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HOW TO USE THE SOIL SURVEY REPORT

HIS SOIL SURVEY of Grand Traverse
County, Mich., will serve several groups of
readers. It will help farmers in planning the
kind of management that will protect their soils
and provide good yields; assist engineers in se-
lecting sites for roads, buildings, ponds, and
other structures; aid managers of forest and
woodland ; add to soil scientists’ knowledge of
soils; and ile]¥ prospective buyers and others in
appraising a farm or other tract.

Locating Soils

At the back of this report is an index map and
a soil map consisting of many sheets. On the
index map are rectangles numbered to corre-
sFond to the sheets of the soil map so that the
sheet showing any area can be located easily.
On each map sheet, the soil boundaries are out-
lined and there is a symbol for each kind of soil.
All areas marked with the same symbol are the
same kind of soil. The soil symbol is inside the
area if there is enough room ; otherwise, it is out-
side the area and a pointer shows where the sym-
bol belongs. For example, an area on the map
has the symbol Rv. The legend for the set of
maps shows that this symbol identifies Roscom-
mon sand. That soil and all others mapped in
the county are described in the section “Descrip-
tions of Soils.”

Finding Information

In the “Guide to Mapping Units” at the back
of this report the soils are listed in the alpha-
betic order of their map symbols. This guide
shows where to find a description of each soil
and a discussion of its soil management unit and
woodland suitability group. It also shows
where to find the acreage of each soil, the yields
that can be expected, and information about
engineering uses of soils.

Farmers and those who work with farmers
can learn about the soils on a farm by reading
the description of each soil and of its soil man-
agement unit and other groupings. A conven-

ient way of doing this is to turn to the soil map
and list the soil symbols of a farm and then to
use the “Guide to Mapping Units” in finding
the pages where such soll and its groupings are
described.

Foresters and others interested in woodland
can refer to the subsection “Use of Soils for
Wood Crops.” In that subsection the soils in
the county are placed in groups according to
their suitability for trees, and the management
of each group is discussed.

Game managers, sportsimen, and others con-
cerned with wildlife will find information about
the main kinds of wildlife and their food and
cover in the subsection “Wildlife Areas.”

Engineers and builders will find in the subsec-
tion “Use of Soils in Engineering” tables that
give engineering descriptions of soils in the
county ; name the soil features that affect engi-
neering practices and structures; and rate the
soils according to their suitability for several
kinds of engineering work.

Scientists and ot/%ers who are interested can
read about how the soils were formed and how
they were classified in the section “Formation
and Classification of Soils.”

Students, teachers, and other users will find
information about soils and their management
in various parts of the report, depending on
their particular interest.

Newcomers in Grand Traverse County will be
especially interested in the section “General
Soil Map,” where broad patterns of soils are
describe(s. They may also be interested in the
section “General Nature of the Area,” which
gives additional information about the county.

* * * #*

Fieldwork for this survey was completed in
1958. Unless otherwise indicated, all statements
in the report refer to conditions in the county at
that time. The soil survey of Grand Traverse
County was made as part of the technical assist-
ance furnished by the Soil Conservation Serv-
ice to the Grand Traverse Soil Conservation
District.
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SOIL SURVEY OF GRAND TRAVERSE COUNTY,
MICHIGAN

BY HERMAN L. WEBER, ROBERT HALL, NELS R. BENSON, AND G. VAN WINTER, SOIL CONSERVATION SERVICE,
UNITED STATES DEPARTMENT OF AGRICULTURE

UNITED STATES DEPARTMENT OF AGRICULTURE IN COOPERATION WITH THE MICHIGAN AGRICULTURAL
EXPERIMENT STATION

RAND TRAVERSE COUNTY isin the northiwestern
part of the Lower Peninsula of Michigan (fig. 1).
It has a total area of about 464 square miles, or 296,960
acres. In 1960 the county had a population of 383,490.
Traverse City, at the south end of Grand Traverse Bay, is
the county seat and is the cultural, medical, commercial,
and communications center of northwestern Lower Michi-
gan. Traverse City is 210 miles northwest of Detroit, 125
miles north of Grand Rapids, 150 miles north-northwest
of Lansing, and 85 miles south-southwest of the Straits of
Mackinac. The villages of Iingsley, Fife Lake, Wil-
liamsburg, and Acme are small, rural trading centers in
the county.
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Figure 1.—Location of Grand Traverse County in Michigan.

How Soils Are Mapped and Classified

Soil scientists made this survey to learn what kinds of
soils are in Grand Traverse County, where they are located,
and how they can be used.

They went into the county knowing they likely would
find many soils they had already seen, and perhaps some
they had not. As they traveled over the county, they ob-
served steepness, length, and shape of slopes; size and
speed of streams; kinds of native plants or crops; kinds
of rock; and many facts.about the soils. They dug many
holes to expose soil profiles. A profile is the sequence of
natural layers, or horizons, in a soil; it extends from the
surface down into the parent material that has not been
changed much by leaching or by roots of plants.

The soil scientists made comparisons among the profiles
they studied, and they compared these profiles with those
in counties nearby and in places more distant. They clas-
sified and named the soils according to nationwide, uni-
form procedures. To use this report efliciently, it is
necessary to know the kinds of groupings most used in a
local soil classification.

Soils that have profiles almost alike make up a soil
series. Ixcept for different texture in the surface layer,
all the soils of one series have major horizons that are
similar in thickness, arrangement, and other important
characteristics. Each soil series is named for a town or
other geographic feature near the place where a soil of
that series was first observed and mapped. Alpena and
Kalkaska, for example, are the names of two soil series.
All the soils in the United States having the same series
name are essentially alike in those characteristics that go
with their behavior in the natural, untouched landscape.
Soils of one series can differ somewhat in texture of the
surface soil and in slope, stoniness, or some other charac-
teristic that affects use of the soils by man.

Many soil series contain soils that differ in texture of
their surface layer. According to such differences in tex-
ture, separations called soil types are made. Within a
series, all the soils having a surface layer of the same tex-
ture belong to one soil type. Kalkaska sand and Kalkaska
loamy sand are two soil types in the Kalkaska series. The
difference in texture of their surface layers is apparent
from their names.

Some soil types vary so much in slope, degree of erosion,
number and size of stones, or some other feature affecting
their use, that practical suggestions about their manage-

1
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ment could not be made if they were shown on the soil map
as one unit. Such soil types are divided into phases. The
name of a soil phase indicates a feature that affects man-
agement. For example, Emmet sandy loam, 2 to 6 per-
cent slopes, is one of several phases of Emmet sandy loam,
a soil type that ranges from nearly level to very steep.

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

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

In preparing some detailed maps, the soil scientists have
a problem of delineating areas where different kinds of
soils are so intricately mixed, and so small in size, that it
is not practical to show them separately on the map.
Therefore, they show this mixture of soils as one mapping
unit and call it a soil complex. Ordinarily, a soil complex
is named for the major kinds of soil in it, for example,
Guelph-Nester loams.

In a few places it is desirable to show two or more soil
types or soil phases, which are similar but do not regularly
occur together, as one mapping unit. Such groups are
called undifferentiated soil groups. They are named in
terms of their constituent soils and connected by “and.”
Richter, Tonkey, and Pinconning loams, 0 to 2 percent
slopes, 1s an example of an undifterentiated soil group.

Also, on most soil maps, areas are shown that are so
rocky, so shallow, or so frequently worked by wind and
water that they scarcely can be called soils. These areas
are shown on a soil map like other mapping units, but they
are given descriptive names, such as Gullied land or Lake
beach, and are called land types rather than soils.

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

But only part of a soil survey is done when the soils
have been named, described, and delineated on the map,
and the laboratory data and yield data have been assem-
bled. The mass of detailed information then needs to be
organized in a way that it is readily useful to different
groups of readers, among them farmers, ranchers, man-
agers of woodland, engineers, and homeowners. Grouping
solls that are similar in suitability for each specified use
is the method of organization commonly used in the soil
survey reports. Based on the yield and practice tables
and other data, the soil scientists set up trial groups and
test them by further study and by consultation with farm-
ers, agronomists, engineers, and others. Then, the scien-
tists adjust the groups according to the results of their

studies and consultation. Thus, the groups that are finally
evolved reflect up-to-date knowledge of the soils and their
behavior under present methods of use and management.

General Soil Map

After studying the soils in a locality and the way they
are arranged, a soil scientist can make a general map that
shows the main patterns of soils, called soil associations.
Such a map is the colored general soil map in the back of
this report. Each association, as a rule, contains a few
major soils and several minor soils, in a pattern that is
characteristic though not strictly uniform.

The soils within any one association are likely to differ
in many properties; for example, slope, depth, stoniness,
or natural drainage. Thus, the general soil map does not
show the kind of soil in any particular place, but patterns
of soils, in each of which are several different kinds of
soils.

Each soil association is named for the major soil series
in it, but as already noted, soils of other series may also
be present. The major soils of one soil association may
also be present in another association, but in a different
pattern.

The general map is useful to people who want a general
idea of the soils, who want to compare different paris of
the county, or who want to learn the possible location of
good-sized areas suitable for a certain kind of farming or
other land use.

Grand Traverse County is in the northwestern part of
the Lower Peninsula of Michigan. Soil associations 1, 2,
and 3 consist of well-drained sandy loams and loamy sands.
Association 1 occurs chiefly on rolling moraines and is
slightly acid or neutral. Association 2 is similar to asso-
clation 1 but is more acid. Association 3 occupies level to
strongly sloping uplands and is underlain by acid sand.
Soil association 4 is made up of level to steep sands and
loamy sands on uplands and in valleys and low plains,
In soil association 5 are level to steep, droughty soils on
sandy, pitted plains. Soil association 6 consists mainly of
organic soils that are imperfectly drained or poorly
drained.

1. Emmet-Leelanau association: Gently sloping to steep, well-
drained, slightly acid or neutral sandy loams and loamy sands
This soil association consists mainly of well-drained

sandy loams and loamy sands on rolling moraines. It in-

cludes some of the better agricultural areas of the county,
though fairly large areas are still wooded. The dominant
soils on the slopes are the well-drained Emmet and Lee-
lanau soils. The Emmet soils are finer textured, less
droughty, and more fertile than the Leelanau soils. Other
sloping soils that make up a considerable part of the as-
sociation are the well-drained Kalkaska, Guelph, Nester,

Mancelona, Alpena, and Eastport soils, The broader

drainageways are occupied mainly by the imperfectly

drained Richter soils and the very poorly drained Tonkey
soils.

Nearly all the fruit orchards of Grand Traverse County
occur in this soil association (fig. 2). Except on Old Mis-
sion Peninsula, some areas are used for general farming
(fig. 3). Row crops are grown on a small acreage. The
steeper slopes commonly have a natural cover of northern
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Figure 2—Orchards on soils of the Emmet-Leelanau soil associa-
tion, Old Mission Peninsula,

Figure 3.—8oils of the Emmet-Leelanau soil association used for
general farming in Acme Township.

hardwoods or are planted to pine, but some are used for

pasture or are idle. Natural stands of pine occur on the

more sandy soils on lake benches. Areas next to Grand

Traverse Bay are highly valued as homesites and for rec-

reation (fig. 4).

2, McBride-Montcalm association: Gently sloping to steep, well-
drained, acid sandy loams and loamy sands

This soil association is made up chiefly of sandy loams
and loamy sands that are acid and well drained. Most
of the association is gently sloping to strongly sloping,
but it is steep in places. Where the soils are not too steep,
they are well suited to agriculture (fig. 5), though fairly
large areas remain wooded.

The dominant soils in the association are McBride sandy
loam and Montcalm loamy sand. These soils are similar
to the Emmet and Leelanau soils but are more acid. In-
termingled with the McBride and Montcalm soils are
many small spots of very sandy Kalkaska soils. Other
less extensive soils are the well-drained East Lake, Karlin,
Menominee, Rubicon, Nester, and Ubly soils. In addition,
there are areas of poorly drained Tawas, Ogemaw, and
Tonkey soils.

In recent years the number of farms in this soil associa-
tion has decreased, and many areas formerly farmed are
now idle. Although some of these areas are in pasture,
many are brushy or have reseeded naturally to trees.
Many sandy, eroded areas have been planted to pines,

3. Coventry-Karlin association: Level to strongly sloping, well-
drained sandy loams and loamy sands that overlie acid sand

This soil association is mainly on level or gently sloping
uplands; some parts, however, are moderately or strongly
sloping. The soils are dominantly well-drained sandy
loams and loamy sands, and in most places they overlie
acid sand at a depth of 18 to 42 inches. Dominant in the
association are the Coventry and Karlin soils. The level
to strongly sloping Coventry soils are more fertile and
have a thicker and finer textured subsoil than the Karlin
soils, which generally are nearly level or gently sloping.
Soils that are less extensive in the assoclation are the
Newaygo, Mancelona, and East Lake. These soils are un-
derlain by limy sand and gravel below a depth of 18 to
42 inches. Also, there are a few areas of the very sandy
Kalkaska soils.

This is a major area of general farming and dairying
in the county (fig. 6). Nearly all the level and mildly
sloping soils have been cleared and are successfully farmed.
The trend is toward the consolidation of farms into larger
units that can be operated more economically. The
wooded parts of the association are in stands of beech,
sugar maple, elm, aspen, black cherry, and white ash
(fig. 7).

4, Kalkaska-Mancelona association:
sands and loamy sands

Level to steep, well-drained

Figure 4—Area of Lake beach on Grand Traverse Bay.

Figure 5.—General farming on soils of the McBride-Montcalm
soil association near Monroe Center,
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Figure 6.—A farm on soils of the Coventry-Karlin soil association
in the Grant Church area.

¥

AT A e >y

.-|m B LT T
N sl W O

R AT

k
- |
“4

Figure 7—Natural forest of hardwoods on Karlin sandy loams in
Grant Township.

This soil association is on rolling to steep uplands and

in level to moderately sloping valleys and low plains.
Much of the acreage is brushy or wooded. Dominant in
the association are the Kalkaska and Mancelona soils. The
very sandy Ialkaska soils are level to steep and, on many
of the steeper slopes, are cut by deep drainageways. In
most places the Mancelona soils are level to moderately
sloping. The Mancelona soils are less acid and are higher.
in moisture-supplying capacity and in natural fertility
than Kalkaska soils and, therefore, are commonly more
productive.
"~ Also in the association are small, scattered areas of the
well-drained Karlin soils and the imperfectly drained Au
Gres and Gladwin soils. Roscommon, Greenwood, Rifle,
Lupton, and Tawas soils are in poorly drained and very
poorly drained areas.

Large areas of the level to rolling soils were cultivated
for many years but now are retived from farming (fig.
8). Some of these areas have been planted to pines, and
others have reverted to native vegetation, principally aspen
and sumac. Beech, maple, ash, and elm occupy the steeper
slopes.

Level to steep, droughty sands

This soil association is mainly on very sandy, pitted
plains that are wooded, but it also occurs in several
swampy areas. Rubicon sands and Grayling sand, the
major soils of the association, arve very droughty. Rubi-
con sands, the dominant soils, have a slightly darker sub-
soil than Girayling sand and a thicker subsurtace layer that
is bleached. Poorly drained sands, mucks, and peats oc-
cupy narrvow belts along most streams and around some
lakes.

Nearly all the larger lakes of the county and many
smaller ones occur in this soil association. Many of the
lakes drain into the Boardman, Platte, and Betsie Rivers;
some drain into creeks and small streams; and some have
no surface outlets.

Much of this association is used for woodland, for wild-
life, and for hunting, fishing, camping, skiing, and other
recreational uses. The woodland consists of aspen, oak,
and pine (fig. 9), and in some places there are openings
covered with bluegrass and big bluestem (fig. 10). A
fairly large acreage is used for residential developments.
A considerable pavt of the association is in State forests.

5. Rubicon-Grayling association:

Boaise 3 = AR ™ i S
Figure 8.—Landscape in the Kalkaska-Mancelona soil association
showing abandoned farmland in the foreground and hardwoods in

the background.

Figure 9.—A natural stand of aspen (upper left and center right)
and plantations of pine on the contour, Rubicon-Grayling soil as-

sociation. In the background are small lakes.
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Figure 10.—Native grass and other plants in the foreground,
stand of young oak in the background, Rubicon-Grayling soil
association,

6. Lupton-Roscommon association: Level, very poorly drained to

imperfectly drained mucks, peats, and sandy soils

Most of this soil association consists of mucks, peats, and
imperfectly drained or poorly drained sandy soils. The
major soils are Lupton muck and Roscommon sand, but
Edwards muck, Markey muck, and Rifle peat make up
part of the acreage (fig. 11). In addition, there are areas
of imperfectly drained Au Gres and Gladwin soils and
pootly drained Tonkey soils and other soils. Most of this
association is used as woodland or for wildlife (fig. 12).
Along the lower Boardman River and adjacent to Traverse
City, small tracts ave used for pasture and for building
sites.

Descriptions of Soils

This section describes the soil series (groups of soils)
and single soils (mapping units) of Grand Traverse Coun-
ty. The acreage and proportionate extent of each map-
ping unit ave given in table 1.

The procedure in this section is to describe first the
soil series and then the mapping units in that series. Thus,

Figure 11.—Brush on an area of muck in the Lupton-Roscommon
soil association.
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Figure 12.—Mucks and fresh-water marsh flooded for wildlife,
Lupton-Roscommon soil association. An earth dam and a con-
crete structure control the water level,

to get full information on any one mapping unit, it is
necessary to read the description of that unit and also the
description of the soil series to which it belongs. As men-
tioned in the section “How Soils Arve Mapped and Clas-
sified,” not all mapping units are members of a soil series.
Gravelly land, for example, does not belong to a soil series
but, nevertheless, is listed in alphabetical order along with
the soil series.

Following the name of each mapping unit, there is a
symbol in parentheses. This symbol identifies the map-
ping unit on the detailed soil map. Listed at the end of
the description of most mapping units is the soil manage-
ment unit, or capability unit, and the woodland suitability
group in which the mapping unit has been placed. In
a number of soil complexes, however, the individual soils
that make up the complex have been placed in different
soil management units and woodland suitability groups.
For these mapping units, two or more management units
and woodland groups are listed. The page on which each
soil management unit and each woodland suitability group
is described can readily be found by referring to the “Guide
to Mapping Units” at the back of the report.

Soil scientists, engineers, students, and others who want
further information about the soil series should turn to
the section “Formation and Classification of Soils.” Many
terms used in the soil descriptions and in other sections of
the report are defined in the Glossary.

Alpena Series

The Alpena series consists of thin, well-drained soils
that developed in sandy and gravelly material containing
many fragments of limestone. Undisturbed areas have a
surface layer of very dark grayish-brown gravelly loamy
sand to sand, 1 to 4 inches thick, and a subsoil of dark
yellowish-brown gravelly loamy sand to gravelly sandy
loam, 4 to 14 inches thick. The subsoil is underlain by
gravel and coarse sand that may be intermixed with stones,
cobbles, and a few fragments of loam, clay loam, or clay.



SOIL SURVEY SERIES 1958, NO. 34

TABLE 1.—Approximate acreage and proportionate extent of the soils in Grand Traverse County, Mich.

Soil Area Extent Soil Area | Tixtent
Acres Percent Acres Percent
Alpena-East Lake gravelly loamy sands, 0 to Emmet sandy loam, 6 to 12 percent slopes,

2 pereent slopes. - oo 300 0.1 moderately eroded. .- .. . ___._____..__ 1,012 0.3
Alpena-Tast Lake gravelly loamy sands, 2 to Emmet sandy loam, 12 to 18 percent slopes____| 2, 243 .8

6 percent slopes_ - . _____.._. 83 ® Emmet sandy loam, 12 to 18 percent slopes,

Alpena-East Lake gravelly loamy sands, 6 to moderately eroded________________________ 704 .2

12 percent slopes. oo ______. 39 o) Emmet sandy loam, 18 to 25 percent slopes.___| 1, 820 .6
Alpena-East Lake gravelly loamy sands, 12 to Emmet sandy loam, 18 to 25 percent slopes,

18 percent slopes_ - .. _.__._. 39 M moderately eroded________________________ 1, 426 .5
Alpena-ILast Lake gravelly loamy sands, 25 to Emmet sandy loam, 18 to 25 percent slopes,

35 percent slopes_ - ... ____ .. .___ 35 ® severely eroded.___ .. __________________. 82 Q)
Au Gres-Saugatuck sands, 0 to 2 percent slopes_ 703 . 2 || Emmet sandy loam, 25 to 45 percent slopes.___| 1,162 .4
Au Gres-Saugatuck sands, 2 to 6 percent slopes. 83 m Emmet sandy loam, 25 to 45 percent slopes,

Coventry-Newaygo loams, 0 to 2 percent slopes_| 2, 048 .7 moderately eroded________________________ 1,018 .3
Coventry-Newaygo loams, 2 to 6 percent slopes_| 1, 164 .4 || Emmet sandy loam, 25 to 45 percent slopes,
Coventry-Newaygo loams, 6 to 12 percent severely eroded________ . ____._____________ 77 ®

slopes._ . - o oo __ 441 .1 || Fresh water marsh__________ . _____________ 615 .2
Croswell loamy sands, 0 to 2 percent slopes, Gladwin-Richter gravelly sandy loams, 0 to 2

overwash.___ . ____.____ 363 .1 perecent slopes___ . _____.__________ 451 .2
Croswell loamy sands, 2 to 6 percent slopes, Gladwin-Richter gravelly sandy loams, 2 to 6

overwash_ . ... 278 ® percent slopes.. ..o ______________ 117 Q)
Croswell loamy sands, 0 to 2 percent slopes__..| 3, 882 1.3 || Gladwin-Richter gravelly sandy loams, 6 to 12
Croswell loamy sands, 0 to 2 percent slopes, percent slopes._ . _____________ 44 ®

moderately eroded_____ . __________________ 175 ™ Gravel pits_ . _ . _______ 86 o
Croswell loamy sands, 2 to 6 percent slopes___ . 879 . 3 || Gravelly land, moderately steep.____________. 150 ™)
Croswell loamy sands, 2 to 6 percent slopes, Gravelly land, steep_ - - . _________________ 283 Q)

moderately eroded__. . ___________________ 115 ® Grayling sand, 0 to 6 percent slopes_ - _______ 301 .1
Croswell-Rubicon sands, 0 to 2 percent slopes..| 4, 578 1.5 || Greenwood peat___ . _____________.____.____ 1, 409 .5
Croswell-Rubicon sands, 0 to 2 percent slopes, Guelph-Nester loams, 0 to 2 percent slopes- - 81 M

moderately eroded__ . ____ . _.__________ 189 ® Guelph-Nester loams, 2 to 6 percent slopes. . __ 57 ®
Croswell-Rubicon sands, 2 to 6 percent slopes__| 1,043 -4 || Guelph-Nester loams, 2 to 6 percent slopes,

East Lake-Mancelona loamy sands, 0 to 2 per- moderately eroded__._____________________ 201 ®
cent slopes_ - _ . _____ 1, 283 -4 || Guelph-Nester loams, 6 to 12 percent slopes,
East Lake-Manecelona loamy sands, 2 to 6 per- moderately eroded__. . _____________ 144 )

cent slopes_ . _____ 4806 . 2 1| Guelph-Nester loams, 12 {0 18 percent, slopes. . 41 Q)
Fast Lake-Mancelona loamy sands, 6 to 12 Guelph-Nester loams, 12 to 18 percent slopes,

percent slopes. . - - _______________ 133 ® moderately eroded________________________ 126 ™
East Lake-Mancelona loamy sands, 6 to 12 Guelph-Nester loams, 18 to 25 percent slopes,

pereent slopes, moderately eroded_ _________ 61 m moderately eroded___ _____________________ 71 O]
Iast Lake-Mancelona loamy sands, 12 to 18 Guelph-Nester loams, 25 to 35 percent slopes,

pereent slopes.. oo oo _____ 62 ® moderately eroded .. . _________________ 89 ®
East Lake-Mancelona loamy sands, 18 to 25 Gullied land_ ___ . ________. 62 ™

percent slopes._ .. _________________ 68 Q) Houghton muck___._____. e 864 .3
East Lake-Mancelona loamy sands, 18 to 25 Ingalls-Alpena gravelly loamy sands, 0 to 2

percent slopes, moderately eroded. .. ______ 41 O] percent slopes_____ .. ____________ 191 Q)
East Lake-Manceclona loamy sands, 25 to 35 Ingalls-Alpena gravelly loamy sands, 2 to 6

pereent slopes._ . ______._____ 109 Q) percent slopes_ .. . ______________ 89 O]
Eastport-Roscommon sands, 0 to 2 percent Tosco loamy sand, 2 to 6 percent slopes._______ 400 .1

slopes. - - oo __ 289 - 1 || Tosco loamy sand, 6 10 12 percent slopes_._____ 391 .1
Edwards muek.___ . ______ . ________._ 1,101 . 4 || Tosco-Ogemaw loamy sands, 0 to 2 percent
Emmet gravelly sandy loam, 0 to 2 percent slopes, overwash__________________________ 108 O

SlOPeS - e 52 Q) Tosco-Ogemaw loamy sands, 0 {o 2 percent
Emmet gravelly sandy loam, 2 to 6 percent SlOPCS - — o e 1, 354 .5

(o) o 650 . 2 | Tosco-Ogemaw loamy sands, 2 to 6 percent
Emmet gravelly sandy loam, 6 to 12 percent SlOPBS e oo o e 432 .1

SlOPeS e 705 . 2 || Kalkaska loamy sand, 0 to 2 pereent slopes..__| 12, 998 4.4
Emmet gravelly sandy loam, 12 to 18 percent Kalkaska loamy sand, 0 to 2 percent slopes,

SlOPeS - - e 376 .1 moderately eroded . _____________________ 1, 631 .5
Emmet gravelly sandy loam, 12 to 18 pereent Kalkaska loamy sand, 2 to 6 percent slopes.._.| 7, 068 2.4

slopes, moderately eroded_ - _ . ___________ 96 o Kalkaska loamy sand, 2 to 6 percent slopes,

Emmet gravelly sandy loam, 18 to 25 pereent moderately eroded__. . ____________________ 394 .1

SlOPeS . - o e e e 178 O] Kalkaska loamy sand, 6 to 12 percent slopes___.| 4, 753 1.6
Emmet gravelly sandy loam, 18 to 25 percent Kalkaska loamy sand, 6 to 12 percent slopes,

slopes, moderately eroded . _ _ ______________ 98 O] moderately eroded.__._____________________ 335 .1
Emmet gravelly sandy loam, 25 to 45 percent Kalkaska loamy sand, 6 to 12 pereent slopes,

SlOPeS.. - o e e 589 .2 severely eroded. . __________________._____ 180 M
Emmet gravelly sandy loam, 25 to 45 percent Kalkaska loamy sand, 12 to 18 percent slopes__| 1, 761 .6

slopes, moderately eroded._ - _______________ 295 . 1 || Kalkaska loamy sand, 12 to 18 percent slopes,

Emmet sandy loam, 0 to 2 percent slopes. _____ 2, 969 1.0 moderately eroded___ . ____________________ 165 Q)
Emmet sandy loam, 2 to 6 percent slopes______ 8, 752 3. 0 || Kalkaska loamy sand, 18 to 25 percent slopes... 883 .3
Emmet sandy loam, 2 to 6 percent slopes, Kalkaska loamy sand, 18 to 25 pereent slopes,

moderately eroded . ______ .. _______________ 224 O] moderately eroded_ . __ ___________________ 303 .1

Emmet sandy loam, 6 to 12 percent slopes_.__| 4, 043 1. 4 Il Kalkaska loamy sand, 25 to 45 percent slopes__| 1, 750 .6

1 See footnote at end of table,
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Soil

Arca Extent Soil Arca | Extent
Acres Percent Acres Percent

Kalkaska loamy sand, 25 to 45 percent slopes, Mancelona loamy sand, 0 to 2 percent slopes. - - 618 .2

moderately croded_ ... _____________. 234 ® Mancelona loamy sand, 2 to 6 percent slopes._[ 1, 025 .3
Kalkaska sand, 0 to 2 percent slopes...__.____ 692 0. 2 || Mancelona loamy sand, 6 to 12 percent slopes. 460 .2
Kalkaska sand, 0 to 2 pereent slopes, moderately Mancelona-East Lake loamy sands, 0 to 2 per-

eroded - . o _. 149 ® cent S1oPeS_ - e 1,124 .4
Kalkaska sand, 2 to 6 percent slopes..._._.__. 1, 026 . 3 || Mancelona-East Lake loamy sands, 2 to 6 per-
Kalkaska sand, 2 to 6 percent slopes, moder- cent slopes_ oo 1, 540 .5

ately eroded_ _ - _______________________ 418 . 1 | Mancelona-Bast Lake loamy sands, 6 to 12 per-
Kalkaska sand, 6 to 12 pereent slopes._ . __.__ 2, 002 L7 cent S10PeS - - - e 738 .2
Kalkaska sand, 6 to 12 percent slopes, moder- Mancelona-East Lake loamy sands, 12 to 18

ately eroded - _ _ __ . __________._.__ 279 (O] percent S10peS_ - - - o e- 334 .1
Kalkaska sand, 12 to 18 percent slopes_. .o _._ 1,131 .4 Mancelona-East Lake loamy sands, 12 to 18
Kalkaska sand, 12 to 18 percent slopes, moder- percent slopes, moderately eroded - - . ______ 131 o

ately eroded _____________________________ 124 O] Mancelona-East Lake loamy sands, 18 to 25
Kalkaska sand, 18 to 25 percent slopes._______ 754 .3 percent slOPes_ oo 667 .2
Kalkaska sand, 25 to 45 percent slopes________ 1,293 -4 || Mancelona-East Lake loamy sands, 18 to 25
Karlin loamy sand, 0 to 2 percent slopes_ .. __. 757 .3 pereent slopes, moderately eroded - .o ____ 111 (1)
Karlin loamy sand, 2 to 6 percent slopes. - ___ L, 916 -6 || Mancelona-East Lakc loamy sands, 25 to 45
Karlin loamy sand, 6 to 12 percent slopes__ . .. 607 .2 pereent slopes_ oo oo ___ . 870 .3
Karlin loamy sand, 6 to 12 percent SIODCS, Mancelona-Fast Lake loamy sands, 25 to 45

moderately eroded.__ ... ___________ 43 M percent slopes, moderately croded_ - ... 158 ®
Karlin loamy sand, 12 to 18 percent slopes.____ 591 .2 | Markey muek. - oo 350 .1
Karlin loamy sand, 12 to 18 percent slopes, Menomince-MeBride complex, 0 to 2 percent

moderately eroded________________________ 08 ® SYODOS - - o e e e 521 .2
Karlin loamy sand, 18 to 25 percent.slopes___._| 1,125 4 || Menomince-MeBride complex, 2 to 6 pereent
Karlin loamy sand, 18 to 25 percent slopes, SLOPES - - o e 2, 699 .9

moderately eroded___ . ... ____ 80 " Mecnominee-MeBride complex, 6 to 12 percent
Karlin loamy sand, 25 to 45 percent slopes__ .. 301 .1 SlODPES - - e 1, 944 .7
Karlin loamy sand, 25 to 45 percent slopes, Mecnomince-McBride complex, 6 to 12 percent

moderately eroded__ . ___________________ 212 0 slopes, moderately croded . .- ... _____ 238 O]
Karlin sandy loams, 0 to 2 percent slopes_.____ 949 -3 || Mcnominee-McBride complex, 12 to 18 pereent
Karlin sandy loams, 2 to 6 percent slopes_.____ 1,221 .4 SlOP@S - - o - e 777 .3
Karlin sandy loams, 6 to 12 percent slopes..._- 67 M Menomince-MeBride compley, 12 to 18 percent
Rerston muek __ .. _________________. 64 Q) slopes, moderately croded. - __ .- __________ 289 .1
Lake beach and Eastport sand, 0 to 6 percent Menominee-MecBride compley, 18 to 25 pereent

SIOI)eS-- e i D 243 (l) slopes ___________________________________ 384 .1
Leelanaun-Kalkaska loamy sands, 0 to 2 percent Menomince-McBride complex, 18 to 25 pereent

SIOPES. oo oo 1, 694 -6 slopes, moderately eroded_ - _ ______________ 104 0]
Leelanau-Kalkaska loamy sands, 0 to 2 percent Menominee-McBride complex, 25 to 45 pereent

slopes, moderately eroded. . .______________ 132 Q) SIOPS - 243 0]
Leelanau-Kalkaska loamy sands, 2 to 6 percent Montealm-Kalkaska loamy sands, 0 to 2 per-

SIOI)US———’ -------------------------------- 3! 884 1.3 cent, S]opcs _______________________________ 1’ 263 .4
Leelanau-Kalkaska loamy sands, 2 to 6 percent Montealm-Kalkaska loamy sands, 2 t0 6 per-

slopes, moderately eroded._ ____________._._. 145 ® cent slopes e 4 497 1.5
Leelanau-Kalkaska loamy sands, 6 to 12 per- I\Iontcalm-Ks‘ul—k_f_uél;z;_lno_:{n—i&_ .Zsf—i.;la—s, 210 6 per- !

cent slopes. - - - ool 3,251 1.1 cent slopes, moderately eroded. .. _-___ PR 187 ®
Leelanau-Kalkaska loamy sands, 6 to 12 per- Montealm-Kalkaska loamy sands, 6 to 12 per-

cent slopes, moderately eroded .. _._________ 487 .2 ccnt‘slopes o 4, 582 1. 6
Leelanau-Kalkaska loamy sands, 12 to 18 3 L1 Montealm-Kalkaska loamy sands, 6 to 12 per-

pereent slopes_.. oo 3,29 : cent slopes, moderately eroded.___..._._____ 388 .1
Leclanau-Kalkaska loamy sands, 12 to 18 Montcalm-Katkaska loamy sands, 12 to 18 per-

percent slopes, moderately croded ... ___ 755 .3 cent slopes ! | 1792 )
Leelanau-Kalkaska loamy sands, 18 to 25 per- Montca,lm-Kf_Ll-l;z:mél::z;-ic;é;ﬁl_\; _s_ziﬁcis_,_ 12 o0 18 !

eent Slopes. oo --| 2062 1.0 percent slopes, moderately eroded_ _ .. ______ 366 -1
Leelanau-Kalkaska loamy sands, 18 to 25 per- M ntcmlm-Kftlk"mska loamy sands, 18 to 25

cent slopes, moderately eroded_____________ 842 .3 o roent slo‘ cs‘ ! 9 177 .7
Leelanau-Kalkaska loamy sands, 25 to 45 per- Mggtcalm-Kglk:;s_l;{_L—ic;ér—n_y‘ _s_z;r;cis_,_ _1_8— “to 25 !

cent Slopes. oo oo ----- 3,448 1.2 percent slopes, moderately eroded_ _________ 285 .1
Leelanau-Kalkaska loamy sands, 25 to 45 per- Mont lm-Kmlk‘,xskm loamy sands, 25 to 45

cent slopes, moderately eroded . __.___.__. 1, 528 .5 ggrggnt SOPOS. P e 868 .3
Lupton muck ... 14, 494 5.0 Montealm-Kalkaska loamy sands, 25 to 45
Malncelonn gravelly sandy loam, 0 to 2 percent 067 5 percent slopes, moderately eroded.. - - .- 133 0

SlOPeS . oo . . ’ . . 7
Malncelona gravelly sandy loam, 2 to 6 percent L o1 5 %}gmg; }g;‘rg:y 828 % ggiggg: :%ggg:: overwash___| 2, }gg 0

slopes_ oo e , U2 . B Y5 1 & erannt alohes  overe rach 1
Mancelona gravelly sandy loam, 6 to 12 percent 544 0 %:gmg; llg?mrrnnss’ 22tgo(s(g);g;%ggilslgfésover“ ash... 2.:;2 8

SloPeS . e . h S : o Nmarne O 4 9
Mancclona gravelly sandy loam, 6 to 12 percent . ngﬂ:ﬁéh?gl?}{)?; gsgr‘l\tgsl}clonmng loams, 0 to 2 54 ®

slopes, moderately eroded....... - 149 @ Richter Tonkey, and Pineonning loams, 0 to 2
Mancelona gravelly sandy loam, 12 to 18 per- 142 o perce’nt slopesy 779 3

cent slopes. . _._.__ pEe BV BIIES oo - - T T T T T T AT
Mancelona gravelly sandy loam, 12 to 18 per- Richter, Tonkey, and Pinconning loams, 2 to 6 385 1

cent slopes, moderately eroded .- - __________ 51 ® pereent slopes._ oo :

1 See footnote at end of table,
759-765—65 2
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TavLe 1.—Approximate acreage and proportionate ewtent of the soils in Grand Traverse County, Mich.—Continued

Soil Area Extent Soil Areca Tixtent
Acres Percent Acres Percent
Richter, Tonkey, and Pinconning loams, 6 to 12 Tonkey-Hettinger-Pickford loams_ ___________ 473 .2
percent 810PeS_ _ - oo e 61 ® gbly sandy loam, 0 to 2 percent slopes________ 659 .2
Riflepeat- - - o o - 4, 400 1.5 bly sandy loam, 2 to 6 percent slopes._....__ 1, 574 .2
Roscommon mucky loamy sand, overwash ____ 156 M Ubly sandy loam, 6 to 12 percent slopes___ . ___ 651 .5
Roscommon mucky loamy sand .. ______.____ 2, 525 .9 || Ubly sandy loam, 6 to 12 pcreent slopes, mod- "
Roscommon sand e 937 .3 erately croded. . ... ______._____ 128 !
Rubicon sand, 0 to 2 percentslopes_ - . ________ 22, 874 7.7 || Ubly sandy loam, 12 to 18 percent slopes____._ 261 O]
Rubicon sand, 0 to 2 percent slopes, moderately 5 ggiy s;u]c}y ioam, lg to %5 perecent s%opes ______ 123 8
croded - - - o e 952 . y sandy loam, 25 to 35 pereent slopes._____ 35 1
Rubicon sand, 2 to 6 percent slopes.______._._._ 19, 661 6.6 || Ubly-McBride sandy loams, 0 to 2 percent
Rubicon sand, 2 to 6 pereent slopes, moderately . Us%ople/?_ﬁ ________ Tl Pl TR s 853 .3
eroded . - oo 33 .2 y-Mc¢Bride sandy loams to 6 percent
Rubicon sand, 6 to 12 pereent slopes_.._—.___. 12, 562 4.2 slopes_----_____________i ________________ 1, 782 6
Rubicon sand, 6 to 12 percent slopes, moderate- Ubly-McBride sandy loams, 6 to 12 pereent
Yy eroded.. . - o 557 .2 SlOPCS - e 563 2
Rubicon sand, 12 to 18 percent slopes..__ .. ___ 13, 646 4. 6 || Ubly-McBride sandy loams, 12 to 18 pereent
Rubicon sand, 12 to 18 pereent slopes, mod- SloPes . - o 58 Q)
erately eroded . oo o ___ 135 ® Ubly-Nester complex, 0 to 2 pereent slopes. .. 412 .1
Rubicon sand, 18 to 25 percent slopes_________ 7,307 2. 5 || Ubly-Nester complex, 2 to 6 percent slopes. _ . 977 .3
Rubicon sand, 18 to 25 percent slopes, mod- 035 © Ubly-Nester complex, 6 to 12 pereent slopes_ _ . 444 1
erately eroded__ ... Ubly-Nester complex, 12 to 18 percent slopes. - 436 .2
Rubicon sand, 25 to 45 pereent slopes___ .- 4,322 L5 || Ubly-Nestor complcx,, 12 to I8 porcent slopes,
Rubicon sand, 25 to 45 percent slopes, mod- y 1
) , moderately eroded ... ... ______.. 86 O]
erately crodod_.______________1__%___-.6___‘__ 606 -2 || Ubly-Nester complex, 18 to 25 percent slopes_ 222 )
Rubicon-Menominee loamy sands, 2 to 6 per- Ubly-Nester complex, 18 to 25 percent slopes,
R c{):pt Sl%]/}es“".“ e Tonine wamds 6t 137 365 -1 moderately eroded. .o ______ ___. 39 O]
‘}l)elrccoc?l-t Sleor;)cgguncc oamy  Sands, o 150 o Ubly-Nester complex, 25 to 35 percent slopes_ - _ 120 Q)
Rubicon-Mcnominece loamy sands, 12 to 18 Ubly—Ngster complex, 25 to 35 percent slopes, .
pereent S1OPeS - - - - - e 72 m 'mOdC“‘*tcly CTOdCd———. ————————————————————— 56 M
Sanilac-Richter loams, 0 to 6 pereent slopes. ____ 111 o Wind eroded land, sloping_..___________.____ 701 .2
Tawas-Roscommon complex_ _ ... _.___ 810 .3 || Wind eroded land, strongly sloping. . ... .___._ 974 .3
Tonkey mucky sandy loam__________________ 1, 706 .6 }Jr}z&n m‘clast. ______________________ g, 5(8)3 % Zg
Tonkey sandy loam ... __ . ____________ 322 .1 Lakes and streams___ . ____________ , 205 .
Tonkey sandy loam, overwash_ ______________ 250 ®
Tonkey-Hettinger-Pickford loams, overwash._ __ 161 " Total . . 296, 960 100. 0

t Tess than 0.1 percent.

Profile of Alpena gravelly loamy sand:

01—1 inch to 0, pine needles, maple and oak leaves, and forest
mull.

A1—0 to 4 inches, very dark grayish-brown (10YR 3/2) gravelly
loamy sand,; weak, fine, granular structure; very
friable; mildly alkaline; moderately high in organic-
matter content; clear, smooth boundary. Layer is
2 to 8inches thick.

B—4 to 12 inches, dark yellowish-brown (10YR 3/4) gravelly
loamy sand; weak, fine, subangular blocky struc-
ture; very friable; mildly alkaline to calcarcous; ab-
rupt, wavy to irregular boundary. ILayer is 4 to 14
inches thick.

IIC—I12 to 60 inches -, light-brown (7.5YR 6/4) gravel and
sand mixed with stones, cobbles, fragments of clay,
and lumps of loam till; irregular, broken bands of dark
reddish-brown gravelly loamy sand; stratified, single
grain; loose, strongly calcareous.

The thickness of the solum ranges from 11 to 20 inches.
In a few places the soils are underlain, at a depth of more
than 5 feet, by lake or glacial deposits that are silty and
fairly impervious.

The Alpena soils occur on level to sloping lake benches
and on lake-cut escarpments. Some areas are covered with
many kinds of native trees, including white-cedar, juniper,
white pine, sugar maple, yellow birch, paper birch, aspen,
basswood, and hemlock. Mnch of the acreage is idle,and a
small part is used for orchards. Along Grand Traverse
Bay, the soils are used for homesites and recreation.

In this county the Alpena soils occur so closely with the
East Lake soils that they are mapped only in complexes
with those soils. A representative profile of the East Lake
soils is described under the heading “East Lake Series.”

Alpena-East Lake gravelly loamy sands, 0 to 2 per-
cent slopes (AeA).—The dominant soil in this nearly level
complex is Alpena gravelly loamy sand, and the remaining
acreage is occupied by Iast Lake gravelly loamy sand.
The Alpena soil is gravelly thronghont. It contains many
fragments of limestone in the upper part and has stones
and cobbles below the subsoil. The Tast Lake soil devel-
oped in sand and loamy sand; it is underlain by calcareous
sund and gravel at a depth of 10 to 42 inches. In culti-
vated fields the surface layer has been mixed with part of
the upper subsoil to form a plow layer that is lighter
colored than the undisturbed surface layer.

Alpena part: soil management unit GaAF (VIIs);
woodland suitability group C. East Lake part: scil
management unit 5aA  (IVs); woodland suitability
group L.

Alpena-East Lake gravelly loamy sands, 2 to 6 per-
cent slopes (AeB).—This gently sloping complex consists
mainly of Alpena soil and East Lake soil in about equal
acreages. These soils occur on old beach ridges and are
less gravelly than Alpena-East Lake gravelly loamy
sands, 0 to 2 percent slopes. The Alpena soil is gravelly
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throughout the profile. It has many fragments of lime-
stone in the upper part, and there are stones and cobbles
below the subsoil. The East Lake soil developed in sand
and loamy sand and is underlain by calcareous sand and
gravel at a depth of 10 to 42 inches. Included with these
soils are small areas of imperfectly drained soils that are
underlain by loam and clay loam at a depth of less than
42 inches. In cultivated fields the surface layer has been
mixed with material from the subsoil, and the plow layer
is lighter colored and more gravelly than the surface layer
in undisturbed aveas.

Alpena part: soil management unit GaAF (VIIs);
woodland suitability group C. Iast Lake part: soil
management unit 5aB  (IVs); woodland suitability
group E.

Alpena-East Lake gravelly loamy sands, 6 to 12 per-
cent slopes (AeC).-—These moderately sloping soils make
up only a small acreage in the county. The complex is
dominantly East Lake soil, which developed in sand and
loamy sand and is underlain by calcareous sand and gravel
at a depth of 10 to 42 inches. The Alpena soil is gravelly
throughout the profile. It contains many fragments of
limestone in the upper part and stones and cobbles below
the subsoil. Where these soils have been cultivated, the
plow layer is a mixture of the original surface layer and
the upper subsoil and, in most places, has lost soil material
through erosion. Included in some areas are small tracts
of finer textured soils that are imperfectly drained.

Alpena part: soil management unit GaAF (VIIs);
woodland suitability group C. East Lake part: soil
management unit 5aC (VIs); woodland suitability
group E.

Alpena-East Lake gravelly loamy sands, 12 to 18 per-
cent slopes (AeD).—These strongly sloping soils are more
gravelly than Alpena-East Lake soils on milder slopes,
and they have a somewhat thicker subsoil that contains a
considerable amount of medium-sized gravel and cobbles.
The Alpena soil is gravelly throughout ; it has many lime-
stone fragments in the upper part of the profile and con-
tains stones and cobbles below the subsoil. The Iiast Lake
soil, which developed in sand and loamy sand, overlies
calcareous sand and gravel at a depth of 10 to 42 inches.
The plow layer in cultivated fields is lighter colored than
the surface layer in undisturbed areas. A few seepage
spots oceur where small aveas of finer textured, impertfectly
drained soils are included.

Alpena part: soil management unit GaAF (VIIs);
woodland suitability group C. East Lake part: soil
management unit 5aD  (VIIs); woodland suitability
group K.

Alpena-East Lake gravelly loamy sands, 25 to 35 per-
cent slopes (AeE).—These very steep soils occupy narrow
strips on wave-cut terraces near (L;rrand Traverse Bay.
The main soil in the complex, Alpena gravelly loamy
sand, is gravelly throughout, has many limestone frag-
ments in the upper part, and contains stones and cobbles
below the subsoil.
and loamy sand; it is underlain by calcareous sand and
gravel at a depth of 10 to 42 inches. These soils are
nearly all wooded.

Alpena part: soil management unit GaAF (VIIs);
woodland suitability group C, steep. East Lake part:
soil management unit 5aF (VIIs); woodland suital[))ility
group E, steep.

The Fast Lake soil developed in sand

Au Gres Series

The Au Gres series consists of imperfectly drained,
sandy soils. These soils have a thin, dark-colored humus
layer that overlies a subsurface layer of light brownish-
gray sand. The subsoil is generally dark reddish-brown
sand and is underlain by water-saturated sand that 1s
mottled between the depths of 22 and 60 inches.

In drainage the Au Gres soils are intermediate between
the moderately well drained Croswell soils and the poorly
drained Roscommon soils. They lack the hard, continu-
ously cemented subsoil of the Saugatuck soils.

Profile of Au Gressand:

A1—O0 to 4 inches, black (10YR 2/1) sand; weak, fine, granu-
lar structure; friable; medium acid; high content of
organic matter; clear, wavy boundary. Layer is 2 to
6 inches thick.

A2—4 to 12 inches, light brownish-gray (10YR 6/2) sand;
single grain; loose; strongly acid; clear, irregular
boundary. Layer is 4 to 12 inches thick.

B2hir—12 to 22 inches, dark reddish-brown (5YR 3/3) sand;
common, medium, distinct, yellowish-red (5YR 5/6)
mottles; single grain; loose; strongly acid; clear, ir-
regular boundary. Layer is 5 to 15 inches thick.

C—22 to 60 inches -, grayish-brown (10YR 5/2) sand; com-
mon, medium, distinet, dark reddish-brown (5YR 3/4)
mottles; single grain; loose; slightly acid or neutral.

In cultivated areas the surface layer is very dark grayish
brown. In places the subsoil is reddish-brown loamy
sand, and in places it is slightly to moderately cemented.
The subsoil generally is strongly acid, but it is slightly acid
or neutral in some areas.

The Au Gres soils are nearly level or gently sloping and
have a water table 22 to 60 inches below the surface. They
generally occur near swamps or other poorly drained
areas.

These soils are used mainly for woodland or pasture;
they are cultivated in only a few isolated areas. The
principal trees are northern white-cedar, balsam fir, hem-
lock, yellow birch, and aspen.

The Au Gres soils occur so closely with the Saugatuck
soils that they are mapped only in complexes with those
soils. Sangatuck soils are described under the heading
“Saungatuck Series.”

Au Gres-Saugatuck sands, 0 to 2 percent slopes
{AsA).—The major part of this complex generally is Au
Gres sand, but a few areas are more than half Saugatuck
sand. The Au Gres soil 1s imperfectly drained and lacks
the continuous hardpan that occurs in the imperfectly
drained Saugatuck soil. In cultivated areas these soils
have a light-colored plow layer that contains considerably
less organic matter than does the surface layer in undis-
turbed “areas. Plowing has exposed the reddish-brown
subsoil in places. Included with these soils in some places
are small areas of Roscommon soils.

Areas dominated by the Au Gres soil can be used for
some crops and for pasture. Where the Sangatuck soil is
more extensive, however, the only suitable uses are wood-
land and wildlife. Natural stands of aspen and other
desirable trees are established slowly on these soils.

Soil management unit 5bA (IVw) ; woodland suitability
group L.

Au Gres-Saugatuck sands, 2 to 6 percent slopes
{AsB).—These gently sloping, imperfectly drained soils are
largely Au Gres sand, but arveas of Sangatuck sand are in
the more nearly level parts of the complex. The Au Gres
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soil lacks the continuous hardpan that occurs in the Sauga-
tuck soil. Included are small areas of Croswell soils.

Soil management unit 5hA (IVw) ; woodland suitability
group I

Coventry Series

Soils of the Coventry series are well drained, dark
colored, and loamy. These soils have a surface layer of
loam or sandy loam. They are loam or sandy loam in the
upper part of the subsoil and are sandy clay loam in the.
lower part. Below the subsoil at a depth ranging from
18 to 42 inches is acid sand that extends to a depth of at
least 60 inches. In most areas that have never been cul-
tivated, a thin grayish subsurface layer occurs between the
dark-colored surface layer and the dark-brown te brown
upper subsoil. Where cultivated, the original surface and
subsurface layers have been mixed and a plow layer has
formed that, 1n slightly eroded areas, contains a few inches
of the upper subsoil.

The Coventry soils ave finer textured than the Newaygo
and Karlin soils, and they are coarser textured below the
subsoil than the Guelph soils.

Profile of Coventry loam:

Ap—o0 to 8 inches, very dark grayish-brown (10YR 3/2) loam;
moderate, medium, granular structure; friable; slight-
ly acid; moderately high in organic-matter content;
abrupt, smooth bounndary. ILayer is 4 to 9 inches
thick.

A2—8 to 10 inches, grayish-brown (10YR 5/2) loam ; moderate,
fine, subangular blocky structure; friable; medium
acid; clear, wavy boundary. Layer is 1 to 3 inches
thick.

B21hir—10 to 16 inches, dark-brown (10YR 4/3) loam ; moder-
ate, fine, subangular blocky structure; friable; strong-
ly acid; gradual, wavy boundary. Layer is 4 to 8
inches thick.

B22ir—16 to 30 inches, yellowish-brown (10YR 5/4) fine sandy
loam ; weak, fine, subangular blocky structure ; friable;
strongly acid; clear, wavy boundary. Layer is 10 to
18 inches thick.

B’2t—30 to 36 inches, dark-brown (7.5YR 4/4) sandy clay
loam ; moderate, coarse, subangular blocky structure;
firm; strongly acid; abrupt, irregular boundary.
Layer is 4 to 8 inches thick.

IIC—36 to 60 inches 4, pale-brown (10YR 6/3) sand; single
grain; loose; slightly acid.

The greater part of these soils is nearly level or gently
sloping, though some areas are sloping or strongly sloping.
The original plant cover consisted mainly of beech, sugar
maple, and elm, and there were a few scattered groves of
hemlock and black cherry, but almost all of the nearly level
and gently sloping areas have been cleared and are used
for general farming.

In this county the Coventry soils are intermingled with
the Newaygo soils, and they are mapped only in complexes
with those soils. The Newaygo soils are described under
the heading “Newaygo Series.”

Coventry-Newaygo loams, 0 to 2 percent slopes
{CnA).—This nearly level complex is about 60 percent Cov-
entry soils, about 30 percent Newaygo soils, and about, 10
percent I{arlin sandy loam. The Coventry soils are well-
drained loams and sandy loams that are underlain by acid
sand at a depth of 18 to 42 inches. The Newaygo soils are
well drained, have a sandy loam surface layer and a sandy
clay loam subsoil, and are underlain by sand and gravel at
a depth of 30 to 40 inches.
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About three-fourths of the acreage has been cultivated.
In the remaining areas the soils have not been cleared, and
their original surface layers are undisturbed.

Soil Tallagement unit 3aA (IIs) ; woodland suitability
group A.

Coventry-Newaygo loams, 2 to 6 percent slopes
(CnB).—The Coventry soils of this gently sloping complex
are well-drained loams and sandy loams that occur over
acid sand at a depth between 18 and 42 inches. The
Newaygo soils are well-drained sandy loams that have a
sandy clay loam subsoil underlain by sand and gravel at a
depth of 30 to 40 inches. Included are small areas of
Karlin soils.

In some areas these soils remain wooded and the orig-
inal surface Jayers have not been disturbed. In these areas
the Newaygo soils are dominant. The major part of the
complex, however, consists of soils that have been cleared
and cultivated, have lost a small amount of their original
surface and subsurface layers through erosion, and contain
subsoil material in the plow layer.

Soil n&lmmgement unit 3aB (IIe) ; woodland suitability
group A.

Coventry-Newaygo loams, 6 to 12 percent slopes
(CnC).—IExcept for stronger slopes, the soils of this com-
plex ave similar to those of Coventry-Newaygo loams, 0
to 2 percent slopes. The well-drained Coventry soils are
loams and sandy loams that occur over acid sand at a depth
ranging from 18 to 42 inches. The well-drained Newaygo
soils are sandy loams that have a sandy clay loam subsoil
and are underlain by sand and gravel at a depth between
30 and 40 inches. A few small areas of Kalkaska soils are
ineluded.

These moderately sloping soils are used mainly for farm-
ing. The original surface and subsurface layers are un-
disturbed in the few areas that remain wooded, but in
cultivated fields these layers have been mixed to form a
plow layer. Trosion is slight in about 80 percent of the
cultivated acreage and is moderate in many scattered
patches. In moderately eroded areas, the plow layer con-
tains material from the top 2 to 4 inches of the upper
subsoil.

Soil management unit 3aC (IIIe) ; woodland suitability
group A,

Croswell Series

The Croswell series consists of loamy sands and sands
that are moderately dark colored and moderately well
drained. These soils have a subsoil of dark reddish-brown
sand that is underlain by light yellowish-brown sand. In
undisturbed areas a grayish subsurface layer occurs under
the dark-colored surface layer. Mixing these layers by
cultivation forms a plow layer that is lighter colored than
the surface layer in wooded areas. Because the water table
is fairly high, the lower layers of Croswell soils are mottled
within 20 to 40 inches of the surface. Faint mottles occur
at this depth even in places where the water table is 48
inches below the surface.

The Croswell soils are better drained than the Roscom-
mon and Au Gres soils. They have a higher water table
than the Rubicon, Kalkaska, and Grayling soils and are
not so well drained.
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Profile of Croswell loamy sand :

Al1—0 to 5 inches, black (10YR 2/1) mixed with white (10YR
8/2) loamy sand; weak, fine, granular structure; fria-
ble; slightly acid; clear, wavy boundary. Layer is 2
to 6 inches thick.

A2—5 to 12 inches, grayish-brown (10YR 5/2) sand; single
grain; loose; medinm acid; clear, wavy boundary.
Layer is 4 to 10 inches thick.

B21hir—12 to 30 inches, dark reddish-brown (5YR 3/4) sand;
single grain; loose; medium acid; gradual, wavy
boundary. Layeris 8 to 20 inches thick.

B22ir—30 to 36 inches, brown (10YR 5/3) sand that has few,
medium, faint mottles of dark yellowish brown (10YR
4/4); single grain; loose; medium acid; gradual,
wavy boundary. Layer is 4 to 10 inches thick.

C—36 to 60 inches -+, pale-brown (10YR 6/3) to light yellow-
ish-brown (10YR 6/4) sand; single grain; loose;
slightly acid to mildly alkaline.

In some parts of the county the Croswell soils are on Jake
benches and are yellower and more acid than the Croswell
soils in other places. Also, they are more stratified than
the Croswell loamy sand described for the series, and they
contain coarser sand and more gravel.

Croswell soils are nearly level or gently sloping. Some
of the acreage occurs in fruit-producing areas and is used
for orchards, but the principal uses are woodland, recrea-
tion, and wildlife. Wooded areas have a cover of pine,
aspen, hemlock, paper birch, and a few other hardwoods.

Croswell loamy sands, 0 to 2 percent slopes, over-
wash (CoA).—These nearly level soils occupy depressions
and drainageways. The original surface layer has been
covered by light-colored loamy sand or sand overwash 6
to 18 inches thick. Below this overwash the surface layer
and part of the upper subsoil are loamy sand, but in other
respects the profile is similar to that described for the
series. _

Soil management unit 52 (IVs) ; woodland suitability
group It

Croswell loamy sands, 0 to 2 percent slopes (CpA).—
These nearly level soils have a loamy sand surface layer
and, in places, are loamy sand in the upper part of the
subsoil. In some small areas, strata of calcareous gravel
or thin layers of finer textured material occur at a depth
of 42 to 66 inches. In cultivated fields the surface layer
hag been mixed with the subsurface layer and a dark
grayish-brown plow layer has formed. .

Soil management unit 5aA (IVs) ; woodland suitability
group E.

Croswell loamy sands, 0 to 2 percent slopes, moder-
ately eroded (CpA2).—After the plant cover was cleared
from these nearly level soils, wind erosion removed much
of the surface and subsurface layers. The dark-brown
plow layer consists largely of material from the subsoil.

Soil management unit 5aA (IVs) ; woodland suitability
group IE.

Croswell loamy sands, 2 to 6 percent slopes, over-
wash {CoB).—These gently sloping soils occur in draws
and on the lower part of slopes. They are covered by 6
to 12 inches of sandy material that washed from adjacent
slopes. Below this overwash the original surface layer,
the subsurface layer, and part of the upper subsoil are
loamy sand.

Soil management unit 5aB (IVs) ; woodland suitability
group E.

Croswell loamy sands, 2 to 6 percent slopes (CpB).—
In these gently sloping soils, the surface layer, subsurface
layer, and the upper part of the subsoil are loamy sand.
Where tillage has mixed these layers, the plow layer is
dark grayish brown.

So1l Emna,gement unit 523 (IVs) ; woodland suitability
group E.

Croswell loamy sands, 2 to 6 percent slopes, moder-
ately eroded (CpB2).—These soils have been cleared and
used for crops. Trosion has removed part of the original
surface and subsurface layers, and the loamy sand plow
layer contains a considerable amount of dark reddish-
brown material from the subsoil.

Soil Emnagement unit 5aB3 (IVs); woodland suitability
group E. :

Croswell-Rubicon sands, 0 to 2 percent slopes (CrA).—
The principal soil of this complex is Croswell sand, but
many small areas of Rubicon sand are intermingled with
it in the higher and drier areas. The Croswell soil is mod-
erately well drained and is mottled at a depth of 20 to 40
mches. The Rubicon soil is well drained and has a dark-
brown subsoil. Included with these soils in some places
are small areas of Iastport, Au Gres, and East Lake soils.

Although these soils are nearly level, much of their acre-
age remains in second-growth forest. Cultivated areas
have a grayish-brown plow layer that is a mixture of the
original dark-colored surface layer and the grayish sub-
sarface layer.

Croswell part: soil management unit 5aA (IVs);
woodland suitability group E. Rubicon part: soil man-
agemenItI unit 5.3aAB (VIIs); woodland suitability
group H.

Croswell-Rubicon sands, 0 to 2 percent slopes, mod-
erately eroded (CrA2).—These soils have been cultivated
and have lost a large amount of material through erosion.
The plow layer is reddish brown because much reddish-
brown subsoil material has been mixed into it.

Dominant in the complex is Croswell sand, a moderately
well drained soil that is mottled at a depth of 20 to 40
inches. The well-drained Rubicon soil occurs in the better
drained areas, has a dark-brown subsoil, and is yellower
than the Croswell soil. All the acreage of these soils has
bcia]en cleared and used for farming, but much of it is now
idle.

Croswell part: soil management unit 5aA (IVs);
woodland suitability group E. Rubicon part: soil man-
agemm}ti unit 5.3aAB (VIIs); woodland suitability
group H.

Croswell-Rubicon sands, 2 to 6 percent slopes (CrB).—
Croswell sand, the dominant soil of this gently sloping
complex, occurs in the lower, more nearly level areas. It
is moderately well drained and is mottled at a depth be-
tween 20 and 40 inches. Rubicon sand occurs in the higher,
more sloping areas. It is well drained and has a dark-
brown subsotl.

Most areas of these soils remain in second-growth forest,
but a small acreage has been cultivated. The grayish-
brown plow layer is a mixture of the dark-colored surface
layer and the grayish subsurface layer.

Croswell part: soil management unit 5aB (IVs);
woodland suitability group E. Rubicon part: soil man-
agement unit 5.3aAB (VIIs); woodland suitability
group H.
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East Lake Series

The Fast Lake series consists of well drained or moder-
ately well drained soils that developed in glacial material
of sand or loamy sand, 10 to 42 inches thick. This material
overlies stratified, calcareous loamy sand, sand, and gravel.
These soils have a surface layer of very dark grayish-
brown loamy sand. The subsoil of dark reddish-brown
loamy sand or sand is underlain by stratified, calcareous
sand and gravel. Small pebbles occur on the surface and
throughout the profile.

The East Lake soils are more gravelly and are less acid
than the Kalkaska soils. They lack the gravelly sandy
clay loam subsoil of the Mancelona soils. Generally, the
East Lake soils are better drained than the moderately
well drained Croswell soils, which do not have calcareous
soil material beneath the subsoil.

Profile of Fast Lake loamy sand:

Ap—oO0 to 8 inches, very dark grayish-brown (10YR 3/2) loamy
sand ; weak, fine, granular structure; very friable; me-
dium acid to mneutral; abrupt, smooth boundary.
Layer is 6 to 9 inches thick.

B2lir—8 to 16 inches, brown to dark-brown (7.5YR 4/4) loamy
sand or sand that contains a few small pebbles ; weak,
fine, subangular blocky structure; very friable;
slightly acid to neutral; clear, wavy to irregular
boundary. Layer is 2 to 10 inches thick.

B22ir—16 to 20 inches, reddish-brown (5YR 4/4) loamy sand
or sand that contains some gravel; weak, fine, sub-
angular blocky structure; very friable; neutral to
slightly acid; gradual, wavy boundary. Layer is
4 to 12 inches thick.

B23ir—20 to 24 inches, dark reddish-brown (5YR 3/4) sand
that contains some fine gravel; single grain; loose;
neutral; gradual, wavy boundary. Layer is 2 to 12
inches thick.

IIC—24 to 60 inches -, light-brown (7.5YR 6/4), stratified
gravel and sand; gravel is dominantly limestone;
single grain; loose; calearcous.

The East Lake soils are well drained on higher lying
areas and are moderately well drained on the lake benches
and valley fills. Where they occur closely with the Cros-
well soils, they have a gray subsurface layer that is some-
what thicker than is typical of the series, and their upper
subsoil is darker brown than that in the profile described.
The surface and subsurface layers and the upper sub-
soil range from medium acid to neutral,

East Lake soils are nearly level to steep. They are used
for general farming, for orchards, and as woodland.
Wooded areas are mainly in second-growth sugar maple
and aspen, and thera are some scattered pine and hemlock.

In Grand Traverse County, these soils occur closely with
the Mancelona and Alpena soils and are mapped only in
complexes with those soils. Complexes of East Lake-
Mancelona loamy sands are described in the following
pages. Complexes of Alpena-East Lake gravelly loamy
sands are described under the heading “Alpena Series.”

East Lake-Mancelona loamy sands, 0 to 2 percent
slopes (EmA).—The larger areas of this nearly level com-
plex consist of East Lake loamy sand and Mancelona loamy
sand in about equal acreages, but some small areas are
largely the East Lake soil, and others arve mostly the
Mancelona soil. The less gravelly areas are mostly East
Lake loamy sand. This soil consists of well-drained sand
and loamy sand that are underlain by ecalcareous sand
and gravel at a depth of 10 to 42 inches. Mancelona loamy

sand, the dominant soil in the more gravelly areas, is well

woodland suitability group L.

drained and has a thin subsoil of sandy clay loam that is
less than 10 inches thick and is underlain by calcareous
sand and gravel. Included with these soils are small spots
of Croswell loamy sand.

More than half the acreage has been cleared and farmed.
In cultivated fields the plow layer is a mixture of the sur-
face layer and the grayish-brown subsurface layer. The
plow layer is fairly low in organic-matter content and has
lost a small amount of material through wind erosion.
Wooded areas have a dark-colored surface layer that con-
tains a moderately large amount of humus.

East Lake part: soil management unit 5aA (IVs);
woodland suitability group K. Mancelona part: soil
management unit 4aA  (IITs); woodland suitability
group C.

East Lake-Mancelona loamy sands, 2 to 6 percent
slopes (EmB).—More than half of this gently sloping com-
plex is the Tast Lake soil, and the rest is the Mancelona
soil. - The East Lake soil consists of well-drained sand
and loamy sand that overlie calcareous sand and gravel at
a depth of 10 to 42 inches. The Mancelona soil is well-
drained loamy sand over a sandy clay loam subsoil that
is less than 10 inches thick and is underlain by calcareous
sand and gravel.

About 75 percent, of the acreage of these soils has been
cleared and cultivated. The plow layer is very dark
grayish brown and contains a fairly large amount of or-
ganic matter, but it has been thinned by wind erosion. In
wooded areas the surface layer and the brownish-gray
subsurface layer are generally undisturbed.

East Lake part: soil management unit 5aB (IVs);
Mancelona part: soil
management unit 4aB (IIIs); woodland suitability
group C

East Lake-Mancelona loamy sands, 6 to 12 percent
slopes (EmC).—East Lake soil accounts for more than half
of this inextensive complex, and Mancelona soil makes
up the rest. These moderately sloping soils are well
drained. The East Lake soil consists of sand and loamy
sand that are underlain by calcareous sand and gravel at
a depth of 10 to 42 inches. A subsoil of sandy clay loam,
less than 10 inches thick, occurs in the Mancelona soil
and is underlain by calcareous sand and gravel.

About 40 percent of the acreage of these soils has been
cleaved and farmed. Cultivated areas have a grayish-
brown plow layer and are slightly eroded.

Fast Lake part: soil management unit 52C (VIs);
woodland suitability group . Mancelona part: soil
management unit 4aC (IITe); woodland suitability
group C

East Lake-Mancelona loamy sands, 6 to 12 percent
slopes, moderately eroded (EmC2).—These moderately
sloping soils have lost a fairly large amount of soil ma-
terial through erosion and are gullied in some areas. Ma-
terial from the upper subsoil has been mixed into the
dark-brown plow layer. The East Take soil is domi-
nant and consists of well-drained sand and loamy sand
that are underlain by calcareous sand and gravel at a depth
of 10 to 42 inches. In the well-drained Mancelona soil
the loamy sand overlies a sandy clay loam subsoil that
is less than 10 inches thick. The subsoil, in turn, is under-
lIain by calcarcous sand and gravel.

East Lake part: soil management unit 5aC (VIs);
woodland suitability group K. Mancelona part: soil
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management unit 4aC (IIIe); woodland suitability
group

East Lake-Mancelona loamy sands, 12 to 18 percent
slopes (EmD).—In this complex the dominant soil is East
Lake loamy sand, but Mancelona loamy sand makes up
about 30 percent of the total area. The well-drained East
Lake soil consists of sand and loamy sand that overlie
calcareous sand and gravel at a depth of 10 to 42 inches.
The well-drained Mancelona soil has a thin, sandy clay
loam subsoil that is less than 10 inches thick and is under-
lain by calcareous sand and gravel. These strongly slop-
ing solls have a total acreage that is 20 percent uneroded,
70 percent slightly eroded, and 10 percent moderately
eroded. They have a grayish-brown plow layer in culti-
vated fields. Included with these soils are areas of
Gravelly land on small, gravelly ridges.

Rast Lake part: soil management unit 5aD (VIIs);
woodland suitability group 18. Mancelona part: soil
management unit 4al (IVe); woodland suitability
group C

East Lake-Mancelona loamy sands, 18 to 25 percent
slopes (EmE).—About two-thirds of this steep complex is
East Lake loamy sand, and the rest is Mancelona loamy
sand. In the well-drained Iast Lake soil, sand and loamy
sand occur over calcareous sand and gravel at a depth be-
tween 10 and 42 inches. A subsoil of sandy clay loam, less
than 10 inches thick, underlies the loamy sand m the well-
drained Mancelona soil, and is underlain by calcareous
sand and gravel. Most areas of these soils remain in
second-growth forest, but some slightly eroded areas are
idle..

East Lake part: soil management unit 5aE (VIIs);
woodland suitability group I, steep. Mancelona part:
soil management unit 4ali (VIe); woodland suitability
group C, steep.

East Lake-Mancelona loamy sands, 18 to 25 percent
slopes, moderately eroded (EmE2).—About two-thirds of
the acreage of these soils is East Lake loamy sand, and the
rest 1s Mancelona loamy sand. The East Lake soil consists
of sand and loamy sand that overlié caleareous sand and
gravel at a depth of 10 to 42 inches. In the Mancelona
soil, loamy sand oceurs over a subsoil of sandy clay loam
that is less than 10 inches thick and is underlain by cal-
careous sand and gravel. These soils have lost & moderate
amount of their original surface and subsurface layers
through crosion. In cultivated fields the plow layer is
reddish brown and consists mainly of matervial from the
subsoil.

East Lake part: soil management wnit 5alt (VIIs);
woodland suitability group E, steep. Mancelona part:
soil management unit 4al (VIe); woodland suitability
group C, steep.

East Lake-Mancelona loamy sands, 25 to 35 percent
slopes (EmFj.—In this very steep complex, the Tast Lake
soil is dominant on the lower part of slopes and the Man-
celona soil is dominant, on the upper part. The East Lake
soil is made up of well-drained sand and Joamy sand that
are underlain by calcareous sand and gravel at a depth of
10 to 42 inches: A subsoil less than 10 inches thick under-
lies the loamy sand of the well-drained Mancelona soil
and is underlain, in turn, by calcareous sand and gravel.
The complex is largely in second-growth forest and gen-
erally is uneroded, but a small acreage is moderately

eroded. Included are small areas of Gullied land and
small aveas of Gravelly land on the upper slopes.

Fast Lake part: soil management unit 5aF (VIIs);
woodland suitability group E, steep. Mancelona part:
soil management unit 4aF (VIIe); woodland suitability
group C, steep.

Eastport Series

The Eastport series consists of well drained or moder-
ately well drained sands that occur on benches above the
beaches of Grand Traverse Bay. These soils have a thin,
dark-colored sand surface layer and a gray subsurface
layer. The dark-brown to brown subsoil overlies cal-
careous sand that contains some gravel.

The Eastport soils have less gravel in the surface layer
and subsoil than the Alpena soils and Gravelly land, but
they ave coarser textured than the East Lake and Iarlin
soils.

Profile of Eastport sand:

Al1—0 to 5 inches, very dark gray (10YR 3/1) sand; single
grain; loose; slightly acid to neutral; clear, smooth
boundary. Layer is 4 to 12 inches thick.

A2—5 to 14 inches, light brownish-gray (10YR 6/2) sand;
single grain; loose; slightly acid; gradual, wavy
boundary. ILayer is 1 to 10 inches thick.

Bir—14 to 26 inches, strong-brown (7.5YR 5/6) sand; single
grain; loose; slightly acid; gradual, wavy boundary.
Layer is 12 to 20 inches thick. .

C—26 to 60 inches -, yellowish-brown (10YR 5/4) sand;
single grain; loose; neutral, mildly alkaline, or cal-
careous.

The Eastport soils range from mildly alkaline near the
lake beaches to medium acid farther inland. Near the
beaches the water table of these soils fluctuates with the
level of the lake. In some low-lying areas, the soils are
mottled in the lower part of the subsoil. The depth to
calcarcous sand and gravel ranges from 20 to 60 inches.

The Eastport soils are nearly level or gently sloping.
They are used principally for orchards, building sites, and
woodland. The most common trees In wooded areas are
aspen, pine, sugar maple, beech, juniper, and sumac.

These solls occur closely with Roscommon soils and are
mapped in a complex of Tastport-Roscommon sands.
They also occur with areas of Lake beach and are mapped
in an undifferentiated soil group described under the head-
ing “Lalke Beach.”

Eastport-Roscommon sands, 0 to 2 percent slopes
(ErAj—The two soils that make up this nearly level com-
plex are about equal in acreage. Lastport sand occurs on
old, narrow, sandy heaches, and Roscommon sand occupies
the intervening swales. The Eastport soil is well drained
or moderately well drained and shows little or no change
in color below the surface layer. The Roscommon soil
is dark colored, has a high water table, and is very poorly
drained. Included with these soils are a few small areas
of moderately well drained Croswell soils and imperfectly
drained Au Gres sands,

More than half of this complex has been cleared and
cultivated, and the rest remains in trees. Cultivated areas
have a grayish-brown plow layer that is a mixture of the
original dark-colored surface layer and the gray subsur-
face layer.

Fastport part: soil management unit 5.3aAB (VIIs);
woodland suitability group H. Roscommon part: soil
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management unit ScA  (IVw); woodland suitability
group 1.

Edwards Series

The Edwards series is made up of very poorly drained,
neutral to alkaline mucks that are 12 to 42 inches thick
over marl or calcareous silts, The muck consists of the
decayed remains of both fibrous and woody plants.
Edwards soils are similar to the Lupton and Tawas soils,
but the Lupton soils are more than 42 inches thick, and
the Tawas soils ave underlain by sand at a depth of 12
to 42 inches.

Profile of Edwards muck:

1—0 to 12 inches, black (10YR 2/1) muck; moderate, fine,
granular structure; friable; mildly alkaline; diffuse,
wavy boundary. Layer is § to 14 inches thick.

2—12 to 30 inches, very dark brown (10YR 2/2) muck;
moderate, fine, granular structure; friable; mildly
alkaline ; gradual, wavy boundary. Layer is 12 to 20
inches thick.

3—30 to 40 inches, very dark brown (10YR 2/2) grading to
dark-brown (7.5YR 3/2) muck; contains moderate
amounts of snail shells and lumps of calcareous silt;
massive; nonplastic and nonsticky when wet;
moderately alkaline; abrupt, irregular boundary.
Layer is 6 to 18 inches thick.

I1C—40 to 60 inches -, gray to light-gray (10YR 6/1) marl
that contains lime concretions and many snail shells;
massive; slightly sticky and plastic when wet;
calcarcous.

The thickness of the muck generally increases from the
edge of a swamp toward the center. Thin layers of
mineral soil and of peat are common in the lower part
of the muck. The soil material underlying the muck
ranges from finely divided marl to silts and, in most places,
contains snail shells and coarse concretions of lime. Where
mar] beds occur, they generally range from 1 to more than
5 feet in thickness.

The Edwards soils occupy low or depressional areas
that border small streams and lakes. They are of limited
use for crops but are used as woodland and for wildlife.
Most areas are now covered by sedges, rushes, reeds, and
many other herbaceous plants and by white-cedar, balsam
fir, paper birch, yellow birch, red maple, elm, aspen, and
other kinds of trees.

Edwards muck (Es)..—This nearly level soil is generally
in large areas that are close to small areas of Lupton,
Markey, Houghton, and Rifle soils. In a few places it
occurs in small tracts surrounded by higher lying mineral
soils that are well drained. In some of the small areas
and along the edge of some larger ones, the soil is covered
by silt or sand to a depth of 6 to 12 inches. Included with
this soil are beds of recently dried lakes where the muck
is only 4 to 16 inches thick over calcareous silt or marl.

Soil management unit M/me (Vw); woodland suit-
ability group J.

Emmet Series

The Emmet series consists of well-drained soils that de-
veloped from calcareous glacial deposits of sandy loam.
Undisturbed areas have a very dark brown surface layer
2 to 6 inches thick and a grayish-brown subsurface layer
1to 4 inches thick. In plowed areas these layers have been
mixed. The upper part of the subsoil is dark-brown sandy
loam or loamy sand that is slightly acid or neutral. The

lower part consists of two layers, an upper layer of gray-
ish-brown loamy sand that contains small balls of reddish-
brown sandy clay loam and a lower layer of reddish-brown
sandy clay loam that is neutral to alkaline. )

The Emmet soils occur with the Leelanau soils and are
finer textured than those soils. They are less acid than the
McBride soils.

Profile of Emmet sandy loam :

Ap—O0 to 8 inches, very dark grayish-brown (10YR 3/2) sandy
loam; weak, medium, granular structure; friable;
moderately high in organic-matter content; slightly
to medium acid; abrupt, smooth boundary. Layer is
6 to 8 inches thick.

Bhir—S8 to 20 inches, dark yellowish-brown (10YR 3/4) to
dark-brown (7.5YR 4/4) sandy loam to loamy sand;
weak, medium, subangular blocky structure; friable;
slightly acid; clear, irregular boundary. Layer is 12
to 18 inches thick.

A’2 & B’21t—20 to 30 ‘inches, grayish-brown (10YR 5/2) to
dark grayish-brown (10YR 4/2) loamy sand to sandy
loam ; contains few to many reddish-brown (5YR 4/4)
sandy clay loam lumps 1 to 1 inch across; moderate,
fine, subangular blocky structure; friable; slightly
acid; clear, irregular to wavy boundary. Layer is 5
to 17 inches thick.

B’22t—30 to 38 inches, reddish-brown (5YR 4/4) to dark gray-
ish-brown (10YR 4/2) sandy clay loam; streaks of
grayish-brown (10YR 5/2), sandy material from over-
lying horizon ; moderate, fine, subangular blocky struec-
ture; friable; mildly alkaline; clear, wavy boundary.
Layer is 6 to 16 inches thick.

C—38 to 60 inches +, brown (7.5YR 5/4) sandy loam that con-
tains pockets or layers of cobbly and stony loam, sand,
or gravel; weak, coarse, subangular blocky structure
to massive; friable; caleareous.

The depth to caleareous material ranges from 24 to 45
inches. Where the soils are thinnest, the A’2 & B’21t hori-
zon that in thicker soils occurs between the depth of 20 to
30 inches is commonly missing. In some places the Em-
met soils have chunks of limestone in the subsoil and are
nearly neutral throughout the profile. In some places the
C horizon contains pockets or layers of cobbly loam or of
gravel. Pebbles and cobbles on the surface vary from few
to many.
~ The Emmet soils are nearly level to very steep but dom-
inantly occur on slopes of 3 to 12 percent. They are used
for orchards and general farmmg and as woodland.
Wooded areas are now covered with second-growth forest
of sugar maple, beech, ash, black cherry, and aspen.

Emmet gravelly sandy loam, 0 to 2 percent slopes
(ExA).—Because this nearly level soil has not been plowed
In most areas, its very dark brown surface layer and the
gray subsurface layer are undisturbed. The gravel in this
soil occurs throughout the profile in moderate amounts.

Soil management unit 8aA. (Ils) ; woodland suitability
group A.

Emmet gravelly sandy loam, 2 to 6 percent slopes
(ExB).—In most areas this soil has been cultivated and has
a plow layer that is lighter in color than the surface layer
in undisturbed, wooded areas. In places cultivation has
mixed some of the dark-brown upper subsoil into the plow
layer. The gravel occurs in moderate amounts throughout
the profile, and a few cobbles and stones are scattered on
the surface. Included with this soil are a few small areas
of Mancelona soils and Gravelly land.

Soil management unit 3aB (IIe) ; woodland suitability

group A.
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Emmet gravelly sandy loam, 6 to 12 percent slopes
(ExC).—This moderately sloping soil is gravelly through-
out the profile. Some of the original surface layer has
been removed by erosion, and in places the plow layer
contains dark-brown material from the upper part of the
subsoil. In a few places the lower subsoil 1s gravelly clay
loam. Included with this soil are small areas of Man-
celona soils and Gravelly land. o

Soil management unit 3aC (ITIe) ; woodland suitability
group A.

Emmet gravelly sandy loam, 12 to 18 percent slopes
(ExD).—This strongly sloping soil is more gravelly than the
Emmet gravelly sandy loams on milder slopes. Because
of cultivation, most areas have a plow layer that is a mix-
ture of the original surface and subsurface layers and the
upper part of the subsoil. In a few moderately eroded
places, the upper part of the subsoil is exposed. Sand and
gravel commonly occur at a depth of more than 60 inches.
Included with this soil are small areas of Mancelona soils
and Gravelly land. o

Soil management unit 3aD (IVe) ; woodland suitability
group A.

Emmet gravelly sandy loam, 12 to 18 percent slopes,
moderately eroded (ExD2).—This strongly sloping soil has
been farmed intensively. Erosion has removed a moder-
ate amount of the original surface layer, and more than
half of the plow layer is subsoil material. Because finer
particles have been lost through erosion, the plow layer is
more gravelly than either the subsoil of this soil or the
surface layers of less eroded soils. Much of the material
underlying the subsoil is sand and gravel. Inclusions of
gravelly Mancelona soils and of Gravelly land occur in
many places.

Soil management unit 38aD (IVe) ; woodland suitability
group A.

Emmet gravelly sandy loam, 18 to 25 percent slopes
(ExE).-——This steep soil is thinner and more gravelly than
the less strongly sloping Emmet gravelly sandy loams.
It contains about the same amount of sand and gravel
below the subsoil as do the Mancelona soils. Included are
areas of Gravelly land that make up about one-fourth of
the total acreage. Most of this soil is cultivated and gen-
erally is slightly eroded, but a small acreage remains
wooded.

Soil management unit 38aF (VIe) ; woodland suitability
group A, steep.

Emmet gravelly sandy loam, 18 to 25 percent slopes,
moderately eroded (FxE2).—Water erosion has removed
more soil material from this soil than from Emmet grav-
elly sandy loam, 18 to 25 percent slopes. In some areas
the lower subsoil is exposed and a few deep gullies have
formed. Included are areas of Mancelona soils that ac-
count for about one-fourth of the acreage.

Soil management unit 3aE (VIe) ; woodland suitability
group A, steep.

Emmet gravelly sandy loam, 25 to 45 percent slopes
(ExF).—This very steep soil is more gravelly, has thinner
subsoil layers, and in slightly eroded areas, has a slightly
thinner surface layer than the less strongly sloping Emmet
gravelly sandy loams. Sand and gravel commonly occur
below a depth of 5 feet. Included are small, scattered
areas of Gravelly land and knobs of less gravelly, medinm-
textured soils.

Soil management unit 8aF (VIIe) ; woodland suitabil-
ity group A, steep.

Emmet gravelly sandy loam, 25 to 45 percent slopes,
moderately eroded (ExF2).—This very steep soil is about
the same as Emmet gravelly sandy loam, 25 to 45 percent
slopes, except that more of it hasbeen removed by water
erosion. Part of the material washed from the slopes has
been deposited at their base. The lower subsoil is exposed
In many places, and a few gullies have formed.

Soil management unit 3aF (VIIe); woodland suita-
bility group A, steep.

Emmet sandy loam, 0 to 2 percent slopes (EyA}.—About
two-thirds of this nearly level soil has been cleared and
cultivated. In these areas the plow layer is a mixture of
the original dark-colored surface layer and the gray sub-
surfaco layer. Included are small tracts of the coarser
textured Leelanau soils.

Soil Tzumgement unit 3aA (TIs) ; woodland suitability

group A.
° EI%lmet sandy loam, 2 to 6 percent slopes {EyB).—Most
of this gently sloping soil has been cleared and farmed.
In cultivated fields the upper part of the soil has been
slightly modified by tillage and erosion. As a result, the
plow layer is lighter colored than the surface layer in
wooded areas. In a few spots, the dark-brown to reddish-
brown subsoil is exposed. Included with this soil are
small areas of Leelanau soils.

Soil management unit 3aB (ITe) ; woodland suitability
group A.

Emmet sandy loam, 2 to 6 percent slopes, moderately
eroded (EyB2).—This gently sloping soil has lost a large
amount of material through water erosion. In many
places the sandy clay loam of the lower subsoil is exposed.
The plow layer is neutral or alkaline in some places.

Soil management unit 8aB (ITe) ; woodland suitability
group A,

Emmet sandy loam, 6 to 12 percent slopes {EyC).—Most
of this moderately sloping soil has been cultivated. The
plow layer is a mixture of the original dark-colored sur-
face layer, the grayish-brown subsurface layer, and the
upper subsoil. In wooded areas, where the surface and
subsurface layers are undisturbed, the surface layer is
thicker on the lower slopes than on the ridges. Small
areas of Leelanau soils are included.

Soil Km&mgement unit 3aC (ITTe) ; woodland suitability
group A.
= Enl\met sandy loam, 6 to 12 percent slopes, moder-
ately eroded {EyC2).—Because of intensive cultivation,
this moderately sloping soil has lost a large amount of
material through water erosion. In the areas most
severely eroded, tillage has mixed the reddish-brown sandy
clay loam from the lower subsoil into the layers above and
the present surface layer is reddish brown. In less
severely eroded areas, the surface layer is brown or grayish
brown. The soil is generally neutral or mildly alkaline,
but it is calcareous in the more severely eroded areas.
Included are small areas of Leelanau soils that generally
are more severely eroded than is this soil.

Soil management unit 8aC (ITTe) ; woodland suitability
group A.

Emmet sandy loam, 12 to 18 percent slopes (EyD).—
Most areas of this strongly sloping soil have been cleared
and cultivated, though some are still wooded. This soil
has a thinner subsoil than the less strongly sloping Emmet
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In cultivated fields the plow layer is a mix-

sandy loams.
Small areas of

ture of the subsoil and the layers above it.
Leelanau and East Lake soils are included.

Soil management unit 3aD (IVe) ; woodland suitability
group A.

Emmet sandy loam, 12 to 18 percent slopes, moder-
ately eroded (EyD2).—This strongly sloping soil has been
intensively farmed. It haslost a moderate amount of soil
material through erosion and is gullied in some places.
Included with this soil are some areas that are so severely
croded that tillage has brought some of the reddish-brown
sandy clay loam subsoil into the plow layer. In these
areas the plow layer is mildly alkaline or calcareous. Also
included are areas of Leelanau and East Lake soils that
are more severely eroded than this soil.

Soil management unit 3aD (IVe) ; woodland suitability
group A.

Emmet sandy loam, 18 to 25 percent slopes (EyE).—
Most of this steep soil has been cultivated. It has a gray-
ish-brown plow layer that consists of the original dark-
colored surface layer, the grayish-brown subsurface layer,
and material from the subsoil. Because of natural ero-
sion, the soil originally was much thicker on the lower
part of slopes than on the higher part. This difference in
thickness is more evident in cultivated fields where ac-
celerated erosion has been active. Near the top of some
slopes, there are gravelly knobs and outcrops of gravel.
Included with this soil arve small, scattered arveas of FKast
Lake and Leelanau soils,

Soil management unit 8akk (VIe) ; woodland suitability
group A, steep.

Emmet sandy loam, 18 to 25 percent slopes, moder-
ately eroded (EyE2).—Because this steep soil has been in-
tensively farmed, it is moderately eroc{ed, and the lower
subsoil 1s exposed in many spots. Sand and gravel that
washed from the upper part of slopes have accumulated
on the lower part. Many drainageways that cut into the
material under the subsoil have been filled with coarser
soil material washed from higher slopes. Included with
this soil are small spots of Fast Lake and Leelanau soils
that account for as much as one-third the acreage of some
areas.

Soil management unit 3al8 (VIe) ; woodland suitability
group A, steep.

Emmet sandy loam, 18 to 25 percent slopes, se-
verely eroded (EyE3).—This steep soil has been inten-
sively farmed and, in most areas, has lost through ero-
sion all of the original material above the subsoil and part
of the subsoil itself. The texture of the plow layer ranges
from sandy loam to loam. Many deep gullies have formed
in some areas, and blowouts occur in places. Included
with this soil are areas of Fast Lake and Leelanau soils
and of sandy, gravelly outcrops, as well as a smaller acre-
age of less severely eroded Ilmmet soils.

Soil management unit 3aF (VIIe); woodland suit-
ability group IX.

Emmet sandy loam, 25 to 45 percent slopes (Eyf).—
Where undisturbed, this very steep soil is thinner at the
upper part of slopes than at their base. About half of
the acreage, however, has been cleared and used for farm-
ing. In these areas the soil is slightly eroded and has
a grayish-brown surface layer. In a few places the sub-
soil and the material below the subsoil are finer textured
than in the Emmet sandy loam described. Inclusions of

Leelanaun and East Lake soils are more common with this
soil than with less strongly sloping Emmet soils.

Soil management unit 3ok (VIIe); woodland suit-
ability group A, steep.

Emmet sandy loam, 25 to 45 percent slopes, moder-
ately eroded (EyF2).—All of this soil has been cleared and
is thinned by erosion. In many places the subsoil is ex-
posed, and in many areas there are gullies cut into the
material below the subsoil. Included are small areas of
East Lake and Leelanau soils.

Soil management unit 3aF (VIIe) ; woodland suitability
group A, steep.

Emmet sandy loam, 25 to 45 percent slopes, severely
eroded (EyF3).—In most areas this very steep soil has had
all of the material above the subsoil and part of the sub-
soil removed by erosion. The present surface layer is
reddish-brown sandy loam to loam. As much as one-
fourth the acreage of some areas consists of deep gullies
and places where the material below the subsoil is exposed.
Included with this soil are small areas of East Lake and
Leelanau soils.

Soil management unit 8aF (VIIe) ; woodland suitability
group IK.

Fresh Water Marsh (Fm)

This land type occurs in shallow lake bottoms that are
surrounded by higher lying soils. These areas are dish
shaped and are covered with water from time to time.
They are too marshy for thorough examination, and the
soil material has not been classified.

In these areas ave organic layers that range in thickness
from 24 inches along the edges to more than 60 inches
in the center. Because the water level fluctuates, most
areas are covered by as much as 12 inches of water at
times, and they have a water table 0 to 6 inches below the
surface at other times. The remaining acreage consists of
deeper pools and small islands. Deposits of mineral ma-
terial generally occur at the entrance of drainageways.
The native vegetation consists of sedges, rushes, and other
water-loving plants. Wildlife is the principal use.

Some areas of Fresh water marsh include small ponds
and shallow pools of water, and these areas are likely to
remain marsh for some time. Other areas are gradually
changing because organic material is slowly accumulating
and is building up the surface. As the buildup continues,
the areas are flooded less frequently and, in time, ave
expected to be covered with sedges, shrubs, and scattered
trees. The profiles in these areas are slowly changing and
are beginning to resemble those in Floughton or Rifle soils.
Most organic soils ave thought to pass through these stages
in their development.

Gladwin Series

In the Gladwin series are imperfectly drained soils that
have surface and subsurface layers of loamy sand or sandy
loam. The subsoil is loamy sand or sandy loam in the
upper part and is sandy loam in the lower part. Gravel
or gravelly sand occurs below the subsoil at a depth of 18
to 42 inches. Cultivated areas have a plow layer that is
a mixture of the dark-colored surface layer, the light-
colored subsurface layer, and the upper part of the subsoil.
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The Gladwin soils have coarser textured material under-
lying the subsoil than have the Richter soils. The water
table in Gladwin soils is higher than that in the well-
drained Mancelona soils, which are not mottled.

Profile of Gladwin gravelly sandy loam:

Ap—0 to 8 inches, very dark grayish-brown (10YR 3/2) grav-
elly sandy loam; moderate, fine, granular structure;
friable; medium acid; clear, smooth boundary. Layer
is 6 to 10 inches thick.

Bir—8 to 14 inches, brown (10YR 5/3) loamy sand that has a
few, medium, distinct mottles of yellowish brown
(10YR 5/6) ; weak, medium, subangular blocky struc-
ture; very friable; slightly acid; clear, wavy bound-
ary. Layeris 6 to 20 inches thick.

B’t—14 to 20 inches, dark yellowish-brown (10YR 4/4) sandy

loam that has common, fine, distinet mottles of brown-:

ish yellow (10YR 6/6), grayish brown (10YR 5/2),
and reddish brown (5YR 4/3) ; moderate, coarse, sub-
angular blocky structure; friable; slightly acid or
neutral; clear, wavy boundary. Layer is 4 to 10
inches thick.

B3—20 to 30 inches, brown (10YR 5/3) loamy sand; weak,
fine, subangular blocky structure; very friable; mildly
alkaline; gradual, wavy boundary. Layer is 1 to 10
inches thick. .

ITIC1—30 to 50 inches, grayish-brown (10YR 5/2), stratified
loamy sand, sand, and gravel; single grain; loose; cal-
careous; gradual, wavy boundary. ILayer is 10 to 20
inches thick.

TIC2—50 inches -, brown (10YR 5/3), stratified sand and
gravelly sand ; single grain; loose; calcareous.

The texture of the surface layer ranges from gravelly
sandy loam to loamy sand. Gravel is common in the upper
part of the profile. The lower subsoil ranges from clay
loam to sticky gravelly loamy sand. Gravel makes up 10
to 20 percent of the lower subsoil and the layers below and
is mixed with the finer soil materials. In some places the
gravel is In strata 2 to 6 inches thick, and in other places
pockets are as much as 90 percent gravel. The depth to
the underlying calcareous material ranges from 24 to 38
inches.

The Gladwin soils are in level to gently sloping areas
near drainageways, in valley fills, and at the base of slopes.
In these areas the ground water fluctuates with the sea-
sons. Oceasionally it rises to the lower subsoil and pro-
vides moisture for deep-rooted plants throughont the
growing season. The wooded areas of Gladwin soils are
in second-growth stands of sugar maple, yellow birch,
paper birch, elm, aspen, and a few white-cedar and balsam
ir.

In this county the Gladwin soils are so intermingled
with the Richter soils that they are mapped only in com-
plexes with those soils. The Richter soils are deseribed
under the heading “Richter Series.”

Gladwin-Richter gravelly sandy loams, 0 to 2 percent
slopes (GrA).—The soils of this complex are nearly level
and imperfectly drained. The Gladwin soils make up
about three-fourths of the acreage and are somewhat more
gravelly than the Richter soils, which make up the rest.
Gladwin soils are sandy loams or loamy sands that have
a sandy loam to clay loam subsoil underlain by sand and
gravel. Richter solls have a subsoil of stratified loamy
sand to fine sandy loam that overlies stratified sandy loam,
loamy sand, and sand.

Gladwin part: soil management unit 4/2bA (IIIw);
woodland suitability group F. Richter part: soil man-
agement unit 4/2bA (IIIw); woodland suitability
group Q.

Gladwin-Richter gravelly sandy loams, 2 to 6 percent
slopes (CrB).—This complex occupies gently sloping, im-
perfectly drained areas and consists of Gladwin soils and
Richter soils in about equal acreages. The Gladwin soils
are somewhat more gravelly than the Gladwin gravelly
sandy loam described for the series. They are sandy
loams or loamy sands that have a sandy loam to clay loam
subsoil and occur over sand and gravel. The Richter soils
have a stratified loamy sand to fine sandy loam subsoil
that is over stratified sandy loam, loamy sand, and sand.
Cultivated areas of these soils have a grayish-brown plow
Jayer that contains a variable amount of subsoil material.

Gladwin part: soil management unit 4/2bB (I1Lw);
woodland suitability group F. Richter part: soil man-
agement unit 4/2bB (IITw); woodland suitability
group G.

Gladwin-Richter gravelly sandy loams, 6 to 12 per-
cent slopes (GrC).—These moderately sloping, imperfectly
drained soils have been cultivated and are slightly eroded.
The present surface layer is grayish brown. Richter
soils, the dominant soils in the complex, have a stratified
loamy sand to fine sandy loam subsoil that is underlain
by stratified sandy loam, loamy sand, and sand. The
Gladwin soils are sandy loams or loamy sands that have
a sandy loam to clay loam subsoil overlying sand and
gravel. Seepage areas occur in depressional pockets of
these soils.

Gladwin part: soil management unit 4/2bB (I1Iw);
woodland suitability group F. Richter part: soil man-
agement unit 4/ b3 (ITIw); woodland suitability
group G.

Gravel Pits (Gt)

Many gravel pits occur in Grand Traverse County.
Some of the older ones are covered by scattered trees,
brush, and weeds, and others are completely barren. Wild-
life frequent some of these pits. Some have been leveled
and are used for crops or orchards. A number of areas
classed as Gravel pits are actually borrow pits, or places
where finer textured materials have been removed for use
at other locations. Some of the newer gravel pits in the
county are not shown on the soil map.

Gravelly Land

This miscellaneous land type is variable but, in most
places, is dominated by gravel. A large amount of gravel
1s near the surface. Most areas are small and occur near
gravelly soils. In some places the top layer is about 5
inches of gravelly sandy loam. The underlying layer is
made up of sand, gravel, and some cobbles and stones.
This land type is used for pasture and woodland and is
a source of gravel.

Gravelly land, moderately steep (GsE).—This land is
on slopes of 18 to 25 percent.

Soil management unit GeAF (VIIs); woodland suit-
ability group C, steep.

Gravelly land, steep (GsF).—This land occurs on slopes
of 25 to 45 percent.

Soil management unit GoAF (VIIs); woodland suit-
ability group C, steep.
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Grayling Series

The Grayling series consists of well-drained, very sandy
soils. Their surface layer, subsoil, and underlying soil
material are sand. The Grayling soils lack the gray,
leached subsurface layer and the dark reddish-brown sub-
soil of the Rubicon and Kalkaska soils.

Profile of Grayling sand:

A1—O0 to 8 inches, dark-brown (7.5YR 3/2) sand; weak, fine,
granular structure; very friable; strongly acid;
abrupt, wavy boundary. ILayer is 1 to 4 inches thick.

B—3 to 20 inches, yellowish-brown (10YR 5/4) sand; single
grain; loose; medinm acid; gradual, wavy boundary.
Layer is 15 to 25 inches thick.

C—20 to G0 inches -4, very pale brown (10YR 7/3) sand; sin-
gle grain ; loose; medium acid.

In some areas in Grand Traverse County, the Grayling
soils grade toward the Rubicon soils and consequently, i
a few places, have a thin, gray subsurface layer betiween
the dark-brown surface layer and the dark yellowish-
brown subsoil. The texture of the subsoil ranges from
medium sand to loamy coarse sand. .

The Grayling soils are nearly level or gently sloping
and occur closely with Rubicon soils on broad plains.
Runoff from the Grayling soils is very slow. They are
very rapidly permeable, have very low available water
capacity, and are very droughty. The soils are used
principally as wildlife habitat and for forestry. Jack
pine, bluestem grass, broomsedge, and a few scrub oaks
make up the plant cover.

Grayling sand, 0 to 6 percent slopes (GuBl.—A few
small blowouts occur in areas of this nearly level or gently
sloping soil that have little cover. Included are a few
small areas of Rubicon soils.

Soil management unit 5.3aAB (VIIs); woodland suit-

ability group H.

Greenwood Series

The Greenwood series consists of organic soils that are
deep, very poorly drained, and extremely acid. These soils
were formed from the remains of sphagnum moss, sedges,
leatherleaf, and other plants.

Greenwood soils are more acid than Houghton, Lupton,
and Rifle soils, and their organic materials are less de-

composed.
Profile of Greenwood peat:

1—0 to 2 inches, very dark brown (10YR 2/2), raw, fibrous
peat; medium acid; clear, smooth boundary. Layer
is 1 to 4 inches thick.

2—92 to 4 inches, dark-brown (10YR 3/3), raw, fibrous peat;
medium acid; clear, smooth boundary. Layer is 1 to
4 inches thick.

3—4 to 16 inches, very dark brown (10YR 2/2), raw, fibrous
peat ; strongly acid; grades to very dusky red (25YR
2/2) and dark reddish-brown (2.5YR 3/4), fibrous peat
that is mixed with silt; very strongly acid; gradual,
smooth boundary. Layer is 4 to 12 inches thick.

4—16 to 60 inches +-, dark reddish-brown (5YR 3/2), raw,
fibrous or sedimentary peat; massive; very strongly
acid or extremely acid.

The different layers vary in degree of decomposition.
They range from raw, yellowish, fibrous peat to fine, sedi-
mentary peat material. Thin layers of muck or silt, 1 to
8 inches thick, may occur in any part of the profile.

These soils are used for wildlife. Their plant cover is
mainly leatherleaf, blueberries, and sphagnum moss, and
there are a few, scattered tamarack and black spruce.

Greenwood peat (Gw).—Included with this soil, gen-
erally along the edge of the areas mapped, are small
tracts of Rifle peat or Houghton muck.

Soil management unit Mc-a (VIIIw); woodland suit-
ability group L.

Guelph Series

Soils of the Guelph series are well drained. Un-
disturbed areas have a 3- to 6-inch surface layer of dark-
colored loam and a thin subsurface layer of gray loam.
Plowing mixes these layers, and a very dark grayish-brown
plow layer is formed. The silty clay loam subsoil overlies
calcareous silt Ioam to loam.

The Guelph soils are not so fine textured as the Nester
soils but are finer textured than the Emmet soils, which
developed in sandy loam.

Profile of Guelph loam:

Ap—O0 to 6 inches, very dark grayish-brown (10YR 3/2) loam;
weak, medium, granular structure; friable; slightly
acid; abrupt, smooth boundary. Layer is 5 to 8
inches thick.

A2—6 to 10 inches, brown (10YR 5/3) to pale-brown (10YR
6/3) loam; weak, fine, subangular blocky structnre;
friable; slightly acid; abrupt, irregular boundary.
Layer is 2 to 5 inches thick,

Bt—10 to 21 inches, dark-brown (10YR 3/3) clay loam to
silty clay loam ; pale-brown (10YR 6/8) material from
the A2 horizon along cleavage planes; peds of Bt
horizon partly surrounded by material from A2 hori-
zon in upper 2 or 3 inches; strong, medium, sub-
angular blocky structure; firm; slightly acid; abrupt,
irregular boundary. ILayer is 6 to 14 inches thick.

C—21 inches -, brown (10YR 5/3) or pale-brown (10YR 6/3)
silt loam; weak, fine, subangular blocky structure;
firm ; calearcous.

The surface layer and the subsoil are slightly acid or
neutral. In a few places, calcareous material occurs at a
depth of less than 18 inches. In about one-fourth of the
total area, the silt loam to loam below the subsoil is less
than 40 inches thick and is underlain by sand and gravel
at a depth of 36 to 60 inches.

Wooded areas of these soils are in second-growth stands
of sugar maple, beech, ash, elm, yellow birch, and aspen.

In Grand Traverse County, the Guelph soils occur in
small areas intermingled with the Nester soils and are
mapped only in complexes of Guelph-Nester loams.

uelph-Nester loams, 0 to 2 percent slopes (CxA).—

About 60 percent of this nearly level complex is Guelph
loam, and about 40 percent is Nester loam. The Guelph
soil is well drained, has a silty clay loam to clay loam sub-
soil, and is underlain by calcareous silt loam or loam at a
depth of 18 to 40 inches. The Nester soil is well drained
or moderately well drained and has a silty clay loam sub-
soil that is underlain by clay loam. The soils of the com-
plex are wooded in most places.

Soil management 2aB (IIe) ; woodland suitability group

Guelph-Nester loams, 2 to 6 percent slopes (GxB).—
Guelph loam comprises about, 60 percent of this gently
sloping complex, and Nester loam about 40 percent. The
well-drained Guelph soil has a silty clay loam to clay loam
subsoil that is underlain by calecareous silt loam or loam at
a depth of 18 to 40 inches. The well drained or moderately
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well drained Nester soil has a silty clay loam subsoil that
is over clay loam,

Only a small acreage of these soils has been cleared and
farmed. In cultivated areas the plow layer is a mixture
of the original surface and subsurface layers.

Soil lgnmmgement unit 2aB (Ile) ; woodland suitability
group B.

Guelph-Nester loams, 2 to 6 percent slopes, moder-
ately eroded (GxB2).—Guelph loam, the dominant soil in
this complex, is well drained and has a silty clay loam to
clay loam subsoil that is underlain by calcareous silt loam
or loam at a depth of 18 to 40 inches. Nester loam, which
occupies as much as one-third the acreage in some areas, is
well drained or moderately well drained, has a silty clay
loam subsoil, and is underlain by clay loam.

These gently sloping soils have been cultivated and are
moderately eroded. Material from the upper subsoil has
been mixed into the plow layer, and the subsoil is exposed
in places.

oil management unit 2aB (ITe) ; woodland suitability
group B.

Guelph-Nester loams, 6 to 12 percent slopes, moder-
ately eroded (GxC2).—Guelph loam is the more extensive
of the two soils that make up this complex. More than
half the acreage of these soils has been used for crops, but
some areas are essentially undisturbed woodland. Culti-
vated areas have lost part of their original surface and
subsurface layers through water erosion, and the plow
layer contains much subsoil material.

Guelph loam is well drained and has a silty clay loam
subsoil that is underlain by calcareous silt loam or Joam at
a depth of 18 to 40 inches. The Nester soil is well drained
or moderately well drained; it has a silty clay loam subsoil
that overlies clay loam.

Soil %mnagement unit 2aC (IITe) ; woodland suitability
group B.

Guelph-Nester loams, 12 to 18 percent slopes (GxD).—
The Guelph soil accounts for most of the acreage in this
strongly sloping complex, and the Nester soil makes up the
rest. Geulph Joam is well drained and has a subsoil of
silty clay loam to clay loam. Underlying the subsoil at
a depth of 18 to 40 inches is silt loam or loam. The Nester
soil, a well drained or moderately well drained loam, has
a silty clay loam subsoil and is underlain by clay loam.
Most arcas of these soils are wooded.

Soil management unit 2aD (IVe) ; woodland suitability
group B.

Guelph-Nester loams, 12 to 18 percent slopes, moder-
ately eroded (GxD2).—This strongly sloping complex is

dominantly Guelph loam, but some areas of Nester loam:

also occur. Because of cultivation, these soils have been
thinned considerably by erosion. The plow layer consists
of the original surface and subsurface layers mixed with
material from the subsoil. In the spots most severely
eroded, calcareous material that originally underlay the
subsoil is now at the surface.

The well-drained Guelph soil has a subsoil of silty clay
loam to clay loam that is underlain by calcareous silt loam
or loam at a depth between 18 and 40 inches. The Nester
soil 1s well drained or moderately well drained ; its subsoil
of silty clay loam is over clay loam.

Soil management unit 2aD (IVe) ; woodland suitability
group B.

Guelph-Nester loams, 18 to 25 percent slopes, mod-
erately eroded {GxE2).—Guelph loam is the dominant soil
in this steep complex, and Nester loam makes up a smaller
part. In most aveas that have been cleared and cultivated,
these soils have lost a large amount of material through
water erosion. The plow layer contains much subsoil
material. The subsoil is exposed in many places, and
many small gullies have formed in some areas. In the
most severely eroded parts of the complex, the subsoil and
the layers above it have washed away, and the material
at the surface is calcareous. In some areas the soils have
not been cleared and are not eroded.

The well-drained Guelph soil has a silty clay loam to
clay loam subsoil that is underlain by calcareous silt loam
or loam at a depth of 18 to 40 inches. In the well drained
or moderately well drained Nester soil, a silty clay loam
subsoil overlies clay loam. Included with these soils are
small areas of Tosco and Ubly soils. )

Soil management unit 2aF (VIe) ; woodland suitability
group B, steep.

Guelph-Nester loams, 25 to 35 percent slopes, mod-
erately eroded (GxF2).—The dominant soil in this very
steep complex is Guelph loam. A smaller but important
part consists of Nester loam, and there is a small acreage
of other soils. In most areas these soils have been cleared,
and about half of their original dark-colored surface layer
and gray subsurface layer has washed away. The soils
are cut by many shallow gullies and some deep ones. Iro-
sion has removed so much material that the upper subsoil
is exposed in many places, and the lower subsoil in some.’
In many patches even the calcareous underlying material
is at the surface.

The well-drained Guelph soil has a silty clay loam to
clay loam subsoil that is underlain by calcareous silt loam
or loam at a depth of 18 to 40 inches. The Nester soil is
well drained or moderately well drained and has a silty
clay loam subsoil that is underlain by clay loam. Included
with these soils are small areas of Tosco and Ubly soils.

Soil management unit 2aF (VIIe) ; woodland suitability
group B3, steep.

Gullied Land (Gy)

This land type consists of areas where the original soils
have been largely destroyed by many deep gullies. The
gullies are commonly 4 to 25 feet deep. Between them
are severely eroded remnants of the Leelanau, Kalkaska,
and other soils. Much of the acreage is stabilized by

rasses, weeds, shrubs, and trees and is used principally

or wildlife and as woodland.

Soil management unit 5aK3 (VIIs); woodland sult-
ability group K.

Hettinger Series

Soils of the Hettinger series are poorly drained or ver
oorly drained. They have a surface layer of very darlz
rown loam and a subsoil of clay loam that is grayish

brown in the upper part and light olive gray in the lower

part. The subsoil and the material under it are stratified
and are fine textured to coarse textured.

The Hettinger soils are coarser textured than the Pick-
ford soils, which developed over clay, and they are finer
textured than the Richter soils, which are dominantly
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sandy-loam. Hettinger soils have a higher water table and
are wetter than the Ingalls soils.

Profile of Hettinger loam:

A1—0 to 7 inches, very dark brown (10YR 2/2) loam; high in
organic-matter content; moderate, coarse, granular
structure; friable; neutral; abrupt, smooth boundary.
Layer is 6 to 8 inches thick.

B21g—7 to 12 inches, grayish-brown (2.5Y 5/2) clay loam that
has many, fine, distinct mottles of brownish yellow
(10YR 6/6) ; moderate, medium, angular blocky struc-
ture; firm; mildly alkaline; clear, wavy boundary.
Layer is 3 to 10 inches thick.

B22g—12 to 20 inches, light olive-gray (5Y 6/2) clay loam
that has many, fine, prominent mottles of reddish yel-
low (7.5YR 6/6) ; weak, coarse, angular blocky struc-
ture; firm; weakly calcarcous; abrupt, wavy bound-
ary. Layeris 7 to 14 inches thick.

C—20 to 60 inches -, brown (10YR 5/3), stratified clay dJoam
and silt loam that contain thin strata of sandy loa,
sand, and clay ; few, fine, distinct mottles of brownish
yellow (10YR 6/6) ; massive; firm; calcareous.

The alternate layers of coarse-textured and fine-textured
material in the C horizon range from 2 to 12 inches in
thickness. The fine-textured layers generally make up at
least 85 percent of the horizon, and in many places silt,
silt loam, and silty clay loam are dominant.

A small acreage of Hettinger soils is used for cultivated
crops, but most areas arve used for pasture, as woodland,
and as wildlife habitat. The natural plant cover consists
mainly of white-cedar, balsam fir, aspen, paper birch,
yellow birch, and a few clumps of elm and basswood.

In this county the Hettinger soils occur in such intricate
patterns with the Tonkey and Pickford soils that they are
mapped only as complexes of Tonkey-Hettinger-Pickford
Joams. These complexes are described under the heading
“Tonkey Series.”

Houghton Series

The Houghton series consists of poorly drained organic
soils that are more than 42 inches thick. These soils de-
veloped from sedges, rushes, and other herbaceous plants,
whereas the Lupton soils developed on the remains of
woody plants. The Houghton soils ave less acid and are
more highly decomposed than the Greenwood soils, which
consist of yellowish-brown, raw, fibrous peat.

Profile of IToughton muck :

1—0 to 16 inches, very dark grayish-brown (10YR 3/2) muck;
weak, coarse, granular structure ; very friable; slightly
acid; gradual, wavy boundary. ILayer is 10 to 20
inches thick.

216 to 36 inches, very dark grayish-brown (10YR 3/2) muck;
weak, coarse, granular and weak, fine, subangular
blocky strueture; friable; slightly aecid; gradual, wavy
boundary. ILayer is 14 to 30 inches thick.

3—306 to 60 inches, dark-brown (7.5YR 8/2) muck; somewhat
fibrous ; massive ; nonplastic and nonsticky wlen wet;
slightly acid.

In some places below a depth of 12 inches, these soils
contain layers of coarse, fibrous peat, % to 4 inches thick,
and thin layers and small pockets of niucky sand and silty
material.

The Houghton soils ave level or slightly depressional.
They have a water table near the surface and, unless arti-
ficially drained, may be submerged for short periods.
Sedges, rushes, reeds, and other marsh plants make up the
natural vegetation on these soils, which are used prin-
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cipally as wildlife habitat. Only a few small areas are in
pasture or cultivated crops.

Houghton muck (Ho).—This soil is nearly level. Small
areas are underlain by marl or sand at a depth of less than
42 inches. Included in some areas are small tracts of
Roscommon mucky sand.

Soil management unit Me (Vw) ; woodland suitability
group L.

Ingalls Series

The Ingalls series consists of imperfectly drained loamy
sand that has a sand or loamy sand subsoil over stratified
very fine sand, fine sand, and silt. Undisturbed areas have
a 3- to 6-inch surface layer, or Al horizon, that is very
high in organic-matter content and occurs over a gray
subsurface layer, or A2 horizon, that is 5 to 8 inches thick.
These layers are mixed by plowing. Where the Ingalls
soils occur closely with the Alpena soils, their surface and
subsurface layers are somewhat gravelly.

The Ingalls soils have a coarser textured surface layer,
subsurface layer, and subsoil than the Sanilac soils, but
essentially the same underlying material.

Profile of Ingalls gravelly loamy sand :

Ap—oO0 to 8 inches, very dark grayish-brown (10YR 3/2) grav-
elly lonmy sand; high in content of organic matter;
weak, fine, granular structure; very friable; mildly
alkaline; abrupt, smooth boundary. Layer is 6 to 9
inches thick.

B2lir—8 to 12 inches, dark-brown (10YR 4/3) sand; single
grain; loose; mildly alkaline; clear, wavy boundary.
Layer is 3 to 6 inches thick.

B22ir—12 to 27 inches, yellowish-brown (10YR 5/6) loamy
sand or sand that has many, fine, prominent mottles
of light brownish gray (2.5Y 6/2) and yellowish brown
(10YR 5/4); grades with depth to dark ycllowish-
brown (10YR 4/4) light sandy loam; weak, medium,
subangular blocky structure; very friable; mildly al-
kaline; gradual, wavy boundary. Layer is 10 to 20
inches thick.

B23ir—27 to 36 inches, dark-brown (7.5Y 4/4) loamy sand;
weak, medium, subangular blocky structure; very fri-
able; mildly alkaline; abrupt, wavy boundary. Layer
is 6 to 16 inches thick.

II1C—306 to 60 inches -, brown (7.5YR 4/4) stratified fine sand
and silt with thin strata of fine sandy loam and silty
clay; massive; very friable to firm; calcarcous.

Commonly the lower subsoil is gravelly sand that con-
tains small lumps of sandy clay loam. The depth to the
material below the subsoil ranges from 14 to 50 inches but
is 80 to 42 inches in most places. This material ranges
from thick, massive layers of loam, silt Joam, or silty clay
loam to thin layers of very fine sand, silt loam, silt, and
silty clay. The reaction of the soil profile ranges from
medinm aeid to atkaline.

Ingalls soils are nearly level or gently sloping. They are
used as woodland, as wildlife habitat, and as building sites,
but a few acres are in orchards. Wooded areas have a
cover of sugar maple, yellow birch, beech, and a few pine
and aspen.

In Grand Traverse County, the Ingalls soils are inter-
mingled with the Alpena soils and are mapped as com-
plexes of Ingalls-Alpena gravelly loamy sands. The Al-
pena soils are described under the heading “Alpena Series.”

Ingalls-Alpena gravelly loamy sands, 0 to 2 percent
slopes (laA)l.—The proportions of Ingalls and Alpena soils
are abouf the same in this nearly level complex. The
Ingalls soils, which occupy the lower and wetter areas,
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are imperfectly drained sands and loamy sands that are
more gravelly than the Ingalls gravelly loamy sand de-
scribed for the series. They are underlain by stratified
very fine sand, fine sand, and silt at a depth of 14 to 50
inches. The Alpena soils occur in the higher areas and
are well drained. They are gravelly and contain many
limestone fragments, though they are somewhat less
gravelly than the soil described as typical for the Alpena
series. In a few places fine-textured material underlies
the Alpena soils below a depth of 60 inches, but the finer
textured material underlying the Ingalls soils occurs at a
depth of less than 45 inches.

ngalls part: soil management unit 4/2bA (I1Lw);
woodland suitability group F. Alpena part: soil man-
agement unit GaAl* (VIIs); woodland suitability group

Ingalls-Alpena gravelly loamy sands, 2 to 6 percent
slopes (laB).—This gently sloping complex consists of
about equal* amonnts of Ing&lis and Alpena soils. The
Ingalls soils occur in the lower and wetter areas and are
imperfectly drained. They arve sands and loamy sands
that are underlain by stratified very fine sand, fine sand,
and silt at a depth of 14 to 50 inches. The Alpena soils
occupy the higher areas and are well drained. They are
gravelly throunghout and contain many fragments of lime-
stone. The variations in these soils are about the same
as those in Ingalls-Alpena gravelly loamy sands, 0 to 2
pexcent slopes.

Ingalls part: soil management unit 4/2bB (IIIw);
woodland suitability group F. Alpena part: soil man-
8gement unit GaAF (VIIs); woodland suitability group

Tosco Series

Soils of the Tosco series are somewhat poorly drained.
Undisturbed areas have a surface layer of friable, dark-
colored loamy sand over a subsurface layer of gray loamy
sand or sand. The subsoil is firm sandy clay loam and
isunderlain by calcareous loam to silty clay loam.

The Tosco soils are not so well drained as the Menominee
soils and are finer textured below the subsoil than the
Ingalls soils.

Profile of Tosco loamy sand:

Ap—O0 to 8 inches, very dark gray (10YR 3/1) loamy sand;
moderate, fine, granular structure; very friable;
moderately high in organic-matter content; slightly
acid ; abrupt, smooth boundary. Layer is 6 to 8 inches
thick.

Bir—S8 to 24 inches, light yellowish-brown (10YR 6/4) sand
or loamy sand; weak, medium, subangular blocky
structure; very friable; medium or slightly acid;
abrupt, wavy boundary. Layer is 8 to 30 inches thick.

ITB2t—24 to 37 inches, pale-brown (10YR G/3) sandy clay
loam; many, coarse, distinet mottles of yellowish
brown (10YR 5/6); weak, fine, subangular blocky
structure; sticky when wet, firm when moist; medinm
or slightly acid; abrupt, wavy boundary. Layer is 6
to 18 inches thick.

ITC—37 to 60 inches -, olive-brown (2.5Y 4/4) sandy clay loam
to silty clay loam, grading to dark grayish brown
(2.5Y 4/2); many, coarse, prominent mottles of yel-
lowish red (5YR 4/6); massive; sticky when wet;
calcareous.

The dark-colored surface layer and the gray subsurface
layer are loamy sand or sandy loam. These layers are
mixed by plowing. The material below the subso1l ranges

from silty clay loam to loam.

The Tosco soils are level to moderately sloping. They
are used for woodland, pasture, and field crops. Wooded
areas are in second-growth stands of maple and elm mixed
with some white-cedar and balsam fir.

Tosco loamy sand, 2 to 6 percent slopes (IB).—About,
half of this gently sloping soil has been cleared and used
for crops, and the rest is still wooded. Cultivated fields
have a plow layer of grayish-brown loamy sand or sandy
loam that has been slightly thinned by erosion. In wooded
areas the original thin, dark-colored surface layer and the
gray subsurface layer are undisturbed. A few seepage
spots occur in most areas.

Soil management unit 4/2bB (IITw); woodland suit-
ability group I.

Tosco loamy sand, 6 to 12 percent slopes {IIC).—This
moderately sloping soil is mainly in trees, but some areas
have been cropped. Wooded areas have a dark-colored
surface layer and a gray subsurface layer. In cultivated
fields these layers have been mixed with a small amount
of the upper subsoil. The plow layer is slightly eroded in
some places. Scepage areas and wet spots occur in
drainageways. Included with this soil are small areas of
well-drained Ubly and Montcalm soils.

Soil management unit 4/2bB (IIIw); woodland suit-
ability group L.

Tosco-Ogemaw loamy sands, 0 to 2 percent slopes,
overwash (loA).—A layer of sandy material, 6 to 14 inches
thick, has been deposited on most areas of the two soils
that make up this nearly level complex. The sediments
forming this layer washed from higher lying soils. In
many places the material has been mixed with the original
surface and subsurface layers during tillage.

The major part of the complex is Tosco loamy sand, and
most of the rest is Ogemaw loamy sand. The Tosco soil
is imperfectly drained and has a thin subsoil of sandy clay
Joam that is underlain by calcareous loams or silty clay
loams at a depth of 18 to 42 inches. The Ogemaxw soil is
imperfectly drained and is underlain by loam to clay loam
at a depth of 18 to 42 inches. In wetter places the sub-
soil has the sandy hardpan, or ortstein, that is typical of
Ogemaw soils. A few areas that have sandy loam or sand
surface and subsurface layers are included in the complex.,

Soil management, unit 4/2bA (IITw); woodland suit-
ability group L.

Tosco-Ogemaw loamy sands, 0 to 2 percent slopes
{IsA)—This nearly level complex is mostly Tosco loamy
sand, but a small part is Ogemaw loamy sand. The im-
perfectly drained Iosco soil has a thin sandy clay loam
subsoil that overlies calcareous loam or silty clay loam at
a depth of 24 to 42 inches. The imperfectly dramed Oge-
maw soil has a hardpan and is underlain by loam to clay
loam at a depth between 18 to 42 inches. Included with
these soils are some areas of sand or sandy loam. In
cultivated areas material from the subsoil has been mixed
into the plow layer. Wetter parts of the complex have
the sandy hardpan, or ortstein, that is typical of the Oge-
maw soils.

Soil management unit 4/2bA. (ITIw) ; woodland suit-
ability group I.

Tosco-Ogemaw loamy sands, 2 to 6 percent slopes
(sB).—This gently sloping complex is dominantly Tosco
loamy sand in the better drained areas and Ogemaw loamy
sand in the wetter parts. The imperfectly drained Losco
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soil has a thin subsoil of sandy clay loam and, at a depth
of 24 to 42 inches, is underlain by calcareous loams or silty
clay loams. The imperfectly drained Ogemaw soil has a
hardpan and is underlain by loam to clay loam at a depth
of 18 to 42 inches. In a few areas the surface layer is
sandy loam or sand. Cultivated fields have a plow layer
that consists of the original surface and subsurface layers
mixed with material from the subsoil.

Soil management unit 4/2bB (I1Iw); woodland suit-
ability group L

Kalkaska Series

Soils of the Kalkaska series are well drained and very
sandy. Undisturbed areas in woodland have a dark-
colored surface layer that is 14 to 2 inches thick and con-
sists mostly of organic matter and sand. This layer over-
lies a grayish-brown, sandy subsurface layer 4 to 10 inches
thick. The subsoil is dark reddish-brown to dark-brown
loamy sand and sand that grade to pale-brown sand with
depth.

Kalkaska soils have a lower water table than the moder-
ately well drained Croswell soils. They have a thicker
grayish subsurface layer than the Rubicon soils and a
thicker, darker colored subsoil. The Kalkaska soils contain
fewer limestone pebbles than the East Lake soils or
Gravelly land. They are coarser textured in the upper
18 to 42 inches than the arlin soils and are more reddish
brown in the subsoil. The Kalkaska soils do not have the
finer textured layevs in the subsoil or substratum that are
typical of the Leelanau, Menominee, Montcalm, and Rubi-
con soils.

Profile of Kalkaska loamy sand :

Ap—O0 to 6 inches, very dark gray (10YR 3/1) to dark grayish-
brown (10YR 4/2) loamy sand; weak, fine, granular
structure; very friable; moderately low in organic-
matter content; slightly or medium acid; abrupt,
smooth boundary. Layer is 6 to 8 inches thick.

A2—G6 to 8 inches, grayish-brown (10YR 5/2) sand; single
grain ; loose ; medium acid ; abrupt, irregular boundary.
Layer is 1 to 8 inches thick.

B21h—S8 to 16 inches, dark reddish-brown (5YR 3/2) loamy
sand ; weak, coarse, subangular blocky structure; very
friable; strongly acid; gradual, irregnlar boundary.
Layer is 4 to 12 inches thick.

B22ir—16 to 24 inches, dark-brown to brown (7.5YR 4/4) sand ;
single grain; loose; strongly acid; gradual, irregular
boundary. Layer is 6 to 14 inches thick.

B3—24 to 36 inches, dark yellowish-brown (10YR 4/4) sand;
single grain; loose; strongly to slightly acid; gradual,
wavy boundary. Layer is 8 to 14 inches thick.

C—36 inches +, pale-brown (10YR 6/3) sand that contains
some gravel; single grain; loose; medium or slightly

acid.

The grayish subsurface layer and the dark reddish-
brown subsoil commonly have irregular lower boundaries
that, in some places, are cone shaped and project down-
ward to a depth of as much as 50 inches. TIn width these
projections range from 24 inches at the top to 2 inches at
the bottom. In some places the material underlying the
subsoil is as much as 14 percent gravel, but the content of
gravel decreases toward the surface. In areas close to
Leelanan or East Lake soils, Kalkaska soils are less acid
than normal and have a thicker and darker surface layer
and a thinner subsurface layer. Also, they are less red-
dish in the subsoil than the soil described for the series.
In some places the lower subsoil or the material below it

contains a few lenses of reddish-brown, neutral sand or
loamy sand %4 to 2 inches thick. Calcareous sand and
gravel occur in a few places below a depth of 50 inches.

The Kalkaska soils are nearly level to very steep. They
occupy many different landforms, and in the more strongly
sloping areas, their relief is generally complex. Wooded
areas are in second-growth stands of sugar and red maples,
beech, hornbeam, elm, basswood, aspen, and a few groves
of hemlock., The original forest contained scattered white
and red pines.

Much of the acreage of these soils has been cultivated,
but only areas close to more productive soils are now cul-
tivated. A fairly large acreage of abandoned farmland
has been reforested with pines.

Kalkaska loamy sand, 0 to 2 percent slopes (KoA).—
About two-thirds of this nearly level soil has been cleared
and cultivated. Wooded areas have a thin, dark-colored
surface layer that overlies a 4- to 10-inch subsurface layer
of grayish loamy sand. Included in the more gravelly
areas of this soil are areas of Bast Lake soils. )

Soil management unit 5aA (IVs) ; woodland suitability
group E.

Kalkaska loamy sand, 0 to 2 percent slopes, moder-
ately eroded (KoA2.—This nearly level soil has lost a
moderate amount of soil material, including organic mat-
ter, through wind erosion. In many places the plow layer
1s brown because it contains an appreciable amount of the
reddish-brown subsoil. In other places where much or-
ganic matter has been lost, the surface layer is grayish
brown. Included with this soil are small areas of Kast
Lake soils. o

Soil management unit 5aA (TVs) ; woodland suitability
group L.

Kalkaska loamy sand, 2 to 6 percent slopes (KaB).—In
wooded areas this gently sloping soil has a thin, dark-
colored surface layer and a grayish 4- to 6-inch subsurface
layer, but tillage has mixed these layers in cultivated fields.
Most of the sotl has been cleared and used for crops. In-
clnded are small areas of East Lalke soils.

Soil management unit 5aB (IVs) ; woodland suitability
group E.

Kalkaska loamy sand, 2 to 6 percent slopes, moder-
ately eroded (KaB2).—This gently sloping soil has been in-
tensively cultivated and moderately eroded by wind. In
most areas tillage has mixed part of the dark reddish-
brown subsoil and grayish subsurface layer into the plow
layer. A few shallow blowouts occur in some places, and
the subsoil is exposed in others. Included are areas of
East Lake loamy sand that make up about 10 percent of
the acreage. o

Soil management unit 5aB (IVs) ; woodland suitability
group E.

Kalkaska loamy sand, 6 to 12 percent slopes (KaC).—
Much of this moderately sloping soil has been cleared and
used for crops. Most cultivated areas have lost a small
amount of soil through erosion, and material from the
upper subsoil has been mixed into the plow layer. In
wooded areas the thin, dark-colored surface layer and
the grayish subsurface layer are essentially undisturbed.
Included are small areas of East Lake soils.

Soil management unit 5aC (VIs); woodland suit-
ability group L.

Kalkaska loamy sand, 6 to 12 percent slopes, moder-
ately eroded (KaC2).—This moderately sloping soil has
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been cleared and farmed. A moderate amount of soil has
been lost through wind and water erosion, and the plow
layer contains material from the subsoil. In places where
much of the organic matter has been lost, the plow layer
is distinctly grayish brown. In many places so much of
the soil has been removed by erosion that patches of the
dark reddish-brown subsoil are exposed.

Soil management unit 5aC (V1Is) ; woodland suitability
group I

Kalkaska loamy sand, 6 to 12 percent slopes, severely
eroded (KaC3).—At least a third of this moderately slop-
ing soil has lost all of its original surface and subsurface
layers and part of the subsoil through wind and water
erosion. The eroded material has been deposited over
the remaining acreage in a layer of variable thickness.
In many places the present surface layer consists of
yellowish-brown to pale-brown sand that originally under-
lay the subsoil. In other places the original Kalkaska
loamy sand is covered by a deposit of sandy material 12 to
36 inches thick. Included with this soil are small areas
of East Lake soils.

Soil management unit 5aC (VIs) ; woodland suitability
group K.

Kalkaska loamy sand, 12 to 18 percent slopes (KaD).—
Uncleared areas of this hilly soil have a thin, dark-colored
surface layer and a grayish subsurface layer 2 to 4 inches
thick. In cultivated fields these layers have been mixed
by plowing. Included are small areas of other soils, prin-
cipally East Lake loamy sand.

Soil management unit 5aD (VIIs) ; woodland suitability
group E.

Kalkaska loamy sand, 12 to 18 percent slopes, mod-
erately eroded (KaD2).—Wind and water have removed a
moderate amount of material from this hilly soil. Many
shallow gullies and some deep ones have cut into the sub-
soil, though some gullies are now stabilized and partly
filled in. About 15 percent of the acreage has had the
original surface and subsurface layers removed and the
subsoil exposed. The plow layer consists of subsoil mixed
with the small remaining part of the material above it.
Included with this soil are areas of less eroded soils, prin-
cipally East Lake loamy sand.

Soil management wnit 52D (VIIs) ; woodland suitability
group E.

Kalkaska loamy sand, 18 to 25 percent slopes (KaF).—
About half of this steep soil has never been plowed and
is uneroded. This undisturbed acreage has a thin, dark-
colored surface layer that overlies a grayish subsurface
layer 2 to 4 inches thick. In cultivated fields the plow
layer has been slightly thinned by erosion. On about 15
percent of the farmed acreage, the subsoil is exposed and
a few shallow gullies have formed. This soil has a some-
what thinner subsoil than the less strongly sloping
Kalkaska soils. Small areas of Fast Lake soils are
included.

Soil management unit 52F (VIIs); woodland suit-
ability group E, steep.

Kalkaska loamy sand, 18 to 25 percent slopes, mod-
erately eroded (KaE2).—This steep soil has been cleared
and cultivated. It has lost so much soil material through
wind and water erosion that, in at least half the total area,
the plow layer consists mostly of subsoil material. The
upper subsoil is exposed on about 25 percent of the acre-
age, and a few gullies have formed. Included with this

soil are small areas of East Lake soils and spots of finer
textured soils. .

Soil management unit 5al (VIIs); woodland suit-
ability group E, steep.

Kalkaska loamy sand, 25 to 45 percent slopes (KaF).—
Most of this very steep soil is woodland and has a thin,
dark-colored surface layer and a grayish subsurface layer.
Cleared areas have lost nearly all of the original surface
layer and part of the subsurface layer through ervosion.
Included are small areas of Fast Lake soils and spots of
finer textured soils. )

Soil management unit 5aF (VIIs); woodland suit-
ability group E, steep.

Kalkaska loamy sand, 25 to 45 percent slopes, mod-
erately eroded (KaF2).—Erosion has removed most of the
original surface and subsurface layers from this very steep
soil. About 25 percent of the acreage is cut by gullies,
some even into the lower subsoil. The subsoil is exposed
in about 10 percent of the total area. Included with this
soil are small areas of Fast Lake soils and spots of finer
textured soils.

Soil management unit 5aF (VIIs); woodland suit-
ability group I, steep.

Kalkaska sand, 0 to 2 percent slopes (KbA).—About
three-fourths of this nearly level soil has been cleared and
cultivated, and the rest is in forest. Wooded areas have a
1- to 8-inch surface layer of dark-colored sand that is high
in organic-matter content and overlies a grayish sub-
surface layer 4 to 10 inches thick. In cultivated fields
these layers have been mixed to form a plow layer of gen-
erally dark-gray sand. In a few places, the plow layer
contains some of the reddish-brown subsoil.

Soil management unit 5aA. (IVs) ; woodland suitability
group E.

Kalkaska sand, 0 to 2 percent slopes, moderately
eroded (KbA2).—Because this nearly level soil has been in-
tensively cultivated, it has lost a moderate amount of the
sand plow layer through wind erosion. In at least a third
of the acreage, this layer contains material from the dark
reddish-brown subsoil and, as a result, is darker brown
than the plow layer in other aveas.

Soil management unit 5aA (IVs) ; woodland suitability
group I,

Kalkaska sand, 2 to 6 percent slopes (KbB).—About
two-thirds of this gently sloping soil has been cultivated
and has a plow layer of gray sand. Wooded areas have
a thin, davk-colored surface layer and a grayish subsurface
layer that is 6 to 10 inches thick.

Soil management unit 5a3 (IVs) ; woodland suitability
group E.

Kalkaska sand, 2 to 6 percent slopes, moderately
eroded (KbB2).—This gently sloping soil has been moder-
ately eroded by wind and water. The plow layer is dark
brown because it contains material brought up from the
dark reddish-brown upper subsoil in tillage.

Soil management unit 5aB (IVs) ; woodland suitability
group E.

Kalkaska sand, 6 to 12 percent slopes (KbC).—In
wooded areas this moderately sloping soil has a thin, dark-
colored surface layer and a grayish subsurface layer 4 to
6 inches thick. Plowing has mixed these Iayers in cul-
tivated fields, which are slightly eroded by wind.

Soil management unit 52C (VIs) ; woodland suitability
group E.
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Kalkaska sand, 6 to 12 percent slopes, moderately
eroded (KbC2).—Because of wind and water erosion, this
moderately sloping soil has lost a considerable amount of
soil material. Some of the original surface and subsur-
face layers has been mixed with the reddish-brown upper
subsoil to form a plow layer of grayish-brown sand.

Soil management unit 5aC (VIs) ; woodland suitability
group E.

Kalkaska sand, 12 to 18 percent slopes (KbD).—Un-
eroded areas of this hilly soil have a thin, dark-colored sur-
face layer and a 4- to 6-inch subsurface layer of grayish
sand. In slightly eroded areas, the surface layer has
blown away.

Soil management unit 5aD (VIIs) ; woodland suitabil-
ity group E.

Kalkaska sand, 12 to 18 percent slopes, moderately
eroded (KbD2).—Wind has removed a moderate amount of
material from this hilly soil. The plow layer is a mixture
of the upper subsoil and the material left above it. The
subsoil is exposed in many patches.

Soil management unit 5aD (VIIs); woodland suitabil-
ity group K.

Kalkaska sand, 18 to 25 percent slopes (KbE).—This
steep soil is mainly in trees, but a small acreage is used
for crops. Undisturbed aveas have a thin, dark-colored
surface layer and a grayish sand subsurface layer. Incul-
tivated fields the plow layer is a mixture of the original
surface and subsurface layers, and a small amount of soil
has been blown away by wind.

Soil management unit 5aE (VIIs) ; woodland suitabil-
ity group E, steep.

Kalkaska sand, 25 to 45 percent slopes (KbF).—Part of
this very stecp soil is uneroded and is mainly wooded. In
these areas the soil has a thin, dark-colored surface layer
and a grayish sand subsurface layer 3 to 5 inches thick.
Some areas are slightly eroded and have had most of their
original surface layer blown away.

Soil management unit 50 F (VIIs) ; woodland suitabil-
ity group I, steep.

Karlin Series

The Karlin series consists of well-drained soils that have
a surface layer, subsurface layer, and subsoil of sandy loam
or loamy sand. Sand that contains some gravel under-
lies the subsoil at a depth of 15 to 42 inches. Undisturbed
areas have a thin, dark-colored surface layer, 1 to 3 inches
thick, and a gray subsurface layer 4 to 4 inches thick.

Karlin sandy loam commonly occurs with the Newaygo
and Coventry soils, and Karlin loamy sand with the
Montcalm, Mancelona, and Kalkaska soils. The surface
layer and subsoil of the Karlin soils are thicker and
finer textured than those of the Kalkaska soils but arve
coarser textured than those of the Coventry soils. Karlin
soils are less gravelly than the Mancelona and Newaygo
soils, especially in the material below the subsoil.

Profile of Karlin sandy loam:

Ap—O0 to 7 inches, very dark grayish-brown (10YR 3/2)
sandy loam; weak, medium, granular structure; fri-
able; slightly acid; moderately high in organic-matter
content; abrupt, smooth boundary. Layer is § to
10 inches thick.

B21hir—7 to 20 inches, dark reddish-brown (5YR 3/4) sandy

loam, grading to dark brown (10YR 3/3); weak,
fine, subangular blocky structure; friable; medium

acid; gradual, wavy boundary. Layer is 8 to 18

inches thick.

B22ir—20 to 32 inches, dark yecllowish-brown (10YR 4/4)
sandy loam; weak, fine, subangular blocky structure;
friable; medinm acid; clear, irregular boundary.
Layer is 6 to 14 inches thick.

IIC—32 to 60 inches -}, yellowish-brown (10YR 5/4) to brown
(75YR 5/4) sand and gravel; single grain; loose;
slightly acid, becoming nentral with depth.

In Karlin soils close to Coventry and Newaygo soils,
the surface layer, subsumface layer, and subsoil range from
fine sandy loam to loamy sand m texture and, within short
distances, from 15 to 42 inches in total thickness. In many
places the material underlying the subsoil has bands of
reddish-brown sandy loam or sticky loamy sand %4 to 2
inches thick. Below a depth of 48 inches, there are a few
darker colored bands of gravelly sandy clay loam 2 to 4
inches thick.

The greater part of the Karlin soils is nearly level or
gently sloping. The soils are used principally for corn,
small grain, and hay crops, but some areas are in second-
growth stands of sugar maple, beech, elm, and yellow
birch. Some areas of coarser textured Karlin soils, espe-
cially those close to Kallaska soils, are being planted to
Ppine trees.

Karlin loamy sand, 0 to 2 percent slopes (KIA).—This
nearly level soil has a dark foamy sand surface layer 3
to 5 inches thick. The subsoil is brown loamy sand and
is underlain by sand. Cultivated aveas of this soil have
been slightly eroded by wind. Included are small areas
of Karlin sandy loam, Mancelona loamy sand, and ISast
Lake loamy sand.

Soil management unit 4aA (IIIs) ; woodland suitability
group D.

Karlin loamy sand, 2 to 6 percent slopes (KIB).—Un-
eroded areas of this gently sloping soil have a dark-colored
surface layer that is 3 to 5 inches thick over a thin, gray
subsurface layer. The subsoil of loamy sand is underlain
by sand. In cultivated fields a small amount of soil has
been Jost through wind and water erosion. The subsoil
is exposed in some small areas. Included with this soil
are small areas of Karlin sandy loam, Mancelona loamy
sand, and East Lake loamy sand.

Soil management unit 4aB (11Is) ; woodland suitability
group D.

Karlin loamy sand, 6 to 12 percent slopes (KIC).—Most
of this soil is wooded and has a dark-colored surface layer
and a very thin, gray subsurface layer. Some areas have
been cultivated and are slightly eroded. They havea plow
layer that is 7 to 9 inches thick and consists of material
from the subsoil mixed into the material remaining above
it. Included are small areas of Karlin sandy loam, Man-
celona loamy sand, and East Lake Joamy sand.

Soil management unit, 4aC (ITIe) ; woodland suitability
group D.

Karlin loamy sand, 6 to 12 percent slopes, moderately
eroded (KIC2.—This moderately sloping soil has been cul-
tivated and has lost a considerable amount of material
through erosion. During tillage the original surface and
subsurface layers have been mixed with the upper subsoil,
and the present surface layer is loamy sand. The loamy
sand subsoil is underlain by sand. Included with this
soil are areas of Mancelona, East, Lake, and Kalkaska soils.

Soil management, unit 4aC (I11e) ; woodland suitability
group D.
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Karlin loamy sand, 12 to 18 percent slopes (KID).~—
Wooded areas of this strongly sloping soil are not eroded.
They have a dark surface layer and a very thin, gray sub-
surface layer. Cultivated areas are slightly eroded; their
plow layer is a mixture of the original surface and sub-
surface layers and the upper subsoil. The subsoil of loamy
sand is underlain by sand. Included with this soil ave
small areas of Karlin sandy loams, Newaygo sandy loam,
Mancelona loamy sand, and East Lake Joamy sand.

Soil management unit 4aD (IVe) ; woodland suitability
group D.

Karlin loamy sand, 12 to 18 percent slopes, moder-
ately eroded (KID2).—This strongly sloping soil has been
cultivated and is moderately eroded. The more eroded
spots include areas of Kalkaska sand.  Also included with
this soil are small areas of Karlin sandy loams, Newaygo
s:mc%y loam, East Lake loamy sand, and Mancelona loamy
sand.

Soil gnnagement unit 4aD (IVe) ; woodland suitability
group D.

Karlin loamy sand, 18 to 25 percent slopes (KIE).—
Wooded areas of this soil are not eroded. In these areas
the surface layer is dark colored and overlies a thin
subsurface layer of gray loamy sand. Cultivated fields
are slightly eroded. This soil has a loamy sand subsoil
that is underlain by sand. Included in some areas are
many small spots of Karlin sandy loams, Newaygo sandy
loam, and Mancelona loamy sand. In other areas the
lm'g{ast acreage of included soils is occupied by Kalkaska
sand.

Soil management unit 4aE (VIe) ; woodland suitability
group D, steep.

Karlin loamy sand, 18 to 25 percent slopes, moder-
ately eroded (KIE2).—This steep soil has been intensively
farmed and has lost a considerable amount of soil material
through erosion. Tt is cut by a few shallow gullies. The
plow layer is a mixture of the loamy sand subsoil and the
small remaining part of the original loamy surface and
subsurface layers. In a few places the sand that originally
underlay the subsoil is now at the surface. Included in
some areas are small areas of Mancelona loamy sand and
Last Lake Joamy sand. In the more severely eroded areas
the largest acreage of included soils is occupied by
Kalkaska sand.

Soil management unit 4a¥ (VIe) ; woodland suitability
group D, steep.

Karlin loamy sand, 25 to 45 percent slopes (KIF).—The
profile of this steep soil is somewhat thinner than the pro-
file of the Karlin sandy loam described for the series.
Loamy sand makes up the surface and subsurface layers
and the subsoil. Nearly all the acreage has been cleared
and is eroded. Included are small arveas of Coventry,
Newaygo, Mancelona, and Kalkaska soils.

_ Soil management unit 4aF (VIIe); woodland suitabil-
ity group D, steep.

Karlin loamy sand, 25 to 45 percent slopes, moder-
ately eroded (KIF2).—This very steep soil has had all of its
original surface and subsurface layers and some of its
upper subsoil washed away. Gullies have cut into the
lower subsoil in some areas. Included with this soil are
areas of Kalkaska sand and, in less severely eroded places,
small areas of Iast Lake loamy sand and Mancelona loamy
sand. Of the included soils, Kalkaska sand has the largest
acreage.

Soil management unit 4aF (VIIe); woodland suitabil-
ity group D, steep.

Karlin sandy loams, 0 to 2 percent slopes (KsA).—
Nearly all of the acreage of these nearly level soils has
been cultivated and is shghtly eroded. A small uneroded,
wooded acreage has a thick, dark-colored surface layer and
a very thin, gray subsurface layer. Included with these
soils are small areas of Newaygo and Iast Lake soils.

Soil management unit 4aA (I1Is) ; woodland suitability
group D.

Karlin sandy loams, 2 to 6 percent slopes (KsB).—In
most areas these gently sloping soils have been cultivated
and are slightly eroded. A few aveas in trees are not
eroded. They have a thick, dark-colored surface layer
that is underlain by a thin, gray subsurface layer. In-
cluded are a few, scattered areas of Newaygo and East
Lake soils.

Soil management unit 4aB (IIIs); woodland suitabil-
ity group D.

Karlin sandy loams, 6 to 12 percent slopes (KsC).—Al-
though some areas are still wooded, these soils have been
used primarily for crops. Cultivated fields are slightly
eroded, but areas covered by trees have their original thick,
dark surface layer over a thin, gray subsurface layer. In-
cluded are small, scattered areas of Newaygo and East
Lake soils.

Soil management unit 4aC (IIIe); woodland suitabil-
ity group D,

Kerston Series

In the Kerston series are poorly drained soils that con-
sist of alternate layers of mineral material and organic
material, or muck. In most places the layers of mineral
material ave thicker than those of muck. These alternate
layers are generally 2 to 16 inches thick and extend to a
depth of af least 42 inches. In this respect the Kerston
solls differ from other organic soils and from mineral
soils.

Profile of Kerston muck:

1—0 to 5 inches, dark-brown (10YR 3/3) muck; moderate,
medium, granular structure; friable; neutral; grad-
ual, wavy boundary. Layer is 2 to 8 inches thick.

2—5 to 10 inches, very dark grayish-brown (10YR 3/2) silt
loam that is mixed with dark reddish-brown (5YR
2/2) peaty muck; moderate, medium, granular struc-
ture; friable; slightly acid; clear, wavy boundary.
Layer is 4 to 8 inches thick.

3—10 to 16 inches, dark reddish-brown (5YR 2/2) muck; mod-
erate, medium, granular structure; friable; slightly
acid; gradual, wavy boundary. Layer is 4 to 10
inches thick.

4—16 to 21 inches, very dark brown (10YR 2/2) muck; mas-
sive; friable; slightly acid; clear, wavy boundary.
Layer is 3 to 7 inches thick.

5—21 to 60 inches -, alternate strata of loose, pale-brown
(10YR 6/3), single-grain sand and of friable, dark
grayish-brown (10YR 3/2), massive muck; strata are
1 to 6 inches thick ; neutral.

In thickness the layers of muck and of mineral material
range from % to 20 inches. The mineral material ranges
from clay, silt loam, or loam to a mixture of gravel and
sand. The organic material varies from peat to muck or
peaty muck, and it makes up from 20 to 70 percent of the
soil to a 60-inch depth.

Kerston soils occupy nearly level flood plains that slope
toward the stream channels. If snow melts rapidly or if
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rainfall is heavy, these soils are commonly flooded. They
are used principally as woodland and for wildlife. In
most areas the vegetation consists of white-cedar, tama-
rack, balsam fir, and other swamp plants. Some of the
better drained areas are in stands of ash, maple, yellow
birch, and other hardwoods.

Kerston muck (Kf).—This nearly level soil is very wet.
In some areas the original surface layer is covered by 6 to
12 inches of lighter colored mineral material.

Soil management unit Ldc (Vw) ; woodland sunitability

group J.
Lake Beach

This miscellaneous land type occurs in strips along the
shore of Grand Traverse Bay. The beach is composed
mostly of sand and gravel that are subject to wave action,
which may be severe for short periods. After beach mate-
rial is deposited by waves, it is reworked, sorted, and car-
ried from one place to another by wind and water. In its
place new sediments are washed onto the beach. Because
of this periodic movement, no soil profile has developed.

In addition to sand and gravel, the beach material in-
cludes a few stones and boulders. In many places it is
underlain by glacial drift consisting of silt, silt loam, loam,
or sandy loam or by lacustrine silt and clay. These finer
textured substrata generally occur in areas where waves
have cut into blufls or escarpments made up of fine-tex-
tured soil material.

Along these beaches the level of the lake fluctuates as
much as 12 inches annually. The level may fluctuate 1 to
5 feet in a period of 2 to 25 years, but the interval between
very high water and very low water is 50 years or more.
‘When the lake is low, many areas are stable enough to have
a cover of beachgrass, willow, elm, basswood, paper birch,
white-cedar, and shrubs, but these plants are commonly
washed away during periods of high water.

Lake beach is used intensively for recreation and as
homesites. In some areas it is not stabilized, and blowing
sand reduces the value of adjacent property.

Lake beach and Eastport sand, 0 to 6 percent slopes
(LeB).—Mzg;laed together in this undifferentiated unit are
areas of Lake beach that are above the present level of
Grand Traverse Bay and areas of Eastport sand that occur
farther inland and are slightly higher than the beach.
These soils are nearly level or gently sloping. Lake beach
is submerged during periods of high water and, in many
places, is separated from Eastport sand by a low gravel
bar or a sand dune. The Eastport soil is more nearly level
than Lake beach and is stabilized by a cover of plants. In
areas next to Lake beach, Eastport sand is generally more
alkaline and more gra,vezl]y than in areas farther mmland,
and its layers are not so well defined. Included with these
soils are areas of Kalkaska and Alpena soils.

Soil management unit Sa (VIIIs) ; woodland suitability
group L.

Leelanau Series

The Leelanan series consists of well-drained soils that
have loamy sand surface and subsurface layers and, in
most places, a loamy sand subsoil. Uneroded wooded
areas have a dark-colored surface layer 2 to 6 inches thick
and a gray subsurface layer 14 to 2 inches thick. In cul-
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tivated fields these layers have been mixed with a small
amount of the subsoil.

The Leelanau soils are coarser textured throughout than
the Emmet soils and are finer textured in the lower subsoil
than the Karlin soils. They are finer textured through-
out than the Iast Lake and Kalkaska soils, and they are
less acid than the Montcahn soils.

Profile of Leelanau loamy sand :

Ap—O0 to 7 inches, very dark grayish-brown (10YR 3/2) loamy
sand ; weak, medium, granular structure; very friable;
slightly acid or neutral; contains a moderate amount
of organic matter; abrupt, smooth boundary. ILayer
is 6 to 8 inches thick.

B21lir—7 to 28 inches, dark-brown to brown (7.5YR 4/4). or
yellowish-brown (10YR 5/4) loamy sand; weak, fine,
subangular blocky structure; friable; slightly acid or
neutral; clear, irregular boundary. ILayer is 18 to
28 inches thick.

A2 & B't—28 to 36 inches, brown (7.5YR 5/4) loamy sand that
is mixed with many chunks of reddish-brown (5YR
4/4) sandy clay loam to sandy loam; moderate, me-
dium, subangular blocky structure; friable; neutral;
clear, irregular boundary. Layer is 6 to 14 inches
thick.

C—36 to 60 inches 4, brown (10YR 5/3) loamy sand; weak,
fine, subangular blocky structure; friable; calcareous.

The principal variations are in the thickness of the loamy
sand subsoil and in its content of finer textured material.
The subsoil ranges from 24 to 42 inches in thickness. In
the A’2 & B’t horizon, the B’t part consists of thin, com-
monly discontinuous bands of heavy loamy sand to light
sandy loam. In many places these bands are separated by
light loamy sand that makes up the A’2 part of the hori-
zon. A small amount of gravel and a few cobbles are
common in the surface layer and the subsoil. In some
Leelanau soils, there is much limestone gravel in the pro-
file, and the surface layer, subsurface layer, and subsoil
are mildly alkaline. Lumps of sandy clay loam occur in
the subsoil in some places. The calcareous material be-
low the subsoil is loamy sand, sand, or gravelly loamy sand.
This material contains a few pockets or layers of gravel or
of silt to clay that extend upward into the subsoil in a few
places.

Leelanau soils are nearly level to very steep and, in the
more strongly sloping areas, have complex relief. Areas
on slopes of 0 to 16 percent are used principally for or-
chards and general farming. Steeper areas are used for
pasture or as woodland. The native vegetation is chiefly
sugar maple, beech, white ash, elm, and a few white pine
and hemlock.

In Grand Traverse County, the Leelanau soils occur so
closely with the Kalkaska soils that they are mapped only
in complexes of Leelanau-Kalkaska loamy sands, but some
of the Leelanau and Kalkaska soils in these complexes
have a surface texture of loamy fine sand.

Leelanau-Kalkaska loamy sands, 0 to 2 percent
slopes (LtkA).—-Wooded areas of this nearly level complex
have a dark-colored surface layer over a gray subsurface
layer. In cultivated fields the plow layer is & mixture of
the original surface and subsurface layers and a small
amount of the upper subsoil. The Leelanau soils account
for a slightly larger part of the complex than the Kalkaska
soils.

The Leelanau soils in this complex are well-drained
loamy sands that have a subsoil of loamy sand, as much
as 86 inches thick, that is underlain by calcareous loamy
sand. They have a coarser textured subsoil than most
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Leelanau soils, and they are more acid in the surface
and subsurface layers and the subsoil than are the Lee-
lanau soils on stronger slopes. The Kalkaska soils consist
of well-drained, acid sands that have a subsoil of dark
reddish-brown and dark-brown sand. In these soils the
gray subsurface layer is thinner than that in typical Kal-
kaska soils, and the subsoil is not so red. In some places
thin bands of reddish-brown sandy loam or loamy sand
occur below a depth of 36 inches. Included with these soils
are small areas of East Lake soils.

Leelanau part: soil management unit 4aA (IIIs);
woodland suitability group C. Kalkaska part: soil man-
agement unit 5a.A (IVs) ; woodland suitability group E.

Leelanau-Kalkaska loamy sands, 0 to 2 percent
slopes, moderately eroded (LkA2).—These nearly level soils
have lost a large amount of soil material through erosion,
mostly by wind, and the plow layer consists mainly of
material brought up from the subsoil. In most other
respects, the soils are similar to Leelanau-Kalkaska loamy
sands, 0 to 2 percent slopes. .

The Leelanau soils occupy a slightly larger acreage in
this complex than the Kalkaska soils. The Leelanau soils
are well-drained loamy sands that have a subsoil of sticky
loamy sand to light sandy clay loam. Underlying the
subsoil is calcareous loamy sand. The Kalkaska soils are
acid sands that are well drained and have a subsoil of
dark reddish-brown and dark-brown sand. Included with
these soils are a few small areas of Kalkaska sand that
have been severely eroded by wind.

Leelanau part: soil management unit 4aA (I1Is);
woodland suitability group C. Kalkaska part: soil man-
agement unit 5aA (IVs); woodland suitability group E.

Leelanau-Kalkaska loamy sands, 2 to 6 percent
slopes (tkB).—The Leelanau soils make up a slightly larger
part of this gently sloping complex than the Kalkaska
soils. In uneroded, wooded areas Leelanau and Kalkaska
soils have a thin, dark-colored surface layer and a gray
subsurface layer. Where cultivated, the plow layer is a
mixture of these layers and a little material from the
subsoil.

The well-drained Leelanau soils have a surface layer
of loamy sand and a subsoil of sticky loamy sand to light
sandy clay loam. Below the subsoil is calcareous loamy
sand. The well-drained Kalkaska soils are acid sands
that have a subsoil of dark reddish-brown and dark-
brown sand. In these soils the gray subsurface layer is
thinner than in typical Kalkaska soils, but the subsoil is
thicker and not so red. In some places below a depth of
36 inches, there are thin layers of reddish-brown sandy
loam or loamy sand. Included with these soils are some
areas of East Lake soils.

Leelanau part: soil management unit 4aB (IIIs);
woodland suitability group C. Kalkaska part: soil man-
agement unit 5aB (IVs) ; woodland suitability group E.

Leelanau-Kalkaska loamy sands, 2 to 6 percent
slopes, moderately eroded (LkB2).—This gently sloping
complex has been more intensively cultivated than Lee-
lanau-Kalkaska loamy sands, 2 to 6 percent slopes, and
has lost a larger amount of soil through erosion. ~ Subsoil
material makes up most of the plow layer.

The Leelanau soils are slightly morve extensive than the
Kalkaska soils. TLeelanau soils are well-drained loamy
sands that have a subsoil of sticky loamy sand to light
sandy clay loam. They overlie calcareous loamy sand.

The Kalkaska soils are acid, well-drained sands that have
a subsoil of dark reddish-brown and dark-brown sand.
Included with these soils are a few small areas of Kalkaska
sand that have been severely eroded by wind.

Leelanan part: soil management unit 4aB (ILIs);
woodland suitability eroup C. Kalkaska part: soil man-
agement unit 5aB (1Vs); woodland suitability group E.

Leelanau-Kalkaska loamy sands, 6 to 12 percent
slopes (LkC).—In uneroded, wooded areas these moderately
sloping soils have a dark-colored surface layer and a gray
subsurface layer. In cultivated fields the present surface
layer is sli%htly eroded and consists of the original sur-
face and subsurface layers mixed with some of the subsoil.

The largest part of the complex is occupied by Leelanau
soils, which are well-drained loamy sands. The subsoil is
sticky loamy sand to light sandy clay loam and is under-
lain by calcareous loamy sand.” The Kalkaska soils are
well-drained, acid sands that have a dark reddish-brown
and dark-brown sand subsoil. In some places the surface
and subsurface layers are thinner than those of typical
Kalkaska soils, and the subsoil is not so red. Included
with these soils are small areas of East Lake soils and
spots of Mancelona soils.

Leelanan part: soil management wunit 4aC (ILIe);
woodland  suitability group C. Kalkaska part: soil
management unit 520 (VIs); woodland suitability
group E.

Leelanau-Kalkaska loamy sands, 6 to 12 percent
slopes, moderately eroded (LkC2).—These moderately
sloping soils have been intensively farmed and have lost
much of the material above the subsoil and some of the
subsoil itself through wind and water erosion. A few
blowouts and a few gullies occur in the more severely
eroded areas. The plow layer consists mostly of material
from the upper subsoil that has been mixed with remnants
of the original surface and subsurface layers.

Leelanan soils and Kalkaska, soils occur in the complex
in about equal acreages. The Leelanau soils are well-
drained loamy sands that have a subsoil of sticky loamy
sand to light sandy clay loam. Underlying the subsoil is
calcareous loamy sand. The Kalkaska soils are acid sands
that are well drained and have a subsoil of dark reddish-
brown and dark-brown sand. Small areas of Eastport
and Mancelona soils are included.

Leelanau part: soil management unit 4aC (ITTe) ;
woodland suitability group é Kalkaska part: soil
llgmnagement unit 5aC (VIs) ; woodland suitability group
A

Leelanau-Kalkaska loamy sands, 12 to 18 percent
slopes (LkD).—Undisturbed areas of these hilly soils have a
dark-colored surface layer and a gray subsurface layer.
In slightly eroded cultivated fields the plow layer is a mix-
ture of the original surface and subsurface layersand some
material brought up from the subsoil.

Leelanau loamy sand is dominant in the complex. It is
well drained and has a sticky loamy sand to light sandy clay
loam subsoil underlain by calcareous loamy sand. ~ICal-
kaska soils, which account for most of the remaining acre-
age, are well drained and have surface and subsurface
layers of sand and a subsoil of dark reddish-brown and
dark-brown sand. In a few areas the surface and sub-
surface layers are thinner than those of most Kalkaska,
soils and the subsoil is less red. Included with these soils
are small areas of Fast Lake and Mancelona soils.
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Leelanau part: soil management unit 4aD (IVe);
woodland suitability group C. Kalkaska part: soil
management, unit 5aD (VIIs); woodland suitability
group L.

Leelanau-Kalkaska loamy sands, 12 to 18 percent
slopes, moderately eroded (LkD2).—Wind and water have
removed a large part of the original surface and subsur-
face layers and some of the subsoil from these hilly soils.
The plow layer is mostly subsoil material but contains
remnants of the original surface and subsurface layers.
The subsoil is exposed in many areas, and a few gullies
have cut into the lower subsoil.

About half of the complex is Leelanau loamy sand, and
most of the rest is Kalkaska loamy sand. The Leelanau
soil is well drained. It has a subsoil of sticky loamy sand
to light sandy clay loam that is underlain by calcareous
Joamy sand. ~The Kalkaska soil is well drained and acid;
its subsoil is dark reddish-brown and dark-brown sand.
Small areas of Bast Lake and Mancelona soils are included.

Teelanau part: soil management unit 4aD (IVe);
woodland suitability group C. Kalkaska part: soil
management unit 5aD (VIIs); woodland suitability
group L.

Leelanau-Kalkaska loamy sands, 18 to 25 percent
slopes (LkE).—In uneroded, wooded areas these soils have a
dark-colored surface layer over a gray subsurface layer.
Tn cultivated fields the soils are slightly eroded and have
a plow layer consisting of the original surface and sub-
surface layers mixed with some material from the subsoil.

The Leelanau soils cover about half the acreage of this
steep complex, and the Kalkaska soils cover nearly all the
rest. Leelanau soils ave well-drained loamy sands. Their
subsoil of sticky loamy sand to light sandy clay loam is
underlain by calcareous loamy sand. The Kalkaska soils
ave acid, well-drained sands that have a dark reddish-
brown and dark-brown sand subsoil. Included are small
areas of East Lake soils.

Leelanan part: soil management unit 4all (VlIe);
woodland suitability group C, steep. Kalkaska part:
soil management unit 52K (VIIs); woodland suitability
group E, steep.

Leelanau-Kalkaska loamy sands, 18 to 25 percent
slopes, moderately eroded (LkE2).—This steep complex has
been cleared and intensively cultivated. Generally, wind
and water have removed much of the original surface
layer and upper subsoil, and a few gullies have cut deeply
into the subsoil. Most of the plow layer is subsoil ma-
terial, except in some slightly eroded areas that are scat-
tered throughout the complex.

Kalkaska soils are dominant in the most severely eroded
areas, and Leelanau soils are more extensive in the less
eroded parts. The well-drained Leclanau soils have a
loamy sand surface layer and a sticky loamy sand to light
sandy clay loam subsoil. They occur over calcareous loamy
sand. The well-drained Kalkaska soils are acid sands
with a subsoil of dark reddish-brown and dark-brown
sand. Small areas of East Lake soils are included in
the more gravelly spots.

Leelanau part: soil management unit 4all (VTe);
woodland suitability group C, steep. Kalkaska part:
soil management unit 5alE (VIIs); woodland suitability
group E, steep.

Leelanau-Kalkaska loamy sands, 25 to 45 percent
slopes (LkF).—Wooded, uneroded areas of this very steep

complex have a dark-colored surface layer and a gray sub-
surface layer. These layers have been thinned in shightly
eroded areas.

The acreage of Leelanau soils is a little larger than that
of Ialkaska soils. The Leelanau soils are well-drained
loamy sands that have a subsoil of sticky loamy sand to
light sandy clay loam and are underlain by calcareous
loamy sand. These soils are thinner and somewhat less
acid than the more mildly sloping Leelanau soils. The
Kalkaska soils are well-drained, acid soils that have sur-
face and subsurface layers of sand and a subsoil of dark
reddish-brown and dark-brown sand. The subsoil is
thicker and darker colored than that of Kalkaska soils
on milder slopes. In some places the material below the
subsoil 1s calcareous. A few seepage areas occur at the
base of slopes and in some drainageways.

The principal soils included are Bast Lake soils, but
there ave a few spots of finer textured soils on the lower
part of slopes.

Leelanau part: soil management unit 4aF (VIIe);
woodland suitability group C, steep. Kalkaska part: soil
management unit 5aF (VIIs) ; woodland suitability group
I, steep.

Leelanau-Kalkaska loamy sands, 25 to 45 percent
slopes, moderately eroded {LkF2).—These very steep soils
have been farmed and have lost a large part of their orig-
inal surface and subsurface layers and, in places, some
of their subsoil through erosion. In some areas the sub-
soil is now at the surface.

The Leelanau soils are slightly more extensive than the
Kalkaska soils and less eroded. They are well-drained
loamy sands that have a sticky loamy sand to light sandy
clay loam subsoil and are underlain by caleareous loamy
sand. These steep Leelanau soils are considerably thinner
and are more alkaline than the Leelanau soils on milder
slopes. Accelerated erosion has altered the I alkaska soils.
They ave acid, well-drained sands that normally have a
sand subsoil consisting of dark reddish-brown and dark-
brown layers, but in many places the dark reddish-brown
layer has washed away. In a few spots, the subsoil is
much thicker and darker colored than is typical of Kal-
kaska soils. Included are small areas of Kast Lake soils
and outcrops of finer textured soils.

Leelanau part: soil management unit 4aF (VIIe);
woodland suitability group C, steep. IKalkaska part:
soil management unit 5aF (VIIs); woodland suitability
group IE, steep.

Lupton Series

The Lupton series consists of very poorly drained mucks
that ave more than 40 inches thick. In these soils the or-
ganic parvent material is more completely decomposed than
that in the Rifle peats. The Lupton soils have a thicker
layer of muck than the Tawas soils, which are less than
40 inches deep over mineral material. Lupton mucks were
formed from decomposed woody plants, whereas the
Houghton mucks were formed from decomposed grasses,
sedges, and other herbaceous plants.

Profile of Lupton muck:

1—0 to 20 inches, black (10YR 2/1) muck ; weak, fine, granular

structure; very friable; neutral; gradual, wavy.
houndary. Layer is 10 to 30 inches thick.
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2—20 to 48 inches, very dark gray (10YR 3/1) muck ; massive;
nonplastic and nonsticky when wet; neutral; abrupt,
wavy boundary. ILayer is 10 to 40 inches thick.

Commonly within fairly short distances, the thickness of
the organic layers over mineral material ranges from-40
inches to many feet. In some places below a depth of 20
inches, there are layers of peat or thin layers of silty
material.

The Lupton soils are level to gently sloping. They are
used principally as woodland and for wildlife, though a
small acreage is used for pasture. The native vegetation
consists mainly of white-cedar, balsam fir, black spruce
and, in the better drained areas, yellow birch, paper birch,
sugar maple, white ash, and elm.

Lupton muck (Lu).—This soil generally is nearly level,
but some areas are on slopes of 2 to 6 percent. In some
places the surface is covered with 4 to 12 inches of mineral
material. Included are tracts of Roscommon sand and
Tawas muck that occupy as much as 15 percent of the
acreage in some areas.

Soil management unit Mc (Vw) ; woodland suitability
group J.

Mancelona Series

In the Mancelona series are well-drained soils that have
surface and subsurface layers of sandy loam or loamy sand.
The subsoil is loamy sand in the upper part and gravelly
sandy clay loam in the lower part. Underlying the sub-
soil 1s loose, calcareous sand and gravel. Undisturbed
areas have a dark-colored surface layer 2 to 4 inches thick
and an irregular, dark reddish-gray subsurface layer 1 to
2 inches thick. Where the soils are plowed to a depth of
7 inches or more, these layers are mixed with some of the
subsoil. In many places the surface layer, subsurface
layer, and subsoil contain a considerable amount of gravel.

The Mancelona soils have a thinner and coarser textured
subsoil than the Newaygo soils. They are finer textured
in the lower subsoil than the Fast Lake soils and Gravelly
Jand. Mancelona soils are better drained than the im-
perfectly drained (ladwin soils.

Profile of Mancelona loamy sand :

Al—O0 to 4 inches, dark-brown (10YR 3/3) loamy sand; weak,
fine, granular structure; very friable; medium acid;

moderately low in organic-matter content; abrupt,
smooth boundary. ILayer is 2 to 5 inches thick.

A2—4 to 6 inches, dark reddish-gray (5YR 4/2) sand; single.

grain; loose; medinm acid; clear, wavy boundary.
Layeris 1 to 3 inches thick.

B2lir—6 to 13 inches, yellowish-red (5YR 4/6) loamy sand;
weak, fine, subangular blocky structure; very friable;
neutral ; clear, wavy boundary. Layer is 6 to 12 inches
thick.

B’'t—13 to 20 inches, dark reddish-brown (5YR 3/4) sandy
clay loam that contains many limestone pebbles; weak,
fine, subangular blocky structure; firm; mildly alka-
line; abrupt, irregnlar boundary. ILayer is 4 to 10
inches thick.

TIC—20 to 60 inches --, light ycllowish-brown (10YR 6/4),
stratified coarse sand and fine gravel; single grain;
loose; caleareons.

The surface layer, subsurface layer, and the upper sub-
soil range from mildly alkaline to slightly acid. The depth
to the loose, calcareous sand and gravel below the subsoil
ranges from 15 to 36 inches within short distances.

The Mancelona soils are level to very steep and have com-
plex slopes in the steeper arveas. The original plant cover

was chiefly sugar maple, beech, ash, basswood, elm, and
aspen. The Mancelona soils are used for cultivated crops,
orchards, pasture, and woodland.

Mancelona gravelly sandy loam, 0 to 2 percent slopes
(MaA).—In uneroded, wooded areas the surface layer of
this nearly level soil is dark-colored gravelly sandy loam.
The subsoil has an upper layer of gravelly Joamy sand or
gravelly sandy loam that grades to a lower layer of sticky
gravelly loamy sand a few inches thick. Underlying the
subsoil is loose, calcareous sand and gravel. Cultivated
areas are slightly eroded and have a gravelly sandy loam
plow layer that is lighter colored and somewhat coarser
textured than the original surface layer. The plow layer
is neutral to alkaline in reaction. Included are areas of
Newaygo soils that have a finer textured subsoil than the
Mancelona soils. Also included are spots of Gravelly land
that have a thinner and less clayey subsoil than this soil.

Soil management unit 4aA (IIIs) ; woodland suitabil-
ity group C.

Mancelona gravelly sandy loam, 2 to 6 percent slopes
(MaB).—In uneroded, wooded areas this gently sloping soil
has a surface layer of dark-colored gravelly sandy loam.
The upper part of the subsoil is gravelly loamy sand or
gravelly sandy loam that grades to a lower part that is a
few inches thick and consists of sticky gravelly loamy sand.
Loose, caleareous sand and gravel underlie the subsoil.
In cultivated fields the soil is slightly eroded and has a
plow layer of gravelly sandy loam. The plow layer is
neutral to alkaline and is lighter colored and somewhat
coarser textured than the original surface layer. Included
are areas of Newaygo soils that have a finer textured sub-
soil than the Mancelona soils; and spots of Gravelly land
that are thinner and less clayey in the subsoil.

Soil management unit 4aB (IIIs) ; woodland suitability
group C.

Mancelona gravelly sandy loam, 6 to 12 percent
slopes (MaC).—Undisturbed areas of this moderately slop-
ing soil have a dark-colored gravelly sandy Toam surface
layer. The upper part of the subsoil is gravelly loamy
sand or gravelly sandy loam and grades to a lower part
that is a few inches thick and consists of sticky gravelly
loamy sand. Loose, calcareous sand and gravel underlie
the subsoil. In slightly eroded cultivated fields, the plow
layer is neutral to alkaline gravelly sandy loam. This
layer is lighter in color and somewhat coarser in texture
than the original surface layer. Included are areas of
Newaygo soils that have a finer textured subsoil than the
Mancelona soils. In addition, there are spots of Gravelly
land that are thinner and less clayey in the subsoil than is
this soil.

Soil management unit 4aC (IIIe) ; woodland suitability
group C.

Mancelona gravelly sandy loam, 6 to 12 percent
slopes, moderately eroded (MaC2).—The plow layer of
this moderately eroded soil is a mixture of the original
surface and subsurface layers and a large amount of the
subsoil. In many small areas, the plow layer occurs just
above the lower subsoil of sticky gravelly loamy sand,
and there are spots where it lies directly on the loose, cal-
careous sand and gravel that originally underlay the sub-
soil. Included with this soil are small areas of Alpena
soils and Gravelly land and small areas of slightly eroded
Newago soils.
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Soil management unit 4aC (IIIe) ; woodland suitability
group C.

Mancelona gravelly sandy loam, 12 to 18 percent
slopes (MaD).—In undisturbed woodland, this hilly soil
has a dark-colored gravelly sandy loam surface layer.
The subsoil is gravelly loamy sand to sandy loam in the
upper part and grades to a few inches of sticky gravelly
loamy sand in the lower part. Below the subsoil is loose,
calcareous sand and gravel. Where cultivated and slightly
eroded, the soil has a gravelly sandy loam plow layer that
is neutral to alkaline in reaction. This layer is somewhat
coarser textured and lighter colored than the undisturbed
surface layer. Included with this soil are small areas of
Newaygo soils that have a finer textured subsoil than the
Mancelona soils, and there are small areas of Gravelly
land that have a thinner and less clayey subsoil.

Soil management unit 4aD (IVe) ; woodland suitability
group C.

Mancelona gravelly sandy loam, 12 to 18 percent
slopes, moderately eroded (MoD2).—This moderately
eroded soil has a plow layer that consists of the original
surface and subsurface layers and a large amount of ma-
terial from the subsoil. Erosion has removed so much
of the soil that, in many small areas, the plow layer is
underlain directly by the sticky gravelly loamy sand of
the lower subsoil and, in some spots, by the calcareous
sand and gravel that originally were below the subsoil.
Included with this soil arve small areas of Alpena soils
and Gravelly land and small spots of slightly eroded
Newaygo soils. .

Soil management unit 4aD (IVe) ; woodland suitability
group C.

Mancelona loamy sand, 0 to 2 percent slopes [MbA).—
Uneroded, wooded areas of this soil have a dark-colored
surface layer underlain by a gray subsurface layer. These
layers have been mixed in cultivated fields, which are
slightly eroded. Included with this soil are small areas
of Tast Lake soils and Gravelly land.

Soil management, unit 4aA. (IIIs) ; woodland suitability
group C.

Mancelona loamy sand, 2 to 6 percent slopes (MbB}.—-
In cultivated fields this gently sloping soil has a_plow
layer that is slightly eroded and consists of the original
surface layer mixed with the subsurface layer. In un-
eroded, wooded areas the original dark surface layer and
the gray subsurface layer are undisturbed. Included are
small areas of Fast Lake soils and Gravelly land.

Soil management unit 4aB (ITIs) ; woodland suitability
group C.

Mancelona loamy sand, 6 to 12 percent slopes (MbC).—
In slightly eroded, cultivated areas of this moderately
sloping soil, the plow layer is a mixture of the original
surface and subsurface layers. Uneroded, wooded areas
have a dark-colored surface layer underlain by a gray
subsurface layer. Small areas of ISast Lake soils and
Gravelly land are included with this soil.

Soil management unit 4aC (IIle) ; woodland suitability
group C.

Mancelona-East Lake loamy sands, 0 to 2 percent
slopes (MeA).—This complex is made up of nearly level,
well-drained soils that have a dark-colored surface layer
and a thin, gray subsurface layer. These layers are un-
disturbed in uneroded, wooded areas, but in slightly eroded

cultivated fields they have been mixed with some of the
upper subsoil.

The largest part of the complex consists of Mancelona
soils. These are loamy sands that have a thin subsoil of
sandy clay loam and are underlain by calcareous sand
and gravel. In the East Lake soils, surface and sub-
surface layers of sand occur over a subsoil of sand or
loamy sand. Below the subsoil is stratified, calcareous
sand and gravel. Included with these soils are small areas
of Kalkaska soils.

Mancelona part: soil management unit 4aA (IIIs);
woodland suitability group C. East Lake part: soil
rﬁmnagement unit 5aA ?IVS ; woodland suitability group
4

Mancelona-East Lake loamy sands, 2 to 6 percent
slopes (MeB).—These gently sloping soils are well drained.
Uneroded, wooded areas have a dark surface layer and a
thin, gray subsurface layer. In slightly eroded cultivated
fields the plow layer is a mixture of the original surface
and subsurface layers and some of the upper subsoil.

The most extensive soils of the complex are Mancelona
loamy sands. These soils have a thin, sandy clay loam
subsoil that overlies calcareons sand and gravel. The
East Lake soils are sands that have a subsoil of sand or
loamy sand and are underlain by strata of calcareous sand
and gravel. Included with these soils are small areas of
Kalkaska soils.

Mancelona part: soil management unit 4aB (IIIs) ;
woodland suitability group C. East Lake part: soil
rﬁmmgement unit 5al3 2ZIVSI) ; woodland suitability group
H

Mancelona-East Lake loamy sands, 6 to 12 percent
slopes (MeC).—In this moderately sloping complex are
well-drained soils that, in undisturbed areas, have a dark-
colored surface layer and a thin, gray subsurface layer.
In cultivated areas these layers have been mixed with
upper subsoil material, and the plow layer is slightly
eroded.

The complex is composed of about equal acreages of
Mancelona loamy sands and East Lake sands. The Man-
celona soils have a thin subsoil of sandy clay loam and
underlying material of calcareous sand and gravel. In
the East Lake soils, a sand or loamy sand subsoil occurs
over stratified, calcareous sand and gravel. Small areas of
Kalkaska soils are included with these soils.

Mancelona part: soil management unit 4aC (IIle);
woodland suitability group C. East Lake part: soil
1]11mnagement unit 5aC (VIs) ; woodland suitability group
5.

Mancelona-East Lake loamy sands, 12 to 18 percent
slopes [MeD).—This complex consists of hilly, well-drained
soils. Most of the acreage is occupied by Mancelona soils
and East Lake soils in about equal amounts. Uneroded
areas have their original dark-colored surface layer and
thin, gray subsurface layer, but in areas that have been
used for crops, tillage has mixed the original surface and
subsurface layers with some of the upper subsoil. These
cultivated areas ave slightly eroded.

The Mancelona soils are loamy sands that have a thin,
sandy clay loam subsoil overlying calcareous sand and
gravel. The East Lake soils have surface and subsurface
layers of sand. Their subsoil of sand or loamy sand is
over strata of calcareous sand and gravel. Small areas
of Kalkaska soils are included.
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Mancelona part: soil management unit 4aD (IVe);
woodland suitability group C. Kast Lake part: soil
1]13mn agement unit 5aD (VIIs) ; woodland suitability group
A

Mancelona-East Lake loamy sands, 12 to 18 percent
slopes, moderately eroded (MeD2).—This complex oc-
cupies hilly, well-drained areas and consists chiefly of
Mancelona loamy sands and East Lake sands. These mod-
erately eroded soils have a plow layer that is mostly sub-
soil material, though it contains remnants of the original
surtace and subsurface layers. In many places the subsoil
is at the surface. A. few gullies have cut into the subsoil
and even into the underlying material in places where that
material is less gravelly.

The subsoil of the Mancelona soils is thin and consists
of sandy clay loam. TUnderlying this layer is calcareous
sand and gravel. The Kast Lake soils have a sand or
loamy sand subsoil that occurs on strata of calcareous sand
and gravel. Included are small areas of Kalkaska soils.

Mancelona part: soil management unit 4aD (IVe);
woodland suitability group C. East Lake part: soil
E:m agement unit Sal) (VIIs) ; woodland suitability group
n

Mancelona-East Lake loamy sands, 18 to 25 percent
slopes (MeE).—This steep complex is made up of Mance-
lona Joany sands and East Lake sands in about equal acre-
ages. Is unervoded, wooded areas these well-drained soils
have a dark-colored surface layer over a thin, gray sub-
surface layer. In cleaved areas the soils are generally
slightly eroded, but in many places they have Tost most
of their oviginal surface layer. In a few spots the sub-
soil is exposed.

The Mancelona soils have a thin subsoil of sandy clay
loam over calcarcons sand and gravel. The East Lake
soils have a sand or loamy sand subsoil over stratified
sand and gravel. Small areas of Kalkaska soils are in-
cluded with these soils.

Mancelona part: soil management unit 4aE (VIe);
woodland suitability group C, steep. Rast Lake part:
soil management unit 5aE (VIIs); woodland suitability
group E, steep.

Mancelona-East Lake loamy sands, 18 to 25 percent
slopes, moderately eroded (MeE2).—These soils used to
have a dark-colored surtace layer and a gray subsurface
layer, but now they are moderately eroded, and the sub-
soil is exposed in many places. The plow layer consists
mainly of subsoil material that has been mixed with the
small remaining part of the original surface and subsur-
Tace layers. Gullies have cut deeply into the subsoil, and
a few of them have even cut into the material underlying
the subsoil, particularly where that material is less grav-
elly than normal.

Most of the complex is made up of Mancelona loamy
sands and Iast Lake sands.  These soils are well drained.
The Mancelona soils have a thin, sandy clay loam subsoil
underlain by calcareous sand and gravel. The Fast Lake
soils have a sand or loamy sand subsoil underlain by strati-
fied, caleareous sand and gravel. Small aveas of Kalkaska
soils are included.

Mancelona part: soil management unit 4aE (VIe);
woodland suitability group C, steep. Bast Lake part:
soil management mnit 52X (VIIs); woodland suitability
group I, steep.

T69-765—GH

Mancelona-East Lake loamy sands, 25 to 45 percent
slopes (Mef).—Mancelona loamy sands and Kast Lake
sands, in about equal acreages, make up this complex.
These soils are very steep and are well drained. Uneroded,
wooded areas have a cliark-co]ored surface layer that is
underlain by a thin, gray subsurface layer. Cleared areas
are slightly eroded and, in many places, have had most of
their dark-colored surface layer washed away. The sub-
soil is at the surface in a few spots.

The Mancelona soils have a thin sandy clay loam sub-
soil underlain by calcareous sand and gravel. The East
Lake soils have a sand or loamy sand subsoil underlain by
stratified, calcareous sand and gravel. Included with
these soils are small areas of Kalkaska soils and a few spots
of finer textured soils.

Mancelona part: soil management unit 4aF (VIIe);
woodland suitability group C, steep. Rast Lake part:
soil management unit 5aF (VIIs); woodland suitability
group E, steep. :

Mancelona-East Lake loamy sands, 25 to 45 percent
slopes, moderately eroded (MeF2).—Erosion has removed
most of the original surface and subsurface layers from
these very steep soils, and the present surface layer con-
sists mainly of subsoil material. In a few small areas
some of the original dark-colored surface layer remains.
Deep, wide gullies have cut into the subsoil and into the
underlying sand and gravel. Between the gullies are
areas of less eroded soils.

In most of the acreage Mancelona loamy sands and East
Lake sands are in about equal amounts. The well-drained
Mancelona soils have a thin subsoil of sandy clay loam
overlying calcareous sand and gravel. The well-drained
East Lake soils have a subsoil of sand or loamy sand over-
lying stratified, calcareous sand and gravel. Included
with these soils are small areas of Kalkaska soils and some
spots of finer textured soils.

Mancelona part: soil management unit 4aF (VIIe);
woodland suitability group C, steep. Kast Lake part:
soil management unit 5aF (VIIs); woodland suitability
group L, steep.

Markey Series

The Markey series consists of very poorly drained
organic soils that are 12 to 42 inches thick over sand. The
organic material is thicker than that in the Roscommon
soils, and it is thinner than that of Lupton muck. Markey
soils are neutral to alkaline, whereas the Tawas soils are
strongly acid to slightly acid.

Profile of Markey muck:

1—0 to 15 inches, black (10YR 2/1) muck; moderate, fine,
granular structure; friable; mildly alkaline; clear,
wavy boundary. Layer is 8 to 20 inches thick.

2—15 to 23 inches, dark-brown (10YR 3/3) muck; massive;
nonplastic and nonsticky when wet; mildly alkaline;
clear, wavy boundary. Layer is 6 to 26 inches thick.

ITC1—23 to 36 inches, dark grayish-brown (10YR 4/2) sand;
single grain; loose; necutral; clear, wavy boundary.
Layer is 6 to 26 inches thick.

IIC2—306 to GO inches -, grayish-brown (10YR 5/2) coarse
sand and gravel; single grain; loose; calcareous.

In a Tew places the mineral material underlying the
muck contains strata of finer textured material 14 to 8
inches thick.
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These soils are in stands of white-cedar, balsam fir, black
spruce, some aspen, and other hardwoods. They are used
principally as wooclland. ]

Markey muck (Mk).—Included with this nearly level soil
are narrow strips or small spots of Roscommon mucky
loamy sand and Lupton muck. The included areas of Ros-
common soil are slightly higher than the aveas of Markey
soil and occur aft the edge of them. .

Soil management unit Mc (Vw) ; woodland suitability
group J.

McBride Series

The McBride series consists of well-drained soils that
have surface and subsurface layers of sandy loam. The
subsoil is generally loamy sand in the upper layer and
sandy clay loam in the lower layer. Between these layers
is a thin gray layer, or fragipan, that is dense and brittle
when dry. The material below the subsoil is calcareous
sandy loam or loamy sand. Wooded, uneroded areas have
a thin, dark-colored surface layer over a somewhat thicker,
gray subsurface layer. Plowing mixes these layers with a
small amount of subsoil. . _ )

The subsurface layer and subsoil in the McBride soils
are thicker and more acid than those in the Emmet soils,
which do not have a fragipan. Also, the dark-colored
surface layer is slightly thinner than that of Emmet soils.
The McBride soils have coarser textured material below
the subsoil than the Ubly soils. They are finer in texture
than the Montealm soils,

Profile of McBride sandy loam:

A1—0 to 2 inches, very dark brown (10YR 2/2) sandy loam;
weak, fine, granular structure; friable; slightly acid;
clear, smooth boundary. Layer is 1 to 3 inches thick.

A2—-2 to 7 inches, dark-gray (10YR 4/1) sandy loam; weak;
fine, subangular blocky structure; friable; slightly
acid; abrupt, wavy boundary. Layer is 8 to 6 inches
thick.

B2hir—7 to 26 inches, brown (7.5YR 5/4) loamy sand or sandy
loam; weak, fine, subangular blocky structure; very
friable; slightly acid; graduval, wavy boundary. Lay-
er is 12 to 24 inches thick.

A’2m & B’21t—26 to 34 inches, grayish-brown (10YR 5/2)
loamy sand that is mixed with chunks and streaks
of reddish-brown (2.5YR 4/4) sandy loam; weak,
coarse, angular blocky to thick, platy structure; firm
when moist, hard when dry; medium acid; gradual,
irregular boundary. Iayer is 4 to 12 inches thick.

B’22t—34 to 54 inches, reddish-brown (2.5YR 4/4) sandy loam
to sandy clay loam ; weak, medium, subangular blocky
structure; friable to firm; slightly acid; clear, wavy
boundary. Layer is 16 fo 30 inches thick.

C—54 to 60 inches -, brown (7.5YR 5/4) sandy loam; weak,
fine, subangular blocky structure; friable; neutral,
grading to calcarcous with depth.

The surface and subsurface layers and the subsoil are
slightly or medium acid. In a few places the fragipan is
only slightly cemented and is slightly hard when dry.
Below the subsoil, layers or pockets of sand, gravel, or clay
loam are common. ]

The native plant cover on McBride soils was chiefly
sugar maple, elm, aspen, and a few beech, white pine, and
hemlock, but most areas are now used for general farming,

In Grand Traverse County, the McBride soils occur 1
small areas that are so closely intermingled with ‘areas of
the Menominee soils that the McBride soils are mapped
only in complexes with those soils. The Menominee soils

are described under the heading “Menominee Series.”
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Menominee Series

Soils of the Menominee series are well drained and
have a loamy sand surface layer, subsurface layer, and
subsoil. The subsoil is underlain by finer textured soil
material. In undisturbed areas a dark-colored surface
layer 2 to 5 inches thick is generally underlain by a gray
subsurface layer 2 to 4 inches thick. Cultivation nixes
these layers with some of the upper subsoil.

The Menominee soils are coarser textured above the
underlying material than the Ubly soils and commonly
are thicker above the underlying material than the Rubi-
con soils. The Rubicon soils are underlain by finer tex-
tured material at a depth of less than 42 inches.

Profile of Menominee loamy sand :

Ap—O0 to 8 inches, very dark grayish-brown (10YR 3/2) loamy
sand; weak, medium, granular structure; very fri-
able; slightly acid; abrupt, smooth boundary. Layer
is 6 to 9 inches thick.

B21ir—8 to 20 inches, dark-brown (7.5YR 4/4) loamy sand;
weak, medinm, subangular blocky structure; very fri-
able; medium acid; clear, wavy boundary. TLayer is
10 to 34 inches thick.

ITB’—20 to 28 inches, dark grayish-brown (10YR 4/2) to
reddish-brown (5YR 4/3) clay loam that has sand
coatings on aggregates; medium, coarse, subangular
blocky structure; firm; neutral; abrupt, wavy bound-
ary. Layer is 3 to 8 inches thick.

IIC—28 to 60 inches -+, brown (10YR 5/3) loam; weak,
medium, subangular blocky structure; firm; calcare-
ous.

The principal variation is in thickness of the soil over
finer textured material. The thickness ranges from 18
to 42 inches. TLayers of the subsoil have a total thickness
ranging from 12 to 35 inches. The material underlying
the subsoil ranges from clay loam to silt loam or loam.

The Menominee soils are used principally for general
farming and as woodland. Elm, maple, basswood, yellow
birch, and aspen are the chief native plants.

Menominee-McBride complex, 0 to 2 percent slopes
(MmA).—The Menominee soils are dominant in this nearly
level complex, but the McBride soils occupy large parts.
Menominee soils are well-drained sands that are underlain
by clay loam to loam at a depth of 18 to 42 inches. Me-
Bride soils are sandy loams that are acid and well drained.
They have a sandy loam to sandy clay loam subsoil that
is underlain by acid sandy loam. Included with these soils
are small areas of Ubly and Montcalm soils.

Uneroded, wooded areas have a dark-colored surface
layer and a grayish subsurface layer. Cultivated fields
are slightly eroded and have a plow layer consisting of
the original surface and subsurface layers mixed with
material from the upper subsoil.

Menominee part: soil management unit 8aA (IIs);
woodland suitability group D. MecBride part: soil man-
agement unit 3aA (IIs) ; woodland suitability group A.

Menominee-McBride complex, 2 to 6 percent slopes
(MmB).—In this gently sloping complex the Menominee soils
account for a larger acreage than the McBride soils. The
well-drained Menominee soils are sands that have loamy
material underlying the subsoil at a depth between 18 and
42 inches. The well-drained McBride soils are sandy
loams with a subsoil of sandy loam to sandy clay loam.
Below the subsoil is acid sandy loam. Included with these
soils are small areas of Ubly and Montcalm soils and very
small areas of coarser textured or of finer textured soils.
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Where wooded and uneroded, these soils have a dark
surface layer over a gray subsurface layer. In slightly
eroded cultivated fields, plowing has brought up material
from the upper subsoil and mixed it with the original sur-
face and subsurface layers. In some areas subsoil mate-
rial makes up a large part of the plow layer, and in places
the subsoil is exposed.

Menominee part: soil management unit 3aB3 (IIe);
woodland suitability group D. MecBride part: soil man-
agement unit 3aB (ITe) ; woodland suitability group A.

Menominee-McBride complex, 6 to 12 percent slopes
(MmC).—The largest part of this moderately sloping com-
plex is Menominee sands. These soils are well drained and
are underlain by clay loam to loam at a depth of 18 to 42
inches. MeBride sandy loams, the other major soils of the
complex, are acid and well drained. They have a sandy
loam to sandy clay loam subsoil that is underlain by acid
sandy loam. Included are small areas of Ubly and Mont-
calm soils and very small areas of coarser textured or finer
textured soils.

In undisturbed areas these soils have a dark surface
layer and a gray subsurface layer, but they are slightly
eroded in cultivated fields, and the plow layer is a mixture
of the original surface and subsurface layers and material
from the upper subsoil.

Menominee part: soil management unit 3aC (IIle);
woodland suitability group D. McBride part: soil man-
agement unit 3aC (IIle); woodland suitability group A.

Menominee-McBride complex, 6 to 12 percent slopes,
moderately eroded (MmC2).—The soils of this complex
have been intensively cultivated and are moderately
eroded. The plow layer is mostly subsoil material but
contains remnants of the original surface and subsurface
layers. The subsoil is exposed in small areas, and blow-
outs occur in a few spots. In some areas gullies have cut
deeply into the lower subsoil and even into the finer tex-
tured material underlying it.

The largest part of the complex is well-drained Menom-
inee sands. These soils are underlain by clay loam and
loam at a depth of 18 to 42 inches. Most of the remaining
acreage is occupied by well-drained McBride sandy loams,
which arve acid and have a sandy loam to sandy clay loam
subsoil that is underlain by acid sandy loam. Small areas
of Montcalm and Ubly soils are intermingled with the
major soils.

Menominee part: soil management unit 3aC (IIle);
woodland suitability group D. McBride part: soil man-
agement unit 3aC (IIIe) ; woodland suitability group A.

Menominee-McBride complex, 12 to 18 percent slopes
(MmD).—Menominee soils occupy the largest part of this
hilly complex, and McBride soils occupy nearly all the
rest. The Menominee are well-drained sands underlain
by loamy material at a depth between 18 to 42 inches. The
McBride soils are well-drained sandy loams underlain by
a sandy loam to sandy clay loam subsoil that is underlain,
in turn, by acid sandy loam. Small areas of Montcalm
and Ubly soils are included.

Uneroded, wooded areas have a dark-colored surface
layer and a gray subsurface layer. Cultivated fields are
slightly eroded and have a plow layer consisting of the
original surface and subsurface layers mixed with a small
amount of subsoil material.

Menominee part: soil management unit 3al>) (IVe);
woodland suitability group D. McBride part: soil man-

agement unit 3aD (IVe); woodland suitability group A.

Menominee-McBride complex, 12 to 18 percent slopes,
moderately eroded (MmD2).—The soils of this complex
occupy hilly areas that have been cultivated. IErosion
has removed a large amount of soil, and gullies have cut
into the subsoil in many places. The original surface and
subsurface layers have been mixed with material from the
upper subsoil, and the plow layer consists mostly of sub-
soil material.

Menominee sands make up the largest part of the com-
plex. These well-drained soils oceur over finer textured
material at a depth between 18 and 42 inches. The Me-
Bride soils also cover a large acreage. They are well-
drained, acid sandy loams that have a subsoil of sandy
loam to sandy clay loam overlying acid sandy loam. Small
areas of Montcalm and Ubly soils are included.

Menominee part: soil management unit 3aD (IVe);
woodland suitability group D. MeBride part: soil man-
agement unit 3aD (IVe); woodland suitability group A.

Menominee-McBride complex, 18 to 25 percent slopes
(MmE).—Menominee soils account for the largest acreage in
this steep complex, and McBride soils occupy most of the
rest. The Menominee soils are well-drained sands that
are underlain by loamy material at a depth of 18 to 42
inches. The McBride soils are well-drained, acid sandy
loams that have a sandy loam to sandy clay loam subsoil
over acid sandy loam. Included are small areas of Mont-
calm and Ubly soils.

In uneroded, wooded areas these soils have a dark-
colored surface layer and a gray subsurface layer. In
cleared areas most of the dark surface layer has eroded
away. The plow layer in cultivated fields 1s a mixture of
the original surface and subsurface layers and a consider-
able amount of subsoil.

Menominee part: soil management unit 3all (VIe);
woodland suitability group D, steep. McBride part:
soil management unit 3aE (Vle); woodland suitability
group A, steep.

Menominee-McBride complex, 18 to 25 percent slopes,
moderately eroded (MmE2).—The soils of this steep com-
plex have been cleared and used for farming. They have
lost a considerable amount of material through erosion,
and the subsoil is exposed in many places. In cultivated
fields the plow layer consists mostly of subsoil material.
Many gullies and some blowouts occur.

The largest part of the complex is made up of Menom-
inee sands. These well-drained soils are underlain by
clay loam to loam at a depth between 18 and 42 inches.
McBride sandy loams also occupy a large acreage and are
well-drained, acid soils that have a sandy loam to sandy
clay loam subsoil underlain by acid sandy loam. Included
in small areas are Montealm and Ubly soils.

Menominee part: soil management unit 3alk (VIe);
woodland suitability group D, steep. McBride part:
soil management unit 3aE (VIe); woodland suitability
group A, steep.

Menominee-McBride complex, 25 to 45 percent slopes
(MmF).—Menominee soils occupy the largest part of this
very steep complex, and McBride soils cover most of the
rest. The Menominee soils are well-drained sands under-
lain by finer textured material at a depth of 18 to 42 inches.
The McBride soils are acid and well drained and have a
sandy loam to sandy clay loam subsoil that overlies acid
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sandy loam. Many small areas of Kalkaska, Montcalm,
and Ubly soils are intermingled with the major soils.

In uneroded wooded areas these soils have a dark-colored
surface layer and a gray subsurface layer. Cleared areas
have lost most of the dark surface layer through erosion.
The subso1l 1s exposed in the more severely eroded areas,
and gullies have cut deeply into the material below the
subsoil. The more sandy spots have a few deep blowouts.

Menominee part: soil management unit 3aF (VIIe);
woodland suitability group D, steep. McBride part: soil
management unit 3aF (VIIe) ; woodland suitability group
A, steep.

Montcalm Series

Soils of the Montcalm series are well drained. Undis-
turbed areas are generally wooded and have a dark-colored
surface layer 3 to 5 inches thick over a thin, discontinuous,
grayish-brown subsurface layer. In cultivated fields the
plow layer is a mixture of the original surface and sub-
surface layers and a small amount of subsoil material.
The upper subsoil is dark yellowish-brown loamy sand,
and the lower subsoil generally is brown sandy loam to
sandy clay loam. Loamy sand makes up the underlying
material.

The Montcalm soils are thicker and more acid than the
Leelanau soils. They are finer textured than the Kalkaska,
Rubicon, and Grayling soils, but they are coarser tex-
tured than the McBride, Emmet, and Ubly soils. Mont-
calm soils are not so fine textured as the Menominee soils
in the lower subsoil and in the material below it. The
upper part of their profile is slightly coarser textured than
that of the Karlin soils, but the lower part and the under-
lying material are finer textured.

Profile of Montcalm loamy sand:

Ap—0 to 7 inches, very dark grayish-brown (10YR 3/2) loamy
sand ; weak, medinm, granular structure ; very friable;
slightly acid; abrupt, smooth boundary. ILayer is 6
to 9 inches thick.

B21lir—7 to 25 inches, dark yellowish-brown (10YR 4/4) loamy
sand; weak, fine, subangular blocky structure; very
friable; medium acid; clear, irregular boundary.
Layer is 15 to 20 inches thick.

A’2 & B’'t—25 to 36 inches, A’2 horizon is very friable, brown
(10YR 5/3) loamy sand of very weak, medium, sub-
angular blocky structure; B’t horizon is friable, dark
reddish-brown (5YR 3/4) sandy loam of weak, me-
dium, subangular blocky structure ; Bt horizon occurs
as 1- to 5-inch bands separated by A’2 horizon; me-
dium acid; clear, wavy boundary. Layer is 8 to 25
inches thick.

C—36 to 60 inches 4, brown (10YR 5/3) loamy sand; weak,
fine, subangular blocky structure; friable; medium
to slightly acid but grading to calcareous with depth.

In many arveas the Montcalm soils occur closely with
the Kalkaska, Karlin, Menominee, or Leelanau soils and
have characteristics that are somewhat similar to the char-
acteristics of those soils.

In many places the upper subsoil of Montcalm soils is
reddish brown instead of yellowish brown, particularly
where these soils are near the Kalkaska sotls. In many
places the lower subsoil consists of two to four thin layers
of sandy loam or sandy clay loam separated by thin bands
of lighter colored loamy sand or sand. This variation is
in aveas of Montcalm soils that adjoin the Karlin soils.
Where the Montcalm soils lie next to Menominee or Lee-
lanau soils, the finer textured material in the subsoil oc-

curs in small, irregular chunks instead of in layers. The
material below the subsoil ranges from loamy sand to sand
and has a moderate to low content of gravel. This ma-
terial generally is slightly acid or medium acid. Near
the Leclanau soils, however, it may be calcareous at a
depth of 48 inches or less. In a few places below the sub-
soll, there are thin bands of material slightly finer textured
than normal.

These soils are on slopes that range from smooth and
level to complex and very steep. Much of the acreage was
cultivated at one time, but some areas have been reforested
with pine. A small acreage is still used for general farm-
ing. Wooded areas are in stands of elm, maple, aspen,
some basswood, and a few groves of hemlock. Red and
white pines are scattered through the stands,

In this county the Montcalm soils are so closely inter-
mingled with the IKalkaska soils that they are mapped
only in complexes of Montcalm-Kalkaska loamy sands.
The IKalkaska soils are described under the heading
“Ialkaska Series.”

Montcalm-Kalkaska loamy sands, 0 to 2 percent
slopes (MoA).—This nearly level complex consists mostly
of Montcalm soils, but an important part is Kalkaska
soils. The Montcalm and Kalkaska soils are well drained
and acid. The Montcalm soils are loamy sands that have
a loamy sand and sandy loam subsoil underlain by acid
loamy sand. The Kalkaska soils are sands with a subsoil
of dark reddish-brown and dark-brown, acid sand. Small
included areas are Iast Lake and Karlin soils.

More than half the acreage is uneroded and has a dark-
colored surface layer over a grayish-brown subsurface
layer. The uneroded areas are generally wooded. Culti-
vated areas generally are slightly eroded and have a plow
layer consisting of the original surface and subsurface
layers mixed with a small amount of subsoil. Small areas
of- Kalkaska soils have been moderately eroded by wind
and are pitted by a few blowouts.

Montealm part: soil management unit 4aA (IIIs);
woodland suitability group C. Kalkaska part: soil man-
agement unit 5aA (LVs); woodland suitability group E.

Montcalm-Kalkaska loamy sands, 2 to 6 percent
slopes (MoB).—The largest acreage in this gently sloping
complex is made up of Montcalm loamy sands, but, large
parts are occupied by Kalkaska sands. The Montcalm and
Kalkaska soils are acid and well drained. The Montcalm
soils have a subsoil of loamy sand and sandy loam that is
underlain by acid loamy sand. The Kalkaska soils have
a dark reddish-brown and dark-brown subsoil of acid
sand. Included ave small areas of Karlin and East Lake
soils.

Less than half the complex is made up of areas that are
uneroded and have a dark surface layer over a grayish-
brown subsurface layer. Most of these areas are wooded.
Cultivated fields generally are slightly eroded and have a
plow layer that is a mixture of the original surface and
subsurface layers and a small amount of subsoil. Small
aveas of Kalkaska soils have been modervately altered by
wind erosion, and in these a few blowouts occur.

Montcalm part: soil management unit 4aB (IIIs);
woodland suitability group C. Kalkaska part: soil man-
agement unit 5aB3 (IVs) ; woodland suitability group E.

Montcalm-Kalkaska loamy sands, 2 to 6 percent
slopes, moderately eroded (MoB2).—Because these gently
sloping soils have been used intensively and not protected,
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they have lost a large amount of material through erosion.
In fields once cultivated and then left idle for several years,
erosion has removed so much soil that only a few inches
of the old plow layer remain. In fields still eunltivated,
the plow layer consists mostly of subsoil material.

The Montcalm soils occupy a slightly larger acreage
than the Kalkaska soils. The Montcalm soils are well-
drained, acid sands that have a subsoil of loamy sand and
sandy loam. Underlying the subsoil is acid loamy sand.
The Kalkaska soils ave well-drained, acid sands that have
a subsoil of dark reddish-brown and dark-brown sand.
Included are small areas of Karlin and East Lake soils.

Montcalm part: soil management unit 4aB (IIls);
woodland suitability group C. Ialkaska part: soil man-
agement unit 5aB3 (IVs); woodland suitability group E.

Montcalm-Kalkaska loamy sands, 6 to 12 percent
slopes (MoC).—In this complex are moderately sloping
soils that are acid and well drained. The Montcalm soils
ave somewhat more extensive than the Kalkaska soils.
They consist of loamy sands that have a loamy sand and
sandy loam subsoil underlain by acid loamy sand. The
Kalkaska soils are sands that have a dark reddish-brown
and davk-brown, acid sand subsoil. Small included areas
are Fast Lake and Karlin soils.

About one-fonrth of the acreage is wooded and not
eroded. In this acreage the soils have a dark-colored sur-
face layer and a grayish-brown subsurface layer. Culti-
vated fields ave slightly eroded, and the plow Jayer consists
of the original surface and subsurface layers mixed with
subsoil material.

Montcalm part: soil management unit 4aC (IIIe);
woodland suitability gronp C. Kalkaska part: soil man-
agement unit 5aC (VIs) ; woodland suitability group E.

Montcalm-Kalkaska loamy sands, 6 to 12 percent
slopes, moderately eroded (MoC2).—Erosion has removed
a moderate amount of material from these soils, and the
plow layer is a mixture of the remaining material above.
the subsoil and some of the subsoil. In fields that have
not heen cultivated for many years, the old plow layer is
only a few inches thick.

Montcalm loamy sands and Kalkaska sands occeupy
about equal acreages. These soils are moderately sloping,
well drained, and acid. The Montcalm soils have a loamy
sand and sandy loam subsoil that is underlain by acid
loamy sand. The Kalkaska soils have a subsoil of dark
reddish-brown and dark-brown, acid sand. Small areas
of Karlin and Bast Lake soils are included.

Montealm part: soil management unit 4aC (IIle);
woodland suitability group C. Kalkaska part: soil man-
agement unit 5aC (VIs) ; woodland suitability group I.

Montcalm-Kalkaska loamy sands, 12 to 18 percent
slopes (MoD).—This hilly complex consists mostly of Mont-
calm loamy sands and Kalkaska sands in about equal acre-
ages. These soils are acid and well drained. The Mont-
calm soils have a loamy sand and sandy loam subsoil that is
underlain by acid sandy loam. The subsoil of Kalkaska
soils is acid, dark reddish-brown and dark-brown sand.
Included arve small areas of East Lake soils.

About one-fourth of the total acreage is made up of
wooded, uneroded areas that have a dark-colored surface
layer and a grayish-brown subsurface layer. In cleared
areas, which are slightly eroded, most of the dark surface
layer has been lost. The plow layer contains a small
amount of subsoil material.

Montcalm part: soil management unit 4aD (IVe);
woodland suitability group C. Ialkaska part: soil man-
agement unit 5aD (VIIs) ; woodland suitability group E.

Montcalm-Kalkaska loamy sands, 12 to 18 percent
slopes, moderately eroded {MoD2).—Erosion has removed
so much material from these soils that the plow layer is a
mixture of subsoil and the remaining part of the original
surface and subsurface layers. In fields that have not
been cultivated for many years, the old plow layer has been
thinned by erosion and now 1s only a few inches thick.
Uncontrolled runoff has cut some gullies into the lower
subsoil and has exposed the upper subsoil in many small
areas.

About equal acreages of Montcalm loamy sands and
Kalkaska sands make up most of the complex. These soils
are well drained and acid. In the Montealm soils a subsoil
of loamy sand and sandy loam is underlain by acid loamy
sand. The Kalkaska soils have a subsoil of dark reddish-
brown and dark-brown acid sand. Small areas of Iast
Lalke soils are included.

Montcalm part: soil management unit 4aD (IVe);
woodland suitability group C. IKalkaska part: soil man-
agement unit 5aD (VIIs); woodland suitability group E.

Montcalm-Kalkaska loamy sands, 18 to 25 percent
slopes [MoE).—Uneroded, wooded areas of these steep soils
have a dark-colored surface layer over a grayish-brown
subsurface layer. Cleared areas have lost most of the dark
surface layer through erosion that was hastened by fire.
In cultivated fields the plow layer contains some material
brought up from the subsoil.

The Montcalm soils and the Kalkaska soils occupy about
equal amounts of the complex. They are acid and well
drained. The Montcalm soils are loamy sands that have
a loamy sand and sandy loam subsoil that is underlain by
acid loamy sand. The Kalkaska soils ave sands that have
a dark reddish-brown and dark-brown, acid sand subsoil.
Included with these soils ave small areas of Fast Lake soils.

Montealm part: soil management unit 4all (VIe);
woodland suitability group C,steep. Kalkaska part: soil
management unit 5alt (VIIs) ; woodland suitability group
I, steep.

Montcalm-Kalkaska loamy sands, 18 to 25 percent
slopes, moderately eroded (MoE2).—These soils have been
damaged by erosion. The plow layer consists of material
from the original surface and subsurface layers mixed with
the top part of the subsoil. In fields that were cropped in
the past but have not been cultivated for many years, the
eroded plow layer is only a few inches thick. (Gullies have
cut deeply into the lower subsoil, and the upper subsoil
is at the surface in many small areas.

Montcalm loamy sands and ICalkaska sands cover about
equal acreages in the complex. They are well drained,
acid, and steep. The Montcalm soils have a loamy sand
and sandy loam subsoil underlain by acid loamy sand.
The Kalkaska soils have an acid subsoil of dark reddish-
brown and dark-brown sand. Small areas of East Lake
soils are included.

Montcalm part: soil management unit 4aF (VIe);
woodland suitability group C, steep. Xalkaska part:
soil management unit 5ol (VIIs); woodland suitability
group K, steep.

Montcalm-Kalkaska loamy sands, 25 to 45 percent
slopes (MoF).—This very steep complex consists mainly of
Montcalm soils and Kalkaska soils in about equal acreages.
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Uneroded areas in forest have a dark-colored surface layer
and a grayish-brown subsurface layer. In cleared areas
the surface layer has been thinned by erosion and, in some
areas, has lost some of its organic matter because of fire.

These soils are well drained and acid. Montcalm soils
are loamy sands that have a subsoil of loamy sand and
sandy loam underlain by loamy sand. Kalkaska soils are
sands; their subsoil is dark reddish-brown and dark-brown
sand. Small included areas are East Lake soils.

Montcalm part: soil management unit 4aF (VIIe);
woodland suitability group C, steep. Kalkaska part:
soil management unit 5aF (VIIs); woodland suitability
group L, steep.

Montcalm-Kalkaska loamy sands, 25 to 45 percent
slopes, moderately eroded (MoF2).—Erosion has removed
so much material from these soils that deep gullies have
formed, and the upper subsoil is exposed in many small
areas. Montcalm loamy sands and Kalkaska sands are
the major soils. They are acid and well drained and oc-
cupy about equal acreages in the complex. The Montcalm
so1ls have a loamy sand and sandy loam subsoil that is over
acid Joamy sand. The Kalkaska soils have a subsoil of
dark reddish-brown and dark-brown, acid sand. Included
are small areas of Iast Lake soils.

Montcalm part: soil management unit 4aF (VIIe);
woodland suitability group C, steep. Ialkaska part:
soil management unit ba¥F (VIIs); woodland suitability
group E, steep.

Nester Series

In the Nester series are well drained or moderately well
drained soils that have surface and subsurface layers of
silt loam or loam. The clay loam subsoil is underlain by
calcareous clay loam. TUndisturbed areas have a dark-
colored surface layer 8 to 6 inches thick and a gray sub-
surface layer that is 1 to 3 inches thick and extends in
tonguelike projections into the upper subsoil. Plowing
mixes the surface and subsurface layers with 1 to 2 inches
of upper subsoil,

The Nester soils are finer textured in the subsoil and in
the material below it than the Guelph soils. They ave finer
textured and contain less sand than the Emmet, Ubly, and
MecBride soils.

Profile of Nester loam :

Ap—O0 to 8 inches, very dark grayish-brown (10YR 3/2) loam;
moderate, fine, granular structure; friable; slightly
acid; abrupt, smooth boundary. Layer is 6 to 8
inches thick.

B21t & A2—S8 to 14 inches, B21t horizon is firm, dark-brown
(10YR 4/3) light silty clay loam of moderate, fine and
medium, subangular blocky structure; A2 horizon is
friable, pinkish-gray (7.5YR 6/2) loam that is mas-
sive; A2 horizon occurs as thick coatings that partly
or wholly cover peds of B21t material and fill cracks
along cleavage planes; slightly acid; gradual, wavy
boundary. Layer is § to 12 inches thick.

B22t—14 to 28 inches, reddish-brown (5YR 4/4) clay loam;
moderate, fine, angular blocky structure; firm;
slightly acid; abrupt,” wavy boundary. Layer is 8
to 16 inches thick.

C—28 to 60 inches -+, yellowish-brown (10YR 5/4) clay loam;
massive; firm; calcareous.

In areas of Nester soils close to the Ubly soils, the sur-
face and subsurface layers combined with the upper sub-
soil are as much as 14 inches thick. Calcareous material
underlies the subsoil at a depth ranging from 18 to 36

inches. This material ranges from yellowish brown to
reddish brown in color and from clay loam to silty clay
loam in texture. A few cobbles and pebbles occur in
the profile.

The Nester soils are nearly level to very steep. Most
mildly sloping areas are used for general farming; the
stronger slopes are commonly in pasture or hay crops; but
the steepest areas remain wooded. Stands of sugar maple
and beech make up most of the cover in wooded areas.
Groves of hemlock and white pine and a few elm and
yellow birch are scattered through the stands.

In Grand Traverse County the Nester soils occur closely
with the Guelph soils in the more silty areas and with the
Ubly soils in the more sandy areas. Because of this close
association, Nester soils are mapped only in complexes with
those soils. Complexes of Guelph-Nester loams are de-
scribed under the heading “Guelph Series.” The Ubly-
lg es_ter”complexes are described under the heading “Ubly

eries.

Newaygo Series

The Newaygo series consists of well-drained sandy
loams. These soils have a sandy loam upper subsoil and
a sandy clay loam lower subsoil that overlie loose sand and
gravel. Wooded areas have a dark-colored surface layer
3 to 5 inches thick and a dark grayish-brown subsurface
layer 2 to 5 inches thick. During tillage, these layers are
mixed with a small part of the subsoil.

The Newaygo soils occur closely with the Mancelona and
Karlin soils and with_the finer textured Coventry soils.
Their surface layer and subsoil are finer textured and more
acid than those in the Mancelona soils. The lower sub-
soil of Newaygo soils is finer textured and less acid than
that of Karlin soils.

Profile of Newaygo sandy loam :

Ap—0 to 9 inches, very dark grayish-brown (10YR 3/2) sandy
loam; weak, medinm, granular structure; friable;
medium acid; abrupt, smooth boundary. Layer is 6
to 9 inches thick.

A2—9 to 12 inches, dark grayish-brown (10YR 4/2) sandy
loam; weak, fine, subangular blocky structure; fri-
able; medium acid; clear, wavy boundary. Layer is
1 to 4 inches thick.

B2ir—12 to 26 inches, dark-brown (7.5YR 4/4) sandy loam
that grades to gravelly sandy loam; weak, fine, sub-
angular blocky structure; friable; strongly acid but
grading to slightly acid in the lower part; clear, wavy
boundary. Layer is 10 to 18 inches thick.

B’t—26 to 40 inches, dark reddish-brown (5YR 3/3) gravelly
sandy clay loam; weak, coarse, subangular blocky
structure; firm; slightly acid; abrupt, irregular
boundary. Layer is 8§ o 20 inches thick.

IIC—40 to 60 inches -, yellowish-brown (10YR 5/4), strati-
fied gravel and sand; single grain; loose; neutral to
calcareous.

The principal variations are in the subsoil. The upper
subsoil ranges from sandy loam to gravelly sandy loam
that is almost gravelly loamy sand. The reaction of the
upper subsoil ranges from strongly acid to slightly acid.
In a few places the lower subsoil has alternate layers of
sandy loam and sandy clay loam, and in places it contains
large lumps of sandy clay loam that are interbedded with
sandy loam of the same color. The material below the
subsoil is generally calcareous.

The Newaygo soils are level to strongly sloping. Gen-

eral farming is the principal use in level to gently sloping



GRAND TRAVERSE COUNTY, MICHIGAN 37

areas, and forest covers most of the stronger slopes. Sugar
maple, beech, ash, black cherry, yellow birch, and aspen
are the chief native trees, but there are scattered groves
of hemlock and a few, scattered white pine.

In this county the Newaygo soils occur so closely with
the Coventry soils that they are mapped only in complexes
of Coventry-Newaygo loams. These mapping units are
described under the heading “Coventry Series.”

Ogemaw Series

The Ogemaw series consists of somewhat poorly drained
or poorly drained soils that have surface and subsurface
layers of sandy loam or loamy sand and a subsoil of
strongly cemented loamy sand. The material below the
subsoll generally ranges from loam to clay. Undisturbed
wooded areas have a very dark colored surface layer and
a thick, pinkish-gray subsurface layer. These layers are
mixed during tillage. A very firm pan cemented with

iron, called ortstein, occurs in the upper part of the subsoil..

The subsoil of the Ogemaw soils 1s somewhat less deeply
cemented than that of the Saugatuck soils, and fine-
textured underlying material occurs within 42 inches of
the surface. The Saugatuck soils are underlain by sand.
Ordinarily, Ogemaw soils are less well drained than the
Tosco soils, which do not have a cemented subsoil,

Profile of Ogemaw loamy sand :

Ap—O0 to 7 inches, very dark grayish-brown (10YR 3/2) loamy
sand ; weak, medium, granular structure ; very friable;
medium acid; abrupt, smooth boundary. Layer is 5
to 9 inches thick.

A2—7 to 10 inches, pinkish-gray (7.5YR 6/2) loamy sand;
weak, fine, subangular blocky structure; very friable;
medium acid; clear, irregular boundary. Layer is 2
to 6 inches thick.

Bhm—10 to 20 inches, dark reddish-brown (5YR 3/4) loamy
sand, 2 to 5 inches thick, that grades to yellowish-
red (5YR 5/6) loamy sand; weak, medium, sub-
angular blocky structure; cemented; very firm;
medium acid ; clear, wavy boundary. Layer is 8 to 15
inches thick.

B22ir—20 to 26 inches, dark-brown (10YR 4/3) loamy sand;
many, fine, faint mottles of brown (10YR 5/3) and
distinct mottles of pale brown (10YR 6/8); weak,
coarse, subangular blocky structure; friable; in places
cementation extends downward from the horizon
above; acid; abrupt, wavy boundary. Layer is 4 to 10
inches thick.

IIC1—26 to 40 inches, reddish-brown (5YR 4/4) sandy clay
loam; many, fine, distinct mottles of dark grayish
brown (2.5Y 4/2); strong, medium, angular blocky
structure; plastic when wet; calcareous; clear, wavy
boundary. Layer is 0 to 30 inches thick.

IIC2—40 to 60 inches +, yellowish-brown (10YR 5/6) or gray
(2.5Y 5/1) silty clay; strong, medium, angular blocky
structure; plastic when wet; caleareous.

In wet areas a thin layer of muck commonly occurs on
the surface of these soils. In some cultivated areas, the
plow layer contains a small amount of subsoil, but in many
places it is underlain by part of the undisturbed pinkish-
gray subsurface layer. The subsoil ranges from 14 to 37
inches in thickness and generally is strongly cemented.
In many places the underlying fine-textured material con-
tains layers of sand 4 to 12 inches thick.

The Ogemaw soils are level to gently sloping. About
half the acreage is used for general farming, and the rest
is in pasture or trees. The native vegetation consists
mainly of white-cedar, balsam fir, aspen, paper birch,

yellow birch, basswood, elm, maple, and a few scattered
hemlock and pine.

In this county the Ogemaw soils occur so closely with
the Tosco soils that they are mapped only in complexes
of Tosco-Ogemaw loamy sands. These complexes are de-
scribed under the heading “Tosco Series.”

Pickford Series

In the Pickford series are poorly drained soils that have
surface and subsurface layers of loam to silty clay loam.
The subsoil and the material below it are silty clay or clay.
Undisturbed areas have a dark-colored surface layer and
a very dark grayish-brown subsurface layer. In cultivated
fields the plow layer is lighter colored than the surface
layer in undisturbed areas because it containg material
brought up from the subsurface layer.

The Pickford soils have a much finer textured surface
layer, subsurface layer, and upper subsoil than the Pin-
conning soils. They are much finer textured throughout
the profile than the Roscommon soils.

Profile of Pickford loam:

Ap—O0 to 8 inches, very dark brown (10YR 2/2) loam; weak,
medium, granular structure; friable; neutral; mod-
erately high in organic-matter content ; abrupt, smooth
boundary. Layer is 6 to 9 inches thick.
to 12 inches, very dark grayish-brown (10YR 3/2)
clay loam; weak, fine, subangular blocky structure;
firm when moist, sticky when wet; neutral; gradual,
wavy boundary. Iayer is 2 to 6 inches thick.
B2g—12 to 20 inches, dark grayish-brown (10YR 4/2) silty
clay that has many, medium, distinct mottles of
yellowish brown (10YR 5/4) ; weak, medium, angular
blocky structure; plastic when wet; neutral; clear,
wavy boundary. Layer is 4 to 10 inches thick. .
C1—20 to 28 inches, brown (10YR 5/3) clay; many, medium,
faint mottles of pale brown (10YR 6/3); weak, me-
dium, angular blocky structure; plastic when wet;
mildly alkaline; abrupt, wavy boundary. Layer is
6 to 10 inches thick.
(C2—28 to GO inches +-, dark yellowish-brown (10YR 4/4) silty
clay ; many, fine, distinct mottles of pale brown (10YR
6/3) and yellowish brown (10YR 5/4) ; mottles grade
to brown (10YR 5/3), very pale brown (10YR 7/4),
and light brownish gray (10YR 6/2) ; massive ; plastic
when wet ; calcareous.

The surface and subsurface layers range from loam to
clay loam or, in a few places, to silty clay loam. In many
places the fine-textured subsoil or the material below it
contains interbedded coarse-textured material in streaks
or in thin layers 1/ to 2 inches thick.

Although the Pickford soils are nearly level, only a
small acreage is used for general farming. These soils are
used mainly as woodland or for pasture. Stands of white-
cedar, balsam fir, ash, elm, and some sugar maple make up
most of the native plant cover.

In Grand Traverse County the Pickford soils are so
closely intermingled with the Tonkey and Hettinger soils
that they are mapped only in complexes of Tonkey-
Hettinger-Pickford loams. These complexes are described
under the heading “Tonkey Series.”

Al2—§

Pinconning Series

The Pinconning series consists of poorly drained soils
that have a dark-colored, loamy surface layer. The sub-
soil is loamy sand or sand 18 to 42 inches thick and occurs
over clay. In cultivated fields the plow layer contains
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sandy material brought up from the subsoil, and conse-
quently it is coarser textured and lighter colored than the
original surface layer. )

The Pinconning soils have a coarser textured subsoil
than the Pickford soils, and they have finer textured ma-
terial below the subsoil than the Roscommon soils.

Profile of Pinconning loam:

A1—0 to 6 inches, black (10YR 2/1) loam; weak, medium,
granular structure; friable; neutral; high in organic-
matter content; clear, wavy boundary. ILayer is 5
to 12 inches thick.

B—0G to 26 inches, yellowigh-brown (10YR §/4) loamy sand to
sand; common, medivm, distinct mottles of strong
brown (7.5YR 5/6) and pale brown (10YR 6/3);
single grain; loose; nentral. Layer is 12 to 36 inches
thick.

II1Cg—26 to 60 inches -, gray (10YR 5/1) silty clay; common,
medium, distinet mottles of light yellowish brown
(2.5Y 6/4) and light olive brown (2.5Y 5/4) ; massive;
very firm ; calcareous.

The surface layer ranges from loam to loamy sand.
Commonly interbedded with the coarse-textured subsoil
is finer textnred material in a few streaks or lumps, or in
thin layers 14 to 1 inch thick. In a few places the material
underlying the subsoil contains coarse-textured material
in layers 14 to 2 inches thick.

Most areas of Pinconning soils ave level. The nafive
vegetation is mainly white-cedar, black spruce, balsam fir,
and aspen.

In this county the Pinconning soils occur closely with
the Richter and Tonkey soils, and they are mapped only
in undifferentiated groups of Richter, Tonkey, and Pin-
conning loams. These mapping units are described under
the heading “Richter Series.”

Richter Series

The Richter series consists of imperfectly drained soils
that generally have sandy loam surface and subsurface
layers. The subsoil is stratified loamy sand to fine sandy
loam and is underlain by stratified sandy loam, loamy
sand, and sand. In undisturbed areas the surface layer is
5 to 8 inches thick and is very dark colored ; the subsurface
layer, if present, is commonly dark gray. Plowing mixes
the surface and subsurface layers with a small amount of
the brown subsoil.

The Richter soils have finer textured material below the
subsoil than the Gladwin soils. Richter soils are not so
poorly drained as the Tonkey soils.

Profile of Richter sandy loam :

Ap—O0 to 8 inches, very dark grayish-brown (10YR 3/2) sandy
loam ; moderate, fine, granular structure ; very friable;
neutral; abrupt, smooth boundary. Layer is 6 to 9
inches thick.

B2lir—8 to 21 inches, yellowish-brown (10YR §5/4) loamy
sand; weak, fine, subangular bloeky structure; very
friable; slightly acid; gradual, wavy boundary.
Layer is 6 to 14 inches thick.

B22ir—21 to 35 inches, brown (7.5YR 4/4) layers of loamy
sand and gravelly sand ; common, fine, distinct mottles
of reddish brown (5YR 5/4); weak, fine, subangular
blocky structure; very friable; slightly acid; clear,
wavy boundary. Layer is 8 to 16 inches thick.

B’t—35 to 39 inches, brown (10YR 5/3) very fine sandy loam;
many, fine, distinct mottles of reddish brown (5YR
45/4) 1 weak, fine, subangular blocky structure; very
friable; slightly acid; clear, wavy boundary. Layer
is 8 to 8 inches thick.
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C—39 to 60 inches -, layers of reddish-brown (5YR 4/4)
sandy loam, strong-brown (7.5YR 5/6) loamy sand,
brown (7.5YR 5/4) very fine sand, and dark-brown
(7.5YR 4/4) loamy coarse sand; a few gravel layers;
the finer textured layers have weak, fine, subangular
blocky structure and are very friable; the coarser
textured layers are single grain and loose; slightly
acid.

The surface and subsurface layers range from sandy
loam to loam, and the upper subsoil is sandy loam or loamy
sand. Gravel is commonly scattered throughout all these
layers and the lower subsoil. In a few places the lower
subsoil has layers of clay loam that are 14 to 1 inch thick.
The surface and subsurface layers and the subsoil range
from neutral to medium acid, and the underlying material,
above a depth of 36 inches, ranges from slightly acid to
mildly alkaline. Below this depth in many places, the
underlying material is calcareous sandy loam.

The Richter soils are level to gently sloping and com-
monly occupy areas adjacent to drainageways. They are
used for orchards, general farming, pasture, and wood-
land. The native plant cover consists mainly of sugar
maple, ash, paper birch, and yellow birch. In addition
there are a few white pine and small, scattered groves o
hemlock.

Richter loams, 0 to 2 percent slopes, overwash (RcA).—
These nearly level soils are covered by 6 to 18 inches of
sandy loam or loam that washed from nearby sloping soils.
In cultivated fields the overwash has been mixed with the
original surface layer. Included with these soils are small
areas of moderately well drained soils that have loam sur-
face and subsurface layers and a sandy loam subsoil.  Also
included are small areas where the material below the sub-
soil consists of a gravel layer over calcareous sandy loam.

Soil management unit 3bA (IIXw) ; woodland suitabil-
ity group G.

Richter loams, 2 to 6 percent slopes, overwash (RcB).—
Covering these gently sloping soils is a 4- to 12-inch layer
of sandy loam or loam that washed from adjacent slopes.
In cultivated fields the plow layer is a mixtuve of this over-
wash and the original surface and subsurface layers. In-
cluded are small aveas of moderately well drained soils
that have loam surface and subsnrface layers and a sandy
Joam subsoil.  Also included are small areas in which the
underlying material is a layer of gravel over calcareous
sandy loam.

Soil management unit 3bA. (T1Iw) ; woodland suitability
group G.

Richter loams, 0 to 2 percent slopes (RhA).—About two-
thirds of these nearly level soils has been used for crops.
The plow layer is a mixture of the orviginal surface and
subsurface layers, and in about half the cultivated area,
it contains 1 to 2 inches of the upper subsoil. Included
are small arveas of moderately well drained soils that have
loam surface and subsurface layers and a sandy loam sub-
soil, and small areas that are underlain by material con-
sisting of a gravel layer over calcarcous sandy loam.

Soil management unit 8bA (IIIw) ; woodland suitabil-
ity group G.

Richter loams, 2 to 6 percent slopes (RhB).—About half
the acreage of these gently sloping soils has been culti-
vated and has lost a small part of the original surface and
subsurface layers through erosion. In some places the
plow layer contains 1 to 3 inches of the upper subsoil.
Small included areas are moderately well drained and
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have loam surface and subsurface layers over a sandy loam
subsoil.  Alsoincluded are small areas in which the under-
lying material consists of a gravel layer over calcareous
sandy loam.

Soil management unit 3bA. (I1Iw) ; woodland suitabil-
ity group G.

Richter, Tonkey, and Pinconning loams, 0 to 2 per-
cent slopes, overwash [RpA).—The nearly level soils in this
undifferentiated group are covered with a layer of sandy
loam, 6 to 18 inches thick, that washed from soils on
adjacent slopes. In cultivated fields, plowing has mixed
the overwash with the original surface layer to form a
plow layer.

The group consists of Richter, Tonkey, and Pinconning
loams 1 about equal amounts, though the proportion of
tho different soils varies from place to place. Richter and
Tonlkey soils generally are closely intermingled, especially
in the northern part of the county. The Tonkey soils are
in the wet areas, and the Richter soils occupy areas that
are higher and not so wet. Pinconning soils ordinarily
occur alone, especially in the southern part of the county.

The Richter soils are imperfectly drained and have a
subsoil of stratified loamy sand to fine sandy loam. Below
the subsoil is stratified sandy loam, loamy sand, and sand.
The Tonkey soils are poorly drained and arve wetter than
the Richter soils. Their gravelly loam subsoil is underlain
by stratified fine sandy loam to gravel. The Pinconning
soils are poorly drained, have a sand and loamy sand sub-
soil that 1s 18 to 42 inches thick, and are underlain by clay.

Richter part: soil management unit 8hA (IITw);
woodland suitability group G. Tonkey part: soil man-
agement nmit 3bA (IIIw) ; woodland suitability group I.
Pinconning part: soil management unit 3bA (I1Iw);
woodland suitability group 1.

Richter, Tonkey, and Pinconning loams, 0 to 2 per-
cent slopes (RrA).—The soils in this undifferentiated group
occupy about equal acreages, though the proportion dif-
fers from place to place. In many of the areas mapped,
the Richter and Tonkey soils are closely intermingled,
particularly in the northern part of the county. In these
places the Richter soils are in the higher and drier arveas,
and the Tonkey are in the wet areas. The Pinconning
soils generally occur alone, especially in the southern part
of the county.

The imperfectly drained Richter soils have a subsoil of
stratified loamy sand to fine sandy loam. Below this layer
is stratified sandy loam, loamy sand, and sand. The poorly
drained Tonkey soils are wetter than the Richter soils.
Their subsoil is gravelly loam, and the underlying mate-
rial is stratified fine sandy loam to gravel. The poorly
drained Pinconning soils have a subsoil of sand and Toamy
sand that is 18 to 42 inches thick and is underlain by clay.

Richter part: soil management unit 3bA (1LIIw);
woodland suitability group G. Tonkey part: soil man-
agement unit 3bA. (ILIw) ; woodland suitability group L
Pinconning part: soil management unit 3hA (ITTw);
woodland suitability group I.

Richter, Tonkey, and Pinconning loams, 2 to 6 per-
cent slopes (RrB).—The acreages of Richter, Tonkey, and
Pinconning soils are about equal in this undifferentiated
group. Richter and Tonkey soils are closely intermingled
In many of the areas mapped, especially those in the north-
ern part of the county. The Tonkey soils are in the wetter
areas, and the Richter soils ocoupy the higher and drier
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areas. Pinconning soils generally occur alone in the unit,
especially in the southern part of the county.

The imperfectly drained Richter soils have a stratified
loamy sand to fine sandy loam subsoil that is underlain
by stratified sandy loam, loamy sand,.and sand. In the
poorly drained Tonkey soils, a gravelly loam subsoil over-
lies stratified fine sandy loam to gravel. The poorly
drained Pinconning soils have a sand and loamy sand sub-
soil that is 18 to 42 inches thick and is underlain by clay.
Included with these soils are small areas consisting of a
thin layer of muck over silt, clay, or marl.

Most of this mapping unit is wooded, but some areas are
used for crops. The wetter soils cannot be cultivated suc-
cessfully unless they are drained. The cultivated fields of
these solls have likely been drained.

Richter part: soil management unit 3bA (IITw);
woodland suitability group (. Tonkey part: soil man-
agement unit 3bA. (ITIw) ; woodland suitability group I.
Pinconning part: soil management unit 3bA (IILw);
woodland smitability group L.

Richter, Tonkey, and Pinconning loams, 6 to 12 per-
cent slopes [RrC).—Cultivated areas of these strongly slop-
ing soils are dominantly Richter loams. Wooded areas
are mostly Tonkey or Pinconning loams but include small
areas that have a thin layer of muck over finer textured
mineral material.

Richter loams are imperfectly drained and have a sub-
soil of stratified loamy sand to fine sandy foam. Stratified
sandy loam, loamy sand, and sand make up the underlying
material. The Tonkey soils are poorly drained and are
wetter than the Richter soils. Pinconning loams are
poorly drained and have a subsoil of sand and loamy sand
that is 18 to 42 inches thick and is underlain by clay.

Richter part: soill management unit 8bA (1IIw);
woodland suitability group &. Tonkey part: soil man-
agement unit 3bA (ITIw); woodland suitability group L
Pinconning part: soil management unit 3bA (IILw);
woodland suitability group I.

Rifle Series

The Rifle series consists of very poorly drained organic
soils that are more than 42 inches thick. These soils de-
veloped from woody plant materials.

Rifle soils difler from Houghton soils, which developed
from decayed grasses, sedges, and shrubs. They are less
decomposed and are more acid than the Lupton soils.

Profile of Rifle peat :

1—0 to 2 inches, black (10YR 2/1) muck; moderate, medium,
granular structure; friable; slightly acid; gradual,
irregular boundary. Layer is 1 to 12 inches thick.

2—2 to 8 inches, very dark brown (10YR 2/2), fibrous peat;
massive; nonsticky when wet; slightly acid; clear,
irregular boundary. ILayer is 6 to 16 inches thick.

3—8 to 60 inches 4, very dark brown (10YR 2/2), fibrous peat;
contains many woody fragments that are partly de-
composed ; massive; nonsticky when wet; medium
acid.

Layers of muck or undecomposed peat, 14 to 8 inches
thick, occur in some places at a depth of more than 18
inches. In a few places a tree log is found below a depth
of 8 inches. Strata of fine-textured mineral material, 14
to 2 inches thick, occur at various depths in a few places.
In some areas the layers of organic material are under-
lain by mineral material at a depth of more than 42 inches.
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The Rifle soils are level or in depressions. They are
used principally as woodland and for wildlife. Stands of
white-cedar, balsam fir, and black spruce make up most
of the plant cover.

Rifle peat (Rs).—Included with this soil are small areas
of Lupton muck, Tawas muck, and Roscommon mucky
loamy sand.

Most of this'soil is wooded, but a small acreage has been
cleared and used for pasture, and small areas next to bet-
ter drained mineral soils have been cleared, drained, and
cultivated.

Soil management unit Mc (Vw) ; woodland suitability
group J.

Roscommon Series

Soils of the Roscommon series are poorly drained. They
have a sand or loamy sand surface layer that is covered
with a thin layer of muck in some places. The subsoil and
the material below it are sand.

The Roscommon soils have a higher water table than the
Au Gres and Croswell soils. They are much coarser in
texture than the Tonkey soils and have a thinner layer of
muck on their surface than the Tawas soils.

Profile of Roscommon mucky loamy sand :

02—4 inches to 0, black (10YR 2/1) muck that contains a few,
gray (10YR 5/1) sand grains; weak, medium, granu-
lar structure; friable; slightly acid; clear, wavy
boundary. Layer is4 to 12 inches thick.

A1—oO0 to 3 inches, dark-brown (7.5YR 3/2) loamy sand; weak,
medium, granular structure; very friable; slightly
acid; moderately high in organic-matter content;
abrupt, wavy boundary. Layer is 2 to 12 inches thick.

C1—38 to 12 inches, dark grayish-brown (10YR 4/2) sand that
has many, coarse, distinet mottles of light yellowish
brown (10YR 6/4) ; single grain; loose; slightly acid;
clear, irregular boundary. Layer is 4 to 14 inches
thick.

C2—12 to 20 inches, brown (7.5YR 5/4) sand; single grain;
loose; slightly acid or neutral; gradual, wavy bound-
ary. Layer is 8 to 16 inches thick.

C3—20 to 60 inches -, dark yellowish-brown (10YR 4/4) to
yellowish-brown (10YR 5/4) sand; single grain;
loose ; slightly acid or neutral.

The Roscommon soils range from slightly acid to mildly
alkaline. The subsoil and the material below have brown-
ish (7.5YR) to yellowish (10YR) hues. In some places
there are thin, reddish-brown layers in and below the yel-
lowish subsoil. Underlying the subsoil are a few thin
strata of coarse sand and gravel, especially in places that
are nearly neutral.

Roscommon soils are level to gently sloping and are used
principally as woodland and for wildlife. Wooded areas
are in stands of white-cedar, black spruce, and balsam fir
that have paper birch scattered through them.

Roscommon mucky loamy sand, overwash (Rt.—This
nearly level or gently sloping soil is generally in undis-
turbed areas. Its original mucky surface layer is covered
by a deposit of sand 6 to 14 inches thick. In a few places
layers of gravel or of fine-textured material occnr helow
a depth of 40 inches. Included with this soil are small
areas of Tawas soils and, on gentle slopes, areas of Au
Gres soils. ' L

Soil management unit 5cA. (IVw) ; woodland suitability
group L

Roscommon mucky loamy sand {Ru)l.—Most areas of
this nearly level soil have not been cultivated, and the muck

that covers the surface layer is undisturbed. In a few
places layers of gravel or fine-textured material are below
a depth of 40 inches. Included with this soil are small
areas of Tawas muck.

Soil inmmgement unit 5eA (IVw) ; woodland suitability
group L

R(})scommon sand (Rvl.—In most areas this level to
gently sloping soil has been cultivated, and the original
surface layer of sand has been mixed with the overlying
layer of muck. The present surface layer is sand that has
a moderately high content of organic matter. Included
with this soil are small areas of Roscommon mucky loamy
sand and Tawas muck. Also included in gently sloping
areas are areas of Au Gressoils.

Soil management unit 5¢A. (IVw) ; woodland suitability
group L.

Rubicon Series

The Rubicon series consists of well-drained soils that
have sand surface and subsurface layers and a sand sub-
soil. The material below the subsoil 1s generally sand, but
in some places a layer of loam, clay loam, or silty clay loam
oceurs at a depth of 42 to 66 inches.

These soils have a thicker and browner subsoil than the
Grayling soils. The Rubicon soils have a thicker dark-
colored surface layer and a thiner grayish subsurface layer
than the Kallkaska soils in this county, and a thinner, less
reddish, lighter colored subsoil. The water table is deeper
in the Rubicon soils than it is in the Croswell soils.

Profile of Rubicon sand:

A1—0 to 8 inches, very dark brown (10YR 2/2) sand; single
grain; loose; slightly acid; abrupt, wavy boundary.
Layer is 1 to 4 inches thick.

A2—3 to 5 inches, grayish-brown (10YR 5/2) sand; single
grain; loose; medinm acid; clear, wavy boundary.
Layeris 1to 4 inches thick.

B2lir—5 to 18 inches, dark-brown (7.5YR 4/4) sand; single
grain; loose; medium acid; gradual, irregular boun-
dary. Layer is 12 to 22 inches thick.

B22ir—18 to 34 inches, dark yellowish-brown (10YR 4/4)
sand; single grain; loose; medium acid; gradual,
irregular boundary. ILayer is 10 to 18 inches thick.

C—34 to 06 inches 4+, light yellowish-brown (10YR 6/4) sand;
single grain ; loose ; medium acid.

The subsoil is mediwm or slightly acid. In areas close
to the Croswell soils, the subsoil of the Rubicon soils is
thicker and more reddish brown than that in the profile
described for the series. Thin bands of fine sand or fine
gravel occur below a depth of 36 inches.

The Rubicon soils are level to very steep. They are
used principally as woodland and for wildlife. Wooded
areas are in stands of red pine, jack pine, scrub oak, aspen,
and a few white pine.

Rubicon sand, 0 to 2 percent slopes (RwA).—Most of
this nearly level soil is uneroded, but a few areas have been
cleared, are in pasture of native grass, and are slightly
eroded. In these areas only a few pine or oak trees have
reseeded naturally. In plowed areas, much material from
the subsoil has been mixed with the original surface and
subsurface layers.

Soil management unit 5.83aAB (VIIs); woodland suit-
ability group .

Rubicon sand, 0 to 2 percent slopes, moderately
eroded (RwA2).—This soil has been exposed to the wind by
cultivation or by several fires that destroyed or damaged
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the cover of native plants. The wind has blown away
most or all of the original surface and subsurface layers
and, in a few places, has blown away the top 2 to 4 inches
of the upper subsoil.

Soil management unit 5.3aAB (VIIs); woodland suit-
ability group H.

Rubicon sand, 2 to 6 percent slopes (RwB}.—Part of this
gently sloping soil is in stands of pine, oak, or aspen and
1s uneroded. Many of the uneroded areas were scorched
by fire in the past but were soon covered by native plants
because they reseeded naturally. The remaining acreage
is slightly eroded, for it has been cleared and burned over
or used for wild-grass pasture. In these areas the natural
reseeding of pine, aspen, or oak has been slight. In plowed
areas the surface and subsurface layers are mixed with
material from the subsoil. Wind erosion has caused slight
damage in most areas and has exposed the subsoil in a
few places.

Soil management unit 5.3aAB (VIIs) ; woodland suit-
ability group H.

Rubicon sand, 2 to 6 percent slopes, moderately
eroded (RwB2).—Most of this gently sloping soil is wood-
land that has been repeatedly burned over, but small areas
have been cleared and cultivated. Wind has removed the
original surface and subsurface layers from about two-
thirds of the acreage, and it has blown away part of the
upper subsoil from many areas. Some of this material
was deposited on adjoining areas .of this soil, and some
was blown to nearby areas of other soils. Consequently,
the profile of this soil has been strongly modified by
erosion.

Soil management unit 5.3aAB (VIIs); woodland suit-
ability group H.

Rubicon sand, 6 to 12 percent slopes (RwC).—Uneroded
areas of this moderately sloping soil have been scorched
by fires, but natural seeding soon established a cover of
native plants, and there was little or no soil damage. Most
of these areas are now in stands of pine, oak, and aspen.
Other areas were cleared and used for pasture of wild
grass or were repeatedly burned over. In these areas trees
are few., Wind erosion has removed a small amount of
soil and has exposed the subsoil in a few places. In plowed
fields the original surface and subsurface layers are mixed
with subsoil material.

Soil management unit 5.3aCD (VIIs); woodland suit-
ability group H.

Rubicon sand, 6 to 12 percent slopes, moderately
eroded (RwC2).—Some areas of this moderately sloping so1l
have been cleared and burned over several times, and
others have been cleared and cultivated. The original
surface and subsurface layers and the upper part of the
subsoil have been removed from about two-thirds of the
acreage mapped. Material was blown to other areas of
this soil or was carried to adjacent areas of other soils.

Soil management unit 5.3aCD (VIIs) ; woodland suit-
ability group .

Rubicon sand, 12 to 18 percent slopes (RwD).—Un-
eroded areas of this hilly soil have been scorched by fires,
but plants covered the soil so rapidly that erosion caused
little or no damage. These areas still have their dark-
colored surface layer, and most of them are covered with
pine, aspen, or oak. The remaining acreage has been
cleared and burned or used for wild-grass pasture. In
these areas only a few pine, aspen, or oak trees have re-

seeded naturally, and a small amount of the original sur-
face and subsurface layers has been lost through erosion.
In some fields, plowing has mixed these layers with ma-
terial from the subsoil.

Soil management unit 5.3aCD (VIIs); woodland suit-
ability group H.

Rubicon sand, 12 to 18 percent slopes, moderately
eroded (RwD2).—Several fires have destroyed or damaged
the plant cover on this hilly soil. Small areas have been
cleared and cultivated. As a result, wind has removed
the surface and subsurface layers and the upper part of
the subsoil from about two-thirds of the acreage mapped.
The material removed is now deposited on other areas
of this soil or on adjacent areas of other soils.

Soil management unit 5.83aCD (VIIs) ; woodland suit-
ability group H.

Rubicon sand, 18 to 25 percent slopes (RwE).—Un-
eroded areas of this steep soil have been scorched by fires,
but a cover of plants was reestablished so rapidly that ero-
sion was not noticeably active. These areas still have a
dark-colored surface layer and, for the most part, are in
stands of pine, aspen, or oak. The slightly eroded areas
have been cleared and burned over or are in wild grass
used for pasture. In these areas a small amount of soil
has blown away. In cultivated fields the plow layer con-
tains some material from the subsoil.

Soil management unit 5.3aEF (VIIs); woodland suit-
ability group H, steep.

Rubicon sand, 18 to 25 percent slopes, moderately
eroded (RwE2).—In areas of this steep soil, several fires
have destroyed the cover of plants and exposed the sur-
face to wind and water erosion. The original surface and
subsurface layers and, in many places, the upper part of
the subsoil have washed or blown away. Uncontrolled
runoff has cut deep gullies into the underlying material
and has deposited soil material at the base of slopes.

Soil management unit 5.3aEF (VIIs); woodland suit-
ability group H, steep.

Rubicon sand, 25 to 45 percent slopes (RwF).—Most of
this very steep soil has a cover of pine, aspen, or oak that
prevents blowing and washing. Consequently, the soil is
uneroded and has nearly all of its original surface layer.
In a few areas fire has destroyed the forest cover and has
checked natural reseeding. In these areas, only scattered
pine, aspen, and oak trees grow, and erosion has slightly
altered the original surface and subsurface layers. In-
cluded with this soil are a few, scattered spots that are
severely eroded.

Soil management unit 5.3aEF (VIIs); woodland suit-
ability group II, steep.

Rubicon sand, 25 to 45 percent slopes, moderately
eroded (RwF2)—About two-thirds of this very steep soil
has been swept by several fires that exposed the surface
to wind and water. TErosion has removed the original sur-
face and subsurface layers and the upper subsoil, and
uncontrolled runeff has cut a few deep gullies into the
underlying material. IKrosion is still active in many
places. Streams flowing through areas of this soil com-
monly undercut their banks and cause soil material to roll
or to slide into the channel, especially during floods. The
remaining one-third of the acreage is not eroded.

Soil management unit 5.3aEF (VIIs); woodland suit-
ability group H, steep.
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Rubicon-Menominee loamy sands, 2 to 6 percent
slopes (RxB).—The Rubicon soil is dominant in this gently
sloping complex, but the Menominee soil occupies a large
part. The soils in the complex differ principally in the
thickness of sand over finer textured material. Generally,
the Rubicon loamy sand is 42 to 66 inches thick, whereas
the Menominee loamy sand is 18 to 42 inches thick. These
soils, however, vary greatly in thickness within short
distances. Included with these soils are areas of Nester
soils that are less than 18 inches thick. In these areas all
of the subsoil and part of the subsurface and surface
layers developed in finer textured material. In a few
arveas of Kalkaska soils, the sandy material is more than
66 inches thick. Also included arve a few, small wet spots,

Uneroded, wooded areas have a dark-colored surface
layer and a gray subsurface layer. In slightly eroded cul-
tivated fields, the plow layer 1s a mixture of the original
surface and subsurface layers and a small amount of upper
subsoil.

Rubicon part: soil managementunit 5aB (IVs) ; wood-
land snitability group H. Menominee part: soil man-
agement, unit 5aB (IVs) ; woodland suitability group C.

Rubicon-Menominee loamy sands, 6 to 12 percent
slopes (RxC]—Rubicon loamy sand occupies a larger part
of this strongly sloping complex than Menominee loamy
sand. Inuneroded, wooded areas the dark-colored surface
lIayer is underlain by a gray subsurface layer. Cultivated
fields are slightly eroded and have a plow layer consisting
of the original surface and subsurface layers mixed with
a small amount, of upper subsoil.

The principal difference between the Rubicon and
Menominee so1ls is in the thickness of sandy material that
overlies fine-textured material. Generally, the sandy ma-
terial is 42 to 66 inches thick in the Rubicon soil and is 18
to 42 inches thick in the Menominee soil, but this material
varies widely in thickness within short distances. In-
cluded with these soils are arcas of Nester soils in which
the subsoil and, in a few places, part of the subsurface and
surface layers developed in finer textured material. Areas
of Kalkaska soils ave included where the sandy material
is more than 66 inches thick. Also included are a few
small wet spots or scepage areas.

Rubicon part: soil management unit 5aC (VIs) ; wood-
land suitability group H. Menominee part: soil man-
agement unit 5aC (VIs) ; woodland suitability group C.

Rubicon-Menominee loamy sands, 12 to 18 percent
slopes (RxD).—In wooded areas these hilly soils are un-
eroded and have a dark-colored surface layer over a gray
subsurface layer. They are slightly eroded in cultivated
fields, where the plow layer is a mixture of the original
surface and subsurface layers and a moderate amount of
subsoil. :

The Rubicon and Menominee soils differ principally in
the thickness of sandy material that overlies finer tex-
tured material. In most places the Rubicon soil is thicker
than the Menominee soil, but, the thickness varies widely
within short distances, and the two soils are closely inter-
mingled. Included with these soils are areas of Nester
soils in which the subsoil and, in a few places, the sub-
surface and surface layers developed in finer textured ma-
terial. Areas of Ialkaska soils are included where the
sandy material is more than 66 inches thick. Also included
are a few wet spots or seepage areas of imperfectly drained
Tosco soils.

Rubicon part: soil management unit 5aD (VIIs);
woodland suitability group H. Menominee part: soil
management unit 5aD (VIIs); woodland suitability
group C.

Sanilac Series

The Sanilac series consists of imperfectly drained soils
that have surface and subsurface layers of dark-colored
loam. The subsoil is silt loam and occurs over stratified
silt and sand. 'These soils are better drained than the
Hettinger soils, and they ave finer in texture than the Glad-
win and Richter soils.

Profile of Sanilac loam:

Ap—0 to 7 inches, very dark gray (10YR 3/1) loam ; moderate,
coarse, granular structure; friable; neutral; abrupt,
smooth boundary. Layer is 6 to 9 inches thick.

B1—T to 15 inches, dark grayish-brown (10YR 4/2) silt loam;
moderate, medium, subangular blocky structure; fri-
able; mildly alkaline; clear, wavy boundary. Layer
is 6 to 10 inches thick.

B2—15 to 42 inches, yellowish-brown (10YR 5/8) silt loam;
many, medium, distinct mottles of light gray (10YR
7/2) and brown (10YR 5/3) that diminish with in-
creasing depth to common, fine, distinet mottles of
light brownish gray (10YR 6/2) ; very weak, medium,
subangunlar blocky structure; friable; weakly cal-
carcous; clear, wavy boundary. Layer is 20 to 30
inches thick.

C—42to 60 inches 4, alternate layers of firm, light-gray (N
7/0) silt loam of strong, thick, platy structure and
loose, dark-brown (7.5YR 4/4) fine sand that is single
grain; layers range from 14 to 8 inches in thickness;
calcareous.

In some areas cobbles, stones, and a moderate amount of
gravel are common near the surface and in the upper part
of the subsoil. A few layers of fine sand, 1/ to 2 inches
thick, occur in the subsoil. In some areas there are thin
strata of silty clay in the Chorizon. The coarser textured
layers range from very fine sand to medium sand.

Stands of paper birch, yellow birch, elm, basswood,
aspen, and a few sugar maple occur naturally on these
soils.  White pine, red pine, white-cedar, and hemlock
are scattered in the stands.

In Grand Traverse County, the Sanilac soils are inter-
mingled with the Richter soils and are mapped only in a
complex with those soils. The Richter soils are described
under the heading “Richter Series.”

Sanilac-Richter loams, 0 to 6 percent slopes (SrB).—
The major soils of this nearly level or gently sloping com-
plex have a loam or sandy loam surface layer and are im-
perfectly drained. Sanilac loams are dominant, but
Richter loams make up about one-third of the acreage.
Included are scattered small areas of Alpena gravelly
loamy sand.

The Sanilac soils are underlain by stratified silt, fine
sand, and clay. The Richter soils have a stratified loamy
sand to fine sandy loam subsoil that is underlain by strati-
fied sandy loam, loamy sand, and sand. Cultivated areas
of these soils are slightly eroded and have a plow layer
consisting of the original surface layer mixed with mate-
rial from the subsoil. In a few places the surface layer
is covered by a deposit of loamy material 4 to 12 inches
thick.

Soil management unit 3hA (ITIw) ; woodland suitabil-
ity group F.
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Saugatuck Series

In the Saugatuck series are imperfectly drained or
poorly drained soils that have surface and subsurface
layers of sand. The sand subsoil is o generally strongly
cemented layer, or ortstein.

The Saugatuck soils are underlain by sand, whereas the
Ogemaw soils are underlain by finer textured material.
The strongly cemented subsoil of the Saugatuck soils is
missing in the Roscommon and Au Gres soils.

Profile of Saugatuck sand :

Al—0 to 2 inches, black (10YR 2/1) mucky sand; weak, fine,
grannlar structure; very friable; slightly acid;
abrupt, smooth boundary. Layer is 1 to 6 inches thick.

A2—2 to 12 inches, light brownish-gray (10YR 6/2) sand;
single grain; loose; strongly acid; abrupt, irregular
boundary. ILayeris®6 to 12 inches thick.

B2lir—12 to 16 inches, dark reddish-brown (5YR 3/4) sand;
massive; strongly cemented, very firm ; strongly acid;
gradual, irregular boundary. ILayer is 4 to 16 inches
thick.

B22irm—16 to 26 inches, reddish-brown (5YR 4/4) sand; mas-
sive; moderately cemented, very firm; strongly acid;
gradual, irregular boundary. Layer is 6 to 15 inches
thick.

C—26 to 60 inches 4, brown (7.5YR §5/4) medium or coarse
sand; single grain; loose; slightly acid.

The surface and subsurface layers range from mucky
sand tomuck. The subsoil ranges from moderately to very
strongly cemented. In a few places the underlying sand
has layers of finer textured material, 1 to 24 inches thick.

The Saungatuck soils ave level to gently sloping. They
are used principally as woodland and as wildlife habitat.
The native vegetation consists mainly of white-cedar, black
spruce, tamarack, pine, and aspen, and there are a few
elm, paper birch, and yellow birch.

In Grand Traverse County, the Saugatuck soils are so
closely intermingled with the An Gres soils that they are
mapped only in complexes of Au Gres-Saugatuck sands.
These complexes are described under the heading “An
Gres Series.”

Tawas Series

In the Tawas series are very poorly drained soils that
consist of 12 to 42 inches of organic material over sand.
The organic material of Tawas soils is similar to that of
Roscommon and Lupton,soils, but the Roscommon soils
have less than 12 inches of muck over sand, and the Lup-
ton soils have more than 40 inches of muck over mineral
material.

Profile of Tawas muck:

1—0 to 24 inches, black (10YR 2/1) muck ; moderate, medium,
granular structure; friable; medium acid; clear, ir-
regular boundary. Layer is 14 to 40 inches thick.

ITC1—24 to 30 inches, very dark gray (10YR 3/1) sand; single
grain; compact in place, but loose when disturbed;
medium acid; clear, wavy boundary. Layer is 4 to
12 inches thick.

IIC2—30 to 60 inches --, grayish-brown (10YR 5/2) sand;
single grain; loose; slightly acid.

In some places the muck has a few layers of very dark
gray (10YR 8/1) sand 14 to 2 inches thick. In a few
places there are layers of black or dark reddish-brown
peat, 1 to 4 inches thick, in the sandy matertal below the
muck. In some areas the underlying sand has layers of
very dark gray silty material 15 to 1 inch thick. These
soils range from medinm acid to neutral.

The Taswas soils are level or slightly depressional. They
have a permanently high water table within 24 inches of
the surface, and ground water is near or above the surface
for long periods, especially in spring and early in summer.
A few, small, scattered areas are used for crops or pasture,
but most of the acreage is used as woodland and for wild-
life. Wooded areas are in stands of white-cedar, black
spruce, and balsam fir, and therve is some paper birch, white
pine, and elm.

In this county the Tawas soils occur so closely with the
Roscommon soils that they are mapped only in a complex
with those soils. The Roscommon soils are described
under the heading “Roscommon Series.”

Tawas-Roscommon complex {Ta).—Areas of this nearly
level or gently sloping complex are about half Tawas muck
and half Roscommon mucky sand. The Tasas soil occu-
pies the lowest part of most areas mapped.

These soils are covered with 6 to 14 inches of sandy
loam, loamy sand, or sand that washed in from adjacent
slopes. In the very poorly drained Tawas soil, sand oc-
curs below the muck at a varying depth that is as much
as 42 inches in some places. The Roscommon soil is poorly
drained. Included with these soils are small areas of
TLupton, Croswell, and Au Gres soils. _

Soil management unit 5¢A (IVw) ; woodland suitabil-
ity group L.

Tonkey Series

The Tonkey series consists of poorly drained soils that
have sandy loam surface and subsurface layers and a
gravelly loam subsoil. Underlying the subsoil is stratified
material that ranges from fine sandy loam to gravel. Un-
disturbed aveas have a dark-colored surface layer that gen-
erally is 8 to 6 inches thick, is high in organic-matter con-
tent, and overlies a dark-gray subsurface layer. These
layers are mixed in the plow layer of cultivated fields.

The Tonkey soils are somewhat like the Richter soils but
are poorly drained. They are coarser textured than the
Pickford soils and are finer textured than the Roscommon
soils.

Profile of Tonkey sandy loam:

Ap—O0 to 8 inches, very dark gray (10YR 3/1) sandy loam;

weak, fine, granular structure; friable; neutral;
abrupt, smooth boundary. ILayer is 6 to 9 inches
thick.

B21g—S to 14 inches, dark-gray (10YR 4/1) sandy leam; few,
medium, distinet mottles of yellowish brown (10YR
5/6) ; weak, fine, subangular blocky structure; friable;
neutral; clear, wavy boundary. ILayer is 4 to 10
inches thick.

B22g—14 to 30 inches, pale-brown (10YR 6/3) gravelly loam;
many, fine, distinct mottles of brownish yellow (10YR
6/6), grayish brown (10YR 5/2), and reddish brown
(5YR 4/3) ; moderate, medium, subangular blocky
structure; friable; neutral; clear, wavy boundary.
Layer is 10 to 20 inches thick,

ITC—30 to 60 inches -, brown (10YR 5/3) or dark grayish-
brown (10YR4/2) layers of sandy loam, loamy coarse
sand, sand, and gravel ; single grain ; loose ; calcareous.

The surface and subsurface layers range from sandy
loam to mucky sandy loam in texture, from 3 to 10 inches
in total thickness, and from slightly acid to mildly alkaline
in reaction. In many places the subsoil and the material
below it contain 2- to 8-inch layers of finer textured mate-
rial, especially silt.
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The Tonkey soils are level to gently sloping. A few
small areas have been drained and are used for crops and
pasture, but the soils are used principally as woodland and
for wildlife. Wooded areas are in stands of white-cedar,
balsam fir, black spruce, and aspen, as well as some paper
birch, yellow birch, and elm.

Tonkey mucky sandy loam (Tm).—The surface layer of
this nearly level or gently sloping soil is undisturbed. In-
cluded are small areas of Richter soils, Roscommon mucky
loamy sand, and Tawas muck.

Soil management unit 3cA (IIIw); woodland suit-
ability group I ‘

Tonkey sandy loam, overwash (Tn).—Although the
orviginal surface layer of this nearly level soil is undis-
turbed, it is covered by 6 to 12 inches of sandy loam that
washed from soils on adjacent slopes.

Soil management unit 3cA (IIIw); woodland suit-
ability group I.

Tonkey sandy loam ({To).—Wooded areas of this nearly
level soil have a dark-colored surface layer and a gray
subsurface layer. Plowing has mixed these layers in culti-
vated fields. Included with this soil are small areas of
Richter soils and a few spots of poorly drained, dark-
colored, gravelly soils.

Soil management unit 3cA. (IIIw); woodland suit-
ability group I

Tonkey-Hettinger-Pickford loams, overwash (Tp).—
These soils are nearly level, poorly drained, and loamy.
Their top layer is 6 to 12 inches of coarser textured ma-
terial that washed from soils on adjacent slopes.

In this complex Tonkey, Hettinger, and Pickford soils
oceur in about equal acreages. The Tonkey soils are sandy
loams that have a gravelly loam subsoil and are underlain
by stratified fine sandy loam to gravel. In the Hettinger
soils a loam surface layer and a clay loam subsoil are under-
lain by stratified material. The Pickford soils have sur-
face and subsurface layers of loam to silty clay loam.
Their subsoil and the material below it are silty clay or
clay.

Soil management unit 3cA. (IXIw) ; woodland suitability
group I.

Tonkey-Hettinger-Pickford loams (Tr).—About equal
acreages of Tonkey, Hettinger, and Pickford loams make
up this nearly level complex. These soils are poorly
drained.” The Tonkey soils have sandy loam surface and
subsurface layers and a gravelly loam subsoil. Underly-
ing the subso1l is stratified fine sandy loam to gravel. The
Hettinger soils have a loam surface layer; their clay
loam subsoil is underlain by stratified material. The
surface and subsurface layers of the Pickford soils ave
loam to silty clay loam. I3elow these layers are a subsoil
and underlying material of silty clay or clay.

Cultivated crops have been grown on about half the
acreage of this complex. The plow layer consists of the
original surface and snbsurface layers mixed with a small
amount, of material from the subsoil.

Soil management unit 3cA (I1Iw) ; woodland suitability
group I.

Ubly Series

In the Ubly servies are well drained or moderately well
drained soils that have surface and subsurface layers of
sandy loam. The upper part of the subsoil is sandy loam

or loamy sand 18 to 40 inches thick and the lower part
is finer textured. Between the upper and lower parts,
there is generally a grayish-brown, weakly cemented layer,
or fragipan. Underlying the subsoil is loam or clay loam.

Undisturbed areas have a dark-colored surface layer
1 to 3 inches thick and a grayish subsurface layer 2 to 4
inches thick. These layers are mixed with a small amount
of subsoil by plowing.

The Ubly soils ave finer textured in the surface and
subsurface layers and upper subsoil than the Menominee
soils, and they are finer textured in the material below
the subsoil than the Emmet soils.

Profile of Ubly sandy loam:

Ap—0 to 8 inches, very dark grayish-brown (10YR 3/2) sandy
loam; weak, medium, granular structure; friable;
slightly acid; abrupt, smooth boundary. Layer is 6
to 9 inches thick.

B21ir—S§ to 16 inches, brown (10YR 5/3) loamy sand; weak,
subangular blocky structure; very friable; medium
acid; clear, irregular boundary. ILayer is ¢ to 24
inches thick.

A’21—16 to 20 inches, grayish-brown (10YR 5/2) loamy sand ;
weak, thick, platy structure; firm; slightly vesicular;
slightly brittle when moist; slightly acid; clear, ir-
regular boundary. Layer is 2 to 6 inches thick.

B’21t & A’22—20 to 24 inches, A’22 horizon is slightly acid,
loose, grayish-brown (10YR 5/2) loamy sand that is
single grain and occurs as thick coating on peds and
filling in cracks; B’21t horizon is neutral, firm,
reddish-brown (5YR 4/4) sandy clay loam of mod-
erate, medium, subangular blocky structure; clear,
wavy boundary. Layer is 2 to 8 inches thick.

IIB’'22t—24 to 28 inches, dark reddish-brown (5YR 4/3) to
dark grayish-brown (10YR 4/2) clay loam; moderate,
coarse, subangular blocky structure; firm; neutral;
abrupt, wavy boundary. Layer is 2 to 12 inches thick.

ITC—28 to 60 inches -, brown (10YR 5/3) clay loam; mod-
erate, medium, subangular blocky structure; firm;
calcareous.

The grayish fragipan layer is missing in many places
where the upper subsoil is sandy loam more than 18 inches
thick, and in areas where the Ubly soils grade toward the
Menominee soils. In a few places there are thin strata of
sand in the lower subsoil and in the material below it.
At depths of more than 50 inches, the underlying material
ranges from clay loam to loam.

_The Ubly soils are level to steep. They are used prin-
cipally for general farming and as woodland. Wooded
areas are 1n stands of sugar maple, ash, black cherry, beech,
yellow birch, scattered white and red pines, and a few
groves of hemlock.

Ubly sandy loam, 0 to 2 percent slopes (UbA).—In un-
eroded, wooded areas of this nearly level soil a thin surface
lIayer of dark-colored sandy loam overlies a subsurface
layer of grayish loamy sand or sandy loam. Most of the
soil has been cultivated, however, and has a plow layer
that is a mixture of the original surface and subsurface
layers. Included with thissoil are small areas of McBride
and Menominee soils.

Soil management unit 3/2aA (IIs); woodland suit-
ability group A.

Ubly sandy loam, 2 to 6 percent slopes (UbB).—Most of
this gently sloping soil has been clearved and used for
crops, but some is wooded. The wooded areas arve un-
eroded and have a thin, davk-colored sandy loam surface
layer and a grayish loamy sand or sandy loam subsurface

layer. In cultivated fields, these layers have been mixed
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by plowing. Small areas of McBride and Menominee soils
are included with this soil.

Soil management unit 3/2aB (ITe); woodland suit-
ability group A.

Ubly sandy loam, 6 to 12 percent slopes (UbC).—Most
of this moderately sloping soil has been cropped, but some
areas are wooded. The wooded areas arve uneroded and
have a thin, dark-coloved sandy loam surface layer and a
grayish subsurface layer. In cultivated fields the plow
layer is a mixture of the surface and subsurface layers.
Incladed with this soil are small areas of McBride and
Menominee soils.

Soil management unit 3/2aC (I1le); woodland suit-
ability group A.

Ubly sandy loam, 6 to 12 percent slopes, moderately
eroded {UbC2).—Erosion has removed so much of this soil
that the plow layer consists mainly of material from the
upper subsoil. In about one-third of the areas mapped,
some of the finer textured lower subsoil has been mixed
into the plow layer.

Soil management unit 3/2aC (IIle); woodland suit-
ability group A.

Ubly sandy loam, 12 to 18 percent slopes (UbD).—Al-
though some areas remain wooded, most of this hilly soil
has been cleared and used for crops. In undisturbed
woodland a thin, dark-colored surface layer occurs over
a thin, grayish subsurface layer. Cultivated fields have a
plow layer consisting of the original surface and sub-
surface layers mixed with a small amount of material
from the subsoil. In some areas tillage has brought a con-
siderable amount of subsoil material into the plow layer
and, in places, there are small gullies. Included with this
soil are small areas of McBride and Menominee soils.

Soil management unit 3/2aD (IVe); woodland suit-
ability group A.

Ubly sandy loam, 18 to 25 percent slopes (UbE).—Un-
eroded, wooded areas of this steep soil have a thin, dark-
colored surface layer and a thin, grayish subsurface layer.
Cultivated fields are slightly eroded and have a plow layer
that generally is & mixture of the original surface and sub-
surface layers and a small amount of the upper subsoil.
In some areas material from the lower subsoil has been
mixed into the plow layer. Small areas of McBride and
Menominee soils are included with this soil.

Soil management unit 3aX (VIe) ; woodland suitability
group A, steep.

Ubly sandy loam, 25 to 35 percent slopes (UbF).—Some
of this very steep soil remains wooded, is uneroded, and
has a thin, dark-colored surface layer over a thin, grayish
subsurface layer. In other areas the soil has lost some of
the original surface and subsurface layers through erosion.
Included are small areas of moderately el'odedQUbly soils
that have a plow layer containing a substantial amount
of the finer textured lower subsoil. Also included are small
areas of McBride and Menominee soils,

Soil management unit 8aF (VIIe); woodland suit-
ability group A, steep.

Ubly-McBride sandy loams, 0 to 2 percent slopes
(UmAl—About half of this nearly level complex is Ubly
sandy loam, and about half is McBride sandy loam. The
Ubly soil is well drained or moderately well drained and
has an upper subsoil of sandy loam or loamy sand, 18 to
42 inches thick, that occurs over loam to clay loam. The
McBride soil is well drained and acid. Ithasa sandy loam

to sandy clay loam subsoil that is underlain by acid sandy
loam. Included with these soils are small areas of Menomi-
inee soils and a few, scattered wet spots. i

Where uneroded, the soils of the complex have a thin,
dark-colored surface layer and a grayish subsurface layer.
In slightly eroded cultivated ﬁers, the plow layer is a
mixture of the original surface and subsurface layers and
a small amount of material from the subsoil.

Soil management unit 3/2aA (IIs); woodland suit-
ability group A.

Ubly-McBride sandy loams, 2 to 6 percent slopes
{UmB).—This gently sloping complex is about half Ubly
sandy loam and about half McBride sandy loam. The
Ubly soil is well drained or moderately well drained. It
has an upper subsoil of sandy loam or loamy sand, 18 to 40
inches thick, that is underlain by loam to clay loam. The
McBride soil is well drained and acid. Its subsoil of
sandy loam to sandy clay loam is underlain by acid sandy
loam. Included ave areas of Menominee soils and a few
wet spots.

In uneroded and wooded areas, these soils have a thin,
dark surface lJayer and a grayish subsurface layer. Cul-
tivated fields are slightly eroded and have a plow layer
made up of the original surface and subsurface layers
mixed with a small amount of the subsoil.

Soil management unit 3/2aB (ITe) ; woodland suitabil-
ity group A.

Ubly-McBride sandy loams, 6 to 12 percent slopes
(UmC).—Ubly sandy loam is dominant in this moderately
sloping complex, and McBride sandy loam occupies about
one-third of the acreage. The well drained or moderately
well drained Ubly soil has an upper subsoil of sandy loam
or loamy sand 18 to 42 inches thick. The lower subsoil
and the material below it are loam to clay loam. In the
acid, well-drained McBride soil, a sandy loam to sandy
clay loam subsoil is underlain by sandy loam. Included
with these soils are small areas of Menominee and Mont-
calm soils and a few, scattered wet spots.

Areas that are wooded and uneroded have the original
dark-colored surface layer and grayish subsurface layer.
Cultivated fields are slightly eroded and have a plow layer
consisting of the original surface and subsurface layers
mixed with a small amount of material from the subsoil.

Soil management unit 3/2aC (IITe); woodland suit-
ability group A. :

Ubly-McBride sandy loams, 12 to 18 percent slopes
{(UmD).—Ubly sandy loam is dominant in this steep com:
plex, and McBride sandy loam makes up a smaller part.
The Ubly soil is well drained or moderately well drained.
Its upper subsoil is sandy loam or loamy sand 18 to 42
mches thick. The lower subsoil and underlying material
are loam to clay loam. The McBride soil is well drained
and acid. It has a sandy loam to sandy clay loam subsoil
that is over sandy loam.

Where wooded and uneroded, these soils have a thin,
dark-colored surface layer and a grayish subsurface layer.
Erosion has slightly altered the soil in cultivated fields,
and the plow layer is a mixture of the original surface and
subsurface layers and a small amount, of subsoil.

Soil management unit 3/2aD (IVe); woodland suit-
ability group A.

Ubly-Nester complex, 0 to 2 percent slopes (UnA).—
The Ubly soils are slightly more extensive than the Nester
soils in most areas of this nearly level complex. These
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Ubly and Nester soils ave well drained or moderately well
drained. The surface and subsurface layers of the Ubly
soils are sandy loam, and the upper subsoil is sandy loam
or loamy sand 18 to 42 inches thick. The lower subsoil
and the material below it are loam to clay loam. The
Nester soils have surface and subsurface layers of silt loam
or loam. Their silty clay loam subsoil 1s underlain by
clay loam. Included with these soils are small areas of
McBride sandy loam and a few wet spots.

Uneroded, wooded areas have a dark-colored surface
layer and a grayish subsurface layer. The soils ave slightly
eroded in cultivated fields, and the plow layer is a mixture
of the original surface and subsurface layers and material
from the upper subsoil. )

Soil management unit 2aB (ITe) ; woodland suitability
group B. ‘

Ubly-Nester complex, 2 to 6 percent slopes (UnB).—
The Ubly soils are dominant in this gently sloping com-
plex, but they are intermingled with Nester soils in most
areas mapped. These Ubly and Nester soils are well
drained or moderately well drained. The Ubly soils have
sandy loam surface and subsurface layers. Their upper
subsoil is sandy loam or loamy sand 18 to 42 inches thick,
The lower subsoil and the underlying material is loam to
clay loam. The Nester soils have silt loam or loam surface
and subsurface layers and a silty clay loam subsoil that is
underlain by clay loam. Small areas of McBride sandy
loam and a few wet spots are included with these soils.

Uneroded areas in forest have a dark-colored surface
layer and a grayish subsurface layer. Cultivated fields
are slightly eroded and have a plow layer that was formed
when the original surface and subsurface layers were
mixed with material from the upper subsoil during tillage.

Soil management unit 2aB (ITe) ; woodland suitability
group B.

Ubly-Nester complex, 6 to 12 percent slopes (UnC).—
Dominant in this complex are the Ubly soils, which are
intermingled with Nester soils in most areas. These Ubly
and Nester soils ave moderately sloping and are well
drained or moderately well drained. The Ubly soils have
surface and subsurface layers of sandy loam. The upper
subsoil is sandy loam or loamy sand 18 to 42 inches thick,
and is underlain by loam to clay loam. In the Nester soils
the surface and subsurface layers ave silt loam or loam,
and the subsoil is a silty clay loam underlain by clay loam.
Included with these soils are small areas of McDBride
sandy loam and a few wet spots.

Uneroded, wooded areas have a dark-colored surface
layer over a grayish subsurface layer. Cultivated fields
have been slightly damaged by erosion, and their plow
layer is generally a mixture of the surface and subsurface
layers and material from the upper subsoil. In some areas
the original surface and subsurface layers have been
washed away.

Soil management unit 2aC (I1Ie) ; woodland suitability
group B.

Ubly-Nester complex, 12 to 18 percent slopes (UnD).—
The Ubly soils are dominant in this strongly sloping com-
plex but, in most, areas, arve intermingled with the Nester
soils. These Ubly and Nester soils are well drained or
moderately well drained. The surface and subsurface
layers of Ubly soils are sandy loam. The upper subsoil
is sandy loam or loamy sand that is 18 to 42 inches thick
and is over loam to clay loam. The Nester soils have silt

loam or loam surface and subsurface layers and a silty
clay loam subsoil that is underlain by clay loam. Small
areas of McBride and Montcalm soils ave included.

Uneroded, wooded areas have a dark surface layer and
a grayish subsurface layer. Cultivated fields ave slightly
eroded and have a plow layer consisting of the original
surface and subsurface layers mixed with material from
the upper subsoil.

Soil management unit 2aD (I'Ve) ; woodland suitability
group B.

Ubly-Nester complex, 12 to 18 percent slopes, mod-
erately eroded {UnD2).—In most areas of this moderately
eroded complex the dominant Ubly soils are intermingled
with the finer textured Nester soils. These Ubly and
Nester soils are well drained or moderately well drained.
The Ubly soils have sandy loam surface and subsurface
layers. Their upper subsoil is sandy loam or loamy sand
18 to 42 inches thick, and their lower subsoil and the mate-
rial below it are loam to clay loam. The Nester soils have
surface and subsurface layers of silt loam or loam. Their
subsoil is silty clay loam that is underlain by clay loam.
Included with these soils ave small areas of McBride and
Montcalm soils.

In cultivated fields, plowing has brought up material
from the subsoil and mixed it with remmants of the orig-
inal surface and subsurface layers,

Soil management unit 2aD (IVe) ; woodland suitability
group B.

Ubly-Nester complex, 18 to 25 percent slopes {UnEj.—
Most areas of this complex consist of the dominant Ubly
soils intermingled with a smaller acreage of Nester soils.
These Ubly and Nester soils are steep and are well drained
or moderately well drained. Ubly soils have sandy loam
surface and subsurface layers. Their upper subsoil is
sandy loam or loamy sand 18 to 42 inches thick, and their
lower subsoil and the underlying material are loam to clay
loam. The Nester soils have surface and subsurface layers
of silt loam or loam and a subsoil of silty clay loam. Un-
derlying the subsoil is clay Joam. Small aveas of McBride
and Montcalm soils are included with these soils.

Uneroded, wooded areas have a dark surface layer and
a grayish subsurface layer. Some cultivated aveas have
been slightly damaged by erosion, and many gullies have
cut into the upper subsoil. The plow layer is a mixture
of the original smrface and subsurface layers and material
from the upper subsoil.

Soil management unit 2aE (VIe) ; woodland suitability
group B, steep.

Ubly-Nester complex, 18 to 25 percent slopes, mod-
erately eroded (UnE2l.—Erosion has removed a large
amount of material from the soils of this complex, and
unconfrolled runoft has cut many gullies into the lower
subsoil. In cultivated fields the plow layer is mostly sub-
soil but contains remnants of the original surface and sub-
surface layers.

The Ubly soils are dominant, and the finer textured
Nester soils account for a smaller acreage in most areas
mapped. These Ubly and Nester soils are well drained
or moderately well drained. Ubly soils have sandy loam
surface and subsurface layers and an upper subsoil of
sandy loam or loamy sand 18 to 42 inches thick. The lower
subsoil and the material below it ave loam to clay loam.
The Nester soils have surface and subsurface layers of silt
Toam or loam. Their silty clay loam subsoil is underlain
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by clay loam. Included are small aveas of McBride and
Montealm soils. .

Soil management unit 2ali (VIe) ; woodland suitability
group B, steep.

Ubly-Nester complex, 25 to 35 percent slopes (Unf).—
Most areas of this very steep complex are made up of Ubly
soils and Nester soils in about equal acreages. These Ubly
and Nester soils are well drained or moderately well
drained. The Ubly soils have sandy loam surface and sub-
surface layers and an upper subsoil of sandy loam or loamy
sand 18 to 42 inches thick. The lower subsoil and the
underlying material are loam to ¢lay loam. In the Nester
soils, smrface and subsurface layers of silt loam or loam
oceur over a silty clay Joam subsoil. The underlying mate-
rial is clay loam. Small areas of McBride and Montcalm
soils are included with these soils.

Where wooded and undisturbed, the soils of the complex
still have their original dark surface layer and grayish
subsurface layer. In cultivated fields the soils ave slightly
damaged by erosion and tillage has mixed the original sur-
face and subsuvface layers with subsoil material. A few
gullies have cut into the npper subsoil.

Soil management, unit 2aF (VIIe); woodland suitabil-
ity group B, steep.

Ubly-Nester complex, 25 to 35 percent slopes, mod-
erately eroded (UnF2).—Because the soils in this very steep
complex have been cultivated and not protected, they have
lost a large amount of material through erosion. Gullies
have cut deeply into the lower subsoil. In cultivated
areas the plow Tayer consists mostly of subsoil material
but contains remnants of the orviginal surface and sub-
surface layers. Much of the material now at the surface
1s neutral or alkaline in reaction.,

The Ubly and Nester soils occupy equal acreages in most
areas mapped. These soils are well drained or moderately
well drained. Ubly soils have sandy loam surface and
subsurface layers that occur over a sandy loam or loamy
sand subsoil 18 to 42 inches thick., The lower subsoil and
the underlying material are loam to clay loam, The Nester
soils have silt loam or loam surface and subsurface layers
and a silty clay loam subsoil underlain by elay loam. In-
cluded with these soils are small areas of McBride and
Montealm soils.

Soil management unit 2aF (VIIe) ; woodland suitabil-
ity group B, steep.

Wind Eroded Land

This miscellaneous land type consists of sand that is
severely croded by wind. Many deep blowouts have
formed.

Wind eroded land, sloping (WdC).—In many places
this Tand has lost all of the original surface and subsurface
Tayers and the subsoil through erosion. Wind has caused
many blowouts, some 3 to 5 feei, deep. Slopes range from
0 to 18 percent.

Soil management unit 5aC3 (VIIs) ; woodland suitabil-
ity group K.

Wind eroded land, strongly sloping (WdD).—Most of
this land has had all of the original surface and subsurface
layers and the subsoil removed by erosion. Many blowonts

occur; some are 4 to 5 feet deep. Slopes range from 18 to
45 percent.

Soil management unit 5aE3 (VIIs) ; woodland suitabil-
ity group K.

Formation and Classification of Soils

Soil is formed by the processes of weathering and soil
development acting on material that was deposited or ac-
cumulated by geologic processes. The characteristics of
the soil at any given point depend on (1) the physical and
mineralogical composition of the parent material; (2)
the climate under which the soil has been formed and has
existed since formation; (3) the plant and animal life
on and in the soil; (4) the relief, or lay of the land; and
(5) the length of time that the forces of development have
acted on the material.

Factors of Soil Formation

The five factors of soil formation just named are in-
dependent, but each generally modifics the effects of the
others, Climate and plant and animal Jife ave the active
forces in soil genesis, and the effects of these forces are in-
fluenced by relief and time. Relief affects surface drain-
age, the amount of water that percolates through the soil,
the level of the water table, soil temperature, erosion, and
the vegetation on the soil. The kind of soil that develops
is influenced by the parent material, which also modifies
the effects of climate, vegetation, and relief. In some
places the kind of profile that forms is determined almost
entively by the nature of the parent matervial. Finally,
time is required for the development of all soils. The
length of time during which the forces of soil formation
have worked is reflected in the degrec that the soil has
developed into a body that has well-defined horizons dif-
fering from each other and from the initial material.

The factors of soil genesis are so closely interrelated in
their effects that few generalizations can be made about
(f)ne factor unless conditions ave specified for the other four
‘actors.

Parent material

Grand Traverse County, located in the northwestern
part of the Lower Peninsula of Michigan, was entirely
covered by the Lake Michigan ice lobe of the latest Wis-
consin glacial age. Consequently, the parent materials of
the soils in the county are largely of glacial origin. Be-
cause the glacial deposits are from 100 to 500 feet thick,
the underlying bedrock did not directly affect the develop-
ment of the soil. The unweathered glacial deposits are
mixtures of boulders, stones, gravel, sand, silt, and clay.

As the glacial ice melted, large flows of water carved out
wide valleys and laid down deposits of fairly well sorted
materials.  Some of the materials were deposited in lakes
and basins and are called lacustrine deposits. Some were
deposited along meltwater streams and arve called out-
wash plains and terraces. For a time these materials were
rapidly eroded and redeposited by water and wind, but
eventually the surface was stabilized by a cover of native
plants. In some places the upper 5 feet of stabilized
glacial materials were of uniform texture and differed
mainly in mineral composition. In other places the mate-
rials were highly heterogeneous and consisted of mixed
gravel, sand, silt, and clay that occurred in strata of vari-
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able thickness, in small bodies, in long narrow strips, and
in fairly uniform layers on broad outwash plains. ‘The
materials were composed of many kinds of minerals and
ranged from strongly acid to calcareous. )

These geologic deposits exerted considerable influence
on the mineral soils that formed in them. Kxcept for the
outwash plains, most of Grand Traverse County has many
kinds of mineral soils that occur within fairly short dis-
tances and are mainly the result of wide differences in tex-
ture and mineralogical composition of the parent materials
and differences in relief.

Climate

The soils of Grand Traverse County developed in a
cool, moist climate that is considerably affected by Lake
Michigan. These soils differ from those that developed
in other climates, such as the dry climate of eastern Colo-
rado or the warm, humid climate of Georgia. The average
annual precipitation in Grand Traverse County is about
30 inches. Precipitation is fairly uniform in all seasons.
Winter is long and cold, and summer is short and warm.
Although local differences in climate affect yields of fruit
and of other crops, climate has had little influence on the
differences among the various soils.

Vegetation

The native vegetation in the county was affected by the
kind of soil on which it grew, and the soil, in turn, was
influenced by the vegetation. The physical and chemical
characteristics of the organic matter in the surface layers
are directly related to the vegetation. The kinds of plants
aflected not only the nature of the organic accumulation
on the surface but also the depth and color of the leached
mineral layer directly beneath the organic accumulation.

Except for small areas of marshes, Grand Traverse
County was originally covered by forest. The well-drained
sites supported: (1) dense stands of northern hardwoods
on the more fertile, moisture-retaining, moderately fine
to moderately coarse textured soils; (2) mixed hardwoods
and white pine on the moderately coarse or coarse textured
soils; and (3) commonly pine and oak on the course
textured soils, though mixed hardwoods and white pine
were dominant in many areas.

Relief

The relief of an area, or the irregularities of its land
surface considered collectively, largely determines the nat-
ural drainage under which the soils develop. Under differ-
ent conditions of drainage, different kinds of mineral
soils are formed from the same kind of parent material.
Organic soils—peats and mucks—formed in low, very
poorly drained areas where more than 1 foot of organic
matter accumulated over the mineral materials.

Age

After the glaciers melted, about 9,000 to 12,000 years
ago, the processes of soil development started to alter the
glacial material, while the streams and lakes continued
to rework some materials. As a vesult, many different
kinds of soils have developed: (1) Mature mineral soils
that have well-defined horizons; (2) young, weakly de-
veloped soils that occur on recent lake benches or on allu-
vium and are very much like the parent materials from
which they are forming; and (3) organic soils that formed

in poorly drained areas having a thick accumulation of
organic materials.

Great Soil Groups

Soil scientists have arranged the soil series of Grand
Traverse County in great soil groups. The soils in each
great soil group have similar kinds of horizons in the
same sequence in their profiles, but they may differ in re-
lief, texture, natural drainage, thickness of individual
horizons, thickness of the solum, and other properties.

In the list that follows, the soil series of the county are
placed in great soil groups.

1. Pcdzols 4, Regosols
‘An Gres Alpena
Croswell 5. Brown Podzolic soils
Kast Lake Grayling
Rastport 6. Brown Forest soils
Ingalls Sanilac
Kalkaska 7. Gray Wooded soils
Karlin Guelph
Richter Nester
Rubicon 8. Humie Gley soils

2. Ground-Water Podzols Hettinger
Ogemaw Pickford
Sangatuck Pinconning

3. Podzol sequum over Tonkey

Gray Wooded 9. Low-Humic Gley soils
sequum Roscommon
Coventry 10. Bog (organic) soils
Emmet Edwards
Gladwin Greenwood
Tosco Houghton
TLeelanau Lupton
Mancelona Markey
McBride Rifle
Menominee Tawas
Montcalm 11. Alluvial soils intergrad-
Newaygo ing toward Organic
Ubly soils
Kerston
Podzols

The Podzols have developed on well-drained to imper-
fectly drained sandy material. In undisturbed areas the;
have a thin O1 horizon over a thin, dark-colored A1l hori-
zon that is underlain by an eluviated, gray A2 horizon.
An abrupt boundary occurs between the A2 horizon and
the underlying dark reddish-brown, dark-brown, or yel-
lowish-brown Bh or Bir horizon. The B horizon has an
accumulation of iron oxides and humus that has been
leached from the O1 and A horizons. Although the prac-
tical significance of this accumulation of iron oxides and
humus has not been completely evaluated, it is known that
iron oxides react with phosphates to form insoluble com-
pounds. The kinds of organic acids produced from the
organic material in the OI and A1 horizons probably in-
fluence the thickness and color of the A2 horizon and the
kinds and quantity of iron deposited in the B horizon.
Local variations in thickness of the A2 and Bir horizons
may be caused by local variations in the kinds of organic
acids present. No direct correlation occurs between the
thickness of the eluviated A2 horizon and the concentra-
tion of iron oxides and humus in the B horizon.

Ground-Water Podzols

The Ground-Water Podzols differ from the Podzols in
that a part of the Bh or Bir horizon is a cemented layer, or
ortstein. This horizon is hard when dry and extremely
firm when moist. It is massive or has very weak, thick,
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platy structure, and it contains a fairly large amount of
oth iron oxides and humus. These soils ﬁeveloped on
imperfectly drained or poorly drained material where the
water table fluctuates within a few feet of the surface.
The presence of the ortstein horizon has not been fully
explained, and its occurrence is not caused entirely by a
fluctuating high water table, because Podzols with an un-
cemented B horizon, or orterde, also occur in impertectly
drained positions.

Podzol sequum over Gray Wooded sequum

Soils that have a Podzol upper sequum and a Gray
Wooded lower sequum have developed in loamy sand to
clay Joam materials in well-drained to imperfectly drained
areas. In these soils the Podzol sequum generally has
developed in coarse-textured materials over finer textured
materials. A Podzol sequence of Al, A2, and Bh or Bir
horizons is underlain by a Gray Wooded sequence of A’2
and A’2 & B’21 or B’t horizons. In some soils the Podzol
A2 horizon is thin and, under cultivation, is incorporated
in the Ap horizon. The A’2 horizon is grayish brown, but
it is very thin or lacking in some soils. In the A’2 & B’21
horizon, or B’21 & A’2 horizon, the A’2 material occurs
in cracks and along structure planes and as thick coating
on the surface of peds. In the upper part of the B’2 hori-
zon, small chunks of B’2 material are partly or wholly
surrounded by A’2 material. The B’22 or B’t horizon
is enriched by clay that washed down from the overlying
horizons, or by clay that developed in place, or by both.
In soils developed in loamy sand, the B’t horizon occurs
as thin, commonly discontinuous layers that are separated
by layers of the A’2 horizon.

Regosols

Regosols developed in well-drained, calcareous sand and
gravel under a mixed stand of hardwoods and conifers.
Their Al horizon is fairly thick, dark colored, high in
organic-matter content, and generally calcareous. The B
horizon is lacking or is only faintly colored. The rest
of the profile is a C horizon.

Brown Podzolic soils

Brown Podzolic soils developed in sands. They have
a fairly thin, dark-colored A1 horizon, a yellowish-brown
B horizon, and a very pale brown C horizon. The A2
horizon is missing or is only 1 or 2 inches thick. Only
small amounts of iron oxide and humus have accumulated
in the B horizon. This accumulation is considerably
smaller than that in the B horizon of Podzols, either be-
cause the A horizon lacks enough iron to permit leaching
and subsequent accumulation in the B horizon or because
the organic acids are of a kind not favorable for this leach-
ing and accumulation.

Brown Forest soils

Brown Forest soils developed in calcareous, stratified
silt and fine sand under northern hardwoods. These soils
have a fairly thick, dark-colored A1 horizon; a neutral to
alkaline B horizon that has been leached of carbonates
but has gained little or no clay; and a calcareous C hori-
zon. They lack the eluviated A2 horizon that is charac-
teristic of Podzols and Gray Wooded soils.

Gray Wooded soils

Gray Wooded soils developed in moderately fine tex-
tured materials in the region where Podzols are dominant
on the coarser textured materials. These soils have a
thin, dark-colored A1 horizon; a B2 & A2 horizon in which
the A2 part occurs as thick coating around peds and along
cleavage planes; a B2 horizon that has an accumulation
of clay; and a C horizon. Gray Wooded soils are similar
to Gray-Brown Podzolic soils 1n some respects, but their
A2 horizon is grayer than the A2 horizon of the Gray-
Brown Podzolic soils in southern Michigan, Indiana, and
western Ohio, and the upper part of the B horizon in
Gray Wooded soils occurs as peds that are partly or
wholly surrounded by A2 material.

Humic Gley soils

Humic Gley soils are poorly or very poorly drained
and developed in nearly level or depressional areas. They
have a thick, black to very dark gray or very dark brown
Al horizon that is high in organic-matter content; a gray
to grayish-brown B or Bg horizon that, in some places,
is mottled with yellowish brown or dark brown; and a C
horizon. The gray colors in the B or Bg horizon are the
result of poor dramnage and poor aeration and the reduc-
tion of iron in the presence of organic matter. In some
places these soils are covered by as much as 12 inches of
peat or muck.

Low-Humic Gley soils

These are poorly drained soils that developed in nearly
level or depressional areas. They resemble the Humic
Gley soils 1n profile characteristics but have a thinner
A1 horizon.

Bog (organic) soils

The Bog, or organic, soils consist of an accumulation
of organic materials, more than 12 inches thick. These
soils occupy areas of old marshes and lakebeds. They
range from well-decomposed muck to raw peat and are
very poorly drained. In some places they are more than
40 feet deep. The organic materials accumulated in water
and have been preserved because the water retarded their
decomposition or oxidation. The degree of decomposition
is controlled largely by the kind of original plant material
and the height of the water table. Organic soils that de-
veloped from woody plants, sedges, and reeds are normally
more decomposed than those developed from sphagnum
mMoss.

Alluvial soils intergrading toward Organic soils

The soils of this group are poorly or very poorly drained
and consist of alternate layers of organic material and
alluvial silt loam to sand. The thickness and the sequence
of these layers vary within short distances and from one
area to another.

Use, Management, and Productivity
of Soils

This section provides information that will kelp farm-
ers to use and manage their soils so as to obtain the best
returns and still conserve productivity and control ero-
sion. The section consists of several main parts. In the
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first part, general principles of soil management are dis-
cussed. The second part explains a system of placing soils
in management groups and units according to s011. OllflTriLf)—
teristics that are Important in use and management. Next,
there is an explanation of the capability classification of
soils. The next part gives recommendations for the man-
agement of soil management groups and units. Then
there is a part consisting of a table that gives estimated
yields of crops under two levels of management, one on
the use of soils as woodland, and one on the use of soils

in engineering. .

General Principles of Management

Soils used as cropland, those planted to pasture or
orchards, and those used as woodland or wildlife areas
need to be managed so that productivity is maintained and
erosion is controlled. In the following pages general prin-
ciples and practices of management ave discussed. More
specific suggestions for groups of soils are given in the
subsection “Management by Groups and Units.

Cropland

Soils used for cultivated crops should be managed under
a program that provides erosion control, suitable cropping
systems, and adequate fertilization and Iiming. '
Controlling erosion.—Erosion by water 1s a serious
problem in many areas of the county, especi ally on sloping
soils. Krosion by wind is also a problem on many soils.
The loss of surface soil reduces the supply of organic mat-
ter and plant nutrients. It also makes the soil less absor-
bent, and consequently more ‘water runs off, the rate of
erosion increases, and the amount of available moisture
decreases. ) o )
On sandy soils, damage from wind erosion 1s easily
recognized. Particles of silt and clay have been blown
away, and the sand grains arve left. On silty soils, wind
damage and water damage are more difficult to distin-
gnish, for both wind and water remove the surface soil
and expose the finer textured subsoil. ) .
Wind erosion can generally be controlled if the soil is
kept covered as much as possible by a growing crop or by
wheat stubble, shredded cornstalks, or other crop residue.
Tf an unprotected field starts to blow, roughening the
surface through emergency tillage will help to hold the
soiluntil a crop can be established. .
Uncontrolled runoff causes both sheet and gully erosion.
The rate of water erosion depends on the amount, and in-
tensity of rainfall, the length, shape, and steepness of
slopes, the texture, structure, and permeability of the soil,
and the kind and amount of plant cover. )
Practices that control water erosion are (1) terracing,
(2) planting and tilling on the contour or parallel to the
terraces, (3) striperopping, (4) using a suitable cropping
system, (5) making use of crop residue, (6) establishing
suitable grasses in waterways, (7) installing dams and
grade stabilization structures in waterways where needed,
and (8) diverting water that runs off higher aveas.
Terracing cropland is generally effective in controlling
erosion if the slope does not exceed 10 percent. Terracing
is not practical on some complex slopes, however, because
installing the terraces and farming between them are

difficult.

Stripcropping is well suited to many farms in the
county. A meadow crop and a row crop or small grain
are arranged in alternate strips that are laid out along the
contour or across the prevailing wind. The crops se-
lected for planting in strips should be rotated in a suitable
cropping sequence. Crop residue should be left on the
surface as long as possible.

Gullied drainageways are a problem in many fields in
the county. Generally, the best solution is to install water-
ways that ave properly designed and constructed and then
seeded to suitable grasses.

Diversions are needed in aveas where runoff from higher
slopes floods lower fields or covers them with undesirable
soil material. The diversions are built across the lower
part of the slope to intercept the water and carry it to a
suitable outlet.

Suitable cropping systems—The key to good soil man-
agement is a good cropping system. If a good cropping
system is used, the tilth of the soil is improved, organic
matter is supplied, fertility of the soil is kept high, and
erosion is controlled. In addition, the use of a suitable
cropping system provides the variety of crops needed in
livestock farming.

In table 2 the relative protectiveness of different crop-
ping systems is*given in values that range from 86 for the
least protective system to 99 for the most protective.
These values are based on the assumption that all crop
residues are returned to the soil by disking or plowing
down in advance of planting. Tf crop residues are not re-
turned, the relative protectiveness value for the cropping
system must be reduced as follows: For cropping systems
that include grass-legume sod, subtract 3 for each year of
row crops in the cropping system. If the cropping system
does not include grass-legume sod, subtract 15." Under
minimum tillage, a more intensive cropping system can
safely be used than with conventional tillage methods.
The values shown in table 2 are based on studies sum-
marized by the Soil Conservation Service.

Planting rye or another cover crop with a row crop
protects the soil from erosion, reduces the leaching of
plant nutrients, and adds organic matter that helps main-
tain or improve soil tilth,

Fertilization and liming—Most soils in the county are
acid and need lime for the highest yiclds of most crops.
They also need applications of fertilizer that contains
nitrogen, phosphate, and potash, Lime and fertilizer
should be applied according to the results of soil tests.
Assistance in sampling soils, testing soils, and using ferti-
lizer can be obtained from the county extension director
or the local representative of the Soil Conservation Service.

Crop yields generally are best if other management
practices arve used in conjunction with liming and fertili-
zation. Among these practices are planting suitable crop
varieties, seeding and cultivating at the right time, and
controlling weeds and insects. Manure supplies plant
nutrients and organic matter.

Pasture

Described in the following paragraphs are general man-
agement, practices suitable for all soils used for pasture.
Establishing pasture—In establishing pasture by seed-
ing, the soil should be cleared of all stones, stumps, trees,
and other obstructions that can be removed and that inter-
fere with the use of farm equipment. The soil should then
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Tarre 2.—Cropping systems and their relative protective-
ne;-; in controlling water erosion and mainiaining soil
tilth

[A, legume-gmss;.gm, green manure; O, spring grain; R, row crop;
W, winter grain; (fc), field cultivator used]

. Relative Relative

Cropping system protece- Cropping system protec-

tiveness tiveness
Regm___ ... ______._ 36 || AAWgmRO_______ 84
RgmR____________ 157 | AAROW._________. 85
AROgmRO________ 60 || AARO._._________ 86
AARORO._______. 73 || AAAROW____.____ 88
AAROgmRO._______ 74 |0 AWO. ___ . ________ 88
AARRO_._________ 77 || AAARO___________ 88
AARROW_________ 77 |} AAAARO.________ 91
AAROgmRW._ _____ 77 1 AAWO________.____ 02
ARO______________ 78 |l AAAWO. _________ 93
AARgmRO________ 79 | AAO . ________. 96
AARgMRW________ 80 || AAW_ . ____.___ 97
AAARRO.____.___ 80 || AA(fe)O.._________ 98
ARW____________. 81 || AA(fe)W_______.__ 98
AAWRO__________ 82 || A . 99

1 Value is hased on the use of minimum {illage and the return
of all erop residues to 1he soil.

be tested to determine the need for lime and fertilizer.
Lime ought to be applied at least 6 months before the
pasture is seeded. Next, a good seedbed needs to be pre-
pared. Plowing on the contour is suitable in level to mod-
erately sloping areas, but using a disk ov a field cultivator
18 best in strongly sloping or steep areas because it kills
the old sod and leaves a mulch on the surface without
plowmmg. If a disk or a field cultivator is used, prepara-
tion of the seedbed should be started several weeks before
seeding time. Applying chemical sprays helps to eradi-
cate the old sod. '

A good mixture for planting consists of grasses and
legumes that are well snited to the soils and are productive
at the season when pasture is needed. The legume seed
should be inoculated. The pasture mixture can be seeded
with oats or another companion crop that controls erosion.
If oats are used, do not plant more than 1 bushel per acre.
Use a cultipacker seeder or similar equipment that plants
the seed at the proper depth; or if the seed is broadcast,
use a cnltipacker or roller to cover the seed and make the
seedbed firm. Phosphate and potash should be applied at
seeding time. Drilling the fertilizer in bands 1 inch below
the grass and legume seed helps to get the young plants
established. If the fertilizer is broadcast, it should be
worked into the soil before seeding. When the companion
crop is about 8 inches high, mowing or light grazing keeps
it from competing too vigorously with the young pasture
plants. | )

Maintaining pasture—If the desirable grasses and
legumes are to be maintained, pasture should not be over-
grazed. Dividing a pasture into three or more parts and
grazing the parts in rotation gives the plants a chance to
recover after each grazing period and prolongs the life
of legumes. Grazing in spring should be delayed until
the ground is firm and the grass is at least 4 inches high.
Protection from grazing is needed on legume pasture after
the middle of September.

Weeds should be moved before the seeds have formed.
A good time to mow pasture is when cattle are grazing it,
because the animals will eat the wilted forage. In the
control of tree sprouts and brush, spraying with chemicals
may be more effective and more economical than mowing.

To maintain legumes in the mixtnre and to increase
yields, pasture should be topdressed with phosphate and
potash fertilizér annually or every 2 years. The amount
of fertilizer and lime required can be determined by test-
ing the soil periodically. After pasture is 4 or 5 years old,
applications of limestone may be needed to keep a good
stand of legnmes. Applying nitrogen in spring enables
grass to grow more rapidly and furnishes earlier grazing.
Provided that moisture 1s adequate, nitrogen increases
the yield and the protein content of grass, but repeated ap-
plications of nitrogen encourage the grass so that the
legumes are crowded out: of the mixture.

Orchards

In the selection of a site for a new orchard, the only soils
snitable for consideration are those that are well drained,
high in natural fertility, good in moisture-supplying ca-
pacity, and free of layers that restrict development of the
roots. Select a location that has good air drainage and is
protected as much as possible from frost late in spring
and early in fall.

Generally, it is best to start plans for a new orchard
3 or 4 vears before planting so that gnllies can be smoothed,
terraces and their outlets constructed, waterways in-
stalled, and other preparations made. DBefore the trees
are planted, the orchard site should be prepared by level-
ing, improving drainage where needed, establishing sod
waterways, and raising the fertility of the surface soil to
a high level. The soil should be limed and fertilized ac-
cording to soil tests. Planting trees on the contour gener-
ally helps to control erosion, but on slopes that are too
irregular for contour planting, a cover of perennial sod
may be the most practical means of erosion control. The
trees should be planted at the proper spacing and in the
arrangement best suited to the site.

Cover crops supply organic matter and nitrogen, protect
the soil from erosion and leaching, hold snow in the
orchard, and check new growth on the trees before winter.
A sod of perennial grass provides the most protective
cover against erosion. If the density of the sod is reduced,
especially on sandy soils, the grass does not compete so
vigorously with the fruit trees for nutrients, air, and water.
Orchards that have a sod cover need more nitrogen fertil-
izer than those without sod. To prevent damage to the
soil and tree roots, avoid using heavy equipment in the
orchard when the soil is wet.

Mulching is desirable, for it reduces erosion, conserves
moisture, improves the structure of the surface soil, aids
in preventing soil compaction, allows more rapid pene-
tration of water, and lowers soil temperature in hot
weather. If the mulch is from legumes, it also increases
the supply of available nitrogen, phosphate, potash, and
several minor elements; fosters the growth of feeder roots;
and improves the yield and quality of fruit. If the mulch
is kept 1 to 4 feet away from the tree trunks, it aids in
reducing the fire hazard and in controlling damage by
mice.
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Detailed information on the management of orchards
can be obtained from the county extension director or the
local representative of the Soil Conservation Service.

Woodland

The following general practices of management are
suitable for woodland in Grand Traverse County.

1. Protect the woods from fire and from the infesta-
tions of harmful insects.

2. Remove dead, dying, deformed, and other unde-
sirable trees but leave two den trees per acre for
wildlife.

3. Plant open areas to kinds of trees that are well
suited to the soil and climate. White pine and
red pine ave suitable for pulpwood and sawtimber;
Scotch pine and other desirable conifers are suit-
able as Christmas trees.

4. Construct fire lanes around plantations of pine.

5. Cut marketable trees according to the method sug-
gested by a trained forester.

For further snggestions on the management of soils
used as woodland, see the subsection “Use of Soils for
Wood Crops.”

Farmers and others who manage woodland should con-
sult a forester or a woodland conservationist for assist-
ance in developing a long-range plan of woodland man-
agement.

Wildlife areas

In many areas of the county, only a few simple prac-
tices are needed to maintain or improve food, cover, and
water for wildlife. The brush and grass in fence rows,
roadsides, odd areas, and sloughs should never be burned.
Along permanent fences and between woods and crop
fields, food and cover can be provided by planting ever-
green trees, low-growing shrubs, and legumes in strips
1 rod wide. Other good places for wildlife plantings are
severely eroded spots, bare knobs, large gullies, borrow
pits, gravel pits, abandoned roads and railroad rights-of-
way, and isolated small areas that ave impractical to farm.

Avreas selected for planting should be at least one-fourth
acre in size. To improve planted areas, it is necessary to
protect them from burning and grazing. Travel lanes
are provided to give wildlife access to food and water.
Ponds should not be drained if they ave suitable for water-
fowl and ave a source of water for other wildlife. Marshy
areas ean be improved by constructing level ditches or by
using other measures to control the water level.

Soil Management Groups and Units

Each soil that has been named differs from all other
soils in one or more important characteristics. To make
the most exact statements about how to use and take care
of the soils, we need to consider each of them individually.
However, many useful statements can be made about
groups of soils that are similar in texture and other prop-
erties throughout their profile and have similar natural
drainage. These groupings, called soil management
groups, are commonly used for such purposes as making
general recommendations regarding applications of ferti-
lizer and lime. They are also used for making general
recommendations for forestry plantings and designs for

irrigation or drainage systems. Fertilizer recommenda-
tions in Michigan are published periodically by Michigan
State University.

To make more specific statements about cropping sys-
tems and conservation practices, many of these soil man-
agement groups are subdivided into soil management units
according to significant variations in slope and in degree
of erosion.

Table 3 shows that each soil management group is des-
ignated by a symbol that shows the position of the soil
on the landscape, the texture of significant layers in the
profile that greatly affects soil management, and the nat-
ural internal drainage. In this table the mineral soils
are arranged vertically, from the finest textured soils,
or clays, at the top to the coarsest textured soils, or sands,
at the bottom. Also, they are arranged horizontally from
the best drained at the left to the most poorly drained at
the right. For example, soils in soil management group
2a are upland soils. The “2” in the symbol shows that
the soils developed in loam or clay loam, and the “a” shows
that the soils are well drained.

The capital letter L in a symbol indicates soils that are
on lowland and are subject to flooding. The letter M
stands for organic soils, either mucks or peats. Mec-L
stands for organic soils that are on lowland, have poor
natural drainage, and are subject to flooding.

Where soils are formed from one kind of soil material
on top of another kind of soil material, a fractional type
symbol is used. The letter M above the line refers to the
upper layer, and the number or letter below the line refers
to the lower layer. For example, M/me stands for organic
material 12 to 42 inches thick over marl; its natural drain-

Tasre 8.—LRelationships of soil management groups

Natural drainage
Position of soil and texture of parent | Well or Poorly
material moder- | Imper- | or very
ately fectly | poorly
well drained | drained
drained
Upland soils:
2—ILoam or clay loam__________ b4 WY IS SR
3—Sandy loam_ ... ________ 3a..__ 3b_..__ 3e.
3/2—Sandy loam over loam or | 3/2a. .. | . ... |._______
clay loam at depths of 18 to 42
inches.
4—Toamy sand._______________ 2 PSR R I
4/2—Loamy sand over loam or | ___..___ 4/2b_ o __
clay loam at depths of 18 to 42
inches.
5—=Sand, very droughty_________ Ao ____ Sbo_... 5c.
5.3—Sand, extremely droughty___| 5,80 __|-ooo o |o_______
S—Sand and gravel . __.________ [ST1 U AT SR
G—Stony, cobbly, or gravelly | Ga_.___|-coooo_f_____
soils.
Lowland soils, I.:
L4—Stratificd organic and min- | ___|.____.__ Tdec,
cral layers.
Organic soils, M:
Decep, strongly acid. - | oo Me-a.
Deep, over sandy loam_ - .| |- ___ Me.
Shallow, over marl. . ___ .| | M/me,
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age is poor, as indicated by the letter ¢. The symbol Me
stands for organic material more than 42 inches thick;
and Mc-a stands for organic material more than 42 inches
thick that is strongly acid.

Soil management groups of well-drained soils are sub-
divided according to significant ranges of slope and degree
of erosion into soil management units, also called capa-
bility units. In general, the capital letter A, B, C, D, E,
or I, placed after the management group symbol, desig-
nates the range of slope; for example, the B in soil man-
agement unit 2aB means that the soils are gently sloping.
Other slope designations are A for nearly level, C for
moderately sloping, D for strongly sloping, E for steep,
and F for very steep.

Soil management groups of imperfectly drained to very
poorly drained soils are not subdivided on the basis of
slope and degree of erosion, because these soils generally
are nearly level and uneroded. In one of these groups,
a management unit, consists of the same soils as the group.

Capability Groups of Soils

_ The capability classification is a grouping that shows,
In a general way, how suitable the soils are for most kinds
of farming. It isa practical grouping based on limitations
of the soils, the risk of damage when they are used, and
the way they respond to treatment.

In this system all the kinds of soil are grouped at three
levels, the capability class, subclass, and unit. Eight
capability classes are in the broadest grouping and are
designated by Roman numerals T through VITI. In class
I are the soils that have few limitations, the widest range
of use, and the least risk of damage when they are used.
The soils in the other classes have progressively greater
natural limitations. In class VIIT are soils and landforms
so rough, shallow, or otherwise limited that they do not
produce worthwhile yields of -crops, forage, or wood
prodncts.

The subclasses indicate major kinds of limitations
within the classes. Within most of the classes there can be
as many as four subclasses. The subclass is indicated by
adding a small letter, ¢, w, s, or ¢, to the class numeral,
for example, ITe. The letter e shows that the main limita-
tion is risk of erosion unless close-growing plant cover is
maintained or unless other needed measures are applied;
w means that excess water retards plant growth or inter-
feres with cultivation or with use of the soil for pasture;
s means that the soils are shallow, droughty, or uncom-
monly low in fertility; and ¢, used in only some parts of
the country, indicates that the chief limitation is climate
that is too cold or too dry.

In Grand Traverse County, the use of some soils for
fruits and some other crops is limited by the frost hazard.
Most of the county has a fairly short growing season, but
the risk of frost damage varies according to the position
of a soil on the landscape, and a method of showing this
limitation is difficult to work out for the entire county.
For example, some arveas of poorly drained soils in capa-
bility classes III and TV may not be suited to field crops,
because of the frost hazard, but the likelihood of frost can-
not be accurately judged by the soil scientist as he works
in the field, and consequently, this limitation is not shown
by a subclass symbol.

In class I there are no subclasses, because the soils of
this class have few or no limitations. Class V can contan,
at the most, only subclasses w0, s, and ¢, because the soils in
it have little or no erosion hazard but have other limita-
tions that limit their use largely to pasture, woodland, or
wildlife.

Within the subclasses are the capability units, which
also can be called soil management units. A capability
unit is made up of soils enough alike to be suited to the
same crops and pasture plants, to require similar manage-
ment, and to have similar productivity and other responses
to management. Thus, the capability unit is a convenient
grouping for making many statements about the manage-
ment of soils.

The designations of the soil management units in this
report consist of symbols, such as 3aA, 3aB, and 4aC, com-
bined with the symbols for the capability classes and sub-
classes, such as IIs and IITe. The symbols 3aA, 3aB, 4aC,
and other similar symbols are explained in the second part
of this section.

Soils are classified in capability classes, subclasses, and
units in accordance with the degree and kind of their per-
manent limitations; but without consideration of major
and generally expensive landforming that would change
the slope, depth, or other characteristics of the soil; and
without consideration of possible but unlikely major
reclamation projects.

In the outline that follows are brief descriptions of the
soils that make up the classes, subclasses, and the soil
management units in Grand Traverse County.

Class I. Soils that have few limitations that restrict their
use. No soils in Grand Traverse County are in class L.
Class IT. Soils that have some limitations that reduce the
choice of plants or require moderate conservation prac-
tices.
Subclass ITe. Soils subject to moderate erosion if
they are not protected.

Unit 2aB (ITe).—Nearly level or gently sloping,
light-colored, slightly or moderately eroded
sandy loams and loams that are well drained or
moderately well drained.

Unit 3aB (Ile).—Gently sloping, light-colored,
well-drained loamy sands, sandy loams, and

Toams.
Unit 3/2aB (ITe).—Gently sloping, light-
colored, well drained or moderately well

drained sandy loams that are underlain by finer
textured materials.

Subclass ITs. Soils that have moderate limitations be-
cause of low moistnre-snpplying capacity or other
soil features.

Unit 3aA (IIs).—Nearly level, light-colored,
well-drained loamy sands, sandy loams, and
loams.

Unit 3/2aA (IIs).—Nearly level, light-colored,
well drained or moderately well drained sandy
loams that are underlain by finer textured
materials.

Class IT1. Soils that have severe limitations that reduce
the choice of plants, or require special conservation
practices, or both.
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Subclass I1Ie. Soils subject to severe erosion if they
are cultivated and not protected. _

Unit 2aC (IIle) —Moderately sloping, light-
colored, well drained or moderately well
drained sandy loams and loams.

Unit 8aC (Ille).—Moderately sloping, light-
colored, well-drained loamy sands, sandy loams,
and loams.

Unit 8/2aC (I1Ie).—Moderately sloping, light-
colored, well drained or moderately ell
drained sandy loams that arve underlain by
finer textured materials.

Unit 4aC (IITe).—Moderately sloping, light-
colored, well-drained loamy sands, sandy
Toams, and gravelly sandy loams that are
underlain by sand or gravel or both.

Subclass IITw. Soils that have severe limitations
because of excess water.

Unit 3bA  (IITw).—Level to gently sloping,
moderately dark colored, imperfectly drained
or poorly drained sandy Toams and loams.

Unit 3cA (I1Tw).—Ievel to gently sloping, mod-
erately light coloved to dark-colored, poorly
drained sandy loams and loams.

Uniit 4/2bA (I1Tw).—Level or nearly level, mod-
erately dark colored, imperfectly drained or
poorly drained loamy sands, gravelly loamy
sands, and gravelly sandy loams that are
underlain by fine-textured to coarse-textured
materials.

Unit 4/2bB (ITIw).—Gently or moderately slop-
ing, moderately dark colored, imperfectly
drained or poorly drained loamy sands,
gravelly loamy sands, and gravelly sandy loams
that are underlain by fine-textured to coarse-
textured materials,

Subclass TT1Is. Soils that have severe limitations be-
cause of low fertility, low moisture-supplying capac-
ity, or other soil features.

Unit 4aA (IIIs).—Nearly level, light-colored,
well-drained loamy sands, sandy loams, and
gravelly sandy loams that are underlain by
coarse-textured material ranging from gravel
to loamy sand.

Unit 4aB (IIIs) —Gently sloping, light-colored,
well-drained Joamy sands and gravelly sandy
loams that are underlain by coarse-textured
material ranging from loamy sand to gravel.

Class IV. Soils that have very severe limitations that
restrict the choice of plants, require very careful man-
agenent, or both.

Snbclass TVe.  Soils subject to very severe erosion if
they are cultivated and not protected.

Unit 2aD  (IVe).—Strongly sloping, light-
colored, well drained or moderately well
drained sandy loams and Toams.

Unit 3aD  (IVe).—Strongly sloping, light-
colored, well-crained sandy loams, gravelly
sandy loams,and loamy sands.

Unit 8/2aD (IVe)—Strongly sloping, light-
colored, well-drained loamy sands and sandy

loams that are underlain by finer textured
materials. _

Unit 4aD (IVe).—Strongly sloping, light-
colored, well-drained loamy sands and gravelly
sandy loams that are underlain by loamy sand,
sand, ov sand and gravel. o

Subclass IVw.  Soils that have very severe limitations

for cultivation because of excess water.

Unit 5bA (IVw).—Level to gently sloping, mod-
erately dark colored, imperfectly drained or
poorly drained sands.

Unit 5cA  (IVw).—Level, dark-coloved, deep
sands that ave poorly drained and shallow
organic soils that are underlain by sand.

Subclass IVs. Soils that have very severe limitations
hecause of low fertility and low moisture-supplying
capacity; some areas are subject to water erosion.

Unit, 5aA  (IVs).—Nearly level, light-colored,
well drained or moderately well drained sands,
loamy sands, and gravelly loamy sands that are
underlain by sand, gravel, orboth.

Unit 5aB (IVs).—Gently sloping, light-colored,
well drained or moderately well drained sands,
loamy sands, and gravelly loamy sands that
are underlain by sand. gravel, or both.

Class V. Soils not likely to erode that have other limita-
tions, impractical to remove without major reclamation,
that limit their use largely to pasture, woodland, or
wildlife food and cover.

Subclass Vw. Soils that arve too wet for cultivation
and generally have a more severe frost hazard than
higher lying soils; drainage ov protection not feasi-
ble.

Unit Mc (Vw).—Mainly deep organic soils.

Unit M/me (Vw).—Level, dark-colored, shallow
to moderately deep organic soils that are under-
lain by marL

Unit Tde (Vw).—Level, dark-colored, stratified
organic and mineral materials that are subject
to flooding.

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

Subclass VIe. Soils severely limited, chiefly by risk
of evosion if protective cover is not maintained.

Unit 2aE  (VIe).—Steep, light-colored, well
drained or moderately well drained sandy
Jloams and loams.

Unit 82 (VIe).—Steep, light-coloved, well
drained or moderately well drained sandy
Joams, gravelly sandy loams, and loamy sands
that ave slightly or moderately eroded.

Unit 4al ?VI@) —Steep, light-colored, well-
drained loamy sands that arve underlain by
loamy sand, sand, or sand and gravel.

Subclass VIs. Soils generally unsuitable for cultiva-
tion and limited for other uses by their moisture
capacity, stones, or other features.

Unit 5aC (VIs).—Moderately sloping, light-
colored, well-drained sands, loamy sands, and
gravelly loamy sands that are underlain by
sand or gravel or both.
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Class VIL. Soils that have very severe limitations that
make them unsuitable for cultivation without major
reclamation and that vestrict their use largely to graz-
ing, woodland, or wildlife.

Subclass VIIe. Soils very severely limited, chiefly by
risk of erosion if protective cover is not maintained.

Unit 2aF (VIIe).—Very steep, light-colored,
well drained or moderately well drained loams
and sandy loams.

Unit 8aF (VIIe).—Very steep, light-colored, well
drained or moderately well drained sandy
loams, gravelly sandy loams, and loamy sands.

Unit 4al’ (VIle).—Very steep, light-colored,
well-drained loamy sands and sands that are
underlain by loamy sand, sand, or sand and
gravel.

Subclass VIIs. Soils very severely limited by moisture
capacity, stones, or other soil features.

Unit 5aC3 (VIIs).—Dominantly sloping, light-
colored, well-drained sands that are severely
eroded.

Unit 5aD (VIIs).—Strongly sloping, light-
colored, well-drained sands, loamy sands, and
gravelly loamy sands that arve underlain by
sand or gravel or both.

Unit 5ak (VIIs).—Steep, light-colored, well-
drained sands and loamy sands that are under-
lain by sand or gravel or both.

Unit 5aE3 (VIIs).—Strongly sloping to very
steep, light-colored, well-drained sandy land
that is severely eroded.

Unit 5aF (VIIs).—Very steep, light-colored,
deep loamy sands, gravelly loamy sands, and
sands that are well drained.

Unit 5.3aAB (VIIs).—Nearly level or gently
sloping, light-colored, medium and coarse
sands.

Unit 5.3aCD (VIIs).—Moderately or strongly
sloping, light-colored, medium and coarse sands
that arve droughty.

Unit 5.8al8F (VIIs).—Steep or very steep, light-
colored, medimm and coarse sands that are
droughty.

Unit GaAF (VIIs).—Level to very steep, light-
colored, well-drained gravelly loamy sands and
gravelly sandy loams.

Class VIII. Soils having limitations that preclude their
use, without major reclamation, for commercial pro-
duction of plants and that restrict their use to recreation,
wildlife, water supply, or esthetic purposes.

Subclass VIITw. Extremely wet or marshy soils.

Unit Me-a (VIIIw).—TLevel, extremely acid,
very poorly drained peats.

Subclass VIITs. Soils or soil materials that have
little potential for production of vegetation.

Unit Sa (VIIIs).—Nearly level or gently slop-
ing, light-colored, coarse sands that are well
drained or moderately well drained.

Management by Groups and Units

_ In the following pages, management, of the soils accord-
ing to soil management groups and units is discussed. A
brief description of the management group precedes the

descriptions of the soil management units that malke up
the group. Given for each unit is important general in-
formation about the soils—natural dramage, texture, petr-
meability, fertility, moisture-supplying capacity, and re-
sponse to management. Then the soils in the unit are
listed, and suitable uses are named and effective manage-
ment suggested.

For soils suitable as cropland, suggestions are given on
methods of controlling erosion, rotating crops, meeting
drainage needs, fertilizing, and maintaining tilth and
organic matter. Also discussed is the management of soils
used for permanent pasture, orchards, and woodland.
Managing soils for the growing of wood crops is explained
in detail in the subsection “Use of Soils for Wood Crops.”

Unless otherwise indicated, the practices discussed in
the subsection “General Principles of Management” are
needed in using and managing the soils of each soil man-
agement unit,.

Many of the mapping units listed in this subsection—
and in the woodland suitability groups in another sub-
section—are made up of two or more soils mapped in com-
plexes or in groups of undifferentiated soils. If all the
soils named in the mapping unit are placed in the same
soil management unit, only the name of the mapping unit
is listed. But if the soils In & mapping unit are classified
in different soil management units, the part that is in its
respective unit is designated thus: East Lake-Mancelona
loamy sands, 0 to 2 percent slopes (Mancelona part).

Soil management group 2a

Soil management group 2a consists of well drained or
moderately well drained soils on uplands that formed
from parent materials consisting of loam or clay Joam or
of sandy loam underlain by loam or clay loam at a depth
of 18 to 42 inches. In table 4 cropping systems and ero-
sion-control practices suitable for the soils of each unit
in this group are given. All the cropping systems and
the practices suggested are for soils that have slopes 100
feet long. If slopes are longer than 100 feet, a cropping
system that gives more protection is required. If slopes
are shorter than 100 feet, a cropping system that gives
slightly less protection can be used.

SOIL MANAGEMENT UNIT 2aB (Ile)

This unit consists of nearly level or gently sloping, light-
colored loams and sandy loams that generally are well
drained or moderately well drained. These soils have
moderate to moderately slow permeability and a high
moisture-supplying capacity. They are fertile and re-
spond favorably to management. Yields of most crops
are high, though they are slightly lower on the moderately
croded soils than on the others. The soils in this unit are—

Guelph-Nester loams, 0 to 2 percent slopes.
Guelph-Nester loans, 2 to 6 percent slopes.
Guelph-Nester loams, 2 to 6 percent slopes, moderately eroded.
Ubly-Nester complex, 0 to 2 percent slopes.
Ubly-Nester complex, 2 to 6 percent slopes.

The Guelph and Nester soils are finer textured in the
surface layer than the Ubly soils and have a medium or
moderately fine textured subsoil. The Ubly soils are un-
derlain by moderately fine textured material at a depth
of 18 to 42 inches.

The soils in this unit are suited to all crops grown locally.
They need an adequate supply of organic matter, and they
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TarLe 4—Suggested crop rotations that give the least amount of protection that can safely be used, under named
practices of water-erosion controly for the soil management units in group Sa

Practices of water-erosion control
Soil management unit Slope
None Striperopping Terraces
Percent
2aB (Ile) . e 2-6 AAARO! (88)% . ... AAARRO(76) oo ARRO(B1).
2aC (IIle) eem o ____ 6-12 AAAAROOO) e AARO(BS) oo ARgmOW(79).
28D (IVe€) o e 12-18 AAOMB) o e AAAAROMOYY .. Not recommeded.
22K (VIe) . .. 18+ Permanent vegetation (grass or trees).

1 Rotation symbols:
spring grain; R, row crop; W, winter grain.
the same as those in table 2,

2 Numbers in parentheses refer to the relative protectiveness of
the cropping system, A cropping system that has a value of relative

A, legume-grass; gm, green manure; O,
These symbols are

should be tilled as little as possible and only when the
moisture content is favorable. If they are worked when
too wet, or if their content of organic matter is depleted,
the soils tend to compact or to crust on the surface, espe-
cially in moderately eroded areas. Returning all crop resi-
dues, applying manure, and using a grass-legume mixture
in the crop rotation help to maintain productivity and to
improve soil tilth. Lime and fertilizer should be applied
as indicated by soil tests. Some fields have wet areas
where drainage is needed before the soils can be used for
some crops and farmed.efficiently.

If no other practices are used to control erosion, a suit-
able 5-year rotation consists of a row crop, a small grain,
and a grass-legume mixture for 3 years (88)* (see table 4).
Rotations that include a greater proportion of grasses and
legumes can also be used safely.

If contour stripcropping is provided, a suitable rotation
is 2 years of row crops, 1 year of a small grain, and 8 years
of a grass-legume mixture. A cover crop should be grown
to protect the soil during winter following the first row
crop. On slopes longer than 800 feet, diversion terraces
are requirved to carry off excess water. In some places it
is desirable to locate terraces along the upper edge of these
soils to divert surface water that runs ofl adjoining higher
slopes. Grassed waterways are needed to furnish outlets
for the terraces.

In areas that have good air drainage and are otherwise
favorably located for orchards, these soils can be used for
the production of pears, apples, and sweet cherries. Where
slopes are sufficiently long and uniform, planting trees

on the contour makes the orchards easier to farm and

helps to conserve moisture and to control erosion. Main-
taining a sod cover and applying adequate fertilizer are
other practices needed. .On longer slopes, runoff can be
intercepted and carried away safely through diversion
terraces and grassed waterways.

These soils produce high yields of rotation pasture. If
permanent pasture is planted to snitable grasses and leg-
umes, it can be more productive than rotation pasture,
but it must be managed intensively for high yields to be
obtained.

! The meaning of the values for relative protectiveness are given
in table 2, p. 51.

protectiveness less than the ones given should not be used. A
cropping system that has a value of relative protectivencss greater
than the ones given can safely be used.

Wooded areas are in stands of sugar maple, basswood,
ash, white birch, and black cherry, and there are scattered
white pine and hemlock. Because the Guelph and Nester
soils are highly valued for farming, they are generally not
planted to woodland trees. In some areas they have a
neutral or mildly alkaline subsoil that slows the growth
of some of the conifers commonly planted in the county.
The Ubly soils are suited to white pine and spruce.

SOIL MANAGEMENT UNIT 2aC (Ille)

This unit is made up of light-colored, moderately slop-
ing sandy loams and loams. Except for a few seeps or
wet spots, these soils are well drained or moderately well
drained. They are moderate to moderately slow in per-
meability and have a high moisture-supplying capacity.
The soils are fertile and respond favorably to good man-
agement. They are—

Guelph-Nester loams, 6 to 12 percent slopes, moderately eroded.
Ubly-Nester complex, 6 to 12 percent slopes.

The Guelph and Nester soils have a moderately fine tex-
tured subsoil; the Ubly soils have a moderately coarse
textured subsoil, but they are underlain by moderately fine
textured material at a depth of 18 to 42 inches.

If the soils in this unit are fertilized and limed in
amounts indicated by soil tests, they produce satisfactory
yields of all crops grown locally. These soils should not
be cultivated when wet, and they need ample supplies of
organic matter. Soil tilth and water infiltration can be
improved by using grasses and legumes in the rotation,
returning all crop residues to the soil, and applying ma-
nure. Compacting and crusting can be problems on the
Guelph and Nester soils, especially in moderately eroded
areas.

Where other praciices are not used to conserve the soils
and slopes do not exceed 100 feet in length, a cvop rotation
that can be safely used consists of 1 year of a row crop,
1 year of small grain, and 4 years of grass-legume sod
(see table 4). If the soils are striperopped on the contour,
a suitable 5-year rotation provides a row crop, a small
grain, and a grass-legume sod for 3 years. On slopes
longer than 300 feet, diversion terraces that empty into
grassed waterways are needed to remove runoff safely.
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Use random tiling to drain wet spots or seeps that reduce
crop yields and interfere with farming operations. In
some moderately eroded areas the protection of a dense
cover of plants is needed most of the time.

In areas that are well located and have the good air
drainage so essential for orchards, these soils are suitable
for the commercial production of pears, apples, and sweet
cherries. To obtain good yields of fruit and adequate
growth of trees over a long period, orchard management
on these soils should provide a good supply of organic
matter and the use of practices to control runoff and
erosion. Among these practices are planting trees on the
contour, terracing, and maintaining a cover of sod. Spe-
cial precautions should be taken to keep the sod from com-
peting too vigorously with the fruit trees for nutrients,
moisture, and air.

Under good management, excellent yields are obtained
from rotation pasture. The soils also produce a large
quantity of permanent pasture if suitable grasses and
legumes are planted and if management is intensive.

Wooded areas have a cover of sugar maple, basswood,
ash, birch, black cherry, and a few white pine and hem-
lock. Because of their high agricultural value, the Guelph
and Nester soils are seldom planted to trees used for wood
products. In some areas these soils have a neutral or
mildly alkaline subsoil that has an adverse effect on some
of the commonly planted conifers. White pine and spruce
grow well on the Ubly soils.

SOIL MANAGEMENT UNIT 2aD (IVe)

This unit consists of light-colored loams and sandy
loams that occur in hilly areas and are well drained or
moderately well drained. These soils have medinm mois-
ture-supplying capacity, are moderate to moderately high
in fertility, and respond well to good management. How-
ever, because they are strongly sloping and have moderate
to moderately slow permeability, the soils are likely to
wash severely if cleared. They are—

Guelph-Nester loams, 12 to 18 percent. slopes.

Guelph-Nester loams, 12 to 18 percent slopes, moderately
eroded.

Ubly-Nester complex, 12 to 18 percent slopes.

Ubly-Nester complex, 12 to 18 percent slopes, moderately
eroded.

The Guelph and Nester soils have a moderately fine tex-
tured subsoil. In the Ubly soils, the subsoil is moderately
coarse textured but is underlain by moderately fine tex-
tured material at a depth of 18 to 42 inches.

Small grain and forage crops are suited to the soils of
this unit. Because erosion is likely, row crops are not
well suited. If the soils are tilled improperly, and if the
plow layer is depleted of its organic matter, the surface
crusts over and compaction of the soil is common, espe-
clally in moderately eroded areas. To prevent crusting
and compacting, avoid tillage when the soils are too wet
and hold the number of tillage operations to the minimum.

A rotation of small grain for 1 year and a grass-legume
crop for 2 years protects the soil and keeps it productive
and in good tilth (see table 4). Lime and fertilizer should
be applied according to needs indicated by soil tests.

These soils are too hilly for new orchards, but there are
some small areas within larger areas of other soils in
orchards that are now used for that purpose.

If they are well fertilized, the soils produce fairly good
yields of suitable plants grown for rotation pasture or for
permanent pasture. The soils puddle easily if they are
grazed when too wet. A good stand of grasses and leg-
umes is needed to control erosion.

Wooded areas are principally in sugar maple, basswood,
ash, birch, and scattered white pine and hemlock. Open
woodland on the Guelph and Nester soils should be man-
aged so that northern hardwood trees reseed naturally.
Those soils have a neutral to alkaline subsoil that makes
them poorly suited to many of the conifers commonly
planted. On the somewhat coarser textured Ubly soils,
however, white pine is a good tree for planting and, where
possible, should be planted on the contour.

SOIL MANAGEMENT UNIT 2aE (VIe)

The soils of this unit are steep, light-colored, well
drained or moderately well drained loams and sandy loams.
Most of these soils have a moderately fine textured subsoil.
The soils are—

Guelph-Nester loams, 18 to 25 percent slopes, moderately eroded.
Ubly-Nester complex, 18 to 25 percent slopes.
Ubly-Nester complex, 18 to 25 percent slopes, moderately eroded.

The Ubly soils are underlain by moderately fine textured
material at a depth of 18 to 42 inches. )

The soils in this unit are too steep for farming with
ordinary farm machinery. They are highly susceptible
to erosion if they are used for cultivated crops or are
grazed too heavily. o

Permanent pasture can be grown on these soils if suit-
able forage plants are seeded and if fertilizer is applied
in amounts determined by soil tests. Pasture needs to be
renovated periodically by breaking up the old sod and
reseeding. Overgrazing weakens the pasture plants and
exposes the soil to erosion. Consult a soil conservationist
for suggestions on the plants to use and the practices to
follow 1n establishing and maintaining a protective cover
on eroded areas.

Wooded areas are in stands of sugar maple, basswood,
ash, birch, black cherry, and scattered white pine and
hemlock. In uneroded or slightly eroded areas of open
woodland, native plants shouldgbe encouraged to reseed nat-
urally and to establish a ground cover. Suitable trees
for planting are white pine and spruce. FPlantations are
generally most successful where little or no erosion has
occurred.

SOIL MANAGEMENT UNIT 2aF (VIIe)

In this unit are very steep, light-colored loams and
sandy loams that ave well drained or moderately well
drained. These soils are—

Guelph-Nester loams, 25 to 35 percent slopes, moderately
eroded.

Ubly-Nester complex, 25 to 35 percent slopes.

Ubly-Nester complex, 25 to 35 percent slopes,
eroded.

The Guelph and Nester soils have a moderately fine tex-
tured subsoil, and the Ubly soils are underlain by moder-
ately fine textured material at a depth of 18 to 42 inches.

The soils in this unit are too steep for cultivated crops
and pasture. They are suited only to forest trees and to
use as wildlife habitat.

In areas cleared of trees, severe erosion is likely unless
the soils are soon covered by other vegetation. Native
plants generally reseed naturally in these areas, but where

moderately
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the soils are moderately or severely eroded and are not
stabilized, suitable grasses, shrubs, or trees must be planted
if a protective coveristo be established.

Wooded areas arve in stands of sugar maple, basswood,
ash, birch, and scattered white pine and hemlock. White
pine is suitable for planting on uneroded and slightly
eroded soils.

Soil management groups 3a, 3b, 3c, 3/2a

Soil management group 3a is made up of light-colored
soils that formed from sandy loam parent material and
are well drained or moderately well drained. Soil man-
agement group 3/2a consists of light-colored, well drained
or moderately well drained sandy loams that are under-
lIain by loam or clay loam at a depth of 18 to 42 inches.
In table 5 are given cropping systems and practices of
erosion control that are suitable for the soils of each unit
in these two groups.

The cropping systems and the practices suggested in
table 5 are for soils that have slopes 100 feet long. If the
soils have slopes longer than 100 feet, a cropping system
that gives more protection is needed. If the soils have
slopes shorter than 100 feet, a cropping system that gives
slightly less protection can be used.

Soil management group 3b consists mainly of imper-
Tectly drained soils on uplands, and group 8¢ consists of
poorly drained soils on uplands. Specific cropping sys-
tems are not supplied in table 5 for the soils of these groups,
but suggested cropping systems and management practices
are given under the descriptions of the individual soil
management units.

SOIL MANAGEMENT UNIT 324 (IIs)

This unit is made up of well-drained, nearly level, light-
colored loams, sindy loams, and loamy sands. These soils
have a moderately coarse to moderately fine textured sub-
soil that is generally underlain by coarse to moderately
fine textured material. The soils of this unit are moder-
ately permeable, have medium to moderately low moisture-
supplying capacity, ave medium in fertility, and vespond
favorably to good management. They are—

Coventry-Newaygo loams, 0 to 2 percent slopes.
Emmet gravelly sandy loam, 0 to 2 percent slopes.

Timmet sandy loam, 0 to 2 percent slopes.
Menominee-McBride complex, 0 to 2 percent slopes.

The underlying material in the Coventry and Newaygo
soilsissand and gravel.

The soils in this unit are suited to all the row crops,
small grain, grasses, and legumes grown in the county. An
adequate 3-year rotation contains a row crop, a small
grain, and a grass-legume mixture (see table 5). Any less
mtensive rotation may be safely used. Applying manure,
returning crop residues to the soil, and using lime and
fertilizer according to needs indicated by soil tests help
to maintain fertility and the organic-matter content.

Commercial orchards do well on these soils in favorable
locations that have good air drainage. If the soils ave
carefully managed, the yields of fruit are high, the growth
of the trees is rapid, and the orchards are productive
throughout a long life. Good management provides prac-
tices that maintain the organic-matter content and con-
trol runofl and erosion. Special precautions should be
taken to prevent the plants used for ground cover from
competing too vigorously with the trees for nutrients,
moisture, and air.

These soils produce moderately good yields of pasture
grown in a rotation with harvested crops. Similar yields
can be obtained from permanent pasture by planting suit-
able grasses and legumes and by using intensive manage-
ment.

Wooded areas are covered principally by sugar maple,
ash, elm, ironwood, beech, hemlock, basswood, and black
cherry, and there are a few, seattered white pine. Yields
of wood products are high. Because the soils ave highly
valued for farming, they are generally not used for tree
plantations, but they are suited to white pine, red pine,
white spruce, and Norway spruce.

SOIL MANAGEMENT UNIT 3aB (Ile)

This unit consists of well-drained, gently sloping, light-
colored loamy sands, sandy loams, and loams, These soils
have a moderately coarse to moderately fine textured sub-
soil that is generally underlain by moderately coarse to
moderately fine textured material. They are moderately
permeable, have medium to moderately low moisture-sup-

Tasuw 5.—Suggested crop rotations that give the least amount of protection that can safely be used, under named
practices of water-erosion control, for the soil management units in groups Sa and 3/8a

X Practices of watcr-erosion control
Soil management unit Slope
None Striperopping Terracing
Percent

3aA (ITs), B8/2aA (ATs). ... ______ 0-2 ARO W(78)2_ . .. Not needed_ o ________ Not necded.
3aB (Ile), 38/2aB (Ilc)..__._______.__ 2-6 AAARO(SS) . AARROMBO) .. ______ AARROgmRO(74).
3aC (I1le), 3/2aC (TIle) .o ______ 6-12 | AAAARO(9) oo AARO(SG) - - o AROgmW(79).
3aD (IVe), 3/2aD (IVe)oooo . ______ 12-18 | AAW(O?) .. AAAAROOD oo Not recommended.
3B (Vie) oo . 18+ Permanent vegetation (grass or trees).

{Rotati(’)n symbols: A, legume-grass; gm, green manure; O,
spring grain; R, row crop; W, winter grain. These symbols are
the same as those in table 2.

? Numbers in parenthescs refer to the relative protectiveness of

the cropping system, A cropping system that has a smaller value
of relative protectiveness than the ones given should not be used.
A cropping system that has a greater valuc than the ones given can
be safely used.
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plying capacity, and are medium in natural fertility. The
soils respond favorably to good management. They are—
Coventry-Newaygo loams, 2 to 6 percent slopes.
Emmet gravelly sandy loam, 2 to 6 percent slopes.
Emmet sandy loam, 2 to 6 percent slopes.
Emmet sandy loam, 2 to 6 percent slopes, moderately eroded.
Menominee-MceBride complex, 2 to 6 percent slopes.

The Coventry and Newaygo soils are underlain by sand
and gravel.

Suited to the soils of this unit are all the row crops,
small grain, and grass-legume crops common in the county.
Yields generally are somewhat lower in moderately eroded
arveas than they are in other areas. A 5-year rotation
consisting of a row crop, a small grain, and 8 years of a
grass-legume crop is a suitable rotation that protects the
soil and maintains fertility and the organic-matter content
(see table 5). Also suitable are less intensive rotations.

Where slopes ave fairly uniform, contour stripcropping
is effective in slowing runoff, increasing moisture infiltra-
tion, and reducing soil loss. Fields are stripcropped by
arranging a grass-legume crop and a cultivated crop in
alternate strips laid out along the contour. If stripcrop-
ping is used, a suitable 5-year rotation provides row crops
for 2 years, a small grain for 1 year, and a grass-legume
mixture for 2 years. Also, less intensive rotations are suit-
able. After the first row crop, a cover crop is needed to
protect the soil the following winter. Where a complete
system of terraces is used, it is safe to grow 2 years of row
crops, 1 year of small grain, and 2 years of grasses and
legumes. All waterways should be kept in sod.

Returning all crop residues and applying lime and
fertilizer according to soil tests are other practices needed
in cultivated fields. On slopes longer than 400 feet, diver-
sion terraces and grassed waterways should be used to
carry off excess surface water safely. In fields that have
secp spots or small areas with a high water table, drainage
can generally be improved by random tile lines.

Commercial orchards do well on these soils. Careful
management is needed to foster adequate growth of trees
and high yields of fruit and to help keep orchards produc-
tive throughout a long life. This requires practices that
maintain the organic-matter content and that control run-
off and erosion. Special precautions should be taken to
reduce to a minimum the competition between the fruit
trees and the ground cover for nutrients, moisture, and air.

Rotation pasturve produces moderately high yields on
these soils. Yields obtained from permanent pasture can
be moderately high if suitable grasses and legumes are
planted and if management is intensive,

In wooded areas the stand consists principally of sugar
maple, ash, elm, hornbeam, beech, hemlock, basswood, and
black cherry, and there are a few, scattered white pine.
Yields of wood products are high. The soils are so valu-
able for farming that woodland trees ave generally not
planted on them, but white pine, red pine, white spruce,
and Norway spruce are snitable for planting.

SOIL MANAGEMENT UNIT 3aC (Ille)

This nnit_is made up of moderately sloping, light-
colored, well-drained loamy sands, sandy loams, and
loams that have a moderately coarse to moderately fine
textured subsoil. Most of these soils have moderately
coarse to moderately fine textured material underlying

the subsoil. All are moderately permeable, have medium
to moderately low moisture-supplying capacity, and are
medium in fertility. They respond favorably to good
management. The soils are—

Coventry-Newaygo loams, 6 to 12 percent slopes.

Bmmet gravelly sandy loam, 6 to 12 percent slopes.

Immet sandy loam, 6 to 12 percent slopes.

Emmet sandy loam, 6 to 12 percent slopes, moderately eroded.

Menominee-McBride complex, 6 to 12 percent slopes.

Menominee-McBride complex, G to 12 percent slopes, moder-

ately eroded.

The Coventry and Newaygo soils ave underlain by sand
and gravel.

Suited to the soils in this unit are all row crops, small
grain, and grasses and legumes grown locally. If the soils
are not stripcropped or terraced, a rotation consisting of
& row crop, & small grain, and 4 years of a grass-legume
crop is suitable on slopes 100 feet long or less (see table
5). A rotation made up of 2 years of small grain and 2
years of a grass-legume mixture is satisfactory on slopes
longer than 100 feet.

It contour stripcropping is used, a 5-year rotation that
provides a row crop, a small grain, and 3 years of a grass-
legume crop is suitable. Also suitable is any rotation that
Is less intensive. Diversion terraces and grassed water-
ways are needed on slopes that exceed 400 feet in length.
If the soils are terraced, a suitable rotation is 1 year of a
row crop, 2 years of small grain, and 1 year of meadow.
Under good management, crop residues are returned to the
soil and lime and fertilizer are applied in amounts deter-
mined by soil tests. In some areas diversion terraces arve
constructed near the upper edge of fields to intercept run-
off from steeper areas.

In places where slowly permeable soil material crops
out or occurs near the surface, the soils of this unit have
seepy spots and wet areas that are less productive than
surrounding areas and interfere with farming operations.
Excess water can generally be removed from these et
places by random tiling.

Where the climate is favorable and air drainage is good,
most of these soils are well suited to orchards. Caretully
managing the soils helps to insure that the trees grow
satisfactorily each year, that the yields of fruit are high,
and that orchards remain productive over a long life.
Good management includes practices that control runoff
and erosion and maintain the supply of organic matter.
Special attention should be given to keeping the plants
used for ground cover from offering more than minimum
competition to the trees for nutrients, available moisture,
and air.

Rotation pasture produces moderately large amounts of
forage on these soils. Permanent pasture also does fairly
well 1f suitable grasses and legumes are planted and if
management is intensive.

Wooded areas are in stands of sugar maple, beech, horn-
beam, and black cherry, and there are lesser amounts of
elm, basswood, aspen, white ash, and hemlock. White pine
is scattered through the stands. Conifers suitable for
planting are white pine and red pine.

SOIL MANAGEMENT UNIT 3aD (IVe)

Soils of this unit are strongly sloping, light colored, and
well drained. These soils are moderately permeable, have
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a medium moisture-supplying capacity, and are medium
to moderately low in fertility. Thesoils are—
Tmmet gravelly sandy loam, 12 to 18 percent slopes.
Bmmet gravelly sandy loam, 12 to 18 percent slopes, moder-
ately eroded.
Emmet sandy loam, 12 to 18 percent slopes.
Emmet sandy loam, 12 to 18 percent slopes, moderately eroded.
Menominee-MeBride complex, 12 to 18 percent slopes.
Menominee-MeBride complex, 12 to 18 percent slopes, moder-
ately eroded.

The Emmet soils occur in the northern part of the
county and arve less acid than the McBride soils, which
occur in the southern part. The Emmet and McBride
soils have a surface layer of sandy loam or gravelly sandy
loam and a subsoil of sandy clay loam. ]

The Menominee soils are placed in this unit because they
are so closely intermingled with the McBride soils. Me-
nominee soils have a sandy loam surface layer and a sandy
loam subsoil that are underlain by moderately fine tex-
tured material. The Menominee soils that occur closely
with McBride soils respond to management more favor-
ably than do those in other areas of the county.

The soils of this unit are suited to small grain and to
grasses and legumes. Because they are strongly sloping
and highly erodible, they are not well suited to row crops.
An adequate 3-year rotation provides a small grain and
9 years of a grass-legume crop (see table 5). Lime and
fertilizer should be applied as indicated by soil tests. Re-
turning all crop residues to the soil helps to maintain
fertility and the organic-matter content.

The soils are too strongly sloping for orchards, but
where otherwise favorable, some areas can be made suit-
able by reducing the grade and smoothing the surface.
Then, mechanized equipment can be used in the orchards
and the management practiced that conserves soil and
water. In fields where reducing the grade has removed
the surface layer and subsoil, the soils are similar to se-
verely eroded soils. In these areas practices are needed
that raise the fertility level and that give grass and legume
seedings a chance to get started. In selecting and estab-
lishing these practices, technical assistance should be
obtained.

Fairly good yields are produced from pasture that is
grown in a crop rotation with other plants. Good yields
can be obtained from permanent pasture if it is renovated
periodically and is well fertilized.

Wooded areas are covered principally by sugar maple,
ash, elm, hornbeam, beech, hemlock, basswood, and black
cherry, and there are a few white pine. Conifers suitable
for planting are white pine, red pine, white spruce, and
Norway spruce. Where possible, the trees should be
planted on the contour.

SOIL MANAGEMENT UNIT 3aE (VIe)

In this unit are steep, light-colored, well drained or
moderately well drained sandy loams, gravelly sandy
loams, and loamy sands. The soils are—

Emmet gravelly sandy loam, 18 to 25 percent slopes.

Emmet gravelly sandy loam, 18 to 25 percent slopes, moderately
eroded.

HFmmet sandy loam, 18 to 25 percent slopes.

Emmet sandy loam, 18 to 25 percent slopes, moderately eroded.

Menominee-McBride complex, 18 to 25 percent slopes.

Menominee-McBride complex, 18 to 25 percent slopes, moder-
ately eroded.

Ubly sandy loam, 18 to 25 percent slopes.

The Emmet and McBride soils have a moderately coarse
to moderately fine textured subsoil. In the Ubly and Me-
nominee soils, moderately fine textured material occurs
at a depth of 18 to 42 inches.

The soils in this unit are too steep for farming with
ordinary machinery. They wash severely if used for culti-
vated crops. Permanent pasture can be grown by seeding
suitable forage plants, renovating periodically, and adding
lime and fertilizer in amounts determined by soil tests.
The soils are likely to erode severely if pasture is over-
grazed and the plants are weakened.

Eroded areas need to be stabilized by planting trees,
shrubs, legumes, or grasses. Of these several kinds of
plants, grasses are most effective in controlling erosion.
If needed, technical assistance in stabilizing eroded areas
can be obtained from a soil conservationist.

Wooded areas are in stands of sugar maple, ash, elm,
hornbeam, beech, hemlock, basswood, and scattered white
pine. In open areas where erosion is no more than slight,
natural seeding is likely to cover the soils with plants if
the openings are kept clear of livestock. Suitable trees
for planting are white pine, white spruce, Norway spruce,
and red pine.

SOIL MANAGEMENT UNIT 3aF (VIIe)

This unit consists of well drained or moderately well
drained, very steep, light-colored sandy loams, gravelly
sandy loams, and loamy sands. These soils are—

Emmet gravelly sandy loam, 25 to 45 percent slopes.

Emmgt gravelly sandy loam, 25 to 45 percent slopes, moderately
eroded.

Emmet sandy loam, 18 to 25 percent slopes, severely eroded.

BEmmet sandy loam, 25 to 45 percent slopes.

BEmmet sandy loam, 25 to 45 percent slopes, moderately eroded.

Emmet sandy loam, 25 to 45 percent slopes, severely eroded.

Menominee-McBride complex, 25 to 45 percent slopes.

Ubly sandy loam, 25 to 35 percent slopes.

The Emmet and McBride soils have a moderately fine
textured subsoil; the Ubly and Menominee soils are coarse
textured in the upper part of the profile and are under-
lain by moderately fine textured material at a depth of 18
to 42 1nches.

The soils in this unit are too steep for cultivated crops
and, in many places, are too steep for pasture. They are
suited to forest trees and to use as wildlife habitat,

Acreas not forested are highly susceptible to erosion un-
less they are protected by a permanent cover of grasses,
shrubs, or other plants. TUneroded and slightly eroded
areas should be managed so that native plants reseed
naturally. Planting of suitable grasses, shrubs, or trees
is needed in moderately or severely eroded areas that are
not stabilized by vegetation.

The woodland consists of sugar maple, ash, elm, horn-
beam, beech, hemlock, basswood, and scattered white pine.
Cleared areas can be reforested by planting white pine,
white spruce, and Norway spruce.

SOIL MANAGEMENT UNIT 3bA (IlIw)

Level to gently sloping, moderately dark colored, imper-
fectly drained or poorly drained loams and sandy loams
are In this unit. These soils are medium to moderately
low in natural fertility. They are—

Richter loams, 0 to 2 percent slopes, overwash.

Richter loams, 0 to 2 percent slopes.
Richter loams, 2 to 6 percent slopes, overwash.
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Richter loams, 2 to 6 percent slopes.

Richter, Tonkey, and Pinconning loams, 0 to 2 percenf slopes,
" overwash.

Richter, Tonkey, and Pinconning loams, 0 to 2 percent slopes.

Richter, Tonkey, and Pinconning loams, 2 to 6 percent slopes.

Richter, Tonkey, and Pinconning loams, 6 to 12 percent slopes.

Sanilac-Richter loams, 0 to 6 percent slopes.

The Richter and Sanilac soils are imperfectly drained;
the Tonkey and Pinconning soils are poorly drained. In
the Richter and Tonkey soils, the subsoil and the material
below it are coarse to moderately fine textured and strati-
fied. The Pinconning soils have a sandy subsoil 18 to 42
inches thick over fine-textured material. The Sanilac
solls have a silty subsoil over stratified silt and fine sand.

Row crops, small grain, and forage crops are suitable
on the soilsin this unit. In many areas, however, frost is a
hazard late in spring and early in fall. Before cultivated
crops are grown, drainage is generally needed. If drain-
age is improved, a suitable 4-year rotation consists of a
row crop, a small grain, and 2 years of a grass-legume
mixture. Also suitable is any less intensive rotation.
Apply lime and fertilizer in amounts indicated by soil
tests.

Some of the Richter soils occur in that part of the county
used for orchards. These soils are suitable for commercial
orchards in areas where good air drainage reduces the
hazard of frost late in spring. In areas selected for plant-
ing to fruit trees, practices are needed that remove excess
water safely.

Permanent pasture does well on the soils of this unit
if excess surface water is removed from wet areas, if suit-
able plants are chosen for seeding, and if graz ing is
avoided when the soils are wet.

The native trees were northern hardwoods on the Rich-
ter soils, mixed hardwoods and swamp conifers on the
Sanilac soils, and swamp conifers on the other soils. In
managing woodland on these soils, higher returns can be
obtained by following the recommendations of foresters,
Planting trees for poles or sawtimber is generally not ad-
visable, but spruce and white pine are suitable for planting
in the better drained areas.

SOIL MANAGEMENT UNIT 3cA (IlIw)

In this unit ave level to gently sloping, moderately light
colored to dark-colored, poorly drained loams and sandy
loams. Most of these soils have.a subsoil consisting of
coarse-textured and moderately fine textured material
that is stratified. All the soils are moderately fertile
and have a high to moderately high content of organic
matter in the surface layer. Some are covered by a layer
of mineral soil material that washed in from adjacent
slopes. The soils are—

Tonkey mucky sandy loam.

Tonkey sandy loam, overwash.

Tonkey sandy loam.
Tonkey-Hettinger-Pickford loams, overwash.
Tonkey-Hettinger-Pickford loams.

The Pickford soils have a fine-textured subsoil.

The soils in this unit are suited to cultivated crops, but
their suitability is variable because the risk of frost dam-
age varies from place to place. Improved drainage is
needed before the soils are used for crops, but suitable
outlets for drains are difficult to locate in many areas. An
adequate 4-year rotation consists of a row crop, a small
grain, and 2 years of a grass-legume mixture. Also, less

intensive rotations can be safely used. Lime and fertil-
izer should be applied in amounts determined by soil tests.

These are excellent soils for permanent pasture if excess
surface water is removed, if suitable grasses and legumes
are planted, and if livestock are kept off the pasture when
the soils are wet.

Planting conifers for poles or sawtimber is generally
not advisable on these soils, but spruce and white pine can
be planted in the better drained areas.

SOIL MANAGEMENT UNIT 3/2aA (IIs)

This unit consists of nearly level, light-colored, well
drained or moderately well drained sandy loams. These
soils have moderate to moderately slow permeability, and
they are medium to high in fertility and in moisture-
supplying capacity. The soils are—

Ubly sandy loam, 0 to 2 percent slopes.
Ubly-McBride sandy loams, 0 to 2 percent sl opes.

Moderately fine textured material underlies the Ubl
soils at a depth of 18 to 42 inches. In the subsoil of the
McBride soils is a dense brittle layer, or fragipan.

The soils in this unit are well suited to row crops, small
grain, and grasses and legumes. They can be managed
properly by applying manure, returning all crop residues,
and using lime and fertilizer according to the needs indi-
cated by soil tests. To maintain fertility and organic-
matter content, a suitable 3-year rotation consists of & row
crop, a small grain, and a grass-legume crop (see table 5).
Also suitable is any rotation that provides a greater pro-
portion of grass-legume sod. Wind erosion can be con-
trolled by wind stripcropping. To drain wet spots that
occur in areas of McBride soils, use random tile lines.

The soils of this unit do not occur in the areas of com-
mercial orchards in Grand Traverse County.

Fairly good yields are obtained from pasture that is
part of a regular rotation. Areas kept permanently in
pasture are fairly productive if they are planted to suitable
grasses and legumes and are managed intensively.

The original forest on these soils was made up of sugar
maple, basswood, ash, beech, black cherry, and elm, and
there were scattered white pine and hemlock. In areas
that remain wooded, moderately high yields can be ob-
tained under good management. The soils are valued so
highly for agriculture that woodland trees ave seldom
planted on them, but white pine and red pine are suitable
for planting.

SOIL MANAGEMENT UNIT 38/2aB (Ile)

This unit consists of gently sloping, well drained or
moderately well drained, light-colored sandy loams.
These soils have moderate to moderately slow perme-
ability. Fertility and the moisture-supplying capacity
are moderately low in the upper part of the profile. The
soils are—

Ubly sandy loam, 2 to 6 percent slopes.
Ubly-McBride sandy loams, 2 to 6 percent slopes.

The Ubly soils are underlain by finer textured material
at a depth of 18 to 42 inches; the McBride soils have a
fragipan in the subsoil. In areas where the fragipan is
most strongly developed or is near the surface, seep spots
occur early in the growing season, but they generally dry
up as the season advances.
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The soils in this unit are suited to all row crops, small
grain, and grass-legume crops common to the county.
They are susceptible to blowing, which can be controlled by
wind stripcropping. In some areas of McBride soils,
random tiling is needed to drain wet spots. A 3-year ro-
tation made up of a row crop, a small grain, and 3 years of
a grass-legume crop is effective in conserving the soil,
maintaining fertility, and providing organic matter (sce
table 3). Less intensive rotations can also be safely used.

If slopes are striperopped on the contour, a suitable 5-
year votation consists of row crops for 2 years, a small
grain, and a grass-legume mixture for 2 years. A cover
crop following the fivst row crop protects the soil through
winter. On slopes longer than 300 feet, diversion terraces
are needed to remove excess surface water. All terraces
should drain into grassed waterways. Other practices of
cood management are returning all crop residues to the
soil and applying adequate amounts of lime and fertilizer.

In Grand Traverse County, these soils do not occur m
areas where orchard fruits are grown commercially.

Rotation pasture yields fairly well on these soils. The
yields of permanent pasture ave fairly high if the soils are
planted to suitable grasses and legumes and are managed
ntensively.

The native trees were sugar maple, basswood, ash, beech,
black cherry, and scattered white pine and hemlock. The
soils are highly valued for farming and, as a rule, are not
planted to trees. However, white pine and red pine are
suitable for planting.

SOIL MANAGEMENT UNIT 3/2aC (Ille)

Soils of this unit are moderately sloping, light-colored,
well drained or moderately well drained sandy loams.
Wet spots or seeps occur in places. These soils have mod-
erate to moderately slow permeability. Their moisture-
supplying capacity and fertility ave medium to moderately
low. Thesollsare—

Ubly sandy loam, 6 to 12 percent slopes.
Ubly sandy loam, 6 to 12 percent slopes, moderately eroded.
Ubly-McBride sandy loams, 6 to 12 percent slopes.

The Ubly soils have a moderately coarse textured upper
subsoil but are underlain by moderately fine textured ma-
terial at a depth of 18 to 42 inches. The McBride soils
have a fragipan that occurs over a moderately fine textured
lower subsoil. Below the subsoil is moderately coarse tex-
tured material.

All row crops, small grain, and grass-legume crops
grown locally are suited to the soils of this unit. If no
other practices are used to control erosion, a 6-year rota-
tion consisting of a row crop, a small grain, and 4 years
of a grass-legume crop is the most intensive rotation that
can be safely used on slopes less than 100 feet long (sec
table 5). Also safe for use is any less intensive rotation.
A rotation suitable on slopes longer than 100 feet is 2 years
each of small grain and grass-legume mixture.

If stripcropping is provided, a suitable rotation is 1 year
of a row crop, 1 year of small grain, and 3 years of a grass-
legume crop. Less intensive rotations also are satis-
factory. Where slopes are longer than 300 feet, diversion
terraces are needed that have outlets in grassed waterways.
Keeping waterways in sod prevents them from gullying.
Apply Iime and fertilizer in amounts determined by soil
tests, and return crop residues and manure to the soil.

Wet spots in some areas of McBride soils can be drained by
random tile lines.

These soils do not occur in areas used for commercial
orchards in Grand Traverse County.

Rotation pasture makes fairly good yields on these soils.
The yields of permanent pasture are fairly high if suitable
grasses and legumes are planted and management is
Intensive.

The original forest consisted of sugar maple, basswood.
ash, beech, black cherry, and elm, and there were scattered
white pine and hemlock. Because of their high value for
agriculture, the soils of this unit ave seldom planted to
woodland trees, but white pine and red pine are suitable
trees for planting.

SOIL MANAGEMENT UNIT 3/2aD (IVe)

In this unit are well-drained, strongly sloping, light-
colored sandy loams. These soils are moderately perme-
able, have a moderately low moisture-supplying capacity
in the upper part of the profile, are medium in fertility,
and respond fairly well to good management. The soils
are—

Ubly sandy loam, 12 to 18 percent slopes.
Ubly-McBride sandy loams, 12 to 18 percent slopes.

The Ubly soils have moderately fine textured material at
a depth of 18 to 42 inches. The McBride soils have a
fragipan that slows the downward movement of water and
resists the penetration of roots.

The soils in this unit are suited to small grain, grasses,
and legumes. Ordinarily, they are too hilly and too
erodible for row crops. A suitable 3-year rotation consists
of a small grain and 2 years of a grass legume mixture
(see table 5). Lime and fertilizer should be applied in
amounts indicated by soil tests.

The soils do not occur in the fruit-producing arvea of the
county.

Rotation pasture does fairly well on these soils. If ren-
ovated periodically and fertilized frequently, permanent
pasture makes good yields and provides cover for erosion
control.

Wooded areas are principally in sugar maple, ash, elm,
hornbeam, beech, and black cherry, and there are smaller
amounts of basswood, hemlock, and white pine. Conifers
suitable for planting are white pine, red pine, white spruce,
and Norway spruce. Where slopes are uniform, trees
should be planted on the contour.

Soil management groups 4a and 4/2b

Soil management group 4a consists of well drained or
moderately well drained soils on uplands that formed from
loamy sand parent material. In table 6 are listed crop-
ping systems and practices of erosion control that are
suitable for the soils of this group. The cropping systems
and practices suggested are for soils that have slopes 100
feet long. For soils that have longer or shorter slopes, the
cropping system should be adjusted accordingly.

Soil management group 4/2b is made up of soils that
generally are impevfectly drained and are underlain by
loam or clay loam at a depth of 18 to 42 inches. Specific
cropping systems are not given in table 6 for the soils of
this group, but cropping systems and management prac-
tices are suggested under the descriptions of the individual
soil management units.
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TABLE 6.—Suggested crop rotations that give the least amount of protection that can safely be used, under named practices
of water-erosion control, for the soil management units wn group 4a

Practices of water-crosion control
Soil management unit Slope
None Striperopping Terracing
Percent
4aA (TUT8) 0-2 AARgmOW (85)2. . _____ Not neéded____________. Not neceded.
daB (T1I8) oo 2-6 AARgmOW(85)_________ AARgmOW(85) _________ AARgmOW(85).
40C (1Y) oo 6-12 AAAAROOD . ___ AARgmOW(85) . _....._ AARgmOW(85).
4aD (IVe) oo 12-18 AAOMO6) o __ AAAAROO) o ______. Not recommended.
418 (VIe) oo .. 184 Permanent vegetation (grass or trees).

A, legume-grass; gm, green manure; O,

! Rotation symbols:
These symbols are the

spring grain; R, row crop; W, winter grain.
same as those in table 2.
2 Numbers in parentheses refer to the relative protectivencss of

SOIL MANAGEMENT UNIT 4aA (IIls)

This unit consists of nearly level, well-drained, light-
colored loamy sands, sandy loams, and umvelly (mdy
Joams. Some of these soils ave underlain by sand or gravel
or a mixture of both; others are underlain, in most places,
by Toamy sand. All are moderately low to low in mois-
ture-supplying capacity and fertility. The moderately
eroded soil covers only a small acreage; it is less productive
than the others. The soils in the unit are—

East Lake-Mancelona loamy sands, 0 to 2 percent slopes (Man-
celona part).

Karlin loamy sand, 0 to 2 percent slopes.

Karlin sandy loams, 0 to 2 percent slopes.

[eelanau-Kalkaska loamy sands, 0 to 2 percent slopes (Lee-
lananu part).

Leelanau-Kalkaska loamy sands, 0 to 2 percent slopes, moder-
ately eroded (Leelanau part).

Mancelona gravelly sandy loam, 0 to 2 percent slopes.

Mancelona loamy sand, 0 to 2 percent slopes.

Mancelona-East Lake loamy sands, 0 to 2 percent slopes (Man-
celona part).

Montealm-Kalkaska loamy sands, 0 to 2 percent slopes (Mont-
calm part).

These soils are suited to all vow crops, small grain, and
grass-legume crops grown locally. Intensive manage-
ment is needed to maintain or increase moisture- supplymo

capacity, feltlhfy, and organic-matter content.

An adequate 5-year votation consists of a row cr op,
years of small grain, and 2 years of grasses and ]enmnes
(see table 6). Toss intensive rotations also are satisfactor y.
Where these soils are in small areas and are farmed with
larger areas of comrser textured Kalkaska soils, a cover
crop is needed following the row crop, and 1 year of grasses
and lTegnmes should be substituted for 1 yearof small grain
in the rotation. Wind striperopping is needed to vediice
soil blowing and to conserve moisture. Return all crop
vesidues and apply lime and fertilizer in amounts indi-
cated by soil tests.

Where the climate is favorable and air dvainage is good,
these solls arve suitable for growing orchard frnits com-
mercially, Tf the soils are calefuﬂy managed, they pro-
duce adequate growth of trees and high ylelds of fruit
annually, and the orchards remain ploduct ive for many
years. Practices are needed that control runoff, prevent
erosion, and maintain a high content of organic matter.
Special tillage and other mandoemenf should be used to
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the cropping system. A cropping system that has a smaller value
of relative protectiveness than the ones given should not be used.
A cropping system that has a greater valuc than the ones given can
safely be used.

keep the plants used as ground cover from competing
vigorously with the fruit frees.

Tair yields are obtained from pasture grown in a ro-
tation with harvested crops. If phnted to suitable
grasses and legumes, permanenf, pasture makes satistac-
tory yields, but maintenance is difticult and applications
of fertilizer are needed annually.

In wooded areas the stand is made up of sugar maple,
beech, hornbeam, and black cherry, and there ave smaller
amounts of elm, basswood, aspen, white ash, and hemlock.
Individual trees and small groups of white pine are scat-
tered through the stand. Conifers suitable for planting
are white pine and red pine.

SOIL MANAGEMENT UNIT 4aB (1lls)

This unit is made up of gently sloping, well-drained,
light-colored loamy sands, sandy loams, and omvelly
Andy loams. Underlying these soils is coar se—te\tuled
material that ranges from loamy sand to gravel. Fertility
and the moisture- suppl) ing capacity are moderately low
to low. The moderately eroded soils, which occupy only a
small acreage, ave less productive (h(m the other soils. In
this unit are—
Tast Liake-Mancelona loamy sands, 2 to 6 percent slopes (Man-
celona part).
Karlin loamy sand, 2 to 6 percent slopes.
Karlin sandy loams, 2 to ¢ percent slopes.
Leelanau-Kalkaska loamy sands, 2 to ¢ percent slopes (Lee-
lanau part).
Teelanau-Kalkaska loamy sands, 2
ately eroded (T.eelanau part).
Mancelona gravelly sandy loam, 2 to G percent slopes.
Mancelona loamy sand, 2 to 6 per (un slopes.
Mancelona-East Lake loamy sands, 2 to 6 percent slopes (Man-
celona part).
Montealm-Kalkaska loamy sands,
calm part).
Montealm-Kalkaska loamy sands,
erately eroded (Montcealm part).
All the row crops, small grain, and grass-legume crops
grown locally are snited to these soils. Tntensive manage-
ment is needed to maintain or improve fertility, 11101stm e-
supplying capacity, and content of organic matter.
A rotation that gives minimum plotechon from erosion
is 1 year of a row crop, 2 years of small grain, and 2

years of a grass-legume mixture. Any less intensive rota-

to G percent slopes, moder-

2 to 6 percent slopes (Mont-

2 to G percent slopes, mod-
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tion may be safely used. If grasses and legumes are grown
for more than 2 successive years, fertilizer applied as top-
dressing is needed to maintain yields. On soils used for
row crops, wind and water erosion can be controlled by
stripcropping. Return all crop residues to the soil, and
apply lime and fertilizer according to needs indicated by
soil tests.

In areas that have favorable climate and good air drain-
age, these soils are suitable for commercial orchards. Care-
ful management of the soil is needed to produce high fruit
yields and adequate tree growth each year for the life of
the orchard. Management should provide an ample supply
of organic matter, as well as practices for controlling run-
off and erosion. Tillage and other practices can be used to
keep plants used for ground cover from competing with
fruit trees more than a minimum.

Rotation pasture produces fair yields on these soils.
Permanent pasture is difficult to maintain, but satisfactory
yields are obtained from suitable grasses and legumes if
fertilizeris applied annually.

In wooded areas the stand consists of sugar maple, beech,
hornbeam, and black cherry, and there are small amounts
of elm, basswood, aspen, white ash, and hemlock. White
pine occurs as individual trees and small groups scattered
through the stand. Conifers suitable for planting on these
soils are white pine and red pine.

SOIL MANAGEMENT UNIT 4aC (IIle)

This unit consists of moderately sloping, light-colored,
well-drained loamy sands, sandy loams, and gravelly sandy
loams. These soils are underlain by gravel or sandy mate-
rial or both, Their fertility and moisture-supplying capac-
ity are moderately low to low. Only a small part of the
total acreage is occupied by moderately eroded soils; these
are less productive than the others. The soils in the unit
are—

East Lake-Mancelona loamy sands, 6 to 12 percent slopes
(Mancelona part).

East Lake-Mancelona loamy sands, 6 to 12 percent slopes,
moderately eroded (Mancelona part).

Karlin loamy sand, 6 to 12 percent slopes.

Karlin loamy sand, 6 to 12 percent slopes, moderately eroded.

Karlin sandy loams, 6 to 12 percent slopes.

Leelanau-Kalkaska loamy sands, 6 to 12 percent slopes (Lee-
lanau part).

Leelanau-Kalkaska loamy sands, 6 to 12 percent slopes,
moderately eroded (Leelanau part).

Mancelona gravelly sandy loam, 6 to 12 percent slopes.

Mancelona gravelly sandy loam, 6 to 12 percent slopes,
moderately eroded.

Mancelona loamy sand, 6 to 12 percent slopes.

Mancelona-East Lake loamy sands, 6 to 12 percent slopes
(Mancelona part).

Montealm-Kalkaska loamy sands, 6 to 12 percent slopes (Mont-
calm part).

Montealm-Kalkaska loamy sands, 6 to 12 percent slopes,
moderately eroded (Montealm part).

These soils are suited to row crops, small grain, and
grasses and legumes. If no other practices are used to
control erosion, a 6-year rotation consisting of a row crop,
a small grain, and 4 years of grass-legume sod is the most
intensive rotation that is suitable on slopes 100 feet long or
less (see table 6). Also, a less intensive rotation can be
safely used. If slopesare longer than 100 feet but ave uni-
form, the soils are adequately protected if stripcropping is
combined with a rotation that contains a row crop, 2 years

of small grain, and 2 years of grass-legume sod. Less in-
tensive rotations also are suitable.

Other practices needed are manuring, properly using
crop residues, grassing the waterways, and liming and fer-
tilizing in amounts determined by soil tests. On slopes
longer than 400 feet, diversion terraces should be used to
reduce runoff.

In areas where the climate is favorable and air drainage
is good, commercial orchards do well on these soils. Care-
ful management is needed if the fruit trees are to have a
high annual yield and a long productive life. Practices
are needed to maintain the supply of organic matter and
to control runoff and ecrosion. Use special tillage and
other practices that minimize competition between the
fruit trees and the plants forming the ground cover.

These soils produce fair yields of rotation pasture.
Permanent pasture is difficult to maintain, but fair yields
can be obtained by planting suitable grasses and legumes
and by fertilizing annually.

Wooded areas are in stands of sugar maple, beech, horn-
beam, and black cherry, and there are smaller amounts of
elm, basswood, aspen, white ash, and hemlock. White
pine occurs as scattered trees and in small groups. —Suit-
able conifers for planting are white pine and red pine.

SOIL MANAGEMENT UNIT 4aD (IVe)

In this unit are strongly sloping, light-colored, well-
drained loamy sands and gravelly sandy loams. Most
areas of these soils have a moderately coarse to moderately
fine textured subsoil. Underlying the subsoil is sand,
loamy sand, or sand and gravel. Moisture-supplying
capacity and fertility are moderately low to low. The
solls are—

East Lake-Mancelona loamy sands, 12 to 18 percent slopes
(Mancelona part).

Karlin loamy sand, 12 to 18 percent slopes.

Karlin loamy sand, 12 to 18 percent slopes, moderately eroded.

Leelanau-Kalkaska loamy sands, 12 to 18 percent slopes (Lee-
lanau part).

Leelanau-Kalkaska loamy sands, 12 to 18 percent slopes, mod-
erately eroded (Leelanau part).

Mancelona gravelly sandy loam, 12 to 18 percent slopes.

Mancelona gravelly sandy loam, 12 to 18 percent slopes, mod-
erately eroded.

Mancelona-East Lake loamy sands, 12 to 18 percent slopes
(Mancelona part).

Mancelona-East Lake loamy sands, 12 to 18 percent slopes,
moderately eroded (Mancelona part).

Montcalm-Kalkaska loamy sands, 12 to 18 percent slopes
(Montealm part).

Montealm-Kalkaska loamy sands, 12 to 18 percent slopes, mod-
erately eroded (Montcalm part).

The Karlin soils have a sandy loam or loamy sand
subsoil.

The soils in this unit are suited to small grain and to
grasses and legumes. They are not well suited to row
crops, because the erosion hazard is severe. If no other
practices are used to control erosion, a suitable 3-year rota-
tion consists of a small grain and 2 years of a grass-legume
mixture (seetable6). If stripcropping isused,a row crop
may be grown occasionally. On stripcropped soils, a
satisfactory rotation is 1 year of a row crop, 1 year of small
grain, and 4 years of legume-grass. Returning crop resi-
dues and applying lime and fertilizer according to soil tests
are other practices needed in cultivated areas.

The soils of this unit generally are too steep for orchards,

but in areas that are otherwise suitable for commercial
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orchards, fruit trees can be grown if the grade is reduced
and the surface is smoothed. In places where deep cuts
are made, the surface layer and subsoil are removed and
the material below the subsoil is exposed. In these places,
and generally over the entire field, practices are needed to
restore fertility and to establish a cover of plants for ero-
sion control. Many farmers will need technical help in
choosing and applying these practices.

Fair yields of rotation pasture are produced on these
soils. 1f permanent pasture is renovated and fertilized
frequently, good yields of forage can be obtained and a
dense cover of plants maintained.

In wooded areas the stand consists chiefly of sugar
maple, beech, hornbeam, and black cherry, and there are
lesser amounts of elm, zbasswood, aspen, white ash, and
hemlock. White pine occurs as individual trees and in
small groups scattered through the stand. Conifers suit-
able for planting include white pine, red pine, and Norway
spruce. Where possible, trees should be planted on the
contour.

SOIL MANAGEMENT UNIT 4aE (VIe)

This unit consists of steep, well-drained loamy sands that
are underlain by sand, loamy sand, or sand and gravel.
The soils are—

East Lake-Mancelona loamy sands, 18 to 25 percent slopes
(Mancelona part).

East Lake-Mancelona loamy sands, 18 to 25 percent slopes,
moderately eroded (Mancelona part).

Karlin loamy sand, 18 to 25 percent slopes.

Karlin loamy sand, 18 to 25 percent slopes, moderately eroded.

Leelanau-Kalkaska loamy sands, 18 to 25 percent slopes
(Leelanau part).

Leelanau-Kalkaska loamy sands, 18 to 25 percent slopes, mod-
erately eroded (Leelanau part).

Mancelona-East Lake loamy sands, 18 to 25 percent slopes
(Mancelona part).

Mancelona-East Lake loamy sands, 18 to 25 percent slopes,
moderately eroded (Mancelona part).

Montcalm-Kalkaska loamy sands, 18 to 25 percent slopes
(Montcalm part).

Montcalm-Kalkaska loamy sands, 18 to 25 percent slopes,
moderately eroded (Montcalm part).

The soils of this unit are too steep for farming with
ordinary farm machinery. If cultivated crops are grown,
rapid runoff causes severe erosion. Except on the moder-
ately eroded soils, permanent pasture of suitable forage
plants can be grown on these soils. Pasture needs to be
fertilized annually and renovated periodically. To con-
trol erosion, regulate grazing and leave enough growth
on the plants to maintain a moderately dense sod.

In cleared areas where erosion is slight or none, native
grasses, shrubs, and trees are likely to reseed naturally.
If moderately eroded areas and severely eroded spots are
not stabilized by native plants, they should be planted to
suitable trees, shrubs, or grasses.

SOIL MANAGEMENT UNIT 4aF (VIIe)

This unit is made up of very steep, well-drained loamy
sands that are underlain by sand, loamy sand, or sand
and gravel. These soils have moderately low to low fer-
tility and moisture-supplying capacity. The soils are—

Bast Lake-Mancelona loamy sands, 25 to 385 percent slopes
(Mancelona part).

Karlin loamy sand, 25 to 45 percent slopes.

Karlin loamy sand, 25 to 45 percent slopes, moderately eroded.

Leelanau-Kalkaska loamy sands, 25 to 45 percent slopes (Lee-
lanau part).

Leelanau-Kalkaska loamy sands, 25 to 45 percent slopes,
moderately eroded (Leelanau part).

Mancelona-Rast Lake loamy sands, 25 to 45 percent slopes
(Mancelona part).

Mancelona-East Lake loamy sands, 25 to 45 percent slopes,
moderately eroded (Mancelona part).

Montealm-Kalkaska loamy sands, 25 to 45 percent slopes
(Montealm part).

Montcalm-Kalkaska loamy sands, 25 to 45 percent slopes,
moderately eroded (Montecalm part).

These soils are too steep for cultivated crops and, in
places, are too steep for pasture. Generally, they are suit-
able only as woodland and as wildlife habitat. Areas not
in trees are likely to erode severely unless they are pro-
tected by a permanent cover of grasses, shrubs, or other
plants.

Uneroded and slightly eroded areas can be managed so
that native plants cover the soils through natural reseed-
ing. Plantings of suitable grasses, shrubs, or trees are
needed to stabilize areas where erosion is moderate or
severe and is still active.

In wooded areas the stand consists chiefly of sugar
maple, beech, and hornbeam, and there are smaller
amounts of elm, basswood, aspen, white ash, hemlock, and
white pine. Suitable trees for planting are white pine,
red pine, and Norway spruce.

SOIL MANAGEMENT UNIT 4/2bA (IIIw)

This unit consists of level or nearly level, moderately
dark colored, imperfectly drained or poorly drained loamy
sands, gravelly loamy sands, and gravelly sandy loams.
These soils are moderately low in fertility and moisture-
supplying capacity. They are—

Gladwin-Richter gravelly sandy loams, 0 to 2 percent slopes.

Ingalls-Alpena gravelly loamy sands, 0 to 2 percent slopes
(Ingalls part). .

Tosco-Ogemaw loamy sands, 0 to 2 percent slopes.

Josco-Ogemaw loamy sands, 0 to 2 percent slopes, overwash,

The material underlying the subsoil is medium-to fine
textured in the Tosco and Ogemaw soils; coarse to medium
textured in the Ingalls soils; and moderately coarse or
coarse textured in the Richter soils. The Gladwin soils
are underlain by gravel or gravelly sand. In the Ogemaw
soils there is a sandy hardpan.

If the soils in this unit are drained, they can be success-
fully used for cultivated crops. In many areas, however,
frost limits the growing season and damages row crops
late in spring and early in fall. After drainage is im-
proved, a 4-year rotation made up of a row crop, a small
grain, and 2 years of grass-legume meadow is suitable.
Any less intensive rotation may also be used. Apply lime
and fertilizer according to needs indicated by soil tests.

The complex of Ingalls and Alpena soils occurs on lake
benches of Grand Traverse Bay. The Ingalls soils are
used principally for homesites, but some areas are in
orchards and some remain wooded. If these soils are used
for orchards, drainage and careful tillage are needed.

If well managed, rotation pasture and permanent pas-
ture both produce fairly high yields on the soils in this
unit. In establishing and maintaining pasture, provide
adéquate drainage, choose suitable plants, apply fertilizer
periodically, and keep livestock off when the soils are too
wet.

The original trees on these soils were hardwoods mixed
with swamp conifers. For restocking open areas, natural
seeding of northern hardwoods is generally preferred to
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planting desirable trees. Where natural reproduction
1s too slow, however, white pine and spruce can be planted.

SOIL MANAGEMENT UNIT 4/2bB (IIIw)

This unit is made up of gently or moderately sloping,
moderately dark colored, imperfectly drained or poorly
drained loamy sands, gravelly loamy sands, and gravelly
sandy loams. These soils are moderately low in natural
fertility and moisture-supplying capacity. They are some-
what better drained than the soils in management unit
4/2bA (1IIw), though they have more wet spots and
small seepage areas than do those soils. The soils in this
unit are—

Gladwin-Richter gravelly sandy loams, 2 to 6 percent slopes.

Gladwin-Richter gravelly sandy loams, 6 to 12 percent slopes.

Ingalls-Alpena gravelly loamy sands, 2 to 6 percent slopes
(Ingalls part).

Tosco loauny sand, 2 to 6 percent slopes.

Tosco loamy sand, 6 to 12 percent slopes.

Tosco-Ogemaw loamy sands, 2 to G percent slopes.

The material below the subsoil is medium to fine tex-
tured in the Tosco and Ogemaw soils; coavse to medium
textured in the Ingalls soils; and moderately coarse or
coarse textured in the Richter soils. Underlying the
Gladwin sotls is gravel or gravelly sand. The Ogemaw
soils have a sandy hardpan in the subsoil.

After drainage is improved, these soils are suited to
cultivated crops, but many areas are not well suited to row
crops, becanse frost limits the growing season and damages
plants late in spring and early in fall. If the soils are ade-
quately drained, a suitable votation is 1 year of a row crop,
1 year of small grain, and 2 years of grass-legume meadow.
Also suitable is any less intensive rotation. Lime and fer-
tilizer should be applied in amounts indicated by soil
tests.

The Tngalls soils occur closely with the Alpena soils on
lake benches along Grand Traverse Bay. Ingalls soils are
used chiefly for homesites, but some areas are wooded and
some are in orchards. If they are used for orchards, they
need to be drained and carefully tilled.

Under good management, the soils in this unit produce
fairly high yields of rotation pasture and of permanent
pasture. These yields are obtained by selecting suitable
plants, improving drainage, fertilizing periodically, and
keeping livestock off when the soils are wet.

The original woodland was a mixture of hardwoods and
swamp conifers. Restocking open areas by encouraging
natural reprodnction of northern hardwoods is generally
better than planting suitable trees. If natural reproduc-
tion is too slow, however, white pine and spruce can be
planted.

Soil management groups 5a, 5b, 5¢, and 5.3a

Soil management groups 5a, 5b, and 5¢ consist of sandy,
droughty soils on uplands that formed from sand parent
material. The soils in group 5a arve well drained or mod-
erately well drained, those in group 5b generally arve im-
perfectly drained, and those in group 5¢ are poorly draified
or very poorly drained. Soil management group 5.8a is
made up of deep sands that are extremely droughty.

Suggested practices of management for the soils in these
groups are given under the descriptions of the individual
soil management units.

SOIL MANAGEMENT UNIT 5aA (IVs)

In this unit ave nearly level, light-colored, well drained
or moderately well drained sands, loamy sands, and grav-
elly loamy sands. These soils are underlain by sand ov
sand and gravel. Fertility and moisture-supply,ing capac-
ity are generally low. Thesoils are—

Alpena-Eust Lake gravelly loamy sands, 0 to 2 percent slopes
(Bast Lake part).

Croswell loamy sands, 0 to 2 percent slopes, overwash.,

Croswell loamy sands, 0 to 2 percent slopes.

Croswell loamy sands, 0 to 2 percent slopes, moderately eroded.

Croswell-Rubicon sands, 0 to 2 percent slopes (Croswell part).

Croswell-Rubicon sands, 0 to 2 percent slopes, moderately
eroded (Croswell part).

East Lake-Mancelona loamy sands, 0 to 2 percent slopes (ast
Lake part).

Kalkaska loamy sand, 0 to 2 percent slopes.

Kalkaska loamy sand, 0 to 2 percent slopes, moderately eroded.

Kalkaska saud, 0 to 2 percent slopes.

Kalkaska sand, 0 to 2 percent slopes, moderately eroded.

Leelanau-Kalkaska loamy sands, 0 to 2 percent slopes (Kal-
kaska part).

Leelanau-Kalkaska loamy gands, 0 to 2 percent slopes, mod-
erately eroded (Kalkaska part).

Mancelona-Tast Lake loamy sands, 0 to 2 percent slopes (Bast
Lake part).

Montealm-Kalkaska loamy sands, 0 to 2 percent slopes (Kal-
kaska part).

Because economical production is difficult and yields are
low, these soils generally should not be used for cultivated
crops. If the soils are intensively managed, however, and
it fertility and the organic-matter content are maintained,
row crops, small grain, and grasses and legumes can be
grown successtully. A row crop for 1 year, a small grain
for 1 year,and a grass-legume mixture for 2 years make up
the most, intensive rotation that is suitable. Plow down all
crop residues and apply lime and fertilizer in amounts in-
dicated by soil tests.

By stripcropping at vight angles to the prevailing wind,
soil blowing can be controlled in cultivated areas. Plant-
mg windbreaks and shelterbelts provides further protec-
tion of large fields in cultivated crops.

Where these soils occur in areas of commercial orchards,
they can be planted to fruit trees in locations that have
favorable climate and good air drainage. Careful man-
agement of the soil is needed to produce high fruit yields
and adequate tree growth annually for the life of the
orchard. Cultivation is necessary only for aerating the
soil and for controlling the growth of plants used for
ground cover. Take special precautions to minimize the
competition between the fruit trees and the ground cover
fornutrients and moisture,

Low yields of rotation pasture are produced on these
soils. Permanent pasture yields poorly and deteriorates
rapidly unless it is frequently fertilized.

In eroded areas special management is needed to stabilize
the soil and establish a protective cover of plants. In
areas now covered with brush, forest trees are likely to ve-
generate naturally it the soils ave left undisturbed.

Sugar maple, beech, hornbeam, and black cherry are
the principal trees in wooded areas, and there are smaller
amounts of elm, basswood, aspen, white ash, and hemlock.
Conifers suitable for planting ave white pine and red pine.
Eroded spots should be stabilized before trees are planted.

SOIL MANAGEMENT UNIT 5aB (IVs)

This unit consists of gently sloping, light-colored, well
drained or moderately well drained sands, loamy sands,
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and gravelly loamy sands. These soils are generally under-
lain by sand or sand and gravel. Fertility, moisture-
supplying capacity, and content of organic matter are low.
The soils are—
Alpena-East Lake gravelly loamy sands, 2
(East Lake part).
Croswell loamy sands, 2 to 6 percent slopes, overwasl,
Croswell loamy sands, 2 to 6 percent slopes.
Sroswell loamy sands, 2 to 6 percent slopes, moderately eroded.
Croswell-Rubicon sands, 2 to 6 percent slopes (Croswell part).
East Lake-Mancelona loamy sands, 2 to 6 percent slopes (IDast
Takepart).
Kalkaska loamy sand, 2 to 6 percent slopes.
Kalkaska loamy sand, 2 to G percent slopes, moderately eroded.
Kalkaska sand, 2 to 6 percent slopes.
Kalkaskn sand. 2 to 6 percent slopes, moderately eroded.
Leelanan-Kalkaska loamy sands, 2 to 6 percent slopes (Kal-
kaska part).
Teelanau-Kalkaska loamy sands, 2 to 6
moderately eroded (Kalkaska part).
Mancelona-Tast Lake loamy sands, 2 to 6 percent slopes (Fast
Lake part).
Montealm-Kalkaska loamy sands, 2 to 6 percent slopes (Kal-
kaska part).
Montealm-Kalkagka loamy sands, 2
moderately eroded (Kalkaska part).
Rubicon-Menominee loamy sands, 2 to 6 percent slopes.

The Menominee soils are underlain by material that
is finer textured than that underlying the other soils.

Because of low yields, cultivated crops are not well
suited to these soils. Itthey are managed intensively, how-
ever, the soils can be successfully used to grow row crops,
small grain, and grasses and legumes. Fertility must be
maintained and the supply of organic matter replenished
if yields are to be satisfactory. When cultivated, the soils
arve susceptible to erosion, especially by wind, and ﬂmy need
management that contr ols blowing and washing.

Erosion can be controlled and the organic- matter content

can be maintained by stripcropping combined with a 4- -year
rotation consisting of a row crop, a small grain, and 2
years of a grass- 1eoume crop. Plow down crop residues
and apply Time and fertilizer accor ding to needs indicated
by soil tests. Where the soils oceur in hwe areas swept by
wind, a system of windbreaks and shelterbelts can be used
to protect crops and soils.

In areas of the county used for commercial ovrchards,
these soils are suited to fruit trees in locations that have
favorable climate and good air drainage. Careful man-
agement is needed to pxodnce high fruit yields and ade-
qlmte tree growth each year for the life of the orchard.
Cultivate 0111y when necessary to aérate the soil and to
control the growth of plants used for ground cover. Take
special precantions to minimize the competition between
the fruit trees and the cover crop for nutrients and
moisture.

Rotation pasture on these soils makes low yields. Unless
permanent, pasture is frequently fertilized, yields are poor
and the stand deteriorates rapidly.

Ineroded areas special management is needed to stabilize
the soil and to establish a protective cover. Areas now
covered with brush should be left undisturbed so that na-
tive trees reseed naturally.

Sugar maple, beech, hornbeam, and black cherry arve the
prineipal trees in wooded areas, and elm, basswood, aspen,
white ash, and hemlock are less common. White pine and
red pine are suitable conifers for planting. IEroded spots
should be stabilized before the trees are planted.

to 6 percent slopes

percent  slopes,

to G percent slopes,
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SOIL MANAGEMENT UNIT 5aC (Vls)

The soils in this unit are moderately sloping, well-
drained, light-colored sands, loamy sands, and gravelly
loamy s sands. These soils ave underlain by sand or by
sand and gravel. They are low in fertility and moisture-
supplying capacity. The soils are—

Alpena-East Lake gravelly loamy sands, 6 to 12 percent slopes
(Bast Lake part).

Hast Lake-Mancelona loamy sands, 6 1o 12 percent slopes (Fast
Lake part).

Last Lake-Mancelona loamy sands, G to 12 percent slopes,
moderately eroded (East Lake part).

Kalkaska loamy sand, ¢ to 12 percent slopes.

Kalkaska loamy sand, G to 12 percent slopes,
eroded.

Kalkaska loamy sand, 6 to 12 percent slopes, severely eroded.

Kalkaska sand, 6 to 12 percent slopes.

Kalkaska sand, 6 to 12 percent slopes, moderately eroded.

Leelanau- I\ﬂl]((l\kd loamy sands, 6 to 12 percent slopes (Kal-
kaska part).

T.eclanau-Kalkaska loamy sands, G to 12 percent slopes, mod-
erately eroded (Kalkaska part).

Mancelona-East Take loamy sands,
(East TLake part).

Montcalm-Kalkaska loamy
kaska part).

Montealm-Kalkaska loamy sands, 6 to 12 percent slopes, moder-
ately eroded (Katkaska part).

Rubicon-Menominee loamy sands, 6 to 12 percent slopes.

Because yields are low and crops are difficult to pro-
duce economically, these soils generally should not. be used
for cultivated crops.

In arveas of the county where orchard crops are grown
commercially, fruit trees can be planted on slopes that
have favorable climate and good air drainage. Soils in
young orchards should be carefully man: wed so that
growth is adequate each year, the yields of fr it are high,
and the trees remain plodu(,hvc throughout a long ite,
Cultivation is needed only to aerate the soil and to control
the perennial plants used as cover. Special precautions
should be taken to insure that the cover crop offers no
more than minimum competition to the trees for moisture
and nutrients.

Unless permanent pasture is fertilized trequently, yields
are poor and the stand deteriovates rapidly.

Stabilizing eroded arveas requires the use of special
Practices that give suitable grasses, shrubs, or other plants
a chance to establish a pr otective cover. Reforesting of
native trees through natural reseeding should be encour-
aged in areas now in brush.

“I'he most common trees in wooded areas ave sngar maple,
beech, hornbeam, and black cherry, and there are lesser
amounts of ehm, basswood, aspen, white ash, and hemlock.
Suitable conifers for planting are white pine and red
pine. Kroded spots should not be planted to trees until
the soils ave stabilized.

moderately

G to 12 percent slopes

sands, 6 to 12 percent slopes (Kal-

SOIL MANAGEMENT UNIT 5aC3 (V1Is)

Only Wind eroded land, sloping, is in this unit. It con-
sists of severely eroded sand that generally has little or
no plant cover and is frequently shifted by wind. It is
dominantly sloping but ranges from nearly level to
strongly sloping. All of the oviginal surface layer, much
of the subsoil and, in places, some of the material below
the subsoil have blown away. In places there are many
blowouts. The material removed from blowouts has been
deposited in thin layers and small dunes on areas nearby.
Between the blowonts are small arveas of slightly eroded
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or moderately eroded soils. Wind eroded land, sloping,
is very low in fertility and moisture-supplying capacity.

This land is too sandy and generally is too severely
eroded for uses other than woodland and wildlife habitat.
Because the sand frequently shifts and blows, it is difficult
to stabilize. In some places the smaller areas and the
islands of less eroded soils can be managed so that native
plants establish a cover naturally. Larger, more open
areas need to be stabilized by plantings of suitable vege-
tation and, in a few places, by other practices. Scotch
pine and jack pine can be planted where the sand is at
least partly protected by weeds, grasses, or shrubs, but
the plant cover should not be disturbed when the trees are
planted. Consult a soil conservationist for assistance in
choosing and applying the practices most suitable for a
specific area.

SOIL MANAGEMENT UNIT 5aD (VIIs)

This unit consists of strongly sloping, light-colored,
well-drained sands, loamy sands, and gravelly loamy
sands. In most places these soils are underlain by
sand, gravel, or a mixture of both. Natural fertility and
moisture-supplying capacity are low. The soils are—

Alpena-Fast Lake gravelly loamy sands, 12 to 18 percent slopes
(Bast Lake part). .

Bast Lake-Mancelona loamy sands, 12 to 18 percent slope
(East Lake part).

Kalkaska loamy sand, 12 to 18 percent slopes.

Kalkaska loamy sand, 12 to 18 percent slopes, moderately
eroded.

Kalkaska sand, 12 to 18 percent slopes.

Kalkaska sand, 12 to 18 percent slopes, moderately eroded.

Leelanau-Kalkaska loamy sands, 12 to 18 percent slopes (Kal-
kaska part).

Leelanau-Kalkaska loamy sands, 12 to 18 percent slopes,
moderately eroded (Kalkaska part).

Mancelona-East Lake loamy sands, 12 to 18 percent slopes
(Bast Lake part).

Mancelona-East Lake loamy sands, 12 to 18 percent slopes,
moderately eroded (East Lake part).

Montcalm-Kalkaska loamy sands, 12 to 18 percent slopes (Kal-
kaska part).

Montcalm-Kalkaska loamy sands, 12 to 18 percent slopes,
moderately eroded (Kalkaska part).

Rubicon-Menominee loamy sands, 12 to 18 percent slopes.

Because of low yields and unfavorable slopes, these soils
are not suitable for general farming. They can be used for
permanent pasture, but yields are generally low, even un-
der good management. To maintain a stand of plants
dense enough to prevent erosion, grazing should be care-
fully controlled and fertilizer applied annually.

The soils in this unit are generally too steep and too
rough for orchards, but where they occur in that part of the
county used for commercial orchards, some areas can be
planted to fruit trees if they are smoothed and are leveled
to a more gentle grade. Then, mechanized equipment can
be operated in orchards, and practices for controlling ero-
sion can be applied. The surface layer and subsoil are
likely to be removed in deeply cut parts of a field. In areas
of deep cuts, restoring fertility and establishing a protec-
tive cover of plants are major problems that may be diffi-
cult to solve unless technical help is obtained.

In wooded areas the most common trees are sugar maple,
beech, hornbeam, and black cherry, and there are lesser
amounts of elm, basswood, aspen, white ash, and hemlock.
White pine occurs singly and in small groups scattered
through the stands. For new plantings of trees, use white
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pine, red pine, or Norway spruce. Where slopes permit,
trees should be planted on the contour.

SOIL MANAGEMENT UNIT 5aE (VIIs)

This unit consists of steep, light-colored, well-drained
loamy sands and sands that are underlain by sand, gravel,
or a mixture of both. Fertility and moisture-supplying
capacity are very low. The soilsare—

East Lake-Mancelona loamy sands, 18 to 25 percent slopes
(East Lake part).

East Lake-Mancelona loamy sands, 18 to 25 percent slopes,
moderately eroded (Zast Lake part).

Kalkaska loamy sand, 18 to 25 percent slopes.

Kalkaska loamy sand, 18 to 25 percent slopes, moderately
eroded.

Kalkaska sand, 18 to 25 percent slopes.

Leelanau-Kalkaska loamy sands, 18 to 25 percent slopes (Kal-
kaska part).

Leelanau-Kalkaska loamy sands, 18 to 25 percent slopes,
moderately eroded (Kalkaska part).

Mancelona-East Lake loamy sands, 18 to 25 percent slopes
(East Lake part).

Mancelona-East Lake loamy sands, 18 to 25 percent slopes,
moderately eroded (East Lake part).

Montcalm-Kalkaska loamy sands, 18 to 25 percent slopes
(Kalkaska part).

Montealm-Kalkaska loamy sands, 18 to 25 percent slopes,
moderately eroded (Kalkaska part).

These soils are too steep for mechanized farming, They
are poor soils for permanent pasture because it is difficult
to keep grasses and legumes growing in stands dense
enough to provide fair grazing and to control erosion.

Uneroded and slightly eroded areas should be managed
so that native grasses, shrubs, or trees cover the soils natu-
rally. In moderately eroded areas and severely eroded
spots, further erosion can be controlled by planting suit-
able trees, shrubs, or grasses.

The main trees in the original forest were sugar maple,
beech, and hornbeam; they grew in mixture with elm,
basswood, aspen, white ash, and hemlock. Conifers suit-

able for planting are white pine and red pine.

SOIL MANAGEMENT UNIT 5aE3 (VIIs)

In this unit are strongly sloping to very steep, well-
drained, severely eroded land types that consist of loamy
sand or sand underlain by sand, loamy sand, or sand and
gravel. These land types have lost all the original surface
Jayer, much of the subsoil, and some of the material below
the subsoil through wind and water erosion. In some areas
there are blowouts, and near them are dunelike accumula-
tions of soil material. In other areas the land is cut by
deep gullies. Tertility and moisture-supplying capacity
arevery low. In thisunitare—

Gullied land.
Wind eroded land, strongly sloping.

This land is too sandy, too steep, or too severely eroded
for uses other than woodland and wildlife habitat. Be-
cause slopes are unfavorable and the sandy material is fre-
quently shifted by wind, the surface is diflicult to stabilize.
Native plants establish themselves naturally on some of
the smailer areas and on the islands of less eroded soils that
are included in some places. On larger and more open
areas, however, artificial seeding or planting is needed to
stabilize the shifting soil material and, in a few places,
other practices are required. Scotch pine and jack pine
can be planted if the sandy surface is partly protected by
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weeds, grasses, or shrubs. Consult a soil conservationist
for assistance in selecting and applying the practices
needed in specific areas.

SOIL MANAGEMENT UNIT 5aF (VIIs)

This unit is made up of very steep, light-colored, well-
drained loamy sands, gravelly loamy sands, and sands.
These soils are low in fertility and moisture-supplying
capacity. They are—

Alpena-East Lake gravelly loamy sands, 25 to 35 percent slopes
(Rast Lake part).

East Lake-Mancelona loamy sands, 25 to 35 percent slopes
(Bast Lake part).

Kalkaska loamy sand, 25 to 45 percent slopes.

Kalkaska loamy sand, 25 to 45 percent slopes, moderately
eroded.

Kalkaska sand, 25 to 45 percent slopes.

Leelanau-Kalkaska loamy sands, 25 to 45 percent slopes (Kal-
kaska part).

Leelanau-Kalkaska loamy sands, 25 to 45 percent slopes, mod-
erately eroded (Kalkaska part).

Mancelona-East Lake loamy sands, 25 to 45 percent slopes (ast
Lake part).

Mancelona-East Lake loamy sands, 25 to 45 percent slopes,
moderately eroded (BEast Lake part).

Montcalm-Kalkaska loamy sands, 25 to 45 percent slopes (Kal-
kaska part).

Montcalm-Kalkaska loamy sands, 25 to 45 percent slopes, mod-
erately eroded (Kalkaska part).

The East Lake soils are underlain by sand and gravel;
the Kalkaska soils are underlain by sand.

The soils in this unit are of little use except as wood-
land and as wildlife habitat. They are too steep for either
cropping or grazing.

If cleared of trees, these soils erode rapidly unless they
are protected by a permanent cover of grasses or shrubs.
Where these solls have been cleared but are only slightly
eroded, native plants should be encouraged to seed or
spread naturally. Some moderately eroded areas and
severely eroded spots are now stabilized by vegetation, but
others should be planted to grasses, shrubs, or trees that
are effective in controlling erosion.

The original forest on these soils consisted of sugar
maple, ash, elm, basswood, beech, and scattered groves of
aspen, hemlock, and white pine. Among the trees suitable
for planting are white pine and red pine.

SOIL MANAGEMENT UNIT 5bA (IVw)

This unit consists of moderately dark colored, imper-
fectly drained or poorly drained sands. These soils are
dominantly level or nearly level, but they are gently
sloping in places. They are very low in fertility and are
droughty if drained. The soils are—

Au Gres-Saugatuck sands, 0 to 2 percent slopes.
Au Gres-Saugatuck sands, 2 to 6 percent slopes.

The Saugatuck soils have a sandy hardpan.

The soils of this unit are not well suited to cultivated
crops, because they occur in areas where frost is a hazard;
the water table is too high for most crops in undrained
areas; soil fertility is unfavorable; and yields are generally
so low that crops are difficult to produce economically.
In spite of these drawbacks, however, cultivated crops can
be grown if the kind of crop is carefully chosen and if
management is good.

Under intensive management, permanent pasture makes
moderate yields on these soils. The main practices needed
are removing excess surface water, controlling weeds and

brush, liming and renovating periodically, and applying
fertilizer annually.

In wooded areas the stand is mainly a mixture of white
pine, red pine, white birch, and aspen, but balsam fir,
white-cedar, and red maple also occur. Cleared areas are
covered by native plants fairly rapidly through natural
reseeding. White pine and spruce can be planted on the
better drained Au Grpres soils, which do not have a hardpan.

SOIL MANAGEMENT UNIT 5cA (IVw)

This unit consists mainly of deep, poorly drained, sandy
soils that are covered with 0 to 12 inches of muck, but it
includes a shallow, very poorly drained organic soil that
has an overlying layer of sandy material. These dark-
colored soils are dominantly level or depressional, though
some areas arenearly level. Thesoilsare—

Eastport-Roscommon sands, 0 to 2 percent slopes (Roscom-
mon part).

Roscommon mucky loamy sand, overwash.

Roscommon mucky loamy sand.

Roscommon sand.

Tawas-Roscommon complex.

The Tawas soil has a 12- to 42-inch Iayer of muck under-
lain by sand.

The soils of this unit occur in low-lying areas where the
risk of frost generally is great and, except in drained areas,
the water table is high. Many areas are difficult to man-
age because they consist of the more productive organic
soils intermingled with sandy soils that are very low in
fertility and moisture-supplying capacity. Maintaining
an effective system of drains also is a major problem. If
management provides the practices needed to minimize
these problems, the soils can be used for small grain,
grasses, and legumes. )

Permanent pasture can be grown on these soils but, in
some places, the amount of forage produced varies widely
from one part of a field to another. Pasture yields are
very high on soils that have an organic layer more than
12 inches thick; they are moderate on mucky and loamy
sand and on soils that have an organic layer 2 to 12 inches
thick; and they are low on sands that have no overlying
layer of muck. Improved pasture can be maintained if
excess surface water is removed, if the level of the ground
water is controlled, and if fertilizer is added according
to the needs of each soil. Permanent pasture should be
renovated periodically, and weeds and brush should be
controlled. In many areas the yields of forage may be so
low that such intensive management it not practical.

Some areas of woodland are in mixed stands of white
pine, red pine, white birch, red maple, and aspen. Other
areas are covered by a mixture of balsam fir, white-cedar,
and black spruce. Natural regeneration is rapid, but white
pine and spruce are suitable for planting on the better
drained soils.

SOIL MANAGEMENT UNIT 5.3aAB (VIIs)

In this unit are deep, nearly level or gently sloping,
light-colored sands. These soils are very low in fertility
and moisture-supplying capacity. The soils are—

Croswell-Rubicon sands, O to 2 percent slopes (Rubicon part).

Croswell-Rubicon sands, 0 to 2 percent slopes, moderately
eroded (Rubicon part).

Croswell-Rubicon sands, 2 to 6 percent slopes (Rubicon part).

Eastport-Roscommon sands, 0 to 2 percent &lopes (Bastport
part).
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Grayling sand, 0 to G percent slopes.

Rubicon sand, 0 to 2 percent slopes.

Rubicon sand, 0 to 2 percent, slopes, moderately eroded.
Rubicon sand, 2 to 6 percent slopes.

Rubicon sand, 2 to G percent slopes, moderately eroded.

These soils are best used as woodland, for wildlife, and
for recreation. They are not used for crops, because yiclds
ave very low and crops often fail. The largest acreage is
now in commercial forests, public forests, public hunting
areas, and wildlife habitat.

Some areas of these soils that were burned over or were
farmed and then abandoned have been planted to jack
pine and red pine, and others are covered with a sparse
stand of brush or with scattered pine, cherry, maple, and
aspen.  Open areas of the Grayling soil typically have a
cover of sweetfern and big bluestem. Open areas of
Rubicon soils are covered by bracken fern and Canada
bluegrass. _ .

Scrub oak and aspen are the main trees in second-growth
woodland, and there are scattered red maple, white pine,
and red pine. Tf seed trees are nearby, pines establish
themselves fairly rapidly on soils that are protected by
stands of aspen. Trees suitable for planting ave jack pine
and red pine.

SOIL MANAGEMENT UNIT 5.3aCD (VIIs)

This unit is made up of deep, moderately or strongly
sloping, light-colored sands that are drvoughty. Their
fertility and moisture-supplying capacity are very low.
The soils are—

Rubicon sand, 6 to 12 percent slopes.

Rubicon sand, 6 {0 12 percent slopes, moderately eroded.
Rubicon sand, 12 to 18 percent slopes.

Rubicon siand, 12 to 18 percent slopes, moderately eroded.

Because yields are very low and the risk of crop failure
is high, these soils are not used for crops or pasture and
only a small acreage has ever been cultivated. Most areas
were repeatedly burned many years ago. The largest
acreage 18 now used for commercial forests, public hunting
areas, and wildlife habitat. Wooded areas are in second-
growth stands consisting mostly of scrub oak and aspen,
though a few red maple, white pine, and red pine are
scattered throughout.

Of the areas that were burned or were farmed and then
abandoned, some have been planted to jack pine and red
pine and others ave covered by a sparse growth of brush
or by scattered pine, cherry, red maple, and aspen. Open-
ings in woodland have a cover of bracken fern and Canada
bluegrass.

It seed trees ave nearby, pines establish themselves fairly
rapidly in areas that have a protective cover of aspen.
Juack pine and red pine are suitable for planting and, to
avoid gullying, should be planted on the contour. Some
slopes are too steep for machine planting.

SOIL MANAGEMENT UNIT 5.3aEF (VIIs)
This unit consists of steep or very steep, light-colored,
deep sands that ave droughty. These soils are very low in
natural fertility and moisture-supplying capacity. The
soils are—
Rubicon sand, 18 to 23 percent slopes.
Rubicon sand, 18 to 25 percent slopes, moderately eroded.

Rubicon sand, 25 to 43 percent slopes.
Rubicon sand, 25 to 45 percent slopes, moderately eroded.

The major part of these soils is used as commercial
forests, public hunting areas, and wildlife habitat. The
forests are second growth and consist mostly of scrub oak
and aspen, but, there are scattered red maple, white pine,
and red pine.

Much of the acreage is made up of burned over areas
and abandoned farmland. Of these areas, some have been
planted to jack pine and red pine and others are covered
by brush or by scattered pine, cherry, red maple, and aspen.
Open areas of woodland have a cover of bracken fern and
Canada bluegrass.

If the seed supply is adequate, pines regenerate fairly
rapidly in areas protected by stands of aspen. Jack pine
and red pine are suitable for planting and should be
planted on the contour. Because slopes are steep, me-
chanical planters are difficult to use.

Soil management group Sa

In this group are well drained or moderately well
drained soils that consist mostly of sand or sand and gravel.
These soils have no agricultural value.

SOIL MANAGEMENT UNIT Sa (VIIIs)

Only Lake beach and Eastport sand, 0 to 6 percent slopes,
ave in this unit.  These nearly level or gently sloping soils
consist of sand or of sand and gravel that contain a few
stones. Their natural fertility and moisture-supplying
capacity are very low. The Eastport soil is well drained
or moderately well drained.

These soils are used mainly for recreation and as home-
sites along the shore of Grand Traverse Bay. They are
suited to use as wildlife habitat, and the Eastport soil is
suited to plants that form a permanent cover.

On Eastport sand the-original forest was a mixture of
northern hardwoods and conifers. White pine and red
pine can be planted on this soil, but open and eroded areas
need to be stabilized with beachgrass or other suitable
plants before tree plantings are made,

Areas of Lake beach are continuously changing as the
lake rises and falls and as waves and currents remove or
deposit coarse-textured material. This erosion and dep-
osition can be reduced by several methods that are de-
scribed in the bulletin “Low-Cost Shore Protection for the
Great Lakes,” published by the University of Michigan.

Soil management group Ga

This group consists of gravelly soils that are not suitable
for cultivation. They are most suitable for pasture or
trees.

SOIL MANAGEMENT UNIT GaAF (VIIs)

This unit consists of level to very steep, light-colored,
well-drained gravelly loamy sands that occupy side slopes
and gravelly ridges. These soils are underlain by loose,
calcareous sand and gravel that occur near the surface in
some places and are 3 to 4 feet below it in others. In some
places the surface layer is gravelly sandy loam. The mois-
ture-supplying capacity is low. The soils are—

Alpena-East Take gravelly lonmy sands, 0 to 2 percent slopes
(Alpena part).

Alpena-Bast Take gravelly Toamy sands, 2 to 6 percent slopes
(Alpena part).

Alpena-Fast Lake gravelly loamy sands, 6 to 12 percent slopes
(Alpena part).

Alpena-East Lake gravelly lonmy sands, 12 to 18 percent slopes
(Alpena part),
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Alpena-East Lake gravelly loamy sands, 25 to 35 percent slopes
(Alpena part).

Gravelly land, moderately steep.

Gravelly land, steep.

Ingalls-Alpena gravelly loamy sands,
(Alpena part).

Ingalls-Alpena gravelly loamy sands, 2 to 6 percent slopes
(Alpena part).

All of these soils were originally in stands of sugar
maple, beech, elm, basswood, black cherry, and a few
white pine. Many areas have been cleared and cropped,
though the soils are nof, suited to cultivated crops. They
are fairly well snited to grasses and legumes for pasture,
but grazing is limited by oravel and Steep slopes.

Tn areas that are no more than slightly eroded and are
protected from grazing, fairly .ap]d establishment of
grasses, shrubs, or trees can be expected through natural
seeding. If erosion has been moderate or severe, the aveas

can be stabilized by planting grasses or shrubs, but a good
stand of these plants is di flicult to obtain because the soils
are gravelly and, in many places, calcareous. Eroded
areas are commonly managed so that native plants seed
or sprout naturally, Lhouf)h this method of stabilizing
the soils requires more time than does artificial p]fmfm,g

0 to 2 percent slopes

Soil management group Ldc

In this group are poorly drained soils that consist of
alternate layers of muck and mineral materials. Pasture
and woodland are the best uses for these soils.

SOIL MANAGEMENT UNIT Lic (Vw)

Ierston muck—the only soil in this unit—is nearly level,
poorly drained, dark colored, and stratified. This organic
soil occurs along streams and consists of alternate layers
of mineral material and muck. It has a water table that
flnctuates considerably, and most arecas are flooded in
spring. In some places the surface is covered by coarse-
textured material that washed in from soils upstream.

Because this soil is wet and likely to be flooded at times,
it is best suited to plants that form a permanent cover.
Faivly high yields of permanent pasture can be obtained
by selecting forage plants well suited to the soil and by
applying adequate fertilizer. Controlling weeds and
brush is a problem.

The forvest cover consists principally of elm, black ash,
red maple, alder, willows, balsam fir, white spruce, black
spruce, white-cedar, and tamarack. Native trees establish
themselves rapidly in openings. White pine and spruce
are suitable for planting in better drained areas.

Soil management groups Mc, M/mec, and Mc-a

These soil management groups are made up of poorly
drained organic soils, which are generally called mucks
or peats. In group Mc ave mainly deep organic soils
over sandy loam; in group M/mc are shallow to moder-
ately deep mucks over marl; and in gronp Mc-a are deep,
strongly acid peats. These soils are not suitable for culti-
vation, but most of them are suitable for other agricul-
tural uses. Their management is discussed under the
descriptions of the lndl\'ldua] soil. management units,

SOIL MANAGEMENT UNIT Mc (Vw)
In this unit are organic soils that are mainly level or
depressional, though a few aveas are gently sloping. Most
T59-765—65-—8
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of these soils are deep and consist mainly of black, well-
decomposed, neutral or slightly alkaline muck. In some
places the soils*are covered by an overwash of mineral
material that eroded from adjacent uplands. The soils in
this unit ave—

Houghton muck,

Luapton muck.
Markey muck.
Rifle peat.

The Markey soil is 12 to 42 inches thick over
the Rifle soil consists of brown,
strongly acid peat.

Tn Grand Traverse County, only a small acreage of these
soils is used for cultivated crops. Generally, “the frost
hazard is so severe that most crops cannot be grown. In
addition, the soils are wet and must be dr ained before
they can be farmed.

In areas where the risk of frost is not great, row crops
and truck crops can be successfully grown it drainage
is improved, but careful management is needed. Perma-
nent pashne 1s highly pr oductive in drained areas.

In wooded areas the kinds of trees vary from place to
place. Some stands are made up of white-cedar, black
spruce, balsam fir, and other swamp conifers. Tn other
aveas the trees are sugar maple, elm, yellow birch, aspen,
and other northern hardwoods.

Some areas of these soils are used as wildlife habitat.
Along streams and next to lakes, some areas are covered
by w ater that is impounded and stored through the use of
devices for controlling the water level. Narrow strips
bordering lakes are used as sites for houses and resort
bulldmns many parts of these strips have been covered
with a thick fill of mineral soil.

sand, and
slightly decomposed,

SOIL MANAGEMENT UNIT M/mc (Vw)

The only soil in this unit is Edwards muck. 1t isa level
or slightly depressional, shallow to moderately deep, dark-
colored organic soil ghat is underlain by marl at a depth
of 12 to 42 inches. In some areas it is covered with ma-
terial that washed in from mineral soils.

This soil is wet, and crops growing on it are more likely
to be damaged by frost than those on adjacent uplands.
For these reasons, the soil is best, suited to plants that form
a permanent cover. If drainage is improved, small grain
and meadow crops can be grown. The soil is not suitable
for intensive cultivation, however, because the muck is
commonly so shallow that roots penetrate to the underlying
marl, which is highly alkaline and is injurious to plants.
Also, frost is o greater hazard to row crops than to small
grain and hay crops.

If well managed, this soil produces high yields of per-
manent pasture. Many kinds of forage plants can be
grown, but their suitability depends on the degree of
drainage provided, the extent to which the water table is
controlled, and the amount of fertilizer applied.

Native woodland consists mainly of elm, black ash, red
maple, alder, willows, balsam fir, white spruce, black
spruce, white-cedar, and tamarack. Conifers should not
be planted on this soil.

Many areas are used as wildlife habitat, and others are
used for storing water. In some places there are small
areas bmdennrr the larger lakes that provide sites for
homes and resort buﬂdmos In these areas Edwards
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muck has commonly been covered with a thick fill of
mineral soil material.

SOIL MANAGEMENT UNIT Mec-a (VIIIw)

Only one soil, Greenwood peat, is in this unit. It isan
extremely acid, very poorly drained organic soil that con-
sists of yellow, slightly decomposed, fibrous peat.

This soil is suited to use as wildlife habitat; it is not
suited to crops, pasture, or forest trees. The plant cover
is made up mostly of leatherleaf, Labrador tea, and
sphagnum and other mosses. In some areas there are a
few, stunted black spruce and tamarack.

Estimated Yields

Table 7 gives the estimated average acre yields for the
principal crops grown in Grand Traverse County. The
estimates are given by soils at two levels of management.
In columns A are the yields that are expected under com-
mon management, or the management that is generally
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used in the county. In columns B are the yields that ave
expected under improved management.

Estimated yields given for crops on the soils of a com-
plex or on a group of undifferentiated soils are for the
mapping unit as a whole, not for the component soils. The
yields are those to be expected from crops grown in fields
where the individual soils of a complex or other group are
closely intermingled. The estimates were not obtained
by averaging the yields of crops on the component soils.

Because of variations in rainfall, in the length of the
growing season, and in the eflects of past management,
the yields listed in columns A and columns B cannot be
expected every year on every farm. The yields given,
however, indicate the relative productivity of the soils in
Grand Traverse County. The data are based on informa-
tion obtained from farmers, from members of the staff
of the Michigan State Agricultural Experiment Station,
from Soil Conservation Service personnel, and from others
familiar with the agriculture of the county.

TapLe 7.—Estimated average yields per acre of principal crops under two levels of management

[Yiclds in columns A are those to be expected over a period of years under common, or prevailing, management; yiclds in columns Bare

those to be expected under improved management.
narily grown on the soil]

Absence of yield indieates soil is not suited to the erop or that crop is not ordi-

Corn for | Corn for | Oats Wheat Alfalfa- Mixed hay
grain silage brome
Soil
A|B|A|B|A|B|A|B A B A B
Bu. | Bu. | Tons| Tons | Bu. | Bu. | Bu. | Bu Tons Tons Tons Tons
Alpena-Tiast Lake gravelly loamy sands, 0 to 2 percent slopes.. .. _. U U U P g i R )
Alpena-Tiast Lake gravelly loamy sands, 2 to 6 percent slopes___ .. SRR FROUOUY g RN V) QMO QU P puyiyu i S O [
Alpena-Tast Lake gravelly loamy sands, 6 to 12 perecent slopes._ - __|- -] coo|omeo|mmmn|omeo| oo o]om e e me e[ mm e [ e
Alpena-East Lake gravelly loamy sands, 12 to 18 percent slopes. - |- cavfocoofcooo]mmmo]ammm]acmm]o e o | m e [ ce oo | [l
Alpena-Tast Lake gravelly loamy sands, 25 to 35 pereent slopes. |- o2l ool om e ool e e cm e e e
Au Gres-Saugatuck sands, 0 to 2 percent slopes_._. . ._.______ SNPRROR RURPUN PRPRRVER U PRy ey Ui P SR
An Gres-Saugatuck sands, 2 to 6 percent slopes_ ..o _______._ ) S IS
Coventry-Newaygo loams, 0 to 2 percent slopes._ . - oo ______ 35|75 6|13 |35|65 (25|35 | 14| 2.8 0.7 1.8
Coventry-Newaygo loams, 2 to 6 percent slopes. - - _____________ 35| 75| 6113 (35165125136 14| 28 .7 1.8
Coventry-Newaygo loams, 6 to 12 percent slopes_ - - _____________ 30170 5112 |30 55|20 30 1.4| 2.8 7 1.8
Croswell loamy sands, 0 to 2 percent slopes, overwash____________ 201 40| 4| 712013015120 15| 25 .8 1.5
Croswell loamy sands, 0 to 2 percent slopes_ - .. _______________ 20{40) 4| 7120 |30]| 15|20 1.5 2.5 .8 1.5
Croswell loamy sands, 0 to 2 percent slopes, moderately eroded-__.| 15 | 35 3 6120|3015 |20 1.5 2.5 .8 1.5
Croswell loamy sands, 2 to 6 percent slopes, overwash____________ 20 140 ] 4| 7120301520} 1.5| 2.5 .8 1.5
Croswell loamy sands, 2 to 6 percent slopes. .o oo _____. 20 |40 4| 7120|3015 |20 1.5 2.5 .8 1.5
Croswell loamy sands, 2 to 6 percent slopes, moderately eroded-___| 15 | 35 3 6120|3015 |20 1.5 2.5 .8 1.5
Croswell-Rubicon sands, 0 to 2 percent slopes_ .. __________ SSRGS RORPUE RSO RPUOU SSpUQU RSO I UG ) O UpRY PO
Croswell-Rubicon sands, 0 to 2 percent slopes, moderately eroded_ _ |- - _ |- o ole oo ]|m o e | mmm [ e e e a el
Croswell-Rubicon sands, 2 to 6 percentislopes_ . _____.__________ JUVRVNES PRV (RRPUURS PRy ROy MRSy (SRR Sy g SR SO I
East Lake-Mancelona loamy sands, 0 to 2 percent slopes_ .. ______ 30 (50| 511030 |45 |15 |25 1.0 2.0 .5 1.0
Last Lake-Mancelona loamy sands, 2 to 6 percent slopes- - ____. 30 | 50 5110 |30 |45 115 | 25 1.0 2.0 .5 1.0
Tast Lake-Mancelona loamy sands, 6 to 12 percent slopes________ 25 140 4| 7 {2540 15|25 1.0} 2.0 .5 1.0
East Lakce-Mancelona loamy sands, 6 to 12 pereent slopes, moder-
ately eroded . oo oo 20 135 4 7120)35]|121]20 1.0 2.0 .5 1.0
East Lake-Mancelona loamy sands, 12 to 18 percent slopes- - - ___. cemeemae|ef| 15| 30 | 10 | 20 1.0 | 2.0 .5 1.0
East Lake-Mancelona loamy sands, 18 10 25 percent slopes_ . . __ e rma e e e e |--=} LLO ] 2.0 .5 1.0
East Lake-Mancelona loamy sands, 18 to 25 percent slopes, moder-
ately eroded. o . .o e JRUSNS PR (RORURNE JRPURPRS JRSPIURS IRPUUUY (RPN PPN B S 2.0 .5 1.0
Bast Lake-Mancelona loamy sands, 25 to 35 percent slopes_ - ____ JEUSUNN SUNOUDY IR IUUUIO DI AU JPIN pIpN FOUNEIUN FUISIPIN PR
Eastport-Roscommon sands, 0 to 2 percent slopes. .. _____. RN SR PSS NP IO ADUORY FUPNS NUPUUN (NP NI [ROUP PR
Edwards muek - o .. DRV DRV (RN PRI FRORVIUE SRS PR PRIV FVEUORUIN SNPUPUNO) FOUNIIRN BN
Emmet gravelly sandy loam, 0 to 2 percent slopes_ - - ________._ 35 | 65 5110|3555 | 15| 35 1.4 | 2.8 .7 1.8
Emmet gravelly sandy loam, 2 to 6 percent slopes- - ____________ 35| 65 5110] 35| 55 15| 35 1.4} 2.8 .7 1.8
Emmet gravelly sandy loam, 6 to 12 percent slopes_ - ____________ 35| 65 5110 35| 55| 15 ( 35 1.4 2.8 .7 1.8
Emmet gravelly sandy loam, 12 to 18 percent slopes_ ... _____ cmafmmeafecaa]oa=2| 30 | 50 ] 15 | 25 1.4 2.8 .7 1. 8
Emmet gravelly sandy loam, 12 to 18 percent slopes, moderately
eroded . - oo . e edcemeeeeoes mmefomaloo o1 25 ] 451 15 25 1.0 23 .5 1.3
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Taere 7—FEstimated average yields per acre of principal crops under two levels of management—Continued

Corn for | Corn for | Oats Wheat Alfalfa- Mixed hay
grain silage brome
Soil

A|B|A|B|AB|]A B A B A B

Bu, | Bu. | Tons| Tons| Bu. | Bu. | Bu. | Bu Tons Tons Tons Tons
Emmet gravelly sandy loam, 18 to 25 percent slopes_ ... ._.______ oo feee e O] 2.3} 0.5 L
Emmet gravelly sandy loam, 18 to 25 percent slopes, moderately

eroded - o o e e eeamm SRR VRN SRR SURUN PRPRUN MUY R SR B PR ) B A .5 1.3
Emmet gravelly sandy loam, 25 to 45 percent slopes_ _ . ________._. RPN SRRSO SR PRUVRPR DRSPS [y JUPUPON (PSR PRSP PRy U R R
Ernmgt dgravelly sandy loam, 25 to 45 percent slopes, moderately
eroded. - . e SRS RO NS RSV PR SO (STUOR FEIP ISRt [P PDIGIPINN SR

Emmet sandy loam, 0 to 2 percent slopes_ . oo oo 60 | 80| 12 | 15| 40 | 65 | 25 | 40 2.2 3.8 1.4 2.2
Emmet sandy loam, 2 to 6 percent slopes. - oo i momnnn 60| 8 | 12115140 6512540} 2.2 | 3.8 1.4 2.2
Emmet sandy loam, 2 to 6 percent slopes, moderately eroded._.__ 55| 70| 11|14 { 35| 60| 20 | 35 1.9 3.5 1.2 2.0
Emmet sandy loam, 6 to 12 percent slopes_ __ ..o meoooo. 55| 70| 111 14 | 35| 60 | 20 | 35 221 3.8 1. 4 2.2
LEmmet sandy loam, 6 to 12 percent slopes, moderately eroded_____ 50 | 60 [ 10| 12 | 30| 55| 151 30 1.9 3.6 1.2 2.0
Emmet sandy loam, 12 to 18 percent slopes..________________._._ ee|eeeafeana]eao2f 30 1 50 | 15 | 30 2.2 3.8 1.4 2.2
Emmet sandy loam, 12 to 18 percent slopes, moderately eroded_.._{-_--|-___f____{-_._| 20 | 40 | 10 | 25 1.9 3.5 1.2 2.0
Emmet sandy loam, 18 to 25 percent slopes__ ___ ________________ cmmfeme oo e e e 2] 2.0 3.5 1.2 2.0
Timmet sandy loam, 18 to 25 percent slopes, moderately eroded____|- |- |- oo |-cofooof----] 18] 3.1 1.0 1.8
Emmet sandy loam, 18 to 25 percent slopes, severely eroded._ .. ___ SRR RPN PRNUU) JUPUUPNS SEPUNPN NEUPIN FESUPIVN PRPRRp PRPIEPRPDN) JEPPpRS PRI P
Emmet sandy loam, 25 to 45 percent slopes__ ..o ____ SRR RPN RPN PO JIPDIPN FDUPION SUIPON pRpup [EPIPURp) PPUpIR PIUpIPp) ORI
Emmet sandy loam, 25 to 45 percent slopes, moderately eroded_ . _ |- .o {oooo|o o] oc]o o |oce o mm o e e
Emmet sandy loam, 25 to 45 percent slopes, severely eroded. - . __ JESPROES NS PSP [SPUO FENPUDN URPS SEVUPIO PPN FEPRUPPRPN DRSNS NOUpU R M
Fresh water marsh_ _ _ _ L _ae___ PR PRSP JEPPIORY ISP FRUUPIVR RRRPIVEN JESPIUE PRSI FRPUDUPRIE PRPSRUPDRON FUNUPRION PR
Gladwin-Richter gravelly sandy loams, 0 to 2 percent slopes. .. ... 35165 5|11 (35 |55[20)30(| 1.5 28] 1.0 1.8
Gladwin-Richter gravelly sandy loams, 2 to 6 percent slopes...._. 351 65 5|11 |35|55]| 20| 30 1.5 2.8 1.0 1. 8
Gladwin-Richter gravelly sandy loams, 6 to 12 percent slopes_ .. __ 30 | 60 5110 35| 551 15| 25 1.5 2.8 1.0 1.8
Gravelly land, moderately steep_ . .. SEPRUUP [NV PR PEPUDHURY INUUS PRUSPU DRSIPUUE PPN JRPUHPIUDE JPDUPRIR JPRUPR PRpE
Gravelly land, steep. . .o oo e SRR RN SEUIUUN FEPUUHPEN SEPUPHPSE RURPH FRURPUIY [RPRUUN FRUPDHU (PRI PSURI PN
Gravel pibs. o e [ (SRS UURUEN ISR PN IR P SO SUNUU IR B M
Grayling sand, 0 to 6 pereent slopes__ .- .. _____.______ JRURDRIE PRROUUR (RPN IRPUVHN RTINS PPN S ENENIN FROUIPI SISOt VP I
Greenwood peat . e SR SRR FRUSRN ISUUOUN PR PRV IO IR FPURUNPN FUEN I R
Guelph-Nester loams, 0 to 2 percent slopes_ ... .. __.___ 50 | 80| 9|14 (35| 60| 30 45 2.2 40 1.4 3.0
Guelph-Nester loams, 2 to 6 percent slopes___ .. _________________ 50 | 80 9114 |35] 60 30| 45 2.2 4.0 1. 4 3.0
Guelph-Nester loams, 2 to 6 percent slopes, moderately eroded.___| 35 | 70 | 6 | 12| 25 | 50 | 25 | 40 1.7 3.5] 10 2.5
Guelph-Nester loams, 6 to 12 percent slopes, moderately croded_._| 35 | 60 6111 (30 45| 251 35 1.7 3.5 1.0 2.5
Guelph-Nester loams, 12 to 18 percent slopes_ ... _________.____. oo || 25140} 20 | 30 2.2 4.0 1.4 3.0
Guelph-Nester loams, 12 to 18 percent slopes, moderately croded. _|_.__|--.|-__|-.--| 20|35 | 15|25 17| 35| 1.0 2.5
Guclph-Nester loams, 18 to 25 percent slopes, moderately eroded . |- _{. |- |ococ|ococ|ccc|ocaloco| L6} 3.0 .9 2.0
Guelph-Nester loams, 25 to 35 percent slopes, moderately eroded . |- - - |- |- o]o e oo mfome | o oo e e e
Gullied Yand . - e e [SURURU RN SRUUON PO (VSN FRUUNU (RSN SUPRN DRNIPRRUHU UNPOUDIO IR I
Houghton muek . . __ e JRSRS EUDU SEUUE UUUSUUUNS FNIREUNS FERUPUR FRUUPNPEY FEUUNUN FNUREDRUNON SRR RN I
Ingalls-Alpena gravelly loamy sands, 0 to 2 percent slopes_ _ ______ SRR (SRR FEURURU U PRI URPUNU DRUNUION JEUNUUN PP RSN NI
Ingalls-Alpena gravelly loamy sands, 2 to 6 percent slopes_ . ______ RO PRRRUR PEUIORUR PUPRDUNEN IPUUHVS RSV RSV ISPRRIN IPUEPRURIY JPURPRRT [PIUPRR U
Tosco loamy sand, 2 to 6 percent 810PES_ - o e oo ___ 40 | 60 6 8130|5020 30 1.5 3.0 .7 2.0
Tosco loamy sand, 6 to 12 percent slopes. - - oo 30 | 50 5 7125|456 |15 1| 25 1.5 3.0 - .7 2.0
Tosco-Ogemaw loamy sands, 0 to 2 percent slopes, overwash__.____ 20 | 35 3 5115|3510 20 1.2 2.5 .6 1.5
Tosco-Ogemaw loamy sands, 0 to 2 percent slopes_ .. ____________ 20 | 35 3 51156135 |10 | 20 1.2 | 2.5 .6 1.5
Tosco-Ogemaw loamy sands, 2 to 6 percent slopes__ .. _______.__.__ 20135 3| 5(15{35]10|20| 1.2 | 2.5 .6 1.5
Kalkaska loamy sand, 0 to 2 percent slopes. - ___.____________ 20 | 45 4 7120 (30|15 20 .5 1.2 .4 .8
Kalkaska loamy sand, 0 to 2 percent slopes, moderately eroded_. ____ 15 | 30 3 6152510 | 15 .5 1.2 .4 .8
Kalkaska loamy sand, 2 to 6 percent slopes_ ____________________ 20 |45 | 4§ 712013015120 .5 1.2 .4 .8
Kalkaska loamy sand, 2 to 6 pereent slopes, moderately eroded____| 15 | 30 3 615125110 | 15 .5 1.2 .4 .8
Kalkaska loamy sand, 6 to 12 percent slopes— . .. ... _______ 20 | 40 4 7115|251 15 20 .5 1.2 .4 .8
Kalkaska loamy sand, 6 to 12 percent slopes, moderately eroded.__| 15 | 25 3 61525 (1015 .5 1.2 .4 .2
Kalkaska loamy sand, 6 to 12 percent slopes, severely eroded______ SRR (SRR (PSS EPDUPRN SNV IROTOUNS IOUPUON EDSRIN SUUOIPIUN RN pRpIp I
Kalkaska loamy sand, 12 to 18 percent slopes. ..o ______ [SURURE NROR FRNRN URPRUN SURRN NP SN N 5 1.0 .4 .8
Kalkaska loamy sand, 12 to 18 percent slopes, moderately eroded. |- _ - | | | |oco oo oo e o e m e em e o] m e e ee
Kalkaska loamy sand, 18 to 25 percent slopes_ ... ___________ USRNSSR RUPUDE (RURPIPR PPN SUSUUR RUNPIN FPIPUR (PIURIPDS SPRPRUPO (SUPPRRY IEPRRUON
Kalkaska loamy sand, 18 to 25 percent slopes, moderately eroded. - - |- oo oo o|o oo oo oo oo oo oo e e e
Kalkaska loamy sand, 25 to 45 percent slopes_ - - ... ______..__ FEUUOS [RURUR NEUNY SRV [N S SR I SO [UROUPN EPUPIIIN NONUP
Kalkaska loamy sand, 25 to 45 pereent slopes, moderately eroded__{.__ |- oo o] |oc o] cfom o] oo e e mme e e e
Kalkaska sand, 0 to 2 percent slopes. - .- _________ 15 | 30 3 5115|2512} 18 .5 1.2 .4 .8
Kalkaska sand, 0 to 2 percent slopes, moderately eroded_.________ 15 | 30 3 515125 |12 18 .5 1.2 .4 .8
Kalkaska sand, 2 to 6 percent slopes. .. __________________.__._. 15130 | 3 5115125 |12 18 .5 1.2 .4 .8
Kalkaska sand, 2 to 6 percent slopes, moderately eroded_.._..__.. 10 | 20 2 4110 (2010 |15 .5 1.2 .4 .8
Kalkaska sand, 6 to 12 percent slopes_ _ oo 12 | 25 2 4112 (20141218 .5 1.2 .4 .8
Kalkaska sand, 6 to 12 percent slopes, moderately eroded_.__.____ 10 | 20 2 4110(20}10 | 15 .5 1.2 .4 .8
Kalkaska sand, 12 to 18 percent slopes. - .. _ oo _____ SERUURUNY FRURRON SRR FRUUUUR RURPRU ISR AU .5 1.2 .4 .8
Kalkaska sand, 12 to 18 percent slopes, moderately eroded__..____ RN (NURPEUES IEVRROS DRSO SN U SO (RPN MO (RN S HPU
Kalkaska sand, 18 to 25 percent slopes._ _ - oo oo . [N (SRR PEONUD SOVUURY ANUURREN FRNNRSN FUNPUUN OURUPN [SURDIPUDION RORUNPRIPN ISP F



74 SOIL SURVEY SERIES 1958, NO. 34

Tonue 7T—Estimated average yields per acre of principal crops under two levels of management—Continued

Corn for | Corn for| Oats Wheat Alfalfa- Mixed hay
grain silage brome
Soil
AIB|A|B]A|B|A|B A B A B
Bu. | Bu. | Tons| Tons| Bu. | Bu. | Bu. | Bu. Tons Tons Tons Tons
Kalkaska sand, 25 to 45 percent slopes. - ____________ RN RS ) Y D) O PP PP (S GOSN DS S P
Karlin loamy sand, 0 to 2 percent slopes. - oo oo oo oo 30160 5 7155703040 | 2.8] 3.5 2.0 2.5
Karlin loamy sand, 2 to 6 pereent slopes_. . oo ... 30 | 60 5 71585170 |30 40 2.8 3.5 2.0 2.5
Karlin loamy sand, 6 to 12 pereent slopes. oo oo oo 25 | 55 5 7160|6525 35 2.5 3.0 1.8 2.2
Karlin loamy sand, 6 to 12 percent slopes, moderately eroded____. 20 | 45 4 6 |50 |65] 25 35 2.5 3.0 1.8 2.2
Karlin loamy sand, 12 to 18 pereent slopes-_ . ... e e e 2.2 2.8 1.5 1.9
Karlin loamy sand, 12 to 18 percent slopes, moderately eroded - o C oo oo |oo oo oo o|ooo]acae] 2.0 2.6 1.2 1.8
Karlin loamy sand, 18 to 25 percent slopes_ - _________ [SUUUREN RGO [EUSPNY FEORSO PR AN PP SR B 2.8 1.5 1.9
Karlin loamy sand, 18 to 25 perceent slopes, moderately croded_ - - jo oo oo |oooo|eaoo|acac]amaafoca|-o2| 1.9 2.5 1.1 1.7
Karlin loamy sand, 25 to 45 pereent slopes._ .o ______ JERRPRS R O UV ) ) ) P PO PSR
Karlin loamy sand, 25 to 45 pereent slopes, moderately eroded - - - |- oo oo oo 0| oo oo o e e oo e oo e e e e e
Karlin sandy loams, 0 to 2 percent slopes_ . _____________ 351 60 6 9| 851 70| 30| 40 2.8 3.5 2.0 2.5
Karlin sandy loams, 2 to 6 percent slopes____ . ________________ 35 | 60 6 915651703040 2.8 3.5 2.0 2.5
Karlin sandy loams, 6 to 12 pereent stopes_ . oe oo . ___ 30 | 55 6 91 50 65| 25| 35 2.6 3.2 1. 8 2.4
Kerston muek. .o e JUUREUR [PV o Y i O O O P PR
Lake beach and Eastport sand, 0 to 6 percent slopes______._._._ JEPEUUON PR (SRS R UV (RURPU PRSP IO FRRUUPUIPT PRSI PR
Leclanau-Kalkaska loamy sands, 0 to 2 percent slopes.._.________ 30 | 55 G 91 25|50 15|20 1.0 1.5 1.0 1.2
Leelanau-Kalkaska loamy sands, 0 to 2 percent slopes, moderately
eroded . .o e 25 | 45 5 8 20| 45 | 15| 20 1.0 1.5 1.0 1.2
Leelanau-IKalkaska loamy sands, 2 to 6 percent slopes_...________ 301 55 6 9125|5015 20 1.0 1.5 1.0 1.2
Leelanan-Kalkaska loamy sands, 2 to 6 percent slopes, moderately
eroded o e 25 | 45 5 8120 | 45| 15| 20 1.0 1.5 1.0 1.2
Leelanau-Nalkaska loamy sands, 6 to 12 percent slopes_ ... _____ 20 40| 4 8120 | 40} 12| 18 1.0 1.5 1.0 1.2
Leelanau-RKalkaska loamy sands, 6 to 12 percent slopes, moderately
eroded. - o e 151 35 4 7115 (135| 10 15 1.0 1.5 .8 1.0
Leclanau-Kalkaska loamy sands, 12 to 18 percent slopes_ .. _____ cee e |eeeoa ] 20 B35 ] 12| 18 1.0 1.5 1.0 1.2
Leclanau-Kalkaska loamy sands, 12 to 18 pereent slopes, moderate-
ly eroded _ _ _ . e |eeojeo| 1B | 30 10 | 1B 1.0 1.5 1.0 1.2
Leelanau-Kalkaska loamy sands, 18 to 25 percent slopes_ ... _._ U PR SO PUUNN U DRIV IR, IS B P [.5 1.0 1.2
Leclanau-Kalkaska loamy sands, 18 to 25 percent slopes, moderate-
ly eroded - _ .. SRR R U QU RS (RO DR [ . 8 1.2 .8 .9
Leclanau-Kalkaska loamy sands, 25 to 45 pereent slopes. ... ____ RS [ SOOI (RORpEES FRPUDUN PRDRPEpS) JRPIPUI PPN FVUNIPRIPN PRUNRPIP FURIOIP I
Lecelanau-Kalkaska loamy sands, 25 to 45 pereent slopes, moderate-
ly eroded - - e RPN UOSEV [P (F  USUuS SO DR PR RIS RN RS
Lupton muek - _ . JEUSS DO U DU PR PO DU U S U PO P,
Mancelona gravelly sandy loam, 0 to 2 pereent slopes. oo _. 30160 | 6| 11| 35155 |20 30 1.5 2.8 .8 1.8
Maneclona gravelly sandy loam, 2 to 6 pereent slopes_ - ______ 30 1 60 61111355520 30 1.5 2.8 .8 1.8
Manecelona gravelly sandy loam, 6 to 12 percent slopes. oo __ . 25 | B5 5110|3050 15| 25 1.4 2.6 .7 1.6
Maneclona gravelly sandy loam, 6 to 12 pereent slopes, moderately
eroded .o e 20 | 50 511025 | 45|10 ¢ 20 1.3 2.5 .7 1.5
Manecclona gravelly sandy loam, 12 to 18 percent slopes_ ... e ea 20 1 40 | 1O 1B 1.4 2.6 v 1.6
Manecelona gravelly sandy loam, 12 to 18 percent slopes, moderately
eroded . e il___. e | 15 | 35 8 |12 1.4 2.6 .7 1.6
Maneelona loamy sand, 0 to 2 percent slopes_ . ____________ 35 | 65 6| 12 ] 35155201 30 1.5 2.8 .8 1.8
Maneelona loamy sand, 2 to 6 percent slopes.. .o ______. 35 | 65 6| 12135155120 30 1.5 2.8 .8 1.8
Mancelona loamy sand, 6 to 12 pereent slopes. - .. oo ... __ 30 1 60 5111130150 1525 1.5 2.8 .8 1.8
Mancelona-Toast Lake loamy sands, 0 to 2 percent slopes. o ______ 25 | bd 5111 [ 30| 50| 151 25 1.5 2.8 .8 1.8
Mancelona-East Lake loamy sands, 2 to 6 pereent slopes. .o _____ 20 1 50 511025 | 45 | 15| 25 1.5 2.8 .8 1.8
Mancelona-East Lake loamy sands, 6 to 12 pereent slopes_ - ___.__ 20 | 50 5110 |25 | 45 1 1h | 2h 1.5 2.8 .8 1.8
Mancelona-East Lake loamy sands, 12 to 18 pereent slopes. .- __ e |eee2] 20 1 35 1O 4B 1.5 2.8 .8 1.8
Mancelona-IEast Lake loamy sands, 12 to 18 percent slopes, mod-
erately eroded. o e JEUUUUURY ISR PRI S I S T 1 8|12 1.4 2.5 .7 1.6
Mancelona-East Linke loamy sands, 18 to 25 pereent slopes. .o o SRRV RS (SN R (RS MU PRSP PR B DN | 2.5 .7 1.6
Mancelona-liast Lake loamy sands, 18 to 25 pereent slopes, mod-
erately eroded.._ L ___ RSN RO (RN R (EPUUU (ES FU P . Y 2.5 L7 1.6
Mancelona-Iiast Lake loamy sands, 25 to 45 pereent slopes. .- - SRS [ RO S (S ISP RN (EUSI PSP FOUPIURS MUY (SRR
Maneclona-Iast Lake loamy sands, 25 to 45 percent slopes, mod-
erately eroded . oo e JEUSURUES FNSSUNS SRPUEDNS SRPUDEDES AERURDNS FEURUNUNS FEUUURNN FRUURUNS AUUURIUR NEPRRRPRN IPRVIPSNUNN SO
Markey muek. .. SEUUUUON RS USUUOR (RIS (SUSUUNT (RSSO (SOURUN (PSS MNP RIS PSS MU
Menominee-MeBride complex, 0 to 2 pereent slopes._ - _____ 40 | 70 6|15 |35 |50 |20 35 1.4 2.8 .7 2.0
Menominee-MeBride complex, 2 Lo 6 pereent slopes.__ - _._____. 40 | 70 6 | 15|35 | 50| 20 35 1.4 2.8 .7 2.0
Menominee-MeBride complex, 6 to 12 pereent stopes_ .- _____ 35 | 65 5113130 | 45|20 | 35 1.4 2.8 i 2.0
Menominee-MceBride complex, 6 to 12 percent slopes, moderately
croded. . e 30 | 60 511313045 20| 35 1.4 2.8 .7 2.0
Menominee-MeBride complex, 12 to 18 pereent slopes_. o _____ oo 25 | 40 | 15| 30 1.3 2.7 .7 2.0
Menominee-MceBride complex, 12 to 18 pereent slopes, moderately
eroded . - - e (RSO PR .20 1035 0 15 | 25 1.2 2.5 .6 1.9
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Corn for | Corn for| Oats Wheat Alfalfa- Mixed hay
grain silage brome
Soil
A|BlA|IB|A|B|A|B A B A B
Bu. | Bu. | Tons| Tons | Bu. | Bu. | Bu. | Bu. Tong Tons Tons Tons
Menomince-MceBride complex, 18 to 25 percent slopes..__________ oo feeieo | 15 | 30 ] 10 | 18 1.2 2.5 0.6 1.9
Menominee-MeBride complex, 18 to 25 percent slopes, moderately
eroded . oo PSRN PR RSO [SPUPUNES PEPIUUPE PSRRI FEDNPRUES SR B I 2.3 .6 1.8
Menominee-MeBride complex,:25 1o 45 pereent slopes__ ... SRR FROUSNS SURRUY (SRR MU FOUPIPRY FUUPUE SRUPIN RORURUVN SSpUPRUR PP BT
Montealm-Kalkaska loamy sands, 0 to 2 pereent slopes.__________ 30 | 55 5 9130|451 20| 25 1.0 2.0 .6 1.5
Montealm-Kalkaska loamy sands, 2 to 6 percent slopes.________._ 30 15851 .5 9130 |45 )20 25 1.0}-2.0 .6 1.5
Montcalm-Kalkaska lonmy sands, 2 to 6 pereent slopes, moderately . .
eroderl. e 25 | 50 5 825140 | 20|25 1.0 2.0 .6 1.5
Montealm-Kalkaska lonmy sands, 6 to 12 percent slopes_________ 25 1 50 5 8125140 | 20425 1.0 2.0 .6 1.5
Montealm-Kalkaska loamy sands, 6 to 12 pereent slopes, mod- .
crately eroded . o oo 20 | 40 3 7120|3515 |20 1.0 2.0 .6 1.5
Montealm-Kalkaska loamy sands, 12 to 18 percent slopes._. ... NN, SRUNUS FUNTY (EUDIPE SR NUIP MNP SR B P ) 2.0 .6 1.5
Montealm-Kalkaska lonmy sands, 12 to 18 percent slopes, mod-
erately eroded L L .l (RSN DN SRS (SUCUN ORI M N E .7 1.5 .4 1.0
Montealm-Kalkaska loamy sands, 18 to 25 percent slopes____ .. ___ JRUSNY FRUSPRDSS SRS (RSP PRI FOUPUSY ST R B P 0 2.0 .6 1.5
Montealm-Kalkaska loamy sands, 18 to 25 percent slopes, mod-
erately eroded. . o e JEUURUU (SRR RSN (USRS DRI PUURN NI M .8 1.5 .5 1.0
Montealm-Kalkaska loamy sands, 25 to 45 pereent slopes._ . ____ [URURY FEUSUNES (RN SRR NGO SN NI SN USRI MUY SO SN
Montealm-Kalkaska loamy sands, 25 1o 45 pereent slopes, moder-
ately eroded L L meeeel SN [SUUUORS RN INNORUS PRI FRUDUNN (EDUPIuES MU PR IR I Y
Richter loams, 0 to 2 pereent slopes, overwasho oo ____________ 50 | 75 8|14 | 40 | 65 | 20 | 35 2.5 3.5 1.5 2.5
Richter loams, 0 to 2 pereent slopes_. - _________ 50 |1 75 8114 |40 )65 | 20| 35 2.5 3.5 1.5 2.5
Richter loams, 2 to 6 pereent slopes, overwash_ . ____________ 50 | 75 8| 14140 | 6520 | 35 2.5 3.5 1.5 2.5
Richter loams, 2 to 6 pereent slopes. ... ______.__ 50 | 75 8114 |40 165 | 201 35 2.5 3.5 1.5 2.5
Richter, Tonkey, and Pinconning loams, 0 to 2 pereent slopes,
overwash - ol 50 | 75 S |14 | 40 | 65 | 20 | 35 2.5 3.5 I.5 2.5
Richter, Tonkey, and Pinconning loams, 0 to 2 percent slopes___ . 50 | 75 814140 | 65|20 35 2.5 3.5 1.5 2.5
Richter, Tonkey, and Pinconning loams, 2 to 6 pereent slopes. .- 50 | 75 S| 14 |40 | 65| 20 | 35 2.5 3.5 1.5 2.5
J}ichhcr, Tonkey, and Pinconning loams, 6 to 12 percent slopes_-..| 40 | 60 6111 30551525 2.5 3.5 1.5 2.5
Rifle pento oo o e SN SRR (NS JEVRDR PRRUUDES SRR U PN NSRS B S
Roscommon mucky loamy sand, overwash. _____________________ 20 | 40 4 7115|3012 ] 18 .5 1.7 .4 1.0
Roscommon mucky lonmy sand______ . _______________ 20 | 40 4 70153041218 .5 1.7 .4 1.0
Roscommon sand____________ L ____ 20 | 40 4 7115301218 .H 1.7 .4 1.0
Rubicon sand, 0 to 2 pereent slopes. - . ______ . _____ SR (SRR RNVRNS FEVURUN RN SRR ISPNPI NPV PRSI SRR N S
Rubicon sand, 0 to 2 percent slopes, moderately eroded_ - - .. ___ USRS NN SRURUNS AR [ PN NG ORI S SRR N -
Rubicon sand, 2 to 6 pereent slopes_ - _ ... _________ SRS R [N FEUNES SRR MEDUURU PRPDUNS S SNSRI MU RO
Rubicon sand, 2 to 6 pereent slopes, moderately eroded.__ . __._ SRS NP FRRPUDE PRSP IRV ISP PPN PR ISP [ RSN
Rubicon sand, 6 to 12 percent slopes_ - ________ SRR, RS [NSOEN FEPUDUPRY DRSS FRUSPUO SRR JRPUUIP PRPSORUPES FVUNRURINY IRRPIRIPN U
Rubicon sand, 6 to 12 percent slopes, moderately croded__ - _____ JUUSS RO FRSNN PSR SRS FRVI DTS S USSR I (ISR PRSI
Rubicon sand, 12 to 18 pereent slopes_ ... ______ RPN PR RN (SPRVHPRN IR PSR SRR (RPUpIp FUPIPUN U NUNNIERIP NN
Rubicon sand, 12 to 18 percent slopes, moderately eroded. ..o __ RS RSV (PR (EUDIPRS FEVRPIES (SOUPUDRY RPUUUE RSN SROUPIORNY SPUPISUPIOSY FUVOUUPINY MR
Rubicon sand, 18 to 25 percent slopes_ . ____ . ________ SRS FRUSUROR NPUUNNE JRPUPIPRS PRORPDN SRR PR RV FURNRUNINY FRUPRUPIN FORRUPINS RN
Rubicon sand, 18 to 25 pereent slopes, moderately croded_ . ____ SN RN SRR DRSS FENUN SRS MR BN AU SO SN I
Rubicon sand, 25 to 45 pereent slopes_ - _________ VRS IO FRUUNS IONUHIY DU SN PN, BRI AUIDUPIVI PSS I S
Rubicon sand, 25 to 45 percent slopes, moderately croded_.._ - JRUSUUNSY PEPUUIDE (NP PRSI (SRR ANSUTON SUNSIPI NS AR PP I NS
Rubicon-Mcenominee loamy sands, 2 to 6 percent slopes___ . _____ 20 | 45 4 8120 30| 15|20 1.0 1.7 .h 1.0
Rubicon-Menominee loamy sands, 6 to 12 percent slopes_ .o . .-___ 20 | 40 4 7120 |25 |15 |20 1.0 1.7 .5 1.0
Rubicon-Menominee loamy sands, 12 to 18 pereent slopes_ .. .- oo ee e 15 120 ] 10 | 12 1.0 1.7 . 1.0
Sanilac- Richter loams, 0 to 6 percent slopes_ .. ________.__ 50 | 75 S| 141401} 65|20 | 35 2.5 3.5 1.5 2.5
Tawas- Roscommon complex_ - _ . ___________ JUUSIUNS SR (ORI FURSUS FRNURUU (NN MRS PSR RPN SUUPISURNS MUNRIU SR,
Tonkey mucky sandy loam___ ___ .. 50 | 75 8 | 14 140 | 65|20 35 1.5 3.0 .8 2.0
Tonkey sandy loam, overwash_________________________________ 50 | 75 8114 140 165120 ) 35 1.5 3.0 .8 2.0
Tonkey sandy loam_ e 50 | 75 8| 14|40 | 65,201 35 1.5 3.0 .8 2.0
Tonkey-Hettinger-Pickford loams, overwash_ - . _______.__.___. 50 | 751 8 |14 | 40 | 65| 20 | 35 1.5 3.0 .8 2.0
Tonkey-Hettinger-Pickford loams_ .. - .. _______ . _____._.___ 50 | 75 8|14 |40 | 651201 35 1.5 3.0 .8 2.0
Ubly sandy loam, 0 to 2 pereent slopes_ . ____________ 35 | 65 6111140 | 65|20 |35 1.7 3.2 1.0 2.2
Ubly sandy loam, 2 to 6 pereent slopes. - - .o . __-__ 35 | 65 611 |40 | 65|20 35 1.7 3.2 1.0 2.2
Ubly sandy loam, 6 to 12 pereent slopes. .. - _o.__ 30 | 85 5 91355515 |30 1.7 3.2 1.0 2.2
Ubly sandy loam, 6 to 12 percent slopes, moderately eroded.. ... 25 | 50 4 8130 |45 | 15| 25 1.4 2.8 .8 1.8
Ubly sandy loam, 12 to 18 percent slopes_ . ________ a1 25 140 [ 12 ] 18 1.7 3.2 1.0 2.2
Ubly sandy loam, 18 to 25 pereent slopes_ _ .. _____._.__ JUPRNINS USRS SO (RUNSRR AU (RO SRR TR B U A (e: T~ S B N 1 2.2
Ubly sandy loam, 25 to 35 pereent slopes_ .o _.____ SRR PR (PPN [P SROUPES ISPRURDE JRNPIPN SRS RPUpUPRR [SPRR NOUPR R
Ubly-Mc¢Bride sandy loams, 0 to 2 pereent slopes_ ... _________._ 35|65 | 611 |40 | 65| 20| 35 .77 32| 10 2.2
Ubly-MecBride sandy loams, 2 to 6 percent slopes. ... ... __._._ 35 | 65 6111 |40 | 65 20| 35 1.7 3.2 1.0 2.2
Ubly-Me¢Bride sandy loams, 6 to 12 pereent slopes. - ________._._ 30 | 55 5 0135|565 | 15| 30 1.7 3.2 1.0 2.2
Ubly-Mec¢Bride sandy loams, 12 to 18 pereent slopes_ ... ___._._ o] 251 40 | 12 | 18 1.7 3.2 1.0 2.2
Ubly-Nester complex, 0 Lo 2 pereent slopes_ _ .. o oono_ 45 | 75 813140 | 651 30 | 40 2.0 3.8 1.3 2.8
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TaBLE 7.—Estimated average yields per acre of principal crops under two levels of management—Continued

Corn for | Corn for| Oats Wheat Alfalfa- Mixed hay
grain silage brome
Soil
A|B|A}B|A|B|A|B A B A B

Bu. | Bu. | Tons| Tons| Bu. | Bu, | Bu. | Bu. | Tons Tons Tons Tons
Ubly-Nester complex, 2 to 6 percent slopes. - ... ... ______ 401 70 8113 |40 | 65 30| 40 2.0 3.8 1.3 2.8
Ubly-Nester complex, 6 to 12 percent slopes__ - _ueeeeeo oL, 35 | 65 7112 |35/(60| 25| 35 2.0 3.8 1.3 2.8
Ubly-Nester complex, 12 to 18 percent slopes.. ... _________..__ e ||| 251 B0 [ 151 25| 2.0 3.8 13 2.8
Ubly-Nester complex, 12 to 18 percent slopes, moderately eroded-- |- _[..__|.o.-[-.._[ 20 [ 45 1 12 | 20| 1.8 3.6 L1 2.6
Ubly-Nester complex, 18 to 25 percent slopes..-_ - .. __.___._._ cmme]ome e --o1 201 40 | 12 | 20| 2.0| 3.8 | L3 2.8
Ubly-Nester complex, 18 to 25 percent slopes, moderately eroded.- ... __j..__|-.._|.-__| 16 | 35} 10| 18 | 1.8 3.6 11 2.6
Ubly-Nester complex, 25 to 35 percent slopes_ e .. mmme]mmmafemee|mm oo ame2]eo] L8| 3.6 1.3 2.6
Ubly-Nester complex, 25 to 35 percent slopes, moderately eroded - - |- - |- o | oo oo o oo
Wind eroded land, sloping .- - - - oo oan B et L e B B e ) [
Wind eroded land, strongly sloping- - - aoim e SRR PRURSUEN PRUUPSN FROUN PROREVR FRVIR PRI PRI FRURRPUR RPN IR P

Under the management generally used in the county,
lime is applied, though in many places in insufficient
amounts, and some commercial fertilizer is used, but usu-
ally not enough for maximum yields. Barnyard manure
produced on the farms is returned to the soil. Although
some areas are artificially drained, in lower areas excess
water is still a problem and further drainage is needed.
Legumes and grasses are grown, and a fairly regular crop
rotation is followed in most places. On the more rolling
or the sandier soils, the rotations include a larger propor-
tion of legume-grass than do those on the more nearly
level, finer textured soils, where more row crops or small
grains are grown. )

The yields in columns B are expected if management 1s
improved. Under improved management, the quantity of
lime applied is determined by soil tests. Fertilization 1s
based on the amount of plant food available in the soil, as
indicated by soil tests, and the amount required by the
crops grown. Where needed, an adequate system of arti-
ficial drainage is installed. Improved varieties of plants
and seeds of high quality are planted. Other conservation
practices are used, where needed, to control erosion and to
improve moisture content. These practices are contour
tillage, minimum tillage, stripcropping, terracing, and
constructing diversion ditches. ‘

Because some soils in the county are wet at times, even
when drained, the yields of some crops are reduced in some
years, and the yields in columns B take this into account.
For soils that generally occupy low areas, the estimated
yields have been reduced because of the frost hazard. In
areas where frost damage is not likely, yields higher than
those given can be expected.

In Grand Traverse County the climate differs from
place to place, and particularly the length of the growing
season varies according to the distance from Lake Mich-
igan. Consequently, the yields of some crops vary under
the same management and on the same soil. In table 7
the yields of corn are estimated for the area around Trav-
erse City, where the growing season is long enough so
that corn for grain is produced every year. For corn
grown in other parts of the county, the estimated yields
should be reduced because of the shorter growing season.

Little information is available on the productivity of
soils used for orchards and other special crops. Yields of

these crops generally are influenced more by management
than by soils, though some soils are so wet, so droughty, or
so shallow that management is of lesser importance.

Use of Soils for Wood Crops*

Grand Traverse County was originally covered almost
entirely by forest. Pines and hardwoods grew on the up-
Jands and outwash plains, and white-cedar and other
water-tolerant trees covered the swamps. Cutting of tim-
ber began in the 1870’s and continued until about 1925.
Most of the cutting was for lumber, but a considerable
amount was done to clear land for agriculture.

About 50 percent of the land area of the county is now
woodland. A large acreage of woodland is owned by the
State of Michigan, and the rest is in fairly small, scattered
parcels that are privately owned. This pattern of owner-
ship creates a problem in management that is more difficult
to solve than are the technical problems. Much of the
woodland is held by absentee owners who are unaware of
the returns that can be obtained under a good plan of
management.

Woodland suitability groups

To assist managers of woodland in planning the use of
their soils, the soils of Grand Traverse County have been
placed in 18 woodland suitability groups. Each group con-
sists of soils that are similar in potential productivity and
in requirements for management. The two mapping units
not placed in a suitability group are Gravel pits and Fresh
water marsh.

In table 8 the soils of each woodland suitability group
are rated according to their potential productivity. Rat-
ings are given for soils in four types of woodland—ypine,
spruce-fir, aspen-birch, and northern hardwoods, The
ratings are for well-managed, fully stocked stands and
indicate the potential annual rate of growth per acre of
the main trees that make up the woodland types. To arrive
at the five ratings used in table 8, the potential annual
rate of growth per acre has been estimated in terms of two
kinds of units, board feet and cords. The ratings, each

*RovaLp M. WiILsoN, woodland conservationist, and STErHEN
G. SarTroN, soil scientist, Soil Conservation Service, helped to
write this subsection.
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representing a range in board feet and cords, are as

follows:
Board feet Cords
Very high__._._.. More than 325_____ More than 1.2,
High_______.____ 275 t0 325 _.___ 0.8 to 1.2,
Medium... .. __ 200 to 275, ____. 0.5 to 0.8.
Low. o wcaeocoas 125 t0 200 ..o __ 0.2 to 0.5.
Very low_______ Less than 125._.___ Less than 0.2,

Also listed in table 8, in the order of their priority, are
the trees most desirable for the soils in each woodland
suitability group. The lists are based on the productivity
of the soils and on the merchantability and commercial
value of the trees. Christmas trees and other specialty
crops were not considered in rating the desirable trees.

For each woodland group, table 8 also gives ratings of
the hazards and limitations that affect management. The
hazards and limitations rated are mortality of planted
seedlings, plant competition, hazard of insects and dis-
ease, equipment limitations, evosion hazard, and wind-
throw hazard. These ratings are expressed in relative
terms—slight, moderate or severe—and are explained in
the following paragraphs.

Seedling mortality refers to the mortality of planted
tree seedlings as influenced by the kinds of soil or topog-
raphy when plant competition is not a limiting factor.
The rating is slight if mortality is expected to be between
0 and 25 percent; moderate if between 25 and 50 percent;
and sewvere if more than 50 percent.

Plant competition is the invasion or growth of unwanted
shrubs, trees, or other plants when openings are madé in
the canopy by fire, logging, or other factors. Competition
is slight 1f competing plants do not prevent the natural
regeneration or the early growth of desirable species, or
do not interfere with the growth of planted seedlings.
Competition is moderate if competing plants delay natural
or artificial regeneration but do not prevent the growth
of a normal, fully stocked stand. Competition is severe
if competing plants prevent adequate natural restocking
or natural regeneration, unless the site is intensively pre-
pared and maimntained by weeding or other practices.

Hazard of insects and disease refers to the possibility of
damage from insects and of epidemics of diseases that
would be injurious to trees. The hazard is rated as slight
if insects and disease are no special problem or if informa-
tion on which to base a different rating is not available.
It is moderate if insects or disease weaken some trees, slow
their rate of growth, and increase the amount of defective
or low-grade timber. The hazard is severe if disease or
insects cause considerable damage to many trees, slowing
their rate of growth and even destroying them.

Equipment limitations differ according to slope range,
soil wetness, and other factors that restrict or prohibit the
use of equipment commonly used in tending and harvesting
trees. Equipment limitations are slight if the kind of
equipment and its season of use are not restricted. Limi-
tations are moderate if not all kinds of equipment can be
used and if the periods when equipment cannot be used
are not more than 3 months long. Limitations are severe
if the type of equipment that can be used is limited and
if the periods when equipment cannot be used are more
than 3 months long.

Erosion hazard is rated according to the risk of erosion
on well-managed woodland that is not protected by special
practices. It is slight where the problems of erosion con-

trol are not important. The erosion hazard is moderate
where there is a moderate loss of soil and skid marks
develop into gullies if runoff is not controlled, but all
merchantable trees can be clear cut if adequate plant cover
is maintained. A rating of sewere indicates that gullies
readily form and rapidly enlarge if the ground cover is
removed, that blowouts oceur in soils exposed to the wind,
that clear cutting is suitable only in areas protected by a
dense cover of plants, and that roads and trails commonly
wash out unless they are stabilized with compacted soil
material or are carefully located and maintained to mini-
mize erosion.

Windthrow hazard is the danger of trees being blown
over by the wind. TItisslightif the trees are well anchored
and windthrow is not common. It is moderate if most trees
are likely to remain standing during windstorms of mod-
erate intensity, but scattered trees in unprotected areas
can be expected to blow down, and special precautions
must be taken when planning harvest cuttings or release
cuttings. Windthrow hazard is severe if rooting is not
deep enough to give adequate anchorage. On soils with a
rating of severe, root development is prevented by a high
water table or by a hardpan or other restrictive layer.

WOODLAND SUITABILITY GROUP A

This group consists of deep, well-drained soils that have
a surface layer of loam, sandy loam, or gravelly sandy
loam. Slopes range from 0 to 18 percent. These soils
have medium internal drainage and good moisture-sup-
plying capacity. Natural fertility is moderate, and
aeration is medium to rapid. The surface layer is slightly
or medium acid; the subsoil is neutral to strongly acid.
The soils are—

Coventry-Newaygo loams, 0 to 2 percent slopes.

Coventry-Newaygo loams, 2 to 6 percent slopes.

Coventry-Newaygo loams, 6 to 12 percent slopes.

Emmet gravelly sandy loam, 0 to 2 percent slopes.

Emmet gravelly sandy loam, 2 to 6 percent slopes.

Emmet gravelly sandy loam, 6 to 12 percent slopes.

Emmet gravelly sandy loam, 12 to 18 percent slopes.

Emmet gravelly sandy loam, 12 to 18 percent slopes, moderate-
1y eroded.

Emmet sandy loam, O to 2 percent slopes.

Emmet sandy loam, 2 to 6 percent slopes.

Emmet sandy loam, 2 to 6 percent slopes, moderately eroded.

Emmet sandy loam, 6 to 12 percent slopes.

Emmet sandy loam, 6 to 12 percent slopes, moderately eroded.

Emmet sandy loam, 12 to 18 percent slopes.

Emmet sandy loam, 12 to 18 percent slopes, moderately eroded.

Menominee-McBride complex, 0 to 2 percent slopes (McBride
part).

Menominee-McBride complex, 2 to 6 percent slopes (McBride
part).

Menominee-McBride complex, 6 to 12 percent slopes (McBride
part).

Menominee-McBride complex, 6 to 12 percent slopes, moderately
eroded (McBride part).

Menominee-McBride complex, 12 to 18 percent slopes (Mec-
Bride part).

Menominee-McBride complex, 12 to 18 percent slopes, moderate-
ly eroded (McBride part).

Ubly sandy loam, 0 to 2 percent slopes.

Ubly sandy loam, 2 to 6 percent slopes.

Ubly sandy loam, 6 to 12 percent slopes.

Ubly sandy loam, ¢ to 12 percent slopes, moderately eroded.

Ubly sandy loam, 12 to 18 percent slopes.

Ubly-McBride sandy loams, 0 to 2 percent slopes.

Ubly-McBride sandy loams, 2 to 6 percent slopes.

Ubly-McBride sandy loams, 6 to 12 percent slopes.

Ubly-McBride sandy loams, 12 to 18 percent slopes.
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TasLe 8.—Woodland switability grouping

Potential productivity of wgodland types?
Woodland suit-
ability group! Suitable species in order of priority
Pine Spruce-fir Aspen-birch Northern
hardwoods
roup A _________ High_ . | . Very higho_____ Very high_ _____ Sugar maple, basswood, yellow bireh___
iroup A, steep---. High_ | _ Very high______ Very high______ Sugar maple, basswood, yellow birch__ .
Group B.__.__.__._ Low________._. Higho oo Very higho_____ Very high. o ____ Sugar maple, basswood, ycllow birch,
white spruce.
Group B, steep_.—__| Low___________ High_o._____.___ Very highooo___ Very higho oo Sugar maple, basswood, ycllow birch,
white spruce.
Group Co__..._.__ Higho o | _____ CMigho .. High___________ Sugar maple, white pine, basswood____
Group C, steep-—__ Higho | . " Migho__________ Higho__________ Sugar maple, white pine, basswood____
Group D______..._ Higho s High_o_________ Medium________ Red pine, sugar maple, basswood, white
pinc.
Group D, steepa--_- High_ |- High___________ Medinm__.______ Red pine, sugar maple, basswcod, white
pine.
Group ... ___ High to very | _____________ Medium to Mediam_____.___ Red pine, white pine, sugar maple__ . __
high. high.
Group B, steep-_-_ .| Hig S I Mediam________ Medivm__._.___ Red pine, white pine, sugar maple_____
Group F_____.__..__ Tow. - ... Medium to Medium to Low___________ White spruee, sugar maple, ycllow
high. high. birch.
Group G oo o cie o Low._ . ________ Low______.____ Low___________ White spruce, white-cedar, balsam fir__
Group F___.______ Medium to high_|_____._.________ Low_ . _________ Very low_______ White pine, aspen- __________________
Group H, steep____ Medium to high (o_______________ Low. . ______.__ Very low___..__ White pine, aspen_ - ____________
Group T___._______ Very low to Very low to Very low to Very low_______ White pine, white spruce, balsam fir__
mediun. medium. medium.
Group J - oo oo oo e e el White-cedar, black spruce, white spruce,
balsam fir.
Group Ko__._..___ (G J T, (€ J (GO (€ ) e
Group Lo _.______ Q) TR ) JE () e () e () oo

! The soils in cach group are listed in the fext under the heading
of the appropriaie woodland suitability group.

The potential productivity is very high for northern
hardwooeds and for aspen, though only a small acreage of
aspen occurs on these soils. Sugar maple has the highest
economic value aud should be favored in hardwood stands.
Red pine and white pine are suitable for planting in old
fields and in areas of open woodland. Aspen does not re-
seed nafumﬂy and northern hardwoods come in after
aspen is harvested.

The seedling mortality ot both planted and naturally
occurring seedlings is slight. The use of equipment is
moderately restricted on slopes of 12 to 18 percent, but

equipment and methods of logging common in the county
can be used in most areas.

WOODLAND SUITABILITY GROUP A, STEEP

The soils in this group are steeper than those in woodland
group A, for slopes range from 18 to 45 percent. Asa ve-
sult nmoﬁ s mmempld than on the soils in group A, ero-
sion is a greater hazard, productivity is lower, and the
problems of management are more complex. The soils in
this group are—

Emmet gravelly sandy loamn, 18 to 25 percent slopes.

Emmet gravelly sandy loam, 18 to 25 percent slopes, moderate-
ly eroded.

Emmet gravelly sandy loam, 25 to 45 percent slopes,

Emmet gravelly sandy loam, 25 to 45 percent slopes, moderate-
1y eroded.

Tmmet sandy loam, 18 to 25 percent slopes.

Emmet sandy loany, 18 to 25 percent, slopes, moderately eroded,

Emmet sandy loam, 25 to 45 percent slopes.

Emmet sandy loam, 25 Lo 45 percent slopes, moderately eroded.

2 Dashed lines indicate that not enough data arc available for
cslimating productivity, or that the woodland type ordinarily docs
not oceur on the soils of the group.

Menominee-McBride complex, 18 to
Bride part).

Menominee-MeBride complex, 18 to 25 percent slopes. moderate-
Iy .croded (McBride part).

Menominee-MeBride complex, 25 Lo 45 pereent slopes (McBride
patrt).

Ul}ly s:?ndy loam, 18 to 24 percent slopes.

Ubly sandy loam, 235 to 85 percent slopes.

The potential productivity of these soils is slightly Tower

than that of the soils in group A, thongh the productivity

ratings listed in table 8 for the two groups are the same,
The p1odu(,t1vuty of the soils in group A, steep, is in the
lower part of the ranges listed on page 77 and represented
by the ratingsin table 8.

Strong S]opes cause moderate or severe limitations to the
use of eqmpment; for tree planting and harvesting. This
reduces the efliciency of nmmwunent and lowers the
economic returns from the har \Lstm(r of woodland prod-
ucts. Seedlings must be planted by hand.

Because the erosion hazard is severe, roads and skid
trails should be carefully located. Where possible, avoid
constructing them on the steepest slopes. Take special
])ILC:ll_lfIOHS to prevent destruction of the natural litter in
drainageways. If the protective ground cover is removed
or desmoyed soil Tosses can be reduced by seeding grass,
planting pmgs or mulching. Toading areas should be
located where they do not increase the er osion hazard.

25 percent slopes (Me-

WOODLAND SUITABILITY GROUP B

This group consists of deep, well drained or moderately
well drained soils that have medinm or slow internal
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of soils of Grand Traverse County

[Tazards and limitations

Mortality of Plant competition Hazard of insects Equipment Erosion hazard Windthrow
planted seedlings “roand disease limitations hazard

Slighto. __ .. __._ Moderate.__._______ Slight',____‘ _________ Slight or moderate___| Slight or moderate...| Slight.

Slight . _ ... Moderate.__._______ Slight. . __________ Moderate or severe__| Severe_ .. _______ Slight.

Slighto o ________.. Severe_ .- ________ Slight. . ________._. Slight or moderate_..| Moderate or severe_ .| Modecrate.
Slight. .. ___.___ Severc. oo _. Slight____________. Severe. oo ___.__. Severe. - ... Modcerate.
Slight_____________ Moderate. - - _____ Slight.__________.. Slight, or moderate-__| Slight or moderate___| Slight.
Slighto.____________ Moderate___________ Slight_________.___ Moderate or severe_..| Moderate or scvere_ _j Slight.
Slight.____________. Slight or moderate___| Slight.____________ Slight, or moderate___| Slight or moderate___| Slight.

Slighto ... ___ Slight_.____________ Slighto . ___________ Moderate or severe. | Severc. ... __.__. Slight.

Slight .o ___________ Slight or moderate_..| Slight-._________.. Slight or moderate__-| Slight or moderate___| Slight.
Slight____________._ Slight. .o __________ Slight___..____._.___ Moderate or severe__| Severe_ . __________. Slight.
Moderate_________._ Moderate__.________ Slight ... ______ Slight_ ... _______ Slight___________._. Moderate.
Moderate or severe. | Severe. oo ___ Moderate... ..o Severe_ oo ________ Slighto .. _____ Scvere.
Moderate._________ Slighto__ .. ___.___ Slight or moderate.._| Slight______________ Slight or moderate-__| Slight.
Moderate.__________ Shighto____________. Slight, or moderate.. .| Moderate or severe. .| Severc. .. __ e Slight.
Moclerate or severe_ .| Slight to severe_ ____ Slight or moderate.._| Slight to severe. - .- Slight______________ Moderate or severe.
Severe_ oo _________ Moderate or severe-_| Slight or moderate-_.| Severe. . _______._. Slight______________ Severe.

(G G . Severe_ oo ________ G Severe. oo e ®.

[ [ G ) JE G QF

3 Variable.

drainage. Slopes range from 0 to 18 percent. The sur-
face lTayer is loam or sandy loam, and the subsoll is loam,
clay loam, or silty clay loam. In shallow depressions on
gentle slopes, water is ponded at times. These soils have
good moisture-supplying capacity and moderately high
natural fertility.  Aeration 1s medium or slow. The sur-
face layer is neutral or slightly acid, but in small areas the
moderately eroded soils are calcareous near the surface.
The soils are—

Guelph-Nester Toams, 0 to 2 percent; slopes.

Guelph-Nester loams, 2 to 6 percent slopes.

Guelph-Nester loams, 2 to 6 percent slopes, moderately eroded,

Guelph-Nester loams, 6 to 12 percent slopes, moderately eroded.

Guelph-Nester loams, 12 to 18 percent, slopes,

Guelph-Nester loams, 12 to 18 percent slopes, moderately
croded.

Ubly-Nester complex, 0 to 2 percent slopes.

Ubly-Nester complex, 2 1o 6 percent, stopes.

Ubly-Nester complex, G to 12 percent, slopes.

Ubly-Nester complex, 12 to 18 percent slopes.

Ubly-Nester complex, 12 to 18 percent slopes, moderately
eroded.

The potentinl productivity of these soils is highest for
northern hardwoods.  Aspen is rated very high, though it
occupies only a small acreage. 'The production potential
is high for white spruce, which can be established by plant-
ing.  Pines grow slowly on these soils and generally are
not suitable for planting.

After openings are made in natural stands, competition
from undesirable plants is severe. The invasion of grass
and other nnwanted plants prevents adequate restocking,
and special site preparation is needed to insure fully
stocked stands of desirable trees. If plant competition is
controtled, seedling mortality is slight.

+ Not suited to productive woodland.

The limitations on the use of equipment range from
slight on slopes of less than 12 percent to moderate on
slopes of more than 12 percent. Equipment and logging
methods commonly used in the county are suitable for
most, areas.

The erosion hazard is moderate on slopes of 0 to 12 per-
cent, and is severe on slopes of more than 12 percent.

WOODLAND SUITABILITY GROUP B, STEEP

The soils in this gronp are steeper than those in wood-
land group B, for slopes range from 18 to 35 percent. Asa
result, runoff is more rapid than on the soils in group B,
erosion JIs a greater hazard, productivity is lower, and the
management, is more difficult. The soils in this group
are—

Guelph-Nester loams, 18 to 25
eroded.

Guelph-Nester loams, 25 to 35
eroded.

Ubly-Nester complex, 18 to 25 percent slopes.

Ubly-Nester complex, 18 to 25 percent slopes, moderately eroded.

Ubly-Nester comiplex, 25 to 35 percent slopes.

Ubly-Nester complex, 25 to 35 percent slopes,
eroded.

The potential productivity of these soils is slightly
lower than that of the soils in group B, though the pro-
ductivity ratings listed in table 8 for the two groups are
the same. The productivity of the soils in group B, steep,
1s In the lower part of the ranges represented by the ratings
in table 8.

The use of equipment is severely limited on these soils,
and special equipment is needed on the steepest slopes.
Seedlings can be planted only by hand.

percent slopes, moderately

percent slopes, moderately

moderately
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Erosion is a severe hazard, and harvesting should be
limited to selective cutting. If the stand is opened exces-
sively, the remaining trees may be exposed to windthrow.
Clear cutting can result in severe erosion. To help control
erosion, carefully locate roads and skid trails and, where-
ever possible, do not construct them on the steepest part of
slopes. Use special care in avoiding operations that de-
stroy the natural litter in drainageways. Mulching, seed-
ing grass, or planting pines is effective in reducing erosion
where the protective cover has been removed or destroyed.
Locate loading areas so that they do not increase the
erosion hazard.

WOODLAND SUITABILITY GROUP C

In this group are deep, well-drained soils that have rapid
or very rapid internal drainage. Slopes range from 0 to
18 percent. These soils have a surface layer of loamy
sand, gravelly loamy sand, or gravelly sandy loam. Their
moisture-supplying capacity 1s fair to poor, and the soils
may be droughty during dry periods. Aeration is rapid,
and natural fertility is moderate or moderately high. The
surface layer is slightly acid to mildly alkaline. The soils
are—

Alpena-East Lake gravelly loamy sands,
slopes (Alpena part).

Alpena-East Lake gravelly loamy sands, 2 to 6 percent
slopes (Alpena part).

Alpena-KDast Lake gravelly loamy sands, 6 to 12 percent
slopes (Alpena part).

Alpena-East Lake gravelly loamy sands, 12 to 18 percent
slopes (Alpena part).

East Lake-Mancelona loamy sands, 0 to 2 percent slopes
(Mancelona part).

Dast Lake-Mancelona loamy sands, 2 to 6 pecrcent slopes
(Mancelona part).

Kast Lake-Mancelona loamy sands, 6 to 12 percent slopes
(Mancelona part).

East Lake-Mancelona loamy sands, 6 to 12 percent slopes,
moderately eroded (Mancelona part).

Iast Lake-Mancelona loamy sands, 12 to 18 percent slopes
(Mancelona part).

Ingalls-Alpena gravelly loamy sands, 0 to 2 percent slopes
(Alpena part).

Ingalls-Alpena gravelly loamy sands, 2 to 6 percent slopes
(Alpena part).

Leclanau-Kalkaska loamy sands, 0 to 2 percent slopes (Lee-
lanau part).

Leelanau-Kalkaska loamy sands, 0 to 2 percent slopes, mod-
erately eroded (Leelanau part).

Leelanau-Kalkaska loamy sands, 2 to 6 percent slopes (Lee-
lanau part).

Leelanau-Kalkaska loamy sands, 2 to 6 percent slopes, mod-
crately eroded (Leelanau part).

Leelanau-Kalkaska loamy sands, 6 to 12 percent slopes (Lee-
lanau part).

Leelanau-Kalkaska loamy sands, 6 to 12 percent slopes, mod-
erately eroded (Leelanau part).

Leelanau-Kalkaska loamy sands, 12 to 18 percent slopes (Lee-
lanau part).

Leelanau-Kalkaska loamy sands, 12 to 18 percent slopes, mod-
erately eroded (Leelanau part).

Mancelona gravelly sandy loam, 0 to 2 percent slopes.

Mancelona gravelly sandy loam, 2 to 6 percent slopes.

Mancelona gravelly sandy loam, 6 to 12 percent slopes.

Mancelona gravelly sandy loam, 6 to 12 percent slopes, mod-
erately eroded.

Mancelona gravelly sandy loam, 12 to 18 percent slopes.

Mancelona gravelly sandy loam, 12 to 18 percent slopes, mod-
erately eroded.

Mancelona loamy sand, 0 to 2 percent slopes.

Mancelona loamy sand, 2 to 6 percent slopes.

Mancelona loamy sand, 6 to 12 percent slopes.

0 to 2 percent

Mancelona-Rast Lake loamy sands, 0 to 2 percent slopes
(Mancelona part).

Mancelona-East Lake loamy sands, 2 to 6 percent slopes
(Mancelona part).

Mancelona-East I.ake loamy sands, 6 to 12 percent slopes
(Mancelona part).

Mancelona-East Lake loamy sands, 12 to 18 percent slopes
(Mancelona part).

Mancelona-East Lake loamy sands, 12 to 18 percent slopes,
moderately eroded (Mancelona part).

Montealm-Kalkagka loamy sands, 0 to 2 percent slopes (Mont-
calm part).

Montealm-Kalkaska loamy sands, 2 to 6 percent slopes (Mont-
calm part).

Montcalm-Kalkaska loamy sands, 2 to 6 percent slopes, mod-
erately eroded (Montcalm part).

Montcalm-Kalkaska loamy sands, 6 to 12 percent slopes (Mont-
calm part).

Montcalm-Kalkaska loamy sands, 6 to 12 percent slopes, mod-
erately eroded (Montcalm part).

Montcalm-Kalkaska loamy sands, 12 to 18 percent slopes (Mont-
calm part).

Montcalm-Kalkaska loamy sands, 12 to 18 percent slopes, mod-
erately eroded (Montcalm part).

Rubicon-Menominee loamy sands,
(Menominee part).

Rubicon-Menominee loamy sands,
(Menominee part).

Rubicon-Menominee loamy sands, 12 to 18 percent slopes
(Menominee part).

The potential productivity is high for pine, aspen, and
northern hardwoods grown on these soils. White pine
and sugar maple have a high potential rate of growth and
should be favored in existing stands.

The seedling mortality of planted and of naturally oc-
curring seedlings is slight. In open fields and areas of
open woodland, stands of pine can be successfully estab-
lished by planting.

Competition from undesirable plants delays but gen-
erally does not prevent establishment of a good stand of
trees, and it commonly retards early growth.

Equipment limitations and the erosion hazard are slight
on slopes of 0 to 12 percent and are moderate on slopes of
12 to 18 percent. Normal methods of logging can be used.

2 to 6 percent slopes

6 to 12 percent slopes

WOODLAND SUITABILITY GROUP C, STEEP

The soils in this group are steeper than those in wood-
land group C, for slopes range from 18 to 45 percent. As
a result, the soils in group C, steep, have more rapid run-
off than the soils in group C and are more susceptible to
erosion, lower in productivity, and more difficult to man-
age. The soils in this group are—

Alpena-East Lake gravelly loamy sands, 25 to 35 percent slopes
(Alpena part).

East Lake-Mancelona loamy sands, 18 to 25 percent slopes
(Mancelona part).

Bast Lake-Mancelona loamy sands, 18 to 25 percent slopes,
moderately eroded (Mancelona part).

Bast Lake-Mancelona loamy sands, 25 to 85 percent slopes
(Mancelona part).

Gravelly land, moderately steep.

Gravelly land, steep.

Leelanau-Kalkaska loamy sands, 18 to 25 percent slopes (Lee-
lanau part).

Leelanau-Kalkaska loamy sands, 18 to 25 percent slopes, mod-
erately eroded (ILeelanau part).

Leelanau-Kalkaska loamy sands, 25 to 45 percent slopes (Lee-
lanau part).

Leelanau-Kalkaska loamy sands, 25 to 45 percent slopes, mod-
erately eroded (Leelanau part).

Mancelona-East Lake loamy sands, 18 to 25 percent slopes
(Mancelona part).
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Mancelona-East Lake loamy sands, 18 to 25 percent slopes,
moderately eroded (Mancelona part).

Mancelona-East Lake loamy sands, 25 to 45 percent slopes
(Mancelona part).

Mancelona-East Lake loamy sands, 25 to 45 percent slopes, mod-
erately eroded (Mancelona part).

Montealm-Kalkaska loamy sands, 18 to 25 percent slopes
(Montcalm part).

Montcalm-Kalkaska loamy sands, 18 to 25 percent slopes, mod-
erately eroded (Montcalm part).

Montcalm-Kalkaska loamy sands, 25 to 45 percent slopes
(Montecalm part).

Montcalm-Kalkaska loamy sands, 25 to 45 percent slopes,
moderately eroded (Montcalm part).

The potential productivity of these soils is slightly lower
than that of the soils in group C, though the productivity
ratings listed in table 8 for the two groups are the same.
The productivity of the soils in group C, steep, is in the
lower part of the ranges represented by the ratings in
table 8.

Because slopes are steep, equipment limitations are mod-
erate or severe. Consequently, the efficiency of logging
operations is reduced, and this lowers economic returns.
Planting of seedlings is limited to hand planting.

The erosion hazard on these soils is moderate to severe.
For this reason, roads and skid trails ought to be kept off
the steepest slopes and located so that further loss of soil
is avoided. Special care is needed to prevent destruction
of the natural litter in drainageways. If the protective
cover is destroyed or removed, erosion can be reduced by
seeding grass, planting pines, or mulching. Use loading
areas that are least susceptible to further erosion.

WOODLAND SUITABILITY GROUP D

This group consists of deep, well-drained soils that occur
on slopes of 0 to 18 percent and have a loamy sand or sandy
loam surface layer. Internal drainage and aeration are
medium to rapid. These soils have fair to good moisture-
supplying capacity, but they may be droughty during dry

eriods. They are moderately low to moderate in natural
ertility. The surface layer generally is slightly acid.
The so1ls are—

Karlin loamy sand, 0 to 2 percent slopes.

Karlin loamy sand, 2 to 6 percent slopes.

Karlin loamy sand, 6 to 12 percent slopes.

Karlin loamy sand, 6 to 12 percent slopes, moderately eroded.

Karlin loamy sand, 12 to 18 percent slopes.

Karlin loamy sand, 12 to 18 percent slopes, moderately eroded.

Karlin sandy loams, 0 to 2 percent slopes.

Karlin sandy loams, 2 to 6 percent slopes.

Karlin sandy loams, 6 to 12 percent slopes.

Menominee-McBride complex, 0 to 2 percent slopes (Menominee
part).

Menominee-McBride complex, 2 to 6 percent slopes (Menominee
part).

Menominee-McBride complex, 6 to 12 percent slopes (Menom-
inee part). '

Menominee-McBride complex, 6 to 12 percent slopes, moderately
eroded (Menominee part).

Menominee-McBride complex, 12 to 18 percent slopes (Menom-
inee part).

Menominee-McBride complex, 12 to 18 percent slopes, mod-
erately eroded (Menominee part).

The potential productivity of these soils is highest for
red pine and white pine and is high for aspen, though this
tree does not regenerate naturally after cutting. For
northern hardwoods the production potential is only
medium.

The mortality of both planted and naturally occurring
seedlings is slight. In open fields and woodland openings,

stands of pine can be successfully established by planting.
Competition from undesirable plants is moderate.
Competing plants retard the normal growth of seedlings,
but they generally do not prevent trees from reestablishing
an adequate stand.
Equipment limitations and the erosion hazard are slight,

and there is no limitation to logging methods commonly
used in the county.

WOODLAND SUITABILITY GROUP D, STEEP

The soils in this group are steeper than those in wood-
land group D, for slopes range from 18 to 45 percent.
Consequently, runoff is more rapid than on the soils in
group D, erosion is a greater hazard, productivity is lower,
and the problems of management are more complex. The
soils in this group are—

Karlin loamy sand, 18 to 25 percent slopes.
Karlin loamy sand, 18 to 25 percent, slopes, moderately eroded.
Karlin loamy sand, 25 to 45 percent slopes,
Karlin loamy sand, 25 to 45 percent slopes, moderately eroded.

Menominee-McBride complex, 18 to 25 percent slopes (Menom-
inee part).

Menominee-McBride complex, 18 to 25 percent slopes, mod-
erately eroded (Menominee part).

Menominee-McBride complex, 25 to 45 percent slopes (Menom-
inee part).

The potential productivity of these soils is slightly lower
than that of the soils in group D, though the productivity
ratings listed in table 8 for the two groups are the same.
The productivity of the soils in group D, steep, is in the
lower part of the ranges represented by the ratings in
table 8,

Plant competition generally is slight. Competing
plants do not hinder natural regeneration and do not re-
tard the growth of planted seedlings.

Strong slopes cause moderate or severe limitations to
the use of planting and logging equipment. These limita-
tions commonly reduce the efficiency of harvesting and
decrease profits from the sale of timber. Seedlings can
be planted only by hand.

Because the hazard of erosion is severe, locate roads, skid
trails, and loading areas so that further erosion is avoided.
Disturb the natural litter in drainageways as little as pos-
sible. If the ground cover is removed or destroyed during
timber harvest, soil losses can be reduced by mulching,
planting pines, or seeding grass.

WOODLAND SUITARILITY GROUP E

This group consists of deep, well-drained, sandy soils
that have rapid or very rapid internal drainage. These
soils are on slopes of 0 to 18 percent. Their moisture-
supplying capacity is poor or very poor, and the soils are
droughty during dry periods. Aeration is rapid, and
natural fertility is low. The surface layer is medium acid
toneutral. The soils are—

Alpena-Bast Lake gravelly loamy sands, 0 to 2 percent slopes
(Iast Lake part).

Alpena-East Lake gravelly loamy sands, 2 to 6 percent slopes
(East Lake part).

Alpena-East Lake gravelly loamy sands, 6 to 12 percent slopes
(East Lake part).

Alpena-East Lake gravelly loamy sands, 12 to 18 percent slopes
(Bast Lake part).

Croswell loamy sands, 0 to 2 percent slopes.

Croswell loamy sands, 0 to 2 percent slopes, overwash.

Croswell loamy sands, 0 to 2 percent slopes, moderately eroded.

Croswell loamy sands, 2 to 6 percent slopes.
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Croswell loamy sands, 2 to 6 percent slopes, overwash.

Croswell loamy sands, 2 to 6 percent slopes, moderately ervoded.

Croswell-Rubicon sands, 0 to 2 percent slopes (Croswell part).

Croswell-Rubicon sands, 0 to 2 percent slopes, moderately
eroded (Croswell part).

Croswell-Rubicon sands, 2 to 6 percent slopes (Croswell part).

Iast Lake-Mancelona loamy sands, 0 to 2 percent slopes (East
Lake part).

Ilast Lake-Mancelona loamy sands, 2 to 6 percent slopes (Bast
Lake part).

East Lake-Mancelona loamy sands, 6 to 12 percent slopes (Hast
Take part).

East Lake-Mancelona loamy sands, 6 to 12 percent slopes,
moderately eroded (East Lake part).

Bast Lake-Mancelona loamy sands, 12 to 18 percent slopes
(East Lake part).

Kalkaska loamy sand, 0 to 2 percent slopes.

Kalkaska loamy sand, 0 to 2 percent slopes, moderately eroded.

Katkaska loamy sand, 2 to 6 percent slopes.

Kalkaska loamy sand, 2 to 6 percent slopes, moderately eroded.

Kalkaska loamy sand. 6 to 12 percent slopes.

Kalkaska loamy sand, 6 to 12 percent slopes, moderately eroded.

- Kalkaska loamy sand, 12 to 18 percent slopes,

Kalkaska loamy sand, 12 to 18 percent slopes, moderately
eroded.

Kalkaska sand, 0 to 2 percent slopes.

Kalkaska sand, 0 to 2 percent slopes, moderately eroded.

Kalkaska sand, 2 to 6 percent slopes.

Kalkaska sand, 2 to 6 percent slopes, moderately eroded.

Kalkaska sand, 6 to 12 percent slopes.

Kalkaska sand, 6 to 12 percent slopes, moderately eroded.

Kalkaska sand, 12 to 18 percent slopes.

Kalkaska sand, 12 to 18 percent slopes, moderately eroded.

Leelanau-Kalkaska loamy sands, 0 to 2 percent slopes (Kal-
kagka part).

Leelanau-Kalkaska loamy sands, 0 to 2 percent slopes, moder-
ately eroded (Kalkaska part).

Leelanau-Kalkaska loamy sands, 2 to 6 percent siopes (Kal-
kaska part).

Leelanau-Kalkaska loamy sands, 2 to 6 percent slopes, moder-
ately eroded- (Kalkaska part). .

Leelanau-Kalkaska loamy sands, 6 to 12 percent slopes (Kal-
kaska part).

Leelanau-Kalkaska loamy sands, G to 12 percent slopes, moder-
ately eroded (Kalkaska part).

Leclanan-Kalkaska loamy sands, 12 to 18 percent slopes (Kal-
kaska part).

Leelanau-Kalkaska loamy sands, 12 to 18 percent slopes, moder-
ately eroded (Kalkaska part).

Mancelona-East Lake loamy sands, 0 to 2 percent slopes (I8ast
TLake part).

Mancelona-East Lake loamy sands, 2 to 6 percent slopes (I8ast
Lake part).

Mancelona-East Lake loamy sands, 6 to 12 percent stopes (East
Lake part).

Mancelona-ast Lake loamy sands, 12 to 18 percent slopes
(East Lake part).

Mancelona-East Tiake loamy sands, 12 to 18 percent slopes,
moderately eroded (Bast Lake part).

Montealm-Kalkaska loamy sands, 0 to 2 percent slopes (IXal-
kaska part).

Montealm-Kalkaska loamy sands, 2 to 6 percent slopes (Kal-
kaska part).

Montealm-Kalkaska loamy sands, 2 to 6 percent slopes, moder-
ately eroded (Kalkaska part).

Montealm-Kalkaska loamy sands, 6 to 12 percent slopes (Kal-
kaska part).

Montealm-Kalkaska loamy sands, 6 to 12 percent slopes, moder-
ately eroded (Kalkaska part).

Montealin-Kalkaska loamy sands, 12 to 18 percent slopes (Kal-
kaska part).

Montealm-Kalkaska loamy sands, 12 to 18 percent slopes,
moderately eroded (Kalkaska part).

The potential productivity of these soils generally is
high for pine and is medium for aspen and northern hard-
woods. On the Kalkaska part of Montcalm-ICalkaska
loamy sands, however, the production potential is very
high for pines, high for aspen, and medium for northern

hardwoods., Red pine is the tree most valuable

commercially.

Seedling mortality of planted and naturally occurring
seedlings 1s slight. Pine can be successfully established
by planting in open fields and open areas of woodland.

Competition from undesirable plants is moderate. Com-
peting plants retard the normal growth of seedlings, but
they generally do not prevent trees from forming an
adequate stand.

Equipment limitations and the erosion hazard generally
areslight.

WOODLAND SUITABILITY GROUP E, STEEP

The soils in this group arve steeper than those in wood-
land group K, for slopes range from 18 to 45 percent.
Consequently, these soils have more rapid runoft than the
soils in group E and are more susceptible to erosion, lower
in productivity, and more difficult to manage. The soils
n this group are—

Alpena-East Lake gravelly loamy sands, 25 to 35 percent slopes
(Rast Lake part).

East Lake-Mancelona loamy sands, 18 to 25 percent slopes
(East Lake part).

East Lake-Mancelona Ioamy sands, 18 to 25 percent slopes,
moderately eroded (East Lake part).

East T.ake-Mancelona loamy sands, 25 to 35 percent slopes
(East Lake part).

Kalkaska loamy sand, 18 to 25 percent slopes.

Kalkaska loamy sand, 18 to 25 percent slopes, moderately
eroded.

Kalkaska loamy sand, 25 to 45 percent slopes.

Kalkaska loamy sand, 25 to 45 percent slopes, moderately
eroded.

Kalkaska sand, 18 to 25 percent slopes.

Kalkaska sand, 25 to 45 percent slopes.

Leelanaun-Kalkaska loamy sands, 18 to 25 percent slopes (Kal-
kagka part).

Leelanan-Kalkaska loamy sands, 18 to 23 percent slopes, moder-
ately eroded (Kalkaska part).

Leelanan-Kalkaska loamy sands, 25 to 45 percent slopes (Kal-
kaska part).

TLeelanau-Kalkaska loamy sands, 25 to 45 percent slopes, moder-
ately eroded (Kalkaska part).

Mancelona-Fast Lake loamy sands, 18 to 25 percent slopes
(Kast Lake part).

Mancelona-East Lake loamy sands, 18 to 25 percent slopes, mod-
erately eroded (Rast Lake part).

Mancelona-Tast Lake loamy sands, 25 to 45 percent slopes
(East Lake part).

Mancelona-Bast Take loamy sands, 25 to 45 percent slopes,
moderately eroded (Hast Lake part).

Montealm-Kalkaska loamy sands, 18 to 25 percent slopes (Kal-
kaska part).

Moutcalm-Kalkaska loamy sands, 18 to 25 percent slopes,
moderately eroded (Kalkaska part).

Montealm-Kalkaska loamy sands, 25 to 45 percent slopes (Kal-
kaska part).

Montealm-Kalkaska loamy sands, 25 to 45 percent slopes,
moderately eroded (Kalkaska part).

Although table 8 shows the same productivity ratings
for the soils in group E and those in group I, steep, these
soils have lower potential productivity. It is in the lower
part of the ranges represented by the ratings in table 8.

Competition from undesirable plants generally is slight.
Competing plants do not, hinder the natural regeneration
and early growth of native trees, and they do not interfere
with the growth of planted seedlings.

The use of planting and harvesting equipment is moder-
ately to severely limited on these soils. Steep slopes com-
monly reduce the efliciency of logging operations and
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thereby lower economic returns,
to plant scedlings is by hand.

Erosion is a severe hazard on these soils. For this
reason, roads and skid trails should be cavefully located.
As mnch as possible, avoid constructing them on the
steepest slopes. Special care is needed to prevent de-
struction of the natural litter in drainageways. In areas
where the protective cover has been removed or destroyed,
control erosion by seeding grass, planting trees, or mulch-
ing. Choose loading areas. that are ledst susceptible to
further erosion, '

The only suitable way

WOODLAND SUITABILITY GROUP F

In this group are imperfectly drained soils on slopes
of 0 to 12 percent. These soils have a fluctuating water
table that rises to within 3 feet of the surface in wet
periods. The surface layer is loam, gravelly sandy loam,
or gravelly loamy sand, and the subsoil ranges from sand
to silt loam. The subsoil is gravelly in some places and
occurs over stratified material. These soils have good
moisture-supplying capacity. They are moderately high
in natural fertility and are medium in aeration and -
ternal drainage. The surface layer is medium acid to
mildly alkaline. The soils are—

Gladwin-Richter gravelly sandy loams, 0 fo 2 percent slopes
(Gladwin part).

Gladwin-Richter gravelly sandy loams, 2 to 6 percent slopes
(Gladwin part).

Gladwin-Richter gravelly sandy loams, 6 to 12 percent slopes
(Gladwin part).

Tngalls-Alpena gravelly loamy sands, 0 to 2 percent slopes
(Ingalls part).

Ingalls-Alpena gravelly loamy sands, 2
(Ingalls part).

Sanilac-Richter loams, 0 to 6 percent slopes.

These soils have a high potential for the production of
white spruce, a tree that is suitable for planting to estab-
lish new stands. Trees grown for sawtimber, however,
have low potential productivity, and their management,
is likely to bring low returns.” " A professional forester
should be consnlted for suggestions on the practices to
follow.

Seedling mortality is slight in natnral stands, but, the
mortality of planted seedlings is moderate because soil
moisture is excessive during wetter periods of the year.

Competition from undesirable plants delays but gener-
ally does not prevent establishment of an adequate stand
of trees throngh natural regeneration or planting.

Windthrow 1s a moderate hazard on the soils of this
gronp. In areas that have a high water table, opening
the stand exposes the remaining trees to the danger of
being blown over by wind. )

to 6 percent slopes

WOODLAND SUITABILITY GROUP G
In this group are imperfectly drained soils that have a
loam or gravelly sandy loam surface layer. Slopes range
from 0 to 12 percent. The water table is frequently at or
near the surface, and water ponds in depressions at times.
These soils have medium internal drainage and good
moisture-supplying capacity. Natural fertility is mod-
erately high, but aeration is medinm to slow. The sur-
face layer ranges from neutral to medinm acid. The soils
are—
Gladwin-Richter gravelly sandy loams, 0 to 2 percent slopes
(Richter part).

Gladwin-Richter gravelly sandy loams, 2 to ¢ percent slopes
(Richter part).

Gladwin-Richter gravelly sandy loams, 6 to 12 percent slopes
(Richter part).

Richter loams, 0 to 2 percent, slopes.

Richter loams, 0 to 2 percent, slopes, overwash,

Richter loams, 2 to 6 percent slopes.

Richter loams. 2 to 6 percent slopes, overwash,

Richter, Tonkey, and Pinconning loams, 0 to 2 percent slopes
(Richter part).

Richter, Tonkey, and Pinconning loams, 0 to 2 percent slopes,
overwash (Richter part).

Ricliter. Tonkey, and Pinconning loams, 2 to ¢ percent slopes
(Richter part).

Richter, Tonkey, and Pinconning loams. 6 to 12 percent slopes
(Richter part).

Pines do not grow naturally on the soils of this group.
The potential productivity is low for spruce, fir, aspen,
and northern hardwoods. Establishing stands is difficult.
Iixcessive water kills many seedlings, and plant competi-
tion 1s severe. Natural regeneration should be encouraged.
If restocking is to be adequate, professional assistance is
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needed to help determine the special practices that must
be followed.

Disease is a moderate hazard to trees because the soils are
wet so much of the time.

Equipment limitations and the windthrow hazard arve
severe. 'The use of equipment is generally confined to drier
periods of the year and to winter, when the soils are frozen.
Special practices of management are needed to prevent
severe loss of trees through windthrow.

WOODLAND SUITABILITY GROUP H

This group consists of well-drained, sandy soils that
have rapid or very rapid internal drainage. Slopes range
from 0 to 18 percent. These soils have a sandy or loamy
sand surface layer and a sand subsoil. Aeration is rapid,
natural fertility is low, and the moisture-supplying capac-
ity is poor or very poor. The surface layer ranges from
strongly to slightly acid. The soils are—

Croswell-Rubicon sands, 0 to 2 percent slopes (Rubicon part).

Croswell-Rubicon sands, 0 to 2 percent slopes, moderately
eroded (Rubicon part).

Croswell-Rubicon sands, 2 to 6 percent slopes (Rubicon part).

Eastport-Rogscommon sands, 0 to 2 percent slopes (Eastport
part).

Grayling sand. 0 to 6 percent slopes.

Rubicon sand, 0 to 2 percent slopes,

Rubicon sand, 0 to 2 percent slopes, moderately eroded.

Rubicon sand, 2 to 6 percent slopes,

Rubicon sand. 2 to 6 percent slopes, moderately eroded.

Rubicon sand, 6 to 12 percent slopes,

Rubicon sand, 6 to 12 percent slopes, moderately eroded.

Rubicon sand, 12 to 18 percent slopes.

Rubicon sand, 12 to 18 percent slopes, moderately eroded.

Rubicon-Menominee loamy sandsg, 2 to 6 percent slopes (Rubi-
con part). .

Rubicon-Menominee loamy sands, 6 to 12 percent slopes (Rubi-
con part). .

Rubicon-Menominee loamy sands, 12 to 18 percent slopes (Rubi-
con part).

The potential productivity of the Rubicon and Iiastport
soils is highest for red and white pines and generully is
very low for northern hardwoods. The production poten-
tial of the Grayling soil is very low for all trees.

Seedling mortality of naturally occurring seedlings 1s
slight, but that of planted seedlings is moderate because
the soils are droughty and are erodible by wind. Plant
competition isslight.



84 SOIL SURVEY SERIES 1958, NO. 34

The erosion hazard is slight or moderate. Blow areas

may form if the surface layer is disturbed.

WOODLAND SUITABILITY GROUP H, STEEP

The soils in this group are steeper than those in woodland
group II, for slopes range from 18 to 45 percent. Conse-
quently, runoff is more rapid than on the soils in group H,
erosion is a greater hazard, productivity is lower, and the
problems of management are more complex. The soils in
this group are—

Rubicon sand, 18 to 25 percent slopes.
Rubicon sand, 18 to 25 percent slopes, moderately eroded.
Rubicon sand, 25 to 45 percent slopes.
Rubicon sand, 25 to 45 percent slopes, moderately eroded.

The potential productivity of these soils is slightly lower
than that of the soils in group H, though the productivity
ratings listed in table 8 for the two groups are the same.
The productivity of the soils in group F, steep, is in the
log]er part of the ranges represented by the ratings in
table 8.

Competition from undesirable plants generally is slight.
Competing plants do not hinder the natural regeneration
and early growth of native trees or do not interfere with the
growth of planted seedlings.

The use of planting and harvesting equipment is mod-
erately to severely limited on these soils. Steep slopes com-
monly reduce the efliciency of harvesting operations and
thereby lower economic returns. Seedlings can be planted
only by hand.

Because evosion is a severe hazard, roads and skid trails
should be carefully located. If possible, avoid constructing
them on the steepest slopes. Special care is needed to pre-
vent destruction of the natural litter in drainageways. In
areas where the protective cover has been removed or de-
stroyed, control erosion by seeding grass, planting trees,
or mulching. Use loading areas that are least susceptible
to further erosion.

WOODLAND SUITABILITY GROUP I

This group consists of imperfectly drained or very poorly
drained soils that have a water table that is intermittently
high. Slopes range from 0 to 12 percent. In the lower,
more nearly level areas, these soils are commonly ponded.
Their surface layer generally is sand, loamy sand, sandy
loam, loam, or a thin layer of organic material. Aeration
is slow, natural fertility is moderate, and the moisture-
supplying capacity is high. The soils are—

Au Gres-Saugatuck sands, 0 to 2 percent slopes.

Au Gres-Saugatuck sands, 2 to 6 percent slopes.

Eastport-Roscommon sands, 0 to 2 percent slopes (Roscommon
part).

Tosco loamy sand, 2 to 6 percent slopes.

Tosco loamy sand, 6 to 12 percent slopes.

Tosco-Ogemaw loamy sands, 0 to 2 percent slopes.

Tosco-Ogemaw loamy sands, 0 to 2 percent slopes, overwash.

TJosco-Ogemaw loamy sands, 2 to 6 percent slopes.

Richter, Tonkey, and Pinconning loams, 0 to 2 percent slopes
(Tonkey and Pinconning parts).

Richter, Tonkey, and Pinconning loams, 0 to 2 percent slopes,
overwash (Tonkey and Pinconning parts).

Richter, Tonkey, and Pinconning loams, 2 to 6 percent slopes
(Tonkey and Pinconning parts).

Richter, Tonkey, and Pinconning loams, 6 to 12 percent slopes
(Tonkey and Pinconning parts).

Roscommon mucky loamy sand.

Roscommon mucky loamy sand, overwash.

Roscommon sand.

Tawas-Roscommon complex.

Tonkey mucky sandy loam.

Tonkey sandy loam.

Tonkey sandy loam, overwash.
Tonkey-Hettinger-Pickford loams.
Tonkey-Hettinger-Pickford loams, overwash.

A hardpan occurs in the Ogemaw soils at a depth of
10 to 20 inches and in the Saugatuck soils at a depth of 12
to 26 inches. The Iettinger and Pickford soils are fine
textured throughout the profile.

The potential productivity of the soils in this group gen-
erally is low or very low because of ponding or a high water
table, but the Au Gres soils have medium potential for the
production of spruce, pine, fir, and aspen. Most of the
soils are best suited to spruce, white-cedar, and balsam
fir—trees that are the most valuable commercially. On
the Au Gres soils, however, white pine and white spruce
are most easily established and probably bring the highest
returns.

Except on the Au Gres soils, excess water causes seedling
mortality and plant competition to be severe, and after
clear cutting, new stands are difficult to establish either
by planting or by natural seeding. On the Au Gures soils,
seedling mortality is moderate and plant competition is
slight.

In many areas disease is a moderate hazard hecause the
soils are so wet. Equipment limitations and the wind-
throw hazard are severe. quipment can be used only in
winter when the soils are frozen. Special practices are
needed to prevent loss of trees through windthrow.

WOODLAND SUITABILITY GROUP J

This group consists of deep, poorly drained organic soils
that have a high water table. Slopes range from 0 to 2
percent. These soils are called mucks or peats; they con-
sist of the remains of fibrous and woody plants that are
in various stages of decomposition. The soils are poorly
aerated, have high moisture-supplying capacity, and are
moderate in natural fertility. They are mildy alkaline
tomedium acid. The soils are—

Bdwards muck
Kerston muck.
Lupton muck.

Markey muck.
Rifle peat.

Productivity ratings for these soils are not shown in
table 8, because data for estimating productivity are lack-
ing. White-cedar, black spruce, and white spruce give the
highest returns under good management.

Because soil moisture is excessive, seedling mortality and
plant competition are severe. Istablishing stands by
planting is difficult.

Equipment limitations and the windthrow hazard are
severe. On these organic soils the trees are poorly an-
chored, and unless they are properly managed and pro-
tected, many trees are likely to blow down when the wind
is high. The use of equipment is generally limited to
winter, when the sotls are frozen.

WOODLAND SUITABILITY GROUP K

This group consists of severely eroded soils that are
highly susceptible to further erosion and are very difficult
to manage. Slopes range from 0 to 45 percent. The soils
are—

Emmet sandy loam, 18 to 25 percent slopes, severely eroded.
Emmet sandy loam, 25 to 45 percent slopes, severely eroded.
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Gullied land.

Kalkaska loamy sand, 6 to 12 percent slopes, severely eroded.
‘Wind eroded land, sloping.

Wind eroded land, strongly sloping.

These are unstable soils that commonly occupy open
areas in woodland. In the management of these areas,
the greatest problem is establishing stands of trees by
planting. Before seedlings can be safely planted, the soils
must be stabilized. A professional forester should be
consulted for assistance in selecting and applying the prac-
tices needed to control further erosion in each area.

After erosion is controlled, the Emmet soils can be man-
aged in about the same way as the soils in group A, and
their potential productivity will be in the lower part of the
ranges that the ratings in table 8 represent. Management,
suitable for the Kalkaska soil is about the same as that
given for the soils in group E. Under this management,
the potential productivity is in the lower part of the ranges
represented by the ratings in table 8.

During their early growth, planted seedlings are likely
to be highly susceptible to attack by insects and disease.

WOODLAND SUITABILITY GROUP L

This group consists of soils that have little or no natural
growth of trees and are not suitable as woodland. Slopes
range from 0 to 6 percent. The soils are—

Greenwood peat.
Houghton muck.
Lake beach and Bastport sand, 0 to 6 percent slopes.

Greenwood peat and Houghton muck are deep, poorly
drained organic soils that are slightly to strongly acid and
vary in degree of decomposition. Lake beach consists of
well-drained to poorly drained, coarse-textured material
deposited by water along the shore of Grand Traverse Bay.
Rastport sand is well drained or moderately well drained
and 1s mildly alkaline to medium acid.

The soils along the lake shore are.used as sites for homes

and resorts. The organic soils are used mainly for wild-
life.

Suitability of soils for native trees

Table 9 gives the suitability of each group of soils for
17 native trees that commonly grow on the soils or for
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which the soils are known to be suited. The suitability for
a particular tree is expressed by numbers. Number 1 in-
dicates that the soils are well suited ; numbers 2, 3, and 4,
that they are progressively less well suited; and number
5, that they are poorly suited. Woodland groups J, K,
and L are not listed in the table.

The ratings in table 9 are estimates of suitability, but
they do not mdicate the productivity of woodland groups
for specific trees. Productivity ratings are given in table

Use of Soils in Engineering

This soil survey report for Grand Traverse County,
Michigan, contains information that can be used by engi-
neers to—

1. Make soil and land use studies that will aid in
selecting and developing industrial, business, resi-
dential, and recreational sites.
Make estimates of runoff and erosion characteris-
tics for use in designing drainage structures and
planning dams and other structures for water and
soil conservation.
Make reconnaissance surveys of soil and ground
conditions that will aid in selecting locations for
highways, airports, pipelines, and cables and in
lanning detailed investigations for the intended
ocations.
Locate probable sources of sand, gravel, and other
construction materials.
Correlate pavement performance with types of
soil and thus develop information that will be use-
ful in designing and maintaining the pavements.
Determine the suitability of soils for cross-country
movement of vehicles and construction equipment.
Supplement information obtained from other pub-
lished maps and reports and from aerial photo-
graphs for the purpose of making soil maps and
reports that can be readily used by engineers.

With the use of the soil map for identification, the engi-
neering interpretations in this subsection can be useful for
many purposes. It should be emphasized that they may

TasLe 9.—Suitability of woodland groups for specified native trees

Number 1 means the soils are well suited; numbers 2, 3, and 4 mean progressively less well suited; and number 5 means poorly suited.
Dashed lines indicate tree is not suited to soils or does not commonly grow on them]
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not eliminate the need for ssmpling and testing af the site
of specific engineering works involving heavy Toads and
where the excavations are deeper than the depths of layers
here reported. Kven in these situations, the soil map is
useful for planning more detailed field invest igations and
for suggesting the kinds of problems that may be expected.

Some terms used by the soil scientist may be unfamiliar
to the engineer, and some words—for example, soil, clay,
silt, s.md, aggregate, and granular—have special meamntrs
in soil science. These and other terms ave defined in the
Glossary.

Some of the information useful for engineering can be
obtained from the soil map. For more information on the
soils, however, it is necessary to refer to other parts of the
report, par tienlar ly to the sections “Descriptions of Soils”
and “Formation and Classification of Soils.”

Engineering classification systems

Most highway engineers classify soil materials in ac-
cordance with the system approved by the American Asso-
clation of State Highway Officials (AASHO). In this
system, soil materials are classified in seven principal
groups. The groups range from A-1, consisting of grav-
elly soils of high bearing capacity, to A-T, consisting of
clay soils ILWHW low Stlennfh when wet.

Some engineers prefer to use the Unified soil classifica-
tion Sy%lem developed at the Vicksburg Waterways Iox-
periment, Station of the Corps of I nomeus, U.S. Army.
In this system, which is based on identifying soils accord-
ing to their texture and plasticity, the soils are grouped
according to their performance as engineering construction
materials. The system establishes 15 soil ¢classes which are
put into three groups: (1) coarse-grained soils (8
classes), (2) fine-grained soils (6 classes), and (3) highly
organic soils (1 class). These classes, designated by pairs
of letters, range from GW to Pt. Class GW consists of
well-graded gravel or gravel-sand mixtures that contain
little or no fines. Class Pt consists of peat and other
highly organic soils.  Dual classification symbols are pro-
vided for soils that have characteristics of two classes.

The Michigan State Highway Department uses an
adaptation of the pedologic classification system. 1In this
system, detailed information is added to the system of
classification used in mapping the soils of this and other
counties of Michigan. Thevesult is n classification of soils
that ean be used in highway construction.  Also, the soils
of each series are rated according to characteristics that arve
significant to engineering, and recommendations regarding
phases of highway work are given. This information is
contained in the Field Manual of Soil Engineering, which
is used by the highway department as a guide in designing
and constructing highways.

Engineering descriptions of soils

Table 10 (p. 88) gives a brief description of the soils of
the county and an estimate of their physical properties.
Three miscellaneous land types are not included in the
table—Fresh water marsh, Gravel pits, and Gullied land.

The classification and grain size were determined from
the results of soil samples tested by the Bureau of Public
Roads.  Although the samples were taken in other coun-
ties, the data apply well to the soils of Grand Traverse
County.

SERTES 1958, NO. 34

Information given in the rest of the report and experi-
ence with similar soils in this and other connties were used
as a basis for preparing the soil engineering data in table
10.  Because the texture and depth of some soil materials
vary considerably, the engineering classifications listed in
the table may not apply to all parts, or layers, of a soil or
to the soil wherever it occurs.

Permeability was estimated for the soil in place. The
estimates were based on structure and porosity of the soil
and were compared with permeability tests made on un-
disturbed cores of similar soil material.

The available water capacity in inches per inch of soil
depth is the approximate amount of capillary w: ltel in the
soil when wet to field capacity. When the soil is “air dvy,”
this amount of water will wet the soil material described to
a depth of Linch without deeper penetration.

Engineering interpretations of soils

In table 11 (p. 104) the soils of each series are rated
according to their suitability for specific nses in engineer-
ing. Also listed in the table are the characteristics tha
affect the use of the soils for highways and for conserva-
tion engineering practices.

Soil comp]e\cs and groups of undifferentiated soils are
not given in table 11, because their properties vary accord-
ng To the componem soils. For an interpretation of the
pr opui,xes of the soils in & complex, see the soil series that
make up the complex.

The suitability of soils as a source of road fill for high-
way subgrade depends partly on the texture of the soil
material. The Kallkaska and Karlin soils, as well as other
soils that have a high content of silt and fine sand, are
difienlt, to compact unless they are confined. These soils
require moderately gentle slopes and fast revegetation to
prevent erosion.

Some soils in the connty flow when wet, and this feature
affects their suitability for highway locations and for
foundations. If soil material flows when wet, it moves or
shifts as a fluid when it is saturated with water. Sand,
silt, and other noncohesive soil materials have a low ]1qu|d
limit, and consequently, they are move likely to flow when
wet than is cohesive soil material that has a high Tiquid
limit.

Constructing highways is difficult in areas of organic
soils. The organic soils in the county are in the I dw ards,
Greenwood, IToun iton, Kerston, Lupton, Markey, Rifle,
and Tawas series. Muck and peat are nof suitable for use
in foundations, because they have low strength and nor-
mally have a hlnh water table. If possible, “Fonds should
be located to avoid areas of these soils. Tf muck or peat
cannot be avoided, it should be removed from the roadway
and replaced by snitable soil material. Because the soil
nap does not show the depth of organic soils, a special
investigation is necessary to determine the amount of ma-
terial to be removed and replaced in areas of these soils.

The imperfectly drained or poorly drained Hettinger,
Pickford, and Pinconning soils do not make good fonnda-
tions for’ roads, because the soil material is fine textured
and the water table is at or near the surface. The soils
are difficult to compact unless their moisture content is at
or only slightly above the optimum. For roads con-
strncted across these soils, the gradeline should be above
the water table, and the foundation should consist of very
permeable material thick enough to prevent frost heaving.
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In areas occupied by the Au Gres, Gladwin, Roscommon,
Saugatuck, and Tonkey soils, which developed in coarse-
textured material, the main engineering problem is a high
water table. Roads across these soils should have a grade-
line above the probable level of high water.

The Ingalls, Yosco, Ogemaw, and Richter soils are im-
perfectly drained to very poorly drained and have fine-
textured material at a depth of more than 18 inches but
less than 42 inches. Becanse of these characteristics, an
established gradeline should be above the water table. In
Tocations where the fine-textured material is near the
gradeline, very permeable material should be used for the
foundation,

The Croswell, East Lake, astport, Grayling, Kalkaska,
Karlin, Mancelona, Menominee, Montealm, and Rubicon
soils are well drained and developed in coarse textured or
very coarse textured material. These soils ave droughty
and are subject to wind erosion.

The Alpena soils and Gravelly land are well drained,
cobbly, and gravelly and occnr on benches, kames, and
ridges. These soils present few problems, but grading
may be difficult because of stones and boulders.

The other soils of the county do not present problems
that are significant to engineering. The Guelph, Nester,
and Ubly soils are nnderlain by medium-textured to fine-
textured soil material. Coventry, Emmet, Leelanau, Mc-
Bride, and Newaygo soils are underlain by medium-
textured or moderately coarse textured soil material.

At some construction sites, major variations in the soils
may occur within the depth of the proposed excavation.
The soil map, the descriptions of soil profiles, and the
engineering data and recommendations given in this sub-
section can be used to plan detailed surveys of soils at
construction sites. This soil survey report will enable the
soils engineer to concentrate on the most suitable soil units
and to take a minimum number of soil samples for testing
inthe laboratory. A

General Nature of the Area

This section provides general information about the
history and development, climate, surface geology, vege-
tation, transportation, land use, land ownership, and crops
of Grand Traverse County. The statistics given are from
reports published by the U.S. Bureau of the Census.

History and Development

Grand Traverse Connty was organized on April 7, 1851,
after the land was acquived from the Ottawa tribe of the
Algonquin Indian Nation by the treaty of 1855. The land
was first made public domain and was then apportioned
to private individuals, railroads, schools, and the State.
Many of the early settlers cleared areas of hardwoods and
established farms and orchards. The timber resources of
the county were exploited early, the original stands of pine
from 1847 to 1870, the hardwoods during a somewhat
longer period. Large areas were laid waste by repeated
fires and by attempts to farm sandy soils of very low
fertility. These aveas became tax delinquent and were
acquired by the State and made a part, of Fife Lake State
Forest.

The number of farms in the county increased at the turn
of the century, reached a peak in the 1920’s, but, declined
sharply in the 1930’s. In recent years tarms have con-
tinued to decrease in number:.-

The acreage planted to orchards increased steadily be-
cause yields of fruit were high under intensive manage-
ment and the market was fairly steady. The largest acre-
agewas used to produce tart cherries. In Peninsula Town-
ship only a few remaining areas are suitable for new
orchards, and a number of fruitgrowers have been able to
expand their acreage only by using land that has been
reclaimed by leveling and shaping steep slopes. Other
parts of the county, particularly Acme Township, still
have a large acreage of farmland that is suitable for
orchards.

Although the county is governed by a board of super-
visors, the authority to zone land for different purposes, to
evaluate land for tax assessments, and to use many other
important powers is held by township supervisors. Spe-
cial provisions permit the owners of woodland to delay
paying taxes on their land until the timber is harvested.

The use of land for building sites is concentrated near
Traverse City, along highways, and next to inland lakes
and Grand Traverse Bay. Only a few acres of agricul-
tural land are lost to urbanization, because most housing
developments ave on land that was idle and better suited
totrees or wildlife than to farm crops. o

In parts of the county where the trend in ownership 1s
toward small parcels, the efficient management of wood-
land, farmland, and orchards is a serious problem. This
trend, which is called “land fragmentation,” also has a
beneficial effect on the management of land. Many small
parcels are held by absentee owners who reside in indus-
trial cities to the south. In the management of their wood-
Iand and wildlife aveas, many of these owners are willing
to make improvements that ordinarily would not be made
by commercial firms that conduct large-scale operations.

Climate®

The climate of Grand Traverse County is quasi-marine
or modified continental. Because the county lies close to
Lake Michigan, a large inland body of water, and because
the prevailing westerly winds pass over the lake before
reaching the county, the climate is quasi-maritime when
the wind is westerly. But if the wind shifts to the south
or southeast, it passes over a large land mass before reach-
ing the county, and the climate changes to continental;
that is, the variations in temperature ave more abrupt and
cover a wider range. However, because of the prevailing
westerly winds and the influence of the lake, winter 1s
milder and summer is cooler than at the same latitude n
Wisconsin and Minnesota.

In spring the cool lake water cools the warm air that
reaches the area. As a result, the growth of plants is held
back until frost is no longer Iikely. In fall the lake water,
having been warmed by the summer snn, warms the cold
air moving into the area and delays the first frost, thereby
giving plants time to mature. _

This moderating effect diminishes with distance from
the lake, as is shown in tables 12 and 13, which give tem-

3 A. FrcwMETER, State climatologist, Weather Bm'en.n, U.S. De-
partment of Commerce, helped to prepare this subsection.
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TaBLe 10.—Engineering description of

[Dashes indicate information is not available

Depth Depth
Map Soil to Descriptions of soil and site from
symbol water surface
table
Feet Inches
AeA Alpena-East Lake gravelly loamy sands, 0 to 2 per- 5-30 | Alpena: Woell-drained soils consisting of a few 0-12
cent slopes. inches of gravelly loamy sand over gravel and 12-60-4
AeB Alpena-East Lake gravelly loamy sands, 2 to 6 per- cobbles; layer of gravel and cobbles is generally
cent slopes. at least 10 feet thick, but deposits of finer tex-
AeC Alpena-East Lake gravelly loamy sands, 6 to 12 tured material occur below a depth of 5 feet in a
percent slopes. few places.
AeD Alpena-East Lake gravelly loamy sands, 12 to 18 East Lake: Sece description of East Lake part of
percent slopes. East Lake-Mancelona loamy sands.
AeE Alpena-East Lake gravelly loamy sands, 25 to 35
percent; slopes.
AsA Au Gres-Saugatuck sands, 0 to 2 percent slopes. 2-4 | Au Gres: Imperfectly drained sandy soils that 0-12
AsB Au Gres-Saugatuck sands, 2 to 6 percent slopes. are generally at least 10 feet thick; a few areas 12-22
have a thin, sandy hardpan at a depth of 10 to 22-60+
20 inches; in some places finer textured material
is just below a depth of 5 feet.
Saugatuck: See description of Saugatuck part of
Au Gres-Saugatuck sands.
CnA Coventry-Newaygo loams, 0 to 2 percent slopes. 8-30 | Coventry: Well-drained, medium-textured soils 0-16
overlying sand at a depth of 18 to 42 inches.
CnB Coventry-Newaygo loams, 2 to 6 percent slopes. Newaygo: Sec description of Newaygo part of 16-36
CnC Coventry-Newaygo loams, 6 to 12 percent slopes. Coventry-Newaygo loams. 36-60+
CoA Croswell loamy sands, 0 to 2 percent slopes, 4-6 Moderately well drained sandy soils; sand gen- 0-14
overwash. erally occurs to a depth of more than 10 fect, 14-36
CoB Croswell loamy sands, 2 to 6 percent slopes, but finer textured material is just below a depth 36-60-+
overwash. of 5 feet in some places.
CpA Croswell loamy sands, 0 to 2 percent slopes.
CpA2 Croswell loamy sands, 0 to 2 percent slopes, mod-
ately eroded.
CpB Croswell loamy sands, 2 to 6 percent slopes.
CpB2 Croswell loamy sands, 2 to 6 percent slopes, mod-
erately croded.
CrA Croswell-Rubicon sands, 0 to 2 percent slopes. 4-20 | Croswell: Sce description of Croswell loamy
CrA2 Croswell-Rubicon sands, 0 to 2 percent slopes, mod- sands. Rubicon: See description of Rubicon
erately eroded. sands.
CrB Croswell-Rubicon sands, 2 to 6 percent slopes.
EmA East Lake-Mancelona loamy sands, 0 to 2 percent 8-30 | East Lake: Well-drained sandy soils that overlie 0-16
slopes. calcareous sand and gravel at a depth of 10 to 42 16-24
EmB East Lake-Mancelona loamy sands, 2 to 6 percent inches; sand and gravel are generally at least 24-60-+
slopes. 10 feet thick.
EmC Easlt Lake-Mancelona loamy sands, 6 to 12 percent Mancelona: See description of Mancelona soils.
slopes.
EmC2 East Lake-Mancelona loamy sands, 6 to 12 percent
slopes, moderately eroded.
EmD Easlt Lake-Mancelona loamy sands, 12 to 18 percent
slopes.
EmE East Lake-Mancclona loamy sands, 18 to 25 per-
cent slopes.
EmE2 East Lake-Mancelona loamy sands, 18 to 25 per-
cent slopes, moderately eroded.
EmF East Lake-Mancelona loamy sands, 25 to 35 per-
cent slopes.
ErA Eastport-Roscommon sands, 0 to 2 percent slopes. 2-12 | Bastport: Well-drained sandy soil on lake 0-26
benches; sand is at least 5 feet thick. 26-60+
Roscommon: Sec description of Roscommon soils.
Es Edwards muck. 0-2 16 to 42 inches of organic material over marl or 0-40
highly calearcous silt; beds of marl generally 40-60--
range from 1 to 5 feet in thickness.

See footnote at end of table.
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sotls and their estimated physical properties

for an estimate, or does not apply]

Classification Percentage
passing sieve Available
Perme- water Reaction | Shrink-swell
ability ! | capacity ? potential
USDA texture Unified AASHO No. 4 No. 200
(4.76 mm.){(0.074mm.)
Inches per
Inches per hour inch of soil pH

Gravelly loamy sand__{ SM._______.___. A-1__ .. 60-80 10-20 5. 0~10. 0 {0. 07 7.0-8.0 | Low.
Gravel, sand, and GW__ . ___ A-1__ . 25-50 0-5 10. 04 012 8.0 Low.

cobbles.
Sand. . ... .._____ $SP-SM______. SA-3. .. 395-100 5-10 5.0-10.0 | . 04 5. 5~6. 0 |. Low.
Sand._______________ SP-SM_______ 3A-3_ o ___ 395-100 5-10 5.0-10.0 | . 03 5.0-5.5 | Low.
Sand. ... _._._.____ 38P-SM____... 3 A-3 e 390-100 5-10 10. 0+ .02 6. 0-6. 5 | Low.
Loam. ..o _..._____ MLor CL__._.. A4 . 85-100 55-80 0.8-25 |.18 5. 5-6. 5 Mgdtirate

o low.

Fine sandy loam to SMor CL_._._. A-4or A-6__.___ 85-95 45-65 0.82.5 |.15 5. 0-5. 5 | Moderate

clay loam. to low.
Sand___ ... ______._ SP-SMor SM__| A~2or A-3_.____ 75~95 5-20 10. 0+ .02 6. 0-7.0 | Low.
Loamy sand_________ SM.________..._. A2 o .__ 95--100 20-35 5.0-10.0 | . 08 5.5-6.5 | Low,
Sand. . ____________ SP-SM_______. A-3_ . . 95-100 5-12 5.0-10.0 | . 03 5.5-6.0 | Low.
Sand_.__.___.______. SP_ . A-3 . o ____. 90-100 0-5 10. 0+ .02 6. 0-7.0 | Low.
Loamy sand.__..____ SM__________._ A1 80-90 10-20 5.0-10.0 | . 07 5.5-6. 5 | Low.
Loamy sand or sand__| SP-SM or SM__| A-1or A-3_____ 80-90 5-20 5.0-10.0 | .03 6. 5-7.5 | Low.
Stratified sand and SPorSW______ A-1_ .. 60-75 0-5 10. 0+ .02 8.0 Low.

gravel,
Sand. oo SP-SM________ A-lor A-3_.___ 95-100 5-10 10. 0+ .03 6.0-7.0 | Low.
Sand. .. _.______ SP-SM or SP___| A-lor A-3_____ 90-100 0-10 10. 0+ .02 7. 5-8. 0 | Low.
Muek._._______.____ Pt e Q) .50 7.5-8.0 | (9.
Marl. .. Marl.._ ... Marl.__ . 0 ) ® .20 8 0 Low.
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Tawvre 10—Engineering description of soils and

Depth Depth
Map Soil to Deseriptions of soil and site from
symbol water surface
table
Feet Inches
ExA Tmmet gravelly sandy loam, 0 to 2 pereent slopes. 8-50 | Well-drained sandy loams and gravelly sandy 0-30
ExB Emmet gravelly sandy loam, 2 to 6 percent slopes. loams in glacial till on uplands; glacial till con- 30-38
ExC Emmet gravelly sandy loam, 6 to 12 percent slopes. tains many pebbles and small stoncs, is cal- 38-60-
ExD Emmet gravelly sandy loam, 12 to 18 percent carcous bclow a depth of 24 to 45 inches, and
slopes. has many pockets of sand and gravel.
ExD2 Emmet gravelly sandy loam, 12 to 18 pcreent
slopes, modcrately croded.
ExE Emmet gravelly sandy loam, 18 to 25 percent
slopes.
ExE2 Emmet gravelly sandy loam, 18 to 25 pereent
slopes, moderately croded.
ExF Emmet gravelly sandy loam, 25 to 45 pereent
slopes.
ExF2 Emmet gravelly sandy loam, 25 to 45 percent
slopes, modcrately eroded.
EyA Emmet sandy loam, 0 to 2 pereent slopes.
EyB Smmet sandy loam, 2 to 6 pereent slopes.
EyB2 Emmet sandy loam, 2 to 6 pcreent slopes, mod-
crately croded.
EyC Tmmet sandy loam, 6 to 12 percent slopes.
EyC2 Emmet sandy loam, 6 to 12 percent slopes, mod-
erately croded.
EyD Emmet sandy loam, 12 to 18 pereent slopes.
EyD2 Emmet sandy loam, 12 to 18 percent slopes, mod-
crately croded.
EyE Emmet sandy loam, 18 to 25 percent slopes.
EyE2 Emmet sandy loam, 18 to 25 pereent slopes, mod-
erately croded.
EyE3 Emmet sandy loam, 18 to 25 percent slopes,
severely eroded.
EyF Emmet sandy loam, 25 to 45 pereent slopes.
EyF2 Emmet sandy loam, 25 to 45 pereent slopes,
moderately eroded.
EyF3 Emmet sandy loam, 25 to 45 pcreent slopes,
severcly eroded.
GrA Gladwin-Richter gravelly sandy loams, 0 to 2 per- 2-6 Gladwin: Tmperfeetly drained gravelly sandy 0-14
cent slopes. loams that have a thin subsoil of sandy loam to 14-20
GrB Gladwin-Richter gravelly sandy loams, 2 to 6 per- clay loam; stratified, calearcous sand and gravel
cent slopes. oceur below a depth of 18 to 42 inches. 20-60+
GrC Gladwin-Richter gravelly sandy loams, 6 to 12 Richter: Sce deseription of Richter loams.
percent slopes.
GsE Cravelly land, moderately steep. 5-20 | 10 to 24 inches of well-drained gravelly sandy loam 0-24
GsF Gravelly land, stecp. or loam over loose, calearcous gravel; the gravel 24-60+
extends to a depth of 60 inches or more.
GuB Crayling sand, 0 to 6 percent slopes. 520 | Well-drained sandy soil on dry plains; sand is 0-20
generally at least 10 feet thick. 20-60+
Gw Greenwood peat. 0-2 Very acid, fairly undecomposed organic material 0-60--
that is more than 42 inches thick and commonly
is much thicker.
GxA Cuclph-Nester loams, 0 to 2 pereent slopes. 8-50 | Guelph: Well-drained soils developed in loam or 0-10
GxB CGuclph-Nester loams, 2 to 6 pereent slopes. silt loam glacial till on uplands; many pockcts
GxB2 Guelph-Nester loams, 2 to 6 percent slopes, moder- of sand and gravel are in the till. 10-21
ately eroded. Nester:  Sce deseription of Nester part of Guelph-
GxC2 Guclph-Nester loams, 6 to 12 pereent slopes, mod- Nester loams. 21-60-+
erately eroded.
GxD Guelph-Nester loams, 12 to 18 pereent slopes.
GxD2 Guelph-Nester loams, 12 to 18 pereent slopes,
moderately croded.
GxE2 iuelph-Nester loams, 18 to 25 percent slopes,
modcrately eroded.
GxF2 Guelph-Nester loams, 25 to 35 percent slopes,

moderately eroded.

See footnote at end of table.




GRAND TRAVERSE COUNTY, MICHIGAN

their estimated physical properties—Continued
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Classification Percentage
passing sieve Available
Perme- water Reaction | Shrink-swell
] ability ! capacity 2 potential
USDA texture Unified AASHO No. 4 No. 200
(4.76 mm.)|(0.074 mm.)
Inches per
Inches per hour inch of soil pH
Sandy loam. .. ______ SM__.__ . A-2 . 85-95 25-35 1.5-3.5 13 5.5-6. 5 | Low.
Sandy clay loam_"._._| 8Cor CL_______ A-6.___________ 85-95 35-55 1.0-3.0 | .17 6. 5-7. 5 | Moderate.
Sandy loam__ . __.____| SM____________ A-2_ . __ 85-95 25-35 1. 5-3. 5 .10 8.0 Low.
Gravelly sandy loam_| SM____________ A-20r A-4____. 75-95 25-40 2.5-5.0 | .10 6.0-6.5 | Low.
Clay loam to sandy CLorSM______ A4 . _ 70~90 35-70 2.5-5.0 | .17 6.0-7.0 | Moderate.
loam.
Sand and gravel_____ GW-GM to A-1___________ 40-70 5-15 10. 0+ .02 7.5-8.0 | Low.
SW-SM.
Gravelly sandy loam_| SM____________ A-2 . 60-80 20-35 2.5-5.0 .14 7.0-8.0 | Low.
Sand and gravel .. ___ GP-GW_______ A-1_ . 20-50 0-5 10.0+4+ . 0L 8.0 Low.
Sand_______________ SP or SP-SM___! A-3___________ 95-100 | <10 5.0-10.0 | .02 5.0-5.5 | Low.
Sand______________. SPor SP-SM___| A~3.___________ 90-100 | <10 10. 0+ .01 5.5-6.5 | Low.
Poat. . ___. Poo e e Q) .50 4.5-5.5 | (%.
Loam__.____________ ML-CL_.______ 5A-4__________ 5900-100 | 5 60-80 0.8-2.5 17 6. 0-6. 5 | Moderate
to low.
Silty clay loam or ClL_ ... S A-6_________. 590-100 | ® 60-90 0.8-2.5 | .18 6. 5-7. 5 | Modecrate,
clay loam.

TLoam orsilt loam____| CL____________ SA-6__________ 590-100 | 5 65-85 0.8-2.5 .17 8.0 Moderate.
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Depth Depth
Map Soil to Descriptions of soil and site from
symbol water surface
table
Feet Inches
Hettinger part of Tonkey-Hettinger-Pickford loams. 1-3 Poorly drained soils developed from stratified 0-7
materials, dominantly silt loam and silty clay 7-20
loam; thin layers of sand and silty clay com- 20-60+4-
monly occur below a depth of 20 inches.
Ho Houghton muck. 0-2 Well-decomposed organic material more than 42 0-60-+
inches thick and commonly much thicker.
laA Ingalls-Alpena gravelly loamy sands, 0 to 2 percent 2-10 | Ingalls: Imperfectly drained sandy soils underlain 0-8
slopes. - by stratified silt, fine sand, and very fine sand 8-36
laB Ingalls-Alpena gravelly loamy sands, 2 to 6 per- at a depth of 18 to 42 inches. 36-60+4
cent slopes. Alpena: See description of Alpena part of
Alpena-East Lake gravelly loamy sands.
1B Tosco loamy sand, 2 to 6 percent slopes. 2-4 Imperfectly drained sandy soils underlain by loam 0-8
1HC Tosco loamy sand, 6 to 12 percent slopes. to silty clay loam at a depth of 18 to 42 inches. 8-24
24-60+-
loA Tosco-Ogemaw loamy sands, 0 to 2 percent slopes, 2-4 Tosco: See description of Iosco loamy sands.
overwash. Ogemaw: See description of Ogemaw part of
IsA Tosco-Ogemaw loamy sands, 0 to 2 percent slopes. Tosco-Ogemaw loamy sands.
IsB Tosco-Ogemaw loamy sands, 2 to 6 percent slopes.
KaA Kalkaska loamy sand, 0 to 2 percent slopes. 8-50 | Well-drained sandy soils that have a dark reddish- 0~8
KaA2 Kalkaska loamy sand, 0 to 2 percent slopes, mod- brown subsoil; color of subsoil is caused by con- 8-36
erately eroded. centration of iron and organic compounds; sand 36-60-4
KaB Kalkaska loamy sand, 2 to 6 percent slopes. is generally more than 10 feet thick.
KaB2 Kalkaska loamy sand, 2 to 6 percent slopes, mod-
erately eroded.
KaC Kalkaska loamy sand, 6 to 12 percent slopes.
KaC2 Kalkaska loamy sand, 6 to 12 percent slopes, mod-
erately eroded.
KaC3 Kalkaska loamy sand, 6 to 12 percent slopes,
severely eroded.
KaD Kalkaska loamy sand, 12 to 18 percent slopes.
KaD?2 Kalkaska loamy sand, 12 to 18 percent slopes,
moderately eroded.
KaE Kalkaska loamy sand, 18 to 25 percent slopes.
KaE2 Kalkaska loamy sand, 18 to 25 percent slopes,
moderately eroded.
KaF Kalkaska loamy sand, 25 to 45 percent slopes.
KaF2 Kalkaska loamy sand, 25 to 45 percent slopes,
moderately eroded.
KbA Kalkaska sand, 0 to 2 percent slopes.
KbA2 Kalkaska sand, 0 to 2 percent slopes, moderately
eroded.
KbB Kalkaska sand, 2 to 6 percent slopes.
KbB2 Kalkaska sand, 2 to 6 percent slopes, moderately
eroded.
KbC Kalkaska sand, 6 to 12 percent slopes.
KbC2 Kalkaska sand, 6 to 12 percent slopes, moderately
eroded.
KbD Kalkaska sand, 12 to 18 percent slopes.
KbD2 Kalkaska sand, 12 to 18 percent slopes, moderately
eroded.
KbE Kalkaska sand, 18 to 25 percent slopes.
KbF Kalkaska sand, 25 to 45 percent slopes.
KIA Karlin loamy sand, 0 to 2 percent slopes. 8-50 | Well-drained sgoils developed in 15 to 42 inches of 0-32
KIB Karlin loamy sand, 2 to 6 percent slopes. sandy loam overlying loose sand that is generally
KIC Karlin loamy sand, 6 to 12 percent slopes. more than § feet thick and, in many places, is 32-60+
KIC2 Karlin loamy sand, 6 to 12 percent slopes, moder- 20 feet or more thick.
ately croded.
KID Karlin loamy sand, 12 to 18 percent slopes.
KID2 Karlin loamy sand, 12 to 18 percent slopes, moder-
ately eroded.
KIE Karlin loamy sand, 18 to 25 percent slopes.

See footnote at end of table,
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Classification Percentage
passing sieve Available
Perme- water Reaction | Shrink-swell
ability ! capacity 2 potential
USDA texture Unified AASHO No. 4 No. 200
(4.76 mm.){(0.074 mm.)
Inches per
Inches per hour inch of soil pH

 T0Y:1 1 ¢ ML or CL...___ A-4 .. 90-100 60-80 . 2-0. 0. 20 7.0-7. 5 | Low.
Clay loam___________ o o e A-6 90-100 60-90 0.2-0.8 .17 7. 5-8. 0 | Modecrate.
Silt loam to silty ML or CLi._--__ A-4o0or A-6_____ 90-100 60-95 0.05-0.2 | .15 7. 5-8. 0 | Modecrate

clay loam., to low.
Mueke oo Pt e e fee el Q) . 50 6.0-7.0 | (.
Gravelly loamysand__| SM.___________ A-2 . 60-70 15-30 2. 5-5. 0 .07 7.0-7.5 | Low.
Loamy sand or sand.._| SP-SM or SM..| A-2 or A-3__.__ 90-100 5-25 2.5-5. 0 . 06 7.0-8.0 | Low.
Silt, fine sand, and | ML__..________ e S 90-100 65-90 0.2-0.8 | .14 8.0 Low,

very fine sand.
Loamy sand_________ SM__ oo A-2_ .. 90-100 15-25 2.5-5.0 | .06 6. 0-6. 5 [ Low.
Sand or loamy sand__| SP-SM or SM__| A~3 or A-2_____ 90-100 5-20 2.5-5.0 | .06 5.5-6. 5| Low.
Sandy clay loam or | SCor CL___..__.{ A-40or A-6_____ 85-100 45-80 0.8-2.5 | .17 7. 5-8. 0 | Moderate,

silty clay loam.
Sand or loamy sand__| SP-SM or SM__| A-3or A-2_____ 90-100 5-25 5.0-10,0 | . 06 5. 5-6. 5 | Low.
Sand_ .. _._ SP-SM or SM__| A-3or A-2_____ 90-100 5-15 10. 0+ .04 5.0-5.5 | Low.
Sand________._._.__ SP_ .. A-3_ . 90-100 0-5 10. 04 .01 5. 0-6. 0 | Low.
Sandy loam or loamy | SM_.____.____. A2 e 90-100 20-35 2.5-5,0 | .13 5.5-6. 5 | Low.

san
Sand_ oo aeaeaa SP-SM..cee e A-3 o eeee 80-100 5-10 10. 0+ .01 6.0-7. 0 | Low,
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Depth Depth.
Map Soil to Deseriptions of soil and site from
symbol water surface
table
Feet Inches
KIE2 Karlin loamy sand, 18 to 25 percent slopes, moder-
ately eroded.
KIF Karlin loamy sand, 25 to 45 percent slopes.
KIF2 Karlin loamy sand, 25 to 45 percent slopes, mocler-
ately eroded.

KsA Karlin sandy loams, 0 to 2 percent slopes.

KsB Karlin sandy loams, 2 to 6 percent slopes.

KsC Karlin sandy loams, 6 to 12 percent slopes.

Kt Kerston muck. 0-3 | Poorly druined soil consisting of alternate layers )
of muck and mineral material; most layers of O]
mineral material are sandy, but some arc clay;
gencerally occurs next to streams or in arcas that
arc periodically flooded and covered with water-
deposited material.

LeB Take beach and Tastport sand, 0 to 6 pereent slopes. 0-5 Lake beach: Consists mostly of sand but is quite 0-60-+
gravelly in some arcas; coarscr textured material
generally extends to a depth of several feet, but
in some places finer textured material occurs
below a depth of 2 to 3 feet.

Eastport: See deseription of Eastport part of
Eastport-Roscommon sands.
LkA Leclanau-Kalkaska loamy sands, 0 to 2 pereent 8--50 | Leclanau: Well-drained soils that developed in 0-28
slopes. loamy sand on uplands; pockets of loose sand 28-36
LkA2 Leclanau-Kalkaska loamy sands, 0 to 2 pereent and gravel occur in many places.
slopes, moderately eroded. Kalkaska: See description of IKalkaska loamy 36~-60-+
LkB Leelanau-Kalkaska loamy sands, 2 to 6 pereent sands.
slopes.
LkB2 Leelanau-Kalkaska loamy sands, 2 to 6 pcreent
slopes, moderately eroded.
LkC Leelanau-Kalkaska loamy sands, 6 to 12 pereent
slopes.
LkC2 Leelanau-Kalkaska loamy sands, 6 to 12 percent
slopes, moderately croded.
LkD Leelanau-Kalkaska loamy sands, 12 to 18 pereent
slopes.
LkD2 Leelanau-Kalkaska loamy sands, 12 to 18 pereent
slopes, moderately eroded.
LkE Leelanau-Kalkaska loamy sands, 18 to 25 pereent
slopes.
LkE?2 Leelanau-Kalkaska loamy sands, 18 to 25 pereent
slopes, moderately eroded.
LkF Teclanau-Kalkaska loamy sands, 25 to 45 pereent
slopes.
LkF2 Leelanau-Kalkaska loamy sands, 25 to 45 pereent
slopes, moderately croded.

Lu Lupton muck. 0-2 | Very poorly drained organic soil consisting of fairly 0-60-+
well decomposed organic material that is more
than 42 inches thick and commonly is 10 feet
thick or more.

MaA Mancelona gravelly sandy loam, 0 to 2 percent 6-30 | Well-drained loamy sands or gravelly sandy loams 0-13

slopes. that overlie calcareous sand and gravel at a
MaB Mancclona gravelly sandy loam, 2 to 6 percent depth of 18 to 42 inches; sand and gravel extend

slopcs. to a depth of at least G0 inches. 13-20
MaC Mancelona gravelly sandy loam, 6 to 12 pereent

slopes. 20-60-
MaC?2 Manceclona gravelly sandy loam, 6 to 12 pereent

slopes, moderately eroded.
MaD h‘[alncclona gravelly sandy loam, 12 to 18 pereent

slopes.
MaD2 Manecclona gravelly sandy loam, 12 to 18 percent

slopes, moderately eroded.
MbA Mancclona loamy sand, 0 to 2 pereent slopes.

See footnote at end of table.
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759-765—65——17

Classification Percentage
passing sieve Available
Perme- water Reaction | Shrink-swell
ability ! capacity 2 potential
USDA texture Unified AASHO No. 4 No. 200
(4.76 mm.){(0.074 mm.)
Inches per
Inches per hour inch of soil pH

Muekeoo oo Pt e e 4 ® 0. 50 6.5-7.5 ™.
i JS SPto CL____.__ A-3to A-6.____ 80-100 10-80 ® % 6.5-7.5 *.
Sand and gravel._._ . GW to SP._____ A-lor A-3_____ 10-90 0-5 10. 0+ Q) ™ Low.
Loamy sand_________ SM_ . A-2 .. __. 80-95 20-30 2.5-5.0 .07 6.0-7.0 Low.
Mixed loamy sand SMorSC______ A-2o0r A—4_____ 80-95 20-45 2.5-5.0 .16 6.0-7.5 Low.

and sandy clay

loam.
Loamy sand__.______ SM .. A2 L. 80-95 15-30 2.5-5.0 .05 8.0 Low.
MueKe oo Pt oo ® ® .50 7.0-8.0 | (%).
Loamy sand or SP-SM or SM__| A-2____________ 85-90 5-35 2.5-5.0 .10 5.5-6.5 | Low.

gravelly sandy

loam.
Sandy clay loam or SMorSC_...__ A-2o0r A-4.__._ 80-90 20-40 2.5-5.0 12 7.0-8.0 | Moderate

sandy loam. to low.
Sand and gravel .. ___ GPor SW__.____ A-1. . _.__ 30-60 0-5 10.0-+ .02 8.0 Low.
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Depth Depth
Map Soil to Descriptions of soil and site from
symbol water surface
table
Feet Inches
MbB Mancclona loamy sand, 2 to 6 pereent slopes.
MbC Mancelona loamy sand, 6 to 12 pereent slopes.
MeA Mancelona-ITast Lake loamy sands, 0 to 2 pereent Mancelona:  Sce description of Mancelona loamy
slopes. sands; Fast Lake: Sce description of East
MeB Mancclona-East Lake loamy sands, 2 to 6 pereent Lake part of East Lake-Mancclona loamy sands.
slopes.
MeC Malncelona-East Lake loamy sands, 6 to 12 pereent
slopes.
MeD Mancclona-Tast Lake loamy sands, 12 to 18 per-
cent slopes.
MeD2 Mancclona-East Lake loamy sands, 12 to 18 per-
cent slopes, moderately croded.
MeE Mancelona-Fast Lake loamy sands, 18 to 25 per-
cent slopes.
MeE2 Mancclona-East Lake loamy sands, 18 to 25 per-
cent slopes, moderately eroded.
MeF Mancelona-East Lake loamy sands, 25 to 45 per-
cent slopes.
MeF2 Mancclona-Tast Lake loamy sands, 25 to 45 per-
cent slopes, modcerately croded.
Mk Markcy muck. 0-2 Very poorly drained organic soil that overlics sand 0-23
at a depth of 12 to 42 inches. 23-60+4
MecBride part of Menominee-MeBride complexes 8-50 | Well-drained soils developed in sandy loam glacial 0-26
and Ubly-McBride sandy loams. till on uplands; a thin, compact fragipan is at a 26-34
depth of 25 to 40 inches; soils have a few pockets 34-54
of sand and gravel.
54-60+
MmA Menominee-MeBride complex, 0 to 2 percent slopes. 8-50 | Mcnomince: Well-drained soils  developed  in 0-24
MmB Menominee-MeBride complex, 2 to 6 percent slopes. sand or loamy sand that is gencrally 18 to 42 24-604-
MmC Mecnominee-MeBride complex, 6 to 12 pereent inches thick and is underlain by loam to clay
slopes. loam; in many small areas the sand or loamy
MmC2 Menominece-MeBride complex, 6 to 12 percent sand is thicker than 42 inches.
slopes, moderately croded. MecBride:  Sec desceription of MeBride part of
MmD Menominee-MeBride complex, 12 to 18 percent Menomince-MeBride complexes.
slopcs.
MmD2 Menominee-MceBride complex, 12 to 18 pereent
slopes, moderately croded.
MmE Menominee-MeBride complex, 18 to 25 percent
slopes.
MmE?2 Menominee-MeBride complex, 18 to 25 percent
slopes, moderately eroded.
MmF Menomince-MceBride complex, 25 to 45 pereent
" slopes.
MoA Montealm-Kalkaska loamy sands, 0 to 2 percent 8-50 | Montecalm: Well-drained soils that developed in 0-25
slopes. loamy sands; several thin bands of sandy loam to 25-604-
MoB Montealm-Kalkaska loamy sands, 2 to 6 pereent sandy clay loam occur between the depths of 25
slopes. and 60 inches.
MoB?2 Montealm-Kalkaska loamy sands, 2 to 6 pereent Kalkaska: See description of Kalkaska loamy
~ slopes, moderately eroded. sands.
MoC Montcalm-Kalkaska loamy sands, 6 to 12 percent
slopes.
MoC2 Montealm-Kalkaska loamy sands, 6 to 12 pereent
slopes, moderately croded.
MoD Montealm-Kalkaska loamy sands, 12 to 18 percent
slopes.
Mo D2 Montealm-Kalkaska loamy sands, 12 to 18 pereent
slopes, modcrately eroded.
MoE Montecalm-Kalkaska loamy sands, 18 to 25 pereent
slopes.
MoE?2 Montealm-Kalkaska loamy sands, 18 to 25 percent
slopes, moderately eroded.
MoF Montealm-Kalkaska loamy sands, 25 to 45 pereent

slopes.

See footnote at end of table.
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spersed with
sandy loam to
sandy clay loam.

Classification Pereentage
passing sicve Available
Perme- water Reaction | Shrink-swell
ability 1 capacity 2 potential
USDA texture Unified AASHO No. 4 No. 200
(4.76 mm.)|(0.074 mm.)
Inches per
Inches per hour inch of soil pH
Muek . Pt o e e Q) 4 0. 50 7.0-8.0 | (%.
Sand.. .. _____.___ SPorSP-SM___| A-lor A-5_____ 90-95 0-10 10, 04+ .03 8.0 Low.
Sandy loam..________ SSM_ ... 5 A—4_ ... 5 8098 5 35-50 0.8:2. 5 .14 6. 0-6. 5 | Low.
Sandy loam__________ SSOM .. S A-4 __________ 5 80-98 5 35-50 0. 05-0, 8§ .10 5. 5-6. 0 | Low.
Sandy loam to sandy | SM or 8C______ A4 or A-6.____ 80-98 35~60 0.8-2.5 | .18 6. 0-7. 0 | Moderate to
clay loam. low.
Sandy loam__.________ SSOM .. 5 A-2 or A-4____| 580-98 8 30-50 0. 82 5 .09 7.5-8.0 | Low.
Loamy sand_________ SM_.__ ... A2 . 85~100 20-35 5 0-10.0 | .08 5. 5~-6 Low.
Loamn to clay loam___| CL________._.__ A-Gor A~4____. 75-05 35-75 0.20-2.5 | .17 7. 0-8. 0 | Modecrate Lo
low.

Loamy sand_________ 8 SP-SM or SM_| 8 A-2________._ $90-100 | 8 5-30 2.5-5.0 .08 5.0-6. 5 | Low.
Loamy sand inter- S SMand SC-o___| 8 A-2 or A—4____| % 90-100 | ¢ 25-50 2.5-5.0 | .05-0.10 5.0-6. 5 | Low.
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Depth _ Depth
Map Soil to Descriptions of soil and site from
symbol water surface
table
Feet Inches
MoF2 Montealm-Kalkaska loamy sands, 25 to 45 percent
slopes, moderately eroded.
Nester part of Guelph-Nester loams and Ubly- 8-50 | Moderately well drained or well drained soils de- 0-14
Nester complexes. veloped in clay loam glacial till on uplands; a
thin smear of sandy material covers the surface 14-28
in places; these soils dry out less rapidly than
coarser textured soils. 28-60+
Newaygo part of Coventry-Newaygo loams. 8-30 | Well-drained soils developed in 18 to 42 inches of 0-26
sandy loam to loam over calcareous gravel and 26-40
sand; the gravel and sand extend to a depth of at
least 5 feet and, in many places, to a depth of 40-60-
more than 10 fcet.
Ogemaw part of Tosco-Ogemaw loamy sands. 2-4 | Somewhat poorly drained or poorly drained sandy 0-10
soils that have a sandy hardpan at a depth of 10-26
10 to 20 inches and overlie loam to clay at a 26-40
depth of 24 to 42 inches.
40-60-+
Pickford part of Tonkey-Hettinger-Pickford loams. 1-3 | Poorly drained soils devecloped in plastic silty 0-20
clay; in most places there are spots of less 20-60-
clayey soils.
Pinconning part of Richter, Tonkey, and Pin- 1-3 | Poorly drained sandy soils underlain by silty clay 0-6
conning loams. below a depth of 18 to 42 inches. 6-26
26-60-4-

RcA Richter loams, 0 to 2 pereent slopes, overwash. 2-4 | Imperfectly drained soils developed in stratified 0-8

RcB Richter loams, 2 to 6 percent slopes, overwash. fine sandy loam and loamy sand. 8-21

Rh A Richter loams, 0 to 2 percent slopes. 21-60+

RhB Richter loams, 2 to 6 percent slopes.

RpA Riehter, Tonkey, and Pinconning loams, 0 to 2 1-4 | Richter: Scec deseription of Richter loam; Ton-

percent slopes, overwash. key: Sce description of Tonkey soils; Pin-

RrA Richter, Tonkey, and Pinconning loams, 0 to 2 conning: Sce description of Pinconning part

percent slopes. of Richter, Tonkey, and Pinconning loams.

RrB Richter, Tonkey, and Pinconning loams, 2 to 6

pereent slopes.
RrC Richter, Tonkey, and Pinconning loams, 6 to 12
percent slopes.

Rs Rifle peat. 0-2 | Very poorly drained organic soil that consists 0-8
largely of fairly undecomposed material from 8-60--
woody planis; peat is at least 42 inches thick
and, in many places, is 10 to 15 feet or more
thick.

Rt Roscommon mucky loamy sand, overwash. 0-3 | Poorly draincd sandy soils; sand extends to a depth 0-7

Ru Roscommon mucky loamy sand. of at least 5 feet; in some arcas there is finer

Rv Roscommon sand. textured material at a depth of 5 to 10 feet. 7604

See footnote at end of table.
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Classification Percentage
passing sieve Available
Perme- water Reaction | Shrink-swell
ability ! capacity ? potential
USDA texture Unified AASHO No. 4 No. 200
(4.76 mm.)|(0.074 mm.)
Inches per
Inches per hour inch of soil pH
Silt loam or loam____| ML________._._ A-6Gor A-4____._ 80-05 55-80 0.2-0.8 {0.17 6. 0-7. 0 Modcirate
to low.
Clay loam___________ CLor CH._.__. A-7 or A~6_____ 80-95 60-80 0.2-0.8 | .18 6.0-7. 5 Modtiratl'e
to high.
Clay loam.__________ CL. . ___.__. A6 ____ 75-95 60-80 0.2-0.8 |.17 8.0 Moderate.
Sandy loam_________ SM____ ... A4 or A-2_____ 70-90 25-45 0.8-2.5 | .12 5.5-6. 5 | Low.
Gr]avclly sandy clay SC_ . =0 e 60-85 35-50 0.825 |.17 6. 0-7. 0 | Modecrate.
oam.
Gravel and sand_____ GW or SW_____ A-1_ . 25-60 0-5 10. 04 .02 80 Low.
Loamy sand__.______ SM__ ... A-2 .. 90-100 15-30 0.8-5.0 .07 5.5-6.0 | Low.
Loamy sand_________ SM.__ ... A-2 .. 90-100 15-30 0.2-2. 5 .05 5.5-6.0 | Low.
Lozimylszmd tosandy | SM.__..____.___ A-20r A—4_____ 85-95 20-45 0.82.5 |.05-0.16 | 5.0-6.5 | Low.
clay loam.
Loam to elay________ Clor CH______ A-Gor A-7_____ 75-95 60-80 0.2-2.5 .18 7.0-8.0 | Moderate
: to high.
Clay loam or loam____| CL____________ A6 __ 90-100 60-85 0.05-0.2 | .21 7.0-7.5 | Moderate.
Silty clay or clay_.___ CH__ . AT 90-100 80-95 0.05-0.2 | .18 7.5-8.0 | High.
Loam_._________.____ SM-MDL..___.___ A—4 or A-6_____ 85-100 55~75 2.5-5.0 .21 7.0-7.5 | Low.
L_oamy sand or sand._| SP-SM or SM__| A-3 or A-2_____ 85-100 5-30 5.0-10.0 | .06 7.5-8.0 | Low.
Silty elay__ . ______ | & P e 85-100 80-100 0.05-0.2 | .18 8.0 High.
Loam or sandy loam__| MY or CL.__.__ A4 . 85-100 60-80 0.8-2.5 .21 6.5-7.5 | Low.
Sandy loam_________ SM_. .. A-4 .. 85-100 35-50 0.8-2.5 .10 6.5-7.5 | Low.
Stratified fine sandy SM__ ... A-dor A-2_____ 85-100 25-50 0.8-2.5 .08 7.0-8.0 | Low.
loam or loamy
sand,
Muek.. o ______ Pt e ® * .50 5.5-6.5 | (9.
Peat . Pl oo . *) ® . 50 5.5-6.5 | (9.
Mucky l?amy sand SP-SM or SM_.| A-3or A-2_____ 90-100 5-25 5.0-10.0] .08 6.0-7.0 | Low.
or sand. -
Sand._ ___ . ____.___ SP-SM_______. A-3 .. 90-100 5-10 10. 0+ .03 6. 0-7. 0 | Low.
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Depth Depth
Map Soil to Deseriptions of soil and site from
symbol water surface
table
Feet Inches
RwA Rubicon sand, 0 to 2 pereent slopes. 6-40 } Well-drained sandy soils; sand is at least 5 feet | 0-20
RwA?2 Rubicon sand, 0 to 2 percent slopes, moderately thick and gencrally is much thicker. 20-604
croded.
RwB Rubicon sand, 2 to 6 percent slopes.
RwB2 Rubicon sand, 2 to 6 pcreent slopes, modcerately
eroded.
RwC Rubicon sand, 6 to 12 percent slopes.
RwC2 Rubicon sand, 6 to 12 pereent slopes, moderately
eroded.
RwD Rubicon sand, 12 to 18 pereent slopes.
RwD2 Rubicon sand, 12 to 18 pereent slopes, moderately
crocled.
RwE Rubicon sand, 18 to 25 percent slopes.
RwE2 Rubicon sand, 18 to 25 percent slopes, moderately
croded.
RwF Rubicon sand, 25 to 45 percent slopes.
RwF2 Rubicon sand, 25 to 45 pereent slopes, moderately
croded.
RxB Rubicon-Menomince loamy sands, 2 to 6 pereent 8-50 | Rubicon: Well-drained soils developed in 42 to 0-16
slopes. 66 inches of sand and loamy sand underlain by 16-44
RxC Rubicon-Menomince loamy sands, 6 to 12 pereent finer textured material ranging from loam to clay. 4460+
slopces. Menominee:  Sce description of Menominee part
RxD Rubicon-Menominee loamy sands, 12 to 18 per- of Mcnomince-MeBride complexes.
cent slopes.
SrB Sanilac-Richter loams, 0 to 6 percent slopes. 2-4 Sanilac: Imperfeetly drained soils developed in 0-15
stratified silt loam, fine sand, and very fine 15-60+

sand; a few thin layers of silty clay loam or
silty clay occur in some places.
Richter:  Sce description of Richter loams.

Saugatuck part of Au Gres-Saugatuck sands. 1-4 Tmperfeetly drained or poorly drained sandy soils 0-12
that have a sandy hard pan at a depth of 12 to 12-26
26 inches. 26-60-+
Ta Tawas-Roscommon complex. 0-3 Tawas: Very poorly drained organic soils; organie 0-16
material is 12 to 42 inches thick and overlies 16-60+
sand.
Roscommon: Sce deseription of Roscommon soils.
Tm Tonkey mucky sandy loam. 1-3 Poorly drained soils developed in stratified fine 0-14
Tn Tonkey sandy loam, overwash. sandy loam and loamy sand; in places the lower 14-60-+
To Tonkey sandy loam. part of the soil contains gravel in gencrally thin
layers.
Tp Tonkey-Hettinger-Pickford loams, overwash, -3 Tonkey: Sce description of Tonkey soils; Het-
Tr Tonkey-Hettinger-Pickford loams. tinger: Sece description of Hettinger part of

Tonkey-Hettinger-Pickford loams; Pickford:
Sce description of Pickford part of Tonkey-
Hettinger-Pickford loams.

UbA Ubly sandy loam, 0 to 2 pereent slopes. 8-50 | Well-drained soils on uplands; developed in 18 to 0-20

UbB Ubly sandy loam, 2 to 6 percent slopes. 42 inches of sandy loam that overlics loam to 20-604
UbC Ubly sandy loam, 6 to 12 percent slopes. clay loam.

Sece footnote at end of table.
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Classification Percentage
passing sieve Available
Perme- water Reaction | Shrink-swell
ability ! capacity ? potential
USDA texture Unified AASHO No. 4 No. 200
(4.76 mm.){(0.074 mm.)
Inches per
Tnches per hour inch of scil pH
Sand. . __________.__ SP-SM or SM__| A-3or A-2.____ 00-100 5-15 5.0-10. 0 |0. 02 5. 5-6. 0 | Low.
Sand_ oo ____.____ SP_ ... A3 .. 90-100 0-5 10. 04 .01 5. 5-6. 0 | Low.
Toamy sand._________ SM_ . A= ... 85-100 20-35 5.0-10.0 | . 08 6. 0-6. 5 | Low.
Sand._ ... __.________ SP-SM or SM__| A-3 or A-2_____ 85-100 5-15 10. 0+ .02 6. 0-7. 0 | Low.
Loam to elay_____._. CLor CH__.___ A-6 or A-T___.__ 75-95 55-75 0. 05-2. 5 .17 7. 0-8. 0 M?glclmte
high.
Loam_..________.____ ML A-4___ .. 90-100 70-90 0.8-2. 5 .16 7. 0-7. 5 | Low.
Stratified silt loam ML ___ A-4_ . 85-100 75-95 0.8-2. 5 .14 8.0 Low.
and finc sands.

Sand_____.____._.___ SP-SM or SM__| A~3 or A-2_____ 090-100 5-15 0.8-2.5 .04 5.0-6. 0 | Low.
Sand_______.________ SP-SM._.___.____ A-3 .. 90-100 5-10 0. 05-0. 8 . 04 5. 0~6. 0 | Low.
Sand___ ... .. SP_ .. A-3_ L. 090-100 0-5 10. 0+ .01 6. 0-7. 0 | Low.
Muek oo P e *) Q) ® . 50 5.5-6.0 { ().

Sand___ . ________ SPor SP-SM___| A-3___________ 90-100 0-10 10. 04+ .03 5. 5-6. 5 | Low.
Sandy loam_________ SM_.___ ... A-4________.__ 85-100 35-50 0.82.5 .18 7.0-7.5 | Low.
Stratified sandy loam | SM____________ A-4or A-2_____ 70-100 25-50 0.8-2.5 |.08 7. 0-8. 0 | Low.

and loamy sand.
Sandy loam_ ________ SM__ . A-4__________ 80-100 35-50 0.8-2.5 .14 5.5-7. 0 | Low.
Loam to elay loam__.} CL____________ A-6or A—4_____ 75-95 1 60-80 0.2-0.8 | .17 8.0 Modtimtc
to low.
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TasLe 10.—Engineering description of soils and

Depth Depth
Map Soil to Descriptions of soil and site from
symbol i water surface
table
Feet : Inches

UbC2 Ubly sandy loam, 6 to 12 percent slopes, modcrately

croded.
ubD Ubly sandy loam, 12 to 18 percent slopes.
UbE Ubly sandy loam, 18 to 25 pereent slopes.
UbF Ubly sandy loam, 25 to 35 pereent slopes.
UmA Ubly-MeBride sandy loams, 0 to 2 pereent slopes. 8-50 | Ubly: Secc description of Ubly sandy loams;
UmB Ubly-McBride sandy loams, 2 to 6 percent slopes. MeBride:  Sec description of McBride part of
UmC Ubly-MecBride sandy loams, 6 to 12 percent slopes. Ubly-MecBride sandy loams.
UmD Ubly-Mc¢Bride sandy loams, 12 to 18 pereent slopes.
UnA Ubly-Nester complex, 0 to 2 pereent slopes. 8-50 | Ubly: Sec description of Ubly sandy loams;
UnB Ubly-Nester complex, 2 to 6 pereent slopes. N}(,:ster: Sce description of Nester part of Ubly-
UnC Ubly-Nester complex, 6 to 12 percent slopes. Nester complexes.
UnD Ubly-Nester complex, 12 to 18 percent slopes.
UnD2 Ubly-Nester complex, 12 to 18 pereent slopes,

moderately eroded.
UnE Ubly-Nester complex, 18 to 25 percent slopes.
UnE2 Ubly-Nester complex, 18 to 25 percent slopes,

moderately eroded.
UnF Ubly-Nester complex, 25 to 35 percent slopes.
UnF2 Ubly-Nester complex, 25 to 35 pereent slopes,

moderately eroded.
WdC Wind eroded land, sloping.
WdD Wind croded land, strongly sloping.

! Estimates of permeability are based on a small amount of data from similar soils. The soil properties most carefully compared were
texture and structure.

2 Estimates of available water capacity were made after comparing texture, organic-matter content, and other properties of these soils
with those of a few soils for which data are available.

3 Based on tests by Burcau of Public Roads of samples from Arenac County, Mich.
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their estimated physical properties—Continued

Classification Percentage
passing sicve
Perme- Available | Reaction | Shrink-swell
ability ! water potential
USDA texture Unified AASTO No. 4 No. 200 capacity 2

(4.76 mm.)|(0.074 mm.)

Inches per
Inches per hour inch of soil pH

4 Variable.
5 Based on tests by Bureau of Public Roads of samples from Sanilac County, Mich.
¢ Based on tests by Burcau of Public Roads of samples from Ionia County, Mich.

759-765—65——8
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TavLe 11.—Engineering

Suitability as source of—

Soil featurcs affecting suitability for—

Soil series Farm ponds
Road fill for |Impermecable Highwaoy Foundations
Topsoil ! Sand. ! CGravel ! highway material location for low
subgrade buildings
Reservoir ares

Alpena_______ Very poor; | Poor; Good; vari- | Good; low Not suit- Cuts and fills | Good to fair Gencerally too
gravelly screening able sizes; volume able; commonly bearing ca- perous to
and required appreci- change; sandy and needed; pacity; low hold water
sandy; to remove able sand good bearing | gravelly. good bear- volume uuless seal
low gravel; in some capacity. ing capac- change on blanket is
organic- low con- areas. ity; good wetting or used.
matter tent of source of drying; very
content. sand in material for low com-

some fill and pressibility;
arcas. subbase. soil flows
when wet.

Au Greso...-. Very poor; | Good; Not suit- Fair to good; | Not suit- Scasonally Scasonally Generally too
sandy; mostly table. low volume able; high water high water porous to
low medium change; sandy and table; sandy table; fair hold water
organic- and fine good to fair porous. material 10 good unless seal
matter sand. bearing ca- loses sta- bearing ca- blanket is
content. pacity; bility and pacity; low used.

water table flows when volume

periodically web. change on

high. welting or
drying; very
low com-
pressibility;
fair to good
flow
strength;
soil flows
when wet.

Coventry._ .. | Fair to Fair below | Fair below | Subsoil: Subsoil: Substratum Good bearing | Slow seepage
good. 20 to 40 depth of Fair; mod- Fair to has good capacity; in subsoil;

inches. 20 to 40 crate to low good; bearing ca- low volume rapid

inches; volume thin. pacity; good change on secpage if
consider- change; fair | Substra- source of webling or porous sand
able sand. bearing ca- tum: Not | material for drying; very and gravel

pacity. suitable. subbasc and low com- exposcd.

Substratum: fill; some pressibility;

Good; low cuts and medium to

volume fills needed. high shear

change; strength.

good hear-

ing capacity.

Croswell.____ Very poor; | Good; Not suit- Good to fair; | Not suit- Good bearing | Good to fair | Rapid seep-
sandy; mostly able. low volume able; capacity; bearing age; too
low or- medium change; sandy subjeet, capacity; sandy and
ganic- and fine good to fair and to wind low volume porous to
matter sand. bearing porous. erosion; change on hold water
content. capacity. loose sand wetting or unless seal

easily drying; blanket is
excavated very low used.

but, compress-

sometimes ibility;

difficult soil flows

to haul. when wet.

See footnote at end of table.




interpretations of soils

GRAND TRAVERSE COUNTY, MICHIGAN

105

Soil features affecting suitability for——Continued

Farm ponds—
Continued

IEmbankment

Winter
grading

Septic tank
disposal field

Agricultural
drainage

Irrigation?

Terraces and
diversions

Grassed
waterways

Corrosion
potential
for
conduits

Good stability;
rapid seepage;
subjecet to
piping.

Fair stability
and compac-
tion; rapid
secpage; sub-
jeet to piping.

Subsoil: Fair
stability,
medium
scepage, and
fair compac-
tion.

Substratum:
Good sta-
bility and
rapid scepage.

Rapid scepage;
fair stability
and compac-
tion; subjecct
to piping;
low volume
change on
wetting or
drying.

Moisture
content
usually low;
good sta-
bility on
thawing.

Wetness
hinders
opcrations.

Moisture con-
tent some-
itimes too
high for
good com-
paction; fair
stability on
thawing.

Sandy;
moisture
content
usually
low; good
stability on
thawing.

Possible pollu-
tion of water
supplics by
effluent; con-
struction
problems on
slopes of more
than 10 per-
cent.

Scasonally high
water table;
rapid percola-
tion of efluent
may contami-
natc water
supplies; on-
sitc investiga-
tion needed.

Rapid drainage
at depth of
214 feet.

No restrictions
exeept possi-
ble pollution
of water
supplies by
cflluent.

Not needed;
well drained.

Drainage gen-

crally needed;

sandy; rapid
permeability;
wet depres-
sions; soil
flows when
wet; ditch-
banks un-
stable.

Not needed;
well drained.

Not neceded;
well drained.

Very low water-
holding capac-
ity; very
rapid intake
rate; frequent
water applica-
tions required;
shallow root
zZone.

Very low water-
holding capac-
ity; very rapid
intake rate;
frequent water
applications
required.

Medium to
high water-
holding ca-
pacity;
medium in-
take rate.

Very low water-
holding ca-
pacity; very
rapid intake
rate; frequent
water
applications
required; sub-
jeet to wind
erosion,

Shallow to
sandy and
gravelly ma-
terial; crodi-
ble; difficult
to vegetate.

Generally not
needed; sandy;
gentle slopes
with little
runoff.

No limitations._ .

Gencrally not
needed; sandy
soils with
gentle slopes
and little
runoff.

Sandy; diffi-
cult to
vegctate;
little runoff.

Generally not
needed;
sandy soil,
gentle slopes,
and little
runoff.

No limita-
tions unless
deep cuts
cxpose sand
and gravel.

Generally not
neceded;
sandy soil,
gentle
slopes, and
little
runoff.

Low.

Low.

Low.

Low.
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TasLe 11.—Engineering

Soil series

Suitability as source of—

Soil features affecting suitability for—

Farm ponds

Road fill for |[Impermeable Highway Foundations
Topsoil ! Sand ! Gravel ! highway material location for low
suhgrade buildings
Rescrvoir area

Fast Lake...| Very poor; | Good to Good to Excellent; Not suit- Cuts and fills | Good bearing | Rapid
sandy; fair; fair; ap- low volume able; commonly capacity; seepage;
low screening preciable change; sandy necded; low volume too sandy
organic- required sand. good and good change on and porous
matter to bearing gravelly; bearing wetting or to hold
content. remove capacity; porous. capacity; drying; water

gravel. excellent good source very low unless scal
shear of material compress- blanket,
strength. for subbase ibility; is used.
and fill. medium to
high shear
strength.

Eastport_.... Very poor; | Good,; Not suit- wood; low Not suit- Loose sand Good to fair Rapid seep-
sandy; medium able. volume able; easily ex- bearing age; too
low and fine change; sandy eavated but capacity; sandy and
organic- sands. good to fuir and sometimes low volume porous to
matter bearing porous. difficult to change on hold water
content. capacity. haul; good wetling unless scal

bearing or drying; hlanket
capacity; very low is used.
subjecet compress-
to wind ibility;
erosion. soil flows

when wet.

Edwards____. Poor; Not suit- Not suit- Not suitable; | Not suit- High water High water High waler
crodible; able. able. unstable. able; table; table; table; rapid
oxidizes unstable. organic very high seepage;
readily; material COMPpress- suitable
fair to is unstable ibility; for pit-type
good if and must be unstable. ponds;
mixed removed. flotation
with of organic
mineral material
material. possible.

Fmmet__.__. Fair_____._ Not suit- Not suit- Good to fair; | Fair__ __.__ Cuts and fills | Good to fair | Medium to
able. able. low volume commonly bearing rapid seep-

change; fair required; capacity; age; seal
bhearing stones hin- low volume blanket
capacity. der grading change on commonly

in some wetling or required.

arcas; good drying; low

to fair bear- compress-

ing ibility;

capacity. may flow

when wet,

Gladwin____. Fair. . _.-._ Good to Good; well- | Subsoil: TFair | Subsoil: Cuts and fills | Scasonally Substratum
fair; graded to good; Fair; required in high water too porous
variable gravel; low volume thin. some arcas; {able; good to hold
content consider- change; Sub- seasonally bearing water un-
of sand; able good to stratum: high water capacity ; Iess seal
sieving sand. fair hearing Not suit- table; wet- low volume blanket is
required capacity. able; ness may change on used.
to remove Substratum: porous; hinder con- wetting or
gravel. Excellent; periodi- struction; drying;

low volume cally substratum very low
change; high has good compressi-
good hear- water bearing bility; high
ing capac- table. capacity. shear

See footnote at end of table.

ity ; water
table peri-
odically
high.

strength.




GRAND TRAVERSE COUNTY, MICHIGAN

interpretations of soils—Continued

107

Soil features affecting suitability for—Continued

Farm ponds—
Continued

Embankment

Winter
grading

Septic tank
disposal field

Agricultural
drainage

Irrigation 2

Terraces and
diversions

Grassed
waterways

Corrosion
potential
for
conduits

Rapid secpage;
good sta-
bility and
compaction;
subjeet to
piping; low
volume
change on
wetting or
drying.

Rapid secpage;
fair stahility
and com-
paclion;
subject to
piping; low
volume
change on
wetting or
drying.

Organic
material
unstable;
high water
table.

Fair stability;
fair to good
compaction;
medium
seepage;
subjeet to
piping.

“Subsoil:  Fair
stahility;
fair to good
compaction;
medium
secpage.

Substratum:
Fair stability
and compac-
tion; rapid
seepage.

Moisture con-
tent usually
low; good
stability on
thawing.

Sandy;
moisture
content
usually
low; good
stability on
thawing.

Unstable
organic
material;
high water
table.

Water con-
tent often
medium;
difficult to
compact;
fair sta-
bility on
thawing.

Moisture con-
tent may
be high and
hinder
operations.

On slopes of
more than 10

pereent, con-
struction is
difficult

and sidchill
seepage is

possible; rapid

pereolation
may allow
pollution of

water supplics

by effluent.

No restrictions
other than

possible poliu-

iion of water
supplies by
percolating
cffluent.

High water
table;
unstable.

On slopes of
more than 10
pereent, con-
struction is
difficult and
sidehill
seepage is
possible;
pereolation
modcrate.

Seasonally high
water table;
pollution of
water sup-
plies possible
trom pereolat-
ing ecffluent;
on-site study
needed.

Not neceded;
well drained.

Not nceded;
well drained.

High water
table and
modecrate
depth to marl;
controlled
drainage
desirable;
organic mate-
rial subsidcs
and oxidizes
readily.

Not necded;
well  drained.

Drainage gener-
ally needed;
scasonally
high water
table; special
blinding of
tile may be
needed be-
cause of silt
and sand sub-
stratum.

Low water-hold-
ing capacity;
very rapid
intake rate;
frequent water
applications
required;
subject to
wind crosion.

Very low
water-holding
capacity; very
rapid intake
rate; frequent
water appli-
cations re-
quired; sub-
ject to wind
crosion.

Very high water-
holding
capacity;
very rapid
intake rate;
drainage re-
quired; high
water table.

TLow to medium
water-holding
capacity;
rapid intake
rate; steep
slopes are sub-
jeet to rapid
runoff and
severe
erosion.

Low-water hold-
ing capacity;
rapid intake
rate.

Moderate depth
to sand and
gravel,;
erodible;
difficult to
vegetate.

Not needed;
sandy; little
runoff;
difficult to
vegetate.

Not needed;
level organic
soil with
poor stability
and high
water table;
diversions
helpful on
adjacent
areas.

CGenerally no
limitations,
but layout
and construe-
tion difficult
where slopes
excced 12
percent.

Generally not
needed; sandy
soil with litile
runoff.

Sandy; little
runoff, but
steep slopes
erode
readily;
difficult to
vegetate.

Generally
not needed;
sandy;
little runoff;
difficult to
vegetate.

Not needed;
high water
table;
organic
material
with low
stability;
level or de-
pressional
relief.

No limita-
tions, but
stecp slopes
have rapid
runoff and
erode
readily.

Generally not
neceded;
sandy soils
with little
runoff.

Low to
mod-
crate.

Low.

Very high.

Low to
mod-
crate.

Moder-
ate.
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Suitability as source of—

Soil features affecting suitability for—

Soil scries TFarm ponds
Road fill for [Impermeable Highway Foundations
Topsoil ! Sand ! Gravel ! highway material location for low
subgrade buildings
Reservoir arca

Gravelly land.| Fair; low Good; some | Fair; over Subsoil: Tair; | Fair. oo _-.- Cuts and fills | Good to fair Scepage medi-
organic- fines; 50 per- low to commonly bearing ca- um in upper
matter sicving cent moderate needed; pacity; low 10 to 24
content; required sand; volume substratum volume inches, rap-
consider- to re- some change; has good change on id below;
able move fines. fair bearing bearing ca- wetting or seal blanket
gravel. gravel. capacity. pacity and drying; low commonly

Substratum: is sourcc of compressi- required,
Good; low material for bility; may cspecially
volume subbasc flow when if sandy
change; and fill. wet. material is
good hear- exposcd.
ing capac-
ity.

Grayling. - -__ Very poor; Good; some | Not suit- Good; low Not suit- Some cuts Good to fair Rapid scep-
sandy fines. able. volume able; too and fills; hearing ca- age; Loo
and change; porous. loosc sand pacity; low sandy and
droughty; good to fair casily ex- volume porous to
sub- bearing cavated but change on hold water
ject to capacity. sometimes wetting or unless scaol
wind difficult to drying; blanket is
crosion. haul; good very low used.

bearing compressi-
capacity; bility; soil
subject to flows when
wind cro- wet.

sion.

Greenwood_- | Poor; crod- | Not suit- Not suit- Not suitable; | Not suit- High water ITigh water High water
ible; able. able. unstable. able; un- table; or- table; un- table; rapid
oxidizes stable. ganic ma- stable; very seepage;
readily; terial is un- high com- suitable for
fair to stable and pressibility. pit-type
good if must be ponds; flo-
mixed removed. tation of
with organic
mineral madtcrial
material. possible.

Guelph. ... Fair to Not suit- Not suit- Poor; moder- | Good._____. Cuts and fills | Fair to poor Medium to
good. able. able. ate to high commonly bearing slow secp-

volume needed,; capacity; age.
change; fair to poor moderatc
poor bear- bearing volume
ing capa- capacity; change on
city; dif- subject to wetting or
ficult to frost drying;
work and heaving. medium
to compact shear
when wet. strength;
subject to
frost
heaving.

See footnote at end of table,




GRAND TRAVERSE COUNTY, MICHIGAN

nterpretations of soils—Continued

109

Soil featurcs affecting suitability for—Continued

Corrosion
Farm ponds— potential
Continucd Winter Septic tank Agricultural Terraces and Grassed for
e grading disposal field drainage Irrigation? diversions waterways conduits
Embankment

Subsoil: Fair | Sandy sub- Rapid percola- Not needed; Low to medium | Shallow to Difficult to Low to
stability; stratum tion may well drained. water-holding sandy mate- vegetate moder-
medium to has low cause pollu- capacity; rial; erodible where cuts ate.
slow seepage. moisture tion of water rapid intake and difficult cxpose

Substratum: content and supplics by rate; steep to vegetate. sandy ma-

Fair stabili- good drain- cffluent; con- slopes subject terial; steep
ty; medium age. struction dif- to rapid run- slopes sub-
to rapid ficult and off and scvere ject to rap-
secpage; sidehill scep- crosion. id runoff
subject to age possible and scverc
piping. on slopes of crosion,

more than 10

pereent.

Rapid scepage; | Sandy; mois- | No restrictions Not needed; Very low water- | Sandy soils; Generally not | Low.
fair stability ture con- other than well drained. holding capac- little runoff; necded;
and compac- tent usually possible pol- ity; very difficult to sandy; little
tion; subject low; good lution of rapid intake vegetate. runoff; dif-
to piping; stability on water supplies rate; frequent ficult to
low volume thawing. by percolat- water appli- vegetate.
change on ing cffluent. cations re-
wetting or quired; sub-
drying. jeet to wind

crosion.

Organic mate- | High water High water Gencrally not Generally not Level organic Not needed; Very
rial unstable; table; un- table; un- suitable for suitable for soil; poor sta- high high.
high water stable or- stable organic agriculture agriculture; bility; high water table;
table. ganic material. because of very rapid water table. organic

material. very strong intake rate; material;
acidity; clay very strongly level or de-
tile preferred acid; high pressional
if drained; water table. relief.
subsidence
when drained;
high
water table.

Subsoil: Fair | Moisture con- | Moderately Not needed; High water- Generally no Steep arcas Moder-
stability; tent often slow percola- small wet holding capac- restrictions, subject to ate.
slow seep- too high tion; con- areas may ity; medium but layout rapid run-
age. for good struction dif- need random intake rate; and construe- off and

Substratum: compac- ficult and tile. steep slopes tion difficult severe
Poor sta- tion; poor sidehill seep- subject to on slopes of erosion.
bility and stability on age possible rapid runoff more than 12
compaction; thawing. on slopes of and severe percent.

slow scepage.

more than 10
pereent.

erosion.
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Tasre 11.—Lngineering

Soil scries

Suitability as source of—

Soil featurcs affecting suitability for—

Farm ponds

Road fill for [Impermeable Highway Foundations
Topsoil 1 Sand 1 CGravel ! highway material location for low
subgradc buildings
Rescervoir area

Gullied land..| Very poor; | Good to Fair to not | Good; low Not suit- Cuts and fills | Good to fair Rapid scep-
sandy; fair; some suitable; volume ablc; too commonly bearing age; too
low or- layers of variable change; porous. needed capacity; sandy and
ganic- loamy gravel good to loose sand low volume porous to
matter sand and content; fair bearing casily ex- change on hold water
content. gravcl. high sand capacity. cavated but wetting or unless scal

content. somelimaes drying; blanket is
difficult to very low used.
haul; good compress-
bearing ibility;
capacity; soil flows
erodes when wet.
readily.
Hettinger- - __} Good______ Not suit- Not suit- Poor to fair; Good.___._._ Wetness and | High water High water
able. able. moderatc high water table; fair table; slow
to high vol- table hin- to poor secpage;
ume change; der con- bearing suitable for
fair to poor structlion; capacity; pit-type
bearing ca- fair to poor moderate ponds.
pacity; bearing to high
high water capacity. volume
table; dif- change on
ficult to webting or
work and drying;
to compact medium
when wet. compress-
ibility
and shear
strength.

Houghton..__| Poor; erod- | Not suit- Not suit- Not suitable; | Not suita- High water High water High water
ible; oxi- able. able. unstahle. ble; un- table; or- table; un- table; rapid
dizes stable. ganic mate- stable or- scepage;
readily; rial unsta- ganic mate- suitable for
fair to ble and rial; very pit-type
good if must be high com- ponds; flo-
mixed removed. pressibility. tation of
with organic
mineral material
material. possible.

Ingalls..._.__ Very poor; | Iair; con- Not suit- Fair to poor; | Fair to not | Scasonally Scasonally Rapid scep-
sandy and siderable able. low to suitable; high water high water age; sides
droughty; fines be- moderate seasonal- table; silty table; very of pond
seasonal- low 2 volume 1y high and sandy poor to unstable
ly high fect. change; water substratum poor bear- when wet.
walber poor bear- table. loses sta- ing capac-
table. ing capac- bility and ity when

See footnote at end of table,

ity; season-
ally high
water table.

flows when
wetb; sub-
jeet to
frost heav-
ing.

wet; sub-
ject to
liquefac-
tion; low to
modcrate
volume
change on
wetting or
drying.
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Soil features affecting suitability for—Continued

Farm ponds—
Continued

Embankment,

Winter
grading

Septic tank
disposal field

Agricultural
drainage

Irrigation 2

Terraces and
diversions

Grassed
waterways

Corrosion
potential
for
conduits

Rapid scep-
age; fair
stability and
compaction;
subject to
piping; low
volume
change
on wetting
or drying.

High water
table; fair to;
good sta-
bility and
compaction;
slow seep-
age.

Unstable
organic ma-
terial; high
water table

fair compace-
tion; medium
scepage;
subject to
piping.

Poor stability; '

Sandy; mois-
ture con-
tent usual-
ly low;
good sta-
hility on
thawing.

High water
table; mois-
fure con-
tent often
too high
for good
compac-
tion; poor
stability on
thawing.

High water
table; un-
stablec or-
ganic ma-
terial.

Moisture con-
tent often
too high
for good
compac-
tion; poor
stability on
thawing.

No restrictions
other than
possible pol-
lution of
water sup-
plies by
percolating
cfffiuent

High water
table restricts
use; moder-
ately slow
pereolation
within 2 feet
of surface.

High water
table restricts
pereolation of
cffluent;
unstable or-
ganic ma-
terial.

Scasonally high
watcer table;
on-site study
nceded.

Not needed;
well drained.

High water
table; moder-
atelyv slow
permeability ;
depressions
often wet.

High water
tabic; sub-
jeet to sub-
sidence if
overdrained;
controlled
drainage
desirable.

Drainage gen-
crally needed;
scasonally
high water
table; tile
may be
plugged by
silt and sand;
ditehbanks
unstable.

Very low water-
holding capac-
ity; very
rapid intake
rate; fre-
quent water
applications
required;
subject to
wind erosion.

Drainage re-
quired; high
water-holding
capacity;
medium in-
take rate.

Very high
water-holding
capacity;
very rapid
intake rate;
drainage re-
quired.

Low to medium
water-holding
capacity;
very rapid
intake rate.

Sandy soils;
little runoff;
difficult to
vegetate.

Level to gently
sloping relicf;
high water
table; ter-
races gener-
ally not
needed; di-
versions pre-
vent over-
flow from
adjacent
areas.

Level organic
soil with poor
stability;
high water
table; di-
versions on
adjacent
areas pre-
vent over-
flow.

Generally not
needed;
sandy soil
with little
runoff.

Generally not
neceded;
sandy; little
runoff; dif-
fieult to
vegetate.

Generally not
needed;
high water
table;
necarly level
to gently
sloping
relief.

Generally not
needed;
high water
table and
level relief.

Generally not
needed;
gentle
slopes with
little run-
off

Low.

High.

Very
high.

Moder-
rate.
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Soil scrics

Suitability as source of—

Soil features affceting suitability for—

Farm ponds

Road fill for |Impermeable Highway Foundations
Topsoil ! Sand ? Gravel 1 highway material location for low
subgrade buildings
Rescrvoir aren

Joscoo cmaoo.o Very poor; | Fair to not | Not suit- Subsoil: Fair | Subsoil: Scasonally Seasonally Scepage
sandy suitable; able. to good; Fair to high water high watcr rapid in
and limited low volume not suit- table; wet- table; fair sandy ma-
cdroughty; source of change; able. ness hin- to poor terial,
low or- sands good to Substra- ders con- bearing slow in
ganic- with fines fair bearing tum: struction; capacity; substra-
matter to depth capacity. Good; substratum moderate tum.
content. of 314 Substratum: periodi- subject to to high

fect. Poor to cally high frost volume
fair; mod- water heaving. change on
crate to table. wetting or
high volume drying;
change; medium
difficult to compressi-
work when bility and
wet, shear

strength.

Kalkaska.___. Very poor; | Good; some | Nob suit- Good; low Not suit- Some cuts Good to fair Rapid seep-
sandy fines. able. volume able; too and fills; bearing age; too
and change; porous. loose sand capacity; sandy and
droughty; good to casily ex- low volume porous to
subjcet fair bearing cavated but change on hold water
to wind capacity. somelimes webting or unless scal
crosion. difficult to drying; blanket

haul; good very low is used.
bearing compressi-

capacity; bility; soil

subject to flows when

wind wet.

crosion.

Karlin_o_____ Poor to CGood; some | Not suit- Good; low Not suit- Cuts and Good to fair Rapid secp-
very fines. able. volume able; too fills com- hearing agce; too
poor; change; porous. monly capacity; sandy and
sancy good to needed; low volume porous to
and fair loose sand change on hold water
droughty; bearing casily wetting or unless seal
subject capacity. cxcavated drying; blanket is
to wind but some- very low used,
crosion. times diffi- compressi-

cult to bility; soil
haul; good flows when
bearing wet.
capacity;

subjeet to

wind

crosion.

Kerston..____ Poor; Not suit- Not suit- Not snitable; | Not suit- High water High water High water
crodible; able. able. unstable. able; table; table; poor table; rapid
oxidizes unstable. organic bearing scepage;
readily; material capacity; suitable
fair to unstable unstable for pit-type
good if and must organic ponds;
mixed be removed; material; flotation
with subjeet to subject to of organic
mineral flooding. flooding. material
material. possible.

See footnote at end of table.
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Corrosion

Farm ponds— potential

Continued Winter Septic tank Agricultural Terraces and Grassed for
grading disposal ficld drainage Irrigation 2 diversions waterways conduits
Embankment

Sandy ma- Moisture Scasonally high | Drainage gener- | Low to medium | Generally not Generally not | High.
terial: Fair content water table; ally nceded; water-holding needed; level . needed;
stabhility; often too variable moderately capacity; very to gently sandy soil;
medium to high for percolation; slow perme- rapid intake sloping sandy level to
rapid scep- good com- on-site inves- ahility below rate; moder- soil with little gentle
age; piping paction; tigation depth of 18 ately slow to runoff. slopes with
a hazard. poor sta- needed. inches; wet slow permea- little runoff.

Substratum: bility on depressions bility within
Fair to good thawing. require 18 to 42
stability and surface inches of the
compaction; drains or surface.
slow secpage. random tile.

Rapid scepage; | Sandy; mois- | Possible pollu- Not needed; Very low water- | Sandy; diffieult | Sandy; diffi- Low.
fair stability ture con- tion of water well drained. holding ca- to vegetate; cult to
and com- tent usual- supplics by pacity; very layout and vegetate;
paction; ly low; pereolating rapid intake construction steep slopes
subject to good sta- cflluent; rate; frequent difficult on crode
piping; low hility on construction water applica- slopes of more readily.
volume thawing. difficult and tions re- than 12
change on sidehill seep- quired; sub- percent,
wetting or age possible ject to wind
drying. on slopes of erosion.

more than 10
pereent.

Rapid seepage; | Sandy; mois- | Pollution of Not needed; Very low water- | Sandy soils; Sandy soils; Low.
fair stability ture content water supplies well drained. holding ca- difficult to difficult to
and compac- usually low; possible by pacity; very vegetate; vegetate;
tion; subjecct good sta- percolating rapid intake layout and steep areas
to piping; bility on cflluent; rate; frequent construction subjcet to
low volume thawing. construction water appli- difficult on rapid runoff
change on difficult and cations re- slopes of more and scvere
wetting or sidehill secp- quired; sub- than 12 erosion.
drying. age possible ject to wind percent.

on slopes of crosion.
more than
10 percent.

Unstable Iigh water High water Normally not High water- Not nceded; Not necded; High to
organic table; table restricts suited for holding ca- nearly level nearly level very
material; unstable percolation of agriculture pacity; very soil on flood flood plains; high.
high watcr organic cflluent; because of rapid intake plains with high water
table. material subject to flooding and rate; drainage high water table.

and wet- stream over-

ness hinder
construc-
tion.

flow.

poor quality
of soil;
subsidence
likely if over-
drained.

and protece-
tion from
flooding
required.

table; diver-
sions help
prevent over-
flow from
adjacent
areas.
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Soil scrics

Suitability as source of—

Soil features affecting suitability for—

Farm ponds

Road fill for |[Impermeable Highway Foundations
Topsoil ! Sand ? Gravel ! highway material location for low
subgrade buildings
Rescrvoir arca
Lake beach...| Very poor; | Good; some | Not suit- Good; low Not suit- Loose sand Good to fair Generally not
sandy; gravel. able; volume able. easily cx- bearing ca- suitable;
low or- high change; cavated pacity; low occurs along
ganic- content good to but some- volume Grand
matter of sand. fair bearing times dif- change on Traverse
content. capacity. ficult: to wetting or Bay.
haul; good drying;
bearing very low
capacity; compressi-

Leelanau...__

Lupton_____.

Mancelona_ -

Markey. ...~

Very poor;
sandy;
low or-
ganic-
matter
content.

Poor; crodi-
ble; oxi-
dizcs
readily;
fair to
good if
mixed
with min-
eral ma-
terial.

Very poor;
sandy
and
droughty;
low or-
ganic-
matter
content.

Poor; crodi-
ble; oxi-
dizes
readily;
fair to
good if
mixed
with
mineral
material.

See footnote at end of table,

Fair to not
suitable;
consider-
able finces.

Not suit-
able.

Good; some
gravel.

Tair; some
fines;
high
water
table.

Not suit-
able.

Not suit-
able.

Good; con-
siderable
sand.

Not suit-
able.

Good to fair;
low volume
change;
good to fair
bearing
capacity.

Not suitable;
unstable.

Subsoil:  Fair
to good;
low volume
change; fair
bearing
capacity.

Substratum:
Good; low
volume
change;
zood to fair
bearing
capacity.

Not suitable;
unstable
organic
material.

Fair to not
suitable.

Not suit-
able;
unstable.

Subsoil:
Fair.

Substra-
tum: Not
suitable.

Not suit-
able; un-
stable
and too
porous to
hold
water.

subjeet to
wind ero-
sion,

Cuts and fills
commonly
needed;
matcrial
easily ex-
cavated,
but loose
sands some-
times hin-
der hauling.

High water
table; un-
stable or-
ganic ma-
terial must
be removed.

Cuts and fills
commonly
needed;
substratum
has good
bearing ca-
pacity;
good
source of
material for
subbase
and fill.

High water
table; un-
stable or-
ganic ma-
terial must
be removed;
sandy sub-
stratum.

bility; ma-
terial flows
when wet;
fluctuating

water table.

Good to fair
bearing ca-
pacity; low
volume
change on
wetting or
drying; low
compressi-
hility; may
flow when
wel.

High water
table; un-
stable or-
ganic ma-
terial; very
high com-
pressibility.

Good bearing
capacity;
low volume
change on
webting or
drying;
very low
compressi-
hility ; me-
dium to
high shear
strength.

High water
table; 18 to
42 inches of
unstable
organic ma-
terinl;
sandy sub-
stratum has
low volumec
change and
compressi-
bility; often
flows when
wet.

Rapid secep-
age; gener-
ally too
porous to
hold water
unless seal
blanket is
userl.

High water
table; rapid
seepage;
suitable for
pit-type
pondls; flo-
tation of
organic
material
possible.

Material too
porous to
hold water
unless seal
blanket is
used.

High water
table; rapid
secpage;
suitable for
pit-type
ponds; flo-
tation of
organic
material
possible.




GRAND TRAVERSE COUNTY, MICHIGAN

interpretations of soils—Continued

115

Soil features affecting suitability for-——Continued

Farm ponds—
Continued

Timbankment

Winter
grading

Septic tank
disposal ficld

Agricultural
drainage

Irrigation?

Terraces and
diversions

Grassed
waterways

Corrosion
potential
for
conduits

Rapid seepage;
fair stability
and compac-
tion; subject
to piping;
low volume
change on
welting or
drying.

Fair stability;
fair to good
compaction;
medium
seepage; sub-
jeet to
piping.

Unstable or-
ganic mate-
rial; high
water table.

Subsoil:  Fair
stability;
medium
scepage; fair
to good com-
paction.

Substratum:
Rapid seep-
age; subject
to piping.

High water
table; 18 to
42 inches of
unstable or-
ganic mate-
rial; sandy
substratum
has rapid
permeability
and is sub-
jeet to
piping.

Sandy; mois-
ture con-
tent usually
low; good
stability on
thawing.

Water content
often me-
dium; diffi-
cult to
compact;
fair sta-
hility on
thawing.

High water
table; un-
stable or-
ganic mate-
rial.

Moisture con-
tent usually
low to me-
dium; fair
stability on
thawing.

High water
table; un-
stable or-
ganic mate-
rial with
high mois-
ture con-
tent.

Pollution of
water supplies
possible;
fluctuating
water table at
depths of 2 to
10 feet.

Construction
difficult and
sidehill seep-
age possible
on slopes of
more than 10
pereent.

High water
table restricts
percolation of
cflluent; un-
stable organic
material.

Pollution of
water supplies
possible by
pereolating
cffluent; con-
struction diffi-
cult and side-
hill seepage of
effluent pos-
sible on slopes
of more than
10 pereent.

High water
table restricts
percolation of
cffluent; un-
stable organic
material.

Not needed;
well drained.

Not needed; well
drained.

High water
table; subject
to subsidence
if over-
drained; con-
trolled
drainage
desirable.

Not needed;
well drained.

High water
table; sandy
substratum
flows when
wet; ditch-
banks unsta-
ble.

Very low water-
holding ca-
pacity; very
rapid intake
rate; frequent
water appli-
cations re-
quired; sub~
jeet to wind
crosion.

Low water-hold-
ing capacity;
rapid water
intake rate;
subject to
wind erosion.

Very high
water-holding
capacity; very
rapid intake
rate; drainage
required.

Low water-hold-
ing capacity;
very rapid
intake rate;
frequent
water appli-
cations re-
quired; sub-
jeet to wind
erosion.

High water-
holding ca-
pacity; very
rapid intake
rate; drain-
age required.

Not needed;
nearly level;
little runoff;
difficult to
vegetate.

Somewhat
sandy and
crodible; dif-
ficult to vege-
tate; layout
and construe-
tion difficult
on slopes of
more than 12
pereent.

Level organie
soil with poor
stahility and
high water
table; diver-
sions help
prevent over-
flow from ad-
jacent land.

Somewhat
sandy; erodi-
bic and diffi-
cult to vege-
tate; layout
and construc-
tion difficult
on slopes of
more than 12
pereent.

Level organie
soils with
poor stahility
and high
water table;
diversions
help prevent
overflow from
adjacent
areas.

Generally not
needed;
sandy; lit-
tle runoff;
difficult to
vegetate.

Sandy and
difficult to
vegetate,
steep slopes
crode
readily.

Not needed;
high water
table; or-
ganic mate-
rial; level
or depres-
sional
relief.

Somewhat
sandy;
crodible and
difficult to
vegetate.

Not needed;
high water
table; or-
ganic mate-
rial; level
or depres-
sional
relief.

Low.

Low to
moder-
ate.

Very high.

Low to
moder-
ate.

Very high.
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Soil series

Suitability as source of—

Soil features affecting suitability for—

Farm ponds

Road fill for [Impermecable THighway Foundations
Topsoil 1 Sand ! Gravel ! highway material location for low
subgrade buildings
Reservoir arca

MeBride. ... Fair; low Not Not Subsoil: Fair____.__ Cuts and Good to fair Medium to
organic- suitable. suitable. Fair; low fills com- bearing rapid scep-
matter to mod- monly capacity; age; scal
content. crate vol- needed; low volume blanket

ume stones hin- change on generally
change; der grading wetting or required.
fair to poor operations drying; low
bearing in some compressi-
capacity. areas; good bility; may
Substratum: to fair flow when
wood to bearing wet.
fair; low capacity.
volume
change; fair
bearing.
capacity.

Menominee...| Very poor; | Fair to not | Not Subsoil: Subsoil: Cuts and fills | Fair to poor Seepage rapid
sandy suitable; suitable. Fair to Fair. commonly bearing in upper
and limited good; low Sub- needed; sub- capacity; 18 to 42
droughty; source of volume stratum: stratum moderate inches,
subject, sands change; Good. has fair to high slow bc-
to wind with fines fair to good to poor volume low; scal
erosion. to depth bearing bearing change on blanket,

of 3% capacity. capacity; wetting or required
feet. Substratum: subjeet to drying; unless
Poor; mod- frost, medium sandy
crate to heaving. shear material
high vol- strength is removed.
ume and com-
change; pressi-
poor bility.
bearing
capacity;
difficult to
work and
to compact
when wet.

Montealm..._| Very poor; | Fair;some | Not Fair to good; | Fair to not | Culs and fills | Good to fair Rapid scep-
sandy Iayers suitable. low volume suitable; commmonly bearing age; too
and with change; sandy needed; capacity; sandy and
droughty; fines. good to and loosc sandy low volume porous to
subject fair porous. material change on hold water
to wind bearing casily exca- wetting or unless scal
erosion. capacity. vated but drying; low blanket

See footnote at end of table.

sometimes
difficult
10 haul.

compressi-
bility ; may
flow when
wet.

is used.
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Soil features affecting suitability for—Continued

wetting or
drying.

age of ef-
fluent pos-
sible on
slopes of
more than 10
percent.

slopes subject
to water
erosion.

Corrosion
Farm ponds— potential
Continucd Winter Septic tank Agricultural Terraces and Grassed for
grading cdisposal ficld drainage Irrigation? diversions waterways conduits
Embankment
Fair stability; | Moisture con- | Construction Not needed; Low to medium | Fragipan be- Steep slopes Moderate.
Fair to good tent often difficult and well drained. water-holding tween 25 and subject to
compaction; medium to sidehill scep- capacity; 40 inches; runoff and
medium high; diffi- age of ef- rapid intake layout and erosion.
seepage; cult to fluent pos- rate; fragipan construction
subject to compact; sible on at depth of difticult on
piping. poor sta- slopes of 25 to 40 slopes of
bility on more than 10 inches; steep more than 12
thawing. pereent. slopes sub- pereent.
jeet to runoff
and erosion.
Sandy ma- Moisture con- | Moderately Generally not Low to medium | Sandy subsoil Sandy; slopes | Moderate.
terial: Fair tent often slow percola- needed; water-holding is highly erode
stability; too high tion; large small wet capacity; erodible and readily;
medium for good filter fields areas may very rapid difficult to difficult to
scepage; compac- required,; need random intake rate; vegetate; vegetate.
subjeet to tion; poor construction tile. slopes sub- construction
piping. stability in difficult and ject to difficult on
Substratum: substratum sidehill seep- erosion. slopes of
Fair to good on thaw- age of more than 12
stability; ing. cffluent pos- percent.
slow sible on
seepage. slopes of
more than 10
pereent; on-
site investiga-
tion nceded.
Rapid to Sandy; mois- | Pollution of Not necded; Low water- Sandy soils; Sandy; little Low.
medium ture con- water sup- well drained. holding difficult to runoff on
seepage; tent usually plies by rapid capacity; vegetate; gentle
fair stability low; good pereolation very rapid layout and slopes; dif-
and compac- drainage. of effluent intake rate; construction ficult to
tion; subjcct possible; frequent difficult on vegetate;
to piping; construction water appli- slopes of steep slopes
low volume difficult and cations more than 12 erode
change on sidehill seep- required; percent. readily.
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Suitability as source of— Soil features affecting suitability for—
Soil scries Farm ponds
Road fill for |Impermeable Highway Foundations
Topsoil * Sand ? Gravel ! highway material location for low
subgrade buildings
Reservoir area

Nester-.____. Fair; thin Not Not Poor; mod- Good._..__. Cuts and fills | Fair to poor Slow seepage-.
surface suitable. suitable. erate to commonly bearing
layer; high nceded; capacity;
clayey volume fair to poor modcrate
subsoil. change; bearing volume

poor bear- capacity; change on
ing ca- subject to wetlting or
pacity; frost drying;
diffieult 1o heaving. medium
work and shear
to compact strength.
when wet. and com-
pressibility.

Newaygo..__- Fair; thin Fair; vari- Good; some | Subsoil: Subsoil: Cuts and Good bearing | Medium seep-
surface able con- sand. Fair; low Good; fills com- capacity; age in sub-
layer; tent of to mod- thin. monly low volume soil; seal
low or- sand; crate vol- Substra- needed; change on blanket re-
ganic- some ume tum: subsira- wetting or quired if
matter gravel. change; Not tum has drying; porous sand
content. good bear- suitable; good bear- very low and gravel

ing ca- porous. ing eapac- compressi- are ex-

pacity. ity; good bility; me- poscd.
Substratum: material for dium to

Good to subbasc high shear

execllent; and fill. strength.

low volume

change;

good bear-

ing capac-

ity.

Ogemaw_.____ Very poor; | Fair; 1 to Not suit- Subsoil : Subsoil: Some cuts Scasonally Scepage rapid
sandy 2 feet of able. Good to Not suit- and fills high water in sandy
and sand fair; low able; needed; table; fair material,
droughty; with volume thin. seasonally to poor slow in
low some change; Substra- high water bearing substra-
organic- fines over good to tum: table; wet- capacity; tum.
matter fine- fair bearing Good; ness may medium
content. textured capacity; periodli- hinder con- volume

material. fair work- cally struction; change on
ability. high substra- welting or

Substra- water tum sub- drying;

tum: table. joct to medium
Poor to frost heav- compressi-
fair; mod- ing. bility and
crate to shear
high vol- strength.
ume
change;
difficult to
work and
to compact
when wet.

See footnote at end of tabhle,
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Corrosion

Farm ponds— potential
Continued Winter Septic tank Agricultural Terraccs and Grassed for

grading disposal ficld drainage Trrigation? diversions waterways conduits
Smbankment

Fair stability Moisture Moderately Generally not High water- Layout and Sloping to Moderate.
and compac- content slow pereo- needed; small holding construction steep
tion; slow often too Iation; large wect areas capacily; me- difficult on relief;
seepage; high for filter beds may need dium intake slopes of subject to
high volume good com- required; random tile. rate; sloping more than 12 rapid run-
change on paction; construction to steep re- percent. off and
wetting or poor sta- difficult and lief; subjeet severe
drying. bility on sidehill secp- to rapid run- crosion.

thawing. age possible off and severe
on slopes of erosion.
more than 10
percent; on-
site investiga-
tion nceded.

Subsoil: Fair | Moisture con- | Rapid percola- Not needed; Medium water- | Generally no Difficult to Low to
stability and tent often tion at depth well drained. holding limitations, vegetate mod-
compaction; too high of about 2% capacity; but dcep cuts where sand crate.
slow scepage. for good feet; pollu- rapid intake expose sand and gravel

Substratum: compac- tion of water rate; slopes and gravel substratum
Good sta- tion; poor supplics by subject to that are diffi- is exposed;
bility; rapid stability percolating runoff and cult to sloping
seepage; on thawing. effluent crosion. vegetate. areas sub-
very low possible. ject to
compressi- runoff and
bility. crosion.

Sandy ma- Wetness often | Seasonally high | Seasonally high | Low water- Generally not Generally not | High.

terial: Fair
stability;
medium to
rapid scep-
age; piping
hazard.

Substratum:
Fair to good
stability and
compaction;
slow scep-
age.

hinders
operations;
poor sta-
bility in
substratum
on thaw-
ing.

water table;
variable per-
meability
below 2 feet;
on-site study
necded.

water table;
sandy above
depth of 42
inches; ce-
mented hard-
pan between
10 and 30
inches makes
drainage
difficult.

holding ca-
pacity; very
rapid intake
rate; mod-
erately per-
meable ma-
terial below 2
feet;; drainage
necded.

needed; sandy
soil; gentle
slopes with
little runoff.

needed;
sandy;
gentle
slopes with
little run-
off.
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Soil scrics

Suitability as source of—

Soil features affecting suitability for—

Farm ponds

Road fill for {Impermecable Highway Foundations
Topsoil ! Sand ! Gravel t highway material location for low
subgrade buildings
Reservoir area

Pickford_____ Fuair; high Not suit- Not suit- Poor to not Good; high | High water High water High water
clay con- able. able. suitable; water table; table; fair tablc; slow
tent. high vol- table. plastic to poor secpage;

ume clayey bearing suitable for
change; material; capacity; pit-type
poor to unstable high ponds.
fair and slip- volume
bearing pery when change and
capacity; wet; fair to compressi-
high water poor bear- bility ; low
table; dif- ing capac- shear
ficult to ity; low strength;
work and shear hard when
to compact strength; dry.
when wet. subject to
frost
heaving.

Pinconning...| Good; high | Fair to not | Not suit- Subsoil: Subsoil: High water High water High water
organic- suitable; able. Fair to Fair to table; plas- table; fair table; slow
matter limited good; low not suit- tic elaycy to poor seepage;
content. source of volume able; material at bearing suitable for

sands change; thin. depth of capucity; pit-type
with fair to good | Substra- 18 to 42 high vol- ponds.
fines to bearing tum: inches; un- ume
depth of capacity. Good; stable and change and
3% fect. Substratum: high slippery compressi-

Poor; high water when wet; bility; low

volume table. fair to poor shear

change; bearing strength;

poor to fair capacity. hard when

bearing dry.

capacily;

difficult to

work and

to compacl

when wet.

Richter______ Fair; sea- Not suit- Not suit- Poor to fair; Subsoil: Some cuts Seasonally Medium to
sonally able. able. low to high Fair to and fills high water slow scep-
high volume good; needed; table; very age; sides
water change; thin. scasonally poor to of ponds
table. fair to poor | Substra- high water poor bear- unstable

bearing tum: table; silty ing capacity when wet.
capacity; Fair; and sandy when wet;
seasonally scason- substratum subject to
high water ally high loses sta- liqucfac-
table. water bility and tion; low
table. flows when volume

wet; sub- change on

ject to wetting

frost and drying.

heaving.

Rifle.______. Poor; crodi- | Not suit- Not suit- Not suitable; | Not suit- High water High water High water
ble; oxi- able. able. unstable. able; un- table; un- table; un- table;
dizcs stable. stable or- stable or- rapid scep-
readily; ganic mate- ganic mate- age; suit-
fair to rial must rial; very able for
good if be removed. high com- pit-type
mixed pressibility. ponds;
with flotation of
mineral organic
material. material

possible.

Sce footnote at end of table,
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Soil features affecting suitability for—Continued

Farm ponds—
Continued

Embankment

Winter
grading

Septic tank
disposal ficld

Agricultural
drainage

Trrigation?

Terraces and
diversions

Grassed
waterways

Corrosion
potential
for
conduits

High water
table; fair
stability;
poor com-
paction; slow
seepage;
high
volume
change on
webting or
drying.

Sandy ma-
terial:
High water
table; fair
stability;
rapid seep-
age.

Substratum:
Fair stabil-
ity; high
volume
change; slow
seepage.

Subsoil:  Fair
stability;
good com-
paction;
slow scep-
age.

Substratum:
Poor sta-
bility ; medi-
um scepage;
subject to
piping.

High water
table; un-
stable
organic
material,

High water
table;
clayey;
poor sta-
bility on
thawing.

High water
table;
claycy;
poor sta-
bitily on
thawing.

Moisture con-
tent often

too high for

good com-
paction;
poor sta-
bility on
thawing.

High water
table; un-
stable
organic
material.

ITigh water
table and
slowly per-

meable clayey

material re-
strict per-
colation of
cflluent.

High water
table and
slowly per-
meable sub-
stratum re-
strict per-
colation of
cffluent,.

Scasonally high
water table
restricts
percolation of
eflfluent; on-
site study
needed.

High water
table restricts
pereolation of
effluent; un-
stable organic
material.

High water
table and
slow permea-
bility; de-
pressions in
some areas;
surface water
ponds;
special
blinding and
close spacing
of tile re-
quired.

Slowly perme-
able clay
below depth
of 18 inches;
high water
table; pond-
ing of surface
water in de-
pressions.

Seasonally high
water table;
silty and .
sandy sub-
stratum may
plug tile; wet
depressions;
ditehbanks
unstable.

High water
table; subject
to subsidence
if over-
drained; con-
trolled drain-
age desired.

High water-
holding ca-
pacity; slow
intake rate;
drainage re-
required.

Medium water-
holding ca-
pacity; rapid
intake rate;
drainage re-
quired.

Medium water-
holding
capacity;
medinm
intake rate.

Very high
water-holding
capacity;
very rapid
intake rate;
drainage
required.

Generally not
needed; level
relief and
high water
table; diver-
sions reduce
overflow from
adjacent
areas.

Generally not
needed; level
relief and
high water
table; diver-
sions reduce
overflow from
adjacent
areas.

Erodes readily;
seasonally
high water
table.

Level organic
soil with poor
stability;
high water
table; diver-
sions reduce
overflow from
adjacent soils.

Claycy sub-
soil and
high water
table make
construe-
tion and
sceding
difficult.

Generally not
needed;
high water
table;
nearly level
or depres-
sional re-
licf.

Scasonally
high water
table.

Generally not
needed;
high water
table and
level relief.

Very
high.

Very high.

Moderate.

Very high.
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TasLe 11.—Engineering

Soil scries

Suitubility as source of—

Soil features affecting suitability for—

Topsoil !

Sand !

Gravel !

Road fill for
highway
stubgrade

Tmpermeable
material

Highway
loeation

TFoundations
for low
buildings

Farm ponds

Reservoir arca

Roscommon. -

Rubicon_..-_._

Sanilac_ .. ...

Saugatuck. ._-

Poor to
fair; high
organic-
matter
content;
thin sur-
face
layer;
sandy.

Very poor;
sandy;
droughty;
subject
to wind
erosion.

Good;
medium
organic-
matter
content.

Poor;
sandy;
droughty;
medium
organic-
matter
content.

See footnote at end of table.

Good; some
fines;
high
water
table.

Good;
some
fines.

Not suit-
able.

Good below
depth of
2 feet.

Not suit-
able.

Not suit-
able.

Not suit-
able.

Not suit-
able.

Good; low
volume
change;
fair to good
bearing
capacity;
high water
table.

Good; low
volume
change;
good to fair
bearing
capacity.

Poor; low
volume
change;
poor bear-
ing capac-
ity; subject
to frost
heaving;
seasonally
high water
table.

Fair to good;
low volume
change;
good to
fair bear-
ing capac-
ity; water
table peri-
odically
high.

Not suit-
able;
porous;
high
water
table.

Not suit-
able; too
sandy
and
porous.

Fair;
period-
ically
high
water
table.

Not suit-
able;
sandy
and
porous.

High water
table;
sandy
material
loses sta-
hility and
flows when
wet.

Cuts and fills
commonly
needed,;
loose sands
ecasily
excavated
but some-
times
difficult to
haul; good
bearing
capacity;
subject to
wind ero-
sion.

Seasonally
high water
table; silty
and sandy
substratum
loses
stability
and flows
when wet;
subject to
frost
heaving.

Seasonally
high water
table;
sandy ma-
terial loses
stability
and flows
when wet.

High water
table; fair
to good
bearing
capacity;
low volume
change;
very low
compressi-
bility; good
shear
strength;
flows when
wet.

Good to fair
bearing
capacity;
low volume
change on
wetting or
drying;
very low
compressi-
bility; flows
when wet.

Seasonally
high water
table; poor
bearing
capacity
when wet;
subject to
liquefaction ;
low volume
change on
wetting or
drying.

Scasonally
high water
table; fair
to good
bearing
capacity;
low volume
change on
wetting or
drying;
very low
compress-
ibility; fair
to good
flow
strength;
flows when
wet.

High water
table; rapid
seepage;
suitable for
pit-type
ponds.

Rapid seep-
age; too
sandy and
porous to
hold water
unless seal
blanket is
used.

Medium
seepage;
sides of
ponds
unstable
when wet
and subject
to damage
by wave
action.

Generally too
porous to
hold water
unless seal
blanket
used.
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Soil features affecting suitability for—Continued

Farm ponds—
Continued

Embankment,

Winter
grading

Septic tank
disposal field

Agricultural
drainage

Irrigation !

Terraces and
diversions

Grassed
waterways

Corrosion
potential
for
conduits

High water
table; fair
stability and
compaction;
rapid seep-
age; subject
to piping.

Rapid secpage;
fair stability
and compac-
tion; subject
to piping;
low volume
change on
drying.

Poor stability;
fair compac-
tion;
medium
seepage;
subject to
piping.

Fair stability
and com-
paction;
rapid seep-
age; subject
to piping.

High water
table; wet-
ness hinders
operations.

Sandy; mois-
ture con-
tent usually
low; good
stability on
thawing.

Moisture con-
tent often
too high
for good
compac-
tion; poor
stability on
thawing.

Wetness often
hinders
operations.

High water
table restricts
percolation of
cffluent.

Pollution of
water supplics
possible by
percolating
cffluent; con-
struction
difficult on
slopes of more
than 10
percent.

Seasonally high
water table
restricts
percolation of
effluent; soil
material, when
wet, may plug
filter beds;
on-site study
needed.

Seasonally high
water table;
rapid perco-
lation of
cffluent may
contaminate
water sup-
plies; on-site
investigation
needed.

High water
table; sandy
substratum
makes tiling
difficult; wet
depressions;
ditchbanks
unstable.

Not necded;
well drained.

Seasonally high
water table;
silt and sand
in substratum
may plug
tile; special
blinding of
tile nceded;
ditchbanks
unstable.

Sandy; ce-
mented layer
at depth of
12 to 26
inches; wet
depressions;
soil flows
when wet;
ditchbanks
unstable.

Sandy; very
low water-
holding
capacity;
rapid intake
rate; drain-
age required.

Very low water-
holding
capacity;
very rapid
intake rate;
frequent
water applica-
tions re-
quired;
subject to
wind crosion;
steep slopes
highly
erodible.

Medium water-
holding
capacity;
medium in-
take rate.

Very low water-
holding ca-
pacity; very
rapid intake
rate; frequent
water appli-
cations re-
quired.

Generally not
needed; level
relief; high
water table;
diversions
reduce over-
flow from
adjacent
areas.

Sandy soils;
difficult to
vegetate;
layout and
construction
difficult on
slopes of
more than 12
pereent.

Generally not
neceded; nearly
level or gently
sloping relief
with littlc
runoff.

Generally not
needed;
sandy; gentle
slopes with
little runoff.

Generally not
needed; wet,
sandy
soils;
mostly
nearly level
or depres-
sional, but
some gentle
slopes.

Sandy; little
runoff on
gentle
slopces;
steep slopes
erode
readily;
difficult to
vegetate.

Generally not
needed;
nearly level
or gently
sloping and
little runoff.

Generally not
needed;
sandy soil;
gentle
slopes with
little run-
off.

High.

Low.

Moderate.

Low.
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Tarre 11.—FEngineering

Soil series

Suitability -as source of—

Soil features affecting suitability for—

Farm ponds

Road fill for | Impermeable Highway Foundations
Topsoil ! Sand ! Gravel ! highway material location for low
subgrade buildings
Reservoir area

Tawas_______ Poor; TFair; high Not suit- Not suitable; | Not suit- High water High water High water
crodible; water able. unstable; able; un- table; or- table; table; rapid
oxidizes table; high water stable ganic soil sandy sub- secpage;
readily; some table; and too matcrial stratum suitable for
fair to fines. underlying porous. unstable has low pit-type
good if sand is fair and must volume ponds; flo-
mixed to good. be re- change and tation of
with moved; COMpPress- organic
mineral sandy sub- ibility; material
material. stratum, often flows possible.

when wet.

Tonkey.._._- Clood; high | Noft suit- Not suit- Fair; low vol- | Fair_..____ High water ITigh water High water
water able. able. ume table and tablc; poor table; me-
table; change; fair wetbhess bearing dium secp-
high to poor hinder con- capacily age; suit-
organie- bearing struction; when wet; able for
matier capacity; fair to poor subjeet to pit-type
content. high water bearing liquefac- ponds; un-

table. capacily. tion; low stable when
volume wcet.
change and
compress-
ibhility; fair
shear
strength.

Ubly - oo Fair; low Not suit- Not suit- Upper 18 to Upper 18 Cuts and fills | Fair to poor Scepage me-
organic- able. able. 42 inches: to 42 commonly bearing dium to
matter Fair to inches: needed; capacity; rapid in
content, good; low Fair. substratum moderatc upper 18 to

volume Sub- has fair to to high 42 inches,
change; stratum: poor bear- volume slow helow.
good to fair Good. ing capac- change on
bearing ity sub- wetting or
capacity. ject to frost drying;
Substratum: heaving. medium
Poor to shear
fair; mod- strength
crate to and com-
high vol- pressibility.
ume
change;
difficult to
work and

to compact
when wet.

1 The Ficld Manual of Soil Engincering (4th cedition), published by the Michigan State Highway Department, was used as a guide in

assembling this information.
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Soil features affecting suitability for—Continued

Farm ponds—
Continued

Embankment

Winter
grading

Septic tank
disposal ficld

Agricultural
drainage

Irrigation !

Terraces and
diversions

Grassed
waterways

Corrosion
potential
for
conduits

High water
table; 18 to
42 inches of
unstable
organic ma-
terial; per-
meability
rapid in
sandy sub-
stratum;
subject to
piping.

High water
table; sub-
soil has poor
stability;
medium
scepage;
piping a
hazard.

Upper 18 to 42
inches: Fair
stability ;-
medium
seepage;
good com-
paction.

Substratum:
Fair to good
compaetion;
slow seep-
age.

High water
table; un-
stable
organic
material,

High water
table; mois-
ture con-
tent often
too high for
good com-
paction;
poor sta-
bility on
thawing.

Moisture con-
tent me-
dium to
high; poor
stability on
thawing.

High water
table restricts
percolation of
cffluent.

High water
tuble restricts
pereolation of
cffluent.

Somewhat re-
stricted per-
colation pos-
sible helow
depth of 3
feet; con-
struction
difficult, and
sidehill scep-
age of efllu-
cnt possible
on slopes of
more than 10
pereent.

High water
table; sandy
substratum
flows when
wet and may
plug tile;
ditchbanks
unstable;
controlled
drainage
needed to
reduce sub-
sidence of
organic
material.

High water
table; sandy
material may
flow when
wet and plug
tile; ditch-
banks un-
stable; wet
depressions.

Not needed;
well drained;
wet spots
may need
random tile,

High water-
holding ca-~
pacity; very
rapid intake
rate; drain-
age required.

Medium water-
holding ca-
pacity; rapid
intake rate;
drainage re-
quired.

Medium water-
holding ca-
pacity; rapid
intake rate.

Generally not
needed; level
to depres-
sional relief;
organic soils
with poor
stability;
high water
table; diver-
sions reduce
runoff from
adjacent
areas.

Gienerally not
needed; level
or gently
sloping relief;
high water
table; diver-
sions reduce
overflow from
adjacent
arcas.

Layout and
construction
difficult on
slopes of more
than 12
perecent.

Not needed;
high water
table; level
or depres-

sional relief,

Generally not
needed;
high water
table; level
or gently
sloping.

Slopes crode
readily;
difficult to
vegetate.

High.

High.

Moderate.

1

? Estimates of wator-holding capacity are based on the following ranges in moisture content, between 14 atmosphere and 15 atmosphores
tension, to a depth of 60 inches or to a root-restricting layer:

Very high
High
Medium
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TaBLE 12.—Temperature and precipitation at Fife Lake, Grand Traverse County, Mich.!

Temperature Precipitation?
Two years in 10 will have Ounc year in 10 will have—
at least 4 days with—
Month Average Average Avcerage
daily daily monthly
maximum minimum Maximum Minimum total
temperature | temperature Less than— [More than—
equal to or | equal to or
higher than—{ lower than
°F, °F, °F. °Jn, Inches Inches Inches
January_ oo .. 29 13 40 -7 2.1 0.9 2.2
February ool 28 9 42 -1 1.5 .7 2.6
Mareh. - .. 38 17 53 —8 1.8 1.1 2.2
April . 54 29 75 15 2.1 1.7 4.0
MY oo e 68 39 83 27 3.0 1.6 3.1
JUNC oo ___ 77 49 90 37 3.3 1. 4 6.5
July o .- 82 53 90 42 3.1 1.9 6.5
Augusb - oo 79 52 89 41 3.1 1.1 5.1
September. _ o _____ 71 46 84 33 3. 4 1.1 3.5
Oclober-oo 59 36 76 26 3.0 .9 5.8
November. oo oo _ 43 26 60 7 3.0 1.5 3.4
December_. L 31 17 46 -1 2.1 1.1 2.0
R R R 55 32 392 $ =21 31. 4 22,7 37.5
1 Based on 22-year record, through 1951. 3 Average annual highest maximum,
2 Data on number of days with snow cover and average depth of 4 Average annual lowest minimum.
snow not available.
TaBre 13.—Temperature and precipitation at Traverse City, Grand Traverse County, Mich.t
Temperature Precipitation
Two ycars in 10 will have One year in 10
at least 4 days with— will have— Average
Month Average Average Average Days with cdepth of
daily daily monthly SNow cover snow on
maximum | minimum | Maximum Minimum total of 1 inch days with
temperature | temperature Loess More or more SNOw cover
cqual to or | equal to or than— than—
higher than—|lower than—
°F. °F. °F. °F. Inches Inches Inches Number Inches
January oo _ 30 17 41 —1 1.9 1.2 2.8 8
February_____ . ___. 30 15 42 -3 1.3 7 2.4 28 10
Mareh .. ___ 38 21 59 2 1.6 1.0 3.0 22 8
Aprilo . __.. 52 32 73 20 2.0 1.8 3.7 3 2
May. oo 65 41 81 30 3.0 1.4 4.4 0 0
June.oo ... 76 53 89 40 2.6 1.7 4.0 0 0
July e 82 59 a0 46 2.6 1.4 5.7 0- 0
August_._ .. _.____ 79 58 92 45 2.8 1.5 4.7 0 0
September. . _____ 71 51 85 36 3.7 1.2 5.1 0 0
Octobero._ . ____. 59 41 76 27 2.9 .9 5.1 0 0
November.____.___.. 44 30 61 14 3.0 1.8 4.2 9 4
December-_ . ___ .. 33 22 47 6 1.7 1.6 2.3 24 5
Year. . ..____ 55 37 295 3 —10 29.1 26.3 33.6 116 6

1 Based on 22-year record, through 1951.

perature and precipitation data for Fife Lake and Tra-
verse City. At Fife Lake, in the southeast corner of the
county, the average growing season is only 87 days, but at
Traverse City, under the influence of Grand Traverse Bay
on Lake Michigan, the average growing season is 142 days.

The average date of the last killing frost in spring is
May 18 at Traverse City and is June 11 at Fife Lake.

latest killing frost ever recorded

The
occurred on June 13,

2 Average annual highest maximum.

3 Average annual lowest minimum.

1989, at Traverse City and on July 4, 1922, at Fife Lalke.
In fall the average date of the first killing frost is October
7 at Traverse City and September 6 at Fife Lake.
Traverse City the earliest killing frost was recovded on
September 12, 1943.

Further illustrating the influence of the lake on climate,
the average maximum temperature in spring is about 2°
I, lower at Traverse City than it is at Fife Lake.

At

Late in



GRAND TRAVERSE COUNTY, MICHIGAN

fall and during winter, the average minimum temper-
ature is 4 to 6° higher at Traverse City than at Fife Lake.

As shown by tables 12 and 13, the lake tends to stabilize
total yearly precipitation. The totals listed in columns
seven and eight of the tables indicate that, in a 10-year
period, the difference in precipitation between the wettest
year and the driest year is 14.8 inches at Fife Lake but is
only 7.3 inches at Traverse City.

Temperature varies widely in Grand Traverse County.
Tables 12 and 13 show that, on the average, 2 years in 10
have at least 4 days in July when the temperature is 90°
or higher at both Traverse City and Fife Lake. The other
extreme occurs in February when, on the average, 2 years
in 10 have at least 4 days with a temperature of —11° or
lower at Fife Lake and a temperature of —3° or lower at
Traverse City. The 4 or more days may or may not occur
consecutively.

At Fife Lake the highest temperature ever recorded was
107°, in 1936, and the lowest was —45°, in 1943. At Tra-
verse City the highest temperature ever recorded was
105°, also in 1936, and the lowest was —33°, in 1899,

The moderating influence of Lake Michigan has a pro-
mounced effect on agriculture in the county. Because
spring days ave cooler near the lake, in that area the
dormancy of fruit trees is not broken early in spring, and
the opening huds are not subjected to the freezes that
occur farther inland. Similarly in fall, frost does not
occur so early near the lake as it does in the inland avea.
For these reasons the successful orchards of the county
are concentrated in a zone within 5 to 10 miles of Grand
Traverse Bay. The principal fruits are cherries and
apples, and there are smaller acreages of peaches, pears,
plums, and grapes. In summer the fairly Tow temper-
ature at night is favorable for the ripening of high-quality
cherries and for producing the good color of MclIntosh
apples. In general, however, peaches ripened in aveas
having lower temperatures in summer are slightly less
favorable in flavor and color than are peaches ripened in
areas having warmer summer days.

In table 14 ave listed the probabilities that there will be
freezing temperatures of stated intensities in spring after
the dates listed and in fall before the dates listed. As
shown in the table, at Traverse City an average of 1
year in 10 will have a temperature as low as 28° F. as
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late as May 16. At IFife Lake the comparable date is
June 8. The buds of fruit trees are damaged if the tem-
perature drops to 28° or below.

The longer frost-free period near the lake also favors
the growing of other crops. Corn for grain is more likely
to mature before the first frost in fall. Near Grand Tra-
verse Bay, 100- to 110-day varieties of corn can be grown
with little risk of frost damage, but in the area near Fife
Lake, the risk of frost damage to 90-day corn is great.

Because cold air is heavier than warm air, it flows into
low places and commonly causes differences in the mini-
mum temperature within short distances. Consequently,
the frost-free period is shorter in many low areas than it
1s in adjacent higher areas. .

Precipitation during the growing season is favorable
for many kinds of crops. In the 6-month period from
April through September, the average rainfall is about
17 inches and is well distributed. As shown in table 13,
at Traverse City an average of only 1 year in 10 has less
than 1.7 inches of rain in June, 1.4 inches in July, and 1.5
inches in August. The rates of evaporation and trans-
piration are relatively low because the air is cool, the
humidity is high, and many days are cloudy or partly
cloudy. As a result, soil moisture is usually adequate
for crops grown on all soils but the very sandy ones.

After the snow melts in spring, most soils are near sat-
uration, and subsequent rainfall often delays planting of
crops, particularly on soils that are imperfectly or poorly
drained and have inadequate artificial drainage. Late in
spring and early in summer, rain often falls on sloping cul-
tivated soils that are saturated. Unless the soil surface
is well protected, rapid runoff causes severe erosion. Also
damaging are rains of high intensity, which usually come
in summer. On an average a rain of the intensity of 1.1
inches per hour occurs 1 year in 2; a rain of 1.85 inches
per hour occurs 1 year in 10; and a rain of 2.2 inches per
hour comes 1 year in 25. On an average of 1 year in 10,
the county receives 3.5 inches of rain n a period of 24
hours.

In fall moisture is usually favorable for preparation of
seedbeds and germination of seeds. Cool weather during
the bloom stage promotes good yields of oats. The cool,
moist growing season favors hay and pasture yields, which
are commonly good if the soils are not too sandy and are

TasrLe 14.—Probabilities of last freezing temperatures in spring and first in fall

Dates for given probability and temperature
Probability Traverse City Fife Lake
24° F. or 28° F. or 32° F. or 24° F. or 28° F. or 32° F. or
colder colder colder colder colder colder

Spring:

1 year in 10 later than___________. May 1.._____ May 16..._.. June 2_______ May 28______ June 8_______ June 26.

2 years in 10 later than_ __________ April 26______ May 11__.___ May 28______ May 23______ June 3_..____ June 21,

5 years in 10 later than___________ April 16___.__ May 1.__._._ May 18_ ... May 13_____. May 24______ June 11.
Fall:

1 year in 10 earlier than_____._____ Oct. 27______. Oct. 9. .___ Sept. 21______ Sept. 26______ Sept. 9_ ... Aug. 21.

2 years in 10 carlier than__ ________ Nov.2______. Oct. 15___ ... Sept. 27______ Oct. 2_.__.___ Sept. 15___.__ Aug. 27.

5 years in 10 earlier than__________ Nov. 12______ Oct. 25_______ Oct. 7_._.____ Oct. 12_______ Sept. 25__ .. __ Sept. 6.

759-765—65——9
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well fertilized. Several days a year the wind is high
enough to cause erosion on muck and on sandy soils that
are unprotected.

The average snowfall in the county is 70 to 80 inches a
year. Most winters have enough snow to protect fields of
winter grain. The heaviest snowfall ever vecorded in a
24-hour period was 14 inches, which fell on April 1, 1926.
The heaviest snowfall in a 1-month period was 37.6 mches
recorded in January 1951,

Surface Geology

The last ice sheet of the Wisconsin ice age, or glacial
period, formed the surface features of Grand Traverse
County (fig. 13). Subsequent erosion by water and wind
modified the surface by cutting gullies, sorting materials,
moving materinls downslope, and wearing away the hills.
Nutive plants soon covered the surface, and geologic ero-
sion was slowed. Geologists estimate that the last ice
sheet advanced about 6,000 years ago and covered only the
northern third of the county. When the ice sheet, melted
and receded, it left the deposits known as the Manistee
moraine. This moraine partly surrounds Traverse City
and extends northward into Leclanan County and east-
ward from Acme to the junction of the Kalkaska County
line and Round Lake. The Manistee moraine is 3 to 4
miles wide. The Port Fluron moraine, which is geolog-
ically older, crosses the connty from a point north of the
village of Fife Lake westward to the southwest corner
ot the county.

Between the Manistee and Port Fluron moraines lie great,
glacial spillways and onfavash plains.  South of the Port
THuron moraine, in the southwestern part of the county, is
an oubwash plain on a high platean that is joined on the
east by glacial spillways. Another outwash plain is in
the southeastern part of the county and is separated from
the others by a spur of the Port Fluron moraine,

North of the Manistee moraine, separated only by the
Tast Arm of Grand Traverse Bay, are two large gronnd
moraines. From these ground moraines rise a number of
well-rounded hills that are % to 2 miles long and % mile
wide and vise 35 to 100 feet above the adjacent drainage-
ways. These hillsare known as drumlins.

Along Grand Traverse Bay are lake benches, which were
the hottoms of glacial Luke Algonquin and glacial Lake
Nipissing. Tscarpments next to the lake benches were
formed by waves cutting into glacial deposits. The de-
posits are generally 100 to 500 feet thick over limestone
and shale. ~These rocks are exposed in very few places.

Vegetation

Virgin forest covercd the entire county except for small
aveas of grass marshland. The early settlers found three
major groups of forest trees: (1) Sugar maple, beech,
elm, and other hardwoods on loams and on limy soils; (2)
stands of white pine and red pine on soils of low fertility;
and (3) white-cedar, balsam fir, and black spruce
SWaAINPS.

Less common trees were black oak, white oak, quaking
aspen, bigtooth aspen, balsam poplar, hornbeam, yellow
birch, paper birch, black cherry, white ash, black ash, bass-
wood, jack pine, hemlock, tamarack, and juniper. After
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the original timber was harvested, large areas were burned
and then, through natural seeding, were covered by stands
of aspen, oak, pin cherry, and other trees.

The present ground cover in wooded areas consists of
bracken, sweetfern, dogwood, sumac, and many other na-
tive plants. Blucberries, raspberries, blackberries, and
strawberries grow in cutover areas that have not been
burned. Juniper occurs on sandy soils next to Grand
Traverse Bay. On the less fertile soils, openings in wood-
land ave covered with big bluestem and Canada hluegrass.

Transportation

Grand Traverse County has a well-developed system
of roads. In some parts of the county, roads follow the
natural lay of the land because lakes, bogs, and other
obstacles prevent their construction along or parallel to
section lines. The principal highways that cross the
county and pass through Traverse City are U.S. Highway
No. 31 and State Routes 37 and 72. U.S. Highway No.
131 crosses the southeast corner of the county. Most of the
secondary roads are gravel or hard surfaced. The unim-
proved roads of the county are mainly in the Fife Lake
State Forest.  All roads serving vesidential or resort areas
are maintained in excellent condition and are kept free
of snow in winter,

Traverse City and some of the villages are served by the
Chesapeake and Ohio Railway and the Pennsylvania Rail-
road. Major airlines use the airport at Traverse City and
provide direct transportation to Chicago and Detroit, as
well as Tocal service to smaller cities in Michigan.

Grand Traverse Bay is navigable by deep sea vessels.
Dock facilities near Traverse City are used for shipping
coal, oil, gasoline, limestone, gravel, and salt.

Land Use and Types of Farms

The total land area of Grand Traverse County is 296,960
acres. In1959,115,651 acres, or 38.9 percent of the connty,
was in farms.  The rest of the county consisted mostly of
State forest, privately owned woodland, abandoned farm-
land, and resort, urban, recreational, and industrial areas.

The farmland, by use, and the acreage used for each pur-
pose in 1959 are as follows:

Acres

Cropland, total
Harvested oo ___
Used only for pasture—_.—-__
Not, harvested or pastured
Woodland on farms, total . _______________ 27,4GY)
Pastured 5, 736
Not pastured .o e 21, T33
Other land pastured (not cropland and not woodland) __ 9, 350
Other land (house lots, roads, wasteland, cte.) oo ____ 8. 120

Of the 894 farms in the county in 1959, 381 were unclas-

sified faums, including nonoperating and tree farms.  The
rest are listed by type as follows:
Number
Field Crop— e i1
Truit and nuto oo 282
Dty e 90
Poultry 20
Livestock farms other than dairy or poultry_. . ____ 85
General oo 25
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Figure 13.—Physiographic features of Grand Traverse County: (1) moraines; (2) ground moraine (till plain);

(3) glacial lake plain; (4) outwash plains and spillways.
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Crops

In 1959 the value of all crops sold in the county was
$3,645,194. Tree fruits, the principal cash erop, accounted
for 92 percent of the income from all crops sold. This
points out the economic importance of the fruit industry
m the county.

Following is a list of the principal crops and the acreage
in 1959

Acres
Tree fruits oo 13, 641
Vegetables harvested for sale. . _____ 133
Corn harvested for grain________ . ____ 3,176
Corn cut for silage... 2,185
Small grain harvested :
Wheat U 1,759
Oats —__ U 3, 850
Rye ._._ _— O, 497
Buckwheat e 44
Hay crops harvested :
Alfalfa o 11,674
Clover or timothy__________ . _____ e 2,525
Other hay 219
Potatoes oo 315

The number of fruit trees of all ages in the county in
1959 was veported as follows:

Number
Tart cherry..___ e 754, 121
Sweet cherry . oo e 223, 370
Apple .- 81,007
Pear o 22,925
PlUM e 33, 871

Land and Its Ownership

In Grand Traverse County the pattern of land owner-
ship changes frequently. Adfecting these changes in own-
ership are changes in the present use of land and in the
concepts of future use. The value of land differs accord-
ing to use, and in this county, use is determined mainly by
location, though it also is determined by climate as influ-
enced by location and by the nearness of lakes, roads, or
residential areas.

Three broad groups of ownership occur in the county:

Percent of
total acreage
Acres in county
Land in farms__ oo 115,651 39
Land not in farms, privately owned______ 116, 058 39
Land not in farms, publicly owned__.____ 65,251 22

Of the 894 farms in the county in 1959, 240 were from 1
to 49 acres in size; 229 from 50 to 99 acres; 828 from 100
to 259 acres; 80 from 260 to 499 acres; 138 from 500 to 999
acres; and 4 farms were more than 1,000 acres in size.

Of the 116,058 acres privately owned but not in farms,
most is held by absentee owners. A small part of the total
is within city and village limits or is used for roads, high-
ways, airports, and railroads.

As ownership of land continues to change, land parcel-
ing occurs in some areas; that is, larger holdings are
divided into several smaller parcels. Also common is con-
solidation of ownership, or the purchase of additional land
by an owner. Many of the areas purchased do not adjoin
the original holding and do not enlarge the ownership
boundary. Consequently, though many holdings increase
in acreage, parceling continues to discourage good manage-
ment. The trend in the county is toward an increase in
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the number of landowners and the number of smaller own-
erships. At a rate somewhat higher than the national
average, operating farms are increasing in size but de-
creasing in number.
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Tech.

Glossary

Acidity. See Reaction.

Aggregate, soil. Many fine soil particles held in a single mass or
cluster. See Structure, soil.

Alkalinity. See Reaction.

Alluvium. Soil materials deposited on land by streams.

Available water in soils. The part of the water in the soil that
can be taken up by plants at rates significant to their growth.

Calcareous. Containing enough calcium carbonate to effervesce
(fizz) when treated with dilute hydrochlorie acid.

Clay. As a soil separate, the mineral soil particles less than 0.002
millimeter in diameter. As a soil textural class, soil material
that is 40 percent or more clay, less than 45 percent sand, and
less than 40 percent silt.

Coarse-textured soil. Sand and loamy sand.

Complex, soil. A mapping unit consisting of different kinds of soils
that occur in such small individual areas or in such an intricate
pattern that they cannot be shown separately on a publishable
soil map.

Consistence, soil. The fecel of the soil and the ease with which a
lump can be crushed by the fingers. Some of the terms com-
monly used to describe congistence are—

Loose.—Noncoherent ; soil does not hold together in a mass.

Friable~When moist, soil crushes casily under gentle pressure
between thumb and forefinger and can be pressed together
in a lump.

Very friable—~When moist, soil crushes under very gentle pres-
sure but coheres when pressed together.

Firm.—When moist, soil crushes under moderate pressure be-
tween thumb and forefinger, but resistance ig distinctly
noticeable.
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Plastic—When wet, soil is readily deformed by moderate pres-
sure but can be pressed into a lump; forms a “wire” when
rolled between thumb and forefinger.

Stightly plastic—When wet, soil is easily deformed by gentle pres-
sure but can be pressed into a lump; forms a “wire” when
rolled between thumb and forefinger.

Hard—When dry, soil is moderately resistant to pressure but is
difficult to break between thumb and forefinger.

Oompact—A combination of firm consistence and close packing
or arrangement of soil particles.

Depressional area. A low-lying area that does not have surface
outlets for the water or has only poorly developed oncs.
Drainage (a practice). The removal of excess water on or within

the soil by means of surface or tile drains.

Drainage, natural. Natural drainage condition under which the
soil developed.

Drainage, soil. (1) The rapidity and extent of the removal of
water from the soil by runoff and by flow through the soil to
underground spaces. (2) As a condition of the soil, soil
drainage refers to the frequency and duration of periods when
the soil is free of saturation. Xor example, in well-drained
soils the water is removed readily but not rapidly; in poorly
drained soils, the root zone is waterlogged for long periods
and the roots of ordinary crop plants cannot obtain enough
oxygen.

Fine-textured soil. Sandy clay, silty clay, and clay.

Genesis, soil. The mode of origin of the soil.  Soil genesis refers
particularly to the processes responsible for the development
of the solum, or true soil, from the unconsolidated parent
material.

Granular structure. Roughly spherical, firm, small aggregates
of soil that may be either hard or soft but that are gencrally
firmer than crumb and withount the distinct faces of Dblocky
structure. See also Structure, soil.

Great soil group. A broad group of soils that have the same kind
and sequence of horizons in the soil profilee. Examples are
the Brown Podzolic and the Humic Gley great soil groups.

Horizon, seil. A layer of soil, approximately parallel to the sur-
face, that has distinet characteristics produced by soil-forming
processes and that differs in one or more ways from adjacent
horizons in the same profile. These are the major soil
horizons:

Horizon A. 'The mineral horizon at the surface. It contains
an accumulation of organic matter, has been leached of
soluble minerals and clay, or shows the effects of both.

Horizon B. The horizon in which clay minerals or other min-

erals have accumulated, that has developed a characteristic”

blocky or prismatic structure, or that shows the character-
istics of both processes.

Horizon €. The horizon of partly weathered material or of
material unweathered in place. The material in the C
horizon is either like or unlike that from which the over-
lying soils were formed.

A Roman numeral II preceding the B or C horizon indicates
lithologic discontinuity, or that the horizon is of material
different from that from which the horizon has formed.

Following are the symbols used in this report with the letters
designating the master horizons, and the meaning of these
symbols :

g—Strong gleying.
h—Accumulation of decomposed organic matter.
ir—Accumulation of iron.
m—=S8trong cementation, induration.
p—Plow layer.
t—Tlluvial clay.
(prime accent)—Designates the lower part in a vertical
sequence that has more than one sequun. A sequum is
an illuvial or B horizon, together with its overlying
eluvial or A horizon if one is present.
Humus. The dark-colored, finely divided, well-decomposed, more
or less stable part of the organic matter in mineral soils.
Inclusion. An area of soil that has been included in the mapping
unit of a soil of a different kind because the area was too
small to be mapped separately on a map of the scale used.
Internal drainage. The movement of water through the soil profile.
The rate of movement is affected by the texture of the sur-
face layer and subsoil and by the height of the ground water
table, either permanent or perched. Relative terms for ex-
pressing internal drainage are: None, very slow, slow, me-
divm, rapid, and very rapid.
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Leaching. The removal of material in solution by water passing
through the soil.

Loam. Soil that contains 7 to 27 percent clay, 23 to 50 percent silt,
and less than 52 percent sand.

Mapping unit, soil. Any soil, miscellaneous land type, soil complex,
or undifferentiated soil group shown on the detailed soil map
and identified by a symbol.

Medium-textured soil. Soil of very fine sandy loam, loam, silt
loam, or silt texture.

Micro-organisms. Forms of life that are either too small to be
seen with the unaided eye or are barely discernible.

Mineral soil. Soil composed mainly of inorganic (mineral) mate-
rial and low in content of organic material.

Miscellaneous land type. A mapping unit for areas of land that
have little or no natural soil; or that are too nearly inac-
cessible for orderly examination; or that occur where, for
other reasons, it is not feasible to classify the soil.

Morphology, soil. The makeup of the soil, including the texture,
structure, consistence, color, and other physical, chemical,
mineralogical, and biological properties of the various hori-
zons that make up the soil profile.

Mottles. Irregular spots of different colors.
mottling is imperfect or impeded drainage.
minerals may cause mottling.

Muck. Well-decomposed, dark-colored, organic materials that occur
in naturally poorly drained areas. If the plant material in
a layer, or horizon, of any organie soil is so completely de-
composed that the plant structure can no longer be identified,
the material is called muck. If the plant structure can still
be identified, the material is called peat. See also Peat.

Munsell notation. A system for designating color by degrees of the
three simple variables—hue, value, and chroma. For example,
a notation of 10YR 6/4 is a color with a hue of 10YR, a value of
G, and a chroma of 4.

Ortstein. An irregularly cemented, generally sandy, dark-yellow
to nearly black horizon; a characteristic of some Podzols.
Parent material, soil. The relatively unaltered geological deposits
similar to those from which at least a part of the soil has
developed. See also Horizon C; Profile, soil; and Substratum.

Peat. Soil material consisting primarily of raw, undecayed or

slightly decomposed organic material accumulated under con-

ditions of excessive moisture. Sece also Muck.

An individual natural soil aggregate, such as a erumb, prism,
or block, in contrast to a clod, which is a mass of soil brought
abont by disturbance.

Percolation. The downward movement of water through the soil.

Permeable. Easily penetrated, as by water, roots, and air.

pH. A numerical means for designating acidity and alkalinity, as
in soils. A pH value of 7.0 indicates precise neutrality; a
higher value, alkalinity ; and a lower value, acidity.

Phase, soil. A subdivision of a soil type, series, or other unit in
the soil classification system made because of differences in
the soil that affect its management but do not affect its classi-
fication in the natural landscape. A soil type, for example,
may be divided into phases because of differences in slope,
stoniness, thickness, or some other characteristic that affects
management.

Profile, soil. A vertical section of the soil through all its horizons
and extending into the parent material. See Horizon, soil.
Reaction, soil. The degree of acidity or alkalinity of a soil ex-
pressed in pH values. A soil that tests to pH 7.0 is precisely
neutral in reaction because it is neither acid nor alkaline. In
words the degrees of acidity or alkalinity are expressed as

A common cause of
Different kinds of

Ped.

follows:
pH pH

Extremely acid.._. Below 4.5. Mildly alkaline.__ 7.4to7.8.
Very strongly Moderately alka-

acid . ___ 4.5 to 5.0. line ___________ 7.9 to 8.4.
Strongly acid_____ 5.1 to 5.5. Strongly alkaline.. 8.5to9.0.
Medium acid_____ 5.6 to 6.0. Very strongly
Slightly aecid.___. 6.1 to 6.5. alkaline _______ 9.1 and
Neutral _________ 6.6to 7.3, higher

Root zone. That part of the soil that is occupied by plant roots.

Runoff. The surface flow of water from an area; or the total
volumne of surface flow during a specified time.

Relief. The elevations or inequalities of a land surface, considered
collectively.

Sand. Individual rock or mineral fragments in soils having diam-
eters ranging from 0.05 millimeter to 2.0 millimeters. Also, the
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textural class name of any soil that containg 85 percent or more
sand and not more than 10 percent clay.

Sandy clay. Soil of this textural class contains 35 percent or more
clay and 45 percent or more sand.

Sandy clay loam. Soil of this textural class generally contains 20
to 35 percent clay, less than 28 percent silt, and 45 percent or
more sand.

Sandy loam. Soil of this textural class generally has more than
50 percent sand and less than 20 percent clay.

Sandy soils. A broad term for the sand and loamy sand textural
classes; soil with more than 70 percent sand and less than 15
percent clay.

Sequum. A sequence in a soil profile consisting of an eluvial hori-
zon and its related illuvial horizon, if present. Two sequa may
be present in a single profile, and that soil could then be called
a bisequal soil.

Series, soil. A group of soils developed from a particular type of

parent materinl and having genctic horizons that, except for

texture of the surface soil, are similar in differentiating charac-
teristics and in arrangement in the profile.

Individual mineral particles in a soil that range in diamneter
from the upper limit of clay (0.002 millimeter) to the lower
limit of very fine sand (0.03 millimeter).

Silt loam. Soil material having 50 percent or more silt and 12
to 27 percent clay or 50 to 80 percent silt and less than 12 per-
cent clay.

Silty clay loam. Soil of this textural class has 27 to 40 percent
clay and less than 20 percent sand.

Slope. The inclination of the land surface from the horizontal;

percentage of slope is the vertical distance, divided by hori-

zontal distance, times 100, Thus, a slope of 10 percent is a

drop of 10 teet in 100 feet of horizontal distance.

A natural, three-dimensional body on the earth’s surface
that supports plants and that has properties resulting from the
integrated effect of climate, and living matter acting upon
parent material, as conditioned by reclief over periods of time.
Soil association. A group of soils that occur together in a char-

acteristic pattern.

Solum. The upper part of a soil profile, above the parent wmaterial,
in which the processes of soil formation are active.

Silt.

Soil.
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Structure, soil. The arrangement of primary soil particles into
compound particles or clusters that are separated from adjoin-
ing aggregates and have properties unlike those of an equal
mass of unnaggregated primary soil particles. Structure is
described by grade (weak, moderate, or strong), that is, the
distinctness and durability of the aggregates; by the size of
the aggregates (very fine, fine, mediuwm, coarse, or very coarse) ;
and by their shape (platy, prisatic, cohonnar, blocky, graw-
lar, or grumb). A soil is described as structureless if there are
no ohservable aggregates. Structureless soils may be massive
coherent) or single grain (noncoherent).

Subsoil. Technically, the B horizon ; roughly, the part of the profile
helow plow depth.

Substratum. Any layer lying beneath the solum, or true soil; the
C horizon.

Subsurface layer. As used in this report, refers to that part of the
A horizon that occurs directly below the surface layer. It is
leached of soluble minerals and clay and generally is light
colored.

Surface layer. As used in this report, refers to that part of the A
horizon that occurs at the surface. This layer contains an
accumunlation of organic matter and generally is dark colored.

Texture, soil. The relative proportions of sand, silt, and clay
particles in a mass of soil. The basic textural classes, in order
of increasing proportions of fine particles are: sand, loamy
sand, sandy loam, loam, silt loam, silt, sandy clay loam, clay
loam, silty clay loam, sandy clay, silty clay, and clay. The
sand, loamy sand, and sandy loam classes may be further di-
vided by specifying “coarse,” “fine,” or “very fine.”

Type, soil. A subdivision of the soil series that is made on the
basis of differences in the texture of the surface layer.

Undifferentiated soil group. Mwo or more soils or land types that
are mapped as one unit because their differences are not signifi-
cant to the purpose of the survey or to soil managenient,

Weathering. The physical and chemical disintegration and decom-
position of rocks and minerals. Soil is the result of weathering
and other chemical, physical, and hiological forces that have
changed the upper part of the earth’s crust through various
periods of time.



GRAND TRAVERSE COUNTY, MICHIGAN

GUIDE TO MAPPING UNITS

[See table 1, page 6, for approximate acreage ana proportionate extent of soils; see table 7, page 72, for

estimates of average 'yields of major crops under two levels of management; see table 10, page 88, and table

11, page 104, for engineering properties of the soils]

Map
symbol

AeA

AeB

AeC

AeD

AeE

AsA
AsB
CnA
CnB
CnC
CoA
CoB

CpA
CpA2

CpB
CpB2
CrA

CrA2

CrB

EmA

EmB

Mapping unit

Alpena-East Lake gravelly loamy sands,
0 to 2 percent slopes---------c-------ooooooo
Alpena gravelly loamy sand-----------------
East Lake gravelly loamy sand--------------
Alpena-East Lake gravelly loamy sands,
percent slopes-----------ciccmmcnaii e
Alpena gravelly loamy sand------ceceecaaoooo
East Lake gravelly loamy sand--------------
Alpena-East Lake gravelly loamy sands,
percent slopes-----------ooooia oo
Alpena gravelly loamy sand------------noouo
East Lake gravelly loamy sand--------------
Alpena-East Lake gravelly loamy sands,
percent SlopeS-------ci oo
Alpena gravelly loamy sand-----------------
East Lake gravelly loamy sand--------------
Alpena-East Lake gravelly loamy sands,
percent slopesS-----mcmcm oo
Alpena gravelly loamy sand-----------------
East Lake gravelly loamy sand-----------~--
Au Gres-Saugatuck sands, 0 to 2 percent slopes--
Au Gres-Saugatuck sands, 2 to 6 percent slopes--
Coventry-Newaygo loams, 0 to 2 percent slopes---
Coventry-Newaygo loams, 2 to 6 percent slopes---
Coventry-Newaygo loams, 6 to 12 percent slopes--
Croswell loamy sands, 0 to 2 percent slopes,
overwash---c-ccocc oo
Croswell loamy sands, 2 to 6 percent
OVeTWAShH - mc o e
Croswell loamy sands, O to 2 percent slopes-----
Croswell loamy sands, O to 2 percent slopes,
moderately eroded------cuooommm o
Croswell loamy sands, 2 to 6 percent slopes-----
Croswell loamy sands, 2 to 6 percent slopes,
moderately eroded-=----=--cocomomm o
Croswell-Rubicon sands, O to 2 percent slopes---
Croswell sand---=-c-comocoomm et
Rubicon sand-------ccoceom oo
Croswell-Rubicon sands, 0 to 2 percent slopes,
moderately eroded---v--memmmmmoaamm
Croswell sand---------ceommmmm oo
Rubicon sand------cocmmmooomn o
Croswell-Rubicon sands, 2 to 6 percent slopes---
Croswell sand------ccmmmmmom ol
Rubicon sand--------c-ecmmmmime
East Lake-Mancelona loamy

SlOPES = o m oo
East Lake loamy sand---------ccoooaama oo
Mancelona loamy sand-=------cacooooooooon

11

11
11

11
11

Soil Woodland
management suitability

unit group

Symbol Page Symbol Page
GaAF VI1Is) 70 C 80
S5aA (1Vs) 66 E 81
GaAF (V1ls) 70 C 80
5aB (1Vs) 66 E 81
GaAF (VI1lis) 70 C 80
5aC (VIs) 67 E 81
GaAF (V1ls) 70 C 80
5abh (VIls) 68 E 81
GaAF (VI1ls) 70 C, steep 80
5aF (VIIs) 69 E, steep 82
5bA (IVw) 69 1 84
5bA (IVw) 69 1 84
3aA (I1s) 58 A 77
3aB (11e) 58 A 77
3aC (11le) 59 A 77
5aA (1Vs) 66 E 81
5aB (1Vs) 66 E 81
S5aA (1Vs) 66 E 81
5aA (1Vs) 66 E 81
5aB (1Vs) 66 E 81
5aB (1Vs) 66 E 81
5aA (1Vs) 66 E 81
5.3aAB (VIls) 69 H 83
5ahA (IVs) 66 E 81
5.3aAB (V1ls) 69 H 83
5aB (1Vs) 66 E 81
5,3aAB (V1ls) 69 H 83
SaA (IVs) 66 E 81
4aA (111s) 63 C 80
5aB (11ls) 66 E 81
4aB (I11s) 63 C 80
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Map
symbol

EmC

EmC2

EmD

EmE

EmE2

EmF

ErA
Es
ExA
ExB
ExC
ExD
ExD2
ExE
ExE2
ExF
ExF2
EyA
EyB
EyB2

EyC
EyC2

EyD
EyD2

EyE
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GUIDE TO MAPPING UNITS--CONTINUED

Mapping unit

East Lake-Mancelona loamy sands, 6 to 12
percent SlopesS-----ceeomooommmmmmom oo
East Lake loamy sand--------------v------oo
Mancelona loamy sand---------c-ccmw--oooon--
East Lake-Mancelona loamy sands, 6 to 12
percent slopes, moderately eroded------------
East Lake loamy sand--------=--w-owce-c-0o-
Mancelona loamy sand-----------------------
East Lake-Mancelona loamy sands, 12 to 18
percent slopes----------------------no-o-ooo-
East Lake loamy sand--------------c--o-onon-
Mancelona loamy sand------e-w-ocomweoowonx
East Lake-Mancelorna loamy sands, 18 to 25
percent slopeg----------c----mooomoooomomeann
East Lake loamy sand----------c--owo-noomoo
Mancelona loamy sand------w-ceemurron-wonn.-
East Lake-Mancelona loamy sands, 18 to 25
percent ‘slopes, moderately eroded ------------
East Lake loamy sand-----w-----o-wumeooooo
Mancelona loamy sand------=-c--c-cw-nn-oonn
Fast Lake-Mancelona loamy sands, 25 to 35
percent Slopes—-------————----l --------------
East Lake loamy sand-----------------------
Mancelona loamy sand--------=-----v--------
Eastport-Roscommon sands, O to 2 percent slopes-
Eastport sand----weemecocooomcmommom o
Roscommon sand---=----c-c-mmmmmmooeommomoo-
Edwards muck--=----c-cmmmmmmm e e oo o
Emmet gravelly sandy loam, O to 2 percent

Emmet gravelly sandy loam, 2 to 6 percent
slopeS--------c-mrmmecomm oo m oo
Emmet gravelly sandy loam, 6 to 12 percent

Emmet gravelly sandy loam, 12 to 18 percent
slopes, moderately eroded--------------------
Emmet gravelly sandy loam, 18 to 25 percent

Emmet gravelly sandy loam, 18 to 25 percent
slopes, moderately eroded--------------------
Emmet gravelly sandy loam, 25 to 45 percent
slopes-----------m---------------smooooooooo-
Emmet gravelly sandy loam, 25 to 45 percent
slopes, moderately eroded----=-----------------
Emmet sandy loam, O to 2 percent slopes--------
Emmet sandy loam, 2 to 6 percent slopes--------
Emmet sandy loam, 2 to 6 percent slopes,
moderately eroded---------------e-wowm-omooo-
Emmet sandy loam, 6 to 12 percent slopes-------
Emmet sandy loam, 6 to 12 percent slopes,
moderately eroded--------w-mm-cmommmommommmnn
Emmet sandy loam, 12 to 18 percent slopes------
Emmet sandy loam, 12 to 18 percent slopes,
moderately eroded-----------=---memooomooooo-
Emmet sandy loam, 18 to 25 percent slopes------
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Soil Woodland
management suitabiiity

unit group

Symbol Page Symbol Page
5aC (Vis) 67 E 8L
4aC (1lle) 64 C 80
5aC (VIs) 67 E 81
4aC (111e) 64 C 80
SaD (VIis) 68 E 8l
4aD (1Ve) 64 C 80
SaE (VILs) 68 E, steep 82
4aE (Vie) 65 C, steep 80
5aE (VIIs) 68 E, steep 82
4aE (VIe) 65 C, steep 80
5aF (VI1is) 69 E, steep 82
4aF (VIIe) 65 C, steep 80
5.3aAB (VIIs) 69 H 83
S5cA (1Vw) 69 1 84
M/mec (Vw) 71 J 84
3aA (Ils) 58 A 77
3aB (Ile) 58 A 77
3aC (111e) 59 A 77
3aD (IVe) 59 A 77
3aD (1Ve) 59 A 77
3aE (VIe) 60 A, steep 78
3aE (Vie) 60 A, steep 78
3aF (VIile) 60 A, steep 78
3aF (V1le) 60 A, steep 78
3aA (11s) 58 A 77
3aB (11e) 58 A 77
3aB (1le) 58 A 77
3aC (I11e) 59 A 77
3aC (I1le) 59 A 77
3aD (1Ve) 59 A 77
3ab (IVe) 59 A 77
3aE (VIe) 60 A, steep 78
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EyE2
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EyF
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EyF3

Fm
GrA

GrB

GrC

GsE
GsF
Gt
GuB
Gw
GxA
GxB
GxB2

GxC2

GxD
GxD2

GxE2
GxF2
Gy

Ho
laa

IaB

1lB
11C
loA

Emmet sandy loam,

Emmet sandy loam, 25 to 45 percent slopes

GRAND TRAVERSE COUNTY, MICHIGAN

GUIDE TO MAPPING UNITS--CONTINUED

Mapping unit

18 to 25 percent slopes,
moderately eroded---------cmommmmma

Emmet sandy loam, 18 to 25 percent slopes,

severely eroded----c---commommmnma e

Emmet sandy loam, 25 to 45 percent slopes------
Emmet sandy loam, 25 to 45 percent slopes

moderately eroded----wccooom oo

severely eroded-------cmommmmmnmn o

Fresh water marsh--------cccmoommmnan s
Gladwin-Richter gravelly sandy loams, 0 to 2

percent SlopeS----ccmmm oo oLLls
Gladwin gravelly sandy loam------«--v-uc-n-
Richter gravelly sandy loam----------------

Gladwin-Richter gravelly sandy loams, 2 to 6

percent slopes-------o-ommoe i
Gladwin gravelly sandy loam---~-e-ec-oo-oo-
Richter gravelly sandy loam--------ceeueoan

Gladwin-Richter gravelly sandy loams, 6 to 12

percent slopes-----eoomo .
Gladwin gravelly sandy loam-------=--ccuu--
Richter gravelly sandy loam------=---c-o---

Gravelly land, moderately steep---------2---u.-
Gravelly land,
Gravel pitg---c-c-cmmom e
Grayling sand, O to 6 percent slopes----------~
Greenwood peat-----------ccmmmmm oo
Guelph-Nester loams, 0 to 2 percent slopes-----
Guelph-Nester loams, 2 to 6 percent slopes-----
Guelph-Nester loams, 2 to 6 percent slopes,

steep---------cc-meccnem e e

moderately eroded----c--cemmmmmmo oo

Guelph-Nester loams, 6 to 12 percent slopes,

moderately eroded-----c-cocommo oo

Guelph-Nester loams, 12 to 18 percént slopes---
Guelph-Nester loams, 12 to 18 percent slopes,

moderately eroded--------coocomoa

Guelph-Nester loams, 18 to 25 percent slopes,

moderately eroded-----ccewmmo oL

Guelph-Nester loams, 25 to 35 percent slopes,

moderately eroded-------cccmmmmmamm o

Gullied land-----cecmmmm oo oa oo
Houghton muck----c-mmmmmm e
Ingalls-Alpena gravelly loamy sands, 0 to 2

percent slopes--~-------- oL ___...
Ingalls gravelly loamy sand----------------
Alpena gravelly loamy sand-----------------

Ingalls-Alpena gravelly loamy sands, 2 to 6

percent slopes------ . ___________
Ingalls gravelly loamy sand----------------
Alpena gravelly loamy sand-------e---c-----

Iosco loamy sand, 2 to 6 percent slopes--------
Tosco loamy sand, 6 to 12 percent slopes-------
losco-Ogemaw loamy sands, 0 to 2 percent

slopes, overwash-----c-cmmomoonao ot

losco-Ogemaw loamy sands, O to 2 percent
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Soil Woodland
management suitability

unit group

Symbol Page Symbol Page
3aE (VIe) 60 A, steep 78
3aF (VIle) 60 K 84
3aF (VIIe) 60 A, steep 78
3aF (VIIe) 60 A, steep 78
3aF (VIle) 60 K 84
4/2bA (I11w) 65 F 83
4/2bA (111w) 65 G 83
4/2bB (111lw) 66 F 83
4/2bB (I1lw) 66 G 83
4/2bB (11lw) 66 F 83
4/2bB (111w) 66 G 83
GaAF (V1ls) 70 C, steep 80
GaAF (V1ls) 70 C, steep 80
5.3aAB (VIls) 69 H 83
Mc-a (VI11w) 72 L 85
2aB (Ile) 55 B 78
2aB (Ile) 55 B 78
2aB (1le) 55 B 78
2aC (11le) 56 B 78
2aD (IVe) 57 B 78
2aD (IVe) 57 B 78
2aE (Vie) 57 B, steep 79
2aF (Vile) 57 B, steep 79
5aE3 (VIIs) 68 K 84
Mc (Vw) 71 L 85
4/2bA (111w) 65 F 83
GaAF (VIIs) 70 C 80
4/2bB (111w) 66 F 83
GaAF (VIls) 70 c 80
4/2bB (111w) 66 1 84
4/2bB (111w) 66 1 84
4/2bA (111w) 65 1 84
4/2bA (111w) 65 I 84
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IsB

KaA
KaA2

KaB
KaB2

KaC
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KaC3

KaD
KaD2

KaE
KaE2

KaF
KaF2
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KbA2

KbB
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KbD
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KbE
KbF
K1lA
K1B
K1C
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K1D
K1D2

K1E
K1E2

K1F
K1F2

KsA
KsB
KsC
Kt

LeB

SOIL SURVEY SERIES 1958, NO. 34

GUIDE TO MAPPING UNITS--CONTINUED

Mapping unit

Tosco-Ogemaw loamy sands,

Kalkaska loamy sand, O to 2
Kalkaska loamy sand, O to 2

moderately eroded------

Kalkaska loamy sand, 2 to
Kalkaska loamy sand, 2 to

moderately eroded------

Kalkaska loamy sand, 6 to
Kalkaska loamy sand, 6 to

moderately eroded------
Kalkaska loamy sand, 6
severely eroded--------
Kalkaska loamy sand, 12 t

2 to 6 percent
percent slopes------
percent slopes,

6 percent slopes------
6 percent slopes,

12 percent slopes-----
12 percent slopes,

o 18 percent slopes----

Kalkaska loamy sand, 12 to 18 percent slopes,

moderately eroded------
Kalkaska loamy sand, 18 t
Kalkaska loamy sand, 18 t
moderately eroded------
Kalkaska loamy sand, 25 t
Kalkaska loamy sand, 25 t

o 25 percent slopes----
o 25 percent slopes,
percent slopes----
percent slopes,

moderately eroded
Kalkaska sand, O to
Kalkaska sand, O to

eroded-----------
Kalkaska
Kalkaska sand, 2 to

eroded-----------
Kalkaska
Kalkaska sand, 6 to

ately eroded-----
Kalkaska sand,
Kalkaska sand,

ately eroded-----
Kalkaska sand,
Kalkaska sand,
Karlin loamy
Karlin loamy sand,
Karlin loamy

Karlin loamy sand, 6 to

moderately eroded
Karlin loamy sand,
Karlin loamy sand,
moderately eroded
Karlin loamy sand,
Karlin loamy sand,
moderately eroded
Karlin loamy sand,
Karlin loamy
moderately eroded
Karlin sandy loams,
Karlin sandy loams,
Karlin sandy loams,
Kerston muck-------

25 to 45 percent
sand, O to 2 percent slopes--------
2 to 6 percent slopes--------
6 to 12 percent slopes-------

2 percent slopes------------

2 percent slopes, moderately
6 percent slopes------------
6 percent slopes, moderately

12 percent slopes-----------
12 percent slopes, moder-

12 to 18 percent slopes----------
12 to 18 percent slopes, moder-

percent slopes----------
slopes----------

12 percent slopes,
12 to 18 percent slopes------
12 to 18 percent slopes,
18 to 25 percent
percent

slopes=-----
slopes,

25 to 45 percent slopes------
sand, 25 to 45

percent slopes,

0 to 2 percent slopes-------
2 to 6 percent slopes-------
6 to 12 percent slopes------

Lake beach and Eastport sand, O to 6 percent
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Soil Woodland
management suitability

unit group

Symbol Page Symbol Page
4/2bB (111w) 66 1 84
5aA (1Vs) 66 E 81
5aA (IVs) 66 E 8l
5aB (1Vs) 66 E 81
5aB (1Vs) 66 E 81
5aC (VIs) 67 E 81
5aC (VIs) 67 E 8l
5aC (VIs) 67 K 84
5aD (VILs) 68 E 8l
5aD (VIIs) 68 E 8l
5aE (VIls) 68 E, steep 82
SaE (VIIs) 68 E, steep 82
5aF (VIis) 69 E, steep 82
S5aF (Vils) 69 E, steep 82
5aA (1Vs) 66 E 81
5aA (IVs) 66 E 8l
5aB (1Vs) 66 E 81
S5aB (IVs) 66 E 81
5aC (VIs) 67 E 8l
5aC (V1s) 67 E 81
5aD (VIls) 68 E 81
5aD (VLis) 68 E 81
S5aE (VIIs) 68 E, steep 82
5aF (VIIs) 69 E, steep 82
4aA (I11s) 63 D 81
4aB (111s) 63 D 81
4aC (11le) 64 D 81
4aC (11le) 64 D 81
LaD (IVe) 64 D 81
4aD (1Ve) 64 D 81
4aE (Vie) 65 D, steep 81
4aE (Vie) 65 D, steep 81
4aF (Vile) 65 D, steep 81
4aF (Vile) 65 D, steep 81
Lah (T111s) 63 D 81
4aB (111s) 63 D 81
4aC (11le) 64 D 81
L4c (Vw) 71 J 84
Sa (VIILls) 70 L 85
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GRAND TRAVERSE COUNTY, MICHIGAN

GUIDE TO MAPPING UNITS--CONTINUED

Mapping unit

Leelanau-Kalkaska loamy sands, O to 2 percent
slopes - ccomomo oo e e m e
Leelanau loamy sand--------ccoooooaooooo
Kalkaska loamy sand--~---ccccmeomoooo_.
Leelanau-Kalkaska loamy sands, O to 2 percent
slopes, moderately erodéd-------cocoooooC
Leelanau loamy sand--------cmmmoemooa oo
Kalkaska loamy sand----=------ccocweno
Leelanau-Kalkaska loamy sands, 2 to 6 percent
SlOpPeS - e m e o
Leelanau loamy sand----------uomomomauoaoo
Kalkaska loamy sand-------ceommmmoaoooo
Leelanau-Kalkaska loamy sands, 2 to 6 percent
slopes, moderately eroded ~----cvomamaoo
Leelanau loamy sand------cccmccmumuanonooooo
Kalkaska loamy sand---------«eccmemoo_
Leelanau-Kalkaska loamy sands, 6 to 12 percent
SlOPES mm e e e i oo
Leelanau loamy sand-----c-cmommmmmnun oo
Kalkaska loamy sand---------------couwooo
Leelanau-Kalkaska loamy sands, 6 to 12 percent
slopes, moderately eroded -------couoo -
Leelanau loamy sand----------ocooooauo oo
Kalkaska loamy sand-------=-=-c-ccoouu oo
Leelanau-Kalkaska loamy sands, 12 to l8 percent
SlOPES ~ - mm i m e e e e e eaeaaa
Leelanau loamy sand-------w-ccomoomoa___
Kalkaska loamy sand----------c-cecmooo ...
Leelanau-Kalkaska loamy sands, 12 to 18 percent
slopes, moderately eroded -------- oo
Leelanau loamy sand-------c-ooommoaaa o
Kalkaska loamy sand--«---ccccmcmmnnao oo
Leelanau-Kalkaska loamy sands, 18 to 25 percent
SLOPES e e e oo
Leelanau loamyv sand--------ceemmwmeo oo
Kalkaska loamy sand-------cccmeomomaaon
Leelanau-Kalkaska loamy sands, 18 to 25 percent
slopes, moderately eroded «---cccmcoaoo__
Leelanau loamy sand-------c--coommnmoooooo
Kalkaska loamy sand-------commmumeuaooooo
Leelanau-Kalkaska loamy sands, 25 to 45 percent
SLopeS === mm oo
Leelanau loamy sand------ceccooomoan oo
Kalkaska loamy sand-------c-omcumumomao oo
Leelanau-Kalkaska loamy sands, 25 to 45 percent
slopes, moderately eroded -----ceomouoa -
Leelanau loamy sand------c-ccooaomonoooooo
Kalkaska loamy sand----------cccmommooo._
Lupton muek----cocmmmm e
Mancelona gravelly sandy loam, O to 2 percent
Slopes---mr oo e
Mancelona gravelly sandy loam, 2. to 6 percent

Mancelona gravelly sandy loam, 6 to 12 percent
slopes, moderately eroded--------v-mmocmno-
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Soil Woodland
management suitability

unit group

Symbol Page Symbol Page
LaA (I11s) 63 C 80
5aA (1Vs) 66 E 81
4ahA (I1Is) 63 C 80
5aA (IVs) 66 E 81
4aB (II1s) 63 C 80
5aB (1Vs) 66 E 81
4aB (I1ls) 63 C 80
5aB (1Vs) 66 E 81
4aC (1lle) 64 C 80
5aC (VIs) 67 E 81
4aC (111e) 64 C 80
5aC (VIs) 67 E 81
4aD (1Ve) 64 C 80
5aD (VILs) 68 E 81
4aD (1Ve) 64 C 80
5aD (V1Is) 68 E 81
4aE (VIe) 65 C, steep 80
5aE (VITs) 68 E, steep 82
4aE (Vie) 65 C, steep 80
5aE (VITs) 68 E, steep 82
4aF (Vile) 65 C, steep 80
S5aF (VIIs) 69 E, steep 82
4aF (VIile) 65 C, steep 80
5aF (VIls) 69 E, steep 82
Mc (Vw) 71 J 84
4aA (T1ls) 63 C 80
4aB (111s) 63 C 80
4aC (11le) 64 C 80
4aC (111e) 64 C 80
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MaD
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MbA
MbB
MbC
MeA

MeB

MeC

MeD

MeD2

MeE

MeE2

MeF

MeF2

Mk
MmA

MmB
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Mancelona

SOIL SURVEY SERIES 1958, NO. 34

GUIDE TO MAPPING UNITS--CONTINUED

Mapping unit

gravelly sandy loam, 12 to

18 percent

RN T e R T T R

Mancelona

slopes,
Mancelona
Mancelona

gravelly sandy loam, 12 to
moderately eroded---------
loamy sand, O to 2 percent
loamy sand, 2 to 6 percent

slopes----
slopes----

Mancelona loamy sand, 6

Mancelona-East Lake.

slope§-=----=u-mmmmo--

Mancelona loamy
East Lake loamy
Mancelona-East Lake

slopes oo

Mancelona loamy
East Lake loamy
Mancelona-East Lake

Mancelona loamy
East Lake loamy
Mancelona-East Lake

cent slopes-----------

Mancelona loamy
East Lake loamy
Mancelona-East Lake

Mancelona loamy sand
East Lake loamy sand
Mancelona-East Lake

Mancelona loamy sand
East Lake loamy sand
Mancelona-East Lake

Mancelona loamy sand
East Lake loamy
Mancelona-East Lake

cent slopes--------u--

Mancelona loamy
East Lake loamy
Mancelona-East Lake

Mancelona loamy sand
East Lake loamy sand
Markey muck=w--=----on--

loamy
cent slopes, moderately

loamy
cent slopes-----------

Loamy
cent slopes, moderately

Loamy
cent slopes, moderately

to 12 percent slopes---

loamy sands, O to 2 percent

sands, L8 to 25
erodeds---oecooo oo

sands, 25 to 45

Menominee-McBride complex, QO to 2 percent

slope§-=---cueuononon-

Menominee soils-----
McBride soils-------

Menominee-McBride complex, 2 to 6 percent
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Soil Woodland
management suitability

unit group

Symbol Page Symbol Page
4abh (IVe) 64 c 80
4aD (1Ve) 64 o 80
4aA (I11s) 63 C 80
4aB (I11s) 63 C 80
4aC (11le) 64 C 80
taA (I11s) 63 C 80
S5aA (IVs) 66 E 81
4aB (111s) 63 C 80
5aB (1Vs) 66 E 81
4aC (111e) 64 o 80
5aC (VIs) 67 E 81
4ah (IVe) 64 C 80
5aD (Vils) 68 E 81
4aD (IVe) 64 c 80
5aD (VIls) 68 E 81
4aE (VIe) 65 C, steep 80
5aE (VIls) 68 E, steep 82
4akE (Vie) 65 C, steep 80
SaE (VIls) 68 E, steep 82
taF (Vile) 65 C, steep 80
5aF (VITs) 69 E, steep 82
4aF (Viie) 65 C, steep 80
5aF (VIIs) 69 E, steep 82
Mc (Vw) 71 J 84
3aA (11s) 58 D 81
3aA (11s) 58 A 77
3aB (11e) 58 D 81
3aB (1le) 58 A 77
3aC (11le) 59 D 81
3aC (11lle) 59 A 77
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Soil Woodland
management suitability
Map unit group
symbol Mapping unit Page Symbol Page Symbol Page
McC2 Menominee-McBride complex, 6 to 12 percent
slopes, moderately eroded-------rcmmmmnmnnn. 33
Menominee SOilg---cccoocmm o -- 3aC (11le) 59 D 8l
McBride so0ilgemecccc e -- 3aC (11le) 59 A 77
MmD Menominee-McBride complex, 12 to 18 percent
SlopeS - mm s e el 33
Menominee s0ils------cccmmmmamm -- 3aD (1Ve) 59 D 81
McBride SOilS----cmmmcmmmm el -- 3aD (1Ve) 59 A 77
MmD2 Menominee-McBride complex, 12 to 18 percent
slopes, moderately erodeds--=----ccoccuoo 33
Menominee SOLlS----coccmmmmm o -- 3aD (1Ve) 59 D 81
McBride s0ils--commccommc e -- 3aD (1Ve) 59 A 77
MmE Menominee-McBride complex, 18 to 25 percent ’
SlOpEeS -l 33
Menominee SOilS--ccmmccmcon oo -- 3aE (Vie) 60 D, steep 8l
McBride soils------mmmemmem o -- 3aE (Vle) 60 A, steep 78
MmE2 Menominee-McBride complex, 18 to 25 percent
slopes, moderately eroded-----------uuoo- 33
Menominee SOilS------ccmmmmomaam -- 3aE (Vie) 60 D, steep 81
McBride S0ilg§---cccmmmm e -- 3aE (Vle) 60 A, steep 78
MmF Menominee-McBride complex, 25 to 45 percent
slopes---crommmo o e 33
Menominee SOilS----ocmcmmmmmme el -- 3aF (VIle) 60 D, steep 81
McBride SOilS--remeocmom oo ei oo -- 3aF (Vile) 60 A, steep 78
MoA Montcalm-Kalkaska loamy sands, O to 2 percent
SlOpeS - m e oL .. 34
Montcalm loamy sand------commcmnmoooooo -- LaA (I11s) 63 C 80
Kalkaska loamy sand-----wccooomconannn o -- SaA (IVs) 66 E 8l
MoB Montcalm-Kalkaska loamy sands, 2 to 6 percent
Slop@s-- o e e 34
Montcalm loamy sand--«-w-cccmooooommnno o -- 4aB (I11s) 63 C 80
Kalkaska loamy sand--------ccocmmmcuaonoo -- S5aB (1Vs) 66 E 81
MoB2 Montcalm-Kalkaska loamy sands, 2 to 6 percent
slopes, moderately eroded-----ococooaoon . 34
Montcalm loamy sand--«--cccocmomcmmmonann -- 4aB (Ills) 63 C 80
Kalkaska loamy sand------ccccmoommmmmmnana. -- 5aB (1Vs) 66 E 81
MoC Montcalm-Kalkaska loamy sands, 6 to 12 percent
Slopes=--=-m--mmrmm e e 35
Montcalm loamy sand----e-cccooocmmmonaoo -- 4aC (11le) 64 c 80
Kalkaska loamy sande------=----wecaommooo. -- 5aC (VIs) 67 E 81
MoC2 Montcalm-Kalkaska loamy sands, 6 to 12 percent
slopes, moderately eroded-------uuoo .. 35
Montcalm loamy sand-----w-ceoamoao . -~ 4aC (111e) 64 C 80
Kalkaska loamy sande=e------ccccooomoouan -- 5aC (VIs) 67 E 81
MoD Montcalm-Kalkaska loamy sands, 12 to 18 percent
SlopPeS - - - - o e _____ 35
Montcalm loamy sand------=wccooouooooo-- -- 4ab (1vVe) 64 ¢ g0
Kalkaska loamy sand---=--c-ccmmuoooono -- 5ab (VIIs) 68 E 8l
MoD2 Montcalm-Kalkaska loamy sands, 12 to 18 percent
slopes, moderately eroded ----=---~ -+ - 35
Montcalm loamy sand------ccocooommmuannoo -- 4aD (1ve) 64 C 80
Kalkaska loamy sand----ce-ccccecaaononno. -- 5aD (VIls) 68 E 81
MoE Montcalm-Kalkaska loamy sands, 18 to 25 percent
Slopes - o m e e .. 35
Montcalm loamy sand-----------ccccmmmooonn -- 4aE (VIe) 65 C, steep 80
Kalkaska loamy sand-----------comcomuuonann. -- SaE (VIIs) 68 E, steep 82
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MoF

MoF2

RcA
RcB
RhA
RhB
RpA

RrA

RrB
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Rs
REC
Ru
Rv
RwA
RwA2

RwB
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Mapping unit

Montcalm-Kalkaska loamy sands, 18 to 25 percent
slopes, moderately eroded--- -----c-ovomnnnnn-
Montcalm loamy sand----------=-ccmo-ooounn
Kalkaska loamy sand-----------=---c-u-----
Montcalm-Kalkaska loamy sands, 25 to 45 percent
SlOpPES - - m oo e ea e
Montcalm loamy sand---=--=--c-cceomomno-un
Kalkaska loamy sand-----------<---c-ccuumnn
Montcalm-Kalkaska loamy sands, 25 to 45 percent
slopes, moderately eroded--------------------
Montcalm loamy sand-----==---=c=--c-ccc-vonn
Kalkaska loamy sand------v----ccn-co-c-oo--
Richter loams, O to 2 percent slopes, overwash-
Richter loams, 2 to 6 percent slopes, overwash-
Richter loams, O to 2 percent slopeg-----------
Richter loams, 2 to 6 percent slopes-----------
Richter, Tonkey, and Pinconning loams, O to 2
percent slopes, overwash----c------vooooonnnn
Richter loamg----------ccsmmmmmmmocaom e
Tonkey loam---------momcommoce e
Pinconning loam---=-------vrmmmmommnmmnooo-
Richter, Tonkey, and Pinconning loams, O to 2
percent slopes------=-----eocoooooooooooooon
Richter LoAMme--=--memcmccmcmmaammmc e emmm o
Tonkey loam-=-=------cmccmmmmoam oo oo
Pinconning loam-----=--=-=2cwcmcmcooomnmnnon
Richter, Tonkey, and Pinconning loams, 2 to 6
percent SlLOpes--=---=-----sc-nommoooooooon s
Richter loame-----=ccccccmammmmm e cm o
Tonkey LOAM--=-=-=ccwoocmomao oo oa oo
Pinconning loam-----------~------- P ——
Richter, Tonkey, and Pinconning loams, 6 to 12
percent §lopes-------------o-ooanaonoonnn
Richter loam----cc-memmmmmmm e m e o -
Tonkey loam-------mrmommecmo e
Pinconning loam--------c-c-cocmmmmmnmmannnn
Rifle peat-----memmmmomee oo moe oo
Roscommon mucky loamy sand, overwash-----------
Rosecommon mucky loamy sand-------------------=
ROSCOMMON SaANde-=c-ccccccc i ccme e e e o m o
Rubicon sand, 0 to 2 percent slopes------------
Rubicon sand, O to 2 percent slopes, moderately

Rubicon sand, 2 to 6 percent slopes------------
Rubicon sand, 2 to 6 percent slopes, moderately

Rubicon sand, 6 to 12 percent slopes-----------
Rubicon sand, 6 to 12 percent slopes, moder-
ately eroded--=------cccmoooon e
Rubicon sand, 12 to 18 percent slopes--=-=------
Rubicon sand, 12 to 18 percent slopes, moder-
ately eroded--------cccmmomome o
Rubicon sand, 18 to 25 percent slopes----------
Rubicon sand, 18 to 25 percent slopes, moder-
ately eroded---=s=--mcccmomommmon oo
Rubicon sand, 25 to 45 percent slopes----------
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Soil Woodland
management suitability

unit group

Symbol Page Symbol Page
4aE (Vle) 65 C, steep 80
5aE (VIIs) 68 E, steep 82
4aF (Vlle) 65 C, steep 80
SaF (V1ls) 69 E, steep 82
4aF (VIle) 65 C, steep 80
S5aF (VIIs) 69 E, steep 82
3bA (11lw) 60 G 83
3bA (111w) 60 G 83
3bA (111w) 60 G 83
3bA (IT1Tw) 60 G 83
3bA (I11Iw) 60 G 83
3bA (I11w) 60 1 84
3bA (I11Iw) 60 1 84
3bA (111w) 60 G 83
3bA (111w) 60 1 84
3ba (111w) 60 1 84
3bA (I11w) 60 G 83
3bA (1T11Iw) 60 1 84
3bA (111w) 60 1 84
3bA (111w) 60 G 83
3bA (L11Tw) 60 1 84
3bA (I1Tw) 60 1 84
Mc (Vw) 71 J 84
ScA (IVw) 69 1 84
ScA (IVw) 69 1 84
ScA (1Vw) 69 1 84
5.3aAB (VIIs) 69 H 83
5.3aAB (ViIs) 69 H 83
5.3aAB (VIls) 69 H 83
5.3aAB (VIls) 69 H 83
5.3aCD (VIis) 70 H 83
5.3aCD (V1Is) 70 H 83
5.3aCD (VIls) 70 H 83
5.3aCD (VIIs) 70 H 83
5.3aEF (VIls) 70 H, steep 84
5.3aEF (VIIs) 70 H, steep 84
5.3aEF (VIis) 70 H, steep 84
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symbol

RwF2

RxB

RxC

RxD

SrB
Ta
Tm
Tn
To
Tp
Tr
UbA
UbB
UnC
UbC2

UbD
UbE
UbF
UmA

UmB
UmC
UmD
UnA
UnB
UnC
UnD
UnD2

UnE
UnE2

UnF
UnF2

WdC
WdD

GRAND TRAVERSE COUNTY, MICHIGAN

GUIDE TO MAPPING UNITS--CONTINUED

Mapping unit

Rubicon sand, 25 to 45 percent slopes, moder-
ately eroded-w-ecccmocm e oo
Rubicon-Menominee loamy sands, 2 to 6 percent
SlOp@S - - - e o..
Rubicon loamy sand-------ccemoommmomaaoaooo
Menominee loamy sand----------cmoocmmnaoooo
Rubicon-Menominee loamy sands, 6 to 12 percent
SLOopeS === -- - s e
Rubicon loamy sand--------cccmommmmmauoo
Menominee loamy sand---------ccccoomemooo
Rubicon-Menominee loamy sands, 12 to 18 percent
SlopPesS - - m e -
Rubicon loamy sand-----------cccmommmoo
Menominee loamy sand------wcemoweooonao oo
Sanilac-Richter loams, 0 to 6 percent slopes---
Tawas-Roscommon complex--=-=--m-ceceoammoamnan.
Tonkey mucky sandy loam------cccmooomammao
Tonkey sandy loam, overwash-------cuwooooooooo--
Tonkey sandy loam-----wwocoommmmmo oo
Tonkey-Hettinger-Pickford loams, overwash------
Tonkey-Hettinger-Pickford loamg------m-cauuomnon
Ubly sandy loam, O to 2 percent slopes----=-----
Ubly sandy loam, 2 to 6 percent slopes---------
Ubly sandy loam, 6 to l2 percent slopes--------
Ubly sandy loam, 6 to 12 percent slopes, moder-
ately eroded-----commm oo
Ubly sandy loam, 12 to 18 percent slopes-------
Ubly sandy loam, 18 to 25 percent slopes-------
Ubly sandy loam, 25 to 35 percent slopes-------
Ubly-McBride sandy loams, 0 to 2 percent
SLOP@S - - m s mmm o e oo
Ubly-McBride sandy loams, 2 to 6 percent
SLOPE S = s oo
Ubly-McBride sandy loams, 6 to 12 percent

SlOpeS - mc e oo )

Ubly-McBride sandy loams, 12 to 18 percent
5lopes--------cere e m s R
Ubly-Nester complex, 0 to 2 percent slopes-----
Ubly-Nester complex, 2 to 6 percent slopes-----
Ubly-Nester complex, 6 to 12 percent slopes----
Ubly-Nester complex, 12 to 18 percent slopes---
Ubly-Nester complex, 12 to 18 percent slopes,
moderately eroded--------cmcmmmma oo
Ubly-Nester complex, 18 to 25 percent slopes---
Ubly-Nester complex, 18 to 25 percent slopes,
moderately eroded-----------cwommommno___
Ubly-Nester complex, 25 to 35 percent slopes---
Ubly-Nester complex, 25 to 35 percent slopes,
moderately evoded--------------“"ccccmmu.
Wind eroded land, sloping----------------------
Wind eroded land, strongly sloping-------------
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Soil Woodland
management suitability

unit group

Symbol Page Symbol Page
5.3aEF (VIls) 70 H, steep 84
5aB (1Vs) 66 H 83
S5aB (1IVs) 66 C 80
5aC (VIs) 67 H 83
5aC (VIs) 67 C 80
S5ab (VIIs) 68 H 83
5aD (VIIs) 68 C 80
3bA (I11w) 60 F 83
S5cA (IVw) 69 I 84
3cA (I11w) 61 I 84
3cA (I11w) 61 1 84
3cA (111w) 61 I 84
3cA (111w) 61 1 84
3cA (I1lw) 61 1 84
3/2aA (11s) 61 A 77
3/2aB (11e) 61 A 77
3/2aC (111e) 62 A 77
3/2aC (111e) 62 A 77
3/2aD (1Ve) 62 A 77
3aE (VIe) 60 A, steep 78
3aF (VIle) 60 A, steep 78
3/2aA (1ls) 61 A 77
3/2aB (1le) 61 A 77
3/2aC (1lle) 62 A 77
2aB (1le) 55 B 78
2aB (11e) 55 B 78
2aC (1lle) 56 B 78
2aD (IVe) 57 B 78
2aD (1Ve) 57 B 78
2aE (VIe) 57 B, steep 79
2aE (Vle) 57 B, steep 79
2aF (VIile) 57 B, steep 79
2aF (VIle) 57 B, steep 79
5aC3 (Vils) 67 K 84
5aE3 (VIIs) 68 K 84







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 (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.

Nondiscrimination Policy

The U.S. Department of Agriculture (USDA) prohibits discrimination against its
customers, employees, and applicants for employment on the basis of race, color,
national origin, age, disability, sex, gender identity, religion, reprisal, and where
applicable, political beliefs, marital status, familial or parental status, sexual orientation,
whether all or part of an individual’s income is derived from any public assistance
program, or protected genetic information. The Department prohibits discrimination in
employment or in any program or activity conducted or funded by the Department. (Not
all prohibited bases apply to all programs and/or employment activities.)

To File an Employment Complaint

If you wish to file an employment complaint, you must contact your agency’s EEO
Counselor (http:/directives.sc.egov.usda.gov/33081.wba) within 45 days of the date of
the alleged discriminatory act, event, or personnel action. Additional information can be
found online at http://www.ascr.usda.gov/complaint_filing_file.html.

To File a Program Complaint

If you wish to file a Civil Rights program complaint of discrimination, complete the
USDA Program Discrimination Complaint Form, found online at http://www.ascr.usda.
gov/complaint_filing_cust.html or at any USDA office, or call (866) 632-9992 to request
the form. You may also write a letter containing all of the information requested in
the form. Send your completed complaint form or letter by mail to U.S. Department
of Agriculture; Director, Office of Adjudication; 1400 Independence Avenue, S.W.;
Washington, D.C. 20250-9419; by fax to (202) 690-7442; or by email to program.
intake@usda.gov.

Persons with Disabilities

If you are deaf, are hard of hearing, or have speech disabilities and you wish to file
either an EEO or program complaint, please contact USDA through the Federal Relay
Service at (800) 877-8339 or (800) 845-6136 (in Spanish).

If you have other disabilities and wish to file a program complaint, please see the
contact information above. If you require alternative means of communication for
program information (e.g., Braille, large print, audiotape, etc.), please contact USDA's
TARGET Center at (202) 720-2600 (voice and TDD).
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Supplemental Nutrition Assistance Program

For additional information dealing with Supplemental Nutrition Assistance Program
(SNAP) issues, call either the USDA SNAP Hotline Number at (800) 221-5689, which
is also in Spanish, or the State Information/Hotline Numbers (http://directives.sc.egov.
usda.gov/33085.wba).

All Other Inquires

For information not pertaining to civil rights, please refer to the listing of the USDA
Agencies and Offices (http://directives.sc.egov.usda.gov/33086.wba).
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