these soils in mapping are small areas of
Graycalm and Rubicon soils. These soils are somewhat
excessively drained and are more droughty than Emmet

Soil Survey

and Montcalm soils. The included soils and the Emmet
and Montcalm soils are in similar positions on the land-
scape. The included soils make up 15 to 25 percent of
the map unit.

Permeability is moderate in the Emmet soil and moder-
ately rapid in the Montcalm soil. The available water
capacity of the Emmet soil is moderate, and that of the
Montcalm soil is low. Runoff is medium.

In most areas, these soils are used as pasture or
woodland, or they are idle.

These soils generally are not suited to use as cropland
because of the steep slopes and severe erosion hazard.
In some areas, the soils were cultivated but are now
used as pasture or for Christmas tree plantations.

These soils are poorly suited to pasture, mainly be-
cause of erosion and droughtiness. Permanent vegeta-
tion helps control erosion on the steeper slopes. It in-
creases or maintains the content of organic matter in the
soils, and the organic matter, in turn, increases the avail-
able water capacity. Restricting grazing during dry peri-
ods helps keep the pasture and soils in good condition.

These soils are well suited to use as woodland. The
main concerns in management are the erosion hazard,
equipment limitation, and, in some areas, seedling mor-
tality. Logging trails should be constructed on gentle
grades to help control erosion and overcome the equip-
ment limitations. Good site preparation, the use of con-
tainerized seedlings, and the replanting of seedlings can
reduce seedling mortality in new plantations.

The soils are poorly suited to most recreation uses
because of the steep slopes. Where possible, paths and
trails should be constructed on gentle grades. The steep
slopes can prohibit the construction of camp sites and
playgrounds or significantly increase the cost.

These soils generally are not suited to building site
development or to use as septic tank absorption fields
because of the steep slopes. This limitation is extremely
difficult to overcome.

The land capability classification of these soils is Vle.
The Michigan soil management groups are 3a and 4a.

6B—Kalkaska sand, 0 to 6 percent slopes. This is a
nearly level to undulating, somewhat excessively drained
soil on upland plains. The areas are irregular in shape
and range from about 5 to 800 acres in size.

Typically, the surface layer is black sand and leaf litter
about 3 inches thick. The subsurface layer is pinkish
gray sand about 3 inches thick. The subsoil is about 34
inches thick. The upper part of the subsoil is dark red-
dish brown, very friable or loose sand; the middle part is
strong brown, loose sand; the lower part is yellowish
brown, loose sand. The substratum to a depth of 60
inches is light yellowish brown, loose sand. In some
places, the substratum is gravelly sand. In some places,
the upper part of the subsoil is not so dark as is typical.

Included with this soil in mapping are small areas of
Montcalm and AuGres soils. Montcalm soils are well
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Figure 5.—A stand of sugar maple and beech on Kalkaska sand, 0 to 6 percent slopes.

drained. They are not as droughty as the Kalkaska soil,
but they are in similar positions on the landscape.
AuGres soils are somewhat poorly drained. They are in
shallow depressions. The included soils make up about
10 to 15 percent of the map unit.

Permeability is rapid. The available water capacity is
low. Runoff is slow.

Most areas of this soil are wooded. The trees are
mainly pine, quaking aspen, northern red oak, and sugar
maple (fig. 5). In a few areas, the soil is used as pasture
or cropland.

This soil is poorly suited to use as cropland because
of droughtiness and soil blowing. Crops, such as corn,
oats, and alfalfa and legumes and grasses for hay, can
be grown. The use of cover crops, green manure crops,
crop residue, and manure helps conserve moisture.
Cover crops, wind stripcropping, vegetative barriers, and
field windbreaks effectively control soil blowing.

This soil is fairly well suited to use as pasture. The
major management concern is droughtiness. Proper
stocking, rotation grazing or strip grazing, and restricted
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use during dry periods help keep the pasture and soil in
good condition.

This soil is well suited to use as woodland. Seedling
mortality and equipment limitations are the main man-
agement concerns. Good site preparation, the use of
containerized seedlings, and the replanting of seedlings
can reduce seedling mortality in new plantations. The
sandy surface layer affects trafficability during dry peri-
ods.

This soil is poorly suited to recreation uses. The sandy
surface layer is a limitation. Adding a layer of medium
textured topsoil can help make a site suitable for play-
grounds or camp areas; paths and trails can be covered
with wood chips or bark to improve footing.

This soil is well suited to building site development.
The limitations are few. The caving of cutbanks is a
concern, but trench walls can be reinforced to help pre-
vent cave-ins.

This soil is fairly well suited to use as septic tank
absorption fields. The poor filtering capacity is a limita-
tion. This soil can absorb the effluent from septic tanks
but cannot adequately filter it. The poor filtering capacity
can result in the poliution of ground water.

The land capability classification of the Kalkaska soil is
IVs. The Michigan soil management group is 5a.

6C—Kalkaska sand, 6 to 12 percent slopes. This is
a gently rolling, somewhat excessively drained soil on
ridges, knolls, and side slopes. The areas are irregular in
shape and range from 5 to 500 acres in size.

Typically, the surface layer is black sand and leaf litter
about 3 inches thick. The subsurface layer is grayish
brown sand about 2 inches thick. The subsoil is about 30
inches thick. The upper part of the subsoil is dark red-
dish brown, very friable or loose sand; the middle part is
strong brown, loose sand; and the lower part is yellowish
brown, loose sand. The substratum to a depth of 60
inches is light yellowish brown, loose sand. In some
places, the upper part of the subsoil is not so dark as is
typical.

Included with this soil in mapping are small areas of
Montcalm soils. Montcalm soils and the Kalkaska soil
are in similar positions on the landscape. Montcalm soils
are well drained and are not as droughty as the Kal-
kaska soil. The included soils make up about 10 percent
of the map unit.

Permeability of the Kalkaska soil is rapid. The avail-
able water capacity is fow. Runoff is slow.

Most areas of this soil are wooded. The trees are
mainly pine, American beech, quaking aspen, northern
red oak, and sugar maple. In a few areas, the soil is idle.

Because of slope, droughtiness, and soil blowing, this
soil generally is not suited to use as cropland and is
poorly suited to use as pasture. Pasture yields very little
forage for livestock. in some areas, the soil was once
cultivated but is now being used for Christmas tree plan-
tations.

Soil Survey

The soil is well suited to use as woodland. Seedling
mortality and equipment limitations are the main man-
agement concerns. Good site preparation, the use of
containerized seedlings, and the replanting of seedlings
can reduce seedling mortality in new plantations. The
sandy surface layer affects trafficability.

This soil is poorly suited to recreation uses. The major
management concerns are the sandy surface layer and
slope. Adding a layer of medium textured topsoil can
help make a site suitable for playgrounds or camp areas;
paths and trails can be covered with wood chips or bark
to improve footing. To overcome slope limitations, some
shaping and leveling may be needed for playgrounds.

This soil is fairly well suited to building site develop-
ment. Slope is the main limitation. Buildings constructed
on this soil should be designed to conform to the natural
slope of the land. Land shaping may be necessary in
some areas.

The soil is fairly well suited to use as septic tank
absorption fields. Slope and the poor filtering capacity of
the soil are the main limitations. If septic tank absorption
systems are to function properly, land shaping is neces-
sary in most places and distribution lines should be in-
stalled across the slope. The Kalkaska soil does not
adequately filter effluent. The poor filtering capacity can
result in the pollution of ground water.

The land capability classification of the Kalkaska soil is
VIs. The Michigan soil management group is 5a.

6E—Kalkaska sand, 12 to 30 percent slopes. This is
a rolling to steep, somewhat excessively drained soil on
hills and ridgetops. The areas are irregular in shape and
range from 5 to 100 acres in size.

Typically, the surface layer is black sand and leaf litter
about 2 inches thick. The subsurface layer is pinkish
gray sand about 3 inches thick. The subsoil is about 23
inches thick. The upper part of the subsoil is dark red-
dish brown, very friable or loose sand; the middle part is
strong brown, loose sand; and the lower part is yellowish
brown, loose sand. The substratum to a depth of 60
inches is light yellowish brown, loose sand. In some
places, the upper part of the subsoil is not so dark as is
typical.

Included with this soil in mapping are small areas of
landscape. Montcalm soils and Kalkaska soil are in simi-
lar positions on the landscape. Montcalm soils are well
drained and are not as droughty as the Kalkaska soil.
The included soils make up 5 to 10 percent of the map
unit.

Permeability of the Kalkaska soil is rapid. The avail-
able water capacity is low. Runoff is slow.

Most areas of this soil are wooded. The trees are
mainly pine, American beech, quaking aspen, northern
red oak, and sugar maple.

Because of the steepness of slope, droughtiness, and
soil blowing, this soil generally is not suited to use as
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Figure 6.—Lupton muck is mainly along streams and in swamps.

cropland or pasture. Pasture yields very little forage for
livestock.

The soil is well suited to use as woodland. The main
concerns in management are the erosion hazard, equip-
ment limitations, and seedling mortality. Logging trails
should be constructed on gentle grades to help control
erosion and overcome the equipment limitations. Good
site preparation, the use of containerized seedlings, and
replanting of seedlings can reduce seedling mortality in
new plantations.

This soil is poorly suited to most recreation uses be-
cause of the steep slopes and the sandy surface layer.
The steep slopes can prohibit the construction of camp
sites and playgrounds or significantly increase construc-
tion costs. Adding a layer of medium textured topsoil can
help make a site suitable for playgrounds or camp areas,
and trails can be covered with wood chips or bark to
improve footing.

This soil generally is not suited to building site devel-
opment or to use as septic tank absorption fields be-
cause of the steep slopes. This limitation is extremely
difficult to overcome.

The land capability classification of the Kalkaska soil is
Vlls. The Michigan soil management group is 5a.

7—Lupton muck. This is a nearly level, very poorly
drained soil in depressions, in areas surrounding lakes,
and in drainageways (fig. 6). The soil is subject to fre-
quent ponding. The areas are elongated or irregular in
shape and range from about 5 to 300 acres in size.

Typically, the surface layer is black muck about 7
inches thick. The underlying layers to a depth of 60
inches are also black muck.

Included with this soil in mapping are small areas of
very poorly drained Tawas and Cathro soils. Tawas soils
are underlain by sand. Cathro soils are underlain by
loamy material. The included soils generally are near the
edge of the mapped areas. They make up 5 to 10 per-
cent of the map unit.

Permeability is moderately slow to moderately rapid.
The available water capacity is high. Runoff is very slow
or ponded. A high water table is at or above the surface
from late in fall through spring.

Most areas of this soil are wooded. The trees are
mainly northern white-cedar, black spruce, balsam fir,
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and quaking aspen. In some areas, the soil is covered
with shrubs. In a few areas, the soil is in pasture.

Crops generally are not grown on this soil because of
wetness and soil instability. In most places, it is not
practical to overcome these problems.

This soil is poorly suited to use as pasture, mainly
because of wetness and soil instability. Open ditches
help remove excess water, but in most places outlets
cannot be located.

This soil is poorly suited to use as woodland. The
major management concerns are the windthrow hazard
and seedling mortality and the limitation on the use of
equipment on the soil. Harvesting only during dry periods
or when the soil is frozen helps overcome the equipment
limitation. Special harvesting methods that do not leave
trees widely spaced or standing alone help overcome
the windthrow hazard. Because of the high seedling mor-
tality, trees generally are not planted.

This soil is not suited to most recreation uses because
of the high water table and the instability of the soil.

This soil is not suited to building site development and
to use as septic tank absorption fields because of pond-
ing, the high water table, and the instability of the soil.

The land capability classification of the Lupton soil is
Vw. The Michigan soil management group is Mc.

10B—Manistee loamy sand, 0 to 6 percent slopes.
This is a nearly leve! to undulating, well drained soil on
broad plains and on low knolls. The areas are irregular in
shape and range from 5 to 100 acres in size.

Typically, the surface layer is dark brown loamy sand
about 10 inches thick. The upper part of the subsoil is
strong brown, loose sand about 12 inches thick; the next
layer is light brownish gray, loose sand about 2 inches
thick; the lower part of the subsoil is dark brown, firm
clay. The substratum to a depth of 60 inches is brown,
firm clay. In some places, there is sandy material in the
substratum below a depth of 50 inches. In a few places,
the sandy part of the subsoil extends to a depth of more
than 40 inches. In some places, the soil is moderately
well drained; in other places, the sandy part of the sub-
soil is underlain by loam or clay loam.

Included in mapping are small areas of Montcalm and
Nester soils. Montcaim and Nester soils are well drained.
Montcalm soils are more droughty than the Manistee
soil, and Nester soils are less droughty. Montcalm and
Nester soils and the Manistee soil are in similar positions
on the landscape. The included soils make up 5 to 15
percent of the map unit.

Permeability of the Manistee soil is rapid in the upper
part of the profile and slow in the lower part. The avail-
able water capacity is moderate. Runoff is slow. The
surface layer is very friable and is easily tilled within a
wide range of moisture content.

This soil is used as cropland or pasture. In a few
areas, it is used as woodland.

Soil Survey

This soil is fairly well suited to corn and oats and to
grasses and legumes for hay. Soil blowing, droughtiness,
and organic matter content are the major management
concerns. The use of cover crops, green manure crops,
crop residue, and manure conserves soil moisture. Wind
stripcropping, cover crops, vegetative barriers, grassed
waterways, and conservation tillage that does not invert
the soil and that ieaves all or part of the crop residue on
the surface help to control soil blowing and erosion.

This soil is well suited to pasture. Droughtiness is the
major limitation. Proper stocking, rotation grazing or strip
grazing, and restricted use during dry periods help keep
the pasture and soil in good condition.

This soil is well suited to use as woodland. Seedling
mortality is the main concern in management. Good site
preparation, the use of containerized seedlings, and the
replanting of seedlings can reduce seedling mortality in
new plantations.

This soil is well suited to recreation uses. There are no
major management concerns.

The soil is fairly well suited to building site develop-
ment. It is poorly suited to use as septic tank absorption
tields, mainly because of the slow permeability in the
lower part of the profile. Constructing larger absorption
fields or alternating the drainage fields helps offset the
slow permeability. The included areas of Montcalm soil
are the best sites for septic tank absorption fields.

The land capability classification of the Manistee soil is
Ills. The Michigan soil management group is 4/2a.

10C—Manistee loamy sand, 6 to 12 percent slopes.
This is a gently rolling, well drained soil on ridges, knolls,
and side slopes. The areas are irregular in shape and
range from about 5 to 80 acres in size.

Typically, the surface layer is dark brown loamy sand
about 8 inches thick. The subsoil is about 18 inches
thick. The upper part of the subsoil is strong brown,
foose sand; the middle part is light brownish gray, loose
sand; and the lower part is dark brown, firm clay. The
substratum to a depth of 60 inches is brown, firm clay. In
some places, the lower part of the subsoil and the sub-
stratum are clay loam or loam.

included with this soil in mapping are small areas of
Montcalm and Nester soils. Montcalm and Nester soils
are well drained. Montcalm soils are more droughty than
the Manistee soil, and Nester soils are less droughty.
Montcalm and Nester soils and the Manistee soil are in
similar positions on the landscape. The included soils
make up 5 to 10 percent of the map unit.

Permeability of the Manistee soil is rapid in the upper
part of the profile and slow in the lower part. The avail-
able water capacity is moderate. Runoff is medium. The
surface layer is very friable and is easily tilled within a
wide range of moisture content.

This soil is used mainly as pasture or woodland. In a
few areas, it is used as cropland.
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The soil is fairly well suited to corn and oats and to
grasses and legumes for hay. Erosion, soil blowing,
droughtiness, and organic matter content are the major
management concerns. Wind stripcropping, cover crops,
vegetative barriers, crop residue, grassed waterways,
and conservation tillage that does not invert the soil and
that leaves all or part of the crop residue on the surface
help to contro! soil blowing and erosion. The use of
cover crops, green manure crops, crop residue, and
manure conserves the available water.

This soil is well suited to pasture. Droughtiness is the
major limitation. Proper stocking, rotation grazing or strip
grazing, and restricted use during dry periods help keep
the pasture and soil in good condition.

This soil is well suited to use as woodland. Seedling
mortality is the main concern in management. Good site
preparation, the use of containerized seedlings, and the
replanting of seedlings can reduce seedling mortality in
new plantations.

This soil is fairly well suited to recreation uses. Slope
is the major limitation. Some shaping and leveling may
be needed for camp and picnic areas and for play-
grounds.

This soil is fairly well suited to building site develop-
ment. Slope is the main limitation. Buildings constructed
on this soil should be designed to conform to the natural
slope of the land. Land shaping may be necessary in
some areas.

This soil is poorly suited to use as septic tank absorp-
tion fields, mainly because of the slope and the slow
permeability in the lower part of the soil. If septic tank
absorption systems are to function properly on this soil,
distribution lines should be installed across the slope.
Constructing larger absorption fields or alternating the
drainage fields help offset the slow permeability. The
included areas of Montcalm soils are the best sites for
septic tank absorption fields.

The land capability classification of the Manistee soil is
llle. The Michigan soil management group is 4/2a.

11B—Montcalm-Graycalm complex, 0 to 6 percent
slopes. This complex consists of nearly level to undulat-
ing soils on upland plains. The Montcalm soil is well
drained, and the Graycalm soil is somewhat excessively
drained. The areas are irregular in shape and range from
about 10 to 800 acres or more in size.

The Montcalm soil makes up about 45 to 70 percent
of the complex, and the Graycalm soil makes up about
25 to 40 percent. These soils are in areas that are so
intricately mixed or so small that it was not practical to
map them separately at the scale used in mapping.

Typically, the Montcalm soil has a surface layer of very
dark gray and pinkish gray loamy sand about 7 inches
thick. The subsoil is dark brown and yellowish brown,
very friable loamy sand about 14 inches thick. The next
layer is yellowish brown, very friable loamy sand about 9
inches thick. Between depths of 30 and 60 inches,
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bands of yellowish brown sand alternate with bands of
dark brown sandy loam. In some places, there are a few
mottles in the lower part of the subsoil.

Typically, the Graycalm soil has a surface layer of very
dark gray sand about 2 inches thick. The subsoil is
strong brown and yellowish brown, loose sand about 22
inches thick. The next layer is light yellowish brown,
loose sand about 20 inches thick. Below that, alternate
bands of light yellowish brown sand and dark brown
loamy sand and sandy loam extend to a depth of 60
inches. ‘

Included with these soils in mapping are small areas of
Nester, Dighton, Manistee, and Rubicon soils. Nester,
Dighton, and Manistee soils are well drained. They are
less droughty than the Montcalm and Graycalm soils.
Rubicon soils are somewhat excessively drained. They
are more droughty. The included soils and the Montcalm
and Graycalm soils are in similar positions on the land-
scape. The included soils make up 5 to 20 percent of
the map unit.

Permeability is moderately rapid in the Montcalm soil
and rapid in the Graycalm soil. The available water ca-
pacity is low. Runoff is slow.

In most areas, the soils are used as cropland, pasture,
or woodland (fig. 7).

These soils are fairly well suited to corn and oats and
to grasses and legumes for hay. The major management
concerns are droughtiness and soil blowing. Early-matur-
ing crops are best suited to these soils. These soils are
easily worked, but excessive tillage increases the haz-
ards of soil blowing and erosion. The use of cover crops,
green manure crops, crop residue, and manure helps
conserve the soil moisture. Cover crops, wind stripcrop-
ping, conservation tillage that does not invert the soil
and that leaves all or part of the crop residue on the
surface, vegetative barriers, and field windbreaks effec-
tively control soil blowing and erosion.

These soils are fairly well suited to use as pasture.
Droughtiness is the major concern. Proper stocking, rota-
tion grazing or strip grazing, and restricted use during dry
periods help keep the pasture and soil in good condition.

These soils are well suited to use as woodland. Seed-
ling mortality is the main management concern. Good
site preparation, the use of containerized seedlings, and
the replanting of seedlings can reduce seedling mortality
in new plantations. The sandy surface layer affects traffi-
cability during dry periods.

The soils are fairly well suited to recreation uses. The
major limitation is the sandy surface layer. Adding a layer
of medium textured topsoil can help make a site suitable
for playgrounds or camp areas; paths and trails can be
covered with wood chips or bark to improve footing.

These soils are well suited to building site develop-
ment. The limitations are few. The caving of cutbanks is
a concern, but trench walls can be reinforced to help
prevent cave-ins.
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Figure 7.—Stand of oak and aspen on Montcalm-Graycalm
complex, 0 to 6 percent slopes.

The soils are well suited to use as septic tank absorp-
tion fields. The poor filtering capacity, however, is a
limitation in some areas of the Graycalm soil. This soil
can readily absorb the effluent in a septic tank absorp-
tion field but cannot adequately filter it. The poor filtering
capacity can result in the pollution of ground water.

The land capability classification of these soils is llIs.
The Michigan soil management groups are 4a and 5a.

11C—Montcalm-Graycalm complex, 6 to 12 percent
slopes. This complex consists of gently rolling soils on
ridges, knolls, and side slopes. The Montcalm soil is well
drained, and the Graycalm soil is somewhat excessively

Soil Survey

drained. The areas are irregular in shape and range from
about 5 to 500 acres in size.

The Montcalm soil makes up about 45 to 70 percent
of the complex, and the Graycalm soil makes up about
25 to 40 percent. These soils are in areas that are so
intricately mixed or so small that it was not practical to
map them separately at the scale used in mapping.

Typically, the Montcalm soil has a surface layer of very
dark gray and pinkish gray loamy sand about 7 inches
thick. The subsoil is dark brown and light yellowish
brown, very friable loamy sand about 14 inches thick.
The next layer is yellowish brown, very friable loamy
sand about 9 inches thick. Between depths of 20 and 60
inches, bands of yellowish brown sand alternate with
bands of dark brown sandy loam.

Typically, the Graycalm soil has a surface layer of very
dark gray sand about 2 inches thick. The subsoil is
strong brown and yellowish brown, loose sand about 22
inches thick. The next layer is light yellowish brown,
loose sand about 18 inches thick. Between depths of 42
and 60 inches, bands of light yellowish brown, loose
sand alternate with thin bands of dark brown loamy sand
and sandy loam.

Included with these soils in mapping are small areas of
Nester, Manistee, and Rubicon soils. Nester and Manis-
tee soils are well drained. They are less droughty than
Montcalm and Graycalm soils. Rubicon soils are some-
what excessively drained. They are more droughty. The
included soils and the Montcalm and Graycalm soils are
in similar positions on the landscape. The included soils
make up 10 to 20 percent of the map unit.

Permeability is moderately rapid in the Montcalm soil
and rapid in the Graycalm soil. The available water ca-
pacity is low. Runoff is slow.

In most areas, these soils are used as woodland or
pasture. In a few areas, they are used as cropland or are
idle.

These soils are poorly suited to use as cropland, but
some crops, such as corn and oats and grasses and
legumes for hay, can be grown. Droughtiness, soil blow-
ing, and slope are the major concerns in crop manage-
ment. Deep-rooted crops, such as alfalfa, are more suita-
ble than shallow-rooted crops, which cannot attain opti-
mum growth in dry years. The use of cover crops, green
manure crops, crop residue, and manure helps conserve
the available water. Cover crops, wind stripcropping, veg-
etative barriers, field windbreaks, and conservation tillage
that does not invert the soil and that leaves all or part of
the crop residue on the surface effectively control soil
blowing and erosion.

These soils are poorly suited to pasture, mainly be-
cause of droughtiness. Permanent vegetation adds or-
ganic matter to the soils, and the organic matter, in turn,
helps maintain or increase the available water capacity.
Proper stocking, rotation grazing or strip grazing, and
restricted use during dry periods help keep the pasture
and soil in good condition.
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The soils are well suited to use as woodland. Seedling
mortality is the main management concern. Good site
preparation, the use of containerized seedlings, and the
replanting of seedlings can reduce seedling mortality in
new plantations. The sandy surface layer affects traffica-
bility during dry periods.

The soils are fairly well suited to recreation uses. The
major management concern is slope. The sandy surface
layer of these soils also is a concern. Paths and trails
should be placed on the contour to help overcome the
slope limitation. Some shaping and leveling may be
needed on sites for camp and picnic areas. Adding a
layer of medium textured topsoil can help make a site
suitable for playgrounds or camp areas; paths and trails
can be covered with wood chips or bark to improve
footing.

These soils are fairly well suited to use as sites for
buildings. Slope is the main limitation. Buildings should
be designed to conform to the natural slope of the land.
Land shaping may be necessary in some areas.

The soils are fairly well suited to use as septic tank
absorption fields. Slope and the poor filtering capacity of
the soils are the main limitations. If septic tank absorp-
tion systems are to function properly on these soils, land
shaping is necessary in most places and the distribution
lines should be installed across the slope. The Graycalm
soil can readily absorb the effluent in a septic tank ab-
sorption field but cannot adequately filter it. The poor
filtering capacity can result in the pollution of ground
water.

The land capability classification of these soils is |Vs.
The Michigan soil management groups are 4a and 5a.

11E—Montcalm-Graycalm complex, 12 to 30 per-
cent slopes. This complex consists of rolling to steep
soils on hills and ridges. The Montcalm soil is well
drained, and the Graycalm soil is somewhat excessively
drained. The areas are irregular in shape and range from
about 10 to 500 acres or more in size.

The Montcalm soil makes up about 45 to 70 percent
of the complex, and the Graycalm soil makes up about
25 to 40 percent. These soils are in areas that are so
intricately mixed or so small that it was not practical to
map them separately at the scale used in mapping.

Typically, the Montcalm soil has a surface layer of very
dark gray and pinkish gray loamy sand about 4 inches
thick. The subsoil is dark brown and light yellowish
brown, very friable loamy sand about 12 inches thick.
Below that, alternate bands of light yellowish brown sand
and dark brown sandy loam extend to a depth of 60
inches.

Typically, the Graycalm soil has a very dark gray sand
surface layer about 2 inches thick. The subsoil is 20
inches thick. The upper part of the subsoil is strong
brown and yellowish brown, loose sand; the next part is
light yellowish brown, loose sand; the lower part is light
yellowish brown, loose sand. Below that, alternate bands
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of light yellowish brown sand and dark brown loamy
sand and sandy loam extend to a depth of 60 inches.

Included with these soils in mapping are small areas of
somewhat excessively drained Rubicon soils. Rubicon
soils are more droughty than Montcalm and Graycalm
soils. The included soils make up 10 to 20 percent of the
map unit.

Permeability is moderately rapid in the Montcalm soil
and rapid in the Graycalm soil. The available water ca-
pacity is low. Runoff is medium.

In most areas, the soils are used as woodland. The
trees are mainly red maple, northern red oak, and red
pine. In a few areas, the soils are used as pasture or are
idle.

These soils are not suited to use as cropland because
of the steep slope, soil blowing, and the low available
water capacity.

These soils are poorly suited to pasture, mainly be-
cause of soil blowing and droughtiness. Permanent vege-
tation adds organic matter to the soil, and the organic
matter, in turn, helps maintain or increase the available
water capacity. Proper stocking, rotation grazing or strip
grazing, and restricted use during dry periods help keep
the pasture and soil in good condition.

The soils are well suited to use as woodland. The
main concerns in management are the erosion hazard,
equipment limitations, and seedling mortality. Logging
roads should be constructed on gentle grades to help
control erosion and overcome the equipment limitations.
Good site preparation methods, the use of containerized
seedlings, and the replanting of seedlings can reduce
seediing mortality in new plantations.

These soils are poorly suited to recreation uses. Slope
is a major management concern. The steep slopes can
limit the construction of camp sites and playgrounds or
significantly increase their cost if constructed. The sandy
surface layer of the Graycalm soil is an additional con-
cern. Adding a layer of medium textured topsoil can help
make a site suitable for playgrounds or camp areas;
paths and trails can be covered with wood chips or bark
to improve footing.

These soils generally are not suited to building site
development because of the steep slopes. They are not
suited to use as septic tank absorption fields because of
the steep slopes and the poor filtering capacity of the
soils. These limitations are extremely difficult to over-
come.

The land capability classification of these soils is VIs.
The Michigan soil management groups are 4a and 5a.

12B—Nester sandy loam, 1 to 6 percent slopes.
This is a nearly level to undulating, well drained soil on
broad plains and low knolls. The areas are irregular in
shape and range from about 5 to 100 acres in size.

Typically, the surface layer is very dark grayish brown
sandy loam about 9 inches thick. The next layer, about 8
inches thick, is a mixture of grayish brown sandy loam
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and dark brown clay loam. The subsoil is dark brown,
firm clay about 21 inches thick. The substratum to a
depth of 60 inches is brown, firm clay loam. In a few
places, there is sandy material in the substratum at a
depth of more than 40 inches. In some places, the
Nester soils are moderately well drained. In some places
the subsaoil is slightly more than 45 percent clay.

included with this soil in mapping are small areas of
Montcalm, Manistee, and Kawkawlin soils. Montcalm and
Manistee soils are well drained. They and the Nester soil
are in similar positions on the landscape. The Nester soil
is less droughty. Kawkawlin soils are somewhat poorly
drained and are in lower positions. The included soils
make up 5 to 15 percent of the map unit.

Permeability of the Nester soil is moderately slow. The
available water capacity is high. Runoff is slow. The
surface layer is friable and is easily tilled within a fairly
wide range of moisture content. However, it tends to
crust or puddle after hard rains, especially in areas
where the plow layer and the subsoil have been mixed.

In most areas, this soil is used as cropland or pasture.
In a few areas, it is used as woodland or is idle.

This soil is well suited to corn, winter wheat, and oats
and to grasses and legumes for hay. Erosion control and
maintaining the content of organic matter and good soil
tilth are the major management concerns. Cover crops,
crop residue, grassed waterways, and conservation till-
age that does not invert the soil and that leaves all or
part of the crop residue on the surface help control
erosion. The use of green manure crops, crop residue,
and manure helps maintain soil tilth. This soil warms up
slowly in the spring. Working the soil when it is too wet
causes machinery to bog down and also causes pud-
dling and crusting of the surface layer. Plowing the soil
at the right content of moisture keeps puddling and
crusting to a minimum and helps maintain good tilth.

This soil is well suited to pasture. Overgrazing causes
surface compaction, excessive runoff, and erosion.
Proper stocking, rotation grazing or strip grazing, and
restricted use during wet periods help keep the pasture
and soil in good condition.

This soil is well suited to use as woodland. There are
no major management concerns for this use.

This soil is fairly well suited to building site develop-
ment. The shrink-swell potential is the major limitation.
The shrinking and swelling of the soil can be controlled
by widening and backfilling the foundation trench with
suitable coarse material and by providing drainage
around the buildings.

This soil is poorly suited to use as septic tank absorp-
tion fields because of the moderately slow permeability.
Enlarging the absorption fields or alternating the drain-
age fields helps offset the permeability limitation. The
included areas of Montcalm soils are the best sites for
septic tank absorption fields.

The land capability classification of the Nester soil is
lle. The Michigan soil management group is 1.5a.

Soil Survey

12C—Nester sandy loam, 6 to 12 percent slopes.
This is a gently rolling, well drained soil on ridges, knolls,
and side slopes. The areas are irregular in shape and
range from about 5 to 80 acres in size.

Typically, the surface layer is very dark grayish brown
sandy loam about 6 inches thick. The next layer is a
mixture of grayish brown sandy loam and dark brown
clay loam about 8 inches thick. The subsoil is dark
brown, firm clay about 21 inches thick. The substratum
to a depth of 60 inches is brown, firm clay loam. In some
places this soil is eroded, and the upper part of the
subsoil has been mixed into the surface layer in plowing.
In these areas, the surface layer is dark yellowish brown
or brown clay loam. In some places, the subsoil is slight-
ly more than 45 percent clay.

Included with this soil in mapping are small areas of
Montcalm and Manistee soils. They and the Nester soil
are well drained and are in similar positions on the land-
scape. Montcalm and Manistee soils, however, are more
droughty than the Nester soil. Also included are Kaw-
kawlin soils in lower areas and in drainageways; these
soils are somewhat poorly drained. The included soils
make up 5 to 10 percent of the map unit.

Permeability of the Nester soil is moderately slow. The
available water capacity is high. Runoff is medium. The
surface layer is friable and is easily tilled within a fairly
wide range of moisture content. However, it tends to
crust or puddle after hard rains, especially in areas
where the plow layer and the subsoil have been mixed.

In most areas, this soil is used as cropland or pasture.
In a few areas, it is used as woodland or is idle.

This soil is fairly well suited to corn, winter wheat, and
oats and to grasses and legumes for hay. Erosion con-
trol and maintaining the content of organic matter and
good soil tilth are the major management concerns. A
crop rotation that includes grasses and legumes helps
control erosion. Cover crops, crop residue, grassed wa-
terways, and conservation tillage that does not invert the
soil and that leaves all or part of the crop residue on the
surface also help control erosion. Runoff is less and
erosion is not so great a hazard in areas of close-
growing crops. This soil tends to warm up slowly in the
spring. Working the soil when it is too wet causes ma-
chinery to bog down and also causes puddling and crust-
ing of the surface layer. Plowing the soil at the right
content of moisture keeps puddling and crusting to a
minimum and helps maintain good tilth.

This soil is well suited to pasture. Overgrazing causes
surface compaction, excessive runoff, and erosion.
Proper stocking, rotation grazing or strip grazing, and
restricted use during wet periods help keep the pasture
and soil in good condition.

This soil is well suited to use as woodland. There are
no major management concerns for this use.

This soil is fairly well suited to most recreation uses. It
generally is not suited to playgrounds. The slope is a
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major limitation. Some shaping and leveling may be
needed for camp and picnic areas.

This soil is fairly well suited to building site develop-
ment. Stope and the shrink-swell potential are the major
limitations. Buildings should be designed to conform to
the natural slope of the fand. Land shaping may be
necessary in some areas. The shrinking and swelling of
the soil can be controlied by widening and backfilling the
foundation trench with suitable coarse material and by
providing drainage around the buildings.

This soil is poorly suited to use as septic tank absorp-
tion fields because of the moderately slow permeability.
Enlarging the absorption fields or alternating the drain-
age fields helps offset the permeability limitation. The
included areas of Montcalm soils are the best sites for
septic tank absorption fields.

The land capability classification of the Nester soil is
llle. The Michigan soil management group is 1.5a.
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13B—Rubicon sand, 0 to 6 percent slopes. This is a
nearly level to undulating, somewhat excessively drained
soil on uplands. The areas of this soil are irregular in
shape and range from about 5 to 1,000 acres or more in
size.

Typically, the surface layer is very dark gray sand
about 2 inches thick. The next layer is grayish brown
sand about 3 inches thick. The subsoil is reddish brown
and yellowish brown, loose sand about 19 inches thick.
The substratum to a depth of 60 inches is light yeliowish
brown, loose sand. In some places, there are a few
mottles in the lower part of the subsoil and in the sub-
stratum. In a few places, strata of gravelly sand are
below a depth of 40 inches.

Included with this soil in mapping are small areas of
Croswell and AuGres soils. Croswell soils are moderately
well drained. They are in low depressions. AuGres soils
are somewhat poorly drained. They also are in low de-

Figure 8.—This area of Rubicon sand, 0 to 6 percent slopes, is being converted from cropland to woodland.
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pressions. These soils make up 5 to 10 percent of the
map unit.

Permeability of the Rubicon soil is rapid. The available
water capacity is low. Runoff is slow.

Most areas of this soil are wooded. The trees are
mainly red pine, white pine, bigtooth aspen, red maple,
and northern red oak. In a few areas, the soil is used as
pasture or cropland.

This soil generally is not suited to use as cropland
because of droughtiness and soil blowing. In many
areas, the soil was once cultivated but is now used for
Christmas tree plantations (fig. 8).

This soil is poorly suited to pasture mainly because of
droughtiness. Proper stocking, rotation grazing or strip
grazing, and restricted use during dry periods help keep
the pasture and soil in good condition.

This soil is fairly well suited to use as woodland. The
main management concerns are the high seedling mor-
tality and the limitations on the use of equipment on the
soil. Good site preparation, the use of containerized
seedlings, and the replanting of seedlings can reduce
seedling mortality in new plantations (fig. 9). The sandy
surface layer can affect the use of equipment during dry
periods.

Soil Survey

This soil is poorly suited to recreational uses. The
sandy surface layer is a limitation. However, a layer of
medium textured topsoil can make a site suitable for
playgrounds or camping, and paths and trails can be
covered with wood chips to improve footing.

This soil is well suited to building site development.
The limitations are few. Caving of cutbanks is a problem,
but trench walls can be reinforced to help prevent cave-
in. This soil is well suited to use as septic tank absorp-
tion fields. The poor filtering capacity, however, is a
limitation. This soil can readily absorb the effluent in a
septic tank absorption field but cannot adequately filter
it. The poor filtering capacity can result in the pollution of
ground water.

The land capability classification of the Rubicon soil is
Vis. The Michigan soil management group is 5.3a.

13C—Rubicon sand, 6 to 12 percent slopes. This is
a gently rolling, somewhat excessively drained soil on
ridges, knolls, and side slopes. The areas are irregular in
shape and range from about 5 to 1,000 acres or more in
size.

Typically, the surface layer is very dark gray and gray-
ish brown sand about 5 inches thick. The subsoil is

Figure 9.—~Young red pine plantation on Rubicon sand, 0 to 6 percent slopes.
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reddish brown and yellowish brown ioose sand about 19
inches thick. The substratum to a depth of 60 inches is
light yellowish brown, loose sand. In a few places, strata
of gravelly sand are below a depth of 40 inches.

Permeability of the Rubicon soil is rapid. The available
water capacity is low. Runoff is slow.

Most areas of this soil are wooded. The trees are
mainly red pine, white pine, bigtooth aspen, red maple,
and northern red oak.

This soil generally is not suited to use as cropland or
pasture because of droughtiness, slope, and soil blow-
ing. Pasture yields very little forage for livestock.

This soil is fairly well suited to use as woodland. Seed-
ling mortality and equipment limitations are the main
management concerns. Good site preparation, the use
of containerized seedlings, and replanting of seedlings
can reduce seedling mortality in new plantations. The
sandy surface layer affects trafficability during dry peri-
ods.

This soil is poorly suited to most recreation uses, es-
pecially for playgrounds. The major management con-
cerns are the sandy surface layer and the slope. Adding
a layer of medium textured topsoil can help make a site
suitable for playgrounds or camp areas; paths and trails
can be covered with wood chips or bark to improve
footing. The slope limitation for use of the soil for play-
grounds can be overcome by some shaping and leveling.

This soil is fairly well suited to building site develop-
ment. The slope is a limitation. Buildings constructed on
this soil should be designed to conform to the natural
slope of the land. Land shaping may be necessary in
some areas.

The soil is fairly well suited to use as septic tank
absorption fields. Slope and the poor filtering capacity of
the soil are concerns in management. If septic tank ab-
sorption systems are to function properly on this soil,
land shaping generally is necessary and distribution lines
should be installed across the slope. This soil can readily
absorb the effluent from septic tanks but cannot ade-
quately filter it. The poor filtering capacity can result in
the pollution of ground water.

The land capability classification of the Rubicon soil is
Vis. The Michigan soil management group is 5.3a.

13E—Rubicon sand, 12 to 30 percent slopes. This
is a rolling to steep, somewhat excessively drained soil
on hills and ridges. The areas are irregular in shape and
range from about 10 to 500 acres in size.

Typically, the surface layer is very dark gray and gray-
ish brown sand about 21 inches thick. The subsoil is
reddish brown and yellowish brown, loose sand about 17
inches thick. The substratum to a depth of 60 inches is
light yellowish brown, loose sand. In a few places, strata
of gravelly sand are below a depth of 40 inches.

Permeability of the Rubicon soil is rapid. The available
water capacity is low. Runoff is slow.
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Most areas of this soil are wooded. The trees are
mainly red pine, white pine, bigtooth aspen, red maple,
and northern red oak.

This soil is not suited to use as cropland or pasture
because of the steepness of slope, droughtiness, and
soil blowing. Pasture yields very little forage for livestock.

This soil is fairly well suited to use as woodland. The
erosion hazard, equipment limitations, and seedling mor-
tality are concerns in management. Logging trails should
be constructed on gentle grades to control erosion and
to overcome the equipment limitations. Good site prepa-
ration, the use of containerized seedlings, and the re-
planting of seedlings can reduce seedling mortality in
new plantations.

This soil is poorly suited to recreation uses because of
the slope and the sandy surface layer. The steep slopes
can prohibit the construction of camp sites and play-
grounds or significantly increase construction costs.
Adding a layer of medium textured topsoil can help make
a site suitable for playgrounds or camp areas; trails can
be covered with wood chips or bark to improve footing.

This soil generally is not suited to building site devel-
opment or to use as septic tank absorption fields. The
slope is a severe limitation that is extremely difficult to
overcome.

The land capability classification of the Rubicon soil is
Vlls. The Michigan soil management group is 5.3a.

14A—Otisco loamy sand, 0 to 3 percent slopes.
This is a nearly level, somewhat poorly drained soil on
low broad plains, in depressions, and adjacent to
streams and drainageways. The areas are irregular in
shape and range from 5 to 300 acres in size.

Typically, the surface layer is black loamy sand about
3 inches thick. The subsurface layer is grayish brown
loamy sand about 5 inches thick. The mottied subsoil is
about 47 inches thick. The upper part of the subsoil is
dark brown, very friable loamy sand. The lower part of
the subsoil is light yellowish brown, loose sand and has
bands of yellowish brown, friable sandy loam. The sub-
stratum to a depth of 60 inches is mottled, yellowish
brown, loose sand.

Included with this soil in mapping are small areas of
losco and Roscommon soils. losco soils and the Otisco
soil are somewhat poorly drained and are in similar posi-
tions on the landscape. losco soils, however, have a less
permeable substratum. Roscommon soils are poorly
drained and very poorly drained. They are in wet depres-
sions. The included soils make up 10 to 15 percent of
the map unit.

Permeability is moderately rapid or rapid. The available
water capacity is low. Runoff is slow. The seasonal high
water table is at a depth of 6 to 18 inches from late in
fall through early spring.

In most areas, this soil is used as woodland or is idle.
In a few areas, it is used as cropland or pasture.
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This soil is fairly well suited to crops such as corn,
oats, and alfalfa and to legumes and grasses for hay.
The main management concern is wetness during part of
the growing season. Artificial drainage, by using tile and
open ditches, can lower the seasonal high water table.
However, locating drainage outlets is difficult in most
areas. This soil is often droughty and is subject to soil
blowing during the summer. Conservation tillage that
does not invert the soil and that leaves all or part of the
crop residue on the surface helps to conserve the avail-
able water and reduces erosion. Green manure crops,
crop rotation that includes grasses and legumes, and
regularly adding other organic matter help maintain or
increase the content of organic matter'in the soil.

This soil is well suited to use as pasture, but it may
lack sufficient moisture during the summer. Proper stock-
ing, rotation grazing, and restricted use during dry peri-
ods help keep the pasture and soail in good condition.

This soil is fairly well suited to use as woodland. The
main management concerns are seedling mortality and
the limitations on the use of equipment. Replanting with
seedlings that are suited to the soil reduces seedling
mortality. Special site preparation, such as plowing fur-
rows in the fall and planting on the furrow ridges in the
spring, can also reduce seedling mortality. The seasonal
high water table affects trafficability during wet periods.
Limitations on the use of equipment can be overcome by
harvesting during dry periods or when the soil is frozen.

This soil is poorly suited to most recreation uses. The
seasonal high water table is a limitation. Subsurface
drains and shallow open ditches can help lower the
water table; however, drainage outlets can be difficult to
locate.

This soil is poorly suited to building site development
because of wetness. Artificial drainage, by using surface
or subsurface methods, helps to lower the water table.
Buildings can be placed on well-compacted fill material
to raise the level of the site.

The soil also is poorly suited to use as septic tank
absorption fields because of wetness. Special construc-
tion, such as filling or mounding absorption field sites
with suitable material, may be needed to raise the site
above the water table for sewage disposal.

The land capability classification of the Otisco soil is
lllw. The Michigan soil management group is 4b.

15B—East Lake-Rubicon sands, 0 to 6 percent
slopes. This complex consists of nearly level to undulat-
ing, somewhat excessively drained soils on upland
plains. The areas are irregular in shape and range from
about 5 to 100 acres in size.

The East Lake soil makes up about 50 to 60 percent
of the complex, and the Rubicon soil makes up 30 to 40
percent. These soils are in areas that are so intricately
mixed or so small that it was not practical to map them
separately at the scale used in mapping.
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Typically, the East Lake soil has a surface layer of
very dark gray and grayish brown sand about 4 inches
thick. The subsoil is multicolored, loose sand about 24
inches thick. The substratum to a depth of 60 inches is
yellowish brown gravelly sand. In some places, a thin
layer of gravelly sandy loam is above the gravelly sand
substratum.

Typically, the Rubicon soil has a surface layer of very
dark gray and grayish brown sand about 5 inches thick.
The subsoil is reddish brown and yellowish brown, loose
sand about 19 inches thick. The substratum to a depth
of 80 inches is light yellowish brown, loose sand.

Included with these soils in mapping are small areas of
Gladwin soils. These soils are somewhat poorly drained.
They are in shallow depressions and drainageways. The
included soils make up less than 5 percent of the map
unit.

Permeability of East Lake and Rubicon soils is rapid.
The available water capacity is very low for the East
Lake soil and low for the Rubicon soil. Runoff is slow.

In most areas, these soils are used as woodland or
are idle. In a few areas, they are used as pasture or
cropland.

These soils are poorly suited to use as cropland be-
cause of droughtiness. Crops such as corn, oats, and
alfalfa can be grown. The use of cover crops, green
manure crops, crop residue, and manure conserves soil
moisture. Cover crops, wind stripcropping, vegetative
barriers, and field windbreaks effectively control soil
blowing.

The soils are poorly suited to pasture. The major man-
agement concern is droughtiness. Proper stocking, rota-
tion grazing or strip grazing, and restricted use during dry
periods help keep the pasture and soil in good condition.

These soils are fairly well suited to use as woodland.
Seedling mortality and equipment limitations are the
major management concerns. Good site preparation, the
use of containerized seedlings, and the replanting of
seedlings can reduce seedling mortality in new planta-
tions. The sandy surface layer affects trafficability during
dry periods.

These soils are poorly suited to recreation uses. The
sandy surface layer is a limitation. Adding a layer of
medium textured topsoil can help make a site suitable
for playgrounds and for picnic and camp areas; paths
and trails can be covered with wood chips or bark to
improve footing.

These soils are well suited to building site develop-
ment. The limitations are few. The caving of cutbanks is
a concern, but trench walls can be reinforced to help
prevent cave-ins.

The soils are well suited to septic tank absorption
fields. The poor filtering capacity, however, is a limitation.
These soils can readily absorb the effluent from septic
tanks but cannot adequately filter it. The poor filtering
capacity can result in the pollution of ground water.
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The land capability classification of these soils is 1Vs.
The Michigan soil management groups are 5a and 5.3a.

15C—East Lake-Rubicon sands, 6 to 12 percent
slopes. This complex consists of gently rolling, some-
what excessively drained soils on ridges, knolls, and side
slopes. The areas are irregular in shape and range from
about 5 to 60 acres in size.

The East Lake soil makes up about 50 to 60 percent
of the complex, and the Rubicon soil makes up 30 to 40
percent. These soils are in areas that are so intricately
mixed or so small that it was not practical to map them
separately at the scale used in mapping.

Typically, the East Lake soil has a surface layer of
very dark gray and grayish brown sand about 4 inches
thick. The subsoil is multicolored, loose sand about 24
inches thick. The substratum to a depth of 60 inches is
yellowish brown gravelly sand. In some places, a thin
layer of gravelly sandy loam is above the gravelly sand
substratum.

Typically, the Rubicon soil has a surface layer of very
dark gray and grayish brown sand about 5 inches thick.
The subsoil is reddish brown and yellowish brown, loose
sand about 19 inches thick. The substratum to a depth
of 60 inches is light yellowish brown, loose sand.

Permeability of the East Lake and Rubicon soils is
rapid. The available water capacity is very low for the
East Lake soil and low for the Rubicon soil. Runoff is

' slow.

In most areas, these soils are used as woodland. The
trees are mainly oaks, aspen, and pine.

These soils generally are not suited to use as crop-
land, and they are poorly suited to pasture because of
droughtiness and slope. Pasture yields very little forage
for livestock.

The soils are fairly well suited to use as woodland.
Seedling mortality and equipment limitations are the
main management concerns. Good site preparation, the
use of containerized seedlings, and the replanting of
seedlings reduce seedling mortality in new plantations.
The sandy surface layer of the soils affects trafficability
during dry periods.

These soils are poorly suited to most recreation uses,
especially for playgrounds. The major management con-
cerns are the sandy surface layer and the slope. Adding
a layer of medium textured topsoil can help make a site
suitable for playgrounds and camp areas; paths and
trails can be covered with wood chips or bark to improve
footing. Some shaping or leveling will be needed for
playgrounds.

These soils are fairly well suited to building site devel-
opment. The slope and caving of cutbanks are limita-
tions, but trench walls can be reinforced to help prevent
cave-ins. Buildings constructed on these soils should be
designed to conform to the natural slope of the land.
Land shaping may be necessary in some areas.
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These soils are fairly well suited to septic tank absorp-
tion fields. If septic tank absorption systems are to func-
tion properly on these soils, land shaping generally is
necessary and the distribution lines should be installed
across the slope. The soils cannot adequately filter the
effluent from septic tanks. The poor filtering capacity can
result in the pollution of ground water.

The land capability classification of these soils is Vis.
The Michigan soil management groups are 5a and 5.3a.

15E—East Lake-Rubicon sands, 12 to 30 percent
slopes. This complex consists of rolling to steep, some-
what excessively drained soils on hills and ridgetops.
The areas are irregular in shape and range from about 5
to 40 acres in size.

The East Lake soil makes up about 50 to 60 percent
of the complex, and the Rubicon soil makes up 30 to 40
percent. These soils are in areas that are so intricately
mixed or so small that it was not practical to map them
separately at the scale used in mapping.

Typically, the East Lake soil has a surface layer of
very dark gray and grayish brown sand about 4 inches
thick. The subsoil is multicolored, loose sand about 24
inches thick. The substratum to a depth of 60 inches is
yellowish brown gravelly sand. In some places, there is a
thin layer of gravelly sandy loam above the substratum.

Typically, the Rubicon soil has a surface layer of very
dark gray sand about 5 inches thick. The subsoil is
reddish brown and yellowish brown, loose sand about 19
inches thick. The substratum to a depth of 60 inches is
light yellowish brown, loose sand.

Permeability is rapid. The available water capacity of
the East Lake soil is very low, and that of the Rubicon
soil is low. Runoff is siow.

In most areas, these soils are used as woodland. The
trees are mainly maple, oak, aspen, and pine.

The soils generally are not suited to use as cropland
or pasture because of droughtiness and slope. Pastures
yield very little forage for livestock.

The soils are fairly well suited to use as woodland.
Management concerns include the hazard of erosion,
equipment limitations, and seedling mortality. Logging
roads should be constructed on gentle grades to control
erosion and overcome the equipment limitations. Good
site preparation, the use of containerized seedlings, and
the replanting of seedlings help reduce seedling mortality
in new plantations.

These soils are poorly suited to most recreation uses
because of the steep slopes and the sandy surface
layer. The steep slopes can prohibit the construction of
camp sites and playgrounds or significantly increase con-
struction costs. Adding a layer of medium textured top-
soil can help make a site suitable for playgrounds or
camp areas; paths and trails can be covered with wood
chips or bark to improve footing.

These soils generally are not suited to building site
development or to use as septic tank absorption fields.
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The steep slopes are a severe limitation that is extreme-
ly difficult to overcome.

The land capability classification of these soils is Vlls.
The Michigan soil management groups are 5a and 5.3a.

16A—AuGres loamy sand, 0 to 3 percent slopes.
This is a nearly level, somewhat poorly drained soil in
depressions and in areas adjacent to streams and drain-
ageways. The areas of this soil are irregular in shape
and range from 5 to 80 acres or more in size.

Typically, the surface layer is very dark gray loamy
sand about 7 inches thick. The subsurface layer is pink-
ish gray loamy sand about 5 inches thick. The subsoil is
mottled and is about 31 inches thick. It is dark brown
loamy sand in the upper part and yellowish brown sand
in the lower part. The substratum to a depth of 60 inches
is yellowish brown, mottled, loose sand. In some places,
thin layers of sandy loam have accumulated in the sub-
soil. In other places, there is loamy material in the sub-
stratum at a depth of 40 to 60 inches.

Included with this soil in mapping are small areas of
Roscommon soils and some areas of Croswell soils.
Roscommon soils are poorly drained. They are in de-
pressions. Croswell soils are moderately well drained.
They are on low knolls. The included soils make up 5 to
10 percent of the map unit.

Permeability is rapid. The available water capacity is
low. Runoff is slow. The seasonal high water table is at a
depth of 6 to 18 inches from late in fall through spring.

In most areas, this soil is used as woodland or is idle.
In a few areas, it is used as cropland or pasture.

This soil is poorly suited to use as cropland, but some
crops such as corn and oats and legumes and grasses
for hay can be grown. The main management concern is
wetness during part of the growing season. A tile drain-
age system and open ditches can lower the seasonal
high water table; however, suitable drainage outlets may
be difficult to locate. This soil is often droughty and is
subject to soil blowing during the summer. Conservation
tillage that does not invert the soil and that leaves all or
part of the crop residue on the surface conserves the
available water and reduces erosion. Green manure
crops, a crop rotation that includes grasses and leg-
umes, and other organic matter regularly added to the
soil help maintain or increase the content of organic
matter.

This soil is well suited to use as pasture. The soil may
lack sufficient moisture during the summer, but proper
stocking, rotation grazing, and restricted use during dry
periods help keep the pasture and soil in good condition.

This soil is well suited to use as woodland. The main
management concerns are seedling mortality and the
limitations on the use of equipment. Good site prepara-
tion, the use of containerized seedlings, and replanting
using seedlings of suitable species can reduce seedling
mortality in new plantations. The seasonal high water
table affects trafficability during wet periods. Limitations
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on the use of equipment can be overcome by harvesting
during dry periods or when the soil is frozen.

This soil is poorly suited to most recreation uses. The
seasonal high water table and the sandy surface layer
are limitations. Subsurface drains and shallow open
ditches can lower the water table; however, drainage.
outlets can be difficult to locate. This soil is often
droughty and is subject to soil blowing during the
summer. Adding a layer of loamy material to the surface
and then, where needed, covering the area with wood
chips or bark will help to conserve moisture and to im-
prove footing.

This soil is poorly suited to building site development
because of wetness and the poor filtering capacity of the
soil. A surface or subsurface drainage system can lower
the water table. Also, buildings can be constructed on
raised, well-compacted fill material. Because they are
moderately well drained, Croswell soils, in the small in-
cluded areas, are the best sites for houses.

The soil is poorly suited to use as septic tank absorp-
tion fields because of wetness and the poor filtering
capacity of the soil. Special construction, for example,
filling or mounding the absorption field site with suitable
material, may be necessary to raise the site above the
water table.

The land capability classification is IVw. The Michigan
soil management group is 5b.

17—Carbondale muck. This is a nearly level, very
poorly drained soil in depressions, in areas surrounding
lakes, and in drainageways. It is subject to frequent
ponding. The areas are irregular in shape or linear and
range from about 5 to 100 acres in size.

Typically, the surface layer is black muck about 17
inches thick. The next part is black muck about 30
inches thick. The underlying material to a depth of 60
inches is dark brown mucky peat.

Included with this soil in mapping are small areas of
Tawas and Cathro soils. These soils are very poorly
drained. Tawas soils are underlain by sand, and Cathro
soils are underlain by loamy material. Tawas and Cathro
soils generally are near the boundary of the mapped
areas. They make up 5 to 10 percent of the map unit.

Permeability of the Carbondale soil is moderately slow
to moderately rapid. The available water capacity is high.
Runoff is very slow or ponded. This soil has a high water
table at or above the surface from late in fall through
spring.

Most areas of this soil are wooded or are covered by
shrubs. The trees are mainly northern white-cedar, black
spruce, tamarack, and balsam fir. In a few areas, the soil
is used as pasture.

This soil generally is not suited to use as cropland
because of wetness and soil instability. In most places, it
is not practical to overcome these problems.

This soil is poorly suited to pasture mainly because of
wetness and soil instability. Open drainage ditches help
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remove excess water. Many areas are difficult to drain
because suitable drainage outlets are not available.

This soil is poorly suited to use as woodland. The main
concerns in management are equipment limitations, the
windthrow hazard, and seedling mortality. Harvesting
only during dry periods or when the soil is frozen helps
to overcome the equipment limitations. Harvesting meth-
ods that do not leave trees widely spaced or standing
alone help prevent windthrow. Trees generally are not
planted on this soil because of the high seedling mortali-
ty.

This soil is not suitable for recreation uses because of
the seasonal high water table and the instability of the
soil.

The soil is not suited to building site development or to
use as septic tank absorption fields. Ponding, the high
water table, and the instability of the soil are limitations.

The land capability classification of this soil is Vw. The
Michigan soil management group is Mc.

19B—Grayling sand, 0 to 6 percent slopes. This is a
nearly level to undulating, excessively drained soil on
upland plains. The areas are irregular in shape and
range from about 20 to 1,000 acres or more in size.

Typically, the surface layer is black sand about 3
inches thick. The subsail is about 25 inches thick. The
upper part of the subsoil is dark yellowish brown, very
friable sand. The lower part is yellowish brown, loose
sand. The substratum to a depth of 60 inches is light
yellowish brown, loose sand. In some places, the subsoil
has a few thin bands of loamy sand.

Included with this soil in mapping are small areas of
soils that have slopes of more than 6 percent and small
areas of AuGres soils. The AuGres soils are somewhat
poorly drained. They are in depressions and drain-
ageways. The included soils make up 5 percent of the
map unit.

Permeability of the Grayling soil is rapid. The available
water capacity is very low. Runoff is very slow.

Most areas of this soil are wooded. The trees are
mainly jack pine and northern pin oak.

This soil generally is not suited to use as cropland or
pasture because of droughtiness and soil blowing. Pas-
tures yield very little forage for livestock.

This soil is poorly suited to use as woodland. The main
management concerns are the high seedling mortality
and the limitations on the use of equipment. Good site
preparation, the use of containerized seedlings, and the
replanting of seedlings can reduce seedling mortality on
new plantations. The sandy surface layer affects traffica-
bility during dry periods.

This soil is poorly suited to recreation uses. The sandy
surface layer is a limitation. Adding a layer of medium
textured topsoil can make a site suitable for playgrounds,
picnic areas, or camp areas; paths and trails can be
covered with wood chips or bark to improve footing.
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This soil is well suited to building site development.
The limitations are few. The caving of cutbanks is a
concern, but trench walls can be reinforced to help pre-
vent cave-in.

This soil is well suited to use as septic tank absorption
fields. The poor filtering capacity, however, is a limitation.
This soil can readily absorb the effluent from septic
tanks but cannot adequately filter it. The poor filtering
capacity can result in the poliution of ground water.

The land capability classification of the Grayling soil is
Vls. The Michigan soil management group is 5.7a.

20—Tawas mucky peat. This is a nearly level, very
poorly drained soil in depressions and drainageways. It is
subject to frequent ponding. The areas are irregular in
shape or linear and range from 5 to 300 acres in size.

Typically, the surface layer is very dark brown mucky
peat about 4 inches thick. Below this is about 18 inches
of black muck. The substratum extends to a depth of 60
inches. It is grayish brown, loose sand. In some places,
the organic material is made up of nonwoody material.

Included with this soil in mapping are small areas of
Roscommon soils and Lupton soils. Roscommon soils
are poorly drained. They do not have an organic horizon.
Lupton soils are very poorly drained, but they are not
underlain by sand. The included soils and the Tawas soil
are in similar positions on the landscape. The included
soils make up 5 to 10 percent of the map unit.

Permeability of the Tawas soil is moderately slow to
moderately rapid in the muck layer and rapid in the
underlying sand. The available water capacity is high.
Runoff is very slow or ponded. This soil has a high water
table at or above the surface from late in fall through
spring.

Most areas of this soil are wooded or are covered by
shrubs or marsh grasses. The trees are mainly northern
white-cedar, balsam fir, black ash, and quaking aspen. In
a few areas, the soil is used as pasture.

This soil generally is not suited to use as cropland
because of wetness and soil instability. Usually, it is not
practical to overcome these problems.

This soil is poorly suited to pasture mainly because of
wetness and ponding. Open-ditch drainage helps remove
excess water. Many areas are difficult to drain because
suitable drainage outlets are not available.

This soil is poorly suited to use as woodland. The
major concerns in management are the equipment limita-
tions, windthrow hazard, and seedling mortality. Harvest-
ing only during dry periods or when the soil is frozen
helps to overcome the equipment limitations. Harvesting
methods that do not leave trees widely spaced or stand-
ing alone help prevent windthrow. Trees generally are
not planted on this soil because of the high seedling
mortality.

This soil is not suited to recreation uses because of
the seasonal high water table and the instability of the
soil.
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The soil is not suited to building site development or to
use as septic tank absorption fields because of the high
water table and the instability of the soil.

The land capability classification of the Tawas soil is
Viw. The Michigan soil management group is M/4c.

22—Roscommon mucky sand. This is a nearly level,
poorly drained or very poorly drained soil in depressions
and drainageways. It is subject to frequent ponding. The
areas are elongated or irregular in shape and range from
5 to 500 acres or more in size.

Typically, the surface layer is black mucky sand about
4 inches thick. The underlying material is multicolored,
loose sand to a depth of 60 inches. In some places,
there are coarse sand and gravelly sand in the substra-
tum.

Included with this soil in mapping are small areas of
Tawas, AuGres, and Croswell soils. Tawas soils are very
poorly drained. They are in depressions. AuGres soils
are somewhat poorly drained. They are on low knolls.
Croswell soils are moderately well drained. They also are
on low knolls. The included soils make up 10 to 15
percent of the map unit.

Permeability is rapid. The available water capacity is
low. Runoff is very slow or ponded. A high water table is
at or above the surface from late in fall through spring.

Most areas of this soil are wooded or are covered with
shrubs and marsh grass. The trees are mainly white-
cedar, quaking aspen, and yellow birch. In a few areas,
the soil is used as pasture.

Because of the seasonal high water table and pond-
ing, crops generally are not grown on this soil. In most
areas, it is not practical to overcome these problems.

This soil is poorly suited to use as pasture, mainly
because of wetness. Open ditches remove excess water,
but in many places outlets are difficult to locate. During
the summer, this soil may lack sufficient moisture. Drain-
age could further increase the droughtiness.

This soil is poorly suited to use as woodland. The
major management concerns are the windthrow hazard,
seedling mortality, and the limitation on the use of equip-
ment. Harvesting methods that do not leave trees widely
spaced or standing alone help prevent windthrow. Be-
cause of the high seedling mortality, trees generally are
not planted. Harvesting only during dry periods or when
the soil is frozen helps to overcome the equipment limi-
tations.

This soil is not suited to recreation uses because of its
seasonal high water table and ponding.

Because of ponding and the seasonal high water
table, this soil is not suited to building site development
or to use as septic tank absorption fields.

The land capability classification of the Roscommon
soil is Viw. The Michigan soil management group is 5c.

23A-—-Kawkawlin Variant sandy loam, 0 to 3 per-
cent slopes. This is a nearly level, somewhat poorly
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drained soil on low plains, in depressions, and adjacent
to streams and drainageways. The areas are irregular in
shape and range from 5 to 100 acres in size.

Typically, the surface layer is dark grayish brown
sandy loam about 8 inches thick. The next layer is about
4 inches thick. It is yellowish brown, mottied, firm clay
loam and has tongues of light brownish gray sandy loam.
The subsoil is yellowish brown, mottled, firm clay loam
about 16 inches thick. The substratum is brown, mottled,
firm clay ioam underlain by brown, loose sand. The sub-
stratum extends to a depth of 60 inches or more.

Included with this soil in mapping are some areas of
Kawkawlin soils and small areas of Dighton soils. Kaw-
kawlin soils and the Kawkawlin Variant soil are in similar
positions on the landscape and are somewhat poorly
drained. Kawkawlin soils, however, do not have a sandy
substratum. Dighton soils are in higher positions on the
landscape. They are well drained. The included soils
make up 5 percent of the map unit.

Permeability of the Kawkawlin Variant soil is moderate-
ly slow in the upper part of the profile and rapid in the
lower pant. The available water capacity is moderate.
Runoff is slow. The seasonal high water table is at a
depth of 1 to 2 feet from late in fall through spring. The
surface layer is friable and is easily tilled. However, it
tends to crust or puddle after hard rains or when the soil
is wet.

In most areas, this soil is used as cropland or wood-
land or is idle. In a few areas, it is in pasture.

This soil is well suited to corn, oats, and winter wheat
and to grasses and legumes for hay. The main manage-
ment concerns are wetness during part of the growing
season and soil compaction. Also, this soil warms up
slowly in the spring. Surface and subsurface drains help
to lower the water table. Working this soil when it is too
wet causes soil compaction. Additional tillage to break
up the surface layer causes compaction in the lower part
of the surface layer and in the subsoil. Compacted soil
inhibits root development and reduces crop yields. Con-
servation tillage that does not invert the soil and that
leaves all or part of the crop residue on the surface
helps maintain soil tilth. Cover crops, crop residue, and
other organic matter regularly added to the soil also help
maintain tilth.

This soil is well suited to pasture. Overgrazing or graz-
ing when the soil is too wet causes surface compaction
and the destruction of forage plants. Proper stocking,
rotation grazing, and restricted use during wet periods
help keep the pasture and soil in good condition.

This soil is well suited to use as woodland. The wet,
sticky soil, however, limits the use of equipment during
wet periods. Harvesting only during dry periods or when
the soil is frozen helps to overcome this limitation (fig.
10).

This soil is well suited to recreation uses. It is poorly
suited to building site development because of wetness.
The soil generally is not suited to use as septic tank
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Figure 10.—Deeply rutted logging trail in an area of Kawkawlin Variant sandy loam, 0 to 3 percent slopes. Deep ruts can be prevented by
harvesting timber during dry periods.

absorption fields because of wetness, the moderately
slow permeability of the upper layers, and the poor filter-
ing capacity of the lower layers.

The land capability classification of this soil is llw. The
Michigan soil management group is 1.5b.

30—Brevort loamy sand. This is a nearly level, poorly
drained soil in depressions and drainageways. It is sub-
ject to frequent ponding. The areas are irregular in shape
and range from 5 to 100 acres in size.

Typically, the surface layer is black loamy sand about
9 inches thick. The underlying material extends to a
depth of 60 inches or more. The upper part of the under-
lying material is grayish brown, mottled, loose sand
about 14 inches thick. The lower part is dark grayish
brown, mottled, firm silty clay loam. In some places, the
surface layer is more than 10 inches thick. In some

places, the surface layer is muck that is less than 16
inches thick.

Included with this soil in mapping are small areas of
Sims and losco soils. Sims soils are poorly drained. They
and the Brevort soil are in similar positions on the land-
scape. Sims soils are not so droughty in summer as the
Brevort soil. losco soils are somewhat poorly drained.
They are on low knolls. The included soils make up 5 to
10 percent of the map unit.

In the Brevort soil, permeability is rapid or moderately
rapid in the sandy material and moderately slow in the
loamy material. The available water capacity is moder-
ate. Runoff is very slow or ponded. This soil has a high
water table at or above the surface from late in fall
through spring.

in most areas, this soil is used as woodland or is idle.
In some areas, it is used as cropland or pasture.
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This soil generally is not suited to use as cropland.
The main concerns in crop management are the season-
al high water table and ponding. The lack of suitable
drainage outlets is a problem in most areas. In some
areas, tile drains and open ditches are used to lower the
water table,

This soil is poorly suited to pasture, mainly because of
wetness. Open ditches help remove excess water. Many
areas are difficult to drain because suitable outlets are
not available. Overgrazing or grazing when the soit is too
wet destroys the forage plants. Proper stocking, rotation
grazing or strip grazing, and restricted use during wet
periods help keep the pasture and soil in good condition.

This soil is poorly suited to use as woodland. The main
concerns in management are the equipment limitations,
the windthrow hazard, and seedling mortality. Harvesting
only during dry periods or when the soil is frozen helps
to overcome the equipment limitations. Harvesting meth-
ods that do not leave trees widely spaced or standing
alone help prevent windthrow. Trees generally are not
planted because of the high seedling mortality and the
windthrow hazard.

This soil is not suited to recreation uses, mainly be-
cause of the seasonal high water table and ponding.

This soil is not suited to building site development or
to use as septic tank absorption fields because of pond-
ing and the seasonal high water table.

The land capability classification of the Brevort soil is
Vw. The Michigan soil management group is 4/2c.

34A—Gladwin loamy sand, 0 to 3 percent siopes.
This is a nearly level, somewhat poorly drained soil on
low, broad plains and in depressions. The areas are
irregular in shape and range from 5 to 40 acres in size.

Typically, the surface layer is black loamy sand about
4 inches thick. The subsurface layer is light brownish
gray loamy sand about 3 inches thick. The subsoil is
mottied and is about 17 inches thick. The upper part of
the subsoil is reddish brown and dark brown, loose sand.
The lower part is dark brown, friable gravelly sandy loam.
The substratum to a depth of 60 inches is pale brown,
loose gravelly sand. In some places, there is loamy ma-
terial in the substratum at a depth of 40 to 60 inches.

Included with this soil in mapping are small areas of
East Lake soils, which are somewhat excessively
drained. These soils are on low knolls and ridges. They
make up less than 5 percent of the map unit.

Permeability is moderately rapid in the upper part of
the Gladwin soil and very rapid in the lower part. The
available water capacity is low. Runoff is slow. The sea-
sonal high water table is at a depth of 6 to 18 inches
from late in fall through spring.

In most areas, the soil is used as pasture or woodland.
in a few areas, it is idle.

This soil is fairly well suited to corn and oats and to
legumes and grasses for hay. The main management
concerns are wetness during part of the growing season,
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droughtiness, and soil blowing. Tile and open ditch drain-
age can lower the seasonal high water table. However,
many areas are difficult to drain because suitable outlets
are not available. Conservation tillage that does not
invert the soil and that leaves all or part of the crop
residue on the surface helps conserve the available
water in the soil and reduces erosion. The use of green
manure crops, crop rotation that includes grasses and
legumes, and the regular addition of other organic matter
help maintain or increase the organic matter content in
the soil.

This soil is well suited to pasture. During the summer,
this soil may lack sufficient moisture. Proper stocking,
rotation grazing, and restricted use during dry periods
help keep the pasture and soil in good condition.

This soil is only fairly well suited to use as woodland.
The main management concerns are equipment limita-
tions. The seasonal high water table affects trafficability.
Harvesting only during dry periods or when the soil is
frozen helps overcome the equipment limitations.

This soil is poorly suited to recreation uses, such as
camp areas and playgrounds. It is fairly well suited to
picnic areas and trails. The seasonal high water table is
a limitation. Subsurface drains and shallow open ditches
help lower the water table. However, many areas are
difficult to drain because suitable drainage outlets are
not available.

This soil is poorly suited to building site development
because of wetness. Surface or subsurface drains help
lower the water table. Well-compacted fill material should
be used to raise the level of the building site. The includ-
ed areas of East Lake soil are the best sites for single
homes.

This soil is poarly suited to use as septic tank absorp-
tion fields because of wetness. Special construction,
such as filling or mounding the site using suitable materi-
al, may be needed to raise the site above the water
table.

The land capability classification of the Gladwin soil is
lllw. The Michigan soil management group is 5b.

36B—Dighton sandy loam, 1 to 6 percent siopes.
This is a nearly level to undulating, well drained soil on
broad plains and low knolls. The areas are irregular in
shape and range from about 5 to 30 acres in size.

Typically, the surface layer is dark grayish brown
sandy loam about 10 inches thick. The next layer is
about 7 inches thick. It is brown, firm clay loam and has
tongues of light brownish gray loam. The subsoil is dark
brown, firm clay loam about 16 inches thick. The sub-
stratum extends to a depth of 60 inches. The upper part
of the substratum is brown, firm clay loam. The lower
part is light yellowish brown, loose sand and has a few
thin bands of brown, friable sandy loam. In some places,
the soil is moderately well drained. In some places, the
subsoil is slightly more than 45 percent clay.
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Included with this soil in mapping are small areas of
soils that have slope of more than 6 percent. Also in-
cluded are small areas of Nester, Manistee, and Mont-
calm soils. These soils are well drained. Nester soils do
not have a sandy substratum. Manistee and Montcalm
soils are more droughty than the Dighton soil. The in-
cluded soils make up 10 to 15 percent of the map unit.

Permeability of the Dighton soil is moderately slow in
the upper part of the profile and rapid in the lower part.
The available water capacity is moderate. Runoff is
medium. The surface layer is friable and is easily tilled
within a fairly wide range of moisture content. It tends to
crust or puddle after hard rains, especially in areas
where the plow layer and the subsoil have been mixed.

In most areas, this soil is used as cropland or pasture.
In a few areas, it is used as woodland or is idle.

This soil is well suited to corn, winter wheat, and oats
and to grasses and legumes for hay. Erosion, maintain-
ing the content of organic matter, and maintaining good
soil tilth are the major management concerns. Cover
crops, crop residue, grassed waterways, and conserva-
tion tillage that does not invert the soil and that leaves
all or part of the crop residue on the surface helps
control erosion. The use of green manure crops, crop
residue, and manure maintains soil tilth. This soil warms
up slowly in the spring. Working this soil when it is too
wet causes machinery to bog down and also causes
puddling and crusting of the surface layer. Piowing the
soil at the right content of moisture keeps puddling and
crusting to a minimum and maintains good tilth.

This soil is well suited to pasture. Overgrazing causes
surface compaction, excessive runoff, and erosion.
Proper stocking, rotation grazing or strip grazing, and
restricted use during wet periods help keep the pasture
and soil in good condition.

This soil is well suited to use as woodland. There are
no major management concerns for this use.

This soil is fairly well suited to building site develop-
ment. The shrink-swell potential is the major limitation.
The shrinking and swelling of the soil can be controlled
by widening and backfilling the foundation trench with
suitable coarse material and by providing drainage
around the buildings.

This soil is poorly suited to use as septic tank absorp-
tion fields because of the slow permeability in the upper
layers and the poor filtering capacity of the lower layer.
The permeability and poor filtering capacity of the soil
can be improved by excavating the slowly permeable
upper layers and filling with a suitable, more permeable
material.

The land capability classification of the Dighton soil is
lle. The Michigan soil management group is 1.5a.

37—Sims loam. This is a nearly level, poorly drained
soil in depressions and drainageways. This soil is subject
to ponding. The areas are irregular in shape and range
from about 5 to 80 acres in size.
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Typically, the surface layer is very dark gray loam
about 8 inches thick. The subsoil is grayish brown, mot-
tled, firm clay loam about 18 inches thick. The substra-
tum to a depth of 60 inches is grayish brown and yellow-
ish brown, mottled, firm silty clay loam. In some places,
there is a muck surface layer that is less than 16 inches
thick.

Included with this soil in mapping are small areas of
Kawkawlin and Brevort soils. Kawkawlin soils are some-
what poorly drained. They are on low knolls (fig. 11). The
Sims soil and Brevort soils are in similar positions on the
landscape. Brevort soils are poorly drained. They are
more droughty than the Sims soil. The included soils
make up 5 to 10 percent of the map unit.

Permeability of the Sims soil is slow. The available
water capacity is high. Runoff is very slow or ponded.
The soil has a high water table near or above the sur-
face from late in fall through spring.

In most areas, the soil is used as pasture or woodland.
In a few areas, it is used as cropland.

This soil generally is not suited to use as cropland
because of the seasonal high water table and ponding.
Most areas are not drained because suitable drainage
outlets are not available.

This soil is poorly suited to pasture. The main manage-
ment concerns are overgrazing or grazing when the soil
is too wet, which causes surface compaction and de-
stroys the forage plants. Proper stocking, rotation graz-
ing, and restricted use during wet periods help keep the
pasture and soil in good condition.

This soil is poorly suited to use as woodland. The main
management concerns are equipment limitations, seed-
ling mortality, and the windthrow hazard. During wet peri-
ods, the soil is wet and sticky. Therefore, harvesting
should be done only during dry periods or when the soil
is frozen. Planting seedlings is difficult most of the time
because the soil is too wet. Special site preparation,
such as bedding, can be used in some areas. Harvesting
methods that do not leave trees widely spaced or stand-
ing alone help prevent windthrow.

The soil is not suited to building site development or to
use as septic tank absorption fields because of ponding
and the seasonal high water table.

The land capability classification of the Sims soil is
Vw. The Michigan soil management group is 1.5c.

40A—losco loamy sand, 0 to 3 percent slopes. This
is a nearly level, somewhat poorly drained soil on low
broad plains, in depressions, and along streams and
drainageways (fig. 12). The areas are irregular in shape
and range from 5 to 300 acres in size.

Typically, the surface layer is dark grayish brown
loamy sand about 9 inches thick. The subsurface layer is
light brownish gray loamy sand about 2 inches thick. The
upper part of the subsoil is dark brown, loose sand about
15 inches thick. The middle part is mottled and mixed
dark brown sandy loam and light brownish gray loamy
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Figure 11.—This area of Sims loam has been prepared for seeding. The contrasting, light-colored solls in the background are Kawkawlin

soils.

sand about 5 inches thick. The lower part of the subsoil
is dark brown, mottied, firm sandy loam about 15 inches
thick. The substratum to a depth of 60 inches is brown,
mottled, firm loam.

Included with this soil in mapping are small areas of
Kawkawlin, Otisco, and Brevort soils. Kawkawlin and
Otisco soils are somewhat poorly drained. They and the
losco soil are in similar positions on the landscape. Kaw-
kawlin soils are not so droughty as the losco soil. Otisco
soils do not have a loamy substratum. Brevort soils are
poorly drained. They are in shallow depressions. The
included soils make up 15 percent of the map unit.

Permeability is rapid in the upper part of the losco soil
and moderately slow in the lower part. The available
water capacity is moderate. Runoff is slow. The seasonal
high water table is at a depth of 6 to 18 inches from late
in fall through spring.

In most areas, this soil is used as woodland, cropland,
or pasture.

This soil is fairly well suited to corn and oats and to
legumes and grasses for hay. The main management
concerns are wetness during part of the growing season,
soil blowing, and maintaining the content of organic
matter in the soil. Artificial drainage, using tiles and shal-

low field ditches, can lower the high water table. Howev-
er, suitable drainage outlets can be difficult to locate.
This soil is often droughty in summer. Conservation till-
age that does not invert the soil and that leaves all or
part of the crop residue on the surface helps conserve
the available moisture and reduces erosion. Green
manure crops, a crop rotation that includes grasses and
legumes, and regular additions of other organic matter
help maintain or increase the content of organic matter
and help conserve moisture.

This soil is well suited to pasture; however, moisture
may not be sufficient in summer. Proper stocking, rota-
tion grazing, and restricted use during dry periods help
keep the pasture and soil in good condition.

This soil is fairly suited to use as woodland. Equipment
limitations are the main management concern. The sea-
sonal high water table affects trafficability during wet
periods. Harvesting during dry periods or when the soil is
frozen helps overcome this limitation.

This soil is poorly suited to recreation uses such as
camp areas and playgrounds. It is fairly suited to picnic
areas and paths and trails. The seasonal high water
table is a limitation.
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This soil is poorly suited to building site development.
The major concern is the seasonal high water table.
Buildings should be placed on well-compacted fill materi-
al to raise the level of the site. Artificial drainage, using
surface or subsurface drainage systems, can lower the
water table.

This soil also is poorly suited to use as septic tank
absorption fields because of the seasonal high water
table. Special construction, such as filling or mounding
the absorption field site with suitable material, may be
needed to raise the site above the water table.

The land capability classification of the losco soil is
lliw. The Michigan soil management group is 4/2b.

42B—Graycalm-Rubicon sands, 0 to 6 percent
slopes. This complex consists of nearly level to undulat-
ing, somewhat excessively drained soils on upland
plains. The areas are irregular in shape and range from
10 to 1,000 acres or more in size.

Graycalm sand makes up about 55 to 65 percent of
the complex, and Rubicon sand makes up 20 to 30
percent. These soils are in areas that are so intricately
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mixed or so small that it was not practical to map them
separately at the scale used in mapping.

Typically, the Graycalm soil has a very dark gray sand
surface layer about 2 inches thick. The subsoil is strong
brown and yellowish brown, loose sand about 22 inches
thick. The next layer is light yellowish brown, loose sand
about 20 inches thick. Below that, alternate bands of
light yellowish brown sand and dark brown loamy sand
and sandy loam extend to a depth of 60 inches.

Typically, the Rubicon soil has a surface layer of very
dark gray sand about 2 inches thick. The next layer is
grayish brown sand about 3 inches thick. The subsoil is
reddish brown and yellowish brown, loose sand about 19
inches thick. The substratum to a depth of 60 inches is
light yellowish brown, loose sand. In a few small areas,
there are strata of gravelly sand below a depth of 40
inches. In some places, there are a few mottles in the
lower part of the subsoil.

Included with these soils in mapping are small areas of
Montcalm soils, which are well drained and have bands
in the upper part of the subsoil. They and the Graycalm
and Rubicon soils are in similar positions on the land-

Figure 12.—Plowing has exposed the lighter subsurface layer and the darker (spodic) subsoll of this losco loamy sand.
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scape. Montcalm soils make up 5 to 15 percent of the
map unit.

Permeability of the Graycalm and Rubicon soils is
rapid. The available water capacity is low. Runoff is slow.
Most areas of these soils are wooded. The trees are
mainly aspen, maple, pine, and oak. In a few areas, the

soils are used as pasture or cropland.

These soils are poorly suited to use as cropland be-
cause of droughtiness and soil blowing. Crops, such as
corn, alfalfa, and oats, can be grown. The use of cover
crops, green manure crops, crop residue, and manure
helps to conserve soil moisture. Cover crops, wind strip-
cropping, vegetative barriers, and field windbreaks effec-
tively control soil blowing.

These soils are fairly well suited to pasture. The major
management concern is droughtiness. Proper stocking,
rotation grazing or strip grazing, and restricted use during
dry periods help keep the pasture and soil in good condi-
tion.

The soils are well suited to use as woodland. Seedling
mortality and equipment limitations are the main man-
agement concerns. Good site preparation, the use of
containerized seedlings, and the repianting of seedlings
reduce seedling mortality in new plantations. The sandy
surface layer of the soils affects trafficability during dry
periods.

These soils are poorly suited to recreation uses. The
sandy surface layer is a limitation. However, a layer of
medium textured topsoil can make a site suitable for
playgrounds, picnic areas, or camp areas; paths and
trails can be covered with wood chips or bark to improve
footing.

The soils are well suited to building site development.
The limitations are few. The caving of cutbanks is a
concern, but trench walls can be reinforced to help pre-
vent cave-in.

These soils are well suited to use as septic tank ab-
sorption fields. The poor filtering capacity, however, is a
limitation. These soils can readily absorb the effluent in a
septic tank absorption field but cannot adequately filter
it. The poor filtering capacity can result in the pollution of
ground water.

The land capability classification is 1Vs. The Michigan
soil management groups are 5a and 5.3a.

42C—Graycalm-Rubicon sands, 6 to 12 percent
slopes. This complex consists of gently rolling, some-
what excessively drained soils on ridges, knolls, and side
slopes. The areas are irregular in shape and range from
10 to 500 acres in size.

The Graycalm soil makes up about 55 to 65 percent of
the complex, and the Rubicon soil makes up about 20 to
30 percent. These soils are in areas that are so intricate-
ly mixed or so small that it was not practical to map
them separately at the scale used in mapping.

Typically, the Graycalm soil has a very dark gray sand
surface layer about 2 inches thick. The subsoil is strong
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brown and yellowish brown, loose sand about 22 inches
thick. The next layer is light yellowish brown, toose sand
about 20 inches thick. Below that, alternate bands of
light yellowish brown sand and dark brown loamy sand
and sandy loam extend to a depth of 60 inches.

Typically, the Rubicon soil has a surface layer of very
dark gray and grayish brown sand about 5 inches thick.
The subsoil is reddish brown and yellowish brown, loose
sand about 19 inches thick. The substratum to a depth
of 60 inches is light yellowish brown, loose sand. In a
few small areas, there are strata of gravelly sand below
a depth of 40 inches.

Included with this soil in mapping are small areas of
Montcalm soils, which are well drained. Montcalm soils
are not so droughty as the Graycalm and Rubicon soils.
Montcalm soils and the Graycalm and Rubicon soils are
in similar positions on the landscape. The Montcalm soils
make up 10 to 15 percent of the map unit.

Permeability of the Graycalm and Rubicon soils is
rapid. The available water capacity is low. Runoff is slow.
Most areas of these soils are wooded. The trees are
mainly aspen, maple, pine, and oak. In some areas, the

soils are used as pasture.

The soils generally are not suited to use as cropland
because of the slope, droughtiness, and soil blowing.
Occasionally, a small grain crop is planted to establish a
hay crop. In some areas, the soils were once cultivated
but are now used for Christmas tree plantations.

These soils are poorly suited to pasture, mainly be-
cause of droughtiness. Permanent vegetation, by adding
organic matter to the soil, helps maintain or increase the
available water capacity. Proper stocking, rotation graz-
ing or strip grazing, and restricted use during dry periods
help keep the pasture in good condition.

These soils are well suited to use as woodland. Seed-
ling mortality and equipment limitations are the main
management concerns. Good site preparation, container-
ized seedlings, and the replanting of seedlings reduce
seedling mortality in new plantations. The sandy surface
texture of these soils affects trafficability during dry peri-
ods.

These soils are poorly suited to most recreation uses,
including playgrounds. The main limitations are slope
and the sandy surface texture. Some shaping and level-
ing may be needed for playgrounds. Paths and trails
should be constructed on gentle grades. A layer of
medium textured topsoil can help make a site suitable
for playgrounds and camp areas; paths and trails can be
covered with wood chips or bark to improve footing.

These soils are fairly well suited to building site devel-
opment. Slope and the instability of cutbanks are con-
cerns in management. Buildings on these soils should be
designed to conform to the natural slope of the land.
Trench walls can be reinforced to help prevent cutbank
caving. Land shaping may be necessary in some areas.

These soils are fairly well suited to use as septic tank
absorption fields. The main limitations are the siope and
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the poor filtering capacity of the soils. If septic tank
absorption systems are to function properly on these
soils, land shaping is necessary in most areas, and distri-
bution lines should be installed across the slope. These
soils can readily absorb the effluent from septic tanks
but cannot adequately filter it. The poor filtering capacity
can result in the pollution of ground water.

The land capability classification of these soils is Vis.
The Michigan soil management groups are 5a and 5.3a.

42E—Graycalm-Rubicon sands, 12 to 30 percent
slopes. This complex consists of rolling to steep, some-
what excessively drained soils on hills and ridgetops.
The areas are irregular in shape and range from 10 to
300 acres or more in size.

The Graycalm soil makes up about 55 to 65 percent of
the complex, and the Rubicon soil makes up about 20 to
30 percent. These soils are in areas that are so intricate-
ly mixed or so small that it was not practical to map
them separately at the scale used in mapping.

Typically, the Graycalm soil has a very dark gray sand
surface layer about 2 inches thick. The subsoil is strong
brown and yellowish brown, loose sand about 22 inches
thick. The next layer is light yellowish brown, loose sand
about 20 inches thick. Below that, alternate bands of
light yellowish brown sand and dark brown loamy sand
and sandy loam extend to a depth of 60 inches.

Typically, the Rubicon soil has a surface layer of very
dark gray sand underlain by grayish brown sand about 5
inches thick. The subsoil is reddish brown and yellowish
brown, loose sand about 19 inches thick. The substra-
tum to a depth of 60 inches is light yellowish brown,
loose sand. In a few small areas, there are strata of
gravelly sand below a depth of 40 inches.

Included with this soil in mapping are small areas of
well drained Montcalm soils. Montcalm soils are not so
droughty as the Graycalm and Rubicon soils. Montcalm
soils and Graycalm and Rubicon soils are in similar posi-
tions on the landscape. The included soils make up 10
to 15 percent of the map unit.

Permeability of the Graycalm and Rubicon soils is
rapid. The available water capacity is low. Runoff is
medium on the Graycalm soil and slow on the Rubicon
soil.

Most areas of these soils are wooded. The trees are
mainly aspen, maple, pine, and oak.

Crops and pasture grasses generally are not grown on
these soils because of the steep slopes and droughti-
ness. Pastures yield very little forage for livestock.

These soils are well suited to use as woodiand. Ero-
sion is a hazard, however, and equipment limitations and
seedling mortality are other management concerns. Log-
ging trails should be constructed on gentle grades to
help control erosion and overcome the equipment limita-
tions. Good site preparation, the use of containerized
seedlings, and replanting of seedlings can reduce seed-
ling mortality in new plantations.
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These soils are poorly suited to most recreation uses
because of the steep slopes and the sandy surface
layer. The steep slopes can prohibit the construction of
camp sites and playgrounds or significantly increase con-
struction costs. A layer of medium textured topsoil can
help make a site suitable for playgrounds or camp areas;
paths and trails should be covered with wood chips or
bark to improve footing.

These soils generally are not suited to building site
development or to use as septic tank absorption fields
because of the steep slopes. This limitation is extremely
difficult to overcome.

The land capability classification is Vlls. The Michigan
management groups are 5a and 5.3a.

46—Loxley mucky peat. This is a nearly level, very
poorly drained soil in depressions, in areas that surround
lakes, and in drainageways. It is subject to frequent
ponding. The areas are irregular in shape or linear and
range from 5 to 300 acres in size.

Typically, the surface layer is dark brown mucky peat
about 5 inches thick. The underlying layers extend to a
depth of 60 inches. They are black and dark reddish
brown muck.

Included with this soil in mapping are small areas of
Tawas soils, which are very poorly drained. Tawas soils
are underlain by sand. They generally are near the
boundary of the map unit. These soils make up 5 per-
cent of the map unit.

Permeability of the Loxley soil is moderately slow to
moderately rapid. The available water capacity is high.
Runoff is very slow or ponded. This soil has a high water
table near or above the surface from late in fall through
spring.

In most areas, this soil is in bogs. The native vegeta-
tion is mainly leatherleaf, grasses, sedges, reeds, and
mosses. There are a few isolated pines and hardwoods.
Wetness and soil instability limit the use of the soil for
crops. Also, the soil is too acid for most crops. Usually, it
is not practical to overcome these problems. Most areas
are not drained. The soil is too unstable to support
equipment or livestock.

The soil is not suited to recreation uses. Also, it is not
suited to use as septic tank absorption fields. Ponding is
the major problem.

The land capability classification of the Loxley soil is
Vilw. The Michigan soil management group is Mc-a.

50A—Kawkawlin loam, 0 to 3 percent slopes. This
is a nearly level, somewhat poorly drained soil on low,
broad plains and in depressions. The areas are irregular
in shape and range from 5 to 100 acres or more in size.

Typically, the surface layer is dark grayish brown loam
about 8 inches thick. The next layer is mottled and
mixed, dark brown clay and grayish brown loam about 4
inches thick. The subsoil is brown, mottled, firm clay
loam about 23 inches thick. The substratum to a depth
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Flgure 13.—Surface drainage helps lower the water table in Kawkawiin loam, 0 to 3 percent slopes.

of 60 inches is yellowish brown, mottled, firm clay loam.
In some places, the subsoil is slightly more than 45
percent clay.

Included with this soil in mapping are small areas of
losco and Sims soils. losco soils are somewhat poorly
drained. They are more droughty than the Kawkawlin
soil. losco soils and the Kawkawlin soil are in similar
positions on the landscape. Sims soils are poorly
drained. They are in drainageways and depressions. The
included soils make up 10 to 15 percent of the map unit.

Permeability of the Kawkawlin soil is moderately slow.
The available water capacity is high. Runoff is slow. The
seasonal high water table is at a depth of 12 inches to
24 inches from late in fall through spring. The surface
layer is friable and is easily tilled. It tends to crust or
puddle after hard rains or when the soil is wet.

In most areas, this soil is used as cropland or pasture.
In a few areas, it is used as woodland or is idle.

This soil is well suited to corn, oats, and winter wheat
and to grasses and legumes for hay. The main manage-
ment concerns are wetness during part of the growing
season and soil compaction. Also, this soil warms up
slowly in spring. Surface and subsurface drains help to
lower the water table (fig. 13). Working this soil when it

is too wet can result in a compacted soil. Additional
tillage to break up the surface layer causes compaction
in the lower part of the surface layer and in the subsoil.
Compacted soil inhibits root development and reduces
crop yields. Conservation tillage that does not invert the
soil and that leaves all or part of the crop residue on the
surface helps maintain soil tilth. Cover crops, crop resi-
due, and other organic matter regularly added to the soil
also help maintain tilth.

This soil is well suited to pasture. Overgrazing or graz-
ing when the soil is too wet causes surface compaction
and the destruction of forage plants. Restricted use
during wet periods helps keep the pasture and soil in
good condition.

This soil is fairly well suited to use as woodland. The
wet, sticky soil, however, limits the use of equipment
during wet periods. Harvesting only during dry periods or
when the soil is frozen helps overcome this limitation.

This soil generally is poorly suited to building site de-
velopment because of wetness. it generally is not suited
to use as septic tank absorption fields because of the
wetness of the soil and the slow permeability.

The land capability classification of the Kawkawlin soil
is llw. The Michigan soil management group is 1.5b.
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53—Cathro muck. This is a nearly level, very poorly
drained soil in depressions and drainageways. It is sub-
ject to frequent ponding. The areas are irregular in shape
or linear and range from about 5 to 40 acres or more in
size.

Typically, the surface layer is black muck about 12
inches thick. The next layer is dark brown muck about 12
inches thick. The substratum extends to a depth of 60
inches. The upper part of the substratum is gray, friable
sandy loam. The middle part is greenish gray, firm loam.
The lower part is gray, firm clay loam.

Included with this soil in mapping are small areas of
Sims soils. Sims soils are poorly drained. They are’in
slightly higher positions on the landscape than the
Cathro soil. Sims soils do not have an organic surface
layer or subsoil. The included soils make up 5 to 10
percent of the map unit.

Permeability of the Cathro soil is moderately slow to
moderately rapid in the organic layers and moderate or
moderately slow in the mineral part. The available water
capacity is high. Runoff is very slow or ponded. This soil
has a high water table near or above the surface from
late in fall through spring.

Most areas of this soil are wooded or are covered by
shrubs or marsh grasses. The trees are mainly northern
white-cedar, black spruce, tamarack, and balsam fir. in a
few areas, the soil is used as pasture.

This soil generally is not suited to use as cropland
because of wetness and soil instability. Generally, it is
not practical to overcome these problems.

This soil is poorly suited to pasture. Wetness and soil
instability are the major management concerns. Open
ditches help remove excess water, but in many places,
suitable outlets are difficult to locate.

This soil is poorly suited to use as woodland. The
major concerns in management are the equipment limita-
tions, the windthrow hazard, and seedling mortality. Har-
vesting only during dry periods or when the soil is frozen
helps overcome the equipment limitations. Harvesting
methods that do not leave trees widely spaced or stand-
ing alone help prevent windthrow. Trees generally are
not planted on this soil because of the high seedling
mortality.

This soil is not suited to recreation uses. The high
water table and the instability of the soil are major prob-
lems.

The soil is not suited to building site development or to
use as septic tank absorption fields. Ponding, the high
water table, and the instability of the soil are the main
limitations.

The land capability classification of the Cathro soil is
Vllw. The Michigan soil management group is M/4c.

64—Fluvaquents and Histosols, frequently flooded.
These are nearly level, poorly drained or very poorly
drained soils that formed on narrow stream bottoms. The
soils are subject to flooding from nearby streams for
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brief periods each year. The areas are linear or winding
and range from 5 to 100 acres in size.

Fluvaquents are wet, stratified soils that range in tex-
ture from sand to silty clay loam.

Histosols are wet muck soils, or they are muck over
sandy to loamy material.

Included with these soils in mapping are small areas of
Sims and Roscommon soils. These soils are poorly
drained. They and the Fluvaquents and Histosols are in
similar positions on the landscape. The included soils
make up about 10 percent of the map unit.

in most areas, the soils are used as woodland or are
idle. In a few areas, they are used as pasture.

These soils generally are not suited to crops or pas-
ture because of excess water, soil instability, and flood-
ing. Generally, it is not practical to overcome these prob-
lems.

These soils are poorly suited to use as woodiand. The
major management concerns are equipment limitations,
windthrow hazard, and seedling mortality. In many areas,
the soils are too wet for trees but not for shrubs. Har-
vesting only during dry periods or when the soil is frozen
helps overcome the equipment limitations. Harvesting
methods that do not leave trees widely spaced or stand-
ing alone help prevent windthrow.

These soils are not suited to recreation uses because
of the high water table, instability, and flooding.

The soils generally are not suited to building site de-
velopment or to use as septic tank absorption fields.
Flooding, the high water table, and soil instability are the
main limitations.

The land capability classification is Vw. The Michigan
soil management groups are L4c and M/4c.

65—Pits, sand and gravel. Pits are open excavations
from which sand and gravel have been removed. The
excavations are enclosed by walls of variable steepness.
The exposed material supports few plants. The bottom
of the pits generally is dry year-round. The individual
areas of pits range from 4 to 40 acres in size.

Included in the mapped areas are small areas of Udip-
samments and some areas from which clay has been
removed.

Little or no vegetation grows in the pit areas. Onsite
investigation is needed to determine suitability of an area
for development as habitat for wildlife or for recreation
uses.

This map unit was not assigned to interpretive group-
ings.

66—Udipsamments, nearly level. This map unit con-
sists of soils from which the original surface layer and
some of the substratum have been removed. It also
consists of soils that have been covered by fill material.
The soils are excessively drained to somewhat poorly
drained. in most areas, sandy material was removed
from ridges or knolls for use elsewhere. Other areas
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have been filled for use as building sites. These areas These areas are either idle or are used as building

were formerly depressions, flat swampy areas, or lake- sites. Onsite investigation is necessary to determine suit-

front areas. The individual mapped areas range from 4 to ability for specitic uses.

40 acres in size. This map unit was not assigned to interpretive group-
Soil properties vary greatly in these areas, especially ings.

the depth to the water table.
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Prime farmland is one of several kinds of important
farmland defined by the U.S. Department of Agriculture.
It is of major importance in meeting the Nation's short-
and long-range needs for food and fiber. Because the
supply of high quality farmland is limited, the U.S. De-
partment of Agriculture recognizes that responsible
levels of government, as well as individuals, should en-
courage and facilitate the wise use of our Nation’s prime
farmland.

Prime farmland, as defined by the U.S. Department of
Agriculture, is the land that is best suited to food, feed,
forage, fiber, and oilseed crops. It may be cultivated
land, pasture, woodland, or other land, but it is not urban
and built-up land or water areas. It either is used for food
or fiber crops or is available for those crops. The soil
qualities, growing season, and moisture supply are those
needed for a well managed soil economically to produce
a sustained high yield of crops. Prime farmland produces
the highest yields with minimal inputs of energy and
economic resources, and farming it results in the least
damage to the environment.

Prime farmland has an adequate and dependable
supply of moisture from precipitation or irrigation. The
temperature and growing season are favorable. The level
of acidity or alkalinity is acceptable. Prime farmland has
few or no rocks and is permeable to water and air. It is
not excessively erodible or saturated with water for long
periods and is not frequently flooded during the growing
season. The slope ranges mainly from O to 6 percent.
More detailed information about the criteria for prime
farmland is available at the local office of the Soil Con-
servation Service.

A recent trend in land use in some parts of the county
has been the loss of some prime farmiand to industrial
and urban uses. The loss of prime farmland to other
uses puts pressure on marginal lands, which generally
are wet, more erodible, droughty, and less productive
and cannot be easily cultivated.

The map units in the survey area that are considered
prime farmland are listed at the end of this section. This
list does not constitute a recommendation for a particular
land use. The extent of each listed map unit is shown in
table 4. The location is shown on the detailed soil maps
at the back of this publication. The soil qualities that
affect use and management are described under the
heading “Detailed Soil Map Units.”

Soils that have limitations, such as a seasonal high
water table, frequent flooding during the growing season,
or inadequate rainfall, qualify for prime farmland only in
areas where these limitations have been overcome by
such measures as drainage, flood control, or irrigation.
The need for these measures is indicated after the map
unit name. Onsite evaluation is needed to determine
whether or not these limitations have been overcome by
corrective measures.

5B Emmet-Montcalm complex, 0 to 6 percent slopes
12B Nester sandy loam, 1 to 6 percent slopes
23A Kawkawlin Variant sandy loam, 0 to 3 percent
slopes (where drained)
36B Dighton sandy loam, 1 to 6 percent slopes
50A Kawkawlin loam, 0 to 3 percent slopes (where
drained)
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Use and Management of the Soils

This soil survey is an inventory and evaluation of the
soils in the survey area. It can be used to adjust land
uses to the limitations and potentials of natural re-
sources and the environment. Also, it can help avoid
soil-related failures in fand uses.

In preparing a soil survey, soil scientists, conservation-
ists, engineers, and others collect extensive field data
about the nature and behavior characteristics of the
soils. They collect data on erosion, droughtiness, flood-
ing, and other factors that affect various soil uses and
management. Field experience and collected data on
soil properties and performance are used as a basis in
predicting soil behavior.

Information in this section can be used to plan the use
and management of soils for crops and pasture; as
woodland; as sites for buildings, sanitary facilities, high-
ways and other transportation systems, and parks and
other recreation facilities; and for wildlife habitat. It can
be used to identify the potentials and limitations of each
soil for specific land uses and to help prevent construc-
tion failures caused by unfavorable soil properties.

Planners and others using soil survey information can
evaluate the effect of specific land uses on productivity
and on the environment in all or part of the survey area.
The survey can help planners to maintain or create a
land use pattern in harmony with the natural soil.

Contractors can use this survey to locate sources of
sand and gravel, roadfill, and topsoil. They can use it to
identify areas where wetness or very firm soil layers can
cause difficulty in excavation.

Health officials, highway officials, engineers, and
others may also find this survey useful. The survey can
help them plan the safe disposal of wastes and locate
sites for pavements, sidewalks, campgrounds, play-
grounds, lawns, and trees and shrubs.

Crops and Pasture

Dwight L. Quisenberry, agronomist, Soil Conservation Service, helped
prepare this section.

General management needed for crops and pasture is
suggested in this section. The crops or pasture plants
best suited to the soils, including some not commonly
grown in the survey area, are identified; the system of
land capability classification used by the Soil Conserva-
tion Service is explained; and the estimated yields of the

main crops and hay and pasture plants are listed for
each soil.

Planners of management systems for individual fields
or farms should consider the detailed information given
in the description of each soil under “Detailed Soil Map
Units.” Specific information can be obtained from the
local office of the Soil Conservation Service or the Coop-
erative Extension Service.

According to the latest estimates of local agricultural
agencies, 66,000 acres in Missaukee County was used
as cropland and 20,000 acres was used as pasture and
hayland (77). In addition, 213,000 acres was used as
woodland.

The potential of the soils in Missaukee County for
increased crop production is fair. Productivity can be
increased by utilizing the latest crop production technolo-
gy on all cropland in the county. The townships of Lake,
Richland, Reeder, Riverside, and Clam Union have expe-
rienced a rapid loss of agricultural land.

If irrigated, many soils in the county have good poten-
tial for increased crop yields. The soils best adapted to
irrigation include the Rubicon, Kalkaska, Manistee,
Emmet, and Montcalm soils, all of which are well
drained. irrigation not only supplies water and plant nutri-
ents to the soil but also protects crops from frost
damage.

Soil drainage is a major problem on much of the crop-
land in Missaukee County. In some areas, the poorly
drained Brevort and Sims soils have been satisfactorily
drained for use as cropland. Most of the poorly drained
and very poorly drained soils, however, including Ros-
common soils and the organic soils, cannot be economi-
cally drained. Such soils are in low-lying plains and in
depressions where ponding is frequent and suitable
drainage outlets are not readily available. These soils are
also subject to a low soil temperature, which hinders
seed germination and extends periods of frost. The
somewhat poorly drained soils—the losco, Kawkawlin,
AuGres, and Otisco soils—need artificial drainage. If the
excess water is not removed from these soils, tillage,
seed germination, and plant growth are adversely affect-
ed.

Subsurface tile drainage systems generally are used to
remove excess water. Tile drains must be spaced prop-
erly to allow for the differences in permeability of the
soils. In some areas, open ditches are needed as outlets
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for the tile drains. More deep open ditches are needed
to provide outlets for surface and subsurface drainage.

Nester and Dighton soils have good natural drainage.
Emmet, Manistee, and Montcalm soils also have good
natural drainage, but droughtiness during long dry peri-
ods is a problem. Small areas of wet soils, along drain-
ageways and in swales, commonly are used with larger
areas of well drained soils. Artificial drainage may be
needed in some of the wet areas to prevent delays in
field work.

Soil erosion by water is a problem on some of the
soils used for crops and pasture in Missaukee County. If
the surface soil is lost and the subsoil is mixed into the
plow layer, productivity is reduced. The subsoil of Nester
soils, for example, has a higher clay content and a lower
organic matter content than the original surface soil.
With an increase in clay, the plow layer stays wet longer
after a rain, thus delaying field operations. The surface
layer also tends to be cloddy and makes a poor seed-
bed. Surface crusting is more common, and plant emer-
gence can be difficult. Mare power is required to till
eroded soils than noneroded soils. In places, the subsoil
of Emmet, Montcalm, Manistee, and losco soils has
lower content of organic matter, a higher sand content, a
lower available water capacity, or poorer soil tilth than
the original surface soil.

Exposure of the subsoil will increase the hazard of soil
blowing. Where there is soil erosion, there is sediment,
which enters tile drains, creeks, and streams. The sedi-
ment obstructs the flow in tile drains and outlets and
reduces the effectiveness of the system. Sediment en-
tering streams and waterways can contain fertilizer and
pesticides, which reduce the quality of the water for
public and private use.

Conservation tillage, which leaves crop residue on the
surface, increases infiltration and reduces the hazards of
runoff and erosion. No-till for corn also effectively re-
duces erosion. No-till cropping requires high levels of
management and relies on herbicides and insecticides
for weed and pest control. No-till is especially effective in
minimizing erosion on the lighter, sloping soils in the
county.

Contour tillage and stripcropping also effectively con-
trol erosion. Because of the complexity of the slopes,
contour tillage is not commonly used in Missaukee
County. Contour tillage is most practical on deep, well
drained soils that are highly susceptible to erosion.

Grassed waterways are used on both undulating and
nearly level soils; they are used on sloping soils to
reduce channel erosion. Grassed waterways can be
used to stabilize previously eroded areas that have been
reshaped and reseeded. Grassed waterways are in-
stalled on nearly level soils if a large watershed drains
across the land. Subsurface drains generally are in-
stalled below the waterway to remove excess water.
Drainage benefits vegetative growth and results in dryer
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soil conditions, which make the operation of machinery
easier.

Grade stabilization structures help control erosion
where surface water drains into channels. These struc-
tures generally are used in conjunction with grassed wa-
terways both at the outlet end and the inlet end. Grade
stabilization structures take the water to a lower eleva-
tion and at the same time prevent erosion at the sides
and bottom of the channels.

Soil blowing is a hazard on many soils in Missaukee
County, especially on the unprotected, drained organic
soils and on soils that have a sand, loamy sand, or
sandy loam surface layer. Using surface mulch to main-
tain the plant cover, planting small-grain bufter strips,
leaving crop residue on the surface, and maintaining a
rough surface through tillage are ways to minimize soil
blowing on these soils. Vegetative barriers also are ef-
fective in reducing soil blowing. Field windbreaks of
adapted trees and shrubs planted at right angles to pre-
vailing winds provide long-term protection from erosion.

Soil fertility is naturally low in the sandy soils in the
county and medium in most of the loamy soils. The soils
that formed on till plains and moraines, for example,
Nester, Kawkawlin, Sims, Emmet, [osco, and Brevort
soils, are high in natural fertility. Soil fertility is quite
variable because of difference in past land use and man-
agement. Most of the soils in the county are medium
acid to neutral in the surface layer. Addition of lime and
fertilizer to the soils should be based on the results of
soil tests, the need of the crop, and the expected level
of yields. The Cooperative Extension Service can help
determine the kind and amount of fertilizer and lime to
apply.

Soil tilth is an important factor in the germination of
seeds and in the workability of the soil. Soils that have
good tilth require a minimum of working for seed germi-
nation and plant growth. Many of the soils that are used
for crops in Missaukee County have a sandy loam, loam,
or loamy sand surface texture. Soils that have good tilth
have good granular structure and contain a moderate to
high amount of organic matter. The use of machinery on
the soils when they are wet results in soil compaction
and surface crusting. Soil compaction and surface crust-
ing reduce water infiltration and increase runoff. Soil
compaction and the loss of good granular soil structure
cause small individual soil particles to form. These small
particles are readily carried away by wind and water.
Preparing a good seedbed on severely eroded soils is
difficult, mainly because of their low moisture content
and the hazard of surface crusting. Fall plowing of these
soils is not recommended because of their susceptibility
to excessive erosion. Adequate surface and subsurface
drainage, timely field operations, and maintaining the
level of organic matter content improve soil structure and
tilth and reduce soil compaction and erosion.

Corn, oats, and wheat are the primary field crops
suited to the soils in Missaukee County. The legumes
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commonly grown are alfalfa and clover. Grasses grown
for hay and pasture are mainly bromegrass and orchard-
grass. Rye, barley, buckwheat, and sorghum-sudangrass
are not commonly grown. The crops commonly grown in
the county have good potential if economic conditions
are favorable.

Special crops, such as strawberries, sunflowers, and
potatoes, are grown only on a limited acreage in the
county. The well drained loamy sand, sandy loam, and
loam soils are suited to these crops. The latest informa-
tion about growing special crops can be obtained at local
offices of the Cooperative Extension Service (4) and the
Soil Conservation Service.

Much of the permanent pasture in the county is on
soils on which erosion can be a hazard. Other pasture is
on wet soils. Control of erosion is particularly important
during seeding operations. The need for lime and fertiliz-
er should be determined by soil tests, and adequate
amounts should be applied as required.

Soil compaction, caused by grazing when the soils are
wet, results in decreased growth of pasture plants.
Proper harvesting methods, such as those used for hay
or silage, help increase plant growth and reduce soil -
compaction.

The productivity of a pasture and its ability to protect
the surface of the soil are influenced by the number of
livestock the pasture supports, the length of time the
livestock graze, and rainfall distribution. Good pasture
management includes proper stocking to maintain key
forage plants, pasture rotation, deferred grazing, grazing
at the proper season, and supplying water at strategic
locations for livestock.

Yields Per Acre

The average yields per acre that can be expected of
the principal crops under a high level of management
are shown in table 5. The land capability classification of
each map unit also is shown in the table. In any given
year, yields may be higher or lower than those indicated
in the table because of variations in rainfall and other
climatic factors.

The yields are based mainly on the experience and
records of farmers, conservationists, and extension
agents. Available yield data from nearby counties and
results of field trials and demonstrations are also consid-
ered.

The management needed to obtain the indicated
yields of the various crops depends on the kind of soil
and the crop. Management can include drainage, erosion
control, and protection from flooding; the proper planting
and seeding rates; suitable high-yielding crop varieties;
appropriate and timely tillage; control of weeds, plant
diseases, and harmful insects; favorable soil reaction
and optimum levels of nitrogen, phosphorus, potassium,
and trace elements for each crop; effective use of crop
residue, barnyard manure, and green-manure crops; and
harvesting that ensures the smallest possible loss.
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The estimated yields reflect the productive capacity of
each soil for each of the principal crops. Yields are likely
to increase as new production technology is developed.
The productivity of a given soil compared with that of
other soils, however, is not likely to change.

Crops other than those shown in table 5 are grown in
the survey area, but estimated yields are not listed be-
cause the acreage of such crops is small. The local
office of the Soil Conservation Service or of the Cooper-
ative Extension Service can provide information about
the management and productivity of the soils for those
crops.

Land Capability Classification

Land capability classification shows, in a general way,
the suitability of soils for most kinds of field crops (9).
Crops that require special management are excluded.
The soils are grouped according to their limitations for
field crops, the risk of damage if they are used for crops,
and the way they respond to management. The criteria
used in grouping the soils do not include major and
generally expensive landforming that would change
slope, depth, or other characteristics of the soils, nor do
they include possible but unlikely major reclamation
projects. Capability classification is not a substitute for
interpretations designed to show suitability and limita-
tions of groups of soils for woodland and for engineering
purposes.

In the capability system, soils are generally grouped at
three levels: capability class, subclass, and unit. Only
class and subclass are used in this survey.

Capability classes, the broadest groups, are designat-
ed by Roman numerals | through VIII. The numerals
indicate progressively greater limitations and narrower
choices for practical use. The classes are defined as
follows:

Class | soils have few limitations that restrict their use.

Class Il soils have moderate limitations that reduce the
choice of plants or that require moderate conservation
practices.

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

Class IV soils have very severe limitations that reduce
the choice of plants or that require very careful manage-
ment, or hoth.

Class V soils are not likely to erode but have other
limitations, impractical to remove, that limit their use.

Class VI soils have severe limitations that make them
generally unsuitable for cuitivation.

Class VIl soils have very severe limitations that make
them unsuitable for cultivation.

Class VIl soils and miscellaneous areas have limita-
tions that nearly preclude their use for commercial crop
production.



50

Capability subclasses are soil groups within one ciass.
They are designated by adding a small letter, e, w, s, or
¢, to the class numeral, for example, lle. The letter e
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 cor-
rected by artificial drainage); s shows that the soil is
limited mainly because it is shallow, droughty, or stony;
and ¢, used in only some parts of the United States,
shows that the chief limitation is climate that is very cold
or very dry.

In class | there are no subclasses because the soils of
this class have few limitations. Class V contains only the
subclasses indicated by w, s, or ¢ because the soils in
class V are subject to little or no erosion. They have
other limitations that restrict their use to pasture, range-
Jland, woodland, wildlife habitat, or recreation.

The acreage of soils in each capability class and sub-
class is shown in table 6. The capability classification of
each map unit is given in the section *“Detailed Soil Map
Units” and in the yields table. Also given at the end of
each soil description is a Michigan soil management
group (5). The soils are assigned to a group according to
the need for lime and fertilizer and for artificial drainage
and other practices. For soils making up a complex, the
management groups are listed in the same order as the
series named in the complex.

Woodiand Management and Productivity

David Poe, forester, Soil Conservation Service, helped prepare this
section.

The major concerns associated with use and manage-
ment of woodland are discussed in this section. Informa-
tion is provided about the major kinds of cover and the
relationship with the different kinds of soils. Present and
potential woodland products are discussed. The wood-
land suitability groups of soils and the growth and man-
agement problems associated with each are also dis-
cussed.

All of what is now Missaukee County originally was
covered with virgin forests of pine and hardwood timber.
The entire area was logged and the slash burned. Many
areas were cleared. Most of the present woodland is
second-growth timber. Much of the cleared land has
been replanted to pines. The present woodland stands
do not as yet approach the original virgin timber stands
in size or value. Still, the woodland is certainly an impor-
tant and valuable resource in this area.

At present, there are about 213,000 acres of woodland
in Missaukee County. This represents about 59 percent
of the county. About 135,000 acres are state forests.
Several private companies have large tracts of wood-
land, but small, individually owned units make up nearly
78,000 acres of private woodland.
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Forest Cover Types

There are five major kinds of natural forest cover
within the county (7). Each is distinctly different. Each
has different value and potential for forest use and for
producing woodland products. The soils in the areas of
the different kinds of forest cover generally are quite
different.

Jack Pine Forest Cover Type comprises about 3,000
acres. Jack pine and northern pin oak predominate.
Other common associated trees are eastern white pine,
red pine, and bigtooth aspen. This cover type mainly is
on Grayling soils. These are deep, sandy soils with weak
profile development. The more droughty and less fertile
soils support only northern pin oak and jack pine. Growth
is slow, and reestablishing tree cover in cutover areas is
difficult.

Oak-Red Maple Forest Cover Type comprises about
117,000 acres. Northern red oak and red maple predomi-
nate. Other associated trees include bigtooth aspen, red
pine, eastern white pine, and paper birch. The original
virgin forest cover was mainly eastern white pine. It was
almost completely removed through logging. Today,
white pine makes up only a small part of the forest
cover. Red maple identifies this forest cover from transi-
tional areas of the jack pine cover type. This cover type
is mainly on Rubicon, Montcalm, and Graycalm soils.
These are deep, sandy soils. Montcalm and Graycalm
soils have a loamy band in the subsoil. Growth is good
on these soils. Young plantations of red pine and east-
ern white pine are common within areas of this cover
type. Christmas tree plantations of mostly Scotch pine
are also common.

Sugar Maple-Beech-Yellow Birch Forest Cover Type
comprises about 25,000 acres. Sugar maple is the most
common tree and is almost always dominant. However,
American beech, yellow birch, and red maple are very
common. Other common associated trees are black
cherry, northern red oak, and quaking aspen. There are
varying numbers of American basswood, eastern hem-
lock, eastern white pine, red pine, bigtooth aspen, and
white ash. The virgin forest in this cover type was north-
ern hardwoods. The soils are Dighton, Emmet, Manistee,
Montcalm, and Nester soils. These are loamy soils, but
there are areas of the more fertile sandy soils. The soils
of this cover type are the most productive in the survey
area. Growth is good or excellent, and the potential for
wood products is high. Christmas tree plantations of
mostly Scotch pine are common within areas of this
cover type. The acreage of this cover type is relatively
small, because the soils are used mainly for more inten-
sive kinds of farming.

Red Maple-Paper Birch-White Spruce-Balsam Fir
Cover Type comprises about 28,000 acres. Most stands
are a mixture of wetland hardwoods and conifers and
include a wide range of tree species. Red maple, paper
birch, quaking aspen, white spruce, balsam fir, and east-
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ern hemlock predominate. Other common associated
trees are eastern white pine, northern white-cedar, black
ash, and balsam poplar. There are also varying numbers
of sugar mapie and northern red oak. American elm was
an important component of this cover type. Almost all of
the elms have died from Dutch elm disease. In many
areas, much of the deadwood has been removed for
firewood. This cover type is on sandy and loamy soils
that have a seasonal high water table. The soils are
AuGres, Croswell, losco, Otisco, and Kawkawlin soils.
Tree growth is fair to good on these soils.

Northern White-Cedar Forest Cover Type comprises
about 41,000 acres. Northern white-cedar predominates,
but other common associated trees are black spruce,
black ash, red maple, eastern hemiock, balsam fir,
balsam poplar, and tamarack. This cover type is on
Lupton, Carbondale, Roscommon, Tawas, and Cathro
soils and on Fluvaquents and Histosols. These are
poorly drained and very poorly drained organic and
sandy mineral soils. The water table is at or near the
surface most of the time. Tree growth is slow. Reestab-
lishing stands of desirable trees in cutover areas is diffi-
cult. Windthrow is a serious hazard in areas that are
opened up by cutting.

Woodland Products

The amount of woodland products harvested each
year in the county is steadily increasing, and the poten-
tial exists for continuous high production. There is a
need, however, for better woodland management, par-
ticularly on privately owned land, if this potential is to be
realized. Some of the more important woodland products
this county produces are:

Christmas trees.— This is one woodland product that
has expanded to the limits of current demand. The grow-
ing and marketing of Christmas trees is an important
industry in the county. Trees are shipped each fall to
many parts of the United States. About 80 percent of the
Christmas trees are Scotch pine. Spruce makes up most
of the remainder. The Scotch pine usually is harvested at
an age of 6 to 8 years. Spruce is harvested at an age of
8 to 12 years. Most Christmas trees are grown on deep
sandy soils, including Kalkaska, East Lake, Rubicon,
Montcalm, Graycalm, Manistee, and Croswell soils (fig.
14).

Pulpwood.— Most of the pulpwood is taken from cut-
tings in small tracts of state land or from land owned by
paper companies. Aspen and jack pine are the most
common trees cut for pulp. Some spruce, balsam fir, and
hemlock are also cut for pulp. The county has potential
for producing a large amount of pulpwood. One reason
that little pulpwood is taken from small, privately owned
woodland tracts is that individual tracts are too small to
justify logging operations. Owners of several adjoining
tracts, however, could combine their logging operations.

Lumber.— An increasing amount of timber is being
harvested for sawlogs in the county. The trees in most
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wooded areas are relatively young. Most are pole or
sapling size. Most of the large, high quality trees have
been removed. Most of the remaining iarger trees are of
poor quality and cannot be used for iumber. Only an
occasional area has many high quality trees of sawlog
size. Most northern hardwood stands should be culled or
thinned or both. Most pine plantations should also be
thinned. Northern red oak, sugar maple, and red pine
mainly are cut for lumber. Aspen is cut for pallet materi-
al.

Firewood.— Firewood is becoming more important as
a source of heat and energy as fossil fuels become more
expensive. Many homes use firewood as either the main
source or a supplementary source of heat. Wood chips
provide a good source of fuel. The entire tree can be
utilized for this purpose. Oak and maple are most com-
monly used for firewood, but most trees have some
value as fuel.

Poles and posts.— The numerous red and jack pine
plantations that need thinning are a good potential
source of treated poles and posts. Northern white-cedar
in some of the wet areas is a potential source of posts.

Maple syrup.— Northern hardwood stands that contain
mature sugar maple trees have good potential for the
production of maple syrup.

Woodland recreation.— With the large amount of
woodland in the county, particularly the large amount on
public lands, woodland oriented recreation is possible
year-round.

The Soil Conservation Service, Michigan Department
of Natural Resources, Cooperative Extension Service, or
consultant foresters can help determine woodland man-
agement needs.

Table 7 can be used by woodland owners or forest
managers in planning the use of soils for wood crops.
Only those soils suitable for wood crops are listed. The
table lists the ordination symbol for each suitable soil.
Soils assigned the same ordination symbol require the
same general management and have about the same
potential productivity.

The first part of the ordination symbol, a number, indi-
cates the potential productivity of the soils for important
trees. It is based on the site index of the species listed
first in the common trees column. The number 1 indi-
cates very high productivity; 2, high; 3, moderately high;
4, moderate; and 5, low. The second part of the symbol,
a letter, indicates the major kind of soil limitation. The
letter r indicates steep slopes; x, stoniness or rockiness;
w, excessive water in or on the soil; ¢, toxic substances
in the soil; d, restricted rooting depth; ¢, clay in the upper
part of the soil; s, sandy texture; and £, high content of
coarse fragments in the soil profile. The letter g indicates
that limitations or restrictions are insignificant. If a soil
has more than one limitation, the priority is as follows: r,
x,w, t,dcs andf.
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Filgure 14.—Christmas tree plantation on Montcalm-Graycalm complex, 0 to 6 percent slopes.

In tabie 7, slight, moderate, and severe indicate the
degree of the major soil limitations to be considered in
management.

Ratings of the erosion hazard indicate the risk of loss
of soil in well managed woodland. The risk is slight if the
expected soil loss is small, moderate if measures are
needed to control erosion during logging and road con-
struction, and severe if intensive management or special
equipment and methods are needed to prevent exces-
sive loss of soil.

Ratings of equipment limitation reflect the characteris-
tics and conditions of the soil that restrict use of the
equipment generally needed in woodland management
or harvesting. A rating of s/ight indicates that use of
equipment is not limited to a particular kind of equipment
or time of year; moderate indicates a short seasonal
limitation or a need for some modification in manage-
ment or in equipment; and severe indicates a seasonal

limitation, a need for special equipment or management,
or a hazard in the use of equipment.

Seedling mortality ratings indicate the degree to which
the soil affects the mortality of tree seedlings. Plant
competition is not considered in the ratings. The ratings
apply to seedlings from good stock that are properly
planted during a period of sufficient rainfall. A rating of
slight indicates that the expected mortality is less than
25 percent; moderate, 25 to 50 percent; and severe,
more than 50 percent.

Ratings of windthrow hazard are based on soil charac-
teristics that affect the development of tree roots and
the ability of the soil to hold trees firmly. A rating of sfight
indicates that few trees may be blown down by strong
winds; moderate, that some trees will be blown down
during periods of excessive soil wetness and strong
winds; and severe, that many trees are blown down
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during periods of excessive soil wetness and moderate
or strong winds.

The potential productivity of merchantable or common
trees on a soil is expressed as a site index. This index is
the average height, in feet, that dominant and codomin-
ant trees of a given species attain in a specified number
of years. The site index applies to fully stocked, even-
aged, unmanaged stands. Commonly grown trees are
those that woodland managers generally favor in inter-
mediate or improvement cuttings. They are selected on
the basis of growth rate, quality, value, and marketability.

Trees to plant are those that are suited to the soils
and to commercial wood production.

Windbreaks and Environmental Plantings

Windbreaks protect livestock, buildings, and yards
from wind and snow. They also protect fruit trees and
gardens, and they furnish habitat for wildlife. Several
rows of low- and high-growing broadleaf and coniferous
trees and shrubs provide the most protection.

Field windbreaks are narrow plantings made at right
angles to the prevailing wind and at specific intervals
across the field. The interval depends on the erodibility
of the soil. Field windbreaks protect cropland and crops
from wind, help to keep snow on the fields, and provide
food and cover for wildlife.

Environmental plantings help to beautity and screen
houses and other buildings and to abate noise. The
plants, mostly evergreen shrubs and trees, are closely
spaced. To ensure plant survival, a healthy planting
stock of suitable species should be planted properly on a
well prepared site and maintained in good condition.

Table 8 shows the height that locally grown trees and
shrubs are expected to reach in 20 years on various
soils. The estimates in table 8 are based on measure-
ments and observation of established plantings that have
~ been given adequate care. They can be used as a guide
in planning windbreaks and screens. Additional informa-
tion on planning windbreaks and screens and planting
and caring for trees and shrubs can be obtained from
local offices of the Soil Conservation Service or the
Cooperative Extension Service or from a commercial
nursery.

Recreation

Recreation is a major land use in Missaukee County.
Most of the land in the county is used for nonintensive
recreational uses, such as fishing, hunting, camping,
hiking, and sightseeing. Winter activities include downhill
and cross-country skiing and snowmobiling. About 7,000
acres is used for intensive recreational uses, such as
parks, campgrounds, and picnic areas. Because of an
expanding population, increasing land prices, and rising
agricultural production costs, land use is certain to un-
dergo changes in the future. More land probably will be
converted to use for various types of recreation.
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The soils of the survey area are rated in table 9 ac-
cording to limitations that affect their suitability for recre-
ation. The ratings are based on restrictive soil features,
such as wetness, slope, and texture of the surface layer.
Susceptibility to flooding is considered. Not considered in
the ratings, but important in evaluating a site, are the
location and accessibility of the area, the size and shape
of the area and its scenic quality, vegetation, access to
water, potential water impoundment sites, and access to
public sewerlines. The capacity of the soil to absorb
septic tank effluent and the ability of the soil to support
vegetation are also important. Soils subject to flooding
are limited for recreation use by the duration and intensi-
ty of flooding and the season when flooding occurs. In
planning recreation facilities, onsite assessment of the
height, duration, intensity, and frequency of flooding is
essential.

In table 9, the degree of soil limitation is expressed as
slight, moderate, or severe. Slight means that soil prop-
erties are generally favorable and that limitations are
minor and easily overcome. Moderate means that limita-
tions can be overcome or alleviated by planning, design,
or special maintenance. Severe means that soil proper-
ties are unfavorable and that limitations can be offset
only by costly soil reclamation, special design, intensive
maintenance, limited use, or by a combination of these
measures.

The information in table 9 can be supplemented by
other information in this survey, for example, interpreta-
tions for septic tank absorption fields in table 12 and
interpretations for dwellings without basements and for
local roads and streets in table 11.

Camp areas require site preparation, such as shaping
and leveling the tent and parking areas, stabilizing roads
and intensively used areas, and installing sanitary facili-
ties and utility lines. Camp areas are subject to heavy
foot traffic and some vehicular traffic. The best soils
have mild slopes and are not wet or subject to flooding
during the period of use. The surface has few or no
stones or boulders, absorbs rainfall readily but remains
firm, and is not dusty when dry. Strong slopes and
stones or boulders can greatly increase the cost of con-
structing campsites.

Picnic areas are subject to heavy foot traffic. Most
vehicular traffic is confined to access roads and parking
areas. The best soils for picnic areas are firm when wet,
are not dusty when dry, are not subject to flooding
during the period of use, and do not have slopes or
stones or boulders that increase the cost of shaping
sites or of building access roads and parking areas.

Playgrounds require soils that can withstand intensive
foot traffic. The best soils are almost level and are not
wet or subject to flooding during the season of use. The
surface is free of stones and boulders, is firm after rains,
and is not dusty when dry.

Paths and trails for hiking and horseback riding should
require little or no cutting and filling. The best soils are
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not wet, are firm after rains, are not dusty when dry, and
are not subject to flooding more than once a year during
the period of use. They have moderate slopes and few
or no stones or boulders on the surface.

Golf fairways are subject to heavy foot traffic and
some light vehicular traffic. Cutting or filling may be re-
quired. The best soils for use as golf fairways are firm
when wet, are not dusty when dry, and are not subject to
prolonged flooding during the period of use. They have
moderate slopes and no stones or boulders on the sur-
face. The suitability of the soil for tees or greens is not
considered in rating the soils.

Wildlife Habitat

Missaukee County has a variety of wildlife and various
designated wildlife management areas. The principal
wildlife in the county include white-tailed deer, eagles,
black bear, gray squirrels, snowshoe hares, bobcats, and
various species of birds. The management areas include
the Dead Stream Swamp, which is one of the largest
swamps in Michigan's Lower Peninsula; courting and
nesting areas for the sharp-tailed grouse; a nesting area
for the Kirtland warbler; a research station that gathers
information about white-tailed deer; and various water-
fowl nesting and resting areas.

Many lakes and streams in the county provide good
fishing for trout, northern pike, largemouth bass, walleye,
and a variety of other game fish.

Habitat for wildlife in Missaukee County ranges from
farmland to northern hardwood climax forests. Much of
the habitat can be improved by establishing more water
areas and by increasing the planting of appropriate vege-
tation to provide adequate food and cover.

Soils affect the kind and amount of vegetation that is
available to wildlife as food and cover. They also affect
the construction of water impoundments. The kind and
abundance of wildlife depend largely on the amount and
distribution of food, cover, and water. Wildlife habitat can
be created or improved by planting appropriate vegeta-
tion, by maintaining the existing plant cover, or by pro-
moting the natural establishment of desirable plants.

In table 10, the soils in the survey area are rated
according to their potential for providing habitat for vari-
ous kinds of wildlife. This information can be used in
ptanning parks, wildlife refuges, nature study areas, and
other developments for wildlife; in selecting soils that are
suitable for establishing, improving, or maintaining specif-
ic elements of wildlife habitat; and in determining the
intensity of management needed for each element of the
habitat.

The potential of the soil is rated good, fair, poor, or
very poor. A rating of good indicates that the element or
kind of habitat is easily established, improved, or main-
tained. Few or no limitations affect management, and
satisfactory resuits can be expected. A rating of fair
indicates that the element or kind of habitat can be
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established, improved, or maintained in most places.
Moderately intensive management is required for satis-
factory results. A rating of poor indicates that limitations
are severe for the designated element or kind of habitat.
Habitat can be created, improved, or maintained in most
places, but management is difficult and must be inten-
sive. A rating of very poor indicates that restrictions for
the element or kind of habitat are very severe and that
unsatisfactory results can be expected. Creating, improv-
ing, or maintaining habitat is impractical or impossible.

The elements of wildlife habitat are described in the
following paragraphs. )

Grain and seed crops are domestic grains and seed-
producing herbaceous plants. Soil properties and fea-
tures that affect the growth of grain and seed crops are
depth of the root zone, texture of the surface layer,
available water capacity, wetness, slope, surface stoni-
ness, and flood hazard. Soil temperature and soil mois-
ture are also considerations. Examples of grain and seed
crops are corn, wheat, and oats.

Grasses and legumes are domestic perennial grasses
and herbaceous legumes. Soil properties and features
that affect the growth of grasses and legumes are depth
of the root zone, texture of the surface layer, available
water capacity, wetness, surface stoniness, flood hazard,
and slope. Soil temperature and soil moisture are also
considerations. Examples of grasses and legumes are
fescue, lovegrass, bromegrass, clover, and alfalfa.

Wild herbaceous plants are native or naturally estab-
lished grasses and forbs, including weeds. Soil proper-
ties and features that affect the growth of these plants
are depth of the root zone, texture of the surface layer,
available water capacity, wetness, surface stoniness, and
flood hazard. Soil temperature and soil moisture are also
considerations. Examples of wild herbaceous plants are
dandelions, goldenrod, ragweed, lambsquarters, and
quackgrass.

Hardwood trees and woody understory produce nuts
or other fruit, buds, catkins, twigs, bark, and foliage. Soil
properties and features that affect the growth of hard-
wood trees and shrubs are depth of the root zone, avail-
able water capacity, and wetness. Examples of these
plants are oak, poplar, cherry, ash, apple, hawthorn, dog-
wood, maple, blackberry, and blueberry. Examples of
fruit-producing shrubs that are suitable for planting on
soils rated good are Russian-olive, autumn-olive, and
crabapple.

Coniferous plants furnish browse and seeds. Soil prop-
erties and features that affect the growth of coniferous
trees, shrubs, and ground cover are depth of the root
zone, available water capacity, and wetness. Examples
of coniferous plants are pine, spruce, fir, cedar, and
hemlock.

Wetland plants are annual and perennial wild herba-
ceous plants that grow on moist or wet sites. Submerged
or floating aquatic plants are excluded. Soil properties
and features affecting wetland plants are texture of the
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surface layer, wetness, reaction, slope, and surface ston-
iness. Examples of wetland plants are smartweed, arrow-
head, wildrice, cattail, rushes, sedges, and reeds.

Shallow water areas have an average depth of less
than 5 feet. Some are naturally wet areas. Others are
created by dams, levees, or other water-control struc-
tures. Soil properties and features affecting shallow
water areas are wetness, surface stoniness, slope, and
permeability. Examples of shallow water areas are
marshes, waterfow! feeding areas, and ponds.

The habitat for various kinds of wildlife is described in
the following paragraphs.

Habitat for openiand wildlife consists of cropland, pas-
ture, meadows, and areas that are overgrown with
grasses, herbs, shrubs, and vines. These areas produce
grain and seed crops, grasses and legumes, and wild
herbaceous plants. The wildlife attracted to these areas
include bobwhite quail, pheasant, killdeer, field sparrow,
cottontail, and red fox.

Habitat for woodland wildlife consists of areas of de-
ciduous plants or coniferous plants or both and associat-
ed grasses, legumes, and wild herbaceous plants. Wild-
life attracted to these areas include wild turkey, ruffed
grouse, woodcock, thrushes, woodpeckers, squirrels,
owls, raccoon, deer, and bear.

Habitat for wetland wildlife consists of open, marshy or
swampy shallow water areas. Some of the wildlife at-
tracted to such areas are ducks, geese, loons, black-
birds, muskrat, mink, and beaver.

Engineering

This section provides information for planning land
uses related to urban development and to water man-
agement. Soils are rated for various uses, and the most
limiting features are identified. The ratings are given in
the following tables: Building site development, Sanitary
facilities, Construction materials, and Water manage-
ment. The ratings are based on observed performance
of the soils and on the estimated data and test data in
the *‘Soil Properties’ section.

Information in this section is intended for land use
planning, for evaluating land use alternatives, and for
planning site investigations prior to design and construc-
tion. The information, however, has limitations. For ex-
ample, estimates and other data generally apply only to
that part of the soil within a depth of 5 or 6 feet. Be-
cause of the map scale, small areas of different soils
may be included within the mapped areas of a specific
soff.

The information is not site specific and does not elimi-
nate the need for onsite investigation of the soils or for
testing and analysis by personnel experienced in the
design and construction of engineering works.

Government ordinances and regulations that restrict
certain land uses or impose specific design criteria were
not considered in preparing the information in this sec-
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tion. Local ordinances and regulations need to be con-
sidered in planning, in site selection, and in design.

Soil properties, site features, and observed perform-
ance were considered in determining the ratings in this
section. During the fieldwork for this soil survey, determi-
nations were made about grain-size distribution, liquid
limit, plasticity index, soil reaction, soil wetness, depth to
a seasonal high water table, slope, likelihood of flooding,
natural soil structure aggregation, and soil density. Data
were collected about kinds of clay minerals, mineralogy
of the sand and silt fractions, and the kind of adsorbed
cations. Estimates were made for erodibility, permeabil-
ity, corrosivity, shrink-swell potential, available water ca-
pacity, and other behavioral characteristics affecting en-
gineering uses.

This information can be used to (1) evaluate the po-
tential of areas for residential, commercial, industrial, and
recreation uses: (2) make preliminary estimates of con-
struction conditions; (3) evaluate alternative routes for
roads, streets, highways, pipelines, and underground
cables; (4) evaluate alternative sites for sanitary landfills,
septic tank absorption fields, and sewage lagoons; (5)
plan detailed onsite investigations of soils and geology;
(6) locate potential sources of gravel, sand, earthfill, and
topsoil; (7) plan drainage systems, irrigation systems,
ponds, terraces, and other structures for soil and water
conservation; and (8) predict performance of proposed
small structures and pavements by comparing the per-
formance of existing similar structures on the same or
similar soils.

The information in the tables, along with the soil maps,
the soil descriptions, and other data provided in this
survey can be used to make additional interpretations.

Some of the terms used in this soil survey have a
special meaning in soil science and are defined in the
Glossary.

Building Site Development

Table 11 shows the degree and kind of soil limitations
that affect shallow excavations, dwellings with and with-
out basements, small commercial buildings, local roads
and streets, and lawns and landscaping. The limitations
are considered slight if soil properties and site features
are generally favorable for the indicated use and limita-
tions are minor and easily overcome; moderate if soil
properties or site features are not favorable for the indi-
cated use and special planning, design, or maintenance
is needed to overcome or minimize the limitations; and
severe if soil properties or site features are so unfavor-
able or so difficult to overcome that special design, sig-
nificant increases in construction costs, and possibly in-
creased maintenance are required. Special feasibility
studies may be required where the soil limitations are
severe.

Shalfow excavations are trenches or holes dug to a
maximum depth of 5 or 6 feet for basements, graves,
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utility lines, open ditches, and other purposes. The rat-
ings are based on soil properties, site features, and ob-
served performance of the soils. The ease of digging,
filling, and compacting is affected by a very firm dense
layer, stone content, soil texture, and slope. The time of
the year that excavations can be made is affected by the
depth to a seasonal high water table and the susceptibili-
ty of the soil to flooding. The resistance of the excava-
tion walls or banks to sloughing or caving is affected by
soil texture and the depth to the water table.

Dwellings and small commercial buildings are struc-
tures built on shallow foundations on undisturbed soil.
The load limit is the same as that for single-family dwell-
ings no higher than three stories. Ratings are made for
small commercial buildings without basements, for dwell-
ings with basements, and for dwellings without base-
ments. The ratings are based on soil properties, site
features, and observed performance of the soils. A high
water table, flooding, shrink-swell potential, and organic
layers can cause the movement of footings. A high water
table, large stones, slope, and flooding affect the ease of
excavation and construction. Landscaping and grading
that require cuts and fills of more than 5 to 6 feet are not
considered.

Local roads and streets have an all-weather surface
and carry automobile and light truck traffic all year. They
have a subgrade of cut or fill soil material, a base of
gravel, crushed rock, or stabilized soil material, and a
flexible or rigid surface. Cuts and fills are generally limit-
ed to less than 6 feet. The ratings are based on soil
properties, site features, and observed performance of
the soils. A high water table, flooding, large stones, and
slope affect the ease of excavating and grading. Soil
strength (as inferred from the engineering classification
of the soil), shrink-swell potential, frost action potential,
and depth to a high water table affect the traffic support-
ing capacity.

Lawns and landscaping require soils on which turf and
ornamental trees and shrubs can be established and
maintained. The ratings are based on soil properties, site
features, and observed performance of the soils. Soil
reaction, a high water table, and the available water
capacity in the upper 40 inches affect plant growth.
Flooding, wetness, slope, stoniness, and the amount of
sand, clay, or organic matter in the surface layer affect
trafficability after vegetation is established.

Sanitary Facilities

Table 12 shows the degree and kind of soil limitations
that affect septic tank absorption fields, sewage lagoons,
and sanitary landfills. The limitations are considered
slight if soil properties and site features are generally
favorable for the indicated use and limitations are minor
and easily overcome; moderate if soil properties or site
features are not favorable for the indicated use and
special planning, design, or maintenance is needed to
overcome or minimize the limitations; and severe if soil
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properties or site features are so unfavorable or so diffi-
cult to overcome that special design, significant in-
creases in construction costs, and possibly increased
maintenance are required.

Table 12 also shows the suitability of the soils for use
as daily cover for landfills. A rating of good indicates that
soil properties and site features are favorable for the use
and good performance and low maintenance can be
expected; fair indicates that soil properties and site fea-
tures are moderately favorable for the use and one or
more soil properties or site features make the soil less
desirable than the soils rated good; and poor indicates
that one or more soil properties or site features are
unfavorable for the use and overcoming the unfavorable
properties requires special design, extra maintenance, or
costly alteration.

Septic tank absorption fields are areas in which efflu-
ent from a septic tank is distributed into the soil through
subsurface tiles or perforated pipe. Only that part of the
soil between depths of 24 and 72 inches is evaluated.
The ratings are based on soil properties, site features,
and observed performance of the soils. Permeability, a
high water table, and flooding affect absorption of the
effluent. Large stones interfere with installation.

Unsatisfactory performance of septic tank absorption
fields, including excessively slow absorption of effluent,
surfacing of effluent, and hillside seepage, can affect
public health. Ground water can be poliuted if highly
permeable sand and gravel is less than 4 feet below the
base of the absorption field, if slope is excessive, or if
the water table is near the surface. There must be un-
saturated soil material beneath the absorption field to
filter the effluent effectively. Many local ordinances re-
quire that this material be of a certain thickness.

Sewage lagoons are shallow ponds constructed to
hold sewage while aerobic bacteria decompose the solid
and liquid wastes. Lagoons should have a nearly level
floor surrounded by cut slopes or embankments of com-
pacted soil. Lagoons generally are designed to hold the
sewage within a depth of 2 to 5 feet. Nearly impervious
soil material for the lagoon floor and sides is required to
minimize seepage and contamination of ground water.

Table 12 gives ratings for the natural soil that makes
up the lagoon floor. The surface layer and, generally, 1
or 2 feet of soil material below the surface layer are
excavated to provide material for the embankments. The
ratings are based on soil properties, site features, and
observed performance of the soils. Considered in the
ratings are slope, permeability, a high water table, flood-
ing, large stones, and content of organic matter.

Excessive seepage due to rapid permeability of the
soil or a water table that is high enough to raise the level
of sewage in the lagoon causes a lagoon to function
unsatisfactorily. Pollution results if seepage is excessive
or if floodwater overtops the lagoon. A high content of
organic matter is detrimental to proper functioning of the
lagoon because it inhibits aerobic activity. Slope can
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cause construction problems, and large stones can
hinder compaction of the lagoon floor.

Sanitary landfills are areas where solid waste is dis-
posed of by burying it in soil. There are two types of
landfil—trench and area. In a trench landfill, the waste is
placed in a trench. It is spread, compacted, and covered
daily with a thin layer of soil excavated at the site. In an
area landfill, the waste is placed in successive layers on
the surface of the soil. The waste is spread, compacted,
and covered daily with a thin layer of soil from a source
away from the site.

Both types of landfill must be able to bear heavy
vehicular traffic. Both types involve a risk of ground
water pollution. Ease of excavation and revegetation
needs to be considered.

The ratings in tabie 12 are based on soil properties,
site features, and observed performance of the soils.
Permeability, a high water table, slope, and flooding
affect both types of landfill. Texture, stones and boul-
ders, highly organic layers, and soil reaction affect trench
type landfills. Unless otherwise stated, the ratings apply
only to that part of the soil within a depth of about 6
feet. For deeper trenches, a limitation rated siight or
moderate may not be valid. Onsite investigation is
needed.

Daily cover for landfill is the soil material that is used
to cover compacted solid waste in an area type sanitary
landfill. The soil material is obtained offsite, transported
to the landfill, and spread over the waste.

Soil texture, wetness, coarse fragments, and slope
affect the ease of removing and spreading the material
during wet and dry periods. Loamy or silty soils that are
free of large stones or excess gravel are the best cover
for a landfill. Clayey soils are sticky or cloddy and are
difficult to spread; sandy soils are subject to soil blowing.

After soil material has been removed, the soil material
remaining in the borrow area must be thick enough over
the water table to permit revegetation. The soil material
used as final cover for a landfill should be suitable for
plants. The surface layer generally has the best workabil-
ity, more organic matter, and the best potential for
plants. Material from the surface layer should be stock-
piled for use as the final cover.

Construction Materials

Table 13 gives information about the soils as a source
of roadfill, sand, gravel, and topsoil. The soils are rated
good, fair, or poor as a source of roadfill and topsoil.
They are rated as a probable or improbable source of
sand and gravel. The ratings are based on soil proper-
ties and site features that affect the removal of the soil
and its use as construction material. Normal compaction,
minor processing, and other standard construction prac-
tices are assumed. Each soil is evaluated to a depth of 5
or 6 feet.

Roadfill is soil material that is excavated in one place
and used in road embankments in another place. In this
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table, the soils are rated as a source of roadfill for jow
embankments, generally less than 6 feet high and less
exacting in design than higher embankments.

The ratings are for the soil material below the surface
layer to a depth of 5 or 6 feet. It is assumed that soil
layers will be mixed during excavating and spreading.
Many soils have layers of contrasting suitability within
their profile. The table showing engineering index proper-
ties provides detailed information about each soil layer.
This information can help determine the suitability of
each layer for use as roadfill. The performance of soil
after it is stabilized with lime or cement is not considered
in the ratings.

The ratings are based on soil properties, site features,
and observed performance of the soils. The thickness of
suitable material is a major consideration. The ease of
excavation is affected by large stones, a high water
table, and slope. How well the soil performs in place
after it has been compacted and drained is determined
by its strength (as inferred from the engineering classifi-
cation of the soil) and shrink-sweli potential.

Soils rated good contain significant amounts of sand
or gravel or both. They have at least 5 feet of suitable
material, low shrink-swell potential, few cobbles and
stones, and slopes of 15 percent or less. Depth to the
water table is more than 3 feet. Soils rated fair are more
than 35 percent silt- and clay-sized particles and have a
plasticity index of less than 10. They have moderate
shrink-swell potential, slopes of 15 to 25 percent, or
many stones. Depth to the water table is 1 to 3 feet.
Soils rated poor have a plasticity index of more than 10,
a high shrink-swell potential, many stones, or slopes of
more than 25 percent. They are wet, and the depth to
the water table is less than 1 foot. They may have layers
of suitable material, but the material is less than 3 feet
thick.

Sand and gravel are natural aggregates suitable for
commercial use with a minimum of processing. Sand and
gravel are used in many kinds of construction. Specifica-
tions for each use vary widely. In table 13, only the
probability of finding material in suitable quantity is evalu-
ated. The suitability of the material for specific purposes
is not evaluated, nor are factors that affect excavation of
the material.

The properties used to evaluate the soil as a source of
sand or gravel are gradation of grain sizes (as indicated
by the engineering classification of the soil), the thick-
ness of suitable material, and the content of rock frag-
ments. Kinds of rock, acidity, and stratification are given
in the soil series descriptions. Gradation of grain sizes is
given in the table on engineering index properties.

A soil rated as a probable source has a layer of clean
sand or gravel or a layer of sand or gravel that is up to
12 percent silty fines. This material must be at least 3
feet thick and less than 50 percent, by weight, large
stones. All other soils are rated as an improbable
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source. Coarse fragments of soft bedrock, such as shale
and siltstone, are not considered to be sand and gravel.

Topsoil is used to cover an area so that vegetation
can be established and maintained. The upper 40 inches
of a soil is evaluated for use as topsoil. Also evaluated is
the reclamation potential of the borrow area.

Piant growth is affected by toxic material and by such
properties as soil reaction, available water capacity, and
fertility. The ease of excavating, loading, and spreading
is affected by rock fragments, slope, a water table, soil
texture, and thickness of suitable material. Reclamation
of the borrow area is affected by slope, a water table,
and rock fragments.

Soils rated good have friable loamy material to a depth
of at least 40 inches. They are free of stones and cob-
bles, have little or no gravel, and have slopes of less
than 8 percent. They are low in content of soluble salts,
are naturally fertile or respond well to fertilizer, and are
not so wet that excavation is difficult.

Soils rated fair are sandy soils, loamy soils that have a
relatively high content of clay, soils that have only 20 to
40 inches of suitable material, soils that have an appre-
ciable amount of gravel or stones, or soils that have
slopes of 8 to 15 percent. The soils are not so wet that
excavation is difficult.

Soils rated poor are very sandy or clayey, have less
than 20 inches of suitable material, have a large amount
of gravel or stones, have slopes of more than 15 per-
cent, or have a seasonal water table at or near the
surface.

The surface layer of most soils is generally preferred
for topsoil because of its organic matter content. Organic
matter greatly increases the absorption and retention of
moisture and nutrients for plant growth.

Water Management

Table 14 gives information on the soil properties and
site features that affect water management. The degree
and kind of soil limitations are given for pond reservoir
areas; embankments, dikes, and levees; and aquifer-fed
excavated ponds. The limitations are considered s/ight if
soil properties and site features are generally favorable
for the indicated use and limitations are minor and are
easily overcome; moderate if soil properties or site fea-
tures are not favorable for the indicated use and special
planning, design, or maintenance is needed to overcome
or minimize the limitations; and severe if soil properties
or site features are so unfavorable or so difficult to
overcome that special design, significant increase in con-
struction costs, and possibly increased maintenance are
required.

This table also gives for each soil the restrictive fea-
tures that affect drainage, irrigation, and grassed water-
ways.

/;ond reservoir areas hold water behind a dam or em-
bankment. Soils best suited to this use have low seep-
age potential in the upper 60 inches. The seepage po-
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tential is determined by the permeability of the soil and
the depth to fractured bedrock or other permeable mate-
rial. Excessive slope can affect the storage capacity of
the reservoir area.

Embankments, dikes, and levees are raised structures
of soil material, generally less than 20 feet high, con-
structed to impound water or to protect land against
overflow. In this table, the soils are rated as a source of
material for embankment fill. The ratings apply to the soil
material below the surface layer to a depth of about 5
feet. It is assumed that soil layers will be uniformly mixed
and compacted during construction.

The ratings do not indicate the ability of the natural
soil to support an embankment. Soil properties to a
depth even greater than the height of the embankment
can affect performance and safety of the embankment.
Generally, deeper onsite investigation is needed to de-
termine these properties.

Soil material in embankments must be resistant to
seepage, piping, and erosion and have favorable com-
paction characteristics. Unfavorable features include less
than § feet of suitable material and a high content of
stones or boulders or organic matter. A high water table
affects the amount of usable material. It also affects
trafficability.

Aquifer-fed excavated ponds are pits or dugouts that
extend to a ground-water aquifer or to a depth below a
permanent water table. Excluded are ponds that are fed
only by surface runoff and embankment ponds that im-
pound water 3 feet or more above the original surface.
Excavated ponds are affected by depth to a permanent
water table, permeability of the aquifer, and quality of the
water. The content of large stones affects the ease of
excavation.

Drainage is the removal of excess surface and subsur-
face water from the soil. How easily and effectively the
soil is drained depends on the depth to layers that affect
the rate of water movement; permeability; depth to a
high water table or depth of standing water if the soil is
subject to ponding; slope; susceptibility to flooding; sub-
sidence of organic layers; and potential frost action. Ex-
cavating and grading and the stability of ditchbanks are
affected by large stones, slope, and the hazard of cut-
banks caving. The productivity of the soil after drainage
is adversely affected by extreme acidity. Availability of
drainage outlets is not considered in the ratings.

Irrigation is the controlled application of water to sup-
plement rainfall and support plant growth. The design
and management of an irrigation system are affected by
depth to the water table, the need for drainage, flooding,
available water capacity, intake rate, permeability, ero-
sion hazard, and slope. The construction of a system is
affected by large stones. The performance of a system
is affected by the depth of the root zone and soil reac-
tion.

Grassed waterways are natural or constructed chan-
nels, generally broad and shallow, that conduct surface
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water to outlets at a nonerosive velocity. Large stones,
wetness, and slope affect the construction of grassed
waterways. A hazard of wind erosion, low available water
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capacity, restricted rooting depth, and restricted perme-
ability adversely affect the growth and maintenance of
the grass after construction.
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Data relating to soil properties are collected during the
course of the soil survey. The data and the estimates of
soil and water features, listed in tables, are explained on
the following pages.

Soil properties are determined by field examination of
the soils and by laboratory index testing of some bench-
mark soils. Established standard procedures are fol-
lowed. During the survey, many shallow borings are
made and examined to identify and classify the soils and
to delineate them on the soil maps. Samples are taken
from some typical profiles and tested in the laboratory to
determine grain-size distribution, plasticity, and compac-
tion characteristics.

Estimates of soil properties are based on field exami-
nations, on laboratory tests of samples from the survey
area, and on laboratory tests of samples of similar soils
in nearby areas. Tests verify field observations, verify
properties that cannot be estimated accurately by field
observation, and help characterize key soils.

The estimates of soil properties shown in the tables
include the range of grain-size distribution and Atterberg
limits, the engineering classifications, and the physical
and chemical properties of the major layers of each soil.
Pertinent soil and water features also are given.

Engineering Index Properties

Table 15 gives estimates of the engineering classifica-
tion and of the range of index properties for the major
layers of each soil in the survey area. Most soils have
layers of contrasting properties within the upper 5 or 6
feet.

Depth to the upper and lower boundaries of each layer
is indicated. The range in depth and information on other
properties of each layer are given for each soil series
under “Soil Series and Their Morphology.”

Texture is given in the standard terms used by the
U.S. Department of Agriculture. These terms are defined
according to percentages of sand, silt, and clay in the
fraction of the soil that is less than 2 millimeters in
diameter. “Loam,” for example, is soil that is 7 to 27
percent clay, 28 to 50 percent silt, and less than 52
percent sand. If the content of particles coarser than
sand is as much as about 15 percent, an appropriate
modifier is added, for example, “gravelly.” Textural terms
are defined in the Glossary.

Classification of the soils is determined according to
the Unified soil classification system (2) and the system

adopted by the American Association of State Highway
and Transportation Officials (7).

The Unified system classifies soils according to prop-
erties that affect their use as construction material. Soils
are classified according to grain-size distribution of the
fraction less than 3 inches in diameter and according to
plasticity index, liquid limit, and organic matter content.
Sandy and gravelly soils are identified as GW, GP, GM,
GC, SW, SP, SM, and SC; silty and clayey soils as ML,
CL, OL, MH, CH, and OH; and highly organic soils as PT.
Soils exhibiting engineering properties of two groups can
have a dual classification, for example, CL-ML.

The AASHTO system classifies soils according to
those properties that affect roadway construction and
maintenance. In this system, the fraction of a mineral soil
that is less than 3 inches in diameter is classified in one
of seven groups from A-1 through A-7 on the basis of
grain-size distribution, liquid limit, and plasticity index.
Soils in group A-1 are coarse grained and low in content
of fines (silt and clay). At the other extreme, soils in
group A-7 are fine grained. Highly organic soils are clas-
sified in group A-8 on the basis of visual inspection.

if laboratory data are available, the A-1, A-2, and A-7
groups are further classified as A-1-a, A-1-b, A-2-4, A-2-
5, A-2-6, A-2-7, A-7-5, or A-7-6. As an additional refine-
ment, the suitability of a soil as subgrade material can be
indicated by a group index number. Group index num-
bers range from O for the best subgrade material to 20
or higher for the poorest.

Rock fragments larger than 3 inches in diameter are
indicated as a percentage of the total soil on a dry-
weight basis. The percentages are estimates determined
mainly by converting volume percentage in the field to
weight percentage.

Percentage (of soil particles) passing designated
sieves is the percentage of the soil fraction less than 3
inches in diameter based on an ovendry weight. The
sieves, numbers 4, 10, 40, and 200 (USA Standard
Series), have openings of 4.76, 2.00, 0.420, and 0.074
millimeters, respectively. Estimates are based on labora-
tory tests of soils sampled in the survey area and in
nearby areas and on estimates made in the field.

Liquid limit and plasticity index (Atterberg limits) indi-
cate the plasticity characteristics of a soil. The estimates
are based on test data from the survey area or from
nearby areas and on field examination.
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The estimates of grain-size distribution, liquid limit, and
plasticity index are generally rounded to the nearest 5
percent. Thus, if the ranges of gradation and Atterberg
limits extend a marginal amount (1 or 2 percentage
points) across classification boundaries, the classification
in the marginal zone is omitted in the table.

Physical and Chemical Properties

Table 16 shows estimates of some characteristics and
features that affect soil behavior. These estimates are
given for the major layers of each soil in the survey area.
The estimates are based on field observations and on
test data for these and similar soils.

Clay as a soil separate consists of mineral soil parti-
cles that are less than 0.002 millimeter in diameter. In
this table, the estimated clay content of each major soil
layer is given as a percentage, by weight, of the soil
material that is less than 2 millimeters in diameter.

The amount and kind of clay greatly affect the fertility
and physical condition of the soil. They determine the
ability of the soil to adsorb cations and to retain mois-
ture. They influence shrink-swell potential, permeability,
and plasticity, the ease of soil dispersion, and other soil
properties. The amount and kind of clay in a soil also
affect tillage and earth-moving operations.

Moist bulk density is the weight of soil (ovendry) per
unit volume. Volume is measured when the soil is at field
moisture capacity, that is, the moisture content at 1/3
bar moisture tension. Weight is determined after drying
the soil at 105 degrees C. In this table, the estimated
moist bulk density of each major soil horizon is ex-
pressed in grams per cubic centimeter of soil material
that is less than 2 millimeters in diameter. Bulk density
data are used to compute shrink-swell potential, avail-
able water capacity, total pore space, and other soil
properties. The moist bulk density of a soil indicates the
pore space available for water and roots. A bulk density
of more than 1.6 can restrict water storage and root
penetration. Moist bulk density is influenced by texture,
kind of clay, content of organic matter, and soil structure.

Permeabilily refers to the ability of a soil to transmit
water or air. The estimates indicate the rate of downward
movement of water when the soil is saturated. They are
based on soil characteristics observed in the field, par-
ticularly structure, porosity, and texture. Permeability is
considered in the design of soil drainage systems, septic
tank absorption fields, and construction where the rate of
water movement under saturated conditions affects be-
havior.

Available water capacity refers to the quantity of water
that the soil is capable of storing for use by plants. The
capacity for water storage is given in inches of water per
inch of soil for each major soil layer. The capacity varies,
depending on soil properties that affect the retention of
water and the depth of the root zone. The most impor-
tant properties are the content of organic matter, soil
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texture, bulk density, and soil structure. Available water
capacity is an important factor in the choice of plants or
crops to be grown and in the design and management of
irrigation systems. Available water capacity is not an
estimate of the quantity of water actually available to
plants at any given time.

Soil reaction is a measure of acidity or alkalinity and is
expressed as a range in pH values. The range in pH of
each major horizon is based on many field tests. For
many soils, values have been verified by laboratory anal-
yses. Soil reaction is important in selecting crops and
other plants, in evaluating soil amendments for fertility
and stabilization, and in determining the risk of corrosion.

Shrink-swell potential is the potential for volume
change in a soil with a loss or gain in moisture. Volume
change occurs mainly because of the interaction of clay
minerals with water and varies with the amount and type
of clay minerals in the soil. The size of the load on the
soil and the magnitude of the change in soil moisture
content influence the amount of swelling of soils in
place. Laboratory measurements of swelling of undis-
turbed clods were made for many soils. For others,
swelling was estimated on the basis of the kind and
amount of clay minerals in the soil and on measure-
ments of similar soils.

If the shrink-swell potential is rated moderate to very
high, shrinking and swelling can cause damage to build-
ings, roads, and other structures. Special design is often
needed.

Shrink-swell potential classes are based on the
change in length of an unconfined clod as moisture con-
tent is increased from air-dry to field capacity. The
change is based on the soil fraction less than 2 millime-
ters in diameter. The classes are /ow, a change of less
than 3 percent; moderate, 3 to 6 percent; and high, more
than 6 percent. Very high, greater than 9 percent, is
sometimes used.

Erosion factor K indicates the susceptibility of a soil to
sheet and rill erosion by water. Factor K is one of six
factors used in the Universal Soil Loss Equation (USLE)
to predict the average annual rate of soil loss by sheet
and rill erosion in tons per acre per year. The estimates
are based primarily on percentage of silt, sand, and
organic matter (up to 4 percent) and on soil structure
and permeability. Values of K range from 0.05 to 0.69.
The higher the value, the more susceptible the soil is to
sheet and rill erosion by water.

Erosion factor T is an estimate of the maximum aver-
age annual rate of soil erosion by wind or water that can
occur without affecting crop productivity over a sustained
period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have
similar properties affecting their resistance to wind ero-
sion in cultivated areas. The groups indicate the suscep-
tibility of soil to wind erosion. Soils are grouped accord-
ing to the following distinctions:
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1. Sands, coarse sands, fine sands, and very fine
sands. These soils are generally not suitable for crops.
They are extremely erodible, and vegetation is difficult to
establish.

2. Loamy sands, loamy fine sands, and loamy very
fine sands. These soils are very highly erodible. Crops
can be grown if intensive measures to control wind ero-
sion are used.

3. Sandy loams, coarse sandy loams, fine sandy
loams, and very fine sandy loams. These soils are highly
erodible. Crops can be grown if intensive measures to
control wind erosion are used.

4L. Calcareous loamy soils that are less than 35 per-
cent clay and more than 5 percent finely divided calcium
carbonate. These soils are erodible. Crops can be grown
if intensive measures to contrél wind erosion are used.

4. Clays, silty clays, clay loams, and silty clay loams
that are more than 35 percent clay. These soils are
moderately erodible. Crops can be grown if measures to
control wind erosion are used.

5. Loamy soils that are less than 18 percent clay and
less than 5 percent finely divided calcium carbonate and
sandy clay loams and sandy clays that are less than 5
percent finely divided calcium carbonate. These soils are
slightly erodible. Crops can be grown if measures to
control wind erosion are used.

6. Loamy soils that are 18 to 35 percent clay and
less than 5 percent finely divided calcium carbonate,
except silty clay loams. These soils are very slightly
erodible. Crops can easily be grown.

7. Silty clay loams that are less than 35 percent clay
and less than 5 percent finely divided calcium carbonate.
These soils are very slightly erodible. Crops can easily
be grown.

8. Stony or gravelly soils and other soils not subject
to wind erosion.

Organic matter is the plant and animal residue in the
soil at various stages of decomposition. In table 16, the
estimated content of organic matter is expressed as a
percentage, by weight, of the soil material that is less
than 2 millimeters in diameter.

The content of organic matter of a soil can be main-
tained or increased by returning crop residue to the soil.
Organic matter affects the available water capacity, infil-
tration rate, and tilth. It is a source of nitrogen and other
nutrients for crops.

Soil and Water Features

Table 17 gives estimates of various soil and water
features. The estimates are used in land use planning
that involves engineering considerations.

Hydrologic soil groups are used to estimate runoff
from precipitation. Soils not protected by vegetation are
assigned to one of four groups. They are grouped ac-
cording to the intake of water when the soils are thor-

63

oughly wet and receive precipitation from long-duration
storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low runoff
potential) when thoroughly wet. These consist mainly of
deep, well drained to excessively drained sands or grav-
elly sands. These soils have a high rate of water trans-
mission.

Group B. Soils having a moderate infiltration rate when
thoroughly wet. These consist chiefly of moderately deep
or deep, moderately well drained or well drained soils
that have moderately fine texture to moderately coarse
texture. These soils have a moderate rate of water trans-
mission.

Group C. Soils having a slow infiltration rate when
thoroughly wet. These consist chiefly of soils having a
layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These
soils have a slow rate of water transmission.

Group D. Soils having a very slow infiltration rate (high
runoff potential) when thoroughly wet. These consist
chiefly of clays that have a high shrink-swell potential,
soils that have a permanent high water table, soils that
have a claypan or clay layer at or near the surface, and
soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to two hydrologic groups in table
17, the first letter is for drained areas and the second is
for undrained areas.

Flooding, the temporary inundation of an area, is
caused by overflowing streams or by runoff from adja-
cent slopes. Water standing for short periods after rain-
fall or snowmelt is not considered flooding, nor is water
in swamps and marshes.

Table 17 gives the frequency and duration of flooding
and the time of year when fiooding is most likely.

Frequency, duration, and probable dates of occurrence
are estimated. Frequency is expressed as none, rare,
occasional, and frequent. None means that flooding is
not probable; rare that it is unlikely but possible under
unusual weather conditions; occasional that it occurs, on
the average, once or less in 2 years; and frequent that it
occurs, on the average, more than once in 2 years.
Duration is expressed as very brief if less than 2 days,
brief if 2 to 7 days, and /ong if more than 7 days.
Probable dates are expressed in months; November-
May, for example, means that flooding can occur during
the period November through May.

The information is based on evidence in the soil pro-
file, namely thin strata of gravel, sand, silt, or clay depos-
ited by floodwater; irregular decrease in organic matter
content with increasing depth; and absence of distinctive
horizons that form in soils that are not subject to flood-
ing.

Also considered are local information about the extent
and levels of flooding and the relation of each soil on
the landscape to historic floods. Information on the
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extent of flooding based on soil data is less specific than
that provided by detailed engineering surveys that delin-
eate flood-prone areas at specific flood frequency levels.

High water table (seasonal) is the highest level of a
saturated zone in the soil in most years. The depth to a
seasonal high water table applies to undrained soils. The
estimates are based mainly on the evidence of a saturat-
ed zone, namely grayish colors or mottles in the soil.
Indicated in table 17 are the depth to the seasonal high
water table; the kind of water table—that is, perched or
apparent; and the months of the year that the water
table commonly is high. A water table that is seasonally
high for less than 1 month is not indicated in table 17.

An apparent water table is a thick zone of free water
in the soil. It is indicated by the level at which water
stands in an uncased borehole after adequate time is
allowed for adjustment in the surrounding soil. A perched
water table is water standing above an unsaturated
zone. In places an upper, or perched, water table is
separated from a lower one by a dry zone.

Only saturated zones within a depth of about 6 feet
are indicated. A plus sign preceding the range in depth
indicates that the water table is above the surface of the
soil. The first numeral in the range indicates how high
the water rises above the surface. The second numeral
indicates the depth below the surface.

Polential frost action is the likelihood of upward or
lateral expansion of the soil caused by the formation of
segregated ice lenses (frost heave) and the subsequent
collapse of the soil and loss of strength on thawing.
Frost action occurs when moisture moves into the freez-
ing zone of the soil. Temperature, texture, density, per-
meability, content of organic matter, and depth to the
water table are the most important factors considered in
evaluating the potential for frost action. It is assumed
that the soil is not insulated by vegetation or snow and is
not artificially drained. Silty and highly structured clayey
soils that have a high water table in winter are the most
susceptible to frost action. Well drained, very gravelly, or
very sandy soils are the least susceptible. Frost heave
and low soil strength during thawing cause damage
mainly to pavements and other rigid structures.

Risk of corrosion pertains to potential soil-induced
electrochemical or chemicai action that dissolves or
weakens uncoated steel or concrete. The rate of corro-
sion of uncoated steel is related to such factors as soil
moisture, particle-size distribution, acidity, and electrical
conductivity of the soil. The rate of corrosion of concrete
is based mainly on the sulfate and sodium content, tex-

ture, moisture content, and acidity of the soil. Special
site examination and design may be needed if the com-
bination of factors creates a severe corrosion environ-
ment. The steel in installations that intersect soil bound-
aries or soil layers is more susceptible to corrosion than
steel in installations that are entirely within one kind of
soil or within one soil layer.

For uncoated steel, the risk of corrosion, expressed as
low, moderate, or high, is based on soil drainage class,
total acidity, electrical resistivity near field capacity, and
electrical conductivity of the saturation extract.

For concrete, the risk of corrosion is also expressed
as /low, moderate, or high. It is based on soil texture,
acidity, and amount of sulfates in the saturation extract.

Soil Characterization Data

Many of the soils in Missaukee County were sampled
and laboratory data were determined by the Soil Re-
search Laboratory, Ford Forestry Center, Michigan Tech-
nological University, L’'Anse, Michigan. The laboratory
data obtained from the soil samples include particle-size
distribution analysis, coarse fragment analysis, bulk den-
sity and moisture retention data. Complete chemical
analyses were also performed on each sample, and
spodic horizon criteria were determined on the appropri-
ate samples. Standard National Cooperative Soil Survey
procedures were used for all analyses. in addition to soil
samples, forest sites were sampied to estimate forest
productivity on many of the sampled soils.

These data were used in the classification and correla-
tion of these soils and in evaluating their behavior, espe-
cially under forestry uses. Eight profiles were selected as
representative for the respective series. These series
and their laboratory identification number are: AuGres
(S80MI113-1), Dighton (S80MI113-3), East Lake
(S80MI113-5), Grayling (881MI113-2), Kawkawlin
(S80Mi113-6), Montcalm (S80MI113-2), Roscommon
(S81MI113-1), and Rubicon (S80MI113-4).

In addition to the Missaukee County data, soil charac-
terization data and forest site data are available from
nearby counties that have many of the same soils that
were not sampled in Missaukee County. These data and
the Missaukee County data are available from the Soil
Research Laboratory, Ford Forestry Center, Michigan
Technological University, L'Anse, Michigan; Soil and
Water Conservation Division, Michigan Department of
Agriculture, Lansing, Michigan; and Soil Conservation
Service, East Lansing, Michigan.
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Classification of the Soils

The system of soil classification used by the National
Cooperative Soil Survey has six categories (70). Begin-
ning with the broadest, these categories are the order,
suborder, great group, subgroup, family, and series. Clas-
sification is based on soil properties observed in the field
or inferred from those observations or from laboratory
measurements. Table 18 shows the classification of the
soils in the survey area. The categories are defined in
the following paragraphs.

ORDER. Ten soil orders are recognized. The differ-
ences among orders reflect the dominant soil-forming
processes and the degree of soil formation. Each order
is identified by a word ending in so/. An example is
Entisol.

SUBORDER. Each order is divided into suborders pri-
marily on the basis of properties that influence soil gene-
sis and are important to plant growth or properties that
reflect the most important variables within the orders.
The last syllable in the name of a suborder indicates the
order. An example is Aquent (Agu, meaning water, plus
ent, from Entisol).

GREAT GROUP. Each suborder is divided into great
groups on the basis of close similarities in kind, arrange-
ment, and degree of development of pedogenic hori-
zons; soil moisture and temperature regimes; and base
status. Each great group is identified by the name of a
suborder and by a prefix that indicates a property of the
soil. An example is Haplaquents (Hap/, meaning minimal
horizonation, plus aguent, the suborder of the Entisols
that have an aquic moisture regime).

SUBGROUP. Each great group has a typic subgroup.
Other subgroups are intergrades or extragrades. The
typic is the central concept of the great group; it is not
necessarily the most extensive. Intergrades are transi-
tions to other orders, suborders, or great groups. Extra-
grades have some properties that are not representative
of the great group but do not indicate transitions to any
other known kind of soil. Each subgroup is identified by
one or more adjectives preceding the name of the great
group. The adjective Mollic identifies the subgroup that
typifies the great group. An example is Mollic Hapla-
quents.

FAMILY. Families are established within a subgroup on
the basis of physical and chemical properties and other
characteristics that affect management. Mostly the prop-
erties are those of horizons below plow depth where
there is much biological activity. Among the properties

and characteristics considered are particle-size class,
mineral content, temperature regime, depth of the root
zone, consistence, moisture equivalent, slope, and per-
manent cracks. A family name consists of the name of a
subgroup preceded by terms that indicate soil properties.
An example is sandy over loamy, mixed, nonacid, frigid
Mollic Haplaquents.

SERIES. The series consists of soils that have similar
horizons in their profile. The horizons are simitar in color,
texture, structure, reaction, consistence, mineral and
chemical composition, and arrangement in the profile.
The texture of the surface layer or of the substratum can
differ within a series.

Soil Series and Their Morphology

In this section, each soil series recognized in the
survey area is described. The descriptions are arranged
in alphabetic order.

Characteristics of the soil and the material in which it
formed are identified for each series. The soil is com-
pared with similar soils and with nearby soils of other
series. A pedon, a small three-dimensional area of soil,
that is typical of the series in the survey area is de-
scribed. The detailed description of each soil horizon
follows standards in the Soil Survey Manual (8). Many of
the technical terms used in the descriptions are defined
in Soil Taxonomy (10). Unless otherwise stated, colors in
the descriptions are for moist soil. Following the pedon
description is the range of important characteristics of
the soils in the series.

The map units of each soil series are described in the
section “Detailed Soil Map Units.”

AuGres Series

The AuGres series consists of somewhat poorly
drained, rapidly permeable soils on outwash plains and
till plains. The soils formed in sandy glacial drift material.
The slope ranges from 0 to 3 percent.

These soils are taxadjuncts to the AuGres series be-
cause they have more organic carbon in the Bs horizon
than that defined as the range for the series. Further-
more, they have less weatherable minerals. These differ-
ences, however, do not affect the use or behavior of the
soils.
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AuGres soils are similar to Croswell, Gladwin, and
Otisco soils and commonly are adjacent to Roscommon
and Rubicon soils. Croswell soils are moderately well
drained. Gladwin and Otisco soils have an argillic hori-
zon. Rubicon soils are somewhat excessively drained.
Roscommon soils are poorly drained or very poorly
drained and do not have a spodic horizon.

Typical pedon of AuGres loamy sand, 0 to 3 percent
slopes, 1,200 feet south and 250 feet east of the center
of sec. 10, T.21 N.,, R. 8 W.

A—0 to 7 inches; very dark gray (10YR 3/1) loamy sand
and grains from the E horizon, gray (10YR 5/1) dry;
weak fine granular structure; very friable; many '
medium and fine roots; very strongly acid; abrupt
smooth boundary.

E—7 to 12 inches; pinkish gray (7.5YR 6/2) loamy sand;
weak fine granular structure; very friable; many fine
roots; very strongly acid; abrupt smooth boundary.

Bs1—12 to 16 inches; dark brown (7.5YR 3/4) loamy
sand; few fine faint dark brown (7.5YR 4/4) mottles;
weak medium crumb structure; very friable; about 15
to 20 percent weakly cemented dark reddish brown
(5YR 3/3) chunks of ortstein; common fine roots;
medium acid; abrupt smooth boundary.

Bs2—16 to 21 inches; dark brown (7.5YR 4/4) loamy
sand; common medium distinct strong brown (7.5YR
5/6) mottles; weak medium crumb structure; very
friable; few fine roots; medium acid; clear smooth
boundary.

BC—21 to 43 inches; yellowish brown (10YR 5/6) sand;
common medium distinct strong brown (7.5YR 5/6)
mottles; single grained; loose; few fine roots; strong-
ly acid; gradual wavy boundary.

C—43 to 60 inches; yellowish brown (10YR 5/4) sand;
common medium distinct strong brown (7.5YR 5/6)
mottles; single grained; loose; few fine roots; strong-
ly acid.

The solum is 20 to 48 inches thick. It ranges from
extremely acid to neutral.

In cultivated areas, an Ap horizon has hue of 10YR,
value of 3 or 4, and chroma of 1.

The A horizon has value of 2 or 3. It is dominantly
loamy sand, but the range inciudes sand. In some
pedons, there is a Bh horizon that has hue of 7.5YR or
5YR, value of 2 or 3, and chroma of 3. The Bs horizon
has hue of 10YR, 7.5YR, or 5YR, value of 3 to 6, and
chroma of 4 to 6. The C horizon has hue of 10YR or
7.5YR, value of 5 or 6, and chroma of 2 to 4.

Brevort Series

The Brevort series consists of poorly drained soils on
till plains. The soils formed in coarse textured deposits
over moderately fine textured deposits. Permeability is
rapid or moderately rapid in the upper part of the pedon

Soil Survey

and moderately slow in the lower part. The slope ranges
from O to 2 percent.

Brevort soils commonly are adjacent to losco, Kaw-
kawlin, and Sims soils. losco and Kawkawlin soils are
somewhat poorly drained. Unlike Brevort soils, Kawkaw-
lin and Sims soils are not sand in the upper layers.

Typical pedon of Brevort loamy sand, 900 feet north
and 150 feet east of the center of sec. 32, T. 21 N.,R. 6
W.

Ap—O0 to 9 inches; black (10YR 2/1) loamy sand, gray
(10YR 5/1) dry; weak medium granular structure;
friable; common fine roots; neutral; abrupt smooth
boundary.

Cgt1—9 to 23 inches; grayish brown (10YR 5/2) sand;
few fine distinct yellowish brown (10YR 5/6) mottles;
single grained; loose; few fine roots; about 5 percent
pebbles; mildly alkaline; clear wavy boundary.

2Cg2—23 to 60 inches; dark grayish brown (10YR 4/2)
silty clay loam; common medium distinct yellowish
brown (10YR 5/6) mottles; massive; firm; few fine
roots; strong effervescence; moderately alkaline.

The depth to carbonates and to the 2C horizon ranges
from 20 to 30 inches. Pebbles and cobbles range from 0
to 5 percent throughout. Reaction in the Ap and Cg1
horizons ranges from slightly acid to mildly alkaline.

In undisturbed areas, an A horizon has hue of 10YR,
value of 2 or 3, and chroma of 1. It is 1 to 4 inches thick.
The Ap horizon has value of 2 or 3, and chroma of 1
or 2. It is 8 to 10 inches thick. The Ap horizon dominant-
ly is loamy sand, but the range includes mucky loamy

sand.

The Cg1 horizon has value of 4 to 6 and chroma of 1
or 2. The 2Cg2 horizon has value of 4 or 5 and chroma
of 1 to 4. It is silty clay loam or clay loam.

Carbondale Series

The Carbondale series consists of very poorly drained,
moderately slowly to moderately rapidly permeable soils
in depressions on outwash plains, till plains, and mor-
aines. The soils formed in deep, herbaceous organic
deposits. The slope ranges from 0 to 2 percent.

Carbondale soils are similar to the Lupton soils and
commonly are adjacent to Cathro and Tawas soils.
Cathro and Tawas soils have thinner organic layers than
the Carbondale soils. Lupton soils do not have hemic
material in the bottom tiers.

Typical pedon of Carbondale muck, 1,200 feet east
and 600 feet south of the northwest corner of sec. 19, T.
21 N,R.7W.

Oa1—0 to 7 inches; black (10YR 2/1) broken face and
rubbed sapric material, very dark grayish brown
(10YR 3/2) dry; about 10 percent fiber, less than 5
percent rubbed; weak fine granular structure; very
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friable; many fine roots; primarily herbaceous fibers;
few coarse woody fragments; slightly acid; clear
wavy boundary.

0a2—7 to 24 inches; black (10YR 2/1) broken face and
rubbed sapric material; about 20 percent fiber, less
than 5 percent rubbed; weak medium granular struc-
ture; very friable; few fine roots; primarily herba-
ceous fibers; few coarse woody fragments; slightly
acid; gradual wavy boundary.

0a3—24 to 37 inches; black (10YR 2/1) broken face
and rubbed sapric material; about 35 percent fiber,
10 percent rubbed; massive; very friable; primarily
herbaceous fibers; few coarse woody fragments;
-slightly acid; clear wavy boundary.

Oe—37 to 60 inches; dark brown (7.5YR 3/2) broken
face and rubbed hemic material; about 75 percent
fiber, 40 percent rubbed; massive; very friable; pri-
marily herbaceous fibers; slightly acid.

The organic layers are 51 inches thick or more. In
some pedons, woody fragments are mixed throughout
the organic layers. Reaction ranges from strongly acid to
neutral.

The surface tier typically is sapric material, but in some
pedons, there are hemic materials or both sapric and
hemic materials.

Cathro Series

The Cathro series consists of very poorly drained soils
in depressions on till plains and moraines. The soils
formed in herbaceous material underlain by loamy miner-
al material at a depth of 16 to 50 inches. Permeability is
moderately slow to moderately rapid in the upper part of
the pedon and moderate or moderately slow in the lower
part. The slope ranges from 0 to 2 percent.

Cathro soils are similar to Tawas soils and commonly
are adjacent to Sims soils. Tawas soils are underlain by
sandy material at a depth of 16 to 50 inches. Sims soils
do not have an organic horizon.

Typical pedon of Cathro muck, 300 feet north and 100
feet east of the southwest corner of sec. 11, T. 22 N,, R.
B W.

Oa1—0 to 12 inches; black (10YR 2/1) broken face and
rubbed sapric material, very dark brown (10YR 2/2)
dry; about 15 percent fibers, less than 5 percent
rubbed; weak fine granular structure; very friable;
many medium roots; primarily herbaceous fibers;
medium acid; clear smooth boundary.

Oa2—12 to 24 inches; dark brown (7.5YR 3/2) broken
face, very dark gray (7.5YR N3/0) rubbed sapric
material; about 40 percent fiber, about 10 percent
rubbed; massive; very friable; many fine roots; pri-
marily herbaceous fibers; medium acid; clear wavy
boundary.

Cg1—24 to 29 inches; gray (2.5Y 6/1) sandy loam; mas-
sive:; friable; medium acid; abrupt smooth boundary.
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Cg2—29 to 55 inches; greenish gray (5GY 6/1) loam;
massive; firm; neutral; gradual wavy boundary.
Cg3—55 to 60 inches; gray (10YR 5/1) clay loam; mas-

sive; firm; neutral.

The organic layers are 16 to 40 inches thick. Reaction
in the organic layers ranges from strongly acid to neutral.
The Cg horizon has hue of 2.5Y and 10YR, value of 5 or
6, and chroma of 1 or 2. Gleyed hue of 5GY and 5G and
value of 6 and chroma of 1 are also common. The Cg
horizon is sandy loam, loam, silt loam, or clay loam.

Croswell Series

The Croswell series consists of moderately well
drained, rapidly permeable soils on outwash plains, ill
plains, and moraines. The soils formed in sandy glacial
drift material. The slope ranges from 0 to 3 percent.

Croswell soils are similar to East Lake soils and are
similar and commonly adjacent to AuGres, Kalkaska, and
Rubicon soils. Kalkaska and Rubicon soils are better
drained than Croswell soils. In addition, Kalkaska soils
have a more developed spodic horizon. AuGres soils are
somewhat poorly drained.

Typical pedon of Croswell sand, 0 to 3 percent slopes,
1,100 feet east and 100 feet north of the southwest
corner of sec. 22, T. 22 N, R. 8 W.

A—O to 3 inches; very dark gray (10YR 3/1) sand, gray
(10YR 5/1) dry; single grained; loose; many medium
roots; very strongly acid; abrupt smooth boundary.

E—3 to 7 inches; pinkish gray (7.5YR 6/2) sand; single
grained; loose; many fine roots; medium acid; abrupt
irregular boundary.

Bs1—7 to 17 inches; dark brown (7.5YR 4/4) sand,;
single grained; loose; few fine roots; slightly acid;
gradual wavy boundary.

Bs2-~17 to 31 inches; strong brown (7.5YR 5/6) sand;
few fine distinct yellowish brown (10YR 5/6) motties;
single grained; loose; medium acid; gradual wavy
boundary.

C—31 to 60 inches; light yellowish brown (10YR 6/4)
sand; few fine distinct yellowish brown (10YR 5/6)
mottles; single grained; loose; few pebbles; slightly
acid.

The solum is 24 to 40 inches thick. Pebbles range
from 0 to 5 percent throughout. Reaction ranges from
very strongly acid to slightly acid.

in cultivated areas an Ap horizon has hue of 10YR,
value of 2 to 4, and chroma of 2. The A horizon has
value of 2 or 3 and chroma of 1. It is dominantly sand,
but the range includes loamy sand. The Bs horizon has
hue of 7.5YR or 5YR, value of 4 or 5, and chroma of 3
to 6. The C horizon has hue of 10YR or 7.5YR, value of
5 or 6, and chroma of 3 to 6. It ranges from medium acid
to neutral.
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Dighton Series

The Dighton series consists of well drained soils on till
plains and moraines. The soils formed in fine textured
deposits over coarse textured deposits. Permeability is
moderately slow in the upper part of the pedon and rapid
in the lower part. The slope ranges from 1 to 6 percent.

These soils are taxadjuncts to the Dighton series be-
cause they have tonguing of albic materials into the
argillic horizon and have thin bands of sandy loam in the
substratum. These differences, however, do not affect
the use or behavior of the soils.

Dighton soils are similar to Nester soils and commonly
are adjacent to Nester, Manistee, and Montcalm soils.
Nester soils have a clay loam substratum. Manistee and
Montcalm soils have a spodic horizon and are in the
upper part of the solum. In addition, Manistee soils have
a clay substratum.

Typical pedon of Dighton sandy loam, 1 to 6 percent
slopes, 1,400 feet east and 20 feet north of the south-
west corner of sec. 35, T. 22 N,, R. 8 W.

Ap—o0 to 10 inches; dark grayish brown (10YR 4/2)
sandy loam, light brownish gray (10YR 6/2) dry;
moderate medium granular structure; friable; many
medium roots; about 1 percent pebbles; slightly acid;
abrupt smooth boundary.

B/E—10 to 17 inches; brown (7.5YR 5/4) clay loam (Bt);
tongues of light brownish gray (10YR 6/2) loam on
faces of peds (E); strong medium angular blocky
structure; firm; common fine roots; about 1 percent
pebbles; slightly acid; clear irregular boundary.

Bt—17 to 33 inches; dark brown (7.5YR 4/4) clay loam;
strong coarse angular blocky structure; firm; thin to
thick continuous clay films on faces of peds; few
fine roots; about 1 percent pebbles; slightly acid;
gradual wavy boundary.

C1—38 to 39 inches; brown (10YR 5/3) clay loam; weak
coarse angular blocky structure; firm; few fine roots;
about 1 percent pebbles; slight effervescence; mildly
alkaline; clear wavy boundary.

2C2—39 to 60 inches; light yellowish brown (10YR 6/4)
sand; single grained; loose; few bands of brown
(7.5YR 5/4) sandy loam 1/2 to 3 inches thick; weak
medium granular structure; friable; neutral.

The thickness of the solum and the depth to carbon-
ates range from 20 to 40 inches. The content of pebbles
ranges from 0 to 3 percent throughout. Reaction ranges
from slightly acid to strongly acid.

The Ap horizon has chroma of 1 or 2. It is 6 to 10
inches thick. The Ap horizon dominantly is sandy loam,
but the range includes loam.

In undisturbed areas, there is an A horizon and an &
horizon. The A horizon is 1 to 3 inches thick. It has hue
of 10YR, value of 2 or 3, and chroma of 1 or 2. The E
horizon is 1 to 4 inches thick. It has hue of 10YR or
7.5YR, value of 5 or 6, and chroma of 2.

Soil Survey

The Bt horizon has hue of 10YR, 7.5YR, or 5YR and
value of 3 or 4. It is clay loam or silty clay loam. There is
no C1 horizon in some pedons. In some pedons, there
are no sandy loam or loamy sand bands in the 2C2
horizon.

East Lake Series

The East Lake series consists of somewhat excessive-
ly drained, rapidly permeable soils on outwash plains.
The soils formed in sandy glacial drift material. The slope
ranges from 0 to 30 percent.

East Lake soils are similar to Croswell, Kalkaska, and
Rubicon soils and commonly are adjacent to Gladwin
and Rubicon soils. Croswell soils are moderately well
drained. Gladwin soils are somewhat poorly drained and
have an argillic horizon. Kalkaska and Rubicon soils do
not have calcareous gravelly sand in the substratum. In
addition, Kalkaska soils have a more developed spodic
horizon than the East Lake soils.

Typical pedon of East Lake sand in an area of East
Lake-Rubicon sands, 0 to 6 percent slopes, 200 feet
north and 100 feet east of the center of sec. 27, T. 22
N., R. 8 W.

A—O0 to 2 inches; very dark gray (10YR 3/1) sand, dark
gray (10YR 4/1) dry; very weak fine granular struc-
ture; very friable; many fine roots; about 5 percent
pebbles; medium acid; abrupt smooth boundary.

E—2 to 4 inches; grayish brown (10YR 5/2) sand; single
grained; loose; many fine roots; about 5 percent
pebbles; medium acid; abrupt broken boundary.

Bs1—4 to 10 inches; dark brown (7.5YR 4/4) sand;
single grained; loose; few fine roots; about 15 per-
cent pebbles; medium acid; clear wavy boundary.

Bs2—10 to 20 inches; strong brown (7.5YR 5/6) sand;
single grained; loose; few fine roots; about 15 per-
cent pebbles; medium acid; clear irregular boundary.

BC—20 to 28 inches; yellowish brown (10YR 5/6) sand;
single grained; loose; about 10 percent pebbles;
neutral; clear wavy boundary.

2C—28 to 60 inches; yellowish brown (10YR 5/4) gravel-
ly sand; single grained; loose; about 20 percent peb-
bles; strong effervescence; moderately alkaline.

The solum is 20 to 40 inches thick. The depth to
carbonates ranges from 20 to 40 inches. The content of
pebbles ranges from 1 to 15 percent throughout. Reac-
tion ranges from medium acid to neutral.

In cultivated areas, an Ap horizon has hue of 10YR or
7.5YR, value of 3 or 4, and chroma of 1 or 2.

The A horizon has hue of 10YR, value of 2 or 3, and
chroma of 1. It is 2 to 4 inches thick. The E horizon has
hue of 10YR or 7.5YR, value of 5 or 6, and chroma of 1
or 2. The A horizon dominantly is sand, but the range
includes loamy sand and gravelly loamy sand. The Bs
horizon has hue of 10YR to 5YR, value of 4 or 5, and
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chroma of 4 to 6. The BC horizon has hue of 10YR or
7.5YR, value of 5 or 6, and chroma of 4 to 6. The 2C
horizon has hue of 10YR, value of 5 or 6, and chroma of
3 or 4. It is mildly alkaline or moderately alkaline.

Emmet Series

The Emmet series consists of well drained, moderately
permeable soils on moraines. The soils formed in loamy
deposits. The slope ranges from 0 to 30 percent.

Emmet soils are adjacent to Graycalm, Montcalm, and
Nester soils. Graycalm and Montcalm soils are less
clayey than the Emmet soils. in addition, Montcalm soils
have a spodic horizon and are coarser textured. Nester
soils have more clay in the subsoil and substratum.

Typical pedon of Emmet sandy foam, in an area of
Emmet-Montcalm complex, 0 to 6 percent slopes, 300
feet west and 100 feet south of the center of sec. 25, T.
21 N, R.8W.

Ap—O0 to 9 inches; dark grayish brown (10YR 4/2) sandy
loam, light brownish gray (10YR 6/2) dry; moderate
medium granular structure; friable; few fine roots;
about 2 percent pebbles and cobbles; slightly acid;
abrupt smooth boundary.

Bw—9 to 17 inches; dark brown (7.5YR 4/4) sandy
loam; weak medium subangular blocky structure; fri-
able; tew fine roots; about 2 percent pebbles and
cobbles; medium acid; clear wavy boundary.

E—17 to 22 inches; brown (10YR 5/3) sandy loam;
weak medium subangular blocky structure; very fri-
able; few fine roots; about 2 percent pebbles and
cobbles; medium acid; abrupt irregular boundary.

Bt—22 to 43 inches; dark brown (7.5YR 4/4) sandy
loam; some brown (10YR 5/3) coatings from E hori-
zon on faces of peds; moderate medium subangular
blocky structure; friable; few clay films on some
peds; about 2 percent pebbles and cobbles; neutral;
clear wavy boundary.

C—43 to 60 inches; pale brown (10YR 6/3) sandy loam;
few discontinuous lenses of loamy sand and loam;
weak medium subangular blocky structure; friable;
about 4 percent pebbles and cobbles; strong effer-
vescence; moderately alkaline.

The thickness of the solum and the depth to carbon-
ates range from 24 to 45 inches. Pebble and cobble
content ranges from 0 to 15 percent throughout. Reac-
tion ranges from medium acid in the upper part of the
solum to mildly alkaline in the Bt horizon.

The Ap horizon has value of 3 or 4 and chroma of 2. It
is 6 to 9 inches thick.

In undisturbed areas, there is an A horizon and an E
horizon. The A horizon has hue of 10YR, value of 3, and
chroma of 1 or 2. It is 1 to 6 inches thick. The A horizon
is loamy sand or sandy loam. The E horizon has hue of
10YR or 7.5YR, value of 5 or 6, and chroma of 1 1o 3.
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The Bs horizon has hue of 10YR or 7.5YR, value of 4
or 5, and chroma of 3 or 4. The Bt horizon is sandy loam
or sandy clay loam. In some pedons, the C horizon has
lenses of loam, loamy sand, or sand.

Gladwin Series

The Gladwin series consists of somewhat poorly
drained soils on outwash plains. The soils formed in
sandy and loamy glacial drift material. Permeability is
moderately rapid in the upper part of the pedon and very
rapid in the lower part. The slope ranges from 0 to 3
percent.

Gladwin soils are similar to AuGres and Otisco soils
and commonly are adjacent to East Lake, losco, and
Roscommon soils. AuGres soils do not have an argillic
horizon. Otisco soils do not have a gravelly sand sub-
stratum. Unlike the Gladwin soils, East Lake soils are
somewhat excessively drained and do not have an argil-
lic horizon. losco soils have finer textured material in the
lower part of the profile than the Gladwin soils. Roscom-
mon soils do not have a spodic horizon or an argillic
horizon and are poorly drained.

Typical pedon of Gladwin loamy sand, 0 to 3 percent
slopes, 1,350 feet east and 75 feet north of the center of
sec. 4, T.21 N,, R. 8 W.

A—0 to 4 inches; black (10YR 2/1) loamy sand, gray
(10YR 5/1) dry; weak fine granular structure; very
friable; few fine roots; about 5 percent pebbles;
slightly acid; abrupt smooth boundary.

E—4 to 7 inches; light brownish gray (10YR 6/2) loamy
sand; single grained; loose; few fine roots; about 5
percent pebbles; slightly acid; abrupt wavy bounda-
ry.

Bs1—7 to 12 inches; reddish brown (5YR 4/4) sand; few
fine distinct strong brown (7.5YR 5/6) mottles;
single grained; loose; few fine roots; about 5 percent
pebbles; slightly acid; clear wavy boundary.

Bs2—12 to 16 inches; dark brown (7.5YR 4/4) sand; few
fine distinct yellowish brown (7.5YR 5/6) mottles;
single grained; loose; few fine roots; about 5 percent
pebbles; slightly acid; clear wavy boundary.

Bt—16 to 24 inches; dark brown (7.5YR 4/4) gravelly
sandy loam; few fine distinct yellowish brown (7.5YR
5/6) mottles; weak medium subangular blocky struc-
ture; friable; few fine roots; about 15 percent peb-
bles; neutral; clear wavy boundary.

C—24 10 60 inches; pale brown (10YR 6/3) gravelly
sand; single grained; loose; about 15 percent peb-
bles; strong effervescence; moderately alkaline.

The solum is 20 to 40 inches thick. The depth to
carbonates ranges from 20 to 40 inches. Pebbles and
cobbles range from 5 to 25 percent throughout. Reaction
ranges from slightly acid to mildly alkaline.
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In cultivated areas, an Ap horizon has hue of 10YR,
value of 2 or 3, and chroma of 1 or 2. The Ap horizon is
6 to 10 inches thick. It is loamy sand or sand.

The Bs horizon has hue of 10YR, 7.5YR, or 5YR and
value of 3 or 4. The Bt horizon has hue of 10YR or
7.5YR, value of 4 or 5, and chroma of 4 to 6. It is
gravelly sandy loam, sandy loam, or gravelly loamy sand.
The C horizon has hue of 10YR or 7.5YR, value or 5 or
6, and chroma of 2 or 3.

Graycalm Series

The Graycalm series consists of somewhat excessive-
ly drained, rapidly permeable soils on outwash plains, till
plains, and moraines. The soils formed in coarse tex-
tured deposits. The slope ranges from 0 to 30 percent.

The Graycalm soils are similar to the Grayling soils
and commonly are adjacent to Montcalm and Rubicon
soils. Unlike Graycalm soils, Grayling soils do not have
thin bands of loamy sand or sandy loam. Montcalm soils
have a spodic horizon and have finer textured argillic
bands than those of Graycalm soils. Rubicon soils have
a spodic horizon and do not have an argillic horizon.

Typical pedon of Graycalm sand, in an area of Gray-
calm-Rubicon sands, 0 to 6 percent slopes, 300 feet
west and 600 feet north of the southeast corner of sec.
18, T. 22 N., R. 8 W.

A—O0 to 2 inches; very dark gray (10YR 3/1) sand and
leaf litter, dark gray (10YR 4/1) dry; some grayish
brown (10YR 5/2) sand (E); very weak fine granular
structure; very friable; many medium roots; very
strongly acid; abrupt smooth boundary.

Bw1—2 to 5 inches; strong brown (7.5YR 5/6) sand;
‘'single grained; loose; many medium roots; strongly
acid; clear irregular boundary.

Bw2—S5 to 24 inches; yellowish brown (10YR 5/6) sand;
single grained; loose; few medium roots; strongly
acid; gradual wavy boundary.

E—24 to 44 inches; light yellowish brown (10YR 6/4)
sand; single grained; loose; few fine roots; strongly
acid; abrupt broken boundary.

E&Bt—44 to 60 inches; light yellowish brown (10YR 6/4)
sand (E); single grained; thin discontinuous bands of
dark brown (7.5YR 4/4) loamy sand and sandy loam
(Bt); weak medium subangular blocky structure; fri-
able; medium acid.

The solum is 40 to 60 inches thick. The depth to the
Bt horizon ranges from 25 to 48 inches. Pebbles range
from 0 to 15 percent throughout. Reaction ranges from
very strongly acid to slightly acid.

In cultivated areas, an Ap horizon has hue of 10YR,
value of 3 or 4, and chroma of 2 or 3. It is 4 to 6 inches
thick.

The A horizon has hue of 10YR or 7.5YR, value of 2
or 3, and chroma of 1 or 2. The A horizonis 2 to 5
inches thick. It is sand or loamy sand. In some pedons,
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there is a 1- to 3-inch E horizon between the A horizon
and the Bw horizon. The Bw horizon has hue of 7.5YR
or 10YR, value of 4 or 5, and chroma of 4 to 6. It is sand
or loamy sand. The Bt horizon has hue of 10YR or
7.5YR, value of 4 or 5, and chroma of 4 to 6. The Bt
horizon has bands that are 1/4 inch to 2 inches thick.
These bands are loamy sand or sandy loam.

Grayling Series

The Grayling series consists of excessively drained,
rapidly permeable soils on outwash plains. The soils
formed in coarse textured deposits. The slope ranges
from O to 6 percent.

The Grayling soils are similar to Graycalm soils and
commonly are adjacent to AuGres, Croswell, and Rubi-
con soils. AuGres, Croswell, and Rubicon soils have an
albic horizon and a spodic horizon. In addition, AuGres
soils have mottles in the upper part of the solum and
Croswell soils in the lower part. Graycaim soils have
bands of loamy sand at a depth of more than 40 inches.

Typical pedon of Grayling sand, 0 to 6 percent slopes,
60 feet west and 100 feet south of the northeast corner
of sec. 35, T. 21 N,, R. 5 W.

A—o0 to 3 inches; black (10YR 2/1) sand, dark gray
(10YR 4/1) dry; some grayish brown (10YR 5/2)
uncoated sand grains (E); very weak medium granu-
lar structure; very friable; many fine and coarse
roots; very strongly acid; abrupt smooth boundary.

Bw1—3 to 7 inches; dark yellowish brown (10YR 4/4)
sand; very weak medium granular structure; very
friable; many medium and fine roots; strongly acid;
clear wavy boundary.

Bw2—7 to 19 inches; dark yellowish brown (10YR 4/6)
sand; very weak fine granular structure; very friable;
common medium and fine roots; strongly acid; clear
wavy boundary.

BC—19 to 28 inches; yellowish brown (10YR 5/6) sand;
single grained; loose; few fine roots; medium acid;
gradual wavy boundary.

C—28 to 60 inches; light yellowish brown (10YR 6/4)
sand; single grained; loose; medium acid.

The solum is 15 to 30 inches thick.

The A horizon has hue of 10YR, value of 2 to 4, and
chroma of 1 or 2. Itis 2 to 3 inches thick. In some
pedons, a separate E horizon has hue of 10YR, value of
5 or 6, and chroma of 2. It is 1 to 2 inches thick. The Bw
horizon has hue of 7.5YR or 10YR, value of 4 to 6, and
chroma of 4 to 8. The C horizon has value of 6 or 7 and
chroma of 2 to 4.

losco Series

The losco series consists of somewhat poorly drained
soils on till plains and outwash piains. The soils formed
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in coarse textured and moderately coarse textured de-
posits underlain by medium textured or moderately fine
textured deposits. Permeability is rapid in the upper part
of the pedon and moderately slow in the lower part. The
slope ranges from 0 to 3 percent.

losco soils commonly are adjacent to AuGres and
Kawkawlin soils. AuGres soils do not have a fine tex-
tured subsoil. Kawkawlin soils do not have a spodic
horizon and have a fine textured solum.

Typical pedon of losco loamy sand, O to 3 percent
slopes, 350 feet north and 1,800 feet east of the south-
west corner of sec. 14, T. 21 N, R. 8 W.

Ap—0 to 9 inches; dark grayish brown (10YR 4/2) loamy
sand, grayish brown (10YR 5/2) dry; weak fine
granular structure; very friable; many fine roots;
medium acid; abrupt smooth boundary.

E—9 to 11 inches; light brownish gray (10YR 6/2) loamy
sand; weak fine granular structure; very friable;
common fine roots; medium acid; abrupt broken
boundary.

Bs—11 to 26 inches; dark brown (7.5YR 4/4) sand;
common medium distinct yellowish brown (10YR
5/6) mottles; single grained; loose; few fine roots;
few pieces of weakly cemented dark reddish brown
(5YR 3/4) ortstein; strongly acid; abrupt wavy
boundary.

2B/E—26 to 31 inches; dark brown (7.5YR 4/4) sandy
loam (Bt); coatings of light brownish gray (10YR
6/2) loamy sand (E’) on faces of peds and as fillings
in cracks; common medium distinct strong brown
(7.5YR 5/2) mottles; moderate medium subangular
‘blocky structure; firm; few fine roots; neutral; gradual
wavy boundary.

2Bt—31 to 46 inches; dark brown (7.5YR 4/4) sandy
loam; many medium distinct strong brown (7.5YR
5/6) and many fine distinct brown (7.5YR 5/2) mot-
tles; moderate medium subangular blocky structure;
firm; thin clay films; mildly alkaline; gradual wavy
boundary.

3C—46 to 60 inches; brown (7.5YR 5/2) loam; common
medium distinct yellowish brown (10YR 5/4) mottles;
massive; firm; strong effervescence; moderately al-
kaline.

The depth to the 2Bt horizon ranges from 20 to 40
inches. Reaction in the part of the solum ranges from
strongly acid to slightly acid.

The Ap horizon has value of 3 or 4 and chroma of 1 or
2. Itis 6 to 10 inches thick. The Ap horizon dominantly is
loamy sand, but the range includes sand. The Bs horizon
has hue of 7.5YR or 10YR, value of 4 to 5, and chroma
of 4 to 6. It is sand or loamy sand. The 2Bt horizon has
hue of 10YR, 7.5YR, or 5YR, value of 4 or 5, and
chroma of 3 to 6. It is loam or sandy loam. Reaction
ranges from slightly acid to mildly alkaline. The 3C hori-
zon has hue of 10YR or 7.5YR, value of 4 to 6, and
chroma of 2 to 4.
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In undisturbed areas, an A horizon is 1 to 4 inches
thick. It has hue of 10YR, value of 3, and chroma of 1.

Kalkaska Series

The Kalkaska series consists of somewhat excessively
drained, rapidly permeable soils on outwash plains and
moraines. The soils formed in sandy glacial drift material.
The slope ranges from 0 to 30 percent.

Kalkaska soils are similar to Croswell, East Lake, and
Rubicon soils and commonly are adjacent to Montcalm
and Rubicon soils. Kalkaska soils have a more devel-
oped spodic horizon than all of these soils. Unlike Kal-
kaska soils, East Lake soils have a calcareous, gravelly
sand substratum. Montcalm soils have an argillic horizon.

Typical pedon of Kalkaska sand, 0 to 6 percent
slopes, 300 feet east and 350 feet north of the south-
west corner of sec. 33, T. 24 N, R. 7 W.

A—O to 3 inches; black (10YR 2/1) sand and leaf litter
and grains from the E horizon, grayish brown (10YR
5/2) dry; very weak fine granular structure; many
medium roots; very strongly acid; abrupt smooth
boundary.

E—3 to 6 inches; pinkish gray (7.5YR 6/2) sand; single
grained; loose; many medium roots; very strongly
acid; abrupt broken boundary.

Bh—6 to 9 inches: dark reddish brown (5YR 2/2) sand;
weak medium granular structure; very friable; some
fragments of weakly cemented ortstein; common
medium roots; very strongly acid; abrupt irregular
boundary.

Bhs—9 to 14 inches; dark reddish brown (5YR 3/3)
sand; single grained; loose; a few pieces of weakly
cemented ortstein; common medium roots; strongly
acid; clear wavy boundary.

Bs—14 to 32 inches; strong brown (7.5YR 5/6) sand;
single grained; loose; few fine roots; strongly acid;
gradual wavy boundary.

BC—32 to 40 inches; yellowish brown (10YR 5/6) sand,
single grained; loose; medium acid; gradual wavy
boundary.

C—40 to 60 inches; light yellowish brown (10YR 6/4)
sand; single grained; loose; medium acid.

The solum is 30 to 48 inches thick. The content of
pebbles ranges from 0 to 5 percent throughout. Reaction
ranges from medium acid to very strongly acid.

In cultivated areas, an Ap horizon has hue of 10YR or
7.5YR, value of 3 or 4, and chroma of 1 or 2. Itis 5t0 9
inches thick.

The A horizon is 1 to 3 inches thick. The E horizon
has hue of 10YR or 7.5YR, value of 5 or 6, and chroma
of 1 or 2. The A horizon and the E horizon dominantly
are sand, but the range includes loamy sand. The Bh
horizon has hue of 5YR or 7.5YR, value of 2 or 3, and
chroma of 2 or 3. The Bs horizon has hue of 5YR or
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7.5YR, value of 3 to 5, and chroma of 3 to 6. The BC
horizon has hue of 7.5YR or 10YR, value of 5 or 6, and
chroma of 4 to 6. The C horizon is medium acid or
slightly acid.

Kawkawlin Series

The Kawkawlin series consists of somewhat poorly
drained, moderately slowly permeable soils on till plains.
The soils formed in moderately fine textured and fine
textured deposits. The slope ranges from 0 to 3 percent.

Kawkawlin soils are similar to Nester and Kawkawlin
Variant soils and commonly are adjacent to losco and
Sims soils. losco soils have a spodic horizon and a
sandy solum. Nester soils do not have mottles in the
upper part of the subsoil. Kawkawlin Variant soils are
sandy in the lower part of the substratum. Sims soils are
poorly drained and do not have an argillic horizon.

Typical pedon of Kawkawlin loam, 0 to 3 percent
slopes, 50 feet south and 1,100 feet east of the north-
west corner of sec. 23, T. 22 N,, R. 8 W.

Ap—O0 to 8 inches; dark grayish brown (10YR 4/2) loam,
light brownish gray (10YR 6/2) dry; weak medium
granular structure; friable; few fine roots; about 1
percent pebbles; neutral; abrupt smooth boundary.

B/E—8 to 12 inches; dark brown (7.5YR 4/4) clay (Bt);
coatings of grayish brown (10YR 5/2) loam (E) on
faces of peds; common medium distinct strong
brown (7.5YR 5/6) and grayish brown (10YR 5/2)
mottles; moderate medium subangular blocky struc-
ture; friable; few fine roots; about 1 percent pebbles;
medium acid; clear irregular boundary.

Bt—12 to 35 inches; dark brown (7.5YR 4/4) clay;
common medium distinct strong brown (7.5YR 5/6)
and grayish brown (10YR 5/2) mottles; strong
coarse angular blocky structure; firm; thick clay fiims
on faces of peds; slightly acid; gradual wavy bound-

ary.

C—35 to 60 inches; yellowish brown (10YR 5/4) clay
loam; common medium distinct grayish brown (10YR
5/2) mottles; massive; firm; strong effervescence;
moderately alkaline.

The solum is 20 to 40 inches thick. The depth to
carbonates ranges from 20 to 40 inches. Pebbles range
from O to 5 percent throughout. Reaction ranges from
strongly acid to mildly alkaline.

In undisturbed areas, there is an A horizon and an E
horizon. The A horizon is 1 to 4 inches thick. It has hue
of 10YR, value of 3, and chroma of 1. The E horizon is 1
to 5 inches thick. It has hue of 10YR or 7.5YR, value of
5 or 6, and chroma of 2.

Kawkawlin Variant

The Kawkawlin Variant consists of somewhat poorly
drained, moderately slowly permeable over rapidly per-
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meable soils on till plains. The soils formed in moderate-
ly fine textured deposits over coarse textured deposits.
The slope ranges from O to 3 percent.

The Kawkawlin Variant soils are commonly adjacent to
Kawkawlin and Dighton soils. Unlike the Kawkawlin Vari-
ant soils, Kawkawlin soils do not have sand in the sub-
stratum. Dighton soils are well drained.

Typical pedon of Kawkawlin Variant sandy loam, 0 to 3
percent slopes, 800 feet north and 450 feet east of the
southwest corner of sec. 14, T. 23 N, R. 6 W.

Ap—oO0 to 8 inches; dark grayish brown (10YR 4/2) sandy
loam, grayish brown (10YR 6/2) dry; weak medium
granular structure; friable; common fine roots;
medium acid; abrupt smooth boundary.

B/E—8 to 12 inches; yellowish brown (10YR 5/4) clay
toam (Bt); tongues of light brownish gray (10YR 6/2)
sandy loam on faces of peds (E); commion medium
distinct strong brown (7.5YR 5/6) mottles; moderate
medium subangular blocky structure; friable; few fine
roots; slightly acid; abrupt broken boundary.

Bt—12 to 28 inches; yellowish brown (10YR 5/4) clay
loam; common medium distinct strong brown (7.5YR
5/6) and light brownish gray (10YR 6/2) mottles;
moderate medium subangular blocky structure; firm;
few fine roots; many thin discontinuous grayish
brown (10YR 5/3) coatings on faces of peds; slight-
ly acid; gradual wavy boundary. '

C1—28 to 33 inches; brown (10YR 5/3) clay loam; few
medium distinct yellowish brown (10YR 5/6) mottles
and many medium distinct light brownish gray (10YR
6/2) mottles; massive; firm; mildly alkaline; slight
effervescence; abrupt wavy boundary.

2C2—33 to 60 inches; brown (10YR 5/3) sand; single
grained; loose; neutral.

The solum generally is 24 to 35 inches thick, but the
range is 20 to 40 inches. Pebbles range from 0 to 3
percent throughout. Reaction ranges from slightly acid to
strongly acid.

In undisturbed areas, there is an A horizon and an E
horizon. The A horizon has hue of 10YR, value of 2 or 3,
and chroma of 1 or 2. It is 2 to 4 inches thick. The E
horizon has hue of 10YR or 7.5YR, value of 5 or 6, and
chroma of 2. It is 2 to 4 inches thick.

The Ap horizon has chroma of 1 or 2. The Ap horizon
is 6 to 10 inches thick. It is dominantly sandy loam, but
the range includes loam and silt loam. The Bt horizon
has hue of 10YR, 7.5YR, or 5YR, value of 4 or 5, and
chroma of 3 or 4. It is clay loam, clay, or silty clay loam.
In some pedons, there is no C1 horizon. The 2C2 hori-
zon has value of 5 to 7 and chroma of 2 or 3.

Loxley Series

The Loxley series consists of very poorly drained,
moderately slowly permeable to moderately rapidly per-
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meable soils in bogs on outwash plains, till plains, and
moraines. The soils formed in deep, herbaceous organic
deposits. The slope ranges from 0 to 2 percent.

Loxley soils are similar to Lupton soils and commonly
are adjacent to Tawas soils. Lupton soils do not have a
hemic surface layer and are less acid than the Loxley
soils. Tawas soils have thinner organic layers than the
Loxley soils.

Typical pedon of Loxley mucky peat, 600 feet south
and 300 feet east of the northwest corner of sec. 18, T.
22 N.,R. 8 W.

Oe—0 to 5 inches; dark brown (7.5YR 3/2) broken face
and rubbed hemic material, dark brown (7.5YR 3/2)
dry; about 80 percent fibers, 35 percent rubbed;
weak thick platy structure; very friable; many fine
roots; primarily sphagnum and herbaceous fibers;
extremely acid; abrupt smooth boundary.

Oa1—5 to 9 inches; black (10YR 2/1) broken face and
rubbed sapric material; about 25 percent fibers, 5
percent rubbed; weak medium granular structure;
very friable; many fine roots; primarily herbaceous
material; extremely acid; abrupt smooth boundary.

0Oa2—9 to 45 inches; dark reddish brown (5YR 3/3)
broken face, dark reddish brown (5YR 3/2) rubbed
sapric material; about 55 percent fibers, 15 percent
rubbed; weak thick platy structure; very friable; few
fine roots; primarily herbaceous material; extremely
acid; gradual wavy boundary.

Qa3—45 to 60 inches; dark reddish brown (5YR 2/2)
broken face, black (5YR 2/1) rubbed sapric material;
about 25 percent fibers, less than 5 percent rubbed;
massive; very friable; primarily herbaceous material;
very strongly acid.

The organic layers are 51 inches thick or more. The
organic material has hue of 5YR, 7.5YR, or 10YR, value
of 2 or 3, and chroma of 2 or 3. Reaction ranges from
extremely acid to very strongly acid throughout.

Lupton Series

The Lupton series consists of very poorly drained soils
in depressions on outwash plains, till plains, and mor-
aines. Permeability is moderately slow to moderately
rapid. The soils formed in deep herbaceous organic de-
posits. The slope ranges from 0 to 2 percent.

Lupton soils are similar to Carbondale and Loxley soils
and commonly are adjacent to Carbondale, Cathro, and
Tawas soils. Loxley soils have a hemic surface layer and
are more acid than the Lupton soils. Carbondale soils
have hemic material in the bottom tiers. Cathro and
Tawas soils have thinner organic layers than Lupton
soils.

Typical pedon of Lupton muck, 2,100 feet south and
250 feet west of the northeast corner of sec. 22, T. 21
N., R. 7 W.
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Oa1—0 to 7 inches; black (5YR 2/1) broken face and
rubbed sapric material, dark reddish brown (5YR
2.5/2) dry; about 10 percent fibers, less than 5 per-
cent rubbed; weak fine granular structure; very fri-
able; woody and herbaceous fibers; about 5 percent
coarse woody fragments; many fine roots; slightly
acid; clear smooth boundary.

Oa2—7 to 25 inches; black (5YR 2/1) broken face and
rubbed sapric material; about 20 percent fibers, less
than 10 percent rubbed; weak fine granular struc-
ture; very friable; primarily woody fibers; about 15
percent coarse woody fragments; few fine roots;
neutral; gradual wavy boundary.

0a3—25 to 40 inches; black (5YR 2/1) broken face and
rubbed sapric material; about 30 percent fibers, less
than 10 percent rubbed; massive; very friable; pri-
marily herbaceous fibers; few fine roots; neutral;
gradual wavy boundary.

Oa4—40 to 60 inches; black (5YR 2/1) broken face and
rubbed sapric material; about 40 percent fibers, less
than 10 percent rubbed; massive; very friable; pri-
marily herbaceous fibers; neutral.

The organic layers are 51 inches thick or more. Woody
fragments make up as much as 25 percent of the
volume in some pedons. Reaction ranges from strongly
acid to mildly alkaline.

Typically, the surface tier is sapric material. However,
in some pedons, there is hemic material or various pro-
portions of hemic and sapric materials. In a few pedons,
layers of hemic material, less than 10 inches thick, are in
the subsurface tier.

Manistee Series

The Manistee series consists of well drained soils on
moraines and till plains. The soils formed in coarse tex-
tured deposits underlain by fine textured deposits. Per-
meability is rapid in the upper part of the pedon and slow
in the lower part. The slope ranges from 0 to 12 percent.

Manistee soils are commonly adjacent to Montcalm
and Nester soils. Montcalm soils have less clay in the
subsoil and substratum than Manistee soils. Nester soils
do not have a spodic horizon. They dominantly have a
moderately fine textured solum.

Typical pedon of Manistee loamy sand, 0 to 6 percent
slopes, 900 feet north and 1,500 feet west of the south-
east corner of sec. 34, T. 22 N, R. 8 W.

Ap—oO0 to 10 inches; dark brown (10YR 3/3) loamy sand,
grayish brown (10YR 5/2) dry; very weak fine granu-
lar structure; very friable; few fine roots; slightly acid;
abrupt smooth boundary.

Bs—10 to 22 inches; strong brown (7.5YR 5/6) sand,;
single grained; loose; few fine roots; strongly acid;
clear wavy boundary.
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E—22 to 24 inches; light brownish gray (10YR 6/2)
sand; single grained; loose; few fine roots; slightly
acid; abrupt broken boundary.

2Bt—24 to 40 inches; dark brown (7.5YR 4/4) clay;
moderate medium angular blocky structure; firm; few
thin discontinuous clay films on peds; few fine roots;
about 3 percent pebbles; slightly acid; abrupt wavy
boundary.

2C—40 to 60 inches; brown (7.5YR 5/4) clay; massive;
firm; about 3 percent pebbles; mildly alkaline.

The depth to the 2Bt horizon ranges from 20 to 40
inches. Reaction in the sandy part of the solum ranges
from strongly acid to slightly acid. Reaction in the 2Bt
and 2C horizons ranges from slightly acid to moderately
alkaline.

The Ap horizon has value of 3 or 4 and chroma of 2 or
3. It is 6 to 10 inches thick. The Ap horizon dominantly is
loamy sand, but the range includes sand.

In undisturbed areas, there is an A horizon and an E
horizon. The A horizon is 1 to 4 inches thick. It has hue
of 10YR, value of 2 or 3, and chroma of 1. The E
horizon is 1 to 6 inches thick. It has hue of 10YR or
7.5YR, value of 5 or 6, and chroma of 2. In some places
an E’ horizon occurs as thick coatings on the faces of
peds in the Bt horizon.

The Bs horizon has hue of 10YR, 7.5YR, or 5YR,
value of 3 to 5, and chroma of 2 to 6.

Montcalm Series

The Montcalm series consists of well drained, moder-
ately rapidly permeable soils on moraines, till plains, and
outwash plains. The soils formed in coarse and moder-
ately coarse textured glacial till. The slope ranges from 0
to 30 percent.

Montcalm soils commonly are adjacent to Emmet,
Graycalm, Rubicon, and Kalkaska soils. Emmet soils are
loamy and do not have a spodic horizon. Graycalm soils
do not have a spodic horizon and generally have coarser
textured argillic bands. Rubicon and Kalkaska soils do
not have an argillic horizon.

Typical pedon of Montcalm loamy sand, in an area of
Montcalm-Graycalm complex, 0 to 6 percent slopes, 300
feet east and 1,800 feet north of the southwest corner of
sec. 24, T. 23 N.,, R. 8 W.

A—0 to 3 inches; very dark gray (10YR 3/1) loamy sand,
dark grayish brown (10YR 4/2) dry; weak fine granu-
lar structure; very friable; many fine and medium
roots; about 2 percent pebbles; extremely acid;
abrupt smooth boundary.

E—3 to 7 inches; pinkish gray (7.5YR 6/2) loamy sand;
weak fine granular structure; very friable; many fine
and medium roots; about 2 percent pebbles; ex-
tremely acid; abrupt wavy boundary.

Bs1—7 to 14 inches; dark brown (7.5YR 4/4) loamy
sand; weak fine granular structure; very friable;
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some fragments of weakly cemented dark reddish
brown (5YR 3/5) ortstein in the top inch; many fine
and medium roots; about 2 percent pebbles; very
strongly acid; clear wavy boundary.

Bs2—14 to 21 inches; yellowish brown (10YR 5/68S)
loamy sand; weak fine granular structure; very fri-
able; few fine roots; very strongly acid; clear wavy
boundary.

E'—21 to 30 inches; yellowish brown (10YR 5/4) loamy
sand; weak fine granular structure; very friable; few
fine roots; very strongly acid; clear wavey boundary.

E&Bt—30 to 60 inches; light yellowish brown (10YR 6/4)
sand (E'); single grained; loose; medium acid; bands
of dark brown (7.5YR 4/4) sandy loam about 1/2 to
6 inches thick (Bt), total accumulated thickness of Bt
is 12 inches; moderate medium subangular struc-
ture; very thin discontinuous brown (7.5YR 5/2) clay
films; friable; medium acid.

The solum is 50 to more than 60 inches thick. Pebbles
and cobbles range from 1 to 15 percent throughout.
Reaction ranges from slightly acid to strongly acid.

The A horizon has value of 3 or 4 and chroma of 1 or
2. In cultivated areas, there is an Ap horizon 6 to 9
inches thick. In some pedons, particularly in cultivated
areas, there is no E horizon. The Bs horizon has hue of
7.5YR or 10YR, value of 3 to 5, and chroma of 4 to 6. It
is sand or loamy sand. The E’ horizon is sand or loamy
sand. The Bt horizon is sandy loam, sandy clay toam, or
loamy sand. The Bt horizon occurs as bands that are
1/2 inch to 5 inches thick.

Nester Series

The Nester series consists of well drained, moderately
slowly permeable soils on moraines and till plains. The
soils formed in moderately fine textured and fine textured
deposits. The slope ranges from 1 to 12 percent.

Nester soils are similar to Dighton and Kawkawlin soils
and commonly are adjacent to Manistee and Montcalm
soils. Dighton soils have a sandy substratum. Kawkawlin
soils are somewhat poorly drained. Manistee soils have
a spodic horizon and are sandy in the upper part of the
solum. Montcalm soils have a spodic horizon and are
coarser textured than the Nester soils.

Typical pedon of Nester sandy loam, 1 to 6 percent
slopes, 50 feet north and 2,800 feet west of the south-
east corner of sec. 13, T. 22 N., R. 8 W.

Ap—0 to 9 inches; very dark grayish brown (10YR 3/2)
sandy loam, dark grayish brown (10YR 4/2) dry;
weak medium granular structure; friable; common
medium roots; about 1 percent pebbles; neutral;
abrupt smooth boundary.

B/E—9 to 17 inches; dark brown (7.5YR 4/4) clay loam
(Bt); moderate medium subangular blocky structure;
firm; grayish brown (10YR 5/2) sandy loam (E);
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moderate medium granular structure; friable; the E is
mainly thick coatings on the faces of peds of Bt
material; few fine roots; about 1 percent pebbles;
medium acid; clear wavy boundary.

Bt—17 to 38 inches; dark brown (7.5YR 4/4) clay; strong
medium angular blocky structure; firm; few medium
roots; thick clay films; about 2 percent pebbles;
medium acid; gradual wavy boundary.

C—38 to 60 inches; brown (7.5YR 5/4) clay loam; mas-
sive; firm; about 2 percent pebbles; strong efferves-
cence; moderately alkaline.

The solum is 24 to 40 inches thick. The solum depth
to carbonates range from 24 to 40 inches. Reaction
ranges from neutral to medium acid.

The Ap horizon has value of 3 or 4 and chroma of 1 or
2. It is 6 to 9 inches thick. The Ap horizon dominantly is
sandy loam, but the range includes loam and clay loam.

In undisturbed areas, there is an A horizon and an E
horizon. The A horizon is 1 to 3 inches thick. It has hue
of 10YR, value of 2 or 3, and chroma of 1 or 2. The E
horizon is 1 to 4 inches thick. It has hue of 10YR, value
of 5 or 6, and chroma of 2.

The Bt horizon is clay, clay loam, or silty clay loam.

Otisco Series

The Otisco series consists of somewhat poorty
drained, moderately rapidly or rapidly permeable soils on
outwash plains and tili plains. The soils formed in sandy
glacial drift material. The slope ranges from 0 to 3 per-
cent.

Otisco soils are similar to AuGres and Gladwin soils
_and commonly are adjacent to AuGres and Roscommon
soils. AuGres and Gladwin soils do not have an argillic
horizon. Gladwin soils have a gravelly sand substratum.
Roscommon soils are poorly drained and do not have a
spodic horizon.

A—O0 to 3 inches; black (10YR 2/1) loamy sand and leaf
litter and grains from the E horizon, dark gray (10YR
4/1) dry; weak medium granular structure; very fri-
able; many coarse roots; strongly acid; abrupt
smooth boundary.

E—3 to 8 inches; grayish brown (10YR 5/2) ioamy sand;
very weak medium crumb structure; very friable;
many coarse roots; medium acid; abrupt wavy
boundary.

Bs—8 to 16 inches; dark brown (7.5YR 4/4) loamy sand;
few fine faint strong brown (7.5YR 5/6) mottles; very
weak fine crumb structure; very friable; medium fine
roots; slightly acid; clear wavy boundary.

E&Bt—16 to 55 inches; light yellowish brown (10YR 6/4)
sand (E’); single grained; loose; bands of yellowish
brown (10YR 5/6) sandy loam (Bt); common
medium distinct light brownish gray (10YR 6/2) and
strong brown (7.5YR 5/6) mottles; weak medium
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subangular blocky structure; friable; few fine roots;
medium acid; gradual wavy boundary.

C—55 to 60 inches; yellowish brown (10YR 5/4) sand;
few fine distinct grayish brown (10YR 5/2) motiles;
single grained; loose; medium acid.

The solum is 30 to 55 inches thick. Pebbles range
from 0 to 3 percent throughout.

in cultivated areas, an Ap horizon has hue of 7.5YR or
10YR, value of 3 or 4, and chroma of 1 or 2.

The A horizon has chroma of 1 or 2. The E horizon
has hue of 10YR or 7.5YR, value of 5 or 6, and chroma
of 1 or 2. The A horizon dominantly is loamy sand, but
the range includes sand. Reaction ranges from strongly
acid to slightly acid. The Bs horizon has hue of 7.5YR or
10YR, value of 4 or 5, and chroma of 3 or 4. It is sand or
loamy sand and ranges from strongly acid to slightly
acid. The E part of the E&Bt horizon has hue of 10YR or
7.5YR, value of 5 or 6, and chroma of 3 or 4. It is sand
or loamy sand. The Bt part of the E&Bt horizon has hue
of 7.5YR or 10YR, value of 4 to 6, and chroma of 3 to 6.
It is loamy sand, sandy loam, or sandy clay ioam. The Bt
horizon occurs as bands that are 1/4 inch to 4 inches
thick. The C horizon has value of 5 to 7 and chroma of 2
to 4. The C horizon ranges from medium acid to neutral.

Roscommon Series

The Roscommon series consists of poorly drained or
very poorly drained, rapidiy permeable soils on outwash
plains. The soils formed in sandy glacial drift material.
The slope ranges from 0 to 2 percent.

Roscommon soils commonly are adjacent to AuGres
and Tawas soils. AuGres soils have a spodic horizon
and are somewhat poorly drained. Tawas soils have an
organic layer about 16 to 50 inches thick.

Typical pedon of Roscommon mucky sand, 1,380 feet
east and 1,300 feet north of the southwest corner of
sec. 36, T.22 N, R. 6 W.

A—0 to 4 inches; black (10YR 2/1) mucky sand, very
dark gray (10YR 3/1) dry; weak fine granular struc-
ture; very friable; many medium and fine roots; neu-
tral; abrupt smooth boundary.

C1—4 to 14 inches; grayish brown (10YR 5/2) sand; few
fine distinct yellowish brown (10YR 5/4) mottles;
single grained; loose; common fine roots; mildly al-
kaline; clear wavy boundary.

C2—14 to 21 inches; brown (10YR 5/3) sand; few fine
distinct yellowish brown (10YR 5/6) motties; single
grained; loose; mildly alkaline; gradual wavy bounda-
ry.

Cg—21 to 60 inches; dark gray (10YR 4/1) sand; single
grained; loose; mildly alkaline.
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Reaction ranges from slightly acid to mildly alkaline.
Pebbles range from 0 to 5 percent throughout the
pedon.

In cultivated areas, an Ap horizon is 6 to 10 inches
thick. It has hue of 10YR, value of 2 or 3 and chroma of
1 or 2. The Ap horizon is sand or loamy sand.

The A horizon has value of 2 or 3 and chroma of 1 or
2. It is 4 to 7 inches thick. The A horizon dominantly is
mucky sand, but the range includes loamy sand or sand.
The C horizon has hue of 10YR or 7.5YR, value of 4 to
6, and chroma of 1 to 3.

Rubicon Series

The Rubicon series consists of somewhat excessively
drained, rapidly permeable soils on outwash plains and

moraines. The soils formed in sandy glacial drift material.

The slope ranges from 0 to 30 percent.

Rubicon soils are similar to Croswell, East Lake, and
Kalkaska soils and commonly are adjacent to Graycalm
and Montcalm soils. Croswell soils have mottles in the
lower part of the solum. East Lake soils are underlain by
calcareous gravelly sand. Kalkaska soils have a more
developed spodic horizon than the Rubicon soils. Gray-
calm and Montcalm soils have an argillic horizon. In
addition, Graycalm soils do not have a spodic horizon.

Typical pedon of Rubicon sand, 0 to 6 percent slopes,
400 feet east and 2,100 feet south of the northwest
corner of sec. 28, T. 22 N, R. 8 W.

A—O0 to 2 inches; very dark gray (10YR 3/1) sand and
leaf litter and grains from the E horizon, dark gray
(10YR 4/1) dry; very weak fine granular structure;
very friable; many coarse roots; very strongly acid;
abrupt smooth boundary.

E—2 to 5 inches; grayish brown (10YR 5/2) sand; very
weak fine granular structure; very friable; many
coarse roots; very strongly acid; abrupt smooth
boundary.

Bs—5 to 10 inches; reddish brown (5YR 4/4) sand; very
weak fine granular structure; very friable; many fine
roots; medium acid; clear wavy boundary.

BC—10 to 24 inches; yellowish brown (10YR 5/6) sand;
single grained; loose; many fine roots; medium acid,;
clear wavy boundary.

C—24 to 60 inches; light yellowish brown (10YR 6/4)
sand and some coarse sand; single grained; loose;

few fine roots; about 2 percent pebbles; slightly acid.

The solum is 20 to 50 inches thick. Pebbles range
from O to 5 percent throughout. Reaction ranges from
medium acid to very strongly acid.

In cultivated areas, an Ap horizon has hue of 10YR,
value of 3 or 4, and chroma of 2. The Ap horizon is 5 to
9 inches thick.

The Bs horizon has hue of 7.5YR or 5YR, value of 4
or 5, and chroma of 4 or 6. There are chunks of ortstein
in this horizon in some pedons. The BC horizon has hue
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of 10YR or 7.5YR, value of 5 or 6, and chroma of 4 or 6.
The C horizon has value of 6 or 7 and chroma of 3 or 4.
It ranges from slightly acid to medium acid.

Sims Series

The Sims series consists of poorly drained, slowly per-
meable soils on till plains. The soils formed in moderate-
ly fine textured deposits. The slope ranges from 0 to 2
percent.

Sims soils commonly are adjacent to losco, Kawkaw-
lin, and Nester soils. losco soils have a spodic horizon
and are sandy in the upper part of the solum. Kawkawlin
soils have an argillic horizon and are somewhat poorly
drained. Nester soils have an argillic horizon and are well
drained.

Typical pedon of Sims loam, 300 feet south and 1,500
feet west of the northeast corner of sec. 25, T. 22 N., R.
8 W.

A—O to 8 inches; very dark gray (10YR 3/1) loam, gray
(10YR 5/1) dry; moderate medium granular struc-
ture; friable; many fine roots; slightly acid; abrupt
smooth boundary.

Bg1—8 to 14 inches; grayish brown (10YR 5/2) clay
loam; few coatings of light brownish gray (10YR
6/2) sand grains on faces of peds; few fine distinct
yellowish brown (10YR 5/4) mottles; strong medium
subangular blocky structure; firm; few fine roots;
slightly acid; clear wavy boundary.

Bg2—14 to 26 inches; grayish brown (10YR 5/2) clay
loam; common medium distinct yellowish brown
(10YR 5/6) mottles; strong coarse subangular
blocky structure; firm; neutral; clear wavy boundary.

Cg—26 to 45 inches; grayish brown (10YR 5/2) silty clay
loam; common medium distinct yellowish brown
(10YR 5/4) mottles and few fine distinct yellowish
brown (10YR 5/6) mottles; massive; firm; slight ef-
fervescence; mildly alkaline; gradual wavy boundary.

C—45 to 60 inches; yellowish brown (10YR 5/4) silty
clay loam; common fine faint yellowish brown (10YR
5/6) mottles; massive; firm; strong effervescence;
moderately alkaline.

The thickness of the solum and the depth to carbon-
ates range from 20 to 40 inches.

In cultivated areas, an Ap horizon has hue of 10YR,
value of 2 or 3, and chroma of 1. it is 6 to 9 inches thick.
The A horizon has value of 2 or 3 and chroma of 1. It
is 4 to 9 inches thick. The A horizon dominantly is loam,

but the range includes silty clay loam or clay loam. The
Bg horizon has value of 5 or 6 and chroma of 1 or 2. It is
clay loam or silty clay loam. The C horizon has value of
5 to 7 and chroma of 2 to 4.
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Tawas Series

The Tawas series consists of very poorly drained soils
in depressions on outwash plains and moraines. The
soils formed in woody material underlain by sandy miner-
al material at a depth of 16 to 50 inches. Permeability is
moderately slow to moderately rapid in the upper part of
the pedon and rapid in the lower part. The slope ranges
from O to 2 percent.

Tawas soils are similar to Cathro soils and commonly
are adjacent to Roscommon soils. Cathro soils are un-
derlain by loamy material at a depth of 16 to 50 inches.
Roscommon soils do not have an organic horizon.

Typical pedon of Tawas mucky peat, 2,100 feet east
and 250 feet south of the center of sec. 13, T. 22 N, R.
8 W.

Oe—O0 to 4 inches; very dark brown (10YR 2/2) broken
face, black (10YR 2/1) rubbed hemic material, very
dark grayish brown (10YR 3/2) dry; about 40 per-
cent fibers, about 20 percent rubbed; weak medium
granular structure; very friable; primarily herbaceous
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fibers; many fine roots; strongly acid; abrupt smooth
boundary.

Oal1—4 to 10 inches; black (10YR 2/1) broken face and
rubbed sapric material; about 25 percent fibers, less
than 10 percent rubbed; weak medium granular
structure; very friable; primarily woody fibers; few
fine roots; few coarse woody fragments; strongly
acid; gradual wavy boundary.

Qa2—10 to 22 inches; black (10YR 2/1) broken face
and rubbed sapric material; about 10 percent fibers,
less than 5 percent rubbed; massive; very friable;
primarily woody fibers; few coarse woody fragments;
medium acid; clear wavy boundary.

C—22 to 60 inches; grayish brown (10YR 5/2) sand;
single grained; loose; mildly alkaline.

The organic layers are 16 to 50 inches thick. In some
pedons, the surface tier is sapric material. Reaction in
the organic layers ranges from strongly acid to neutral.
Reaction in the C horizon ranges from neutral to moder-
ately alkaline.
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This section discusses the factors of soil formation,
relates them to the formation of soils in the survey area,
and explains the processes of soil formation (3).

Factors of Soil Formation

Soil forms through the interaction of five major factors:
the physical, chemical, and mineral composition of the
parent material; the climate under which the soil material
has accumulated and existed since accumulation; the
plant and animal life on and in the soil; the relief, or
topography; and the length of time that the processes of
soil formation have acted on the parent material.

Climate and plant and animal life are the active forces
in soil formation. They slowly change the parent material
into a natural body of soil that has genetically related
layers, called horizons. The effects of climate and plant
and animal life are conditioned by relief. The nature of
the parent material also affects the kind of soil profile
that is formed and, in extreme cases, determines it
almost entirely. Finally, time changes the parent material
into a soil. It can be a long time or a short time, but,
generally, a long time is required for the formation of
distinct soil horizons.

The factors of soil formation are so closely interrelated
in their effects on the soil that few generalizations can
be made about the effect of any one factor unless
conditions are specified for the other four. Many of the
processes of soil formation are unknown.

Parent Material

Parent material is the unconsolidated mass in which a
soil forms. The parent material of the soils in Missaukee
County was deposited by glaciers or by melt water from
the glaciers. Some of this material was subsequently
reworked and redeposited by water and wind. The
glaciers covered the county about 10,000 to 12,000
years ago. Parent material determines the chemical and
mineralogical composition of the soil. Although the
parent material is of a common glacial origin, its
properties vary greatly, sometimes within a small area,
depending on how the material was deposited. The
dominant parent materials in Missaukee County were
deposited as glacial till, outwash material, alluvium, and
organic material. .

Glacial till is material that was deposited directly by
glaciers with a minimum of water action. It consists of a

mixture of particles of different sizes. The small pebbles
in glacial till have sharp corners, indicating that they
have not been worn by water. The glacial till in
Missaukee County generally is calcareous loam, silty clay
loam, or clay loam. The Nester soils are an example of
soils that formed in glacial till. Typically, they are
moderately fine textured or fine textured and have a well
developed structure.

Outwash material was deposited by running water from
melting glaciers. The size of the particles that make up
outwash material depends on the speed of the water
that carried them. When the water slows down, the
coarser particles are deposited. The finer particles, such
as very fine sand, silt, and clay, are carried by slowly
moving water. Outwash deposits generally consist of
layers of particles of similar size, such as sandy loam,
sand, gravel, and other coarse particles. The East Lake
soils are an example of soils that formed in outwash
material.

Alluvial material has been deposited by floodwater of
present streams in recent time. The texture of this
material depends on the speed of the water that
deposited the material. Fluvaquents is an example of an
alluvial soil.

Organic material is made up of plant remains. After the
glaciers receded from the areas, water was left standing
in depressions on outwash plains, flood plains, moraines,
and till plains. Grasses and sedges that grew around the
edges of these depressions died. Because of the
wetness, when the plants died their remains did not
decompose but accumulated around the edge of the
depressions. Later, water tolerant trees grew in the
areas, and as these trees died, their residue became

“part of the organic accumulation. Consequently, the

depressions were eventually filled with organic material
and developed into areas of muck. Lupton soils are an
example of soils that formed in organic material.

Plant and Animal Life

Green plants have been the principal organisms
influencing the soils in Missaukee County. Bacteria,
fungi, earthworms, and man, also have been important.
The chief contribution of plant and animal life is the
addition of organic matter and nitrogen to the soil. The
kind of organic matter on and in the soil depends on the
kinds of plants that grew on the soil. The residue of
these plants accumulates on the surface of the soil; the
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residue decays and eventually becomes organic matter.
Plant roots provide channels for the downward
movement of water through the soil; plant roots add
organic matter to the soil as they decay. Bacteria in the
soil help to break down the organic matter into a form
that can be used by plants.

The vegetation in Missaukee County was a mixture of
coniferous and deciduous forest. Differences in natural
soil drainage and changes in parent material affect the
composition of forest species.

In general, the well drained upland soils, such as
Nester and Montcalm soils, were covered with sugar
maple and white pine. Rubicon soils were covered with
red pine, aspen, and some jack pine. The wet soils were
covered with elm, ash, aspen, and white cedar.
Roscommon and Brevort soils, which formed under wet
conditions, contain a considerable amount of organic
matter.

Climate

Climate is important in the formation of soils. It
determines the kind of plant and animal iife on and in
the soil, and it determines the amount of water available
for the weathering of minerals and the transporting of
soil material. Through its influence on soil temperature,
climate determines the rate of chemical reaction in the
soil. These climatic influences generally affect areas
larger than a county.

The climate in Missaukee County is cool and humid.
Presumably it is similar to the climate in which the soils
formed. The soils in Missaukee County differ from soils
that formed in a dry, warm climate or from those that
formed in a moist, hot climate. Climate is uniform
throughout the county, but its effect is modified locally by
the proximity to large lakes. The minor differences in the
soils in Missaukee County are the result of climatic
differences.

Relief

Relief, or topography, has had a marked influence on
the formation of soils in Missaukee County through its
influence on natural drainage, erosion, plant cover, and
soil temperature. In this county, slopes range from 0 to
30 percent. Natural soil drainage ranges from
excessively drained on the hilitops to very poorly drained
in the depressions.

Relief influences the formation of soils by affecting
runoff and drainage. Drainage in turn, through its effect
on aeration of the soil, determines the color of the soil.
Runoff is most rapid on the steeper slopes, but in low
areas, water ponds temporarily. Water and air move
freely through well drained soils but slowly through very
poorly drained soils. In soils that are well aerated, the
iron and aluminum compounds that give most soils their
color are brightly colored and are oxidized. Poorly
aerated soils are dull gray and mottled. Nester soils are
examples of well drained, well aerated soils; and Sims
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soils are examples of poorly drained, poorly aerated
soils. Both soils formed in similar parent material.

Time

Generally a long time is required for the development
of distinct horizons in a soil from parent material. The
differences in the length of time that the parent material

has been in place are commonly reflected in the degree

of development of the soil profile. Some soils form
rapidly; others slowly.

The soils of Missaukee County range from young to
mature. The glacial deposits in which many of the soils
formed have been exposed to soil-forming factors for a
long enough time for distinct horizons to develop. Some
soils forming in recent alluvial sediment have not been in
place long enough for the development of distinct
horizons. Fluvaquents, which formed in alluvial material,
are young soils. The Kawkawlin soils are an example of
the effect of more time on leaching of lime from the soil.

Processes of Soil Formation

The process responsible for the development of the
soil horizons from the unconsolidated parent material is
referred to as soil genesis. Soil morphology describes
the physical, chemical, and biological properties of these
horizons.

Several processes were involved in the development
of soil horizons in Missaukee County: (a) accumulation of
organic matter, (b) leaching of lime (calcium carbonate)
and other bases, (c) reduction and transfer of iron, and
(d) formation and translocation of clay minerals. In most
soils, more than one of these processes has been active
in the development of horizons.

Organic matter accumulates at the surface to form an
A1 horizon. If the soil is plowed, the A1 horizon is mixed
into a plow layer, or Ap horizon. In the soils of
Missaukee County, the surface layer ranges from high to
low in organic matter content. For example, Sims soils
have a high content of organic matter in the surface
layer, and the Rubicon soils have a low organic matter
content.

Leaching of carbonates and other bases has occurred
in most of the soils. Soil scientists generally agree that
leaching of bases in soils generally precedes the
translocation of clay minerals. Many of the soils in
Missaukee County are moderately leached to strongly
leached. For example, Nester soils are leached of
carbonates to a depth of 20 to 40 inches, whereas
Rubicon soils are leached to a depth of more than 60
inches. This difference in the depth of leaching is a
result of time, reiief, and parent material.

The reduction and transfer of iron, a process called
gleying, is evident in the somewhat poorly drained,
poorly drained, and very poorly drained soils. The gray or
dull color in the subsoil indicates the reduction and loss
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of iron. Sims soils are an example of soils in which the
gleying processes are evident.

Translocation of clay minerals has contributed to
horizon development. An eluviated, or leached, E horizon
above an illuviated B horizon has a platy structure, is
lower in content of clay, and typically is lighter in color.
The B horizon typically has an accumulation of clay and
clay films in pores and on the faces of peds. The soils
displaying this translocation of clay were probably
leached of carbonates and soluable salts to a
considerable extent before translocation of clay took
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place. Leaching of bases and translocation of clay are
among the more important processes in horizon
differentiation. Nester soils are an example of soils that
have translocated clay in the form of clay films
accumulated in the B horizon.

In some soils, iron, aluminum, and humus have moved
from the surface layer to the B horizon. The color of the
B horizon in such soils commonly is dark brown or dark
redding brown. The AuGres and Kalkaska soils are
examples of soils in which translocated iron, aluminum,
and humus have affected the B horizon.
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Aeration, soil. The exchange of air in soil with air from
the atmosphere. The air in a well aerated soil is
similar to that in the atmosphere; the air in a poorly
aerated soil is considerably higher in carbon dioxide
and lower in oxygen.

Aggregate, soil. Many fine particles held in a single
mass or cluster. Natural soil aggregates, such as
granules, blocks, or prisms, are called peds. Clods
are aggregates produced by tillage or logging.

Alluvium. Material, such as sand, silt, or clay, deposited
on land by streams.

Area reclaim (in tables). An area difficult to reclaim after
the removal of soil for construction and other uses.
Revegetation and erosion control are extremely
difficult.

Association, soil. A group of soils geographically
associated in a characteristic repeating pattern and
defined and delineated as a single map unit.

Available water capacity (available moisture
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 moisture capacity and the amount
at wilting point. It is commonly expressed as inches
of water per inch of soil. The capacity, in inches, in
a 60-inch profile or to a limiting layer is expressed
as—

Inches

Basal till. Compact glacial till deposited beneath the ice.

Base saturation. The degree to which material having
cation exchange properties is saturated with
exchangeable bases (sum of Ca, Mg, Na, K),
expressed as a percentage of the total cation
exchange capacity.

Blowout. A shallow depression from which all or most of
the soil material has been removed by wind. A
blowout has a flat or irregular floor formed by a
resistant layer or by an accumulation of pebbles or
cobbles. In some blowouts the water table is
exposed.

Bottom land. The normal flood plain of a stream,
subject to flooding.

Boulders. Rock fragments larger than 2 feet (60
centimeters) in diameter.

Calcareous soil. A soil containing enough calcium
carbonate (commonly combined with magnesium
carbonate) to effervesce visibly when treated with
cold, dilute hydrochloric acid.

Capillary water. Water held as a film around soil
particles and in tiny spaces between particles.
Surface tension is the adhesive force that holds
capillary water in the soil.

Catena. A sequence, or ‘‘chain,” of soils on a landscape
that formed in similar kinds of parent material but
have different characteristics as a result of
differences in relief and drainage.

Cation. An ion carrying a positive charge of electricity.
The common soil cations are calcium, potassium,
magnesium, sodium, and hydrogen.

Cation-exchange capacity. The total amount of
exchangeable cations that can be held by the soil,
expressed in terms of milliequivalents per 100 grams
of soil at neutrality (pH 7.0) or at some other stated
pH value. The term, as applied to soils, is
synonymous with base-exchange capacity, but is
more precise in meaning.

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 45 percent sand, and less than 40 percent
silt.

Clay film. A thin coating of oriented clay on the surface
of a soil aggregate or lining pores or root channels.
Synonyms: clay coating, clay skin.

Climax vegetation. The stabilized plant community on a
particular site. The plant cover reproduces itself and
does not change so long as the environment
remains the same.

Coarse fragments. if round, mineral or rock particles 2
millimeters to 25 centimeters (10 inches) in
diameter; if flat, mineral or rock particles (flagstone)
15 to 38 centimeters (6 to 15 inches) long.

Coarse textured soil. Sand or loamy sand.

Cobblestone (or cobble). A rounded or partly rounded
fragment of rock 3 to 10 inches (7.5 to 25
centimeters) in diameter.

Colluvium. Soil material, rock fragments, or both moved
by creep, slide, or local wash and deposited at the
base of steep slopes.
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Complex slope. Irregular or variable slope. Planning or
constructing terraces, diversions, and other water-
control measures on a complex slope is difficult.

Complex, soil. A map unit of two or more kinds of soil in
such an intricate pattern or so small in area that it is
not practical to map them separately at the selected
scale of mapping. The pattern and proportion of the
soils are somewhat similar in all areas.

Compressible (in tables). Excessive decrease in volume
of soft soil under load.

Concretions. Grains, pellets, or nodules of various
sizes, shapes, and colors consisting of concentrated
compounds or cemented soil grains. The
composition of most concretions is unlike that of the
surrounding soil. Calcium carbonate and iron oxide
are common compounds in concretions.

Conservation tillage. A tillage system that does not
invert the soil and that leaves a protective amount
of crop residue on the surface throughout the year.

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 when dry or moist; does not
hold together in a mass.

Friable.—When moist, crushes easily under gentle
pressure between thumb and forefinger and can be
pressed together into 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.
Sticky.—When wet, adheres to other material and
tends to stretch somewhat and pull apart rather than
to pull free from other material.

Hard.—When dry, moderately resistant to pressure;
can be broken with difficulty between thumb and
forefinger.

Soft.—When dry, breaks into powder or individual
grains under very slight pressure. :
Cemented.—Hard; little affected by moistening.

Contour stripcropping. Growing crops in strips that
follow the contour. Strips of grass or close-growing
crops are alternated with strips of clean-tilled crops
or summer fallow.

Control section. The part of the soil on which
classification is based. The thickness varies among
different kinds of soil, but for many it is that part of
the soil profile between depths of 10 inches and 40
or 80 inches.

Corrosive. High risk of corrosion to uncoated steel or
deterioration of concrete.

Cover crop. A close-growing crop grown primarily to
improve and protect the soil between periods of
regular crop production, or a crop grown between
trees and vines in orchards and vineyards.
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Cutbanks cave (in tables). The walls of excavations
tend to cave in or slough.

Deferred grazing. Postponing grazing or resting grazing
land for a prescribed period.

Diversion (or diversion terrace). A ridge of earth,
generally a terrace, built to protect downslope areas
by diverting runoff from its natural course.

Drainage class (natural). Refers to the frequency and
duration of periods of saturation or partial saturation
during soil formation, as opposed to altered
drainage, which is commonly the resuit of artificial
drainage or irrigation but may be caused by the
sudden deepening of channels or the blocking of
drainage outlets. Seven classes of natural soil
drainage are recognized:

Excessively drained. —Water is removed from the
soil very rapidly. Excessively drained soils are
commonly very coarse textured, rocky, or shallow.
Some are steep. All are free of the mottling related
to wetness.
Somewhat excessively drained.—Water is removed
from the soil rapidly. Many somewhat excessively
drained soils are sandy and rapidly pervious. Some
are shallow. Some are so steep that much of the
water they receive is lost as runoff. All are free of
the mottling related to wetness.
Well drained.—Water is removed from the soil
readily, but not rapidly. it is available to plants
throughout most of the growing season, and
wetness does not inhibit growth of roots for
significant periods during most growing seasons.
Well drained soils are commonly medium textured.
They are mainly free of mottling.
Moderately well drained.—Water is removed from
the soil somewhat slowly during some periods.
Moderately well drained soils are wet for only a
short time during the growing season, but
periodically they are wet long enough that most
mesophytic crops are affected. They commonly
have a slowly pervious layer within or directly below
éhehsolum, or periodically receive high rainfall, or
oth.
Somewhat poorly drained.—Water is removed slowly
enough that the soil is wet for significant periods
during the growing season. Wetness markedly
restricts the growth of mesophytic crops unless
artificial drainage is provided. Somewhat poorly
drained soils commonly have a slowly pervious
layer, a high water table, additional water from
seepage, nearly continuous rainfall, or a combination
of these.
Poorly drained.—Water is removed so slowly that
the soil is saturated periodically during the growing
season or remains wet for long periods. Free water
is commonly at or near the surface for long enough
during the growing season that most mesophytic
crops cannot be grown unless the soil is artificially
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drained. The soil is not continuously saturated in
layers directly below plow depth. Poor drainage
results from a high water table, a slowly pervious
layer within the profile, seepage, nearly continuous
rainfall, or a combination of these.

Very poorly drained.—Water is removed from the
soil so slowly that free water remains at or on the
surface during most of the growing season. Unless
the soil is artificially drained, most mesophytic crops
cannot be grown. Very poorly drained soils are
commonly level or depressed and are frequently
ponded. Yet, where rainfall is high and nearly
continuous, they can have moderate or high slope
gradients.

Drainage, surface. Runoff, or surface flow of water,
from an area.

Eluviation. The movement of materia! in true solution or
colioidal suspension from one place to another
within the soil. Soil horizons that have lost material
through eluviation are eluvial; those that have
received material are illuvial.

Erosion. The wearing away of the land surface by water,
wind, ice, or other geologic agents and by such
processes as gravitational creep.

Erosion (geologic). Erosion caused by geologic
processes acting over long geologic periods and
resulting in the wearing away of mountains and the
building up of such landscape features as flood
plains and coastal plains. Synonym: natural erosion.
Erosion (accelerated). Erosion much more rapid
than geologic erosion, mainly as a result of the
activities of man or other animals or of a
catastrophe in nature, for example, fire, that
exposes the surface.

Excess fines (in tables). Excess silt and clay in the soil.
The soil is not a source of gravel or sand for
construction purposes.

Fast intake (in tables). The rapid movement of water
into the sail.

Fertility, soil. The quality that enables a soil to provide
plant nutrients, in adequate amounts and in proper
balance, for the growth of specified plants when
light, moisture, temperature, tilth, and other growth
factors are favorable.

Fibric soil material (peat). The least decomposed of all
organic soil material. Peat contains a large amount
of well preserved fiber that is readily identifiable
according to botanical origin. Peat has the lowest
bulk density and the highest water content at
saturation of all organic soil material.

Field moisture capacity. The moisture content of a soil,
expressed as a percentage of the ovendry weight,
after the gravitational, or free, water has drained
away; the field moisture content 2 or 3 days after a
soaking rain; also called normal field capacity,
normal moisture capacity, or capillary capacity.

Fine textured soil. Sandy clay, silty clay, and clay.
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First bottom. The normal flood plain of a stream,
subject to frequent or occasional flooding.

Flood plain. A nearly level alluvial plain that borders a
stream and is subject to flooding unless protected
artificially.

Foot slope. The inclined surface at the base of a hill.

Forb. Any herbaceous plant not a grass or a sedge.

Frost action (in tables). Freezing and thawing of soil
moisture. Frost action can damage roads, buildings
and other structures, and plant roots.

Genesis, soil. The mode of origin of the soil. Refers
especially to the processes or soil-forming factors
responsible for the formation of the solum, or true
soil, from the unconsolidated parent material.

Glacial drift (geology). Pulverized and other rock
material transported by glacial ice and then
deposited. Also the sorted and unsorted material
deposited by streams flowing from glaciers.

Glacial outwash (geology). Gravel, sand, and silt,
commonly stratified, deposited by glacial melt water.

Glacial till (geology). Unsorted, nonstratified glacial drift
consisting of clay, silt, sand, and boulders
transported and deposited by glacial ice.

Glaciofluvial deposits (geology). Material moved by
glaciers and subsequently sorted and deposited by
streams flowing from the melting ice. The deposits
are stratified and occur as kames, eskers, deltas,
and outwash plains.

Gleyed soil. Soil that formed under poor drainage,
resulting in the reduction of iron and other elements
in the profile and in gray colors and mottles.

Grassed waterway. A natural or constructed waterway,
typically broad and shallow, seeded to grass as
protection against erosion. Conducts surface water
away from cropland.

Gravel. Rounded or angular fragments of rock up to 3
inches (2 millimeters to 7.6 centimeters) in diameter.
An individual piece is a pebble.

Gravelly soil material. Material that is 15 to 50 percent,
by volume, rounded or angular rock fragments, not
prominently flattened, up to 3 inches (7.6
centimeters) in diameter.

Green manure crop (agronomy). A soil-improving crop
grown to be piowed under in an early stage of
maturity or soon after maturity.

Ground water (geology). Water filling all the unblocked
pores of underlying material below the water table.

Gully. A miniature valley with steep sides cut by running
water and through which water ordinarily runs only
after rainfall. The distinction between a gully and a
rill is one of depth. A gully generally is an obstacle
to farm machinery and is too deep to be obliterated
by ordinary tillage; a rill is of lesser depth and can
be smoothed over by ordinary tillage.

Hemic soil material (mucky peat). Organic soil material
intermediate in degree of decomposition between
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the less decomposed fibric and the more
decomposed sapric material.

Horizon, soll. A layer of soil, approximately parallel to
the surface, having distinct characteristics produced
by soil-forming processes. In the identification of soil
horizons, an uppercase letter represents the major
horizons. Numbers or lowercase letters that follow
represent subdivisions of the major horizons. The
major horizons are as follows:

O horizon.—An organic layer of fresh and decaying
plant residue.

A horizon.—The mineral horizon at or near the
surface in which an accumulation of humified
organic matter is mixed with the mineral material.
Also, any plowed or disturbed surface layer.

E horizon.—The mineral horizon in which the main
feature is loss of silicate clay, iron, aluminum, or
some combination of these.

B horizon.—The mineral horizon below an O, A, or E
horizon. The B horizon is in part a layer of transition
from the overlying horizon to the underlying C
horizon. The B horizon also has distinctive
characteristics, such as (1) accumulation of clay,
sesquioxides, humus, or a combination of these; (2)
granular, prismatic, or blocky structure; (3) redder or
browner colors than those in the A horizon; or (4) a
combination of these.

C horizon.—The mineral horizon or layer, excluding
indurated bedrock, that is little affected by soil-
forming processes and does not have the properties
typical of the overlying horizon. The material of a C
horizon may be either like or unlike that in which the
solum formed. If the material is known to differ from
that in the solum, an Arabic numeral, commonly a 2,
precedes the letter C.

Cr horizon.—Soft, consolidated bedrock beneath the
soil.

R layer.—Hard, consolidated bedrock beneath the
soil. The bedrock commonly underlies a C horizon
but can be directly below an A or a B horizon.

Humus. The well decomposed, more or less stable part
of the organic matter in mineral soils.

Hydrologic soil groups. Refers to soils grouped
according to their runoff-producing characteristics.
The chief consideration is the inherent capacity of
soil bare of vegetation to permit infiltration. The
slope and the kind of plant cover are not considered
but are separate factors in predicting runoff. Soils
are assigned to four groups. In group A are soils
having a high infiltration rate when thoroughly wet
and having a low runoff potential. They are mainly
deep, well drained, and sandy or gravelly. In group
D, at the other extreme, are soils having a very slow
infiltration rate and thus a high runoff potential. They
have a claypan or clay layer at or near the surface,
have a permanent high water table, or are shallow
over nearly impervious bedrock or other material. A
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soil is assigned to two hydrologic groups if part of
the acreage is artificially drained and part is
undrained.

llluviation. The movement of soil material from one
horizon to another in the soil profile. Generally,
material is removed from an upper horizon and
deposited in a lower horizon.

Infiltration. The downward entry of water into the
immediate surface of soil or other material, as
contrasted with percolation, which is movement of
water through soil layers or material.

Infiltration capacity. The maximum rate at which water
can infiltrate into a soil under a given set of
conditions.

Infiltration rate. The rate at which water penetrates the
surface of the soil at any given instant, usually
expressed in inches per hour. The rate can be
limited by the infiltration capacity of the soil or the
rate at which water is applied at the surface.

Intake rate. The average rate of water entering the soil
under irrigation. Most soils have a fast initial rate;
the rate decreases with application time. Therefore,
intake rate for design purposes is not a constant but
is a variable depending on the net irrigation
application. The rate of water intake in inches per
hour is expressed as follows:

Less than 0.2.........cccconmeinreiienee e very low

0.2 to 0.4............
0.4 t0 0.75..........
0.75 10 1.25........
1.25t0 1.75........
1.7510 25..........
More than 2.5........cccconmeimmerneess s very high

Large stones (in tables). Rock fragments 3 inches (7.6
centimeters) or more across. Large stones adversely
affect the specified use of the soil.

Leaching. The removal of soluble material from soil or
other material by percolating water.

Liquid limit. The moisture content at which the soil
passes from a plastic to a liquid state.

Loam. Soil material that is 7 to 27 percent clay particles,
28 to 50 percent silt particles, and less than 52
percent sand particles.

Low strength. The soil is not strong enough to support
loads.

Medium textured soil. Very fine sandy loam, loam, silt
loam, or silt.

Mineral soil. Soil that is mainly mineral material and low
in organic material. Its bulk density is more than that
of organic soil.

Miscellaneous area. An area that has little or no natural
soil and supports littie or no vegetation.

Moderately coarse textured soil. Coarse sandy loam,
sandy loam, and fine sandy loam.

Moderately fine textured soil. Clay loam, sandy clay
loam, and silty clay loam.
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Moraine (geology). An accumulation of earth, stones,
and other debris deposited by a glacier. Some types
are terminal, lateral, medial, and ground.

Morphology, soil. The physical makeup of the soil,
including the texture, structure, porosity,
consistence, color, and other physical, mineral, and
biological properties of the various horizons, and the
thickness and arrangement of those horizons in the
soil profile.

Mottling, soil. Irregular spots of different colors that vary
in number and size. Mottling generally indicates poor
aeration and impeded drainage. Descriptive terms
are as follows: abundance—few, common, and
many; size—fine, medium, and coarse; and
contrast—faint, distinct, and prominent. The size
measurements are of the diameter along the
greatest dimension. Fine indicates less than 5
millimeters (about 0.2 inch); medium, from 5 to 15
millimeters (about 0.2 to 0.6 inch); and coarse, more
than 15 millimeters (about 0.6 inch).

Muck. Dark colored, finely divided, well decomposed
organic soil material. (See Sapric soil material.)
Munsell notation. A designation of color by degrees of
the three simple variables—hue, value, and chroma.

For example, a notation of 10YR 6/4 is a color of
10YR hue, value of 6, and chroma of 4.

Neutral soil. A soil having a pH value between 6.6 and
7.3. (See Reaction, soil.)

Nutrient, plant. Any element taken in by a plant
essential to its growth. Plant nutrients are mainly
nitrogen, phosphorus, potassium, calcium,
magnesium, sulfur, iron, manganese, copper, boron,
and zinc obtained from the soil and carbon,
hydrogen, and oxygen obtained from the air and
water.

Organic matter. Plant and animal residue in the soil in
various stages of decomposition.

Outwash, glacial. Stratified sand and gravel produced
by glaciers and carried, sorted, and deposited by
glacial melt water.

Outwash plain. A landform of mainly sandy or coarse
textured material of glaciofluvial origin. An outwash
plain is commonly smooth; where pitted, it is
generally low in relief.

Parent material. The unconsolidated organic and
mineral material in which soil forms.

Peat. Unconsolidated material, largely undecomposed
organic matter, that has accumulated under excess
moisture. (See Fibric soil material.)

Ped. An individual natural soil aggregate, such as a
granule, a prism, or a block.

Pedon. The smallest volume that can be called “a soil.”
A pedon is three dimensional and large enough to
permit study of all horizons. lts area ranges from
about 10 to 100 square feet (1 square meter to 10
square meters), depending on the variability of the
soil.
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Percolation. The downward movement of water through
the soil.

Percs slowly (in tables). The slow movement of water
through the soil adversely affecting the specified
use.

Permeability. The quality of the soil that enables water
to move downward through the profile. Permeability
is measured as the number of inches per hour that
water moves downward through the saturated soil.
Terms describing permeability are:

Very SloW......ccccecnnnienneiinnininies less than 0.06 inch

SlOW..vverererrmsemrern e asareens 0.06 to 0.2 inch
Moderately SIoW........ccocoecvvniviiinnniniiinnins 0.2 to 0.6 inch
Moderate........ccc.... ....0.6 inch to 2.0 inches
Moderately rapid........c.ccoooevnnnninninns 2.0 to 6.0 inches
Rapid.....coorreeremmieemimniaieiiiss s 6.0 to 20 inches

Very rapid....c...oceevniinninnnnnes more than 20 inches

Phase, soil. A subdivision of a soil series based on
features that affect its use and management. For
example, slope, stoniness, and thickness.

pH value. A numerical designation of acidity and
alkalinity in soil. (See Reaction, soil.)

Piping (in tables). Formation of subsurface tunnels or
pipelike cavities by water moving through the soil.

Pitting (in tables). Pits caused by melting ground ice.
They form on the soil after plant cover is removed.

Plasticity index. The numerical difference between the
liquid limit and the plastic limit; the range of moisture
content within which the soil remains plastic.

Plastic limit. The moisture content at which a soil
changes from semisolid to plastic.

Plowpan. A compacted layer formed in the soil directly
below the plowed layer.

Ponding. Standing water on soils in closed depressions.
Unless the soils are artificially drained, the water can
be removed only by percolation or
evapotranspiration.

Poorly graded. Refers to a coarse grained soil or soil
material consisting mainly of particles of nearly the
same size. Because there is little difference in size
of the particles, density can be increased only
slightly by compaction.

Poor filter (in tables). Because of rapid permeability the
soil may not adequately filter effluent from a waste
disposal system.

Poor outlets (in tables). Refers to areas where surface
or subsurface drainage outlets are difficult or
expensive to install.

Productivity, soil. The capability of a soil for producing
a specified plant or sequence of plants under
specific management.

Profile, soil. A vertical section of the soil extending
through all its horizons and into the parent material.

Reaction, soil. A measure of acidity or alkalinity of a
soil, expressed in pH values. A soil that tests to pH
7.0 is described as precisely neutral in reaction
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because it is neither acid nor alkaline. The degree of
acidity or alkalinity is expressed as—

pH
Extremely acid.........cccoevvvenieeneinncnncnneennn below 4.5
Very strongly a 4510 5.0
Strongly acid... ...511t055
Medium acid.......cccerecicncnecrecrerneees 5.6 10 6.0
Slightly @Cid.....c.covrrrcrrieccrrcerrecerevenneens 6.1t0 6.5
NEUIaL.....o it 6.6t0 7.3
Mildly alkaling............coccvcerrcrermercronncncicnnenns 74t078
Moderately alkaline.............cccccovcviiicncennnne, 7.9t 84
Strongly alkaline.........c.covceierevninneniicenncnne 8.510 9.0

Very strongly alkaline...........ccccoceeeuunnne 9.1 and higher

Regolith. The unconsolidated mantle of weathered rock
and soil material on the earth’s surface; the loose
earth material above the solid rock.

Relief. The elevations or inequalities of a land surface,
considered collectively.

Rill. A steep sided channel resulting from accelerated
erosion. A rill is generally a few inches deep and not
wide enough to be an obstacle to farm machinery.

Rock fragments. Rock or mineral fragments having a
diameter of 2 millimeters or more; for example,
pebbles, cobbles, stones, and boulders.

Rooting depth (in tables). Shallow root zone. The soil is
shallow over a layer that greatly restricts roots.
Root zone. The part of the soil that can be penetrated

by plant roots.

Runoff. The precipitation discharged into stream
channels from an area. The water that flows off the
surface of the land without sinking into the soil is
called surface runoff. Water that enters the soil
before reaching surface streams is called ground-
water runoff or seepage flow from ground water.

Sand. As a soil separate, individual rock or mineral
fragments from 0.05 millimeter to 2.0 millimeters in
diameter. Most sand grains consist of quartz. As a
soil textural class, a soil that is 85 percent or more
sand and not more than 10 percent clay.

Sandstone. Sedimentary rock containing dominantly
sand-size particles.

Sapric soil material (muck). The most highly
decomposed of all organic soil material. Muck has
the least amount of plant fiber, the highest bulk
density, and the lowest water content at saturation
of all organic soil material.

Seepage (in tables). The movement of water through the
soil. Seepage adversely affects the specified use.

Sequum. A sequence consisting of an illuvial horizon
and the overlying eluvial horizon. (See Eluviation.)

Series, soil. A group of soils that have profiles that are
almost alike, except for differences in texture of the
surface layer or of the underlying material. All the
soils of a series have horizons that are similar in
composition, thickness, and arrangement.

Sheet erosion. The removal of a fairly uniform layer of
soil material from the land surface by the action of
rainfall and surface runoff.
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Shrink-swell. The shrinking of soil when dry and the
swelling when wet. Shrinking and swelling can
damage roads, dams, building foundations, and
other structures. It can also damage plant roots.

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.

Similar soils. Soils that share limits of diagnostic criteria,
behave and perform in a similar manner, and have
similar conservation needs or management
requirements for the major land uses in the survey
area.

Site index. A designation of the quality of a forest site
based on the height of the dominant stand at an
arbitrarily chosen age. For example, if the average
height attained by dominant and codominant trees in
a fully stocked stand at the age of 50 years is 75
feet, the site index is 75 feet.

Slope. The inclination of the land surface from the
horizontal. Percentage of slope is the vertical
distance divided by horizontal distance, then
multiplied by 100. Thus, a slope of 20 percent is a
drop of 20 feet in 100 feet of horizontal distance.

Slope (in tables). Slope is great enough that special
practices are required to ensure satisfactory
performance of the soil for a specific use.

Slow intake (in tables). The slow movement of water
into the soil.

Slow refill (in tables). The slow filling of ponds, resulting
from restricted permeability in the soil.

Small stones (in tables). Rock fragments less than 3
inches (7.6 centimeters) in diameter. Small stones
adversely affect the specified use of the soil.

Soil. A natural, three-dimensional body at the earth’s

surface. It is capable of supporting plants and has
properties resulting from the integrated effect of
climate and living matter acting on earthy parent
material, as conditioned by relief over periods of
time.

Soil separates. Mineral particles less than 2 millimeters
in equivalent diameter and ranging between
specified size limits. The names and sizes of
separates recognized in the United States are as

follows:
Millime-
ters

Very coarse Sand.......c...ceerevcerieereenrons 20t01.0
Coarse $and........c.ovuveeevinrececonreeeeresesans 1.0t0 0.5
Medium sand...........ocovvvevveeeeeeeeeeeee e, 0.5 to 0.25
Fine Sand......co.cccurevevevvniieeeceeeseeeeresenn 0.25 to 0.10
Very fine sand......c.coceeeveeerceevceeene, 0.10 to 0.05
Sillereerre et 0.05 to 0.002
Clay....coooiiieeer e less than 0.002

Solum. The upper part of a soil profile, above the C
horizon, in which the processes of soil formation are
active. The solum in soil consists of the A, E, and B
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horizons. Generally, the characteristics of the

material in these horizons are unlike those of the
underlying material. The living roots and plant and
animal activities are largely confined to the solum.

Stones. Rock fragments 10 to 24 inches (25 to 60
centimeters) in diameter.

Stony. Refers to a soil containing stones in numbers
that interfere with or prevent tillage.

Stripcropping. Growing crops in a systematic
arrangement of strips or bands which provide
vegetative barriers to wind and water erosion.

Structure, soil. The arrangement of primary soil
particles into compound particles or aggregates. The
principal forms of soil structure are—platy
(laminated), prismatic (vertical axis of aggregates
longer than horizontal), columnar (prisms with
rounded tops), blocky (angular or subangular), and
granular. Structureless soils are either single grained
(each grain by itself, as in dune sand) or massive
(the particles adhering without any regular cleavage,
as in many hardpans).

Subsoil. Technically, the B horizon; roughly, the part of
the solum below plow depth.

Subsoiling. Breaking up a compact subsoil by pulling a
special chisel through the soil.

Substratum. The part of the soil below the solum.

Subsurface layer. Any surface soil horizon (A, E, AB, or
EB) below the surface layer.

Surface layer. The soil ordinarily moved in tillage, or its
equivalent in uncultivated soil, ranging in depth from
about 4 to 10 inches (10 to 25 centimeters).
Frequently designated as the “plow layer,” or the
“Ap horizon.”

Surface soil. The A, E, AB, and EB horizons. It includes
all subdivisions of these horizons.

Taxadjuncts. Soils that cannot be classified in a series
recognized in the classification system. Such soils
are named for a series they strongly resemble and
are designated as taxadjuncts to that series
because they differ in ways too small to be of
consequence in interpreting their use and behavior.

Terminal moraine. A belt of thick glacial drift that
generally marks the termination of important glacial
advances.

Terrace. An embankment, or ridge, constructed across
sloping soils on the contour or at a slight angle to
the contour. The terrace intercepts surface runoff so
that water soaks into the soil or flows slowly to a
prepared outlet.

Terrace (geologic). An old alluvial plain, ordinarily flat or
undulating, bordering a river, a lake, or the sea.
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Texture, soil. The relative proportions of sand, siit, and
clay particles in a mass of soil. The basic textural
classes, in order of increasing proportion of fine
particles, are sand, loamy sand, sandy loam, loam,
silt loam, sift, 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.”

Thin layer (in tables). Otherwise suitable soil material
too thin for the specified use.

Till plain. An extensive flat to undulating area undertain
by glacial till.

Tilth, soil. The physical condition of the soil as related
to tillage, seedbed preparation, seedling emergence,
and root penetration.

Toe slope. The outermost inclined surface at the base
of a hill; part of a foot slope.

Topsoil. The upper part of the soil, which is the most
favorable material for plant growth. it is ordinarily
rich in organic matter and is used to topdress
roadbanks, lawns, and land affected by mining.

Trace elements. Chemical elements, for example, zinc,
cobalt, manganese, copper, and iron, are in soils in
extremely small amounts. They are essential to plant
growth.

Unstable fill (in tables). Risk of caving or sloughing on
banks of fill material.

Upland (geology). Land at a higher elevation, in general,
than the alluvial plain or stream terrace; land above
the lowlands along streams.

Variant, soil. A soil having properties sufficiently
different from those of other known soils to justify a
new series name, but occurring in such a limited
geographic area that creation of a new series is not
justified.

Weathering. All physical and chemical changes
produced in rocks or other deposits at or near the
earth's surface by atmospheric agents. These
changes result in disintegration and decomposition
of the material.

Well graded. Refers to soil material consisting of coarse
grained particles that are well distributed over a wide
range in size or diameter. Such soil normally can be
easily increased in density and bearing properties by
compaction. Contrasts with poorly graded soil.

Wilting point (or permanent wilting point). The
moisture content of soil, on an ovendry basis, at
which a plant (specifically sunflower) wilts so much
that it does not recover when placed in a humid,
dark chamber.
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TABLE 1,~~TEMPERATURE AND PRECIPITATION
[Recorded in the period 1951-80 at Lake City and Houghton Lake]

Temperature Precipitation
2 years 1n 2 years In I0
10 will have-~ Average will have-- | Average
Month Average |Average |Average, Maximum Minimum !number of!Average number of |Average
daily | daily temperature temperature, growing Less | More jdays with!snowfall
maximumminimum higher lower degree than=-~{than--;0.10 inch
than-- than-- days* or more
] k| R °F °F Units | In | In | In In
LAKE CITY: -
January---| 25.8 2.1 17.5 46 =22 o] 1.26 0.7 1.7 4 19.3
February--! 28.8 7.8 18.3 47 =24 0 1.15 .6 .9 4 15.4
March-=~--! 37.9 16.9 27.4 64 -16 1 1.70 .9 2.4 5 12.6
Aprile=«==- 54.0 30.8 42.4 80 7 44 2.88 1.8 3.8 7 4.4
May=======! 67.2 40.5 53.8 86 22 188 2.67 1.5 3.7 7 o2
June====== 76.6 49.4 63.0 93 31 400 3.09 1.6 4.4 6 .0
July===~=- 80.9 53.5 67.2 93 37 540 3.26 1.7 4.6 6 .0
August=---; 78.4 52.2 65.3 92 35 482 3.01 1.4 4.4 6 .0
September-! 69.7 45.3 57.5 89 25 253 3.25 1.5 4.7 7 Trace
October~=--! 58,2 36.5 47.4 80 19 81 2.66 1.4 3.8 6 .9
November--! 42.7 26.9 34.8 67 0 7 2.33 1.4 3.2 6 9.8
December--; 30.3 15.0 22.7 54 =15 0 1.61 1.0 2.2 5 16.0
Year---=! 54,2 32.0 43.1 95 =26 1,996 28.87 | 25.7 | 31.9 69 78.5
HOUGHTON
LAKE:
January---, 26.2 9.7 18.0 47 =21 o] 1.48 0.8 2.1 5 15.8
February=--; 29.2 8.5 18.8 48 =25 o] 1.19 .6 1.7 4 10.6
March--~-- 38,8 18.0 28.4 65- -14 2 1.68 .9 2.4 5 9.9
Aprile==-- 53.9 31.8 42.8 81 ° 47 2.54 1.6 3.4 6 2.6
May~=e-===! 67.4 41.7 54.5 88 23 194 2.76 1.6 3.8 7 o1
June~===~- -1 76.3 50.9 63.6 92 30 430 3.09 1.6 4.4 6 .0
July=====- 80.3 54.6 67.5 93 36 550 3.26 1.8 4.5 6 .0
August===-=1 78,3 53.2 65.5 92 34 510 2.91 1.6 4.1 6 .0
September~-; 69.7 46.4 58.0 88 27 273 3.25 1.8 4.6 7 Trace
October---! 58.5 37.3 47.9 80 19 108 2.70 1.2 4.0 7 .8
November=-- 43.1 28.0 35.5 67 2 8 2.37 1.5 3.2 7 7.6
December=-; 30.6 16.2 23.4 55 -13 0 1.92 1.0 2.7 5 13.0
Year~--~! 54,4 33.0 43.7 95 -26 2,122 29.14 | 25.4 | 32.7 70 60.4

* A growing degree day is a unit of heat available for plant growth. It can be calculated by adding the
maximum and minimum daily temperatures, dividing the sum by 2, and subtracting the temperature below which
growth is minimal for the principal crops in the area (40 degrees F),
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TABLE 2,--FREEZE DATES IN SPRING AND FALL

[Recorded in the period 1950-79 at Lake City and
Houghton Lake]

Probability

Dates tor glven probability
and temperature

20° F
or lower

28° F
or lower

32°F
or lower

LAKE CITY:

Last freezing
temperature
in spring:

1 year in 10
later than--

2 years in 10
later than--

5 years in 10
later than--

First freezing
temperature
in fall:

1 year in 10
earlier than--

2 years in 10
earlier than--

5 years in 10
earlier than--

HOUGHTON LAKE:

Last freezing
temperature
in spring:

1 year in 10
later than--

2 years in 10
later than--

5 years in 10
later than--

First freezing
temperature
in fall:

1 year in 10
earlier than--

2 years in 10
earlier than--

5 years in 10
earlier than=--

May

May

Apr.

Oct.

Oct.

Oct.

May

May

Apr.

Oct.

Oct.

Oct.

18

12

30

21

18

11

27

10

24

May

May

May

Sept.

Sept.

Sept.

June

May

May

Sept.

Sept.

Oct.

30

26

16

27

14

June 17

June 10

May 29

Aug. 30

Sept. 4

Sept. 14

June 16

June 9

May 28

Aug. 21

Aug. 31

Sept. 17




96 Soil Survey

TABLE 3.--GROWING SEASON

[Recorded in the period 1950-79 at Lake City
and Houghton Lake)

Daily minimum temperature
during growing season

Probability Higher Higher Higher
than than than
24° F 28° F 32°F
Days “Days Days

LAKE CITY:

9 years in 10 151 116 84

8 years in 10 158 123 92

5 years in 10 173 136 108

2 years in 10 188 149 124

1 year in 10 196 156 132

HOUGHTON LAKE:

9 years in 10 146 113 71
8 years in 10 157 122 85
5 years in 10 179 141 111
2 years in 10 201 160 137

1 year in 10 213 170 151
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TABLE 4.--ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS

97

[
Map | Soil name Acres Percent

symbol |

|
3A |Croswell sand, 0 to 3 percent slopes ——————— e — 11,895 3.3
5B |Emmet-Montcalm complex, O to 6 percent 8lopeS=———=———ememe————mo— e m— o m—— e 4,760 1.3
5C |Emmet-Montcalm complex, 6 to 12 percent slopeS——=—=m=————————————- ——— e 1,290 0.4
5E |Emmet-Montcalm complex, 12 to 30 percent 5lopeSw———-=-————rm————m—m————m oo — 1,500 0.4
6B |Kalkaska sand, 0 to 6 percent 8lOpeS=———————i—m—m—memm———— - - - 3,740 1.0
6C |Kalkaska sand, 6 to 12 percent slopes-- e ————— 3,310 0.9
6F |Kalkaska sand, 12 to 30 percent slopes—- - - ———— - 2,280 0.6
7 | Lupton muck- B —_—— e 18,335 5.0
108 |Manistee loamy sand, N to 6 percent sSlopeS—————————————————- —-— ——— 8,010 2.2
10C |[Manistee loamy sand, 6 to 12 percent SlOpeS——————m=————mm—m— - e e ———cm - 710 0.2
11B |Montcalm-Graycalm complex, 0 to 6 percent slopes-—--—-———-—-- _—— ———— - 41,095 11.3
11¢ |Montcalm-Graycalm complex, 6 to 12 percent 8lopeS————mw—m-—————mem—cmo—momeo——oo o 9,540 2.6
11E |Montcalm-Graycalm complex, 12 to 30 percent 8lopeS———=——————m—-———-———=———o—eo—m——— 4,990 1.4
128 [Nester sandy loam, 1 to 6 percent SlOpeS——————smm——omsm e m e —mm 15,335 4.2
12¢C |Nester sandy loam, 6 to 12 percent 8lOpeS—————————mmmm——————— e 1,185 0.3
13B |Rubicon sand, 0 to 6 percent slopes-- - ——— ——— —— ———————— 49,585 13.5
13C |Rubicon sand, 6 to 12 percent SLlOPeS—m——mm—m— o o e 20,265 5.5
13E |Rubicon sand, 12 to 30 percent slopesS—————-——————-—so——————= -— - - 15,175 4.1
144 |otisco loamy sand, 0 to 3 percent 8lOpeS—=————————m———m——————————o —— - 9,620 2.6
15B |East Lake~Rubicon sands, 0 to 6 percent 8lopeS—————=emmemmmetmmm—m e 2,180 0.6
15C |East Lake-Rublcon sands, 6 to 12 percent 8lOpeS———————————mm—————em———————o——————a— 340 0.1
158 |East Lake-Rubicon sands, 12 to 30 percent slopes-- R L E e et 570 0.2
16A |AuGres loamy sand, 0 to 3 percent 8lOpES———m=—-—m—mm——m—m o ——m——o oo 11,530 3.2
17 |Carbondale MUCK=m=—m—mmmm e e e - - 2,630 0.7
19B |Grayling sand, 0 to 6 percent slopeS———=-=== ————————— —_— - 4,170 1.1
20 | Tawas mucky peat-- - J SR 15,475 4.2
22 |Roscommon mucky sand---- —— e 16,385 4.5
23A |Kawkawlin Variant sandy loam, 0 to 3 percent 8lopeS=——m=mmo——=——o——oeoco oo mmm o 410 0.1
30 [Brevort loamy S8an@e——————aem oo o e - 6,320 1.7
344 |Gladwin loamy sand, 0 to 3 percent 8l0pPeS—m———————mme— e e —— e 480 0.1
368 |Dighton sandy loam, 1 to 6 percent 8lOPES————m=— s e m e s 3,170 0.9
37 |Sims loam————=——m—- - ——————————————— e ——— 5,930 1.6
hoa | Tosco loamy sand, 0 to 3 percent SlOPES——mm————— e — = m o m e 15,645 4.3
42n [Graycalm-~Rubicon sands, 0 to 6 percent SlOPES——-m———————mmmmmm - —e e 14,360 3.9
y2c |Graycalm-Rubicon sands, 6 to 12 percent slopes———-——=—==-- e ——————— 5,800 1.6
428 | Graycalm~-Rubicon sands, 12 to 30 percent 5lOpeS—————=—=————m=—————————om—mm——o——soo— 4,420 1.2
46 |Tiox1ey MUCKY Peat————m— oo e e et e e e e _— 2,610 0.7
50A [Kawkawlin loam, 0 to 3 percent SlOpeS=—=wm—mmmmmm—mo——— oo oo e 17,935 4.9
53 |Cathro muck e - e 3,060 0.8
64 |Fluvaquents and Histosols, frequently flooded-——-——————w-—— e ————— 3,300 0.9
65 |Pits, 83and and Eravel-——— e m oo e 340 0.1
66 |Udipsamments, NEarly level——m——mm o o oo o e e e s 230 0.1

| Water-——————— -— B e —_— B 6,170 1.7

5 Bttt ottt il i

‘ POt 8L m == e m o e = o 366,080 | 100.0
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TABLE 5.--LAND CAPABILITY AND YIELDS PER ACRE OF CROPS

[Yields are those that can be expected under a high level of management. Absence of a yleld indicates that the
soll 1s not sulted to the crop or the crop generally i1s not grown on the soil]

I | [ I I
So1l name and | Land
map symbol |capabllity Corn Corn silage Dats Winter wheat |Grass-legume Grass hay
hay
Bu Tons Bu Bu Tons Tons
A mm IVs 50 8 | 4o 25 2.5 0.8
Croswell
) P Ile 75 14 63 34 3.4 1.5
Emmet-Montcalm
Y IVe 68 13 58 31 3.3 1.4
Emme t~-Montcalm |
BEmm e e Vie | —— —-— -— -— -—— —_—
Emmet-Montcalm |
3 < IVs is 7 35 18 1.8 0.5
Kalkaska
BCmmmm e e Vis —-—— —-—— ——— —-— 1.6 0.4
Kalkaska
2 o —— VIls | — -— —— —_—— —— —_—
Kalkaska |
) (TR —— Vw - -— -— -— -— —_—
Lupton
10Bmmme e m e IIIs 70 13 70 35 3.5 1.6
Manistee {
10Cmmm e IlIe 65 12 65 30 3.2 1.3
Manistee
11B=mmem e IIIs 63 12 53 28 2.9 1.1
Montcalm-
Graycalm |
11Cm——mmm e = IVs — -— - —-——= 2.7 1.0
Montcalm-
Graycalm [ |
11B-mmmmmmmmmem Vis ‘ -~ - - -_— — -
Montcalm- |
Graycalm
12Brmmm e e m Ile 80 14 75 4o 3.3 1.4
Nester
|
120 mmmm e I1Te | 70 | 13 70 36 3.1 | 1.3
Nester (
13B, 13C-=—==ee- Vis —— -— —-——— -— 2.7 1.0
Rubicon |
13Eme e VIIs -—- -—- | —-—— —-— —-— ——
Rublcon
Ty IIIw 70 13 65 30 3.5 1.6
Otisco ]
|
15Bmmm e e IVs | 4o 6 32 20 1.8 0.5
East Lake- |
Rubilcon |
150 Vis | ~—— | -— —-——— ——— -— _—
East Lake- |
Rubicon |
| |
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TABLE 5.--LAND CAPABILITY AND YIELDS PER ACRE OF CROPS~--Continued

[
Soil name and Land
map symbol capabllity Corn Corn sllage Oats Winter wheat |Grass-legume Grass hay
hay
Bu Tons Bu Bu Tons Tons
15E—mm e mmmmm VIIs — _— - _— -— -—
East Lake- |
Rubicon |
16A=——mmmmmmmm e Ivw 50 10 45 25 2.2 0.6
AuGres
|
17 mmm e e | Vi | -— -—- -— — -— -—
Carbondale | |
| |
19B—m—— e | Vis | —— —— — -— —-— -_—
Grayling | |
I f
-3 [ — | vIw _— _— _— N -— -
Tawas |
-3 I — VIw _— -— -— -_— -— _—
Roscommon
23A-—mmm e IIw | 85 16 80 42 3.6 1.7
Kawkawlin |
Variant |
[ Vu -— -— — -— — -—
Brevort |
17 PR ITIw 60 12 60 27 2.8 1.0
Gladwin | |
| | {
36Bmmmmmmm e | 1IIe | 90 16 80 45 3.9 1.9
Dighton | |
(S, Vw — — — -— — -—
Sims |
|
BOA= e e | IIIw 80 15 75 4o 3.5 1.6
Iosco |
|
2B e e | Ivs 45 9 35 20 2.3 0.7
Graycalm- | | |
Rubicon | {
B2Cm—m e mmmees VIs | _— _— _— -— 2.0 0.5
Graycalm- | |
Rublcon | |
f
L T T VIIs —— - —— -—— — ——
Graycalm-
Rubicon |
YBmmmmmmm e VIIw _— _— _— _— - —_—
Loxley
| |
50A-=mr—mm e | IIw 85 16 80 L2 3.6 1.7
Kawkawlin | ] |
P — VIIw _— — — -— - -
Cathro
|
[, ——— —_——— —— —_— —_— _— —
Fluvaquents |
and Histosols \
65. {
Pits |
| |
66. | |
Udipsamments % |
I
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TABLE 6.--CAPABILITY CLASSES AND SUBCLASSES

[Miscellaneous areas are excluded. Absence of an
entry indicates no acreagel]

] Major management concerns (Subclass)
Class | Total Soil
acreage Erosion Wetness problem
(e) (w) (s)
Acres Acres Acres
I | -— -—— -— —-——
II | 41,610 23,265 18,345 -
IIX 76,745 1,895 25,745 49,105
v || '511,535| 1,290 11,530 41,715
v 'I 33,.21‘5|I -— 33,215 -—
VI ; 121,820 1,500 31,860 88,460
VII | 28,115 -— 5,670 22,445
f
VIII | - -— -—- —
| |
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TABLE 7.--WOODLAND MANAGEMENT AND PRODUCTIVITY

[Only the soils suitable for production of commercial trees are listed. Absence of an entry l1ndicates that
information was not available]

| Management concerns Potential productlvity
Soil name and |ordi- | [ Equip- |
map symbol |nation|Erosion | ment Seedling| Wind- Common trees Site Trees to plant
|symbol |hazard | limita-|mortal- throw index
tion ity hazard
[

{
3A - 2s Slight |Moderate|Moderate|Slight Quaking aspen---—-—--= 68 |Red pine, eastern
Croswell | | | | Red ping——m——=—————- 55 white pine, Carolina
|
I

Jack pine-————-——=—- 53 | poplar.
Northern red oak—----| ---
Eastern white plne--} ---

White spruce——-—-—--—- -
Balsam fir-———e———w= —

|
| |
SB#, 5C*: { I
Emme tmm——————— 20 |Slight |Slight |Slight |Slight |Quaking aspen--—----- 66 |Carolina poplar, red
| Sugar maple--—————== ——- | pine, eastern white
| Yellow blrch————=m—=n —_— pine.
| Red pine-~——mem——ee—- —
| | American basswood-——| --—-—
| American beeche————- -—
Fastern white pine--| —-—-
Northern red ocakw—--=| —--—-

Montcalm—mw————e—= 2s Slight Slight Moderate|Slight Sugar maple-—-———===== | 61 |[Red pine, eastern
Yellow birche—————=—- —_— white pine, Carolina
Northern red oak—~—-— 66 poplar.

Eastern white plne--| --—-

|

|

|

I

I

|

|

I

| Red maple-—————=ce——= —_—
| Bigtooth aspen-—----— —
| Paper birch--————-——- —_—
|

|

|

|

: |
Emmet——mm~———————— | 2r |Moderate|Moderate|Slight Slight Quaking aspen——————-— 66 |Carolina poplar, red
I Sugar maple——w=-————-- -— pine, eastern white
I I Yellow blrche———ww—- —_——— pine.

American basswood---| —-=—=
American beechw———== [
EBastern whlte plne--| —=-
| Northern red oak—-——-| ==~

l
Moderate |Moderate |Moderate|Slight |[Sugar maple-—-—=--—--- 61 |Red pilne, eastern
| Yellow birche——=~—— —-—- | white pine, Carolina
[Northern red oak----| 66 | poplar.
| |Eastern white pine--| ---

Montcalmem———m—c——m 2r

Red maple——e———c——== —
Paper birch-——=———w- -—
Blgtooth aspen-——-—-- -—

6B, 6C=m———mmm————— 2s |Slight Moderate |Slight |Sugar maple-—=—-——=——- 62 |Red pine, Carolina

l
{
I
|
|
|
I I

| I

[ |

| J

I [

f |

Slight |

| | ] Quaking aspen—-———-—= — poplar, eastern white
| | | Red pine-——w————————- —_— pine.
| { | Eastern white plne--| ---—
| \ | American beech-———-- -—
| | Paper bilrche———e———- ——
% | | Northern red oakm=—=| —-==
|

[ T ey | 2r
Kalkaska |

Moderate|Moderate|Moderate|Slight |Sugar maple-----=--- 62 |(Red pine, Carolina
| Quaking aspen—we———-—-— —-—— poplar, eastern whilte
| Red pilng--————=—m———e—- —— | pine.

| Eastern white pine--| --—-
‘ American beech—-——--— -—
I

I

[
|
|
Paper blrch-——————w-- -
Northern red oak-~--| —---

{
|
|
I
|
[
I
|
|
!
|
|
I
I
I
I
[
I
[
|
[
|
I
I
|
I

See footnote at end of table.
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TABLE 7.--WOODLAND MANAGEMENT AND PRODUCTIVITY--Continued

I I_
|Ordi- |
|nation|Erosion
|symbol (hazard

Management concerns Potentlal productivity
Equip-
ment
limita-

tion

Soil name and

map symbol Site

index

|_
|
I

Wind-
throw
hazard

Seedling Common trees
mortal-

ity

!
[
’ Trees to plant

bw Severe Severe Severe

SO |

Manistee

11B%, 11C*:
Montcalme—cm=eewc—

Graycalme=——eme——-

11E#*:
Montcalm—=e—cem—ea

Graycalme———me——u-

12B,
Nester

I
I

I
|
I
I
I
I
|
I
!

28

28

28

2r

2r

20

Slight

I
|
I
I
I
I
I
I
I
| S1ight
I

I
|
I
|slight

Slight

Slight

See footnote at end of table.

Moderate|Moderate

I
[
I
I
I
I
|
|
Slight :
I

[
l
I
I
I
|
f
I
I
I
l
!
I
I
I
I
{
|
I
|

I
I
|
I
|
[
|

jSlight

Moderate

Moderate|Moderate |Moderate

I
I
|
I
I
|
I
I
f
[
I
[
|
[
|
I
|
[
I
I
I

I
I
I
|
I
I
I
I
}Slight
I
I
|
I
I
I

Moderate|Slight
I

Moderate|Slight

Severe Slight

Slight

Severe Slight

|
I
|
I
I
|
I
I
I
|
I
I
I

Slight |Slight

I
|
I
|
[
|
[
I

|Black spruce-—-~a——e
|Balsam flre—ce—em—aaa
Black ashe—emmacaaao
Northern white-~cedar
Paper blrch-———==—--
|Tamarack——————m———mo
Quaking aspen-------

Sugar maple——————m--
Eastern white pine--

Northern red oak--~--
White ashem———maaen-a
|Yellow birche——aee—
| American beeche——m—-

Sugar maple--==——w--
Yellow birch-eme——e--
Northern red oak----
Fastern white pine--

Paper bilrch-e-e—wc---
|Red maple=—e—mme—e—u
Bigtooth aspen--~-=-

Bigtooth aspen---—---
Northern red oak——-—-
Jack pine——ee—emeee-
|Red pine-——=——memee
| Paper birche——-e——eeo
Eastern white pine-~
American beech——s—==-
Red maple---ermec—e—o
Sugar maple~«—————--

|Sugar maple-————-——~-
Yellow birche-—=-———--
Northern red oak--—--
Eastern white pine--

Paper birch--—e——ae--
|Red maple-—~———mmea—-
Bigtooth aspen---—--

Bigtooth aspen-——-~—-
Northern red oak——=-
Jack plne-—we———ee-—=
jRed plne-—~————ee——-o
Paper birch-—~——a—e--
Eastern white plne--
Amerlcan beech~—w-—--
Red maple~———-ew—awe-
Sugar maple—m—————-—

Sugar maple-~—-———w——-
Quaking aspen-------
White agshe——meeammea
American basswood---
Northern red oak-=--

Black cherry—————e--
Yellow birch-e—ceaa-
American beachm=w——=

Red plne, eastern
white pine, Carolina
poplar.

Red pilne, eastern
white pine, Carolilna
poplar, Norway
spruce.

Red pine, eastern
whilte plne, Carolina
poplar, white spruce.

Red plne, eastern
white pine, Carolina
poplar, Norway
spruce,

Red pilne, eastern
white pine, Carolina
poplar, white spruce.

White spruce, red
pine, Norway spruce,
eastern white pine,
Carolina poplar.
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TABLE 7.--WOODLAND MANAGEMENT AND PRODUCTIVITY--Continued

103

So1l name and
map symbol

|
|ordai- |

Management concerns

Potential productivity

|nation|Erosion
{symbol |hazard

Equilp-
ment

tion

|Seedling
limita-|mortal-

| ity

Wind-
throw
hazard

Common trees

Site
index

Trees to plant

13B,
Rubicon

Rubicon

Otisco

15B%, 15C#*:
East Lake—ece—eec——ae-

15E#:
Fast Lake-=—=cem——-

Rublcon-————=wae--

3s

3r

3w

3s

3s

3r

3r

Slight

I
|
I
I
|
I
I
|
I
|
|
|
I
I
!
I
I
I
I

Slight

Slight

Slight

Moderate

See footnote at end of table.

I
I
I
|
I
|
I
|
I
|
[
I
I

|
|
I
|
I
|
[
I
|
|
I

I
I
I
I
|
I
|

|
|
I
|
I
|
[
|
|
|
|
|
I
|
|
|
‘ModeratelSevere
[
|
|
|
|
|
|
|
|
|
|
|
I
I
I

Moderate

Moderate

Slight

Moderate

Moderate

Severe

Moderate|Moderate|Severe

[
|
|
|
|
|
|
|
|
I
I
f
|
I
}Slight

Severe

I
I

ISevere

I
I
I
|
|
|
I
I

Severe

|Severe

Slight

Slight

Slight

Slight

Slight

Slight

Red plnew————me—eac--
|Bigtooth aspen—------
|Balsam fip-——————am-
{Jack plne-=——————ae-
Northern red oak-—---
Quaking aspen—-————--
Red maple-—=ec—ec———e-
Paper birch-—weee——-
|Eastern white pine--

Red pine-=—-w——cee—wwa
Bigtooth aspen--——-—--
Balsam fire-————e—e--
Jack plne-——————w——-
Northern red oak----
Quaking aspene-—ee———
Red maple~———m—wew=-
Paper birch--e-———e--
|Eastern white pine--

Moderate|Quaking aspen-------

| Yellow birch———ee-—-
Balsam filr—-——-———we--
White spruce——————w-
White ashee—————a--o
Black spruce-——————-
Red maple-———weme———-
Paper blrch-~————==-

Sugar maple~—~—————=-
Northern red oak——--
| Quaking aspen—--——---
|Red pine—————mw————
| Jack pinge———————ea-
|Paper birche——-a————-

Red pine--—————eme——m
|Bigtooth aspen--—-——--
|Balsam filr-——-—-—————-—-
| Jack pine—=wem————me
|Northern red oak-—--
| Quaking aspen-—----—-
|Red maple—m——m——m——-n
| Paper bilrch—————ew--
|Eastern white pilne--

Sugar maple--————w——
Northern red oake---
| Quaking aspen——---—-——
|Red pine——-——mem——ee
| Jack pine~-——-————eee-
|Paper birch-————————-

Bigtooth aspen-——---
Balsam fipr-——ww————-
Jack pine-———-enuce—o
Northern red oak—--—-
Quaking aspen--————--
Red maple——-=ec————=u
Paper birch-———eece--
Eastern white pilne--

eastern
Jack

Red pine,
white pine,
pine.

eastern
Jack

Red pine,
white pine,
pine.

White spruce, Carolina
poplar, eastern white
pine, northern white-
cedar.

Red pine, white
spruce, Jack pine.

eastern
Jack

Red pilne,
whlte pine,
pine.

white
Jack pine.

Red pine,
spruce,

eastern
Jack

Red pine,
white plne,
pine.
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TABLE T7.-~WOODLAND MANAGEMENT AND PRODUCTIVITY--Continued

Soil Survey

Soll name and
map symbol

{ |
|Ordi- |
|nation
| symbol

Management concerns

Potentlal productlivity

Erosion
hazard

Equip-
ment Seedling
mortal-

ity

tlon

Wind-

throw

hazard

Common trees

Site
index

Trees to plant

AuGres |

17 e e |
Carbondale |

Grayling I

20
Tawas f

22 -
Roscommon

Kawkawlin Variant

Brevort

|

I

|

I

I

I

|

36B -
Dighton {
J

|

!

|

|

2w

5w

hg

5w

2w

5w

3w

20

I
[
I

|
|
I
|
I
I
I

Slight

Slight

Slight
I

Slight

Slight

Slight

Silight

Slight

Slight

See footnote at end of table.

|
|
| limita-
|
I

|[Moderate|Slight |Slight
I | |

I I
I I
I
I
I
I I

Severe Severe

Slight Severe

Severe Severe

Severe Severe

|Moderate|Slight

Severe

Severe

I
Moderate|Slight

Slight

Severe

Slight

Severe

Slight

Severe

Slight

Slight

Quaking aspene—————-
|Bigtooth aspen-—-—--
Balsam fir—-—-eee—ao_
Paper birch--—ea—eea-
Yellow birch-~eeee—a—
Red maple~—=——maaea-
Eastern white pine--
Northern white-cedar
White spruce——=wee——-

Black spruce-——————-
Balsam fire——ceae—ao_
| Northern white-cedar
TamaracK————m———eaa—ao
Paper birche———eee—_o

Jack pine-———meaeao_
Northern pin oak----
White ocake———e——eeaao
Red plne-—=c—meua—aeo
Quaking aspen-—~-———-o-

|Balsam flpr———e———ee-
|Northern white-cedar
Quaking aspen-————--
Black ash=———mmeemao
Red maple—=ce—eeeeaa_

Moderate|Quaking aspen-——————-

|Black spruce-———me——-
|Northern white-cedar
Jack plne———eee—mmae_
Silver maple-me———w—
Red maple———ew—eae—o
Yellow birch—ee—eee-_
Balsam fipee—ee—mea—
Eastern hemlock————-

Sugar maple=-——ee——o
Northern red ocak—---
|Quaking aspen-——-——-—-
|American basswood---
Paper birch~wee——ee——o
Red maple—=me—mmea——o

Quaking aspen-—-——----
Balsam fipr——me—e——aeo
Northern white-cedar
American basswood-~--—
Red maple~———a——eeo_
Black spruce-————a--

| Quaking aspen-————a-
|Sugar maple——————=m-
Eastern hemlock-~——-
Eastern white pilne--
Red maple———e——maweo
Bilgtooth aspen-———--
Balsam fip-—e——mee-o
Paper birchee——ea——o
White spruce---—-——--

Sugar maple=-——eceem=
Quaking aspen—————--
[White A8h——eameceaaa
Black cherry=——eee——-
American basswood—-—-—
Northern red oak--—-
Yellow birchea——ee—o

White spruce, Carolina
poplar, eastern white
pine, northern white-
cedar.

Jack pine, red pine.

Eastern white pine,
white spruce.

Whlte spruce, eastern
white pine.

White spruce, eastern
white pine, northern
white-cedar.

White spruce, red
pine, Carolina
poplar, eastern
white pine.
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TABLE 7.--WOODLAND MANAGEMENT AND PRODUCTIVITY--Continued

105

I I Management concerns

Potential productivity

Soil name and jordi- |
map symbol nation|Erosion
symbol |hazard

Equip-
ment Seedling

limita-|{mortal-~
tion ity

Wind-
throw
hazard

Common trees

Site
I1ndex

I

Trees to plant

37 - Uw Slight Severe Moderate

Sims |

BOAwm e i e e 3w Slight Moderate|Slight

—
o
o3
[e]
o]

L2B#*, L2C#: |

Graycalm————e————- 28 Slight Moderate|Severe

Rublcon-—-—=-e—w——- 38 Slight Moderate|Severe

LoE*: |

Graycalm—————cw—e- | 2r Moderate|Moderate|Severe

I
|
I
|
!
I
I
I
|
I
I
|
|
I
I
|
|
I
I
[
|
I
I
I
I
[
I
|
I
[
I
{
|
|
I
{
I
I
|
I
I
[
I
I
I
|
I

Rublcon-—ee—ecmm—e- 3r Moderate|Moderate|Severe

I
50Amm e — e e mm e 2w |Slight |Moderate|Slight

Kawkawlin

See footnote at end of table.

Moderate

|Moderate

Slight

Slight

Slight

Slight

Slight

American basswood-~-~
Black Sprucge—e——————
| Quaking aspen-—-——---
{Northern white-cedar
Balsam filr-w———e——--
Bigtooth aspen——-——-

Quaking aspen-—e—---
White ashe—me——e—ew-
Red maple-———w——cm—=-
Yellow birch————e——e—-
Northern pln ocak-——-
Eastern white plne--
Paper bilrch-——ee———-
White spruce-————-m-
Balsam fir-——ewee——

Bigtooth aspen—---——
Northern red oak---—-

Paper birch--——w—w--
Fastern white plne--
American beech—w—=--
Red maple-w———w——e——e

|Red pine-—————————m-
Bigtooth aspene—-—---
Balsam flr--—-eewce--
Jack pine~—c-cecee—-
Northern red oak——--
Quakling aspen—-——w——-
Red maple-w————wwe—-
Paper blrch-———w————-
Eastern white pine--

Bigtooth aspep-————-—
Northern red ocak----
Jack pine--———=—we= ———

Eastern white pine--
American beech-wwe—=
Red maple-—=w=w————~-

IRed ping-———w—wa—————
|Bigtooth aspen-—----
|Balsam filr—e—————w--
Jack plne~——w—cmceme—a-
Northern red oak----
Quaking aspen-—=-———-
Red maple-—————~=—=-
Paper bircheeee——ewe-
Eastern white pine--

Sugar maple——=—=e=--
Northern red ocak-—----

Amerilcan basswood---
Blgtooth aspen--——---
White spruce-———w—--
Paper blrch-—=———e--

45

White spruce, Carolina
poplar, eastern white
pine, northern whlte-
cedar.

Red pine, eastern
whilte plne, Carolilna
poplar, white spruce.

Red pine, eastern
white pine, Jack
plne.

|Red pine, eastern

white pine, Carolina
poplar, white spruce.

Red plne, eastern
white pine, Jjack
pine.

White spruce, red
plne, eastern white
pine, Carolina
poplar.
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TABLE 7.-~~WOODLAND MANAGEMENT AND PRODUCTIVITY--Continued

| | Management concerns Potential productivity
Soil name and |Ordi- | Equip-]
map symbol |nation{Erosion ment |[Seedling| Wind- Common trees Site Trees to plant
|symbol |hazard limita-|mortal- throw index
| tion ity hazard
| | I
) S ——— ’ 5w Slight |Severe Severe Severe Balsam filre———meeeao 40
Cathro | Northern white-cedar 15
‘ | Tamarack=m—w———oeme—— 35
American basswood-—-- 4o
| | Red maple-——-=meeme- Lo
I Black spruce=————e—e— 15

* See description of the map unit for composition and behavior characteristics of the map unit.
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS

[The symbol < means less than; > means more than. Absence of an entry indicates that trees generally do not grow
to the glven helght on that soil]

Trees having predicted 20-year average height, in feet, of--

Soil name and ] ]
map symbol : <8 | 8-15 | 16-25 26-35 >35
|
| |
A e e [Manyflower Lilac, silky Austrian pine, Red pine, eastern |Carolina poplar.
Croswell | cotoneaster. dogwood, Amur eastern redcedar,| white pilne.
| maple, white | Siverian
spruce, Amur | crabapple.
| privet. \
5B%, 5C#*, SE*:
Emmet—m—m~~wne——— - Arrowwood, lilac, |White spruce, Red pine, Norway Carolina poplar.
Siberian eastern redcedar.| spruce, eastern
crabapple, white pine,
| Tatarlan Austrian pine.
honeysuckle, Amur
privet. |
Montcalme-——mec——w-- — Amur maple, |White spruce, Red pine, Norway | ——
| Siberian Siberian spruce, eastern
peashrub, 1lilac, crabapple, white pine, Jack
silky dogwood, northern whilte- pine.
Amur privet. cedar.
6B, 6C, bEwmecem——— Manyflower Lilac, Amur maple,|Eastern redcedar Red pine, eastern |Carolina poplar.
Kalkaska | cotoneaster. Amur privet, white pine,
Siberian Austrian pine.
peashrub,
Siberilan
crabapple, sllky
dogwood.
|
7. |
Lupton |
10B, 10C=m-cac—e—— - Siberlan White spruce, Red pine, Norway —_—
Manlstee crabapple, silky eastern redcedar.| spruce, Austrilan
dogwood, Tatarilan plne, eastern
honeysuckle, white pilne.
lilac, Amur
privet, Amerilcan
cranberrybush.
11R%, 11C*, 11R*:
Montcalm———ece—-- —_— Amur maple, White spruce, Red pine, Norway —_—
Siberilan Siberilan spruce, eastern
peashrub, lilac, crabapple, white plne, jack
silky dogwood, northern whilte- pine.
Amur privet. cedar.
GraycalMe—e—e——== Vanhoutte spirea, |Siberian peashrub,|{Eastern redcedar, |Red pine, Austrian Carolina poplar.
manyflower lilac, Amur Siberilan pine, eastern
cotoneaster. privet, Amur crabapple. white pine.
maple.
12B, 12C——————m—w== -— Arrowwood, lilac, |Blue spruce--—-~~-—-—- Red pine, green Carolina poplar.
Nester | Tatarian ash, Austrian
honeysuckle, ) pine, eastern
white spruce, white pine.
Amur prilvet,
silky dogwood.
13B, 13C, 13E-—--- lVanhoutte spirea, |Eastern redcedar, jAustrian plne----—- Red pine, eastern —-———
Rubicon | manyflower Amur privet, white pine, Jack
cotoneaster, lilac, hawthorn, plne.
Siberlan
peashrub, Amur
! | maple.

See footnote at end of table.
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued

Soil Survey

So1l name and

Trees having predicted 20-year average height, in feet, of--

|'
map symbol | <8 8-15 16-25 26-35 | >35
| | |
| | |
b 7Y | — |American Northern white- Green ash, Norway |Carolina poplar.
Otisco | cranberrybush, cedar, Manchurian| spruce, eastern
| s1lky dogwood, crabapple. white pine.
1 Tatarian
honeysuckle,
| white spruce,
Amur privet,
nannyberry |
‘ viburnum.
15B%, 15C%, 15E%: |
East Lake————=—=—= — Siberlan peashrub,|{Eastern redcedar, {Red plne—ewewe—ea-- _—
lilac, Tatarian Austrian pine,
honeysuckle, Amur| Siberilan
privet. crabapple.
Rublcone———amee—ee- Vanhoutte spirea, |Eastern redcedar, |[Austrian pine-——-- Red plne, eastern ——
manyflower Amur privet, white plne, jack
| cotoneaster. lilac, hawthorn, pine.
i Siberian
| peashrub, Amur
maple. )
16Amm e -—- Silky dogwood, White spruce, Norway spruce, Carolina poplar.
AuGres Amerilcan northern white- green ash,
cranberrybush, cedar, Manchurlan| eastern white
| Amur maple, crabapple. pine.
| common ninebark,
| nannyberry
: viburnum.
17. [
Carbondale | =
19Bme e Vanhoutte spirea |Lilac, Siberian Jack pine, eastern|(Red pine-—=—ec—ew- _——
Grayling | | peashrub, Amur | white pine,
| privet, eastern Austrian pine.
| redcedar,
l Tatarian
, honeysuckle.
20. |
Tawas
22. |
Roscommon |
23— e - |[Northern white- White spruce, Green ash, eastern -——
Kawkawlin Variant cedar, Amur Norway spruce, white pine, red
maple, lilac, Black Hills maple.

30.
Brevort

Gladwin

Dighton

See footnote at end of

table.

s1llky dogwood,
common ninebark. |

Lilac, American
cranberrybush,
nannyberry
viburnum,
sargent
crabapple, Amur
maple, sillky
dogwood,

Roselow|

Silky dogwood,
Amur maple,
lilac, Amur
privet, Siberian
peashrub.

spruce.

White spruce,
northern white-
cedar, Manchurlan
crabapple.

Black Hills
spruce, Slberlan
crabapple,
northern white-
cedar.

Eastern white
plne, green ash.

Green ash, Norway
spruce, red pine,
eastern white
plne.

Carolina poplar.
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued
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Soil name and
map symbol

Trees having predicted 20-year average height, in feet, of--

<8

8-15

16-25

26-35

>35

Lop#, 42C*, U2E%:
GraycalMe———=me——

Rublcon--—-——wew--

Kawkawlin

53.
Cathro

Gl
Fluvaquents.

Histosols,.

65%,
Plts

66%,
Udipsamments

Vanhoutte spirea,
manyflower
cotoneaster.

Vanhoutte spirea,
| manyflower
cotoneaster.

| Common ninebark---

|

lVanhoutte spirea
|
|
|
|
|
|
I
|

I

White spruce,
American
cranberrybush,

| Amur privet,

Tatarian
honeysuckle,
sllky dogwood.

Siberian peashrub,

lilac, Amur
privet, Amur
maple.

Eastern redcedar,

| Amur privet,

| Lilac, hawthorn,

| Sivberian

peashrub, Amur
maple.

Tatarian
honeysuckle.

White spruce,
Roselow sargent
crabapple, silky
dogwood, Amur
maple, lilac,
Amerlcan
cranberrybush,
nannyberry
viburnum,
northern white-
cedar.

Northern white-
cedar, Manchurian
crabapple.

Eastern redcedar,
Siberilan
crabapple.

Austrian pine——---

Golden willow,
green ash,
eastern whlte
pine, Norway
spruce.

Red pine, Austrian
pine, eastern
white plne.

Red pine, eastern
white pine, Jjack
pine.

White willow,
golden willow.

Red pine, Norway
spruce, eastern
white pine.

Carolina poplar.

Carolina poplar.

Imperial Carolilna
poplar.

* See description of the map unit for composition and behavior characteristics of the map unlt.
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[Some terms that describe restrictive soil features are defined in the Glossary.
Absence of an entry indicates that the soil was not rated]

of "slight,"

TABLE 9.--RECREATIONAL DEVELOPMENT

"moderate," and "severe."

See text

Soil Survey

for definitions

So1ll name and

Camp areas

Picnic areas , Playgrounds
|

Paths and trails

Golf failrways

map symbol
A |Severe: Severe: Severe: Severe: Moderate:
Croswell | too sandy. too sandy. too sandy. too sandy. droughty,
too sandy.
5B¥:
Emmete——————mcemea—aa Slight————=—eaea- Slight————emaa—o Moderate: Slighte——emme—a—a Slight.
slope.
MontcalMmememcmacaeee Slight———eeeeca——r Slight-——ceceae- Moderate: Slight—=ccamm—aa Moderate:
{ slope. droughty.
5C#*:
Emmet——— e — e —— e |Moderate: Moderate: Severe: Slight-———memeee Moderate:
slope, slope. slope. slope.
MontcalMe——me—e—ene—a Moderate: Moderate: Severe: Slighteeemm e Moderate:
slope. slope. slope. droughty,
slope.
SE#:
Emmet-mcccmcecccmne Severe: Severe: Severe: Moderate: Severe:
| slope. slope., slope. slope. slope.
Montcalm=w—mmmemma——a Severe: Severe: Severe: Moderate: Severe:
slope. slope. slope. slope, slope.
6Beww Severe: Severe: Severe: Severe: Severe:
Kalkaska too sandy. too sandy. too sandy. too sandy. droughty.
e e Severe: Severe: Severe: Severe: Severe:
Kalkaska too sandy. too sandy. slope, too sandy. droughty.
too sandy.
6E ——— Severe: Severe: Severe: Severe: Severe:
Kalkaska slope, slope, " 8lope, too sandy. droughty,
too sandy. too sandy. too sandy. slope.
T e Severe: Severe: Severe: Severe: Severe:
Lupton ponding, ponding, excess humus, ponding, ponding,
excess humus, excess humus. ponding. excess humus, excess humus.
R 0) 2 . Slightewmamaea—— Slightememcaaaaa Moderate: Slight——emmeeaan Moderate:
Manistee slope. droughty.
10C —— -|Moderate: |Moderate: Severe: Slight=e——ce——— Moderate:
Manistee slope. slope. slope. droughty,
slope.
11B%*:
Montcalmeeemcmccaanax Slighte=eeeeaaax Slightec—meeeameano Moderate: Slighte——aeeeaaa Moderate:
slope. droughty.
Graycalme———cemceaaa— Severe: Severe: Severe: Severe: Severe:
too sandy. too sandy. too sandy. too sandy. droughty.
11C#*:
Montcalm————mcecmaaana Moderate: |Moderate: Severe: Slight—ceceacaaae Moderate:
slope. | slope. slope. droughty,
slope.

See footnote at end of table.
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TABLE 9.--RECREATIONAL DEVELOPMENT--Continued
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I
Paths and trails

So1l name and Camp areas | Picnic areas Playgrounds Golf falrways
map symbol
11C#*:
Graycalm—————eeemm———- Severe: Severe: Severe: Severe: Severe:
too sandy. too sandy. slope, too sandy. droughty.
too sandy.
11E%*:
Montcalm-————eemm————m | Severe: |Severe: Severe: Moderate: Severe:
slope. | slope. slope. slope. slope.
Graycalme———me—em————— Severe: Severe: Severe: Severe: Severe:
slope, slope, slope, too sandy. droughty,
too sandy. too sandy. too sandy. slope.
12Bemmmmmr e Slighte——m=—=- Slighte——ec—=w= Moderate: Slight————=w-- Slight.
Nester slope,
small stones.
12Cm——mmmem e e Moderate: Moderate: Severe: Slighte———wece- Moderate:
Nester slope. slope. slope. slope.
13B-- -——— -|Severe: Severe: Severe: Severe: Severe:
Rubicon too sandy. too sandy. too sandy. too sandy. droughty.
13C ——— --|Severe: Severe: Severe: Severe: Severe:
Rubicon too sandy. too sandy. slope, too sandy. droughty.
too sandy.
13F e e Severe: Severe: Severe: Severe: Severe:
Rubicon slope, slope, slope, too sandy. droughty,
too sandy. too sandy. too sandy. slope.
JRL e ettt Severe: Severe: Severe: Severe: Severe:
Otlsco wetness. wetness., wetness. wetness. wetness,
15B%:
East Lake-—————=we—w-- Severe: Severe: Severe: Severe: Moderate:
too sandy. too sandy. too sandy. too sandy. droughty,
| too sandy.
Rublcon-—-————wemeeea- Severe: Severe: Severe: Severe: Severe:
too sandy. too sandy. too sandy. too sandy. droughty.
15C*:
East Lake~———www—o———-- Severe: Severe: Severe: Severe: Moderate:
| too sandy. too sandy. slope, too sandy. droughty,
too sandy. slope.
Rublcon=—-eemeeemn——— Severe: Severe: Severe: Severe: Severe:
too sandy. | too sandy. slope, too sandy. droughty.
| too sandy.
15E%: \
Fast Lakee—---—eceawa- | Severe: Severe: Severe: Severe: Severe:
| slope, slope, slope, | too sandy. slope.
| too sandy. too sandy. too sandy. |
Rublcon——eecmcccc e |Severe: Severe: Severe: Severe: Severe:
| slope, slope, slope, too sandy. droughty,
| too sandy. too sandy. too sandy. slope.
[
LY ittt |Severe: Severe: Severe: Severe: Severe:
AuGres | wetness, wetness, too sandy, wetness, wetness.
| too sandy. too sandy. wetness, too sandy.

|

See footnote at end of table.
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TABLE 9.--RECREATIONAL DEVELOPMENT--Continued
] [
So1l name and | Camp areas | Pilcnic areas Playgrounds Paths and trails Golf fairways
map symbol
17~ - -|Severe: Severe: Severe: Severe: Severe:
Carbondale ponding, ponding, excess humus, ponding, ponding,
excess humus. excess humus. ponding. excess humus, excess humus.
19B-- -|Severe: Severe: Severe: Severe: Severe:
Grayling too sandy. too sandy. too sandy. too sandy. droughty.
20— ——————————— Severe: Severe: Severe: Severe: Severe:
Tawas ponding, ponding, excess humus, excess humus, ponding,
excess humus, excess humus. ponding. ponding. excess humus.
22— Severe: Severe: Severe: Severe: Severe:
Roscommon ponding, ponding, too sandy, ponding, ponding.
too sandy. too sandy. ponding. too sandy.
23— Severe: Moderate: Severe: Moderate: Moderate:
Kawkawlin Variant wetness, wetness, wetness, wetness, wetness,
percs slowly. |
T Severe: Severe: Severe: Severe: Severe:
Brevort ponding. ponding. ponding. ponding. | ponding.
3MA~= Severe: Severe: Severe: Severe: Severe:
Gladwin wetness, wetness., small stones, wetness. wetness.
wetness,
3B e - Slighteeeeemaae— Slight-eeeeeaae- Moderate: Slight=meemmceea |Moderate:
Dighton | slope. droughty.
T T - Severe: Severe: Severe: Severe: Severe:
Sims ponding. ponding. ponding. ponding. ponding.
o R, Severe: Severe: Severe: Severe: Severe:
Tosco | wetness. wetness. wetness, wetness, wetness,
!
4 2B%; |
GraycalMeee—cemcccaaa Severe: Severe: Severe: Severe: Severe:
too sandy. too sandy. too sandy. too sandy. droughty.
Rublcon=—-eeemacaaaao Severe: Severe: Severe: Severe: Severe:
too sandy. too sandy. too sandy. too sandy. droughty.
Lack:
GraycAlmm—c—ecenaaaae— Severe: Severe: Severe: Severe: Severe:
too sandy. too sandy. slope, too sandy. droughty.
too sandy.
|
Rubicon———-e—eeeomeeee Severe: |Severe: Severe: Severe: Severe:
too sandy. too sandy. slope, too sandy. droughty.,
too sandy.
U2E*:
GraycalM-—cemmece e c——— | severe Severe: Severe: Severe: Severe:
| slope, slope, slope, too sandy. droughty,
too sandy. too sandy. too sandy. slope.
Rublcon-—c—eccnemneaa Severe: Severe: Severe: Severe: Severe:
slope, slope, slope, too sandy. droughty,
too sandy. too sandy. too sandy. slope.
h6- - -|Severe: Severe: Severe: Severe: Severe:
Loxley ponding, ponding, excess humus, ponding, too acid,
excess humus, excess humus, ponding, excess humus. ponding,
too acid. | too acid. too acid. excess humus,

See footnote at

end of table,
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TABLE 9.--RECREATIONAL DEVELOPMENT--Continued

113

Soil name and Camp areas | Pienic areas Playgrounds Paths and tralls Golf fairways
map symbol |
|
‘
50A - --|Severa: "Mcderate: Severe: Moderate: Moderate:
Kawkawlin | wetness. | wetness. wetness. wetness. wetness.
I |
53-~ -|Severe: Severe Severe: Severe: |Severe:
Cathro ponding, ponding, excess humus, ponding, | ponding,
excess humus. | excess humus. ponding. excess humus. | excess humus.
l I
6U%: |
Fluvaquents. | | |
| | |
Histosols. | | |
| | I
65%. | | {
Pits | { |
[ I I |
h6*, | | | |
Udipsamments | | |
| I | |

* See description of the map unit for composition and behavior characteristics of the map unit.
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TABLE 10.-~WILDLIFE HABITAT

[See text for definitions of "good," "fair," "poor," and "very poor." Absence of an entry indicates that the
soil was not rated]

| Potentlal for habltat elements Potential as habitat for--
Soil name and i I T Wild T ] T
map symbol | Grain |Grasses | herba- |[Hardwood| Conif- |Wetland |Shallow |Openland|WoodlandjWetland
land seed| and | ceous trees | erous plants water wildlife|wildlife|wildlife
| crops llegumes | plants | plants areas |
| ] | I [
I | | l (
7, Y | Poor | Poor |Fair Good | Good Poor Very | Poor | Fair Very
Croswell | | | | poor., | poor.
[ [ | [ |
5B# | | |
Emme tee——eemm————— | Good | Good | Good Good Good Poor Very Good Good Very
| ; | poor, poor.
l l
Montcalme—————=———x { Poor |Fair | Good Good Good Very Very Fair { Good Very
} ‘ | ‘ poor, poor. poor.
| |
5CH*: | I | |
Emmet——mee———mm—ee |Fair | Good | Good Good Good |Very Very Good | Good Very
l % ‘ poor. poor. | poor,
|
Montcalme———eme——a | Poor |Fair | Good Good Good Very Very Fair | Good Very
: # J poor., poor, poor.
S5E*: | ! |
Fmme t=ma—mm e e e | Poor |Fair | Good Good Good Very Very Good Good Very
| | | poor. poor, poor.
! | f
Montcalme——ee———a- | Poor |Fair | Good Good Good Very Very Fair Good Very
| | | poor., poor. poor,
J | | |
6B, 6C, 6B-m—mme———— | Poor | Poor |Fair | Good Good | Very |Very | Poor Fair |Very
Kalkaska } | { poor. | poor. poor.
7 ——— -=|Very Poor | Poor Poor Poor Good |Good Poor Poor Good.
Lupton | poor. | i
|
10B |Fair | Poor | Good Good Good {Very Very Fair Good Very
Manistee “ | | | poor. poor. poor.
[ | !
10Cma e mmm e | Poor |Fair |Good Good Good Very Very Fair Good Very
Manistee : | | poor. poor. poor.,
| |
11B%, 11C%*: | | | | | ‘ |
Montcalme==————e—- | Poor {Fair | Good {Good Good Very Very |Fair Good Very
‘ ‘ % poor. | poor. | | poor.
Graycalm—e—ecomeax | Poor | Poor |Falr Good Good Very Very Poor Fair | Very
| | | poor. poor. poor.
| |
11E#: | I
Montcalme——meme—m=- | Poor |Fair | Gooad Good Good Very Very Fair Good Very
; J } | | poor. poor, f poor.
Graycalm—————e———- | Poor |Poor |Fatir |Good Good Very Very Poor Fair Very
| | | 1 | poor. poor, | poor.
| | I
128 e | Good | Good | Good { Good | Good Poor | Very | Good Good Very
Nester | f { : } | poor. poor.
120 m e — e ——— |Fair | Good | Good |Good | Good Very Very Good Good Very
Nester ‘ ‘ | { poor. poor. poor.
1B | Poor | Poor |Fair |Fair Fair Very Very Poor Fair Very
Rubicon “ { f ﬂ poor. poor. poor.
[
13C, 13F-cmcmmee——e | Poor | Poor |Fair |Fair |Fair Very Very Poor |Faip Very
Rubicon { % { l % poor. poor. { poor,

See footnote at end of table.
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TABLE 10.--WILDLIFE HABITAT--Continued
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| Potential for habitat elements Potential as habitat for--
So1l name and | ] [~ Wild
map symbol | Grain |Grasses | herba- |Hardwood| Conif- |Wetland |Shallow |Openland |Woodland|Wetland
|land seed| and | ceous trees erous plants water wildlife|wildlife|wildlife
| crops |legumes | plants plants areas
A
144 ~-| Poor |Fair { Good Fair Fair Fair Very Falr Good Very
Otisco i | | | poor. poor.
I | | l
15B%: I l |
East Lake-—————ee-- | Poor | Poor |Fairp Fair Fair Poor Very Poor Fair Very
; [ | poor. | poor.
| I |
Rublconeme—me——a—m | Poor | Poor |Falir |Fair Fair Poor Very | Poor Failr Very
| [ | [ | | poor. | poor.
f | | I | |
15C%: | | | | I [
East Lake-—~————=- | Poor | Poor |{Falr |Fair |Fair Very Very Poor |Fair |Very
‘ 1 % | | poor. poor. % 1 poor.
Rubicon-———————e—ee- | Poor \Poor ‘Fair Fair Falr Very |Very Poor Fair Very
| poor. | poor. poor.
| I I
15E*: | I [
East Lake-———————e- | Poor | Poor |Fair Pair Fair Very Very Poor Fair Very
: | | poor. | poor. poor.
I { |
Rubicon-———ee——-—- | Poor | Poor |Fair Fair Fair Very Very ’Poor Fair Very
| | | poor., poor., | poor.
| | [ |
16A— e | Poor | Poor |Fatir | Good Good | Poor Very Poor Failr Very
AuGres | | | | | | poor. poor,
I I I I |
17— |very | Poor | Poor |Poor | Poor | Good Good | Poor | Poor Good.
Carbondale | poor. | | | |
I | | | I I
19Be e e | Poor | Poor | Fair | Poor | Poor Poor | Very Poor Poor Very
Grayling | | | | | | poor. poor.
| { [ | \ I
20— e Very | Poor | Poor | Poor | Poor Good | Good | Poor | Poor Good.
Tawas poor. | | | | |
I I ,
22m e Very | Poor | Poor Fair Falr Good Good Poor Fair Good.
Roscommon | poor. | | |
| I | | |
23Amm e e Fair | Good Good Good Good Good |Falr Good Good Falr.
Kawkawlin Variant |
| | |
30— e e | Poor |Fair Fair Poor Poor Good Good | Fair Poor Poor,
Brevort | | |
3 e Poor IFair |Fair IFair Fair Fair Very Fair |Fair Very
Gladwin } poor. poor.
I |
3B m e - | Good | Good Good Good Good | very Very Good | Good Very
Dighton | f | | | poor. poor. | poor,
|
37— IPoor |Fair IFair | Good IGood Good | Good Fair Good Good.
Sims [ | { I
| | I | I
BOA=m e | Poor |Fair | Good Good Good Fair Fair Fair Good Fair.
Iosco | | | |
| |
42B#; | I I
GraycalMm————————- | Poor | Poor | Fair Good Good | Very Very Poor Fair Very
; ; ; : poor. ’ poor. poor.
I
Rublcone——m——eea——e | Poor | Poor |Fair |Fair Fair | Poor |Very Poor Pair Very
| | | | ‘ | poor. poor.
l I l I |

See footnote at end of table.




116

TABLE 10.--WILDLIFE HABITAT--Continued

Soil Survey

Potentlal for habitat elements [Potential as habitat for--
Soil name and | [ Wild
map symbol Grain |Grasses | herba- |Hardwood| Conif- |Wetland |Shallow |Openland|Woodland Wetland
and seed| and | ceous trees | erous plants water wildlife|wlldlife|wildlife
crops |legumes | plants plants areas
[ {
| I
L2c*, 42E#: | I I
Graycalme———==me== Poor |Poor {Fatr Good Good Very Very Poor Fair Very
% | poor, poor. poor.
|
Rublcon-—me——mem———- | Poor | Poor Failr Fair Pair Very Very Poor Fair Very
| f poor. poor, poor.,
I
46 Very | Poor | Poor Poor Poor | Good ’Good ’Poor | Poor Good.
Loxley | poor. = %
5117 VR —— | Good | Good | Good Good Good Good Fair Good Good Falr.
Kawkawlin | ‘I ‘I ‘
53mmm e Very |Poor |Poor Poor |Poor Good Good |Poor [Poor Good.
Cathro poor. k \ | %
YLK | | |
Fluvaquents. I { {
Histosols. ; f : :
65%. | I l |
Pits |I I(
66*. I [ I I
Udipsamments : { { [ {

% See description of the map unit for composition and behavior characteristics of the map unit.



Missaukee County, Michigan

[Some terms that describe restrictive soil features are defined in the Glossary.

TABLE 11.--BUILDING SITE DEVELOPMENT
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See text for definitions of

"glight," "moderate," and "severe." Absence of an entry indicates that the soil was not rated. The
information in this table indicates the dominant soll condition; it does not eliminate the need for onsite
investigation]
I
Soll name and Shal low Dwelllngs Dwellings Small Local roads Lawns and
map symbol excavations without with commercial and streets landscaping
basements basements builldings
| |
3A - |Severe: |Moderate: Severe: Moderate: Moderate: Moderate:
Croswell | cutbanks cave,| wetness. wetness. wetness. wetness. droughty,
wetness. too sandy.
|
5B*: |
Emmete~——=——————- Slight——e——e—- |Slight—m——————e Slighteem————ee- Slight—-—=——=m== Moderate: Slight.
| frost action.
I
Montcalmewe—eceuaa |Severe: | Slight————eea-- |Slight——mmem——— Slightemmee———- Slight————————x Moderate:
| cutbanks cave. droughty.
[ I I {
5C%: | |
Emmet——=—emaee e |Moderate: |Moderate: Moderate: Severe: Moderate: Moderate:
slope. | slope. slope. slope. slope, slope.
| | frost action.
| I
Montcalme————e—ea- Severe: |Moderate: [Moderate: Severe: Moderate: Moderate:
cutbanks cave.| slope. | slope. slope. slope. droughty,
[ slope.
{
5E%#:
Emme temmmmmm e e Severe: |Severe: Severe: Severe: Severe: Severe:
slope. | slope. | slope. slope. slope. slope.
I
MontcalMe—eewec—ne—— |Severe: Severe: |Severe: Severe: Severe: Severe:
| cutbanks cave,| slope. | slope. slope. slope. slope.
‘ slope. | | \
fBm——mm e~ | Severe: Slight—-—————ceu |Slight=-———eee-~ Slight—-—-—eeecee—m Slight———eeeee- |Severe:
Kalkaska | cutbanks cave. | | droughty.
[
6C - Severe: |Moderate: Moderate: Severe: Moderate: Severe:
Kalkaska 1 cutbanks cave.| slope. slope. slope. slope. droughty.
[ et T |Severe: Severe: Severe: |Severe: | Severe: Severe:
Kalkaska | cutbanks cave,| slope. slope. | slope. slope. droughty,
| slope. | siope.
| |
Tommm e e |Severe: Severe: Severe: Severe: Severe: Severe:
Lupton | excess humus, ponding, ponding, ponding, ponding, ponding,
| ponding. low strength. low strength. low strength. frost action. excess humus.
|
10B-mmmm e |Severe: Slighte—wmm—m—e—— Severe: Slight—m————e=x Slight=—em————- Moderate:
Manistee | cutbanks cave. shrink-swell. droughty.
10C—————me e e n Severe: Moderate: Severe: Severe: Moderate: Moderate:
Manistee cutbanks cave.| slope. shrink-swell, | slope. slope. droughty,
| slope.
|
11B#*: ) |
Montcalm-————m——w | Severe: [S1light——emeee—- Slight————ecemea Slight-—ceeme—- Slightem—mm————— Moderate:
| cutbanks cave. | droughty.
I
GraycalMee~———ee=-= Severe: |Slighte—eeeamm Slight--- Slight Slightee—e——eeea Severe:
cutbanks cave. | droughty.
|
11C*:
Montcalm—=—~eemw—=- Severe: Moderate: Moderate: Severe: Moderate: Moderate:
cutbanks cave.| slope. slope. slope. slope. droughty,
I | slope.
[
Graycalme—m—m—————- Severe: |Moderate: Moderate: Severe: Moderate: Severe:
cutbanks cave.| slope. slope. | slope. slope. droughty.
I

See footnote at

end of table.

I
I
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TABLE 11.--BUILDING SITE DEVELOPMENT--Continued

Soil Survey

| | [
Soil name and | Shallow | Dwellings Dwellings Small Local roads Lawns and
map symbol | excavations | without with commercial and streets landscaping
| | basements basements bulldings
I [
| I
11E*: |

Montcalm-ec——ee—we- Severe: |Severe: Severe: Severe: | Severe: Severe:
cutbanks cave,| slope. slope. slope. slope. slope.
slope.

Graycalm———————— Severe: |Severe: Severe: Severe: Severe: Severe:
cutbanks cave,| slope. slope. slope. slope. droughty,

| slope. slope.
12B Moderate: Moderate: Moderate: Moderate: Severe: Slight.

Nester too clayey, shrink-swell. shrink-swell. shrink-swell. low strength.

| dense layer.
12Cm—rmmm e Moderate: Moderate: Moderate: Severe: Severe: Moderate:

Nester too clayey, shrink-swell, slope, slope. low strength. slope.
dense layer, slope. shrink-swell.
slope. |

|
13Bemce e Severe: Slighteme—ceae- Slight-——ce—a-- Slight——eeae——o Slight——mmeeae—a Severe:
Rubicon | cutbanks cave. droughty.
130 Severe: Moderate: Moderate: Severe: Moderate: Severe:

Rubilcon cutbanks cave.| slope. slope. slope. slope. droughty.

13Fm e ——————— Severe: Severe: Severe: Severe: Severe: Severe:

Rubicon cutbanks cave,| slope. slope. slope. slope. droughty,
slope. slope.

|
R |Severe: Severe: Severe: Severe: ‘Severe: Severe:
otisco | cutbanks cave,| wetness. wetness. wetness. wetness. wetness.
wetness.
15B%*:
East Lake-=====- Severe: Slighte—e—cea—x Slight—=-eeceea- Slight————cea-- Slight-———eeeaa- Moderate:
| cutbanks cave. | droughty,
; too sandy.

Rublcon-—wc—aca—a—a Severe: Slighte—eeemea- Slighte——eeam—— Slighteeemeeaa- Slight———c—awna- Severe:
cutbanks cave. droughty.

15C¥:

Fast Lake-—==—e—- Severe: Moderate: Moderate: Severe: Moderate: Moderate:
cutbanks cave.| slope. | slope. slope. slope. droughty,

f | slope.

Rublcon-wcemeacema—- | Severe: |Moderate: Moderate: Severe: Moderate: Severe:
cutbanks cave.| slope. slope. slope. slope. droughty.

15E%:

East Lake===—=== Severe: Severe: Severe: Severe: Severe: Severe:
cutbanks cave,| slope. slope. slope. slope. slope.
slope. |

|

Rubicon-~—=e—ee-- Severe: Severe: Severe: Severe: |Severe: Severe:

cutbanks cave,| slope. slope. slope. slope. droughty,
| slope. slope.
16A Severe: Severe: Severe: Severe: Severe: Severe:

AuGres cutbanks cave,| wetness. wetness. wetness. wetness, wetness.

| wetness.
17 Severe: Severe: Severe: Severe: Severe: Severe:

Carbondale excess humus, ponding, ponding, ponding, ponding, ponding,
ponding. low strength. low strength, low strength. frost actlon. excess humus.

|
19Be=—mrmm e Severe: ]S1ightemmemm—e— Slight- Slight Slight——e—cm——a Severe:
Grayling cutbanks cave. | droughty.
| l

See footnote at end of table.
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TABLE 11.--BUILDING SITE DEVELOBPMENT--Continued
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[
Shallow |

|
| Dwellings

l
l

Soil name and | Dwelllngs Small | Local roads Lawns and
map symbol | excavatlons wlthout | with commercial and streets landscaping
basements | basements builldings
[
J I |
20— e | Severe: Severe: Severe: Severe: Severe: Severe:
Tawas | cutbanks cave,| ponding, ponding, ponding, ponding, ponding,
| excess humus, low strength. low strength. low strength. low strength. excess humus.
ponding.
22 - Severe: Severe: Severe: Severe: Severe: Severe:
Roscommon cutbanks cave,| ponding. ponding. ponding. ponding. ponding.
| ponding.
23— e Severe: |Severe: Severe: Severe: Severe: Moderate:
Kawkawlin Variant| cutbanks cave,| wetness. wetness. wetness. low strength, wetness.
| wetness, frost actlon.
I
30— Severe: Severe: Severe: Severe: Severe: Severe:
Brevort cutbanks cave,| ponding. ponding. ponding. ponding, ponding.
| ponding. frost action.
LT R e |Severe: |Severe: Severe: Severe: Severe: Severe:
Gladwin | cutbanks cave,| wetness. | wetness. wetness. wetness. wetness.
| wetness.
I
3B mm e m e | Severe: Moderate: Slight—w————me— Moderate: Severe: Moderate:
Dighton ! cutbanks cave.| shrink-swell. shrink-swell. low strength. droughty.
| |
i B el |Severe: Severe: Severe: Severe: Severe: Severe:
Sims | ponding. ponding. ponding. ponding. low strength, ponding.
i | ponding,
| | | frost action.
| |
OAmmm e Severe: Severe: Severe: Severe: Severe: Severe:
Tosco cutbanks cave,| wetness. wetness. wetness. wetness. wetness.
wetness.
!
4op*: |
GraycalMe—————ww= | Severe: Slightem———e——= Slighte——me—m—w= Slight-—=—-—=w= | S1lighte=—==e=—— Severe:
| cutbanks cave, | droughty.
Rublconeeeeeceuan= Severe: |Slightew——=m—== Slight-———w-==-- Slight——===m=w- Slight————=e=== Severe:
cutbanks cave. | droughty.
| I
U2C*: |
GraycalM=w———me=— Severe: |Moderate: Moderate: Severe: Moderate: Severe:
cutbanks cave.| slope. slope. slope. | slope. droughty.
I |
Rublcon————cw—e—-- | Severe: Moderate: |Moderate: Severe: Moderate: Severe:
cutbanks cave.| slope. | slope. slope. slope. droughty.
!
42E*: |
GraycalM———ece———- Severe: Severe: Severe: Severe: Severe: Severe:
cutbanks cave,| slope. slope. slope. slope. droughty,
| slope. slope.
|
Rublcon—wem—ceae- |Severe: Severe: |Severe: | Severe: Severe: Severe:
cutbanks cave,| slope. slope. | slope. slope. droughty,
slope. slope.
L Severe: Severe: Severe: Severe: Severe: Severe:
Loxley | excess humus, ponding, ponding, ponding, ponding, too acld,
ponding. low strength. low strength. low strength. frost action. ponding,
| excess humus.
50Am— e m e Severe: Severe: Severe: Severe: Severe: Moderate:
Kawkawlin wetness. wetness. wetness. wetness. low strength, wetness.
frost actlon.

|
|

See footnote at end of table.
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TABLE 11.-~BUILDING SITE DEVELOPMENT--Continued

Soil Survey

l

] f
Soll name and Shallow | Dwellings | Dwellings Small Local roads Lawns and
map symbol excavations | without | with commercial and streets landscaping
| basements | basements buildings
‘ {
53— e | Severe: | Severe: Severe: | Severe: Severe: {Severe:
Cathro | excess humus, | ponding. ponding. ponding. ponding, | ponding,
ponding. % frost action. excess humus.
Al ‘
Fluvaquents. |
l |
Histosols. f ;
65%, l | |
Pits 1 ‘
66¥%, | |
Udipsamments | | | |
| |

* See description of the map unit for composition and behavior characteristies of the map unit.
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[Some terms that describe restrictive soll features are defin
"slight," "moderate," "good," "fair,"
The information in this ta

not

rated.

TABLE 12.--SANITARY FACILITIES

the need for onsite investigation]

and other terms.

ed 1n the Glossary.
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See text for definitions of
Absence of an entry indicates that the soll was
ble indicates the dominant soil condition; it does not eliminate

| |
Soil name and | Septic tank Sewage lagoon | Trench Area Dally cover
map symbol | absorption | areas | sanitary sanitary for landfill
fields | landfill landfill
[
A e |Severe: ‘Severe: Severe: Severe: Poor:
Croswell | wetness, | seepage, seepage, seepage, seepage,
poor fillter. | wetness. wetness, wetness. too sandy.
| | too sandy.
I
5B: |
Emmet-weecrcmcce——— |Slighteemmrm————— | Severe: Severe: Severe: Good.
| seepage. seepage. seepage.
I
Montcalme—meme—e——— Slighf——eemeaea- | Severe: Severe: |Severe: Poor:
| seepage. seepage, | seepage. seepage,
| too sandy. too sandy.
|
5C: } |
Emmet-————mnem e |Moderate: |Severe: Severe: Severe: Fair:
slope. | seepage, seepage. seepage. slope.
| slope.
|
Montcalm——————==——== Moderate: | Severe: Severe: Severe: Poor:
| slope. | seepage, seepage, seepage. seepage,
| slope. too sandy. too sandy.
I
5E: I {
Emmet———em—e——————e Severe: |Severe: | Severe: Severe: Poor:
slope. \ seepage, seepage, seepage, slope.
slope. slope. slope.
!
Montcalm————wwwem—- Severe: {Severe: Severe: Severe: Poor:
slope. | seepage, seepage, seepage, seepage,
| slope. slope, slope. | too sandy,
‘ too sandy. slope.
fB——m Severe :# | Severe: Severe: Severe: Poor:
Kalkaska | poor filter. | seepage. seepage, seepage. seepage,
] too sandy. too sandy.
|
6C ~|Severe:# |Severe: Severe: Severe: Poor:
Kalkaska | poor filter. | seepage, seepage, seepage. seepage,
| slope. too sandy. too sandy.
I
6E Severe: ¥ Severe: Severe: Severe: Poor:
Kalkaska poor filter, seepage, | seepage, seepage, seepage,
| slope. slope. slope, slope. too sandy,
| too sandy. slope.
T ——— Severe: |Severe: Severe: Severe: Poor:
Lupton ponding, seepage, ponding, seepage, ponding,
| percs slowly. excess humus, excess humus. pondlng. excess humus.
| ponding.
I | |
10B -|Severe: Severe: Severe: Severe: Poor:
Manlstee | percs slowly. seepage. too clayey. seepage. too clayey,
| hard to pack.
|
10C |severe: Severe: Severe: Severe: Poor:
Manistee | percs slowly. seepage, too clayey. seepage. too clayey,
| slope. hard to pack.
11B:
Montcalmem—m————e—e- lSlight —————————— Severe: Severe: Severe: Poor:
seepage. seepage, seepage. seepage,
} too sandy. too sandy.
I f

See footnote at end of table.
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TABLE 12.--SANITARY FACILITIES--Continued

Soil Survey

|
Soll name and | Septic tank Sewage lagoon Trench Area Daily cover
map symbol | absorption areas sanitary sanltary for landfill
flields landfill landfill
11B: ,
Graycalme—wmmme—e——— Severe:# Severe: Severe: Severe: Poor:
poor filter. seepage. seepage, seepage. seepage,
| too sandy. too sandy.
{ I
11C: | I
Montcalme—eececama— Moderate: Severe: Severe: Severe: Poor:
slope. seepage, seepage, seepage. seepage,
slope. too sandy. too sandy.
GraycalM——me———wa—— Severe:* Severe: Severe: Severe: Poor:
poor fillter, seepage, seepage, seepage. seepage,
slope. too sandy. too sandy.
f
11E: |
Montcalme—————mme—- |Severe: |Severe: Severe: Severe: Poor:
slope. seepage, seepage, seepage, seepage,
slope. slope, slope. too sandy,
too sandy. slope.
GraycalM————meec——— Severe :* Severe: Severe: Severe: Poor:
poor filter, seepage, seepage, seepage, seepage,
slope. slope. slope, slope. too sandy,
too sandy. slope.
128 Severe: Moderate: Moderate: Slighte——mmeae—aa- Fair:
Nester percs slowly. slope. too clayey. too clayey.
12C Severe: Severe: |Moderate: Moderate: Falr:
Nester percs slowly. slope. slope, slope. too clayey,
too clayey. slope.
| .
13B | Severe : # Severe: Severe: Severe: Poor:
Rubicon | poor filter. seepage. seepage, seepage. seepage,
too sandy. too sandy.
13C Severe:#* |Severe: Severe: Severe: Poor:
Rubicon poor filter. seepage, seepage, seepage. seepage,
slope. too sandy. too sandy.
13E -{Severe:* Severe: Severe: Severe: Poor:
Rubicon poor filter, seepage, seepage, seepage, seepage,
| slope. slope. slope, slope. too sandy,
| too sandy. slope.
1A e Severe: Severe: |Severe: Severe: Poor:
Otisco wetness, seepage, seepage, seepage, seepage,
poor filter. wetness. wetness, wetness, too sandy,
too -sandy. wetness,
15B:
East Lake———=—mmea- Severe: # Severe: Severe: Severe: Poor:
poor fillter. | seepage. seepage, seepage. seepage,
too sandy. too sandy,
small stones.
Rublcon-eewceamccnaa Severe: Severe: Severe: Severe: Poor:
poor filter. seepage. seepage, seepage. seepage,
too sandy. too sandy.
15C:
East Lake=-=—=—mwea- Severe:# Severe: Severe: Severe: Poor:
poor filter. | seepage, seepage, seepage. seepage,
slope. too sandy. too sandy,
small stones.

See footnote at end of table.
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TABLE 12.,-~SANITARY FACILITIES--Continued

123

Sewage lagoon

poor filter.

Soil name and Septic tank Trench Area Dally cover
map symbol absorptlion areas sanitary sanitary for landfill
fields landfill landfill
15C:
Rubiconeseememceeuw= Severe:# Severe: Severe: Severe: Poor:
poor filter. seepage, seepage, seepage. seepage,
slope. too sandy. too sandy.
|
15E: |
East Lake-w—wew—e—- Severe : ¥ Severe: Severe: Severe: Poor:
poor fillter, seepage, seepage, seepage, seepage,
slope. slope. slope, slope. too sandy,
too sandy. small stones.
Rublcon-~-—-——wvewe= Severe: Severe: Severe: Severe: Poor:
poor filter, seepage, seepage, seepage, seepage,
slope. slope. slope, slope. too sandy,
too sandy. slope.
|
16A—mmm e e |Severe Severe: Severe: Severe: Poor:
AuGres wetness, seepage, seepage, seepage, seepage,
poor filter. wetness, wetness, wetness, too sandy,
too sandy. wetness.
B L e Severe: |Severe: Severe: Severe: Poor:
Carbondale ponding, seepage, . seepage, seepage, ponding,
percs slowly. excess humus, ponding, ponding. excess humus.
ponding. excess humus. |
I
19B Severe:# Severe: Severe: Severe: Poor:
Grayling poor fllter. seepage. seepage, seepage. seepage,
too sandy. too sandy.
20.
Tawas |
22- — ~|Severe: Severe: Severe: Severe: Poor:
Roscommon ponding, seepage, seepage, seepage, seepage,
poor filter. ponding. ponding, ponding. too sandy,
too sandy. ponding.
23A-- -— Severe: Severe: Severe: Severe: Poor:
Kawkawlin Varlant wetness, seepage, seepage, seepage, seepage,
percs slowly, wetness, wetness, wetness. too sandy,
poor filter. too sandy. wetness.
30— Severe: Severe: Severe: Severe: Poor:
Brevort ponding, seepage, ponding. seepage, ponding.
percs slowly, ponding. ponding.
poor filter.
34A Severe: |Severe: Severe: Severe: Poor:
Gladwin | wetness, | seepage, seepage, seepage, seepage,
poor filter. wetness. wetness, wetness. too sandy,
too sandy. small stones.
K1) Severe: Severe: Severe: Severe: Poor:
Dighton percs slowly, seepage. seepage, seepage. seepage,
poor filter. | too sandy. too sandy,
| small stones.
l
37 -|Severe: |Severe: Severe: Severe: Poor:
Sims | ponding, | ponding. ponding. ponding. ponding.
percs slowly. |
|
4oA ——— -|Severe: | Severe: Severe: Severe: Poor:
Iosco wetness, | seepage, wetness. seepage, wetness.
percs slowly, | wetness. wetness.
I
[

See footnote at end of table.
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TABLE 12.,--SANITARY FACILITIES--Continued

Soil Survey

[

|
Soil name and | Septic tank | Sewage lagoon Trench Area Dally cover
map symbol | absorption areas sanltary sanitary for landfill
| fields landfill landfill
|
|
42B:
GraycalMme——ee=—— ---|Severe: Severe: Severe: Severe: Poor:
poor filter. seepage. seepage, seepage. seepage,
too sandy. too sandy.
|
Rublcon-=eeew—mae—= | Severe: Severe: Severe: Severe: Poor:
| poor filter. seepage. seepage, seepage. seepage,
| too sandy. too sandy.
42G:
Graycalmeee—eecee== Severe:#* Severe: Severe: Severe: Poor:
poor filter. seepage, seepage, seepage. seepage,
slope. too sandy. too sandy.
RubleoNnememee————--|Severe: Severe: Severe: Severe: Poor:
poor filter. seepage, seepage, seepage. seepage,
slope. too sandy. too sandy.
I
- U2E: ] l
GraycalMeem——e—eoem— Severe:* |Severe: Severe: Severe: Poor:
poor fillter, | seepage, seepage, seepage, seepage,
slope. | slope. slope, slope. too sandy,
| too sandy. slope.
|
Rublcon-——-—memeeeu= Severe: Severe: Severe: Severe: Poor:
poor filter, seepage, seepage, seepage, seepage,
slope. slope. slope, slope. too sandy,
too sandy. slope.
|
46 ---|3evere: |Severe: Severe: |Severe: Poor:
Loxley ponding, | seepage, seepage, seepage, ponding,
| percs slowly. excess humus, ponding, ponding. excess humus,
ponding. excess humus. too acld.
50A -|Severe: Severe: Severe: Severe: Poor:
Kawkawlin | wetness, | wetness. wetness. wetness. wetness,
| percs slowly.
{
53 -|Severe: Severe: Severe: Severe: Poor:
Cathro ponding, seepage, ponding. seepage, ponding.
percs slowly. excess humus, ponding.
ponding.
64: | f [
Fluvaquents.
Histosols.
65.
Pits
66.
Udipsamments

* The effluent dralns satisfactorily, but there 1s a danger of ground water pollution.
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TABLE 13.--CONSTRUCTION MATERIALS

[Some terms that describe restrictive soll features are defined in the Glossary. See text for definitions of
"good," "falr," "poor," "probable," and "improbable." Absence of an entry indicates that the soil was
not rated. The information in this table indicates the dominant soil condition; it does not eliminate
the need for onsite investigation]

So0il name and | Roadfill | Sand Gravel \ Topsoll
map symbol | |
| | I
| " |
O e ——~~|Fair: | Probable—=—=————m———mu Improbable: *Poor:
Croswell | wetness. | | too sandy. | too sandy.
l [ I
5B%*:
Emmet———emm e —— e | Good-mm e m e e | Improbable: Improbable: Fair:
| excess fines. excess fines. small stones.
| o
Montcalm————e————eew- | Good- - Probable—-—————mee—e—ew- Improbable: Poor:
too sandy. thin layer.
5C#:
Emmete———mer e GoOd=mmmmm— e Improbable: Improbable: Falr:
excess fines. excess filnes. | slope,
| | | small stones.
|
Montcalm-=m———mmw———— GOOdm—mm e e Probable~e—eewmm—= Improbable: Poor:
too sandy. thin layer.
SE*:
EMme t—wwmmm——m e |Palr: Improbable: |Improbable: Poor:
| slope. | excess fines. | excess fines. slope.
|
Montcalme—-——e————m——— Falr: Probable-—————e=m-— | Improbable: | Poor:
slope too sandy. thin layer,
slope.
|
B, 6Cmm——mmmmm e G00d———— e | Probable———me———— | Improbable: Poor:
Kalkaska | | too sandy. | too sandy.
|
< e Falr: | Probable—m———ew-—— Improbable: Poor:
Kalkaska slope. | too sandy. too sandy,
| slope.
|
7 —— -— -{Poor: | Improbable: Improbable: Poor:
Lupton | wetness. | excess fines. excess fines. excess humus,
| wetness.
|
10Bmmmem e m e Poor: | Improbable: Improbable: Failr:
Manlstee low strength, | excess fines. excess fines. toc sandy.
: shrink-swell. |
|
10C—mmm e e | Poor: | Improbable: Improbable: Fair:
Manlstee | low strength, | excess fines. excess fines. slope,
| shrink-swell. | | too sandy.
| l I
11B%, 11C*: | |
Montcalme—me—mce————wem | Goodemmmm e e | Probable=m——mrm—m—— | Improbable: Poor:
; | too sandy. thin layer.
Graycalm=————~—ewma=- | Goodm mmmmmm e et | Probable——mmm———== Improbable: | Poor:
‘ | too sandy. too sandy.
|
11E%: |
Montecalme———————mmua— | Fatir: |Probable-———eme——— Improbable: Poor:
| slope. | too sandy. thin layer,
: | | slope.
Graycalm———m———=————un |Fair: Probable————————-- Improbable: Poor:
| slope. ] too sandy. too sandy,
g a slope.
12B, 120-——wmem e | Poor: | Improbable: Improbable: Poor:
Nester | low strength. | excess fines. excess flnes. area reclaim,
|

See footnote at end of table.
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TABLE 13.--CONSTRUCTION MATERIALS--Contilnued

Soil Survey

f
So1l name and | Roadfi11l | Sand | Gravel | Topsoll
map symbol : |
|
13B, 13C—mmmmmmmmeeee | Good -|Probable——mmec—ewx Improbable: Poor:
Rublcon | | too sandy. too sandy.
[
. Fair: |Probable-wa—cmm——— Improbable: Poor:
Rubicon slope. | too sandy. too sandy,
# slope.
1UAm e e Poor: | Probable——mecemaae Improbable: Poor:
Otisco wetness, % too sandy. wetness.
|
15B%, 15C¥*:
Fast Lake- Good- - Probable————eee—eua Probable—me—mr—cemame— Poor:
too sandy,
) small stones,
% area reclaim.
Rubleone———eeeam e Good | Probable~——seaeaaa Improbable: Poor:
| | too sandy. too sandy.
l l
15E#*: I
East Lake-—————oacme- Fair: | Probablee—eec—mmeaeo Probable—~ce—meeeee— Poor:
slope. too sandy,
small stones,
area reclaim,
RUDLiCONmmme e e e Fair: | Probable—mmeam—mmee Improbable: Poor:
slope. ‘ too sandy. too sandy,
slope.
1A e e Poor: Probable-——=wa——u- Improbable: Poor:
AuGres wetness. too sandy. too sandy,
| | wetness.
17 --| Poor: | Improbable: Improbable: Poor:
Carbondale wetness. | excess fines, excess fines. excess humus,
} wetness.
19Be e e e G00G= e e e Probable-—eemme—e— Improbable: Poor:
Grayling too sandy. too sandy.
20 -| Poor: Probable~——ecwu—ana Improbable: Poor:
Tawas | wetness. too sandy. excess humus,
wetness.,
22-- Poor: Probable——wc—mm—— Improbable: | Poor:
Roscommon | wetness. too sandy. | too sandy,
% | wetness.
|
23A ~|Fair: | Probable—eem—emau Improbable: | Poor:
Kawkawlin Variant | wetness. | | too sandy. | thin layer.
|
30 —— Poor: | Improbable: Improbable: | Poor:
Brevort | wetness. | excess fines, excess fines, wetness.
| I
344 -| Poor: | Probable—~e——memwex Probablem—eemcmmaaaoo Poor:
Gladwin | wetness. small stones,
| area reclaim.
l
36B ~| GOOAmas e | Probable~eceeemawe-x Probable-—mee—caceaae Poor:
Dighton f area reclaim.
37—~ - Poor: {Improbable: Improbable: Poor:
Sims low strength, | excess fines. excess fines. wetness,
| wetness. |
I
JOA——m e e | Poor: Improbable: Improbable: Poor:
Tosco | low strength, excess filnes. excess fines. wetness,
| wetness.

See footnote at end of table.
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TABLE 13.--CONSTRUCTION MATERIALS--Continued

|
Soll name and Roadfill | Sand Gravel Topsoil
map symbol | | |
| | |
[ I
| I
yop#, 42C*:
GraycalMe—e—————————— Goodm mem e = Probable——m———ece-- Improbable: Poor:
too sandy. | too sandy.
I |
Rublcon-————=we——m——— GOOdm~mmm e | Probable—————=~—=~ Improbable: | Poor:
| too sandy. | too sandy.
[ I
L42E%: |
Graycalme—eee——em———— Fair: | Probable—m———m——== Improbable: | Poor:
slope. | too sandy. | too sandy,
| | slope.
I |
Rubicon-—=eem——eceem—w Fair: | Probable=w—==~—m=- Improbable: Poor:
slope. | too sandy. too sandy,
slope.
b6 -| Poor: Improbable: Improbable: Poor:
Loxley wetness, | excess fines. excess fines. excess humus,
wetness,
too acid.
|
50A-- Poor: Improbable: Improbable: Poor:
Kawkawlin low strength. excess fines. excess fines. thin layer.
|
P | Poor: | Improbable: Improbable: Poor:
Cathro | wetness. excess fines. excess fines. excess humus,
| | wetness.
|
GlUx:
Fluvaquents. |
I |
Histosols. | |
| | \
65%, | |
Pits | |
I | | |
66%, | l | l
Udipsamments | | | |
{ | {

¥ See description

of the map unit for composition and behavior characteristics of the map unlt.
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TABLE 14.--WATER MANAGEMENT

[Some terms that describe restrictive soil features are defined in the Glossary.

Soil Survey

See text for definitions of

"slight," "moderate," and "severe." Absence of an entry indicates that the soil was not evaluated. The
information in this table indicates the dominant soil condition; it does not eliminate the need for onsite
investigation]
Limitations for-- Features affectling—-
Soi1l name and Pond [ Embankments, [ Aquifer-fed
map symbol reservoir | dikes, and | excavated Drainage Irrigation Grassed
areas levees ponds waterways
3A Severe: Severe: Severe: Cutbanks cave Wetness, Droughty.
Croswell | seepage. seepage. cutbanks cave. droughty,
| fast intake.
| I
5B#*: |

Emmet--—mee—— - | Severe: Moderate: Severe: Deep to water Soil blowlng, Favorable.
seepage. seepage. no water. | slope.

|

Montcalm--——e—w- Severe: Severe: Severe: Deep to water |[Droughty, Droughty.
seepage. | seepage. no water. fast intake,

‘ % soil blowlng.
5C*, SE#*: |

Fmmet—m————————— Severe: |Moderate: Severe: Deep to water Soill blowing, Slope.
seepage, | seepage. no water, slope.
slope. }

Montcalme—m—m———— Severe: |Severe: Severe: Deep to water Droughty, Slope,
seepage, | seepage. no water, fast intake, droughty.
slope. { | soll blowing.

!
6B | Severe: |Severe Severe: Deep to water |Droughty, Droughty.
Kalkaska | seepage. | seepage, no water. fast intake,
| | piping. soil blowing.
6C, 6Emmmmmme———- Severe: Severe: Severe: Deep to water Droughty, Slope,
Kalkaska seepage, seepage, no water, fast 1ntake, droughty.
| slope. | piping. soll blowing.
|
. | Severe |Severe: Severe: Ponding, Ponding, Wetness.
Lupton | seepage. excess humus, slow refill. subsildes, soll blowlng.
| ponding. ! frost action
|
b 0) 5 O ——— | Severe |Severe: |Severe: Deep to water Droughty, Droughty,
Manistee | seepage. | hard to pack. | no water. | fast intake, percs slowly.
| | | soil blowing.
{
oo | Severe Severe: Severe: Deep to water Droughty, Slope,
Manistee | seepage, hard to pack. no water, fast intake, droughty,
| slope. I 801l blowing. percs slowly.
f I
11B#*: | | f
Montcalm—-———==- | Severe: Severe: Severe: Deep to water Droughty, Droughty.
| seepage. seepage. no water. fast intake,
| soll blowing.
I
Graycalm———-———-- Severe: Severe: | Severe: Deep to water Droughty, Droughty.
| seepage. seepage, no water. fast intake,
| plping. soil blowing.
I
11C#, 11E#: I f
Montcalme——-—~~-~|Severe: Severe: Severe: Deep to water Droughty, Slope,
| seepage, seepage. no water. fast intake, droughty.
| slope. | soil blowing.
GraycalMe———m——— Severe: Severe: Severe: Deep to water Droughty, Slope,
| seepage, seepage, no water. fast intake, droughty.
| slope. piping. soll blowing.
|

12Bem e |Moderate: |Slighte—eemeeee Severe: Deep to water Slop@m—m—mm—— e Favorable.

Nester 1 slope. no water.

12C———m e |Severe: Slight—memeaa——- Severe: Deep to water Slope=———mmme——a Slope.

Nester slope. | no water.

See footnote at end of table.
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TABLE 14.--WATER MANAGEMENT-~Continued

129

Limitations for--

Features affecting--

I
Soil name and | Pond [ Embankments, | Aquifer-fed
map symbol | reservolr | dikes, and | excavated Drainage Irrigation Grassed
| areas | levees ponds waterways
I| i
13Beeemm e | Severe: Severe: Severe: Deep to water Droughty, Droughty.
Rubicon | seepage. seepage, no water. fast lntake,
piping. soll blowing.
13C, 13FE——————weee ,Severe: Severe: |Severe: Deep to water |Droughty, Slope,
Rubicon | seepage, seepage, | no water, | fast intake, droughty.
slope. plping. | soil blowing.
|
144 Severe: Severe: Severe: Cutbanks cave Wetness, Wetness,
Otisco ’ seepage. seepage, cutbanks cave. droughty, droughty.
plping, fast intake.
wetness.
| I
15B%: |
East Lake-~———w=e- | Severe: Severe: Severe: Deep to water Droughty, Droughty.
| seepage. seepage. no water, fast lntake,
soil blowing.
I |
Rublcon~e—e———we=- Severe: Severe: Severe: Deep to water Droughty, | Droughty.
seepage. seepage, no water. fast intake, |
plping. s0il blowlng.
|
15C#, 15E#*:
Fast Lake=——————- Severe: Severe: Severe: Deep to water Droughty, Slope,
seepage, seepage. no water. fast intake, droughty.
| slope. | soil blowing.
Rubicon——e———e—=- Severe: Severe: Severe: Deep to water Droughty, Slope,
seepage, seepage, no water. fast intake, droughty.
slope. | piping. soil blowlng.
16Awmmm e e Severe: Severe: Severe: Cutbanks cave Wetness, Wetness,
AuGres seepage. seepage, cutbanks cave. droughty, droughty.
plping, fast intake.
wetness.
17— e Severe: Severe: Severe: | Ponding, Ponding, Wetness.
Carbondale seepage. excess humus, slow refill. | subsides, soll blowing.
| ponding. frost action. |
I
198 Severe: Severe: Severe: | Deep to water |Droughty, Droughty.
Grayling seepage. seepage, no water. | | fast intake,
piping. | soll blowing.
|
20 Severe: Severe: Severe: Ponding, Ponding, Wetness.
Tawas | seepage. seepage, slow refill, subsides, soil blowing.
plping, cutbanks cave.| frost actlon.
ponding.
22— e Severe: Severe: Severe: Ponding, Ponding, Wetness,
Roscommon seepage. seepage, cutbanks cave.| cutbanks cave.| droughty, droughty.
| piping, fast intake.
| ponding. |
I
23A-——— e Severe: Severe: Severe: Frost action, Wetness, Wetness.
Kawkawlin Varlant| seepage. seepage, slow refill, cutbanks cave.| soll blowing.
| piping, cutbanks cave.
| wetness.
|
R e T T Severe: |Severe: Severe: Ponding, Ponding, Wetness,
Brevort seepage. | pilping, slow refill, frost actlon. droughty, droughty.
| ponding. cutbanks cave. fast intake.
1 S Severe: Severe: Severe: Cutbanks cave Wetness, Wetness,
Gladwin seepage. | seepage, cutbanks cave. droughty, droughty.
| wetness. fast intake.
I
[ ]3) B e Severe: |Severe: Severe: Deep to water Droughty, Droughty.
Dighton seepage. { seepage. no water. soll blowing.

See footnote at end of table.
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TABLE 14.--WATER MANAGEMENT--Continued

Soil Survey

Limitations for--

Features affecting~-

|
| Pond

301l name and | Embankments, Aquifer-fed
map symbol reservoir dikes, and excavated Drainage | Irrigation Grassed
areas levees pondg waterways
3T mmm e —————— Slight——=mee——— Severe: Severe: Ponding, Ponding, Wetness,
Sims ponding. slow refill. percs slowly, percs slowly. percs slowly.
frost action,
I |
boa Severe: Severe: Severe: Favorable———e-- Wetness, Wetness,
Josco | seepage. plping, slow refill, droughty, erodes easily,
| wetness, | cutbanks cave. fast intake. droughty.
f
Lop*: |
GraycalMe—==—w-- |Severe: Severe: Severe: Deep to water Droughty, Droughty.
| seepage. seepage, no water. fast 1intake,
plping. s0il blowing.
Rublcon-—ewe—wa- Severe: Severe: Severe: Deep to water Droughty, Droughty.
seepage. seepage, no water. fast intake,
piping. soll blowing.
[ I
4ock, U2E*: I I
Graycalm-ceewea- | Severe: Severe: Severe: Deep to water Droughty, Slope,
| seepage, seepage, no water. fast intake, droughty.
slope. plping. soil blowing.
Rublecon-——ecmeeea Severe: Severe: Severe: |Deep to water Droughty, Slope,
seepage, seepage, no water. fast intake, droughty.
slope. plping. soll blowilng.
L s L L Severe: Severe: Severe: Ponding, Ponding, Not needed.
Loxley | seepage. excess humus, slow refill. subsides, soil blowing,
ponding. frost action. too acid.
50A—=——m—m—mmm e Slighte—m—ee—--— Severe: Severe: Frost actlon-—-|Wetness——me—a-~- Wetness,
Kawkawlin | wetness. | slow refill.
{
IR Severe: |Severe: Severe: Ponding, Ponding, Wetness.
Cathro seepage. | piping, slow refill. subsides, soll blowing.
| { ponding. frost action.
|
64%; | |
Fluvaquents. 1 %
Histosols, I ‘ ‘
654, | f
Pits | c |
66%, |
Udipsamments |

I
I

I

*# See description of the map unit for composition and behavior characteristics of the map unit.
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[The symbol < means less than; > means more than.

TABLE 15.--ENGINEERING INDEX PROPERTIES
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Absence of an entry indicates that data were not estimated]

[ [ Classificatlion |Frag- Percentage passing
Soil name and |Depth USDA texture ments sleve number-- Liquid Plas-
map symbol | Unified AASHTO > 3 limit tlcity
{inches 4 10 40 200 index
In Pct Pct
A 0-7 |Sand—===————ee-— SP-SM, SM jA-3, 0 90-100|85-100(50-70 5-25 —— NP
Croswell A-2-4
| 7-31|8and, loamy sand |SP-SM, SM |A-3, 0 90-100{85-100|50-70 5-25 - NP
A-2-4
31-60| Sand=———=~mre—eee- SP-SM, SM |A-3, 0 90-100|85-100|50-70 5-25 — NP
| A-2-4
! |
S5B¥, 5C%, 5E*:
Emmet——-e—eme——— 0-9 |Sandy loam-——--—-= SM, SM-SC, |A-2 0-5 95-100}95-100|55=-70 |25~35 10-25 NP-10
sSC
9-22{Sandy loam, loamy|SM, SM-SC, |A-2 0-5 95-100]90-100|55-70 |15=35 10-25 NP-10
sand, fine sandy| SC
| loam. ]
|22-43|Loam, sandy loam,|SM-SC, CL,|A-2, A-4,| 0-5 95-100|90-100(55~85 [25-75 20=-40 5-20
| sandy clay loam.| CL-ML, SC| A-6
|43-60|Sandy loam, fine |SM, SM-SC,|A-2 0-5 85-95 |80-90 {50-70 |25-35 <25 NP-10
sandy loam. | sC
Montcalm————e=—= 0-7 |Loamy sand-——---- SM A-2 0-2 95-100|95-100|50-75 |15=-30 - NP
7-30|Loamy sand, sand |SM A=2 0-2 95-100[85-100]50-75 |15-30 —— NP
30-60)Stratified sand SM, SP-SM |[A-2 0-2 90-100|80-100(50-80 |10-35 —-— NP
to sandy loam. |
6B, 6C, 6E=wm———— 0-6 |Sande————m—em———e SM, SP-SM [A-1, A-2, 0 100 95-100{40-70 5=15 —-— NP
Kalkaska A-3
6-32]Sand=m=em——eemeee SM, SP-SM |A-1, A-2, 0 95-100{90-100|40~75 5-15 —-—— NP
) A-3
32-60|Sand--—=—we————e SP, SP-SM |A-1, A-2, 0 100 95-100|40-80 0-10 —— NP
A-3
|
N e 0-7 |Sapric material |PT A-8 - —-— —-— —_— -— - —_—
Lupton 7-60|Sapric material PT A-8 —_— - -——— -— —-— B -—
10B, 10C—=m——e—eu 0-10|Loamy sande-—----- SM A=-2-~4 0-2 95-100|95-100{50-75 |15-30 - NP
Manistee {10-24|Sand, loamy sand,|SP-SM, SM |A-2-4 0-2 95-100(95-100|50-75 |10-25 - NP
fine sand. )
24-60|Clay, silty clay,|CH A=T 0 100 100 90-100|80-95 50~80 25-45
silty clay loam.
11B%, 11C*, 11E#*:
Montcalm-—-———-=~ | 0-7 |Loamy sand—------|SM A=2 0-2 95-100|95-100150-75 |15-30 —— NP
| 7-30|Loamy sand, sand {SM A=2 0-2 95-100|85-100|50~75 |15-30 ——— NP
30-60|Stratified sand SM, SP-SM [A-2 0=2 90-100]80-100{50-80 |10-35 - NP
to sandy loam. |
Graycalm——we———m 0-2 }{Sand--———emam———— SM, SP-SM |A-2, A-1,| O 95-100|75-100(40-70 | 5-15 —— NP
| A-3
2-241Sand, loamy sand |SP-SM, SM [A-3, A-2, 0 95-100|75-100| 40-75 5-20 —_— NP
A-1
24-60|Sand, loamy sand,]|SM, SP-SM |A-2, A-1, 0 95-100|75-100|40-75 5-20 —_——— NP
loamy coarse A-3
sand.
12B, 12C-————cu-- ‘ 0-9 [Sandy loam-——=--- SM, SC, A-2, A-4 0-5 90-100(85-100{50~-70 [25-40 <25 NP-10
Nester SM-SC
| 9-38|Clay loam, silty |CL, CH A-6, A-T 0-5 95-100|95-100|80~100|65-90 35-60 15-30
| clay loam, clay.
|38-60{Clay loam, silty |CL A-6, A-T7 0-5 95-100]/95-100]90-100]|65-90 30-45 10-20
l clay loam.
13B, 13C, 13E-~--| 0-5 [Sand——-——-—-=mw—u- SM, SP-SM |A-2, A-3 0 95-100|90-100(50-70 5-15 —-— NP
Rubicon ‘ 5-10|Sand—=m——m—mm———— SM, SP-SM |A-2, A-3 0 95-100|90-100{50-70 5-15 -— NP
'10-60|Sand ————————————— SP, SP-SM |A-1, A-2, 0 95-100|90-100| 40-65 0-10 —_— NP
A-3
| | |

See footnote at end of table.
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TABLE 15.-~-ENGINEERING INDEX PROPERTIES--Continued

Soil Survey

[ Classification Frag- Percentage passing
Soil name and Depth USDA texture ments sleve number-- Liquid Plas-
map symbol | | Unifiled AASHTO > 3 limit ticity
| inches 4 10 4o 200 index
I In Pct Pct
S 0-8 |Loamy sand————~-- SM, SP-3SM, |A-2, A-3 0 95-100[95-100}50~75 5-30 <20 NP-10
Otlsco SC, SM-SC
I 8-16|Loamy sand, sand 'SM, SP-SM,IA-Z, A-3 0 95-100195-100]50-~75 5-30 <20 NP-10
SC, SM-SC
16-55|Stratified sand |SM, SP-SM, |A-2, A-l4, 0 |95-100(95-100|50-90 5-65 15-40 NP-15
to loam. CcL, SC A-3, A-6
55-60|Sand, loamy sand {SM, SC, A-2, A-=3 0 95-100[95-100|50-75 5-30 <20 NP-10
SP-SM,
SM-SC |
15B#%, 15C#*, 15E#:|
Fast Lakem—e———- 0-4 |Sandeeeemeaeo— SM, SP-SM [A-1, 0 95~-100]80-100{40-~-70 5-15 — NP
A-2-4
A-3
4-28|Sand, loamy sand,|SM, SP-SM A-1, 0 90-100(75-100|40-75 5=15 —— NP
gravelly sand. A-2-4,
A-3
28-60|Gravelly sand, GP, SP-3SM, [A-1, A-3, 0 40-90 [25-80 |20-60 0-10 —-— NP
very gravelly SP, GP-GM| A-2-4
sand, sand.
Rublconemeemac—maa- 0-5 |San@ee—mcmmmmeee SM, SP-SM |A-2, A-3 | O 195-100/90-100|50-70 5=15 - NP
5-10|Sand=-——memaeeeee SM, SP-SM |A-2, A-3 0 {95-100(90-100|50-70 5-15 —— NP
[10-60|Sand-—ce—macmaena SP, SP-SM |A-1, A-2, 0 95-~100]90-100|40-65 0-10 ——— NP
A-3
16A~mm e e 0-12|Loamy sand-ee=—-- SP-SM, SM |A-2-4 0 95-100(85-100|50-75 |10-25 —-—— NP
AuGres 12-21{Sand, loamy sand |SP-SM, SP,|A-2-4, 0 95-100|85-100{60-80 0-15 — NP
SM A-3
21-60}8and——eeemcc e SP, SP-SM |A-3, 0 95-100|85-100}50-90 0-10 —— NP
| | A-2-4
|
| 0-37{Sapric material |PT A-8 0 —— -— —_— — -— -—
Carbondale {37-60|Hemic material-——|PT A-8 0 _— _— —_— - _— -—
I
19Be e | 0-19]|Sand-———emmmmaeee SM, SP-SM [A-1, A-2, 0 100 90-100(35-65 5-15 - NP
Grayling | A-3
|19-60|Sand, coarse sand SP, SP-SM |A-1, A-3, 0 100 90-100| 40~-55 0-10 —-—— NP
| | A-2
| I
- | 0-22|Sapric material |PT A-8 0 — — - - —— —_—
Tawas |22-60|Fine sand, sand, SP, SM, A-3, 0 80-100|60-100]50-75 0-20 —_— NP
f loamy sand. SP-SM A-2-4
e | 0-4 |Mucky sandee——e—- SM, SP, A-2, A-3, 0 100 90-100] 40-70 0-15 —— NP
Rosc ommon | SP~-SM A-1
| 4-60|S8and, loamy sand, |SP, SP-SM, |A-1, A-2, 0 95-100(85-100|40~70 0-15 - NP
I coarse sand, SM A-3
|
Y T S N — | 0~-8 [Sandy loam——————- SM, SM-SC |A-4, A-2 0-3 95-100[95-100160-70 |30-40 12-20 2=-7
Kawkawlin | 8-28|Clay loam, silty |CL, CH 1A=7 0-3 ]95-100]/90-100|85-100{60-90 | 45-55 | 20-30
Variant ] clay loam, clay. |
|28-33|Clay loam, silty |CL {A=T7 0-3 95-100|90-100{85-100|60-90 4o-50 18-25
‘ clay loam.
'36-60|Sand ------------- SP, SP-SM |A-1, A-2,) 0-3 95-100]90-100| 40-65 0-10 —— NP
A-3
30— ’ 0-9 |Loamy sand-————-- spP, SM, A-2-4, 0-5 90-100/80-100(|50~75 0-30 - NP
Brevort | SP-SM A-3
| 9-23|Sand, loamy sand, SP, SM, A-2-4, 0-5 90-100|80-100(50~75 0-30 <20 NP-4
loamy fine sand.| SP-SM A-3
{23-601S11t loam, silty CL, CL-ML |A-4, A-6,| 0-5 90-100|80-100(80-100|55-95 17-45 422
| { clay loam, loam. | A-7 { |
I

See footnote at end of table.
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[ | ] Classification [Frag=- Percentage passing
Soil name and |Depth| USDA texture i | jments sieve number-- Liquid Plas-
map symbol | | Unified | AASHTO > 3 limit tilcity
| | | inches 4 10 4o 200 index
| I 1 Pct Pct
| = .
A | 0-7 [Loamy sand—e=——=- SM, SP-SM |A-2 0-5 90-100|65-95 [55-70 |10-30 <20 NP-4
Gladwin 7-16|Sand, loamy sand |SM, SP-SM |A-1, A-2,| 0-5 90-100|65-95 |45-70 5-30 <20 NP-4
| A-3
16-24|Gravelly loamy SM, SM-SC,|A-2 0-5 85-100|65-90 [55-75 |15-35 12-35 NP-16
sand, sandy sSC |
| loam, gravelly |
l sandy loam.
24-60|Gravelly sand, SP, GP, A-1 0-10 |[40-80 {35-70 |20-45 | 0-10 — NP
sand. SP-SM,
% GP-GM
36Bm e 0-10|Sandy loam-==———- SM, SM-SC |A-4, A=2 0 100 95-100|60-70 |30-40 12-20 2-7
Dighton 10-39)Clay loam, silty |CL, CH JA-6, A-T 0 100 95-100(90-100| 70-95 35~70 15-42
clay loam, silty| |
| clay.
39-60|Sand, fine sand, |SP, SM, A-3, A-1, 0 70-100|45-100|15-70 2-25 <20 NP
| gravelly sand, SP-3M A-2
3T e | 0-8 |Loamm—mcemeaeae—a CL, CL-ML |A-4, A-6 0~5 95-100|90-100|90-95 |60-75 23-38 5-15
Sims 8-26|Clay loam, silty |CL, CH A-T 0-5 95-100(90-100|90-95 |65-85 45-55 20-30
clay loam, clay.
26-60{Clay loam, silty {CL, CH A=T7 0-5 95-100{90-100{90~95 |70-85 45.55 20-30
| clay loam.
BOAmm— e 0-11ljLloamy sand--—-w——-— SM A-2-4 0 95-100]95-100{50-70 |15-30 —-— NP
Iosco 11-26|Loamy sand, sand,|SM, SP-SM |A-2-4, 0 95~100/95-100|50-75 5-30 <20 NP-4§
loamy fine sand. A-3
26-60|S1lty clay loam, |CL, CL-ML,|A-4, A-6 0 95-100|95-100|65-100|35-95 20-40 | 5-25
sandy loam, SC, SM-SC |
loam. |
| |
4oB*, L2C*, LOEH:
GraycalmMem———~=- 0-2 |Sand——~———creee SM, SP-SM |A-2, A-1, 0 95-100|75-100|40-70 5=15 —— NP
A-3
2-24|Sand, loamy sand |SP-SM, SM |A-3, A-2, 0 95-100{75-100| 40-75 5-20 - NP
A-1
24-60|Sand, loamy sand,|SM, SP-SM |A-2, A-1, 0 95-100|75=100| 40-75 5-20 ——— NP
loamy coarse | A=3
sand.
60-70|Sand, coarse sand|{SP, SP-SM |A-2, A-1, 0 95-100{75-100140-75 0-15 —_—— NP
A-3
Rublcon-——w—m—e——- 0-5 |Sand-=~we———eeam—x SM, SP-SM (A-2, A-3 0 95-100{90~100)50-70 5-15 -— NP
5-10|Sand-c~emmemmnee SM, SP-SM |A=-2, A-3 o] 95~-100|90-100{50-70 5~15 ——— NP
10-60| Sand=—emm—mmanaaa SP, SP-SM |A-1, A-2, 0 95-100{90~100| 40-65 0-10 —-—— NP
A-3
46 0-5 |Hemic material---|PT A-8 0 _— -_— _— - - -—
Loxley | 5-60|Sapric material |PT A-8 0 ——— -— —-— -— -— -—
[
50A=m—m—em e 0-8 |Loame——emmmm e ML, CL A-U, A-6 0-5 95-100]95-100| 80-100{55-85 25-40 2-15
Kawkawlin 8-35|Clay loam, silty |CL, CH A-6, A-T 0-5 95-100{90~-100{85-100|60-90 25-55 11-30
| clay loam, clay.
35-60|Clay loam, silty |CL A-6 0-5 95-100|90-100|85-100]|60-90 25-36 11-18
clay loam.
I e et 0~12|Sapric material PT A-8 0 —_—— - - —-——— —— —-———
Cathro 12-24|Sapric material PT A-8 0 —— -— - - - —
|24-60|Sandy loam, loam,|SM, ML, A=l 0-5 80-100|65-100|60~100]|35-90 <25 3-10
clay loam. | sC¢, CL
[
6U¥: [
Fluvaquents, ’
Histosols. | | | |
{ | [ |
654, | I | |
Pits | | | |
[
66#, |
|
|

Udipsamments |
!

|

¥ See description of

the map unit for compositlion and behavior characteristics of the map unit.
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TABLE 16.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS

[The symbol < means less than; > means more than. Entries under "Erosion factors--T" apply to the entire
profile. Entries under "Wind erodibility group" and "Organic matter" apply only to the surface layer.
Abgence of an entry indicates that data were not available or were not estimated)

| [ | [ [ Erosion|Wind |
Soil name and [Depth|Clay | Moist Permeabllity|Available Soil [Shrink-swell | factors|erocdi-{Organic
map symbol | |  bulk water reaction| potential bility| matter
| | density capacity X T |group
I In Pct | g/em3 In/hr In/in pH 4] Pct
) Y | 0-7 | 0-10]1.25-1.55| 6.0-20 {0.07-0.09]3.6=7.3 |LoW=mmamemau— 0.15| 5 1 5=2
Croswell | 7-31] 0-10]1.25-1.60 6.0-20 10.06-0.08|3.6=7.3 |LoW——mma—cme—eaa 0.15
31-60| 0-10f1.25-1.60 6,0-20 :0.05-0.07 5.1-8.8 |LOoWmemmmaeaee 0.15
5B*, 5C*, SE*: | | [
Emmet—em—ee—caee | 0-9 | 5-15{1.10-1.65| 2.0-6.0 0.12-0.15]|6.1-6.5 |LOWom——cmeeuna 0.20] 5 3 1-3
9-22[10-181.20-1.70 2.0-6.0 0.11-0.14}6.1-6.5 |LOWem—a—meeen 0.20
22-43115-25]1.30-2.00 0.6-2.0 0.11-0.18|6.6-7.8 |Moderate——=—= 0.32
43-60) B-18|1.20-1.65 2.0-6.0 0.08-0.12]7.4-8.Y4 |LoW—mec—mmam—- 0.32 |
Montcalm-mm—ee— | 0-7 2-10{1.15-1.60 2.0-6.0 0.10-0.12|5.1-6.5 |LOWemm—meom——a= 0.17| 5 2 «5-3
| 7-30| 8-15(1.20-1.60 2.0-6.0 0.06-0.10]5.1=6.5 |LoW—eomeaaaaa 0.17
30-60f 2-18|1.20-1.60 2.0-6.0 0.04=0,13{5.1-6.5 |LoWe—ma—mmaa— 0.17
6B, 6C, BE————waa 0-6 0-10]|1.25=-1.45 6.0-20 0.05-0.09|4.5-6.0 |LOWeeocmecaaa 0.15| 5 1 1-4
Kalkaska 6-32| 0-10|1.35-1.45 6.0=20 0.06-0.08{4,5-6.0 |Lowe——em——ameaea 0.15
'32-60= 0-10{1.35-1.45 6.0-20 0.04-0.06}5.1-6.5 |LOoW—mmemmacaa 0.15
7 | 0-7 | --- [0.10-0.35| 0.2-6.0 0.35-0.45|5.6-7.8 2 2 70-90
Lupton | 7-60] ~=~ {0.10-0.35| 0.2-6.0 0.35-0.45|5.6-7.8 |~-
10B, 10C=mmmmew= 0-10| 3-12{1.15-1.60] 6.0-20 0.10-0,12{5.1=7.3 |LOWeememamaus 0.17| 4 2 2-4
Manlstee |10-24] 2-12]|1.25-1.60] 6.0-20 0.06-0.10{5.1-7.3 |LOW———emm——en 0.17
:2&-60 35-60 1.50—1.70: 0.06-0.2 |0.08-0.12 5.1-8.4 |Highe——eeeeeo 0.32
11B*, 11C*, 11E*:| [ .
Montcalmee——mmw= } 0-7 | 2-10]1.15-1.60 2.0-6.0 0.10-0.12|5.1-6.5 0.17{ 5 2 .5=3
| 7-30| 8-15|1.20-1.60 2.0~6.0 0.06-0.10{5.1-6.5 0.17
:30-60| 2-18|1.20-1.60 2.0-6.0 [0.04-0.13|5.1-6.5 0.17
GraycalmMe——e——ae- | 0-2 0-10{1.30-1.55 6.0-20 0.04-0.10[|4.5~6.5 |LoWw=——mmecmecm— 0.15| 5 1 5=2
| 2-24) 0-15|1.25-1.60 6.0-20 0.05-0.10|4.5~6.5 |LoWe—mmaaaaao 0.15
:2&-60 0-10|1.50-1.65 6.0-20 0.04~0.09|4.5-6.5 |LoW=—omm—aman 0.15
12B, 12C~m—mee——— 0-9 0-18]1.50-1.85 2.0~6.0 0.13-0.15]5.1-7.3 |LOWmeceaeanma 0.24| 5 3 1-3
Nester 9-38|35-45(1.55-1.80 0.2-0.6 0.10-0.20|5.1-7.3 |Moderate———--— 0.32
38-60135-45{1.65-1.95 0.2-0.6 |0.14-0.,20]|7.9~8.4 |Moderate————- 0.32
13B, 13C, 13E====| 0-5 0-5 |1.36-~1.41 6.0-20 0.05-0.09 4,5-6.0 |LOWemo—oommaee 0.15| 5 1 —_—
Rubicon | 5-10| 0-10]/1.30-1.60 6.0-20 0.04-0.08|4.5~6.0 |LOWm—mcoanaao 0.15
10-60| 0-5 |1.40~1.55 6,0-20 0.04~0.06|4.5~6.5 |LoWw———————een 0.15
S 17 P 0-8 | 0-12|1.25-1.40] 2.0-20 0.07-0.12({5.1-6.5 |LOW=mmeommmuan 0.17| 5 2 2-4
Otisco 8-16| 2-12]1.25-1.40 2.0-20 0.06-0.11[5.1=6.5 |LOW—mmmcmaa—- 0.17
16-55|] 5-22(1.35-1.45 2.0-20 0.05-0.17]6.1-7.8 |LOW~——mcae—ac 0.17
'55-60 0-12‘1.25-1.50 2.0-20 0.05-0.10({6.6=7.8 |LOWmome——ea—x 0.17
| | | |
15B%, 15C*%, 15E#:]|
East Lakee———we- | 0-4 0-8 |1.30-1.60 6.0-20 0.05-0.09(5.6~7.3 |LOW=—mmema—aaa 0.15¢ 5 1 .5=2
| 4-28|] 0-10[1.30-1.60 6.0-20 0.07-0.10(5.6~7.3 |LOW=e—mmaaaaa 0.15
}28—60 0-10{1.50-1.65 >20 0.02-0.06]7.4-8.4 |LoWome——me—emem 0.15
Rubleon-—-————wu—- | 0-5 0-5 |1.36-1.41 6.0-20 0.05<0.09|4.5-6.0 |LoW~——mm—emae 0.15] 5 1 -
5-10f 0-10/1.30-1.60 6.0-20 0.04-0.08|U4.5-6.0 |LoW——mee—emaem 0.15%
10-60| 0-5 |1.40~1.55 6.0-20 0.04~0.06{4,5-6.5 |LOWemmomcamaa— 0.15
16Aw e 0-12| 0-8 |0.65-1.55| 6.0-20 0.07-0.10[4.5-7.3 |LOW—mmmmmmmau 0.15] 5 2 .5-8
AuGres 12-21| 1-15[1.20-1.55| 6.0-20 0.06-0.09|4.5-7.3 [LOWe—oeceaaaan 0.15
;21-60| 0-8 {1.20-1.65 6.0-20 0.05-0.0715.1=7.3 |LOWmowcam——ao 0.15
17 e 0-37| === |0.15-0.40 0.2-6.0 0.35-0.45(5.6=7.8 |eemmmaceana— ———] 2 2 40-65
Carbondale 37-60| --- 0.10-0.20= 0.6-6.0 0.45-0.55]5.6=T7.8 |—emmcmmceeee ————

See footnote at end of table.
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TABLE 15.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued
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| | | | ] Erosion|Wind |
Soil name and |Depth|Clay Molst |Permeability|Available Soll Shrink-swell factors|erodl-|Organlc
map symbol l bulk | water reaction potentlal billity| matter
| density capaclty X T |group
} in Pct g/cm3 In/hr In/in pH Pct
|
19B———m e | 0-19] 0-10]1.30-1.65 6.0-20 0.05-0.09|4.5-5.0 |LoWw———————eu= 0.15| 5 1 ———
Grayling !19-60 0-10|1.45-1.65 6.0-20 0.04-0.06|4,5-6.5 |LoWm—mmm——e——— 0.15
20— | 0-22| === ]0.30-0.55 0.2-6.0 0.35-0.45(4.5-7.8 —— 21 2 40-60
Tawas a22—60 0-10]/1.40-1.65 6.0-20 |0.03-0.10 5.6-8.4 [LoW=wm—mmaee— ——
22— | o-=4 0-10|0.90~1.60 6.0-20 0.06-0.18|5.6-7.8 |LOWma——e——ea—n 0.17( 5 1 415
Roscommon 4-60| 0-10]1.45-1.75 6.0-20 0.05-0.07|5.6-8.4 |LoWw——meoaamma 0.17
|
23A-————— 0-8 5-20)1.45-1.70 2.0-6.0 0.12-0.15|5.1-6.5 |LoWmemmeeaeem 0.24] 5 3 2-4
Kawkawlin 8-28{35-45|1.45-1.60 0.2-0.6 0.10-0.20(5.1-6.5 |Moderate—--—-- 0.24
Variant }28-33{30-40|1.50~-1.60 0.2~0.6 0.13-0.20{7.9-8.4 [Moderate————- 0.24
36-60| 0-5 |1.40-1.55 6.0-20 0.04~0.06|6.6-7.3 |LoW—=—=—mae— 0.15
30— 0-9 0-15/1.35-1.50 6.0-20 0.07-0.12(5.6-7.8 |Low—=———eeaen 0.17]| 5 2 1-4
Brevort 9-23] 2-15|1.40-1.55 2.0-20 0.06-0.11|6.1-7.8 |LOW———m—mu——— 0.17
|23-60[10-35]1.45-1.95 0.2-0.6 0.14-0.22|7.4=-8.4 |Moderate——--- 0.43
L e e 0-7 0-12|1.25-1.40 6.0-20 0.08-0.12|6.1-7.8 |LOWm—wemmea——— 0.17| 4 2 2-4
Gladwin 7-16] 2-15]1.35-1.45 6.0-20 0.05-0.11[6.1=7.8 |LoW——————cemm 0.17
16-24| 5-18|1.35=1.45 2.0-6.0 0.05-0.13[6.1~7.8 |LoWw—m—————emn 0.17
24-60] 0-5 {1.25-1.50 >20 0.02-0.04]|7.9-8.4 [LOoWmmamme——— 0.10 |
36B—— e 0-10{12-20|1.50~1.80 2.0-6.0 0.12-0.16{5.1-6.5 |LoW———~—eueme 0.32] 4| 3 1-3
Dighton |10-39{35-45|1.55-1.80 0.2-0.6 0.11-0.20|5.1-6.5 |Moderate———-- 0.32
39-60| 0-8 I1.&0-1.55 >6.0 0.02-0.07[5.6-8.4 |LoW——————eeen 0.15
37— 0-8 |18-27(1.35-1.55 0.6=2.0 0.20-0.2216.1-7.8 |LOoW==mm——ma—— 0.32| 5 5 2-5
Sims 8-26(35-45|1.40-1.70| 0.06-0.2 0.12-0.18(6.1-7.8 |Moderate——-—- 0.32
| 26-60 35-4011.50-1.75 0.06-0.2 0.10-0.14|7.4~8.4 |Moderate————= 0.32
BOA———— e 0-11]10-~15[1.25-1.41 6.0-20 0.10-0.12(5.1-6.5 |LoWwmem——eaem 0.17]| 5 2 1-4
Iosco 11-26| 0-15|1.35-1.45 6.0-20 0.06~0.11(5.1-6.5 |LOW————————mm 0.17
26-60]18-35 1.50—1.90| 0.2-0.6 0.14-0.20(6.1-7.8 |[Moderate—-——-- 0.37
42B*, L2C*, L2E¥*:
Graycalm—————- 0-2 0-10{1.30-1.55 6.0-20 0.04-0.10|4,5~6.5 |LOWmmmmmmam—m 0.15| 5 1 5=2
2-24| 0-15]1.25-1.60 6.0-20 0.05-0,10}4.,5-6.5 |Low-———————— 0.15
24-60| 0-10/1.50-1.65 6.0-20 0.04-0.09|4.5-6.5 |LoWw—m———mmmen 0.15
60-70| 0-10|1.50-1.65| 6.0-20 0.04-0.06|5.1~8.4 |LOW—w—m——eme—m 0.15
Rublcon-————-- 0-5 0-5 |1.36-1.41 6.0-20 0.05-0.09|4.5-6.0 |LoW———————e—n 0.15| 5 1 -
5-10} 0-10]1.30-1.60 6.0-20 0.04-0.08|4.5-6.0 JLoW—————e—meu 0.15
10-60| 0-5 |1.40-1.55 6.0-20 0.04-0.06|4.5-6.5 |LoW=mmmm————— 0.15
L 0-5 | =-- |0.30-0.40| 0.6-6.0 0.45-0.55] <U,5 |memmm;em——————- ——] 2 5 70-90
Loxley 5-60| ~-- |0.10-0.35 0.2-6.0 0.35-0. 45 [ T B e T e —— |
50A-cc— e 0-8 8-27{1.45-1.70 0.6-2.0 0.20-0.24(|5.1-7.3 |LoWemmmemme—— 0.32| 5 6 2-4
Kawkawlin 8-35(35-45{1.45-1.60 0.2-0.6 0.10-0.20|5.1-7.8 |Moderate————- 0.32
;35—60 30-40[1.50-1.60 0.2-0.6 0.13-0.20]{7.9-8.4 |Moderate——-—-- 0.32
T R | 0-12] -—- |0.28-0.45| 0.2-6.0 0.45-0.55|5.6-7.8 |——mmmmmmmmmm —— 2 2 60-85
Cathro [12-24| === ]0.15-0.30 0.2-6.0 0.35-0.45(5.6-7.8 -
;2“-60 10-25/1.50-1.70 0.2-2.0 |0.11-0.22 6.6-8.4 |LoWw—m——m———e—am —-—
Gli%: | |
Fluvaquents. 1 |
[ I
Histosols. | | |
I | |
65%, | I
Pits | | |
I I
66%, | | |
Udipsamments [ | | I |
I I i I |

% See description of the map unit for composition and behavior characteristics of the map unit.
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{"FPlooding" and "water table" are explalned in the text.
indicates that the feature 1s not a concern or that data were not estimated]

TABLE 17.--SOIL AND WATER FEATURES

The 'symbol > means more than,

Soil Survey

Absence of an entry

[ | Flooding High water table i Risk of corrosion
So01l name and |Hydro-| ] Potential
map symbol | logic| Frequency | Duration |Months Depth Kind Months frost Uncoated |Concrete
|group | | action steel
! | Tt
| ] | |
7 P, A [[06) o V- TP —— | —~— [ 2.0-3.0|Apparent|Nov-Apr|Low~ Low Moderate,
Croswell | | | | |
5B, 5C, BE:
FINMe fmm e e m e B None————e—wa= — —_— 6.0 _— —— Moderate |LoW—————- Moderate.
|
Montcalmemmemm———— | A Nonegmmm————— ‘ —_— — >6.0 — — Low Low Moderate,
6B, AC, BEmmmm——ee A None-me—emn= | ——- - >6.0 -— -— LOWmm—mm—— LOWmmmm—e High.
Kalkaska | # |
TH e e | A/D None—=—e——e—o —_— — +1-1.0|Apparent|Sep-May |Higha~—— Highe——eo Low.
Lupton %
10B, 10C—mm=mem—am [ A Nong—-—===u- -— -_— >6.0 -— -— Low High Moderate.
Manistee i
11R, 11C, 11E: | |
Montcalme——=—eae- ‘ A 1[5 s F-T— —— — >6.0 - — Low Low Moderate,
Graycalm-———————= } A None--mmeeax -_— — >6.0 — — 7Y Z—— LOW=—mm—m Moderate.
12B, 12C—mm—memeem | C None-—-e——ee- | —_— —— >6.0 — J— Moderate |High—-—e— Low,
Nester { # |
138, 13C, 13F=w—-- | A |NOnE= ~=m———— -— -— >6.0 —_— -— Low Low High.
Rubicon 1
147 A Noneme=eae—— —_— ——— 0.5-1.5| Apparent | Nov-May|Moderate |LoWw=me——= Moderate,
Otisco : ;
158, 15C, 15E: |
East Lakem-——-——e= 5 A Nongeem———ax _— —_— 6.0 R — Low Low Moderate.
Rublconecmmcmcaa— | A Nong=w—cwe—- —— — >6.0 -— — Low Low High.
|
16A — | B Nong———mmew- — [ 0.5-1.5|Apparent |Nov-May|Moderate |Low——==——o Moderate.
AuGres ; ; |
£ —— A/D  |None~——==—=meo —_— - +1-1.0(Apparent [Sep-May |Hligh-w—=- Highe———- Moderate.
Carbondale |
| l
19Brm e m e = A None———e—=—ce- | —_— —_— 6.0 ——— — LOWm—m——— LoW—=—cu— Moderate.
Grayling |
I
20% e A/D  |None-e=——e—we= ——— _—— +1-1.0|Apparent |Nov-May|High~—~~== Highe=eae Moderate.
Tawas 1
b L | A/D |None————=eeo —_— - +1—1.0‘Apparent Sep-Jun|Moderate |High~—=-- Low.,
Roscommon | |
23— e [¢] Nong=—w—mmea —-— — 1.0-2.0|Apparent |Oct-May|High—w=—- Highm—we= Low.
Kawkawlin Varilant
| [
KR | B/D [None————mme- [ —_— | - | +1-1.0]|Apparent|Nov-May |High——==- LOW——m——m Moderate.
Brevort | ‘ | | |
L T T A |None-me—meee ' _— - 10.5-1.5 Apparent |[Nov=-May|Moderate |LOW~——=e= Low,
Gladwin | | |
! | ,
36B- e | B None--=———-- ‘ -— - >6.0 -—- -— Moderate |[High——-=e Moderate.
Dighton { ‘
!

See footnote at end of table.
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TABLE 17.--SOIL AND WATER FEATURES--Continued
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| | Flooding High water table ] Risk of corrosion
Soi1l name and |Hydro-| [ Potential
map symbol logic| Frequency Duration |Months Depth Kind |Months frost Uncoated |Concrete
group action steel
Tt
)4 T —— D None-——=~w——w —_— —_— +1-1.0|Apparent|{Nov-May |Hlgh~———- High—w=w-- Low.
Sims |
i
fOAmmmmm e e B |{Nonem———ee—— JE— —— 0.5-1.5| Apparent |Nov-Jun {Moderate |LoW==—--- Moderate.
Iosco
I
42B, 42C, HU2E: |
GraycalMe——e———— A Nong~———wmee- —_— —— 6.0 ——— —_— LoWmm———= LOW=a———— Moderate.
Rublcon-————=-———- A None-———mem- J— -— >6.0 ——— —_— Low Low -|High.
[ . 2, A/D |[None————eeeee — — +1~1.0|Apparent|Nov-May |Hlgh————- High-———- High.
Loxley |
| i
50Acm e | ¢ | Nong==mm——a - -— 1.0-2.0|Apparent |Oct-May |High-———~ High~———- Low.
Kawkawlin | |
I I
53¥ e | A/D |None-—=me=——o —_— — +1-1.0|Apparent |Nov-Jun |High———=- Highe———- Low.
Cathro | |
| | | |
6l | [ | |
Fluvaquents. ) | | |
I I |
Histosols. | | |
I I I
65. f I | f
Pits | I | I
I I | | |
66. [ l | I I {
Udipsamments ; | | | |
| | I |

% In the "High water table--Depth" column,
water table 1s above the surface of the soll.
rises above the surface.

The second numeral indicates the depth below the surface.

a plus sign preceding the range in depth lndicates that the
The first numeral in the range indilcates how high the water
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TABLE 18,~--CLASSIFICATION OF THE SOILS

Soil name Family or higher taxonomlc class

#AUGres—m—cem—m—— e e Sandy, mixed, frigid Entic Haplaquods

Brevorter————eememm e Sandy over loamy, mixed, nonacid, frigid Mollic Haplaquents
Carbondale=—~—=-mcceencewe- Eulc Hemilc Borosaprists

Cathrom——mmm e e e Loamy, mixed, eulc Terric Borosaprists

Croswell -| Sandy, mixed, frigid Entic Haplorthods

*Dighton- - --| Clayey over sandy or sandy-skeletal, mlxed Typic Eutroboralfs
Fast Lake- Sandy, mixed, frigid Entic Haplorthods
Emmetm————mm e e e Coarse-loamy, mixed Typic Eutroboralfs
Fluvaquentg—eee—r—enee e Mixed, nonacid, frigid Fluvaquents
GladwWineeeemec—ecmmee e Sandy, mixed, frigld Alfic Haplaquods

Graycalm -} Mixed, frigid Alfic Udipsamments

Grayling-——ee~ece——mmecaeaeaa Mixed, frigid Typlc Udipsamments

Histosols—mwccrm e e Eulc, frigid Histosols

JosCcOmmr————e Sandy over loamy, mixed, frigilid Alfic Haplaquods
KalkaskKaewmmemmmm e e e Sandy, mixed, frigild Typic Haplorthods
Kawkawline——cceccacccrccan— Fine, mixed Aquic Eutroboralfs

Kawkawlin Vartant-———————— Clayey over sandy or sandy-skeletal, mixed Glossaqulc Eutroboralfs
Loxley -| Dysic Typic Borosaprilsts

Lupton- - --| FEulc Typic Borosaprlsts

Manistee—m——ecmeamcm e Sandy over clayey, mixed, frigid Alfic Haplorthods

Montcalm -~-~| Coarse-loamy, mixed, friglid Eutrilc Glossoboralfs

Nester- - Fine, mlxed Typlc Eutroboralfs

OtlsCom——mm e csm e e Sandy, mixed, frigid Alfic Haplaquods

Roscommon -| Mixed, frigid Mollic Psammaquents

Rubicon- - --| Sandy, mixed, frigid Entic Haplorthods

Simgm=w= Fine, mixed, nonacid, frigld Mollic Haplaquepts

TaWwa S=—m—m—m e —m e c— e Sandy or sandy-skeletal, mixed, eulc Terric Borosaprists
Udlipsamment S==e—cmmcacae—— Mixed, frigid Udipsamments

¥ The soll is a taxadjunct to the seriles.

that are outslde the range of the serles,

U.S5. GOVERMENT PRINTING OFFICE :

See text for description of those characteristics of the soll
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NRCS Accessibility Statement

This document is not accessible by screen-reader software. The Natural
Resources Conservation Service (NRCS) is committed to making its information
accessible to all of its customers and employees. If you are experiencing accessibility
issues and need assistance, please contact our Helpdesk by phone at
1-800-457-3642 or by e-mail at ServiceDesk-FTC@ftc.usda.gov. For assistance with
publications that include maps, graphs, or similar forms of information, you may also
wish to contact our State or local office. You can locate the correct office and phone
number at http://offices.sc.egov.usda.gov/locator/app.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability, and
where applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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