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This survey contains useful information for farmers or ranchers, foresters or
7 o agronomists; for planners, community decision makers, engineers, developers,
builders, or homebuyers; for conservationists, recreationists, teachers, or

students; to specialists in wildlife management, waste disposal, or pollution control.



This is a publication of the National Cooperative Soil Survey, a joint effort
of the United States Department of Agriculture and agencies of the States,
usually the Agricultural Experiment Stations. In some surveys, other Federal
and local agencies also contribute. The Soil Conservation Service has leader-
ship for the Federal part of the National Cooperative Soil Survey. In line with
Department of Agriculture policies, benefits of this program are available to
all, regardless of race, color, national origin, sex, religion, marital status, or age.

Major fieldwork for this soil survey was completed in the period 1967 to
1975. Soil names and descriptions were approved in December 1975. Unless
otherwise indicated, statements in the publication refer to conditions in the
survey area in 1975. This survey was made cooperatively by the Soil Conserva-
tion Service and the Michigan Agricultural Experiment Station. It is part of
the technical assistance furnished to the Gratiot County Soil Conservation Dis-
trict. It was partly financed by the Gratiot County Board of Commissioners.

Soil maps in this survey may be copied without permission, but any enlarge-
ment of these maps can cause misunderstanding of the detail of mapping and
result in erroneous interpretations. Enlarged maps do not show small areas of
contrasting soils that could have been shown at a larger mapping scale.



Foreword

Index to soil map units ..o
Summary of tables ..o,
General nature of the county .........ccooocoeeeveeerverennnen.
CHIMALE ...t st s s en s
History and development
Farming ...ocoiercninreseesneresessse e sesssssassnses
Industry and transportation.........cccceeeeveeierncnnnnnes
Physiography, relief, and drainage ...........cccooevernecn.
Lakes and streams.......cc.ovvneeeenrneennsnsenssesenns
How this survey was made..............ccoevvvereerevcennrnennnn
General soil map for broad land use planning........
Descriptions of map units.........cccoeeeveeceeeeonvivesisnenes
Nearly level, somewhat poorly drained to very
poorly drained clay loams, loams, and sandy
JOAMS ...t r v b
1. Lenawee-Toledo-Pert ...........ccoceveernrvccrnrecennnnne.
2. Parkhill-Corunna ........cccovvveivnnnereecreerene
3. Capac-Parkhill-Metamora .........ccccceeeveerrenaee
Nearly level, somewhat poorly drained to very
poorly drained, mainly loamy sands...................

4. Tedrow-Selfridge-Parkhill.............ccooeevuerunen. .

5. Sickles-Arkona-Lenawee .........cccccooevvvevuererennnas
Nearly level to gently sloping, well drained to
somewhat poorly drained cobbly sandy loams
and cobbly loamy sands.......c..cccccceveveerrecrenrvennnns
6. Capac Variant-Metea Variant.............ccoeeunee.n.
Nearly level to gently sloping, well drained to
very poorly drained loamy sands and fine
BANAS .ocuvnieierrectnrecrre et ee e st saeane
7. Kingsville-Pipestone-Oakville ..........ccoocunne..
8. Vestaburg-Tedrow-Boyer ...........cccoevvrurnnens
Nearly level to gently rolling, well drained to
somewhat poorly drained loams and sandy
JOAMS «...oeetrecerec ettt
9. Perrinton-Ithaca ........ccoevvvvevivvicircreeenene.
10. Marlette-Capac.......ccocevvvveveivnneneneneiseecnrnnns
Nearly level to gently rolling, well drained loamy
fine sands and loamy sands ........cccceverveevicrncns
11. Arkport-Spinks-Boyer .......cccccovrvvrverrcrrenen.
Nearly level, very poorly drained and poorly
drained silty clay loams and mucks ..................
12. Saranac-Houghton.......c.cccoovvverrvneevcnerennnne.
Broad land use considerations .........coccceevvccrrcrnernan.
Soil maps for detailed planning .............ccccccceeeeeee.
Use and management of the soils
Crops and pasture ...........cueneeeeneneeenenneens
Yields per acre .......coccoevevevvrevinnenenn.
Capability classes and subclasses
Woodland management and productivity ................
Windbreaks and environmental plantings................
ENgineering .........cvvinnnnenninesensesessssssssesenes
Building site development ..........ccccovvvivnvcrnnanne.

Contents

h#wwwwwl\'}r—ﬂ—‘é:<

DA OrLOU e

=

-3 -3-3

Sanitary facilities ........cccvvviinnnnce
Construction materials .........cccceeevrecncrecnnnnicininnen
Water management ..........cerienesiesecnsesnnnns
RECTeation .....ocoeieviveeirieceeeeceerteseeereeen s esseeneesnnenns
Wildlife habitat .......cccoeieviiecrerreeneereeneeneccreecr e

Soil properties

Engineering properties .........ccocvevinineninnnniennienees
Physical and chemical properties ..........cccoviverninee.

Soil and wate

I features.....ccccceveeeeeieererienneeereeee e

Classification of the s0ils.........cccooviriiiiieiinincniiiinnne

Soil series and
Adrian series

morphology ....

ATKONA SEYIS ..ooiviiieeeeereeieceiteeireeareeeseeeseeeserresstecsnens
ATKpOrt SEries......cccciivmvciiiirictcnree e
Belleville Series.....cmmiveeiciiieirerieecceenerereesstesenens
BOYer SEries........ccoivvuiiiiniiiicicsee e

Capac series..

Capac Varian

L USSP

CErESCO SEYIES ..vveviireeeeereerereeeeeeerieearssesssseseeesssenssssees
COohoCtah SIS ..ccceeiieiiieiiicctereecerreeeearreeeeraeeeeeeeaeee s
COYUNNA SEYIES .coovveereviiniiriisiereeesirrasesssressssssrseassseeeess

Dixboro serie

S ceervrerrneeenannae

Edwards series .................

Gilford series

Houghton Series .........cccccvevininineeicinninneenenesiennnnne

Huntington series

Ithaca series

Kingsville Series .........cccuvvevnininiinenneneeecese e
LaMSOMN SEIIES ccccouvvveerereeciiieeieeereeeieireeenearassevaseesssnnees
LeNAWEE SETIES ...uevvvevrriiriennrreerenreeieeereesssrnaesessaesssaannees
Marlette SEries .....cceeeeveieciceeeiieeteceee st e e e e e
MartiSCO SEIIES .....ooccceeveeeerreeirecree et rereerrer e smeeseeearenne
Metamora SEYIES ......uveeeiieeeeeeenrrrrereersresesiereeeseeessssnorenns

Metea series
Metea Varian
Oakville serie

s
B teeristrie sttt e s sa et e e bn e senes

01entangy Series ........cocercieicnnineninniieniersianains

Palms series..

Parkhill Series .....eiivvvveciiniiiniceeccreeeeveeerreerereeassennns
Perrinton Series ......cveeiiiecinieneeierescrnreeeeeeseeseenns

Pert series ....

Pipestone Series ...
Plainfield Series ........cccooveivieivvecreiiiiiecieeeceeceeeir e
Riverdale Series .......cccvvoivecrecveeciieceeeecee e e e
SAranac SErieS ...cvveecveeieceieeere et cetee e eceraeeee e e eane
Selfridge Series .......cc.civeeciencnnnnnentnieise e

Sickles series
Sloan series ..
Spinks series

TeArOW SEIIES ...ucevvvieiiviieiiiiiiiiveesiirsereeereesrerernnsesereeens
ThOMAS SEYIES ...cocvveeeneeecereeeerre e eeee e reeeveesereeease s sasees

Tobico series
Toledo series

Issued April 1979




Contents—Continued

Vestaburg series.........ococeeinncereencnencneeesseninsnnennns
Waluseon Series .........ccieniniienecreieenecsenennnensennns

Factors of soil formation ...
Parent material..............
Plant and animal life .......ccooeeoveveieeoveereeeeeeeereeesns
CHMALE ...t ee et e e e s e s eeseneeseeas

Relief
TIME ..ottt st
Genesis and morphology .......c...coovveuveeeeevneeieenannn,
References...........oovvvvvvieviiiiiiteereeeee e eeeeee e
GIOBSArY ... e
THUStrations ............ccoovviiinneeeee oo
Tables OO OO

Index to Soil Map Units

Ad—Adrian mucK.......c.covnininiieeeeene
AfA—Aquents-Udorthents complex, 0 to 3 percent
slopes
AkA-—Arkona loamy sand, 0 to 2 percent slopes
ArB—Arkport loamy fine sand, 1 to 6 percent
slopes
ArC—Arkport loamy fine sand, 6 to 12 percent
slopes
Be—Belleville loamy sand
BoB-—Boyer loamy sand, 0 to 6 percent slopes ..........
CaA—Capac loam, 0 to 3 percent slopes.........cccc.ce.....
CcA —Capac Variant-Parkhill complex, 0 to 2
percent SIOPES ........ccoivvieeieicniener et
Ce—Ceresco fine sandy loam, gravelly substratum ..
Ch—Cohoctah fine sandy loam, gravelly substratum
Co—Cohoctah-Ceresco fine sandy loams, gravelly
SUDSEratuUM ..oociiiiii e
Cr—Corunna sandy 10am .........coeeereevereneeneninninnneens
DxA —Dixboro fine sandy loam, 0 to 3 percent
slopes
Ed—Edwards mucK......cccoeevvivnevenniennniinneneccnesenenenee
Gd—Gilford sandy loam, gravelly substratum ............
Ho—Houghton muck ......c.cccorvevrrinnnennicrnncrneerecenns
HuB—Huntington silt loam, 1 to 5 percent slopes ....
ItA—Ithaca loam, 0 to 3 percent slopes
Ke—Kingsville loamy sand...........cccccoeevnivnnicnnincncns
La—Lamson loamy very fine sand..........cccccocceeeenennn.
Le—Lenawee clay loam
MaB—Marlette sandy loam, 2 to 6 percent slopes ....
MaC—Marlette sandy loam, 6 to 12 percent slopes ..
Mc—Martisco muck ...
MeA —Metamora-Capac sandy loams, 0 to 2 percent
slopes

MtB—Metea loamy sand, 0 to 6 percent slopes..........
MvB-—Metea Variant cobbly loamy sand, 2 to 6
percent SlOPes ...
OaB—OQakville fine sand, 0 to 6 percent slopes ..........
Oe—O0lentangy mMucK ......ccooevrmeivnrereeneninrercreneeecenecnene
Pa—Palms muck......ccooemininicivnnniinncicineneenne
Ph—Parkhill loam
PkB—Perrinton loam, 2 to 6 percent slopes................
PkC—Perrinton loam, 6 to 12 percent slopes..............
PlA—Pert clay loam, 0 to 2 percent slopes..................
PpA—Pipestone-Tedrow loamy sands, 0 to 2
percent SloPes ...
PrA—Pipestone-Tedrow loamy sands, loamy
substratum, 0 to 2 percent slopes ..........ccccvenenne,
PS—Pits c.cocririiniiiiniccc
PtB—Plainfield loamy sand, 0 to 6 percent slopes ....
PtC—Plainfield loamy sand, 6 to 18 percent slopes ..
RdA-—Riverdale loamy sand, 0 to 2 percent slopes ..
Sa—Saranac silty clay loam, frequently flooded ........
SeA—Selfridge loamy sand, 0 to 2 percent slopes ....
Sk—Sickles loamy sand..........ccoeoevervninniinincniniinninens
Sn—Sloan loam, wet
SpB—Spinks loamy sand, 0 to 6 percent slopes..........
SpC—Spinks loamy sand, 6 to 12 percent slopes........
TdA-—Tedrow loamy sand, 0 to 2 percent slopes
TeA—Tedrow loamy sand, loamy substratum, 0 to 2
percent SlOPes ...
Th—Thomas MueK .......ccoerienirirrerrnericetr e
Tm—Tobico MUCK.......cccorierireierecieineeeecceeeieee
To—Toledo clay loam
Ts—Toledo-Sickles complex ........cccccerverecrerceennnccnnene
Ve—Vestaburg loamy sand ..........cccocovvnvrvvencncencnnnnen.
Wa—Wauseon sandy loam .........cccvevvieeciiiiniennvcniiennenen
WxA—Wixom loamy sand, 0 to 2 percent slopes.......



Summary of Tables

Page

Acreage and proportionate extent of the soils (Table 4)........cccccovevrcrncnnnne 88
Acres. Percent.

Building site development (Table 9) ......c.cccoveiorurrrrrneerercrereee s csseenessnes 101

Shallow excavations. Dwellings without basements.
Dwellings with basements. Small commercial
buildings. Local roads and streets.

Capability classes and subclasses (Table 6) ........cccccveerevcceneienncncniecensens 9
Total acreage. Major management concerns
(Subclass)—Erosion (e), Wetness (w), Soil problem

(8).

Classification of the s0ils (Table 18) ... e eeeeereeeeeeas 141
Family or higher taxonomic class.

Construction materials (Table 11) ...t eeesveeessvreessseres 111
Roadfill. Sand. Gravel. Topsoil.

Engineering properties and classifications (Table 15) ........c.cccoceeevcvrnene A 127

Depth. USDA texture. Classification—Unified,
AASHTO. Fragments greater than 3 inches. Per-
centage passing sieve number—j, 10, 40, 200. Liquid
limit. Plasticity index.

Freeze dates in spring and fall (Table 2) ........cccocoiiiniinnirccecceennes 817
Minimum temperature—24 degrees F or lower, 28
degrees F or lower, 32 degrees F or lower.

Growing season length (Table 8) ...t 87
Daily minimum temperature during growing
season—Higher than 24 degrees F, Higher than 28
degrees F, Higher than 32 degrees F.

Physical and chemical properties of soils (Table 16) ...........cccocevmvenrcrirrncenens 134
Depth. Permeability. Available water capacity. Soil
reaction. Shrink-swell potential. Risk of corro-

sion—Uncoated steel, Concrete. Erosion factors—K,
T. Wind erodibility group.

Recreational development (Table 13) ......ccccoevieeiecreree e 119
Camp areas. Picnic areas. Playgrounds. Paths and
trails.

Sanitary facilities (Table 10) ..........cccooworreuereereereeneeeiesrsereseeseseseeeeessesssssssessesenen 106

Septic tank absorption fields. Sewage lagoon areas.
Trench sanitary landfill. Area sanitary landfill.
Daily cover for land fill.
Soil and water features (Table 17)......cccconiiriiininieniere e e 138
Hydrologic group. Flooding—Frequency, Duration,
Months. High water table—Depth, Kind, Months.
Potential frost action.



vi

Summary of Tables—Continued

Temperature and precipitation (Table 1) ......cccocoeveeervrriemreecrrcreeeeeeee.

Temperature—Average daily maximum, Average
daily minimum, Average daily; 2 years in 10 will
have—Maximum higher than, Minimum lower
than;, Average mumber of growing degree days.
Precipitation—Average; 2 years in 10 will
have—Less than—, More than—; Average number
+0f days with 0.1 inch or more, Average snowfall.

Water management (Table 12) .........c.coovueeieerrieeeeeeeeeee e e eeereeeseeseseesenens

Pond reservoir areas. Embankments, dikes, and
levees. Aquifer-fed excavated ponds. Drainage. Ir-
rigation. Grassed waterways.

Wildlife habitat potentials (Table 14} .........cccocoevimirievieniriceenecise e

Potential fr habitat elements—Grain and seed
crops, Grasses and legumes, Wild herbaceous plants,
Hardwood trees, Coniferous plants, Wetland plants,
Shallow water areas. Potential as habitat
Jor—Openland wildlife, Woodland wildlife, Wetland
wildlife.

Windbreaks and environmental plantings (Table 8).........cccocevvrvevencnnnne.

Expected heights ofspecified trees at 20 years ofage.

Woodland management and productivity (Table 7) .......cccceoovvrerveirniennen,

Management concerns—Erosion hazard, Equipment
limitation, Seedling mortality, Windthrow hazard,
Plant competition. Potential productivi-
ty—Important trees, Site index. Trees to plant.

Yields per acre of crops (Table 5) .......ooveiveeeeeeieeiveieececeeceeeer e

Corn. Corn silage. Oats. Wheat, winter. Soybeans.
Grass-legume hay. Grass hay.

Page
86

115

124

98

92

89



Foreword

The Soil Survey of Gratiot County, Michigan contains much information
useful in any land-planning program. Of prime importance are the predictions
of soil behavior for selected land uses. Also highlighted are limitations or
hazards to land uses that are inherent in the soil, improvements needed to
overcome these limitations, and the impact that selected land uses will have on
the environment.

This soil survey has been prepared for many different users. Farmers,
ranchers, foresters, and agronomists can use it to determine the potential of
the soil and the management practices required for food and fiber production.
Planners, community officials, engineers, developers, builders, and homebuyers
can use it to plan land use, select sites for construction, develop soil resources,
or identify any special practices that may be needed to insure proper per-
formance. Conservationists, teachers, students, and specialists in recreation,
wildlife management, waste disposal, and pollution control can use the soil sur-
vey to help them understand, protect, and enhance the environment.

Great differences in soil properties can occur even within short distances.
Soils may be seasonally wet or subject to flooding. They may be shallow to
bedrock. They may be too unstable to be used as a foundation for buildings or
roads. Very clayey or wet soils are poorly suited to septic tank absorption
fields. A high water table makes a soil poorly suited to basements or un-
derground installations.

These and many other soil properties that affect land use are described in
this soil survey. Broad areas of soils are shown on the general soil map; the lo-
cation of each kind of soil is shown on detailed soil maps. Each kind of soil in
the survey area is described, and much information is' given about each soil for
specific uses. Additional information or assistance in using this publication can
be obtained from the local office of the Soil Conservation Service or the
Cooperative Extension Service.

This soil survey can be useful in the conservation, development, and
productive use of soil, water, and other resources.

y -

A. H. Cratty
State Conservationist
Soil Conservation Service
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SOIL SURVEY OF GRATIOT COUNTY, MICHIGAN

By James E. Feenstra, Soi! Conservation Service

Fieldwork by James E. Feenstra, John Long, and Glenn A. Weesies, Soil
Conservation Service; and David Krauss and Terence H. Cooper, Michigan
Agriculttural Experiment Station

United States Department of Agriculture, Soil Conservation Service, in
cooperation with the Michigan Agricultural Experiment Station

GRATIOT COUNTY is the geographical center of the
lower peninsula of the State of Michigan. Ithaca, the
county seat, is near the center of the county. The area of
the county is approximately 570 square miles, or 362,240
acres. Most of the county is well suited to agriculture and

is among the leading counties in the state in agricultural
production.

The population of Gratiot County in 1970 was 39,246.
About 17.8 percent of the people live on farms. Some of
these people work in factories. The remaining 82.2 per-
cent work at various jobs in Gratiot County and in
neighboring counties. Industries are principally oil refin-

ing and manufacturing chemicals, automotive parts, and
mobile homes.

With 83.4 percent of the land in farms, agriculture is
the principal enterprise. Corn, field beans, soybeans, and
wheat are the main crops. Oats, barley, sugar beets, alfal-
fa, kidney beans, and cucumbers are also grown. Dairy
cows, beef cattle, and other livestock are kept on some
farms. In a few areas of organic soils, mainly west and

south of Ithaca, potatoes, commercial sod, carrots, and
other vegetables are grown.

About 8 percent of the survey area is woodland. The
largest wooded areas are in the Gratiot-Saginaw State
Game Area, the Maple River State Game Area, the Maple
River and Pine River bottomlands, and the very
northeastern and northwestern parts of the county. The
principal woodland species in the wetlands are aspen, elm,
cottonwood, swamp oak, soft maple, and ash. The Oak-

ville, Plainfield, Marlette, and Boyer soils produce oak,
maple, basswood, and pine plantations.

General nature of the county

This section gives general information concerning the
county. It discusses climate, history and development,

farming, industry and transportation, physiography, relief
and drainage, and lakes and streams.

Climate

FRED V. NURNBERGER, meteorologist, Michigan Department of
Agriculture, Weather Service, prepared this section.

Gratiot County is cold in winter and is warm and occa-
sionally hot in summer. Precipitation is well distributed
throughout the year but it peaks in summer. The amount
of precipitation is adequate for most crops on most soils.
Winter precipitation is mainly snow, and blizzards occur
at times.

Table 1 shows temperature and precipitation data for
the period 1945 to 1974. The data were recorded at Alma
and are representative of the entire county. Table 2
shows probable dates of the first freeze in fall and the
last in spring, and Table 3 shows the length of the grow-
ing season.

In winter, the average temperature is 24.4 degrees F
and the average daily minimum is 164 degrees. The
lowest recorded temperature is -29 degrees; it occurred at
Alma on February 5, 1918. In summer, the average tem-
perature is 69.7 degrees F and the average daily max-
imum is 81.8 degrees. The highest recorded temperature
is 108 degrees; it occurred on July 14, 1936. '

Growing degree days, shown in table 1, are equivalent
to “heat units.” Starting in spring, they accumulate by the
amount that the average daily temperature exceeds a
base temperature of 50 degrees F. The normal monthly
accumulation is used to schedule single or successive
plantings of a crop during the period between the last
freeze in spring and the first in fall.

As shown in table 1, the total annual precipitation is
297 inches. Of this total, 18.3 inches, or 62 percent,
generally falls during the period April through Sep-
tember, which includes the growing season for most
crops. In 2 years in 10, however, rainfall during this
period is less than 15.5 inches. The heaviest 1-day rainfall
was 5.5 inches at Alma on September 7, 1894. Thun-
derstorms occur on about 34 days each year and on about
7 days in June.

Average seasonal snowfall is 41.3 inches. The greatest
depth of the snow cover at any time during the period of

1
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record was 20 inches. On the average, there is at least 1
inch of snow on the ground on 68 days, but the number of
days varies greatly from year to year.

According to data recorded at Lansing Capital City
Airport and at Flint Bishop Airport, the average relative
humidity in midafternoon is less than 58 percent in spring
and about 64 percent during the rest of the year. Humidi-
ty is higher at night in all seasons, and at dawn it
averages 82 percent. The percentage of possible sunshine
is 68 in summer and 36 in winter. The prevailing wind is
from the southwest. Average annual windspeed is 104
miles per hour. Windspeed is highest, 12.3 miles per hour
on the average in January.

Severe thunderstorms occur occasionally, and tornadoes
are rare. Both are generally local, are of short duration,
and cause varying degrees of damage.

History and development

Gratiot County was created by an act of the State
Legislature on February 3, 1855. It was named after
General Charles Gratiot. At the time the county was
created, seven townships were organized. Shortly
thereafter, several other townships, formerly attached to
Clinton and Saginaw counties were added to Gratiot
County.

In 1832, William McOmber set up the Northwestern
Fur Company and carried on considerable trade with the
Chippewa Indians of Gratiot County.

Gratiot County was covered with pine, maple, beech,
oak, ash, basswood, and elm with some butternut, hickory,
and hemlock. Some of the swamps supported white cedar
and tamarack forests. In 1855, the first saw mill was built
on the Pine River at the present location of St. Louis.
The early inhabitants came mostly from New York State,
although many came from other eastern states and
Canada. The first settlements were on the ridges and
knolls, because at that time, the rest of the county was
wet and swampy.

Travel during the time of settlement was very difficult.
The only road through the county was known as the “Old
Indian Trail” which extended from Maple Rapids to
Lutheran Mission above St. Louis. Saginaw and Maple
Rapids were the chief trading points of the area. The
Pine River furnished transportation for supplies and
lumber.

During early settlement, this county was known as
“Starving Gratiot” and many settlers became discouraged.
The area soon proved to be one of the best agricultural
counties in the State. During the summer and fall of 1855
and the spring of 1856, the population rapidly increased,
and large fields were cleared. Timber, however, was of
little value until the advent of railroads.

The Saginaw Valley and St. Louis Railroad was first
built from Saginaw to St. Louis. Later, it extended to
Grand Rapids, and the name changed to Pere Marquette
and then to C&O Railroad. The Toledo, Ann Arbor, and
North Michigan Railroad was built about 1883 and is now

known as the Ann Arbor Railroad. These railroads acted
as a great stimulus in advancing the industries of the
county.

Today, Gratiot County is first in the nation in the
production of beans. It has some fine dairy farming,
although the number of farms has declined in recent
years.

In addition to agriculture, Gratiot County has many
prosperous industries and some gas, brine, and oil wells.

Farming

Early in Gratiot County’s history, it was difficult to
raise crops because much of the area was wet swampland.
Many of the early settlers then settled the higher and
drier places, many of which were very sandy and un-
productive, and others became discouraged with their
venture and left. :

Some of the settlers remained, however, and drained
the wet land. Today, this land is one of the best agricul-
tural areas in Michigan. In 1969, it had the highest per-
centage, 834, of land in farms. Cash crop farming is the
most prevalent agricultural enterprise in Gratiot County.
Most of the acreage for this type of farming is used for
corn, dry beans, soybeans, and wheat. There are quite a
few fine beef and dairy farms in the county. The number
of dairy farms has decreased, while the number of cattle
feeding operations has increased slightly in recent years.

Farmers in Gratiot County were concerned about water
erosion, soil blowing, and removal of excess water. They
organized the Gratiot Soil Conservation District on April
28, 1952.

About 301,873 acres was in farms in 1969. Of this total,
191,626 acres was in cropland and 10,954 acres of this
cropland was used for pasture. In 1969, dry beans were
the main row crop and 78,000 acres was harvested. Corn
was harvested from 39,570 acres for grain and 6,363 acres
for silage. Soybeans were harvested from 21,524 acres
and wheat, from 15,529 acres.

Industry and transportation

Manufacturing is an important industry in Gratiot
County. Almost three-quarters of the employment is in
manufacturing. Industries include metal, plastic, dairy,
chemical, petroleum, and paper products; building materi-
als; and electricity.

Transportation is by air, railroad, and highways. There
is one airport in the northwestern part of the county and
one southwest of Alma.

There are 3 railroads in the county. The Ann Arbor
Railroad extends northwest through the county from Ann
Arbor and Toledo to Frankfort. The Chesapeake and Ohio
Railroad extends east-west and runs through Alma and
St. Louis. It connects Gratiot County with Saginaw and
Port Huron to the east and Grand Rapids to the west.
The Grand Trunk Railroad crosses the southern part of
the county from east to west. It extends from Muskegon
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on the west to Ashley on the east where it connects with
the Ann Arbor Railroad.

Three major regional state and federal hlghways serve
Gratiot County. U.S. Highway 27 is a four-lane divided
highway extending from I-94 on the south, through
Lansing to I-75 on the north. A major east-west regional
highway, M-46, is in the northern part of Gratiot County.
It is a two-lane state highway connecting Gratiot County
with the Thumb Area to the east and Muskegon to the
west. A major east-west regional highway, M-57, is in the
southern part of Gratiot County. It is a two-lane state
highway connecting Gratiot County with I-75 and the
Thumb Area to the east and Greenville and Grand Rapids
to the west.

Physiography, relief, and drainage

Gratiot County is in the center of the lower peninsula
of Michigan. It was completely covered by giant ice
sheets during the Pleistocene Epoch. The series of
glaciers in this period left deposits 50 to 500 feet thick on
the original bedrock of limestone and sandstone. The
present topography and soil material resulted mainly
from the glacial deposits and lake formations of the
Wisconsin Glacier, which was the last glacier to cover this
area and which melted 10,000 to 12,000 years ago (3).

As the result of glaciation, two general physiographic
areas are in the county. The western half of the county
consists of a series of glacial moraines, till and outwash
plains, and channels. These were formed directly by gla-
cial action and deposition. The eastern half of the county
is a level lake plain that was formed by and at one time
covered by the waters of Lake Saginaw, a glacial lake.

"Extending generally in a north-south direction through
the center of Gratiot County is a range of rolling hills
known as the Owosso Moraine. The moraine is 3 to 5
miles wide and 50 to 100 feet high. The most common
soils on the moraine are Perrinton and Ithaca soils. Ex-
tending in the same general direction and just inside the
western boundary of the Gratiot County line is the West
Branch Moraine. This moraine is 1/2 mile to 4 miles wide
and about the same height as the Owosso Moraine. The
most common soils on this moraine are Marlette and
Capac soils.

The rest of the western half of the county consists
_mainly of nearly level till plains and sandy outwash plains
and channels. Capac and Parkhill soils are common on the
till plains. These soils are well suited to agricultural use.
Plainfield, Riverdale, and Vestaburg soils are on the
sandy outwash plains and channels.

The soils on the lake plain in the eastern half of Gratiot
County are well suited to agriculture. Parkhill, Lenawee,
Selfridge, Dixboro, and Corunna soils are major soils in
this area.

The water that once covered the lake plain drained
through the old Grand River channel, which is near Maple
Rapids. This channel is now the Maple River. As the
water cut the channel deeper, it formed a sequence of

smaller lakes in the bed of the original Lake Saginaw. The
shorelines of these lakes are marked by beach ridges con-
sisting of sand and gravel. One, the Arkona Beach Ridge,
rises 5 to 15 feet above the landscape and is 50 to 300
feet wide, but it is discontinuous. The ridge extends
northeast from one-half mile southeast of Pompei across
U.S. Highway 27 to southeast of North Star. Here, it
swings north just beyond Breckenridge and then to the
west, where it becomes quite prominent. This ridge marks
the western shoreline of Lake Arkona, an old glacial lake.
South County Line Road, in the southeast corner of the
county, is on the beach ridge that marks the eastern
shoreline of Lake Arkona. Boyer and Spinks soils are the
major soils.

A smaller and lower lake plain is old Lake Warren.
Ridges of its shoreline are exposed 2 miles east of Ashley
and in the northeast corner of the county on broad, sandy
flats. Oakville, Kingsville, and Arkona soils are on the
flats. A low, gravelly ridge of this shoreline is just
northwest of Wheeler.

Another feature on the lake plain is a swamp about 1
mile southeast of Ashley. This swamp is about 1/4 mile
wide and about 3 miles long. It extends in a northeast-
southwest direction. It is the result of erosion at the head
of the old Grand River channel. Material deposited by the
Maple River blocked off part of the channel, and muck
formed in the channel bed.

Lakes and streams

Gratiot County has two natural lakes, Half Moon and
Madison. They are small and privately owned and are in
Seville Township.

Rainbow Lake, a man-made reservoir on Pme Creek, is
in Fulton Township. It is also privately owned and is
developing into a residential community.

There are two man-made reservoirs on the Pine River;
one in the city of Alma and one in St. Louis.

There are two major streams in the county: the Pine
River, in the northern part of the county, which flows
northeasterly, and the Maple River, in the southern part,
which flows westerly.

How this survey was made

Soil scientists made this survey to learn what kinds of
soil are in the survey area, where they are, and how they
can be used. The soil scientists went into the area know-
ing they likely would locate many soils they already knew
something about and perhaps identify some they had
never seen before. They observed the steepness, length,
and shape of slopes; the size of streams and the general
pattern of drainage; the kinds of native plants or crops;
the kinds of rock; and many facts about the soils. They
dug many holes to expose soil profiles. A profile is the
sequence of natural layers, or horizons, in a soil; it ex-
tends from the surface down into the parent material,
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which has been changed very little by leaching or by the
action of plant roots.

The soil scientists recorded the characteristics of the
profiles they studied, and they compared those profiles
with others in counties nearby and in places more distant.
Thus, through correlation, they classified and named the
soils according to nationwide, uniform procedures.

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

The areas shown on a soil map are called soil map units.
Some map units are made up of one kind of soil, others
are made up of two or more kinds of soil, and a few have
little or no soil material at all. Map units are discussed in
the sections “General soil map for broad land use
planning” and “Soil maps for detailed planning.”

While a soil survey is in progress, samples of soils are
taken as needed for laboratory measurements and for en-
gineering tests. The soils are field tested, and interpreta-
tions of their behavior are modified as necessary during
the course of the survey. New interpretations are added
to meet local needs, mainly through field observations of
different kinds of soil in different uses under different
levels of management. Also, data are assembled from
other sources, such as test results, records, field ex-
perience, and information available from state and local
specialists. For example, data on crop yields under
defined practices are assembled from farm records and
from field or plot experiments on the same kinds of soil.

But only part of a soil survey is done when the soils
have been named, described, interpreted, and delineated
on aerial photographs and when the laboratory data and
other data have been assembled. The mass of detailed in-
formation then needs to be organized so that it is readily
available to different groups of users, among them far-
mers, managers of rangeland and woodland, engineers,
planners, developers and builders, homebuyers, and those
seeking recreation.

General soil map for broad land use
planning

The general soil map at the back of this publication
shows, in color, map units that have a distinct pattern of
soils and of relief and drainage. Each map unit is a unique
natural landscape. Typically, a map unit consists of one or
more major soils and some minor soils. It is named for
the major soils. The soils making up one unit can occur in
other units but in a different pattern.

The general soil map provides a broad perspective of
the soils and landscapes in the survey area. It provides a
basis for comparing the potential of large areas for
general kinds of land use. Areas that are, for the most

part, suited to certain kinds of farming or to other land
uses can be identified on the map. Likewise, areas of soils
having properties that are distinctly unfavorable for cer-
tain land uses can be located.

Because of its small scale, the map does not show the
kind of soil at a specific site. Thus, it is not suitable for
planning the management of a farm or field or for select-
ing a site for a road or building or other structure. The
kinds of soil in any one map unit differ from place to
place in slope, depth, stoniness, drainage, or other charac-
teristics that affect their management.

Descriptions of map units

Nearly level, somewhat poorly drained to very
poorly drained clay loams, loams, and sandy
loams

1. Lenawee-Toledo-Pert

Nearly level, very poorly drained to somewhat poorly
drained soils that have a clayey or loamy subsoil; formed
in lacustrine sediment

This map unit consists of nearly level soils on old gla-
cial lakebeds. It occupies about 7 percent of the county. It
is about 51 percent Lenawee and similar soils, 30 percent
Toledo and similar soils, and 13 percent Pert and similar
soils. Soils of minor extent make up the rest.

Lenawee soils are nearly level and are very poorly
drained and poorly drained. The- surface layer is very
dark grayish brown clay loam about 9 inches thick. The
subsoil is about 28 inches thick. The upper part of the
subsoil is dark gray, mottled, firm clay loam, and the
lower part is gray, mottled, very firm clay loam. The sub-
stratum, to a depth of 60 inches, is gray, mottled, calcare-
ous clay loam and clay.

Toledo soils are nearly level and are very poorly
drained. The surface layer is dark grayish brown clay
loam about 9 inches thick. The subsoil is mottled and is
about 39 inches thick. The upper part of the subsoil is
dark gray, firm clay loam; the middle part is gray, firm
silty clay; and the lower part is gray, very firm silty clay.
The substratum, to a depth of 60 inches, is gray, calcare-
ous silty clay.

Pert soils are nearly level and are somewhat poorly
drained. They are mostly in slightly higher places than
the Lenawee and Toledo soils. The surface layer is very
dark grayish brown clay loam about 9 inches thick. The
subsoil is brown, mottled, and very firm, and it is about
10 inches thick. The upper part of the subsoil is clay, and
the lower part is clay loam. The substratum, to a depth of
60 inches, is grayish brown, mottled, calcareous clay loam.

The minor soils are poorly drained and very poorly
drained Sickles soils, very poorly drained Wauseon soils,
and somewhat poorly drained Arkona and Tedrow soils.
The Sickles and Wauseon soils are on broad flats in a
position similar to that of the Lenawee and Toledo soils.
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The Arkona and Tedrow soils are on ridges and are
slightly higher in elevation than the Lenawee and Toledo
soils.

Most of the acreage is in cultivated crops. Some areas
are used for pasture and woodland. Most areas have been
cleared and drained, but some swampy areas remain un-
drained. Wetness is the main limitation to use of the soils
for farming and for most nonfarm purposes. Maintaining
good soil tilth is also a problem.

The soils, if adequately drained, have good to fair
potential for cultivated crops. Wetness is such a severe
limitation and so difficult to overcome that the potential
for residential and most other engineering uses is poor.
The potential for development of habitat for wetland wil-
dlife is good.

2. Parkhill-Corunna

Nearly level, very poorly drained and poorly drained
soils that have a loamy subsoil; formed in glactal till

This map unit consists of nearly level soils on till plains,
modified by glacial lake waters. It occupies about 23 per-
cent of the county. It is about 69 percent Parkhill and
similar soils and 12 percent Corunna and similar soils.
Soils of minor extent make up the rest.

Parkhill soils are nearly level and are poorly drained
and very poorly drained. The surface layer is very dark
grayish brown loam about 9 inches thick. The subsoil is
mottled, firm clay loam, and it is about 27 inches thick.
The upper part of the subsoil is grayish brown, and the
lower part is gray. The substratum, to a depth of 60
inches, is gray and yellowish brown, mottled, calcareous
loam.

Corunna soils are nearly level and are poorly drained
and very poorly drained. The surface layer is very dark
gray sandy loam about 9 inches thick. The subsoil is gray,
mottled, friable sandy loam about 22 inches thick. The
substratum, to a depth of 60 inches, is gray, mottled, cal-
careous loam and clay loam.

The minor soils are poorly drained and very poorly
drained Belleville and Cohoctah soils; very poorly drained
Sloan soils; and somewhat poorly drained Capac, Ceresco,
Metamora, and Selfridge soils. The Belleville soils are on
broad flats in a position similar to that of the Parkhill and
Corunna soils. The Sloan, Ceresco, and Cohoctah soils are
on the flood plains. The Capac, Metamora, and Selfridge
soils are slightly higher in elevation than the Parkhill and
Corunna soils.

Most of the acreage is in cultivated crops. Some areas
are used for pasture and woodland. Most areas have been
cleared and drained, but some swampy areas remain un-
drained. Wetness is the main limitation to use of the soils
for farming and for most nonfarm purposes.

The ‘soils, if adequately drained, have good potential for
cultivated crops. Wetness is such a severe limitation and
so difficult to overcome that the potential for residential
and most other engineering uses is poor. The potential for
development of habitat for wetland wildlife is good.

3. Capac-Parkhill-Metamora

Nearly level, very poorly drained to somewhat poorly

drained soils that have a loamy subsoil; formed in gla-
cial till

This map unit consists of nearly level soils on till plains.
It occupies about 22 percent of the county. It is about 38
percent Capac and similar soils, 25 percent Parkhill and
similar soils, and 9 percent Metamora and similar soils.
Soils of minor extent make up the rest.

Capac soils are nearly level and are somewhat poorly
drained. The surface layer is very dark grayish brown
loam about 8 inches thick. The subsoil is mottled, firm
clay loam, and it is about 20 inches thick. The upper part
of the subsoil is yellowish brown, the middle part is light
yellowish brown, and the lower part is brown. The sub-

stratum, to a depth of 60 inches, is grayish brown, mot-
tled, calcareous loam.

Parkhill soils are nearly level and are poorly drained
and very poorly drained. In most places they are slightly
lower in elevation than the Capac and Metamora soils.
The surface layer is very dark grayish brown loam about
9 inches thick. The subsoil is mottled, firm clay loam, and
it is about 27 inches thick. The upper part of the subsoil
is grayish brown, and the lower part is gray. The sub-
stratum, to a depth of 60 inches, is gray and yellowish
brown, mottled, calcareous loam.

Metamora soils are nearly level and are somewhat
poorly drained. The surface layer is very dark grayish
brown sandy loam about 9 inches thick. The subsoil is
grayish brown, mottled, and friable, and it is about 28
inches thick. The upper part of the subseil is sandy loam,
and the lower part is sandy clay loam. The substratum, to
a depth of 60 inches, is brown, mottled, calcareous loam.

The minor soils are poorly drained and very poorly
drained Corunna, Lenawee, Lamson, and Cohoctah soils;
very poorly drained Sloan soils; and somewhat poorly
drained Dixboro, Ithaca, Selfridge, and Ceresco soils. The
Corunna, Lenawee, and Lamson soils are on flats and in
depressions in a position similar to that of the Parkhill
soils. The Sloan, Ceresco, and Cohoctah soils are on flood
plains. The Dixboro, Ithaca, and Selfridge soils are in a
position similar to that of the Capac and Metamora soils.

Most of the acreage is in cultivated crops. Some areas
are used for pasture, permanent vegetation, and
woodland. Most areas have been cleared and drained, but
some swampy areas remain undrained. Wetness is the

main limitation to use of the soils for farming and for
most nonfarm purposes.

The soils, if adequately drained, have good potential for
cultivated crops. Wetness is such a severe limitation and
so difficult to overcome that the potential for residential

and most other engineering uses is poor. The potential for
development of habitat for wetland wildlife is good.
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Nearly level, somewhat poorly drained to very
poorly drained, mainly loamy sands

4. Tedrow-Selfridge-Parkhill

Nearly level, somewhat poorly drained to very poorly
drained soils that have a sandy or loamy subsoil; formed
mainly in glacial lake sediment

This map unit consists of nearly level soils on till plains
that were modified by glacial lake waters. It occupies
about 12 percent of the county. It is about 30 percent
Tedrow and similar soils, 20 percent Selfridge and similar
soils, and 7 percent Parkhill and similar soils. Soils of
minor extent make up the rest.

Tedrow soils are nearly level and are somewhat poorly
drained. The surface layer is very dark grayish brown
loamy sand about 9 inches thick. The subsoil is mottled
loose sand about 36 inches thick. The upper part of the
subsoil is yellowish brown, the middle part is brown, and
the lower part is pale brown. The substratum, to a depth
of 60 inches, is light brownish gray, calcareous sand.

Selfridge soils are nearly level and are somewhat
poorly drained. The surface layer is very dark grayish
brown loamy sand about 9 inches thick. The subsoil is
mottled, and it is about 27 inches thick. The upper part of
the subsoil is brown, very friable loamy sand; the middle
part is light yellowish brown, loose sand; and the lower
part is brown, friable loam. The substratum, to a depth of
60 inches, is grayish brown and brown, mottled, calcare-
ous clay loam.

Parkhill soils are nearly level and are poorly drained
and very poorly drained. They are slightly lower in eleva-
tion than the Selfridge and Tedrow soils. The surface
layer is very dark grayish brown loam about 9 inches
thick. The subsoil is mottled, firm clay loam, and it is
about 27 inches thick. The upper part of the subsoil is
grayish brown, and the lower part is gray. The sub-
stratum, to a depth of 60 inches, is gray and yellowish
brown, mottled, calcareous loam.

The minor soils are somewhat poorly drained Capac,
Dixboro, and Metamora soils; poorly drained and very
poorly drained Belleville, Lamson, and Corunna soils; ex-
cessively drained Plainfield soils; and well drained Boyer
soils. The Capae, Dixboro, and Metamora soils are in a
position similar to that of the Tedrow and Selfridge soils.
The Belleville, Lamson, and Corunna soils are in a posi-
tion similar to that of the Parkhill soils. The Plainfield
and Boyer soils are higher in elevation than the Tedrow
and Selfridge soils. They generally are on narrow ridges.

Most of the acreage is in cultivated crops. Some areas
are used for pasture, native vegetation, and woodland.
Most areas have been cleared and drained, but some
swampy areas remain undrained. Wetness is the main
limitation to use of the soils for farming and for most
nonfarm purposes. Droughtiness and soil blowing also are
problems in areas of Tedrow soils.

The soils, if adequately drained, generally have fair to
poor potential for cultivated crops. Wetness is such a

severe limitation that the potential for residential and
most other engineering uses is poor. The potential for
development of habitat for wetland wildlife is poor for
Tedrow and Selfridge soils and good for the Parkhill soils.

5. Sickles-Arkona-Lenawee

Nearly level, very poorly drained to somewhat poorly
drained soils that have a sandy to clayey subsoil; formed
in glaciolacustrine deposits

This map unit consists of nearly level soils on old gla-
cial lakebeds. It occupies about 2 percent of the county. It
is about 57 percent Sickles and similar soils, 23 percent
Arkona and similar soils, and 16 percent Lenawee and
similar soils. Soils of minor extent make up the rest.

Sickles soils are nearly level and are poorly drained and
very poorly drained. The surface layer is black loamy
sand about 9 inches thick. The substratum, to a depth of
25 inches, is dark gray, very friable loamy sand, and to a
depth of 36 inches it is gray, loose sand. Below that, the
substratum, to a depth of 60 inches, is gray, calcareous
silty clay.

Arkona soils are nearly level, and are somewhat poorly
drained. They are mostly in slightly higher places than
the Sickles and Lenawee soils. The surface layer is very
dark grayish brown loamy sand about 10 inches thick. The
subsurface layer is light grayish brown sand about 2
inches thick. The subsoil is mottled, and it is about 29
inches thick. The upper part of the subsoil is dark brown,
brownish yellow, and pale brown, loose sand; and the
lower part is light grayish brown, very firm silty clay.
The substratum, to a depth of 60 inches, is grayish brown,
mottled, calcareous silty clay.

Lenawee soils are nearly level and are poorly drained
and very poorly drained. The surface layer is very dark
grayish brown clay loam about 9 inches thick. The subsoil
is about 28 inches thick. The upper part is dark gray, firm
clay loam; and the lower part is gray, mottled, very firm
clay loam. The substratum, to a depth of 60 inches, is
gray, mottled, calcareous clay loam and clay.

The minor soils are well drained and moderately well
drained Oakville soils, somewhat poorly drained Tedrow
soils, poorly drained and very poorly drained Kingsville
and Lamson soils, and very poorly drained Wauseon soils.
The Oakville soils are on slightly higher ridges than the
Arkona soils. The Tedrow soils are in a position similar to
that of the Arkona soils. The Kingsville, Wauseon, and
Lamson soils are in a position similar to that of Sickles
and Lenawee soils.

Most of the acreage is woodland and grassland. A few
areas are in cultivated crops or pasture. Some areas have
been cleared and drained, but most swampy areas remain
undrained. Wetness is the main limitation to use of the
soils for farming and for most nonfarm purposes.

The soils, if adequately drained, have generally fair
potential for cultivated crops. Wetness is such a severe
limitation and so difficult to overcome that the potential
for residential and most other engineering uses is poor.
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The potential for development of habitat for wetland wil-
dlife is good.

Nearly level to gently sloping, well drained to
somewhat poorly drained cobbly sandy loams
and cobbly loamy sands

6. Capac Variant-Metea Variant

Nearly level to gently sloping, somewhat poorly drained to
well drained soils that have a sandy or loamy subsoil with
many cobbles; formed in glacial till and glaciofluvial
deposits

This map unit consists of nearly level to gently sloping
soils on glacial till plains. It occupies about 2 percent of
the county. It is about 45 percent Capac Variant and
similar soils and 15 percent Metea Variant and similar
soils. Soils of minor extent make up the rest.

Capac Variant soils are nearly level and are somewhat
poorly drained. The surface layer is very dark grayish
brown cobbly sandy loam about 8 inches thick. The sub-
surface layer is brown, mottled, cobbly sandy loam about
6 inches thick. The subsoil is brown, mottled, firm cobbly
clay loam about 11 inches thick. The substratum, to a
depth of 60 inches, is brown, mottled, calcareous loam.

Metea Variant soils are gently sloping and are well
drained and moderately well drained. They are in higher
places than the Capac Variant soils, mainly on narrow
ridges. The surface layer is very dark gray, cobbly loamy
sand about 7 inches thick. The subsoil is about 30 inches
thick. The upper part of the subsoil is dark brown, very
friable cobbly loamy sand; the middle part is dark yel-
lowish brown, very friable loamy sand; and the lower part
is yellowish brown, firm loam. The substratum, to a depth
of 60 inches, is brown loam.

The minor soils are poorly drained and very poorly
drained Parkhill and Corunna soils; somewhat poorly
drained Selfridge and Tedrow, loamy substratum, soils;
well drained Boyer soils; and well drained and moderately
well drained Marlette soils. The Parkhill and Corunna
soils are in narrow depressions in slightly lower places
than the Capac Variant soils. The Selfridge and Tedrow,
loamy substratum, soils, are in a position similar to that
of the Capac Variant soils. The Boyer soils are in a posi-
tion similar to that of the Metea Variant soils, and the
Marlette soils are mainly on side slopes along
drainageways and flood plains.

Most of the acreage is woodland and idle grassland. A
few areas are used for cropland or pasture. There is very
little drainage in this area. Wetness and cobbles are the
main limitations to use of the soils for farming and for
most nonfarm purposes.

The soils have good potential for woodland. The poten-
tial for most recreational uses, cropland, and development
of habitat for woodland and openland wildlife is poor.
Wetness in the Capac Variant soils is such a severe
limitation and so difficult to overcome that the potential

for residential and other engineering uses is poor. On the
higher Metea Variant soils, the potential for residential
uses is fair.

Nearly level to gently sloping, well drained to
very poorly drained loamy sands and fine
sands

7. Kingsville-Pipestone-Oakville

Nearly level to gently sloping, very poorly drained to well
drained soils that have a sandy subsoil; formed in glacioflu-
vial deposits

This map unit consists of nearly level and gently slop-
ing soils on old glacial lakebeds. It occupies about 3 per-
cent of the county. It is about 41 percent Kingsville and
similar soils, 34 percent Pipestone and similar soils, and
18 percent Oakville and similar soils. Soils of minor extent
make up the rest.

Kingsville soils are nearly level and are very poorly
drained and poorly drained. These soils are in broad, flat
areas. They are lower in elevation than the Pipestone and
Oakville soils. The surface layer is black loamy sand about
6 inches thick. The substratum, to a depth of 60 inches, is
dark gray and gray sand.

Pipestone soils are nearly level and somewhat poorly
drained, and are in broad areas. The surface layer is very
dark grayish brown loamy sand about 6 inches thick. The
subsurface layer is light gray sand about 3 inches thick.
The subsoil is mottled loose sand about 85 inches thick.
The upper part of the subsoil is dark brown, the middle
part is light yellowish brown, and the lower part is
brown. The substratum, to a depth of 60 inches, is grayish
brown, mottled sand.

Oakville soils are nearly level and gently sloping and
are moderately well drained and well drained. They are
on narrow, convex ridges. The surface layer is very dark
grayish brown fine sand about 6 inches thick. The subsoil
is yellowish brown and brownish yellow, loose fine sand
about 19 inches thick. The substratum, to a depth of 60
inches, is light yellowish brown fine sand.

The minor soils are poorly drained and very poorly
drained Sickles and Lenawee soils and very poorly
drained Adrian soils. These soils are in a position on the
landscape similar to that of Kingsville soils.

Most of the acreage is used as habitat for woodland and
wetland wildlife. Wetness and low available water capaci-
ty are the main limitations to use of the soils for farming
and for most nonfarm purposes. Flooding and ponding are
common on Kingsville soils. Wetness is such a severe
limitation and so difficult to overcome that the potential
for residential and most other engineering uses is poor.

8. Vestaburg-Tedrow-Boyer

Nearly level to gently sloping, very poorly drained to well
drained soils that have a sandy or loamy subsoil; formed in
outwash deposits
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This map unit consists of nearly level to gently sloping
soils on outwash plains. It occupies about 12 percent of
the county. It is about 23 percent Vestaburg and similar
soils, 16 percent Tedrow and similar soils, and 14 percent
Boyer and similar soils. Soils of minor extent make up the
rest.

Vestaburg soils are nearly level and poorly drained and
very poorly drained. They are slightly lower in elevation
than the Tedrow and Boyer soils. The surface layer is
very dark brown loamy sand about 8 inches thick. The
substratum, to a depth of 60 inches, is gray, mottled sand
in the upper part and grayish brown, calcareous gravelly
sand in the lower part.

Tedrow soils are nearly level and are somewhat poorly
drained. The surface layer is very dark grayish brown
loamy sand about 9 inches thick. The subsoil is mottled
loose sand, and it is about 36 inches thick. The upper part
of the subsoil is yellowish brown, the middle part is
brown, and the lower part is pale brown. The substratum,
to a depth of 60 inches, is light brownish gray, calcareous
sand.

Boyer soils are nearly level and gently sloping and well
drained. The surface layer is dark grayish brown loamy
sand about 8 inches thick. The subsurface layer is yel-
lowish brown loamy sand about 6 inches thick. The subsoil
is about 10 inches thick. The upper part of the subsoil is
yellowish brown, very friable loamy sand, and the lower
part is dark brown, friable sandy loam. The substratum,
to a depth of 60 inches, is brown, calcareous gravelly
sand.

The minor soils are poorly drained and very poorly
drained Cohoctah and Tobico soils; very poorly drained
Adrian, Edwards, Houghton, Martisco, and Gilford soils;
and somewhat poorly drained Ceresco and Selfridge soils.
The Cohoctah, Ceresco, and some Adrian soils are on the
flood plains. The Adrian, Tobico, Houghton, Edwards,
Martisco, and Gilford soils are in a position similar to that
of the Vestaburg soils or they are in small depressions.
The Selfridge soils are in a position similar to that of the
Tedrow soils.

Most of the acreage is idle grassland. Some areas are
woodland and a few are used for cropland. Drainage is
obtained primarily by open ditches. Most areas have been
cleared and drained, but some swampy areas remain un-
drained. Wetness, soil blowing, and low available water
capacity are the main concerns for farmers. Wetness and
seepage are the main limitations to most nonfarm uses.
Ponding is common on the soils in a lower position on the
landscape.

The soils have fair to poor potential for cultivated
crops, but with irrigation, they have good potential for
specialty crops. The higher Tedrow and Boyer soils have
fair to good potential for woodland, pasture, ‘and develop-
ment of habitat for woodland wildlife. The Boyer soils
have good potential for residential uses; however, seepage
from septic tank absorption fields can result in con-
tamination of shallow water supplies. The potential for
most engineering uses is poor for very poorly drained to
somewhat poorly drained soils and good for other soils:

Nearly level to gently rolling, well drained to
somewhat poorly drained loams and sandy
loams

9. Perrihton-lthaca

Nearly level to gently rolling, well drained to somewhat
poorly drained soils that have a loamy or clayey subsoil;
formed in glacial till

This map unit consists of nearly level to gently rolling
soils on moraines. It occupies about 6 percent of the coun-
ty. It is about 43 percent Perrinton and similar soils and
37 percent Ithaca and similar soils. Soils of minor extent
make up the rest.

Perrinton soils are gently sloping to gently rolling and
are moderately well drained and well drained. They are
generally higher in elevation than the Ithaca soils. The
surface layer is very dark grayish brown loam about 8
inches thick. The upper part of the subsoil is mixed
brown clay loam and grayish brown loam about 6 inches
thick. The lower part is yellowish brown, very firm clay
and firm clay loam about 18 inches thick. The substratum,
to a depth of 60 inches, is brown, calcareous clay loam.

Ithaca soils are nearly level and are somewhat poorly
drained. The surface layer is very dark grayish brown
loam about 9 inches thick. The upper part of the subsoil is
mixed, friable brown clay loam and grayish brown loam
about 4 inches thick. The lower part is brown, mottled,
very firm clay loam about 16 inches thick. The sub-
stratum, to a depth of 60 inches, is brown, mottled, cal-
careous clay loam.

The minor soils are poorly drained and very poorly
drained Lenawee soils and very poorly drained Palms and
Houghton soils, in small* depressions or in narrow
drainageways. The somewhat poorly drained Arkona and
Metamora soils are in a position on the landscape similar
to that of the Ithaca soils, and the Metea soils are in a
position similar to that of the Perrinton soils.

Most of the acreage is in cultivated crops. Some areas
are used for pasture or are woodland. Most areas have
been cleared and drained, but a few swampy areas remain
undrained. Wetness and slope are the main limitations to
use of the soils for farming and most nonfarm purposes.

The soils, if adequately drained and protected from ero-
sion, have good to fair potential for cultivated ecrops,
woodland, and development of habitat for openland and
woodland wildlife. The potential for residential and most
other engineering uses is poor for somewhat poorly
drained soils and good for moderately well drained and
well drained soils.

10. Marlette-Capac

Nearly level to gently rolling, well drained to somewhat
poorly drained soils that have a loamy subsoil; formed in
glacial till

This map unit consists of nearly level to gently rolling
soils on moraines. It occupies about 7 percent of the coun-
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ty. It is about 55 percent Marlette and similar soils and 24
percent Capac and similar soils. Soils of minor extent
make up the rest.

Marlette soils are gently sloping to gently rolling and
are moderately well drained and well drained. They are
generally higher in elevation than the Capac soils. The
surface layer is dark grayish brown sandy loam about 10
inches thick. The subsurface layer is pale brown sandy
loam about 4 inches thick. The subsoil is friable and is
about 20 inches thick. The upper part of the subsoil is
mixed, yellowish brown loam and pale brown sandy loam,
the middle part is brown clay loam, and the lower part is
strong brown loam. The substratum, to a depth of 60
inches, is brown, mottled, calcareous loam.

Capac soils are nearly level and are somewhat poorly
drained. The surface layer is very dark grayish brown
loam about 8 inches thick. The subsoil is mottled, firm
clay loam about 20 inches thick. The upper part of the
subsoil is yellowish brown, the middle part is light yel-
lowish brown, and the lower part is brown. The sub-
stratum, to a depth of 60 inches, is grayish brown, mot-
tled, caleareous loam.

The minor soils are poorly drained and very poorly
drained Parkhill and Corunna soils, very poorly drained
Palms soils, somewhat poorly drained Selfridge and
Metamora soils, and well drained Metea and Arkport
soils. The Parkhill, Corunna, and Palms soils are in
depressions and in a lower position on the landscape than
the Capac soils. The Selfridge and Metamora soils are in a
position similar to that of the Capac soils. The Metea and
Arkport soils are in a position similar to that of the Mar-
lette soils.

Most of the acreage is in cultivated crops. Some areas
are used for pasture or are woodland. Most areas have
been cleared and drained, but a few swampy areas remain
undrained. Wetness and slope are the main limitations to
use of the soils for farming and most nonfarm purposes.

The soils, if adequately drained and protected from ero-
sion, have good to fair potential for cultivated crops,
woodland, and development of habitat for openland and
woodland wildlife. The potential for residential and most
other engineering uses is poor for somewhat poorly
drained soils and good for well drained soils.

Nearly level to gently rolling, well drained
loamy fine sands and loamy sands

11. Arkport-Spinks-Boyer

Nearly level to gently rolling, well drained soils that have
a sandy or loamy subsoil formed in glaciofluvial
deposits

This map unit consists of nearly level to gently rolling
soils mostly on moraines. It occupies about 2 percent of
the county. It is about 44 percent Arkport and similar
soils, 20 percent Spinks and similar soils, and 14 percent

Boyer and similar soils. Soils of minor extent make up the
rest.

Arkport soils are nearly level to gently rolling and are
well drained. The surface layer is very dark grayish
brown loamy fine sand about 9 inches thick. The subsur-
face layer is yellowish brown loamy fine sand about 13
inches thick. The subsoil is stratified, dark yellowish
brown, friable loam and light gray loamy fine sand about
8 inches thick. The substratum, to a depth of 60 inches, is
stratified, sandy and loamy sediment that ranges from
very pale brown to dark yellowish brown.

Spinks soils are nearly level to gently rolling and are
well drained. They are often slightly higher in elevation
than the Arkport soils. The surface layer is dark grayish
brown loamy sand about 9 inches thick. The subsurface
layer is yellowish brown, loose sand about 11 inches thick.
The next layer is yellowish brown, loose sand with bands
of dark brown, very friable loamy sand about 26 inches
thick. The substratum, to a depth of 60 inches, is pale
brown sand.

Boyer soils are nearly level and gently sloping and are
well drained. They are generally in a position similar to
that of the Arkport soils. The surface layer is dark gray-
ish brown loamy sand about 8 inches thick. The subsur-
face layer is yellowish brown loamy sand about 6 inches
thick. The subsoil is about 10 inches thick. The upper part
of the subsoil is yellowish brown, very friable loamy sand,
and the lower part is dark brown, friable sandy loam. The
substratum, to a depth of 60 inches, is brown, calcareous
gravelly sand.

The minor soils are poorly drained and very poorly
drained Lamson and Cohoctah soils, very poorly drained
Adrian and Houghton soils, somewhat poorly drained Dix-
boro and Riverdale soils, and well drained Metea soils.
The Lamson, Adrian, and Houghton soils are the lowest
in elevation, generally in depressions and the Cohoctah
soils and some Adrian soils are on flood plains. The Dix-
boro and Riverdale soils are slightly higher in elevation
than the Lamson soils. The Metea soils are in a position
similar to the Arkport soils.

Most of the acreage is in cultivated crops. Some areas
are used for woodland or idle grassland. Some swampy
areas remain undrained. Seepage, droughtiness, and slope
are the main limitations for farming and most nonfarm
purposes.

The soils, if protected from erosion, have fair to good
potential for cultivated crops. The potential for specialty
crops, woodland, residential uses, pasture, and develop-
ment of habitat for woodland wildlife is good. Seepage of
septic tank absorption fields can result in contamination
of shallow water supplies. The potential for most en-
gineering uses is good.

Nearly level, very poorly drained and poorly
drained silty clay loams and mucks

12. Saranac-Houghton

Nearly level, poorly drained and very poorly drained
soils that have a clayey subsoil and organic soils; formed
in clayey alluvial sediment or in organic sediment
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This map unit consists of nearly level soils on the flood
plain. It occupies about 2 percent of the county. It is
about 60 percent Saranac and similar soils and 29 percent
Houghton and similar soils. Soils of minor extent make up
the rest.

Saranac soils are nearly level and are poorly drained
and very poorly drained. The surface layer is very dark
gray silty clay loam about 12 inches thick. The subsurface
layer is dark gray silty clay loam about 11 inches thick.
The subsoil is gray, mottled, very firm silty clay about 14
inches thick. The substratum, to a depth of 60 inches, is
very 'dark brown silty clay loam in the upper part, gray
silty clay in the middle part, and dark gray silty clay in
the lower part.

Houghton soils are nearly level and are very poorly
drained. The surface layer is black muck about 12 inches
thick. The substratum, to a depth of 60 inches, is very
dark brown and brown muck.

The minor soils are poorly drained and very poorly
drained Lenawee soils, very poorly drained Palms and
Adrian soils, and somewhat poorly drained Pert and Ar-
kona soils. The Lenawee, Toledo, Palms, and Adrian soils
are in a position similar to Saranac and Houghton soils.
The Pert and Arkona soils are slightly higher in elevation
than the Saranac and Houghton soils. ‘

Most of the acreage is used for wetland wildlife habitat.
A few areas are in cultivated crops. Some areas have
been cleared and drained, but most swampy areas remain
undrained. Wetness and flooding are the main limitations
to use of the soils for farming and for most nonfarm pur-
poses.

The soils have good potential for development of
habitat for wetland wildlife. They have poor potential for
woodland, cropland, and pasture. Wetness and hazard of
flooding are such severe limitations and so difficult to
overcome that the potential for residential and other en-
gineering uses is poor.

Broad land use considerations

Gratiot County has an abundance of good farmland. It
is among the leading counties in Michigan for farm
products. Each year some of the farmland is changed to

other uses such as houses, roads, and industry. Informa-

tion in this survey will help plan future land use to pro-
vide adequate land for all needs. Also, information about
soil limitations for given uses helps prevent major
mistakes in land use and unnecessary costs to individuals
and to the community.

The general soil map is helpful in broad land use
planning. It provides a basis for comparing the potential
of large areas of the county for general kinds of land use.
In general, the soils that have good potential for cul-
tivated crops have poor potential for urban development.
For example, Parkhill-Corunna and Capac-Parkhill-
Metamora map units have much good cropland, but wet-
ness is a severe limitation to urban development. The
soils of the Vestaburg-Tedrow-Boyer map unit, parts of

the Tedrow-Selfridge-Parkhill map unit, and the less slop-
ing parts of the Arkport-Spinks-Boyer map unit are
uniquely suited to vegetables and other specialty crops.
These soils warm earlier in spring than the more clayey,
wetter soils. They are also well suited to nurseries.

Most of the soils of the county have good or fair poten-
tial for woodland, except the Saranac-Houghton map unit
on which trees either do not grow naturally or produce
poor wood crops. Commercially valuable trees are less
common and generally do not grow so rapidly on the
wetter soils of Lenawee-Toledo-Pert, Parkhill-Corunna,
and Sickles-Arkona-Lenawee map units as they do on
soils of other map units.

Many soils in the county have a wetness limitation for
urban development, especially those in the Lenawee-
Toledo-Pert, Parkhill-Corunna, Capac-Parkhill-Metamora,
Tedrow-Selfridge-Parkhill, Sickles-Arkona-Lenawee, and
Saranac-Houghton map units. In addition, many parts of
the Marlette-Capac, Perrinton-Ithaca, and Vestaburg-Ted-
row-Boyer map units have a wetness limitation. Parts of the
Perrinton-Ithaca map unit have poor potential for urban
development, because of the shrink-swell potential.

The hilly parts of the Marlette-Capac, Perrinton-Ithaca,
and Arkport-Spinks-Boyer map units are excellent for
parks and extensive recreation areas, nature study areas,
and wilderness uses. Hardwood forests enhance the beau-
ty of parts of these map units. Undrained marshes and
swamps of the Vestaburg-Tedrow-Boyer, Arkport-Spinks-
Boyer, Capac Variant-Metea Variant, Saranac-Houghton,
Kingsville-Pipestone-Oakville, and Sickles-Arkona-
Lenawee map units are good for nature study areas. All
of these provide habitat for many important species of
wildlife.

Soil maps for detailed planning

The map units shown on the detailed soil maps at the
back of this publication represent the kinds of soil in the
survey area. They are described in this section. The
descriptions together with the soil maps can be useful in
determining the potential of a soil and in managing it for
food and fiber production; in planning land use and
developing soil resources; and in enhancing, protecting,
and preserving the environment. More information for
each map unit, or soil, is given in the section “Use and
management of the soils.”

Preceding the name of each map unit is the symbol that
identifies the soil on the detailed soil maps. Each soil
description includes general facts about the soil and a
brief description of the soil profile. In each description,
the principal haZards and limitations are indicated, and
the management concerns and practices needed are
discussed.

At the end of each description of a map unit, the capa-
bility subclass and Michigan soil management group in
which the map unit has been placed are identified. For a
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soil complex, the soil management groups are listed in the
order that the soils appear in the name of the map unit.
These groups are used for making recommendations
about applications of lime and fertilizer, artificial
drainage, and other practices. For an explanation of these
groups, refer to Michigan State University Extension
Bulletin 254, “Soil management units and land use
planning” (5).

The map units on the detailed soil maps represent an
area on the landscape made up mostly of the soil or soils
for which the unit is named. Most of the delineations
shown on the detailed soil map are phases of soil series.

Soils that have profiles that are almost alike make up a
801l series. Except for allowable differences in texture of
the surface layer or of the underlying substratum, all the
soils of a series have major horizons that are similar in
composition, thickness, and arrangement in the profile. A
soil series commonly is named for a town or geographic
feature near the place where a soil of that series was
first observed and mapped. The Ithaca series, for exam-
ple, was named for the town of Ithaca in Gratiot County.

Soils of one series can differ in texture of the surface
layer or in the underlying substratum and in slope, ero-
sion, stoniness, salinity, wetness, or other characteristics
that affect their use. On the basis of such differences, a
soil series is divided into phases. The name of a soil phase
commonly indicates a feature that affects use or manage-
ment. For example, Spinks loamy sand, 0 to 6 percent
slopes, is one of several phases within the Spinks series.

Some map units are made up of two or more dominant
kinds of soil. Such map units.are called soil complexes.

A soil complex consists of areas of two or more soils
that are so intricately mixed or so small in size that they
cannot be shown separately on the soil map. Each area in-
cludes some of each of the two or more dominant soils,
and the pattern and proportion are somewhat similar in
all areas. Toledo-Sickles complex is an example.

Most map units include small, scattered areas of soils
other than those that appear in the name of the map unit.
Some of these soils have properties that differ substan-
tially from those of the dominant soil or soils and thus
could significantly affect use and management of the map
unit. These soils are described in the description of each
map unit. Some of the more unusual or strongly contrast-
ing soils that are included are identified by a special sym-
bol on the soil map.

Most mapped areas include places that have little or no
soil material and support little or no vegetation. Such
places are called miscellaneous areas; they are delineated
on the soil map and given descriptive names. Pits is an
example. Some of these areas are too small to be
delineated and are identified by a special symbol on the
soil map.

The acreage and proportionate extent of each map unit
are given in table 4, and additional information on proper-
ties, limitations, capabilities, and potentials for many soil
uses is given for each kind of soil in other tables in this
survey. (See “Summary of tables.”) Many of the terms
used in describing soils are defined in the Glossary.

Ad—Adrian muck. This is a nearly level, very poorly
drained soil on lowlands and flood plains. It is subject to
frequent flooding. The areas are irregular in shape and
are 2 to 300 acres in size.

Typically, black muck extends to a depth of about 34
inches. The substratum, to a depth of 60 inches, is gray,
calcareous sand.

Included with this soil in mapping are small areas of
Palms, Edwards, and Houghton soils and some soils that
have a thin layer of mucky peat. The Palms soils
generally are in narrow, discontinuous areas along the
edges of mapped areas of this unit, and they make up 2 to
12 percent of the mapped areas. They have a loamy sub-
stratum that has moderately slow permeability. The Ed-
wards and Houghton soils make up 8 to 16 percent of the
mapped areas. They have higher available water capacity
in the lower part of the profile than this Adrian soil.

Permeability is moderately slow to moderately rapid in
the organic material and rapid in the underlying sand.
The available water capacity is very high. Runoff is very
slow or ponded.

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for unimproved pasture or for
crops. This soil has good potential for pasture and for
wetland wildlife habitat. It has fair potential for crops
and poor potential for woodland.

If this soil is properly drained and protected from soil
blowing, it is suited to specialty crops, for example,
potatoes, carrots, onions, and mint. Soil blowing, frost ac-
tion, and flooding are the major hazards. The hazards of
soil blowing and frost can be reduced by sprinkler irriga-
tion. Soil blowing can also be reduced by controlling the
water table and by using buffer strips, cover crops, and
windbreaks. Flooding can be reduced by lowering the
water table through artificial drainage or by constructing
dikes. Lift pumps must be installed in areas that lack
adequate drainage outlets.

If this soil is used for pasture, removing excess water
is the major management requirement. Grazing is
restricted during wet periods. Artificial drainage can be
used to remove excess water. Pasture plants that are
tolerant of wetness must be selected.

If this soil is used for trees, productivity is variable but
is generally low. Windthrow is the major hazard. Seedling
mortality, equipment limitations, and plant competition
are major management problems. Seedling losses are
high, and trees may blow down during storms. The use of
heavy equipment for planting and harvesting trees is
restricted in wet periods. Sites must be intensively
prepared and maintained, because the growth of undesira-
ble trees and shrubs hinders natural regeneration or
restocking of desirable trees.

This soil has severe limitations for most engineering
uses because of wetness, frost action, seepage, and excess
humus. The areas of mucky peat, which were included in
mapping, are better suited to roads and to buildings than
this soil. Capability subclass IVw, Michigan soil manage-
ment group M/4c.
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AfA—Aquents-Udorthents complex, 0 to 3 percent
slopes. This map unit consists of nearly level areas where
sandy and loamy materials have been excavated. A few
included areas have been filled with loamy soil materials,
ranging from sand to clay loam.

Drainage, permeability, available water capacity, reac-
tion, and texture are too variable to rate in these areas.

Most areas are in permanent vegetation. A few areas
have houses built on them. Onsite investigation is needed
to determine the potential of these areas for development
of wildlife habitat, for cropland, woodland, or recreational
uses.

The use of these areas for urban development also
requires onsite investigation to determine the type of
limitation for a specific use. Using surface ditches and tile
drains and connecting sanitary facilities to commercial
sewers and treatment facilities can help to overcome wet-
ness. In areas where sewage lagoons and sanitary land-
fills cause seepage, a sealer or restrictive layer of imper-
vious materials can be used.

AkA—Arkona loamy sand, 0 to 2 percent slopes. This
is a nearly level, somewhat poorly drained soil on low
knolls and ridges. It is subject to rare flooding. Slopes are
slightly convex and are less than 50 feet long. The areas
are irregular in shape and are 2 to 80 acres in size.

Typically, the surface layer is very dark grayish brown
loamy sand about 10 inches thick. The subsurface layer is
light grayish brown sand about 2 inches thick. The subsoil
is mottled, and it is about 29 inches thick. The upper part
of the subsoil is dark brown, brownish yellow, and pale
brown, loose sand 23 inches thick. The lower part is light
grayish brown, very firm silty clay 6 inches thick. The
substratum, to a depth of 60 inches, is grayish brown,
mottled, calcareous silty clay. In some places, the sandy
material is less than 20 inches thick. Also, in some places,
the dark brown layer in the upper part of the subsoil is
absent.

Included with this soil in mapping are small areas of
Pert and Ithaca soils on low knolls and ridges. These soils
make up 5 to 10 percent of the mapped areas. They have
a higher available water capacity than this Arkona soil.
Also included are some small areas of very poorly drained
and poorly drained Wauseon, Lenawee, and Sickles soils
in depressions and drainageways; they make up 1 to 8
percent of the mapped areas. Some small areas of well
drained and moderately well drained soils on slightly
higher elevations are also included.

Permeability is rapid in the sandy upper part and slow
in the clayey lower part. The available water capacity is
low. Runoff is slow.

This soil is used mostly for crops. In a few areas, it is
in native vegetation, including trees. This soil has fair
potential for crops, woodland, and as habitat for openland
and woodland wildlife. It has good potential for pasture.

If this soil is used for cultivated crops, removing excess
water in wet periods, conserving moisture in dry periods,
controlling soil blowing, and maintaining high organic-
matter content are major management requirements. Ar-

tificial drainage must be installed to remove excess water.
Minimum tillage and stubble mulching and the use of
cover crops, buffer strips, and windbreaks help control
soil blowing. Frequent additions of crop residue, manure,
and green manure help maintain content of organic
matter. Crop residue and minimum tillage also conserve
moisture. Legumes need additional applications of lime.

If this soil is used for pasture, wetness in spring and
droughtiness in dry summers are major management
problems. Grazing is restricted in wet periods and growth
is reduced in dry periods.

If this soil is used for trees, seedling losses can be high
because of the sandy surface layer.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches or tile drains. Dwellings and small
commercial buildings with basements should not be con-
structed on this soil. Footings and foundations should be
designed so that frost action and shrink-swell potential do
not cause structural damage. The included areas of well
drained or moderately well drained soils are slightly
higher in elevations and are better suited to some urban
uses than this soil. Capability subclass IIIw, Michigan soil
management group 4/1b.

ArB—Arkport loamy fine sand, 1 to 6 percent slopes.
This is a nearly level and gently sloping well drained soil
on foot slopes, knolls, and ridges. Slopes are smooth or
convex and are less than 100 feet long. The areas are ir-
regular in shape and are 2 to 200 acres in size.

Typically, the surface layer is very dark grayish brown
loamy fine sand about 9 inches thick. The subsurface
layer is yellowish brown loamy fine sand about 13 inches
thick. The subsoil is about 8 inches thick. It is stratified,
dark yellowish brown, friable loam and light gray, very
friable loamy fine sand. The substratum, to a depth of 60
inches, is stratified sandy and loamy sediment that ranges
from very pale brown to dark yellowish brown. In places,
the subsoil has a higher clay content and in other places,
the substratum is gravelly sand.

Included with this soil in mapping are small areas of
somewhat poorly drained Dixboro soils and well drained
Spinks soils. The Spinks soils have lower available water
capacity than this Arkport soil. They generally are on
steeper slopes at a higher elevation than this Arkport
soil; they make up 5 to 20 percent of the mapped areas.
The Dixboro soils are on low knolls and ridges at a lower
elevation than this Arkport soil; they make up 1 to 8 per-
cent of the mapped areas. Also included are small areas
of a soil similar to the Arkport soil, except it is moderate-
ly well drained. These areas are generally slightly lower
in elevation than this Arkport soil and are on foot slopes
or in valleys.

Permeability is moderately rapid, and the available
water capacity is moderate. Runoff is slow.

This soil is used mostly for crops. In a few areas, it is
in native vegetation, including trees. This soil has good
potential for crops, pasture, woodland, recreational use,
and as habitat for openland and woodland wildlife.
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If this soil is used for cultivated crops, erosion and
droughtiness are moderate hazards. Controlling erosion
and maintaining high organic-matter content and fertility
level are major management requirements. Practices that
reduce erosion and conserve moisture are the use of crop
rotations with hay, the use of cover crops, and minimum
tillage. In a few areas, the slopes are sufficiently long and
smooth for terracing and contour farming. Frequent addi-
tions of crop residue, manure, and green manure help
maintain content of organic matter. Legumes need addi-
tional applications of lime.

If this soil is used for pasture, droughtiness is the
major hazard. The use of deep-rooted, drought-resistant
plants helps to overcome this problem.

If this soil is used for trees, seedling mortality and
plant competition are moderate management problems.
Moderate loss of seedlings may oceur in dry summers.
The growth of undesirable trees and shrubs delays natu-
ral and artificial regeneration and hinders the growth of
fully stocked stands.

This soil has slight limitations for most engineering
uses. However, sewage lagoons and sanitary landfills can
cause seepage. In shallow excavations, cutbanks cave in.
A sealer or restrictive layer of impervious material will
prevent seepage. Constructing retaining walls and main-
taining the proper slope grade will help reduce caving of
cutbanks. Capability subclass ITe, Michigan soil manage-
ment group 3a-s.

ArC—Arkport loamy fine sand, 6 to 12 percent
slopes. This is a moderately sloping or gently rolling, well
drained soil on knolls and ridgetops. Most areas are dis-
sected by shallow drainageways. Slopes are smooth and
convex and are generally less than 100 feet long. The
areas are irregular in shape and are 5 to 150 acres in size.

Typically, the surface layer is brown loamy fine sand
about 8 inches thick. The subsoil is about 29 inches thick.
The upper part of the subsoil is yellowish brown, very fri-
able fine sandy loam, the middle part is light yellowish
brown, very friable loamy fine sand, and the lower part is
dark brown and light yellowish brown, friable, stratified
sandy clay loam and sandy loam. The substratum, to a
depth of 60 inches, is loamy and sandy sediment that
ranges from pale brown to brownish yellow. In places, the
subsoil has a higher clay content; and in other places, the
substratum is gravelly sand.

Included with this soil in mapping are small areas of
somewhat poorly drained Dixboro soils and well drained
Spinks soils. The Spinks soils have a lower available
water capacity than this Arkport soil. Also included are
Metea soils that have a higher available water capacity in
the lower part of the profile than this Arkport soil. The
Metea and Spinks soils make up 1 to 10 percent of the
mapped areas. The Dixboro soils are in narrow
drainageways and valleys and on foot slopes; they make
up 1 to 5 percent of the mapped areas. The Metea and
Spinks soils are generally on knolls and ridgetops.

Permeability is moderately rapid, and the available
water capacity is moderate. Runoff is medium.

This soil is mostly in permanent vegetation or is used
for pasture. In a few areas, it is used for crops or is
wooded. This soil has fair potential for crops and recrea-
tional use and as habitat for openland wildlife. It has good
potential for pasture and woodland and as habitat for
woodland wildlife.

If this soil is used for cultivated crops, erosion and
droughtiness are moderate hazards. Controlling erosion
and maintaining high organic-matter content and fertility
level are major management requirements. Practices to
reduce erosion and conserve moisture are the use of crop
rotations with hay, the use of cover crops, and minimum
tillage. In a few areas, the slopes are sufficiently long and
smooth for contour farming. Frequent additions of crop
residue, manure, and green manure help to maintain con-
tent of organic matter. Legumes need additional applica-
tions of lime.

If this soil is used for pasture, droughtiness is the
major hazard. The use of deep-rooted, drought-resistant
plants helps to overcome this problem.

If this soil is used for trees, seedling mortality and
plant competition are moderate management problems.
Moderate loss of plant seedlings may occur in dry sum-
mers. The growth of undesirable trees and shrubs delays
natural and artificial regeneration and hinders the growth
of fully stocked stands.

This soil has moderate to severe limitations for most
engineering uses, because of slope, seepage, and caving of
cutbanks. Methods of reducing the slope limitation include
land forming and contouring roads and streets. Seepage
can be reduced by using a sealer or restrictive layer of
impervious material. Methods to prevent the caving of
cutbanks include constructing retaining walls and main-
taining the proper slope grade. Capability subclass IITe,
Michigan soil management group 3a-s.

Be—Belleville loamy sand. This is a nearly level,
poorly drained and very poorly drained soil in broad, flat
areas and drainageways. It is subject to frequent flood-
ing. The areas are irregular in shape and are 2 to 100
acres in size.

Typically, the surface layer is very dark gray loamy
sand about 8 inches thick. The substratum, to a depth of
35 inches, is dark gray and gray loamy sand. Below that,
to a depth of 60 inches, it is gray, calcareous clay loam.
Some areas have a surface layer more than 10 inches
thick.

Included with this soil in mapping are small areas of
Corunna, Parkhill, and Kingsville soils in broad, flat areas
and drainageways. The Corunna and Parkhill soils have a
higher available water capacity in the upper part of the
profile and the Kingsville soils have a lower available
water capacity in the lower part of the profile than this
Belleville soil. Corunna and Parkhill soils make up 5 to 15
percent of the mapped areas, and Kingsville soils make up
1 to 8 percent. Also included are small areas of somewhat
poorly drained Selfridge and Metamora soils on low knolls
and ridges; they make up 1 to 8 percent of the mapped
areas.
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Permeability is rapid in the sandy upper part and
moderately slow in the loamy lower part. The available
water capacity is moderate. Runoff is very slow or
ponded.

This soil is used mostly for crops. In a few areas, it is
used for pasture or is in native vegetation, including
trees. This soil has fair potential for crops and as habitat
for wetland wildlife. It has good potential for pasture and
poor potential for woodland.

If this soil is used for cultivated crops, removing excess
water, controlling soil blowing, and maintaining high or-
ganic-matter content are major management require-
ments. Artificial drainage must be installed to remove ex-
cess water. Minimum tillage and stubble mulching and the
use of cover crops, buffer strips, and windbreaks help
control soil blowing. Frequent additions of crop residue,
manure, and green manure help maintain content of or-
ganic matter. Legumes need additional applications of
lime.

If this soil is used for pasture, wetness is the major
limitation. Grazing is restricted in wet periods. Artificial
drainage can help to remove excess water and thereby in-
crease yields. Pasture plants that are more tolerant of
wetness should be selected.

If this soil is used for trees, productivity is low.
Because of wetness, equipment limitations, seedling mor-
tality, windthrow hazard, and plant competition are major
management problems. The use of heavy equipment for
planting and harvesting trees is limited to periods when
the soil is dry or frozen. Seedling losses are high, and
some trees may blow down during storms. Sites must be
intensively prepared and maintained, because the growth
of undesirable trees and shrubs hinders natural regenera-
tion or restocking of desirable trees.

This soil has severe limitations for most engineering
uses because of wetness, flooding, frost action, and
seepage. Using surface ditches and tile drains and con-
necting sanitary facilities to commercial sewers and treat-
ment facilities help overcome wetness. Foundations and
footings should be designed so that frost action does not
cause structural damage. For local roads or streets to
function properly, the surface layer of the Belleville soil
should be replaced or covered with suitable base material.
Sewage lagoons and sanitary landfills cause seepage in
the sandy layers. Using a sealer or restrictive layer of im-
pervious material will help overcome this problem. Capa-
bility subeclass IIIw, Michigan soil management group
4/2c.

BoB—Boyer loamy sand, 0 to 6 percent slopes. This
is a nearly level and gently sloping, well drained soil on
knolls and ridges. Slopes are smooth and convex and are
less than 100 feet long. The areas are irregular in shape
and are 2 to 320 acres in size.

Typically, the surface layer is dark grayish brown
loamy sand about 8 inches thick. The subsurface layer is
yellowish brown loamy sand about 6 inches thick. The
subsoil is about 10 inches thick. The upper part of the
subsoil is yellowish brown, very friable loamy sand; and

the lower part is dark brown, friable sandy loam. The
substratum, to a depth of 60 inches, is brown, calcareous
gravelly sand. In some places, the thickness of the surface
layer and subsoil is less than 22 inches or the soil is
redder just below the surface layer.

Included with this soil in mapping are small areas of a
soil similar to this Boyer soil, except it is moderately well
drained. These soils are on knolls and ridges or are in
shallow depressions and narrow drainageways; they make
up 5 to 15 percent of the mapped areas. Also included in
mapping are small areas of somewhat poorly drained
Riverdale soils and very poorly drained Gilford soils.
These soils are in depressions and narrow drainageways;
they make up 1 to 6 percent of the mapped areas.

Permeability is moderately rapid, and available water
capacity is low. Runoff is slow.

This soil is used mostly for crops, or it is in native
vegetation, including trees. In a few areas, it is used for
unimproved pasture. This soil has fair potential for crops.
It has good potential for specialty crops, for example,
small fruits and vegetables grown with irrigation; for
pasture; for woodland; for recreational use; and as habitat
for woodland and openland wildlife.

If this soil is used for cultivated crops, soil blowing and
droughtiness are major problems. The major management
requirements are controlling soil blowing, maintaining
high organic-matter content, and conserving soil moisture.
Minimum tillage and stubble mulching and the use of
cover crops, buffer strips, and windbreaks help control
soil blowing. Frequent additions of crop residue, manure,
and green manure help maintain content of organic
matter. Crop residue and minimum tillage also conserve
moisture. Legumes need additional applications of lime.

If this soil is used for pasture, droughtiness is the
major hazard. Growth is reduced in dry summers. The use
of deep-rooted, drought-resistant plants helps overcome
this problem.

This soil has no major hazards or management
problems if it is used for trees. '

This soil has slight limitations for most engineering
uses. However, sewage lagoons and sanitary landfills can
cause seepage. Using a sealer or restrictive layer of im-
pervious material will prevent this. Capability subclass
IITs, Michigan soil management group 4a.

CaA—Capac loam, 0 to 3 percent slopes. This is a
nearly level, somewhat poorly drained soil on low knolls
and ridges. It is subject to rare flooding. Slopes are
smooth and convex and are less than 50 feet long. The
areas are irregular in shape and are 2 to 600 acres in size.

Typically, the surface layer is very dark grayish brown
loam about 8 inches thick. The subsoil is mottled, firm
clay loam about 20 inches thick. The upper part of the
subsoil is yellowish brown, the middle part is light yel-
lowish brown, and the lower part is brown. The sub-
stratum, to a depth of 60 inches, is grayish brown, mot-
tled, calcareous loam. In some places, the subsoil is less
than 20 inches thick and the depth to the calcareous sub-
stratum is less than 26 inches.



GRATIOT COUNTY, MICHIGAN 15

Included with this soil in mapping are small areas of
poorly drained and very poorly drained Parkhill and
Corunna soils in small depressions and narrow
drainageways. These soils make up 1 to 15 percent of the
mapped areas. Also included are small areas of Selfridge,
Metamora, and Dixboro soils on low knolls and ridges.
These soils have a lower available water capacity than
this Capac soil. Selfridge and Dixboro soils make up 1 to
8 percent of the mapped areas, and Metamora soils make
up 10 to 15 percent. Also included are areas of moderate-
ly well drained and slightly more sloping Marlette soils.
Marlette soils are on side slopes that border
drainageways, knolls, and ridgetops; they make up 1 to 8
percent of the mapped areas.

Permeability is moderate or moderately slow, and the
available water capacity is high. Runoff is slow.

This soil is used mostly for crops. In a few areas, it is
in native vegetation, including trees. This soil has good
potential for crops, pasture, and woodland and as habitat
for openland and woodland wildlife.

If this soil is used for cultivated crops, wetness is the
major limitation. The main management requirements are
providing adequate drainage and improving tilth. Artifi-
cial drainage can remove excess water. Tilling within the
proper range of moisture content, minimum tillage, and
incorporating crop residue into the plow layer help main-
tain good tilth.

If this soil is used for pasture, removing excess water
is the major management requirement. Grazing this soil
when it is wet causes compaction of the surface layer. To
prevent compaction, grazing should be restricted during
wet periods.

If this soil is used for trees, equipment limitations and
plant competition are the main -management problems.
The use of heavy equipment for planting and harvesting
trees is restricted in wet periods. The sites must be inten-
sively prepared and maintained, because the growth of
undesirable trees and shrubs hinders natural regeneration
or restocking of desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches or tile drains. Dwellings and small
buildings with basements should not be constructed on
this soil. Footings and foundations should be designed so
that frost action does not cause structural damage. For
local roads and streets to function properly, the surface
layer of Capac soil should be replaced or covered with
suitable base material. The included areas of moderately
well drained Marlette soils are better suited to most en-
gineering uses than this soil because they are better
drained. Capability subclass IIw, Michigan soil manage-
ment group 2.5b.

CcA—Capac Variant-Parkhill complex, 0 to 2 percent
slopes. This map unit consists of nearly level, somewhat
poorly drained Capac Variant soil on low, domelike
mounds and low ridges and of poorly drained and very
poorly drained Parkhill soil in depressions and
drainageways. Slopes are slightly convex and are less

than 50 feet long. The areas are irregular in shape and
are 2 to 100 acres in size. The Capac Variant soil makes
up about 60 to 70 percent of this map unit, and the Park-
hill soil makes up 20 to 28 percent. These soils are so in-
tricately mixed or so small in extent that it was not prac-
tical to separate them at the scale used for mapping.

The Capac Variant soil is rarely flooded, and the Park-
hill soil is frequently flooded. The Capac Variant soil has
numerous cobbles and gravel fragments in the surface
layer and subsoil (fig. 1). The Parkhill soil has gravel in
the surface layer and commonly has a few cobbles and
gravel fragments in the subsoil.

Typically, the surface layer of the Capac Variant soil is
very dark grayish brown cobbly sandy loam about 8
inches thick. The subsurface layer is brown, mottled
cobbly sandy loam about 6 inches thick. The subsoil is
brown, mottled, firm cobbly clay loam about 11 inches
thick. The substratum, to a depth of 60 inches, is brown,
mottled, calcareous loam. In some places, where the cob-
bles have been removed, the surface layer is dominantly
gravelly sandy loam. Also, in some places stones and boul-
ders are in the surface layer.

Typically the surface layer of the Parkhill soil is very
dark gray gravelly sandy loam about 7 inches thick. The
subsoil is mottled and friable and is about 37 inches thick.
The upper part of the subsoil is dark gray loam, the mid-
dle part is dark gray clay loam, and the lower part is gray
clay loam. The substratum, to a depth of 60 inches, is
gray, mottled, calcareous loam. In some places, the Park-
hill soil has no gravel in the surface layer.

Included with these soils in mapping are small areas of
poorly drained and very poorly drained Belleville and
Corunna soils in depressions and drainageways. These
soils make up 5 to 10 percent of the mapped areas. Also
included are small areas of Selfridge and Metamora soils
on low, domelike mounds and low ridges. These soils have
a lower available water capacity than the Capac Variant
soil and are in similar positions on the landscape. They
make up 10 to 15 percent of the mapped areas.

Permeability is moderately slow, and the available
water capacity is moderate. Runoff is slow to ponded.

These soils are used mostly for pasture or are in native
vegetation, including trees. In a few areas, they are used
for crops. These soils have poor potential for crops and
good potential for pasture and woodland. They have good
to fair potential as habitat for openland, woodland, and
wetland wildlife. They have poor potential for most
recreation uses.

These soils generally are not cultivated. The major
limitations to their use for crops are cobbles and wetness.

If these soils are used for pasture, the major manage-
ment problems are cobbles and wetness. Cobbles must be
removed if they hinder fieldwork. Artificial drainage can
help to remove excess water and thereby increase yields.
Restricting grazing during wet periods helps prevent
compaction of the surface layer.

If these soils are used for trees, windthrow is a
moderate hazard on the Parkhill soil. The major manage-
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ment problems are equipment limitations, seedling mor-
tality, and plant competition. The use of heavy equipment
is limited to periods when the soils are dry or frozen.
Losses of seedlings will be high on the Parkhill soil
because of wetness. The sites must be intensively
prepared and maintained because the growth of undesira-
ble trees and shrubs hinders natural regeneration or
restocking of desirable trees.

These soils have severe limitations for most engineer-
ing uses. For such uses, they must be artificially drained
by using surface ditches or tile drains. Footings and foun-
dations should be designed so that frost action does not
cause structural damage. For local roads and streets to
function properly, the surface layer of the Capac Variant
soil should be replaced or covered with suitable base
material. Capability subclass VIw, Michigan soil manage-
ment group Gbe.

Ce—Ceresco fine sandy loam, gravelly substratum.
This is a nearly level, somewhat poorly drained soil on
flood plains. It is subject to frequent flooding. Slopes are
slightly convex and are less than 50'feet long. The areas
are irregular in shape and are 2 to 200 acres in size.

Typically, the surface layer is very dark grayish brown
fine sandy loam about 11 inches thick. The subsoil is mot-
tled and very friable, and it is about 21 inches thick. The
upper part of the subsoil is yellowish brown fine sandy
loam 15 inches thick, and the lower part is brown loamy
fine sand 6 inches thick. The substratum, to a depth of 38
inches, is grayish brown, calcareous sandy loam. Below
that, it is gravelly sand.

Included with this soil in mapping are small areas of
poorly drained and very poorly drained Cohoctah and
Sloan soils in depressions; they make up 1 to 10 percent
of the mapped areas. Also included .are small areas of
soils similar to the Ceresco soil, except that they have a
coarser or finer textured subsoil; they make up 5 to 12
percent of the mapped areas. Cohoctah soils have a lower
available water capacity, and Sloan soils have a higher
available water capacity than the Ceresco soil.

Permeability is moderate to moderately rapid, and the
available water capacity is low. Runoff is very slow.

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for crops. This soil has fair
potential for crops and pasture. It has good potential for
woodland and as habitat for openland and woodland wil-
dlife.

If this soil is used for cultivated crops, the major
hazard is flooding. The major management requirement is
removal of excess water. Artificial drainage can be used
and thereby increase crop yields. Lift pumps must be in-
stalled in areas that lack adequate drainage outlets. The
construction of dikes can be used to prevent flooding, but
the cost may prohibit this method. Tilling within the
proper range of moisture content helps maintain good
tilth.

If this soil is used for pasture, flooding is the major
hazard. Removing excess wetness is the major manage-
ment requirement. Grazing when this soil is flooded or

wet causes compaction of the surface layer. Grazing
should be restricted in wet periods to maintain good tilth.
Pasture plants that are more tolerant of wetness should
be selected.

If this soil is used for trees, equipment limitations and
plant competition are the main management problems.
The use of heavy equipment for planting and harvesting
trees should be restricted in wet periods. Sites must be
intensively prepared and maintained, because the growth
of undesirable trees and shrubs hinders the natural
regeneration or restocking of desirable trees.

This soil has severe limitations for most engineering
uses because of flooding, wetness, and high potential frost
action. For local roads or streets to function properly, the
surface layer of Ceresco soil should be replaced or
covered with suitable base material. This will overcome
the hazard of frost action. Capability subclass IIIw,
Michigan soil management group L-2c.

Ch—Cohoctah fine sandy loam, gravelly substratum.
This is a nearly level, poorly drained and very poorly
drained soil on flood plains. It is subject to frequent
flooding. The areas are irregular in shape and are 2 to 200
acres in size.

Typically, the surface layer is very dark grayish brown
fine sandy loam about 12 inches thick. The substratum, to
a depth of 37 inches, is dark gray, gray, and very dark
brown, mottled, fine sandy loam and sandy loam. Below
that, to a depth of 60 inches, it is gray sand and gravelly
coarse sand.

Included with this soil in mapping are small areas of
Ceresco and Sloan soils. The somewhat poorly drained
Ceresco soil is on low knolls and ridges on the flood
plains; they make up 5 to 10 percent of the mapped areas.
The Sloan soils are on flood plains; they make up 1 to 5
percent of the mapped areas. They have a higher availa-
ble water capacity than this Cohoctah soil. Also included
are small areas that are coarser textured than this Cohoc-
tah soil; they make up 10 to 15 percent of the mapped
areas. These soils have a lower available water capacity
than the Ceresco soil.

Permeability is moderately rapid, and the available
water capacity is moderate. Runoff is very slow or
ponded.

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for crops. This soil has poor
potential for crops and pasture. It has good potential for
woodland and as habitat for wetland wildlife.

If this soil is used for cultivated crops, flooding and
frost action are the major hazards. Wetness and lack of
adequate drainage outlets are major management
problems. Construction of dikes and installation of artifi-
cial drainage and lift pumps reduce some of these
problems. These methods are generally not economically
feasible.

If this soil is used for pasture, flooding is the major
hazard. This soil will flood or have excess water
throughout much of the year. Grazing should be
restricted in wet periods. Pasture plants that are more
tolerant of wetness should be selected.
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If this soil is used for trees, windthrow and flooding
are major hazards. Equipment limitations, seeding mor-
tality, and plant competition are major management
problems. Flooding or wetness will result in trees blowing
down during storms, heavy losses to plant seedlings, and
restricted use of heavy equipment for planting and har-
vesting trees. Sites must be intensively prepared and
maintained, because the growth of undesirable trees and
shrubs hinders the natural regeneration or restocking of
desirable trees.

This soil has severe limitations for most engineering
uses. For local roads and streets to function properly, the
surface layer of the Cohoctah soil should be covered with
suitable base material. Capability subelass Vw, Michigan
soil management group L-2c.

Co—Cohoctah-Ceresco fine sandy loams, gravelly
substratum. This map unit consists of nearly level, very
poorly drained and poorly drained Cohoctah soils and
somewhat poorly drained Ceresco soils. It is about 40 to
55 percent Cohoctah soils and 20 to 35 percent Ceresco
soils. These soils are on the flood plains. They are subject
to frequent flooding. They are so intricately mixed, or so
small in extent, that it is not practical to map them
separately. The Cohoctah soil is in flat depressions, the
Ceresco soil is on low mounds and ridges. The areas are
long, narrow, and winding, following the river, and they
are 10 to 1,000 acres in size.

Typically, the surface layer of the Cohoctah soil is very
dark grayish brown fine sandy loam about 12 inches thick.
The substratum, to a depth of 37 inches, is mottled, dark
gray, gray, and very dark brown fine sandy loam and
sandy loam. Below that, to a depth of 60 inches, it is gray
sand and gravelly coarse sand.

Typically, the surface layer of the Ceresco soil is very
dark grayish brown fine sandy loam about 11 inches thick.
The subsoil is about 21 inches thick. The upper part of
the subsoil is yellowish brown, mottled, very friable fine
sandy loam 15 inches thick; and the lower part is mottled,
pale brown loamy fine sand 6 inches thick. The sub-
stratum, to a depth of 38 inches, is mottled, grayish
brown, calcareous sandy loam. Below that is grayish
brown, calcareous gravelly sand.

Included with these soils in mapping are small areas of
Sloan soils and more sandy soils. Sloan soils make up 1 to
8 percent of the mapped areas, and the more sandy soils
make up 10 to 14 percent. Also included are small areas
of Houghton, Adrian, and Palms soils. These small areas
are on the flood plains; they make up 0 to 8 percent of
the mapped areas. All of the included soils have a higher
available water capacity than the Cohoctah and Ceresco
soils.

Permeability is moderately rapid, and the available
water capacity is low. Runoff is very slow to ponded.

Areas of these soils are mostly wooded. In a few areas,
they are used for unimproved pasture, or they are idle.
These soils have poor potential for crops, pasture, and
woodland. They have good potential as habitat for wet-
land wildlife.

Because these soils are frequently flooded. they are not
suited to cultivated crops. Flooding and frost action are
the major hazards. Wetness and lack of adequate
drainage outlets are major management problems.

If these soils are used for pasture, flooding is the major
hazard. Grazing is restricted in wet periods.

If these soils are used for trees, windthrow hazard,
flooding, equipment limitation, seedling mortality, and
plant competition make their use impractical for commer-
cial tree production. These soils are flooded or wet
throughout much of the year, which results in trees blow-
ing down during storms, heavy losses to plant seedlings,
and restricted use of heavy equipment for planting and
harvesting trees. Sites must be intensively prepared and
maintained because the growth of undesirable trees and
shrubs hinders the natural regeneration or restocking of
desirable trees.

These soils have severe limitations for most engineer-
ing uses. For local roads and streets to function properly,
the surface layer of the Cohoctah and Ceresco soils
should be covered with suitable base material. Capability
subelass Vw, Michigan soil management group L-2c.

Cr—Corunna sandy loam. This is a nearly level,
poorly drained and very poorly drained soil in broad, flat
areas and drainageways. It is subject to frequent flood-
ing. The areas are irregular in shape and are 2 to 120
acres in size. .

Typically, the surface layer is very dark gray sandy
loam about 9 inches thick. The subsoil is gray, mottled,
friable sandy loam about 22 inches thick. The substratum,
to a depth of 60 inches, is gray, mottled, calcareous loam
and clay loam. In some places, the surface layer is more
than 10 inches thick.

Included with this soil in mapping are small areas of
Parkhill, Belleville, and Lamson soils in broad, flat areas
and drainageways. The Parkhill soil has a higher available
water capacity, and the Belleville and Lamson soils have
a lower available water capacity than this Corunna soil.
Lamson and Belleville soils make up 1 to 13 percent of
the mapped areas, and Parkhill soils make up 10 to 17
percent. Also included are small areas of somewhat poorly
drained Capae and Metamora soils on low knolls and
ridges; they make up 1 to 8 percent of the mapped areas.

Permeability is moderate or moderately rapid in the
surface layer and subsoil and moderately slow in the sub-
stratum. The available water capacity is moderate. Runoff
is very slow or ponded.

This soil is used mostly for crops. In a few areas, it is
used for pasture or trees. This soil has good potential for
crops, pasture, and as habitat for wetland wildlife. It has
fair potential for woodland.

If this soil is used for cultivated crops, providing
adequate drainage is the major management requirement.
Artificial drainage can help increase crop yields.

If this soil is used for pasture, removing excess water -
is the major management requirement. Artificial drainage
helps remove excessive water and thereby helps increase
yields. Pasture plants that are more tolerant of wetness
should be selected.
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If this soil is used for trees, equipment limitation,
seedling mortality, and plant competition are major
management problems. Windthrow is the major hazard
resulting in trees that blow down during storms. The use
of heavy equipment for planting and harvesting trees is
limited to periods when the soil is dry or frozen. Seedling
losses are high because of wetness. Sites must be inten-
sively prepared and maintained because the growth of un-
desirable trees and shrubs hinders natural regeneration
or restocking of desirable trees.

This soil has severe limitations for most engineering
uses because of wetness. For such uses, it must be artifi-
cially drained by using surface ditches and tile drains.
Sanitary facilities should be connected to commercial
sewers and treatment facilities. Footings and foundations
should be designed to prevent structural damage caused
by frost action. For local roads and streets to function
properly, the surface layer of the Corunna soil should be
replaced or covered with suitable base material. Capabili-
ty subelass IIw, Michigan soil management group 3/2¢c.

DxA—Dixboro fine sandy loam, 0 to 3 percent slopes.
This is a nearly level, somewhat poorly drained soil on
low knolls and ridges. It is subject to rare flooding. Slopes
are slightly convex and are less than 50 feet long. The
areas are irregular in shape and are 2 to 200 acres in size.

Typically, the surface layer is very dark grayish brown
fine sandy loam about 9 inches thick. The subsurface
layer is pale brown fine sandy loam about 6 inches thick.
The subsoil is about 23 inches thick. The upper part of
the subsoil is stratified, mottled, yellowish brown loam
and pale brown, friable fine sandy loam. The lower part is
light yellowish brown, mottled, friable loam with thin
strata of loamy very fine sand and very fine sandy loam.
The substratum, to a depth of 60 inches, is pale brown,
mottled, calcareous, stratified fine sandy loam, loamy fine
sand, and silt loam. In some places, the surface layer con-
tains some pebbles or is lighter colored. Also in some
places, the subsoil contains layers of gravelly sand or
thicker layers of fine textured materials.

Included with this soil in mapping are small areas of
the Metamora, Selfridge, Tedrow and Riverdale soils on
low knolls and ridges. These soils make up 5 to 12 percent
of the mapped areas. The Selfridge, Tedrow, and River-
dale soils have a lower available water capacity, and the
Metamora soil has a higher available water capacity in
the lower part of the profile than the Dixboro soils. Also
included are small areas of poorly drained and very
poorly drained Lamson and Parkhill soils in depressions
and drainageways; they make up 1 to 9 percent of the
mapped areas. Small areas of well drained Arkport soils
on knolls and ridges and at a higher elevation than the
Dixboro soil are also included. They make up 3 to 10 per-
cent of the mapped areas.

Permeability is moderate to moderately rapid, and the
available water capacity is high. Runoff is slow.

This soil is used mostly for crops. In a few areas, it is
in permanent vegetation, including trees. This soil has
good potential for crops, pasture, woodland, and as
habitat for openland and woodland wildlife.

If this soil is used for cultivated crops, removing excess
water is the major management requirement. Artificial
drainage can help increase crop yields.

If this soil is used for pasture, wetness in spring is the
major problem. Grazing is restricted in wet periods.

If this soil is used for trees, equipment limitations and
plant competition are major management problems. The
use of heavy equipment for planting and harvesting trees
is restricted in wet periods in spring. Sites must be inten-
sively prepared and maintained, because the growth of
undesirable trees and shrubs hinders the natural
regeneration or restocking of desirable trees.

This soil has severe limitations for most engineering
uses, because of wetness, high potential frost action, and
caving of cutbanks in shallow excavations. Using surface
ditches and tile drains and connecting sanitary facilities to
commercial sewers and treatment facilities overcome the
limitation of wetness. Foundations and footings should be
properly designed so that frost action does not cause
structural damage. For local roads or streets to function
properly, the surface layer of the Dixboro soil should be
replaced or covered with a suitable base material. Con-
structing retaining walls, maintaining the proper slope
grade, and removing excess water prevent the caving of
cutbanks. The well drained Arkport soil is in slightly
higher places and is better suited to most engineering
uses. Capability subclass ITw, Michigan soil management
group 3b-s.

Ed—Edwards muck. This is a nearly level, very poorly
drained soil on lowlands. It is subject to frequent flood-
ing. The areas are irregular in shape and are 2 to 50 acres
in size. i

Typically, the upper 6 inches is black muck. Next, to a
depth of 35 inches, is very dark brown and black, friable
muck. Below that, the substratum, to a depth of 60 inches,
is white and gray marl. In some places, mineral material
underlies the muck at depths below 24 inches, or the
thickness of the organic materials is more than 51 inches.

Included with this soil in mapping are small areas of
Palms soils on lowlands; they make up 2 to 13 percent of
the mapped areas. They have higher permeability in the
underlying material than the Edwards soil.

Permeability is moderately slow to moderately rapid in
the organic material, and it varies in the marl. The availa-
ble water capacity is very high. Runoff is very slow.

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for unimproved pasture or
crops. This soil has fair potential for crops. It has good
potential for pasture and as habitat for wetland wildlife,
and poor potential for woodland.

If this soil is properly drained and protected from soil
blowing, it is suited to specialty crops, for example,
potatoes, carrots, onions, and mint. Soil blowing, frost ac-
tion, and flooding are the main hazards. Soil blowing and
frost hazard can be reduced by sprinkler irrigation. Soil
blowing can also be reduced by controlling the water
table, by stripcropping, and by using cover crops and
windbreaks. Flooding can be reduced by lowering the
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water table through artificial drainage or by constructing
dikes. Lift pumps must be installed in areas that lack
adequate drainage outlets.

If this soil is used for pasture, wetness is the major
limitation. Artificial drainage and the selection of pasture
plants that are tolerant of wetness help overcome this
problem,

Equipment limitations, seedling mortality, plant com-
petition flooding, and windthrow hazard are woodland
management problems. Because this soil is wet, the use of
heavy equipment for planting and harvesting.trees is
restricted. Seedling losses are high, and trees may blow
down during storms.

This soil has severe limitations for most engineering
uses, because of wetness, frost action, and excess humus.
Capability subclass IVw, Michigan soil management group
M/me.

Gd—Gilford sandy loam, gravelly substratum. This is
a nearly level, very poorly drained soil in broad, flat areas
and drainageways. It is subject to frequent flooding. The
areas are irregular in shape and are 2 to 150 acres in size.

Typically, the surface layer is very dark grayish brown
sandy loam about 11 inches thick. The subsoil is friable,
and it is about 18 inches thick. The upper part of the sub-
soil is dark gray, mottled sandy loam, and the lower part
is gray, mottled sandy loam. The substratum, to a depth
of 60 inches, is gray, calcareous coarse sand and gravelly
sand. In some areas, the surface layer is thinner, or the
subsoil contains alternate layers of sand, loamy sand, and
sandy loam.

Included with this soil in mapping are small areas of
Kingsville, Vestaburg, and Thomas soils in broad, flat
areas and drainageways. These soils make up 1 to 10 per-
cent of the mapped areas. The Kingsville and Vestaburg
soils have a lower available water capacity in the upper
part of the profile and the Thomas soil has a higher
available water capacity than this Gilford soil.

Permeability is moderately rapid, and the available
water capacity is low. Runoff is very slow or ponded.

This soil is used mostly for crops, or it is in native
vegetation, including trees. It has fair potential for crops,
and poor potential for woodland. It has good potential as
habitat for wetland wildlife and for pasture.

If this soil is used for cultivated crops, providing
adequate drainage and conserving soil moisture in dry
periods are major management requirements. Artificial
drainage can help increase crop yields. Crop residue, stub-
ble mulching, cover crops, and minimum tillage help con-
serve moisture.

If this soil is used for pasture, wetness is the major
problem. Grazing is restricted in wet periods. Artificial
drainage can help remove excess water and thereby in-
crease yields. Pasture plants that are more tolerant of
wetness should be selected.

If this soil is used for trees, equipment limitations,
seedling mortality, and plant competition are major
management problems. The use of equipment for planting
and harvesting trees is severely limited. Seedling losses

are high because of wetness. Sites must be intensively
prepared and maintained because the growth of undesira-
ble trees and shrubs hinders the natural regeneration or
restocking of desirable trees.

This soil has severe limitations for most engineering
uses, because of wetness and potential frost action. Sur-
face ditches and tile drains will reduce wetness. Founda-
tions and footings should be properly designed so that
frost action does not cause structural damage. For local
roads or streets to function properly, the surface layer of
the Gilford soil should be replaced or covered with suita-
ble base material. Capability subclass IIIw, Michigan soil
management group 4c.

Ho—Houghton muck. This is a nearly level, very
poorly drained soil on lowlands or flood plains. It is sub-
ject to frequent flooding. The areas are irregular in shape
and are 2 to 1,500 acres in size.

Typically, the upper 12 inches is black muck. Below
that, to a depth of 60 inches, is very dark brown and
brown muck. In a few places, mostly on the Maple River
flood plain, the surface layer is mucky silt loam or silt. In
some places, marl is at a depth of 16 to 51 inches.

Included with this soil in mapping are small areas of
Adrian and Palms soils that generally are in narrow,
discontinuous areas along the edges of mapped areas of
this unit, and they make up 2 to 15 percent of the mapped
areas. The Adrian soil has a lower available water capaci-
ty, and the Palms soil has slower permeability in the
lower part of the profile than the Houghton soil. Also in-
cluded, in some places, is a soil similar to this Houghton
soil, except it is mucky peat and makes up 0 to 15 percent
of the mapped areas. Also included, in Sumner and Seville
Townships, are a few small areas, less than 100 acres, of a
soil similar to this Houghton soil, except it is mucky peat
and is extremely acid.

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

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for unimproved pasture or
crops. This soil has fair potential for crops, good potential
for pasture and as habitat for wetland wildlife, and poor
potential for woodland.

If this soil is properly drained and protected from soil
blowing, it is suited to specialty crops, for example,
potatoes, carrots, onions, and mint. Soil blowing, frost ac-
tion, and flooding are the main hazards. Soil blowing and
frost action can be reduced by sprinkler irrigation. Soil
blowing can also be reduced by controlling the water
table and by using buffer strips, cover crops, and wind-
breaks. Flooding can be reduced by lowering the water
table through artificial drainage or by constructing dikes.
Lift pumps must be installed in areas that lack adequate
drainage outlets.

If this soil is used for pasture, wetness is the major
limitation. Grazing is restricted in wet periods. Artificial
drainage and the selection of pasture plants that are
tolerant of wetness help overcome this problem.
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If this soil is used for trees, equipment limitations,
seedling mortality, plant competition, and windthrow
hazard are major management problems because this soil
is wet. Equipment limitations can be reduced if the soil is
worked when it is frozen. Sites must be intensively
prepared and maintained because the growth of undesira-
ble shrubs and trees hinders natural regeneration or
restocking of desirable trees. Seedling losses are high,
and trees may blow down during storms.

This soil has severe limitations for most engineering
uses, because of wetness, frost action, and excess humus.
The areas with more than 10 inches of mucky peat, which
were included in mapping, are better suited to roads than
this soil. Capability subclass IIIw, Michigan soil manage-
ment group Me.

HuB —Huntington silt loam, 1 to 5 percent slopes.
This is a nearly level and gently sloping, well drained soil
on a part of the flood plain that is protected from flood-
ing. Slopes are slightly convex and are less than 30 feet
long. The areas are irregular in shape and are 2 to 90
acres in size.

Typically, the surface layer is very dark grayish brown
silt loam about 11 inches thick. The subsoil is friable, and
it is about 44 inches thick. The upper part of the subsoil
is dark brown silt loam, the middle part is brown silt
loam, and the lower part is brown, mottled silt loam. The
substratum, to a depth of 60 inches is brown, mottled fine
sandy loam that has thin strata of silt loam.

Included with this soil in mapping are small areas of
very poorly drained Sloan soils and a soil similar to this
Huntington soil, except it is somewhat poorly drained and
makes up 2 to 8 percent of the mapped areas. Also in-
cluded are small areas where slopes are 6 to 10 percent.

Permeability is moderate, and the available water
capacity is high. Runoff is slow or medium.

This soil is used mostly for crops. In a few areas it is
wooded. Most areas of this soil are protected from flood-
ing and therefore have good potential for crops, pasture,
and woodland.

If this soil is used for cultivated crops, erosion is the
major hazard. Controlling erosion and maintaining high
organic-matter content, and good tilth are management

requirements. The use of crop rotations with hay, cover

crops, and minimum tillage help control erosion. Incor-
porating crop residue or green manure into the plow
layer and tilling within the proper moisture range help
maintain organic-matter content and improve tilth.

If this soil is used for pasture, overgrazing and grazing
when this soil is wet are major management problems.
Grazing this soil when it is wet causes compaction of the
surface layer. Overgrazing increases the hazard of ero-
sion. Using well adapted plants, rotating pasture, and
restricting grazing in wet periods are important practices.

If this soil is used for trees, productivity is high; how-
ever, plant competition is a problem. Sites must be inten-
sively prepared and maintained, because the growth of
undesirable trees and shrubs hinders natural regeneration
or restocking of desirable trees.

This soil has slight limitations for most engineering
uses, because it is protected from flooding. It has
moderate potential frost action. Foundations and footings
should be designed so that frost action does not cause
structural damage. For local roads or streets to function
properly, .the surface layer of the Huntington soil should
be replaced or covered with suitable base material. Capa-
bility subclass Ile, Michigan soil management group L-2a.

ItA—Ithaca loam, 0 to 3 percent slopes. This is a
nearly level, somewhat poorly drained soil on low knolls
and ridges. It is subject to rare flooding. Slopes are
slightly convex and are less than 100 feet long. The areas
are irregular in shape and are 2 to 200 acres in size.

Typically, the surface layer is very dark grayish brown
loam about 9 inches thick. The subsoil is about 20 inches
thick. The upper part of the subsoil is mixed, friable,
brown clay loam and grayish brown loam 4 inches thick.
The lower part is brown, mottled, very firm clay loam 16
inches thick. The substratum, to a depth of 60 inches, is
brown, mottled, calcareous clay loam. In some places ad-
jacent to the Pine River in the Alma area, this soil is un-
derlain by stratified silt and very fine sand at a depth of
40 to 60 inches. Also in some places, the subsoil has a
higher clay content, and in some places, many pebbles are
scattered on the surface. The subsoil is thinner, and the
depth to the calcareous substratum is less than 24 inches
in some places.

Included with this soil in mapping are small areas of
Arkona soils and a soil similar to this Ithaca soil, except it
is sandy loam in the upper part of the profile. These soils
are on low knolls and ridges; they make up 1 to 10 per-
cent of the mapped areas. They have a lower available
water capacity than this Ithaca soil. Also included are
small areas of poorly drained and very poorly drained
Lenawee and Wauseon soils in small depressions and nar-
row drainageways; they make up 1 to 8 percent of the
mapped areas. Small, moderately well drained areas of
the Perrinton soil that has slightly steeper slopes are also
included.

Permeability is moderately slow, and the available
water capacity is high. Runoff is slow or medium.

This soil is used mostly for crops. In a few areas, it is
used for unimproved pasture or is in native vegetation,
including trees. This soil has good potential for crops,
pasture, woodland, and as habitat for openland and
woodland wildlife.

If this soil is used for cultivated crops, removing excess
water and maintaining good tilth are major management
requirements. Artificial drainage can be used to remove
excess water. Tilling within a proper range of moisture
content, minimum tillage, and incorporating crop residue
into the plow layer help maintain good tilth.

If this soil is used for pasture, removing excess water
and maintaining good soil structure and tilth are major
management requirements. Restricted grazing in wet
periods reduces compaction of the surface layer and main-
tains soil structure and tilth. Artificial drainage can be
used to remove excess water.
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If this soil is used for trees, plant competition is a
problem. Sites must be intensively prepared and main-
tained, because the growth of undesirable trees and
shrubs hinders the natural regeneration or restocking of
desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches or tile drains. Footings and founda-
tions should be designed to prevent structural damage
caused by frost action. For local roads and streets to
function properly, the surface layer of the Ithaca soil
should be replaced or covered with suitable base material.
Perrinton soil is better suited to most engineering uses,
because it is better drained. Capability subclass IIw,
Michigan soil management group 1-5b.

Ke—Kingsville loamy sand. This is a nearly level,
poorly drained and very poorly drained soil in broad, flat
areas and drainageways. It is subject to frequent flood-
ing. The areas are irregular in shape and are 2 to 150
acres in size.

Typically, the surface layer is black loamy sand about 6
inches thick. The substratum, to a depth of 60 inches, is
dark gray and gray sand. In some places, this soil is un-
derlain by loamy or clayey material below 40 inches. Also,
in some places the substratum contains thin strata of
loamy sand and sandy loam.

Included with this soil in mapping are small areas of
Belleville and Gilford soils that are in broad, flat areas
and drainageways. These soils make up 1 to 8 percent of
the mapped areas. The Belleville soil has a higher availa-
ble water capacity in the lower part of the profile and the
Gilford soil has a higher available water capacity in the
upper part of the profile than this Kingsville soil. Also in-
cluded are small areas of somewhat poorly drained
Tedrow and Riverdale soils on low knolls and ridges; they
make up 1 to 5 percent of the mapped areas.

Permeability is rapid, and the available water capacity
is low. Runoff is very slow or ponded.

This soil is mostly in permanent vegetation, including
trees. In a few areas, it is used for crops or pasture. This
soil has good potential for pasture. It has fair potential
for crops and as habitat for wetland wildlife. It has poor
potential for woodland.

If this soil is used for cultivated crops, removing excess
water in wet periods, conserving moisture in dry periods,
controlling soil blowing, and maintaining high organic-
matter content are major management requirements. Ar-
tificial drainage must be installed to remove excess water.
Open ditches are difficult to maintain and tile is difficult
to install, because cutbanks cave in. Minimum tillage,
stubble - mulching, and the use of cover crops, buffer
strips, and windbreaks help control soil blowing. Frequent
additions of crop residue, manure, and green manure help
maintain content of organic matter. Crop residue and
minimum tillage also conserve moisture. Legumes need
additional applications of lime.

If this soil is used for pasture, excess water in wet
periods and droughtiness in dry summers are major

management problems. Artificial drainage can be used to
remove excess water. Grazing is restricted in wet periods
and growth is reduced in dry periods.

If this soil is used for trees, windthrow is the major
hazard. Seedling mortality, equipment limitations, and
plant competition are also major problems. Because of
wetness, seedling losses are high, and trees may blow
down during storms. The use of equipment for planting
and harvesting trees is restricted in wet periods. Sites
must be intensively prepared and maintained because the
growth of undesirable trees and shrubs hinders the natu-
ral regeneration or restocking of desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches and tile drains. For local roads and
streets to function properly, the surface layer of the
Kingsville soil should be covered with suitable base
material. Removing excess water, constructing retaining
walls, and maintaining the proper slope grade can prevent
caving of cutbanks in shallow excavations. Capability sub-
class [Vw, Michigan soil management group 5c.

La—Lamson loamy very fine sand. This is a nearly
level, poorly drained and very poorly drained soil in
broad, flat areas and drainageways. It is subject to
frequent flooding. The areas are irregular in shape and
are 2 to 50 acres in size.

Typically, the surface layer is very dark gray loamy
very fine sand about 9 inches thick. The subsoil is very
friable, mottled loamy very fine sand about 26 inches
thick. The upper part of the subsoil is very dark gray,
and the lower part is light olive brown. The substratum,
to a depth of 60 inches, is grayish brown and gray, cal-
careous very fine sand. In some areas, the surface layer is
more than 10 inches thick.

Included with this soil in mapping are small areas of
somewhat poorly drained Dixboro soils on low knolls and
ridges; they make up 1 to 8 percent of the mapped areas.
Also included are small areas of Thomas, Tobico, Corunna,
and Parkhill soils in broad, flat areas and drainageways.
These soils make up 1 to 8 percent of the mapped areas.
The Thomas, Corunna, and Parkhill soils have a higher
available water capacity and the Tobico soil has a lower
available water capacity than this Lamson soil.

Permeability is moderately rapid, and the available
water capacity is moderate. Runoff is very slow or
ponded.

This soil is mostly used for crops. In a few areas, it is
in native vegetation, including trees. This soil has good
potential for pasture and as habitat for wetland wildlife.
It has fair potential for crops and poor potential for
woodland.

If this soil is used for cultivated crops, removing excess
water is the major management requirement. Artificial
drainage can help increase crop yields.

If this soil is used for pasture, removing excess water
is the major management requirement. Grazing is
restricted in wet periods. Artificial drainage can be used
to remove excess water, and thereby increase yields.
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Pasture plants that are more tolerant of wetness should
be selected.

If this soil is used for trees, windthrow is the major
hazard. Seedling mortality, equipment limitations, and
plant competition are major management problems.
Seedling losses are high, and trees may blow down during
storms, because this soil is wet. The use of heavy equip-
ment for planting and harvesting trees is restricted. Sites
must be intensively prepared and maintained because the
growth of undesirable trees and shrubs hinders the natu-
ral regeneration or restocking of desirable trees.

This soil has severe limitations for most engineering
uses because of wetness, frost action, and seepage. For
such uses, it must be artificially drained by using surface
ditches or tile drains. Dwellings and small buildings with
basements should not be constructed on this soil. Footings
and foundations should be designed to prevent structural
damage caused by frost action. For local roads and
streets to function properly, the surface layer of the
Lamson soil should be replaced or covered with suitable
base material. Capability subeclass IIIw, Michigan soil
management group 3e-s.

Le—Lenawee clay loam. This is a nearly level, poorly
drained and very poorly drained soil in broad, flat areas
and drainageways. It is subject to frequent flooding. The
areas are irregular in shape and are 2 to 1,500 acres in
size.

Typically, the surface layer is very dark grayish brown
clay loam about 9 inches thick. The subsoil is about 28
inches thick. The upper part of the subsoil is dark gray,
firm clay loam 9 inches thick, and the lower part is gray,
mottled, very firm clay loam 19 inches thick. The sub-
stratum, to a depth of 60 inches, is gray, mottled, calcare-
ous clay loam and clay. In some places, the surface layer
is lighter colored. These soils lack stratification in some
areas.

Included with this soil in mapping are small areas of
Sickles and Wauseon soils in broad, flat areas and
drainageways; they make up 5 to 10 percent of the
mapped areas. The Sickles and Wauseon soils have a
lower available water capacity in the upper part of the
profile than this Lenawee soil. Also included are small
areas of somewhat poorly drained Pert, Ithaca, and Ar-
kona soils on low knolls and ridges. These soils make up 1
to 8 percent of the mapped areas.

Permeability is moderately slow, and the available
water capacity is moderate. Runoff is very slow or
ponded.

This soil is used mostly for crops. In a few areas, it is
used for pasture or it is in native vegetation, including
trees. This soil has good potential for crops, pasture, and
woodland and as habitat for wetland wildlife.

If this soil is used for cultivated crops, removing excess
water and maintaining good tilth are major management
requirements. Artificial drainage can be used to remove
excess water. Tilling within the proper range of moisture
content, minimum tillage, and incorporating crop residue
into the plow layer help maintain good tilth.

If this soil is used for pasture, removing excess water
and maintaining good structure and tilth are major
management requirements. Restricted grazing in wet
periods helps prevent soil compaction and maintain struc-
ture and tilth.

If this soil is used for trees, equipment limitations,
seedling mortality, and plant competition are major
management problems. The use of heavy equipment for
planting and harvesting trees is restricted in wet periods.
Seedling losses are high, because of excess water. Sites
must be intensively prepared and maintained because the
growth of undesirable trees and shrubs hinders the natu-
ral regeneration or restocking of desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches or tile drains. Dwellings and small
buildings with basements should not be constructed on
this soil. Footings and foundations should be designed to
prevent structural damage caused by frost action and
shrink-swell potential. For local roads and streets to func-
tion properly, the surface layer of the Lenawee soil
should be replaced or covered with suitable base material.
Capability subeclass ITw, Michigan soil management group
1.5¢c.

MaB—Marlette sandy loam, 2 to 6 percent slopes.
This is a gently sloping, well drained and moderately well
drained soil on footslopes, knolls, and ridges. Most areas
are dissected by shallow drainageways. Slopes are smooth
and convex and are less than 100 feet long. The areas are
irregular in shape and are 2 to 500 acres in size.

Typically, the surface layer is dark grayish brown
sandy loam about 10 inches thick. The subsurface layer is
pale brown sandy loam about 4 inches thick. The subsoil
is friable, and it is about 20 inches thick. The upper part
of the subsoil is mixed, yellowish brown loam and pale
brown sandy loam, the middle part is brown clay loam,
and the lower part is strong brown loam. The substratum,
to a depth of 60 inches, is brown, mottled, calcareous
loam. In some places, slopes are less than 2 percent or
they exceed 6 percent. Also, in some places the upper
part of the subsoil is sandy loam. In some places, there is
no intermixing of the subsurface material in the upper
part of the subsoil.

Included with this soil in mapping are small areas of
Metea, Arkport, Spinks, and Boyer soils that are on foot
slopes, knolls, and ridges. These soils make up 0 to 10 per-
cent of the mapped areas. They have a lower available
water capacity than this Marlette soil. Also included are

.somewhat poorly drained Capac and Metamora soils on

low knolls and ridges at a lower elevation than this Mar-
lette soil; they make up 2 to 11 percent of the mapped
areas. Also included are poorly drained and very poorly
drained Parkhill, Thomas, and Palms soils in small depres-
sions or narrow drainageways; they make up 0 to 6 per-
cent of the mapped areas.

Permeability is moderate or moderately slow, and the
available water capacity is high. Runoff is medium.
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This soil is used mostly for crops. In a few areas, it is
used for pasture or it is in permanent vegetation, includ-
ing trees. This soil has good potential for crops, pasture,
woodland, and recreational use, and as habitat for open-
land and woodland wildlife.

If this soil is used for cultivated crops, controlling ru-
noff and erosion and maintaining high organic-matter con-
tent and good tilth are major management requirements.
The use of crop rotation with hay, cover crops, sod water-
ways, and minimum tillage help reduce erosion. In a few
areas, the slopes are sufficiently long and smooth for ter-
racing and contour farming. Incorporating crop residue or
green manure into the plow layer and tilling within the
proper moisture range help maintain organic-matter con-
tent and improve tilth.

If this soil is used for pasture, overgrazing and grazing
this soil when it is wet are major management problems.
Grazing this soil when it is wet causes compaction of the
surface layer. Overgrazing increases the hazard of ero-
sion. Using well adapted pasture plants, rotating pasture,
and restricting grazing in wet periods are important prac-
tices.

If this soil is used for trees, plant competition is a
major problem. Sites must be intensively prepared and
maintained, because the growth of undesirable trees and
shrubs hinders natural regeneration or restocking of
desirable trees.

This soil has slight or moderate limitations for en-
gineering uses. When this soil is used for septic tank ab-
sorption fields, the moderate and moderately slow
permeability is a moderate limitation. When this soil is
used for sewage lagoons, seepage is also a moderate
limitation. Using a sealer or restrictive layer of impervi-
ous material will reduce seepage. Small commercial
buildings and dwellings with basements should not be
constructed on this soil because of frost action. Founda-
tions and footings should be designed so that frost action
does not cause structural damage. For local roads or
streets to function properly, the surface layer of the Mar-
lette soil should be replaced or covered with suitable base
material. This soil can erode easily especially when the
surface layer is left uncovered during or after construec-
tion. Mulching, using an asphalt spray, netting, grass
seeding or sodding with fertilization, diversions, erosion-
control structures, and grassed waterways help control
erosion. Capability subclass Ile, Michigan soil manage-
ment group 2.5a.

MaC—Marlette sandy loam, 6 to 12 percent slopes.
This is a moderately sloping or gently rolling, well
drained soil on knolls and ridgetops. Most areas are dis-
sected by shallow drainageways. Slopes are smooth and
convex and are less than 200 feet long. The areas are ir-
regular in shape and are 2 to 100 acres in size.

Typically, the surface layer is brown sandy loam about
9 inches thick. The subsurface layer is pale brown sandy
loam about 3 inches thick. The subsoil is friable, and it is
about 17 inches thick. The upper part is mixed, yellowish
brown and pale brown loam; and the lower part is brown

clay loam. The substratum, to a depth of 60 inches, is
brown calcareous loam. In some places, most of the
original surface layer has been eroded, and the present
surface layer is a mixture of material from the remaining
original surface layer, the subsurface layer, and the upper
part of the subsoil. In some places, the upper part of the
subsoil is sandy loam. Also, some areas are less sloping or
more sloping.

Included with this soil in mapping are small areas of
Metea, Spinks, and Boyer soils on knolls and ridgetops, or
on footslopes. These soils make up 0 to 8 percent of the
mapped areas. They have a lower available water capacity
than this Marlette soil. Also included are somewhat
poorly drained Capac and Metamora soils on foot slopes,
low knolls, and ridges at a lower elevation than this Mar-
lette soil; they make up 1 to 8 percent of the mapped
areas. Also included are poorly drained and very poorly
drained Parkhill and Palms soils in depressions and
drainageways; they make up 0 to 10 percent of the
mapped areas.

Permeability is moderate or moderately slow, and the
available water capacity is high. Runoff is rapid.

This soil is used mostly for crops or pasture. In a few
areas, it is in permanent vegetation, including trees. This
soil has fair potential for crops and recreational use. It
has good potential for pasture, and woodland and as
habitat for openland and woodland wildlife.

If this soil is used for cultivated crops, controlling ru-
noff and erosion and maintaining high organic-matter con-
tent and good tilth are major management requirements.
The use of crop rotation with hay, cover crops, sod water-
ways, and minimum tillage help reduce erosion. In a few
areas, the slopes are sufficiently long and smooth for ter-
racing and contour farming. Incorporating crop residue or
green manure into the plow layer and tilling within the
proper moisture range help maintain organic-matter con-
tent and improve tilth.

If this soil is used for pasture, overgrazing and grazing
this soil when it is wet are major management problems.
Grazing this soil when it is wet causes compaction of the
surface layer. Overgrazing increases the hazard of ero-
sion. Using well adapted pasture plants, rotating pasture,
and restricting grazing in wet periods are important prac-
tices.

If this soil is used for trees, plant competition is the
major management problem. Sites must be intensively
prepared and maintained because the growth of undesira-
ble trees and shrubs hinders natural regeneration or
restocking of desirable trees.

This soil has moderate limitations for most engineering
uses because of slope and potential frost action. For such
uses, foundations and footings should be designed to
prevent structural damage caused by frost action. For
local roads and streets to function properly, the surface
layer of the Marlette soil should be replaced or covered
with suitable base material. Construction sites and local
roads and streets need landforming and should be on the
contour. This sloping Marlette soil erodes easily when the
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surface layer is left uncovered during or after construc-
tion. Mulching, using an asphalt spray, netting, grass
seeding or sodding with fertilization, diversion, erosion-
control structures, or grassed waterways help control ero-
sion and reduce runoff. Capability subclass IIle, Michigan
soil management group 2.5a.

Mc—Martisco muck. This is a nearly level, very poorly
drained soil on lowlands. It is subject to frequent flood-
ing. The areas are irregular in shape and are 2 to 50 acres
in size.

Typically, the upper 12 inches is black muck. Below
that, the substratum, to a depth of 60 inches, is light gray
and gray marl. In some places, mineral material underlies
the marl below 24 inches or the organic layer is less than
8 inches thick.

Included with this soil in mapping are small areas of
Edwards, Tobico, and Thomas soils on lowlands. These
soils make up 5 to 12 percent of the mapped areas. The
Edwards and Thomas soils have a higher available water
capacity and the Tobico soil has a lower available water
capacity than this Martisco soil.

Permeability is moderately slow to moderately rapid in
the organic material and slow in the marl. The available
water capacity is low. Runoff is very slow.

This soil is used mostly for unimproved pasture or it is
in native vegetation, including trees. This soil has good
potential as habitat for wetland wildlife and poor poten-
tial for crops, pasture, and woodland.

If this soil is used for pasture, wetness and flooding are
major problems. Grazing is restricted for long periods
because of wetness unless artificial drainage is provided.

If this soil is used for trees, wetness and flooding are
major problems. Windthrow hazard, seedling mortality,
equipment limitations, and plant competition are severe
problems. Because of wetness and flooding, the use of
heavy equipment for planting and harvesting trees is
restricted, seedling losses are high, and trees may blow
down during storms. Sites must be intensively prepared
and maintained because the growth of undesirable trees
and shrubs hinders natural regeneration or restocking of
desirable trees.

This soil has severe limitations for most engineering
uses because of wetness, frost action, and excess humus.
Capability subclass VIw, Michigan soil management group
M/me.

MeA—Metamora-Capac sandy loams, 0 to 2 percent
slopes. This map unit is about 45 to 60 percent Metamora
soils and 20 to 40 percent Capac soils. These soils are
nearly level and somewhat poorly drained and are on low
knolls and ridges. They are subject to rare flooding.
Slopes are slightly convex and are less than 50 feet long.
The areas are irregular in shape and are 2 to 200 acres in
size. The soils are so intricately mixed, or so small in ex-
tent, that it is not practical to map them separately.

Typically, the surface layer of the Metamora soil is
very dark grayish brown sandy loam about 9 inches thick.
The subsoil is grayish brown, mottled, and friable, and is
about 28 inches thick. The upper part of the subsoil is

sandy loam 24 inches thick, and the lower part is sandy
clay loam 4 inches thick. The substratum, to a depth of 60
inches, is brown, mottled, calcareous loam.

Typically, the surface layer of the Capac soil is very
dark grayish brown sandy loam about 8 inches thick. The
subsoil is mottled, firm clay loam, and it is about 20
inches thick. The upper part of the subsoil is yellowish
brown, the middle part is light yellowish brown, and the
lower part is brown. The substratum, to a depth of 60
inches, is grayish brown, mottled, calcareous loam. In.
some places, the subsoil is less than 20 inches thick, and
the depth to the calcareous substratum is less than 26
inches.

Included with these soils in mapping are small areas of
Dixboro and Selfridge soils on low knolls and ridges; they
make up 0 to 12 percent of the mapped areas of this unit.
The Dixboro soil has a lower available water capacity
than the Metamora and Capac soils, and the Selfridge soil
has a lower available water capacity in the lower part of
the profile. Also-included are small areas of Lamson,
Parkhill, and Corunna .soils in depressions and
drainageways; they make up 0 to 8 percent of the mapped
areas of this unit. .

Permeability in the Metamora soil is moderately rapid
in the surface layer and subsoil and moderately slow in
the substratum. Permeability in the Capac soil is
moderate and moderately slow. The available water
capacity for Metamora and Capac soils is high. Runoff is
slow.

These soils are used mostly for crops. In a few areas,
they are used for pasture or are in native vegetation, in-
cluding trees. These soils have good potential for crops,
pasture, and woodland and as habitat for openland and
woodland wildlife.

If these soils are used for cultivated crops, removing
excess water is the major management requirement. Ar-
tificial drainage can help increase crop yields.

If these soils are used for pasture, removing. excess
water is the major management requirement. Artificial
drainage will help increase yields. Restricted grazing in
wet periods helps reduce compaction of the surface layer.

If these soils are used for trees, equipment limitations
and plant competition are major management problems.
The use of heavy equipment for planting and harvesting
trees is restricted in wet periods in spring. Sites must be
intensively prepared and maintained because the growth
of undesirable trees and shrubs hinders natural regenera-
tion or restocking of desirable trees.

These soils have severe limitations for most engineer-
ing uses. For such uses, they must be artificially drained
by using surface ditches or tile drains. Footings and foun-
dations should be designed to prevent structural damage
caused by frost action. For local roads and streets to
function properly, the surface layer of the Metamora and
Capac soils should be replaced or covered with suitable
base material. Capability subclass IIw, Michigan manage-
ment group 3/2b-2.5b.
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MtB—Metea loamy sand, 0 to 6 percent slopes. This
is a nearly level and gently sloping, well drained soil on
knolls and ridges. Slopes are smooth and convex and are
less than 100 feet long. The areas are irregular in shape
and are 2 to 80 acres in size.

Typically, the surface layer is dark brown loamy sand
about 6 inches thick. The subsoil is yellowish brown about
33 inches thick. The upper part of the subsoil is very fria-
ble loamy sand 27 inches thick, and the lower part is mot-
tled, firm clay loam 6 inches thick. The substratum, to a
depth of 60 inches, is yellowish brown loam. In some
places, slopes are steeper than 6 percent. In some areas,
especially near the Perrinton soil, the substratum has a
higher clay content than this Metea soil.

Included with this soil in mapping are small areas of
Arkport, Perrinton, Marlette, Oakville, and Boyer soils on
knolls and ridges. Perrinton, Marlette, QOakville, and
Boyer soils make up 1 to 10 percent of the mapped areas,
and the Arkport soil makes up 3 to 16 percent. The Per-
rinton and Marlette soils have a higher available water
capacity and the Boyer, Oakville, and Arkport soils have a
lower available water capacity than this Metea soil. Also
included is the somewhat poorly drained Selfridge soil on
low knolls and ridges at a lower elevation than this Metea
soil and the poorly drained and very poorly drained Bel-
leville soil in depressions and drainageways. Metea and
Belleville soils make up 0 to 5 percent of the mapped
areas.

Permeability is very rapid in the sandy upper part of
the profile and moderately slow to moderate in the loamy
lower part. The available water capacity is moderate. Ru-
noff is slow.

This soil is used mostly for crops or it is in permanent
vegetation, including trees. In a few areas, it is used for
pasture. This soil has fair potential for crops, recreational
use and as habitat for woodland and openland wildlife. It
has good potential for pasture and woodland.

If this soil is used for cultivated crops, soil blowing and
droughtiness are major management problems. Con-
trolling soil blowing, maintaining high organic-matter con-
tent, and conserving moisture are major management
requirements. Minimum tillage and stubble mulching and
the use of cover crops, buffer strips, and windbreaks help
control soil blowing. Frequent additions of crop residue,
manure, and green manure help maintain content of or-
ganic matter..Crop residue and minimum tillage also con-
serve moisture. Legumes need additional applications of
lime.

If this soil is used for pasture, droughtiness is the
major limitation. The use of deep-rooted, drought-re-
sistant plants will help reduce droughtiness.

If this soil is used for trees, seedling mortality is the
major management problem. Some seedling. losses can be
expected because the sandy upper part of this Metea soil
has a low available water capacity.

This soil has slight limitations for most engineering
uses. Capability subclass IITe, Michigan soil management
group 4/2a.

MvB—Metea Variant cobbly loamy sand, 2 to 6 per-
cent slopes. This is a gently sloping, well drained and
moderately well drained soil on ridges. Slopes are smooth
and convex and are less than 100 feet long. The areas are
generally long and narrow and are 2 to 50 acres in size.

Typically, the surface layer is very dark gray cobbly
loamy sand about 7 inches thick. The subsoil is about 30
inches thick. The upper part of the subsoil is dark brown
and dark yellowish brown, very friable, cobbly loamy sand
24 inches thick. The lower part is yellowish brown, mot-
tled, firm loam 6 inches thick. The substratum, to a depth
of 60 inches, is brown, caleareous loam.

Included with this soil in mapping are small areas of
Boyer soils on ridges, small areas of soils similar to the
somewhat poorly drained Selfridge soil on lower ridges,
and small areas of soils similar to the poorly drained and
very poorly drained Belleville soil in small depressions
and drainageways. These included soils have similar
amounts of and depths to cobbles as the Metea Variant
soil; they make up 5 to 12 percent of the mapped areas.
The Boyer soil has a lower available water capacity in the
lower part of the profile than this Metea Variant soil.

Permeability is rapid in the sandy upper part and
moderate to moderately slow in the loamy lower part.
The available water capacity is moderate. Runoff is slow.

This soil is mostly in permanent vegetation, including
trees. In a few areas, it is used for crops or pasture. This
soil has good potential for woodland and fair potential for
pasture. It has poor potential for crops and as habitat for
openland and woodland wildlife.

This soil generally is not used for cultivated crops,
because of the presence of cobbles.

If this soil is used for pasture, removing cobbles and
conserving moisture are major management require-
ments. Deep-rooted, drought-resistant plants should be
selected.

If this soil is used for trees, seedling mortality is the
major management problem. Some seedling losses can be
expected, because the sandy upper part of this Metea
Variant soil has a low available water capacity. Hand
planting of seedlings may be necessary because of the
cobbles in the surface layer.

This soil has moderate limitations for most engineering
uses. For such uses, foundations and footings should be
designed to prevent structural damage caused by shrink-
swell potential. Cobbles also hinder most earth-moving
operations. Capability subclass VIs, Michigan soil manage-
ment group Ga.

0OaB—O0akville fine sand, 0 to 6 percent slopes. This
is a nearly level and gently sloping, well drained and
moderately well drained soil on knolls and ridges. Slopes
are smooth and convex and are less than 100 feet long.
The areas are irregular in shape and are 2 to 50 acres in
size.

Typically, the surface layer is very dark grayish brown
fine sand about 6 inches thick. The subsoil is yellowish
brown and brownish yellow, loose fine sand about 19
inches thick. The substratum, to a depth of 60 inches, is
light yellowish brown fine sand.
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Included with this soil in mapping are small areas of
Boyer and Metea soils on knolls and ridges. These soils
make up 1 to 8 percent of the mapped areas. They have a
higher available water capacity in the subsoil than this
Oakville soil. Also included is the somewhat poorly
drained Tedrow soil on low knolls and ridges and the
poorly drained and very poorly drained Kingsville soil in
depressions and drainageways; they make up 1 to 10 per-
cent of the mapped areas.

Permeablhty is very rapid, and the available water
capacity is low. Runoff is very slow.

This soil is mostly in permanent vegetation, including
trees. In a few areas, it is used for pasture and crops.
This soil has good potential for pasture and woodland and
poor potential for crops.

If this soil is used for cultivated crops, soil blowing and
droughtiness are major management problems. Con-
trolling soil blowing, maintaining high organic-matter con-
tent, and conserving moisture are major management
requirements. Minimum tillage and stubble mulching and
the use of cover crops, buffer strips, and windbreaks help
control soil blowing. Frequent additions of crop residue,
manure, and green manure help to maintain content or or-
ganic matter. Crop residue and minimum tillage also con-
serve moisture. Legumes need additional applications of
lime.

If this soil is used for pasture, droughtiness is the
major hazard. The use of deep-rooted, drought-resistant
plants will help overcome droughtiness.

If this soil is used for trees, seedling mortality is the
major problem. Seedling losses are high, because of the
low available water capacity.

This soil has slight limitations for use as dwellings,
small commercial buildings, and local roads and streets. It
has severe limitations for sewage lagoons, sanitary land-
fills, and shallow excavations, because the soil is too
sandy, cutbanks cave, and seepage occurs. Lawns need a
cover of loamy topsoil and should be watered frequently.
Cleared areas around construction sites should be pro-
tected from soil blowing by mulching and using asphalt
spray, netting, grass seeding or sodding with fertilization,
planting clumps of grass, keeping cleared areas to a
minimum size, or constructing windbreaks or snowfences.
Constructing retaining walls and maintaining the proper
slope grade can prevent caving of cutbanks in shallow ex-
cavations. Seepage from sewage lagoons and sanitary
landfills can be prevented by using a sealer or restrictive
layer of impervious material. Capability subclass IVs,
Michigan soil management group 5a.

Oe—Olentangy muck. This is a nearly level, very
poorly drained soil on lowlands. It is subject to frequent
flooding. The areas are irregular in shape and are 2 to 50
acres in size.

Typically, the upper 13 inches is black muck. The next
layer is black, friable mucky silt loam 13 inches thick, and
below that is dark gray, friable mucky silt loam 12 inches
thick. The substratum, to a depth of 60 inches, is mottled,
grayish brown silt loam. In some places, the muck layers

are more than 16 inches thick. Also, in a few places, the
depth to the mineral substratum is more than 51 inches.

Included with this soil in mapping are small areas of
Thomas and Houghton soils; they make up 1 to 8 percent
of the mapped areas. The Thomas soil is in narrow,
discontinuous areas along the edges of mapped areas of
this unit. The Thomas and Houghton soils have a higher
available water capacity than this Olentangy soil.

Permeability is moderate in the upper organic and
coprogenous materials and slow in the lower mineral
materials. The available water capacity is very high. Ru-
noff is very slow or ponded.

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for pasture. This soil has good
potential as habitat for wetland wildlife. It has fair poten-
tial for crops and poor potential for pasture and
woodland.

If this soil is properly drained and protected from soil
blowing, it is suited to specialty crops, for example,
potatoes, carrots, onions, and mint. Soil blowing, flooding,
and frost action are major hazards. Soil blowing and frost
damage can be reduced by sprinkler irrigation. Con-
trolling the water table and using buffer strips, cover
crops, and windbreaks can also reduce soil blowing.
Lowering the water table through installation of artificial
drainage can reduce flooding and wetness. Lift pumps
must be installed in areas that lack adequate drainage
outlets.

If this soil is used for pasture, wetness is the major
limitation. Grazing is restricted in wet periods. Practices
to overcome wetness are installing artificial drainage and
selecting pasture plants that are tolerant of wetness.

Because this soil is wet, equipment limitations, seedling
mortality, windthrow, and plant competition are major
woodland management problems. The use of equipment
for planting and harvesting trees is restricted in wet
periods. Seedling losses are high, and trees may blow
down during storms. Sites must be intensively prepared
and maintained because the growth of undesirable trees
and shrubs hinders natural regeneration or restocking of
desirable trees.

This soil has severe limitations for most engineering
uses, because of wetness, frost action, and excess humus.
Capability subclass IIIw, Michigan soil management
group M/3c.

Pa—Palms muck. This is a nearly level, very poorly
drained soil on lowlands. It is subject to frequent flood-
ing. The areas are irregular in shape and are 2 to 300
acres in size.

Typically, black muck extends to a depth of 85 inches.
Below that, the substratum, to a depth of 60 inches, is
gray, mottled clay loam. In some places, the organic
material is less than 16 inches thick.

Included with this soil in mapping are small areas of
Adrian and Houghton soils; they make up 8 to 17 percent
of the mapped areas. The Adrian soil has a lower availa-
ble water capacity in the lower part of the profile and the
Houghton soil has a higher available water capacity in the
underlying material than the Palms soil.
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Permeability is moderately slow to moderately rapid in
the organic material and moderate or moderately slow in
the underlying material. The available water capacity is
very high. Runoff is very slow.

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for unimproved pasture or
crops. This soil has good potential for crops, pasture, and
as habitat for wetland wildlife. It has poor potential for
woodland.

If this soil is properly drained and protected from soil
blowing, it is suited to specialty crops, for example,
potatoes, carrots, onions, and mint. Soil blowing, frost ac-
tion, and flooding are major hazards. Soil blowing and
frost action can be reduced by sprinkler irrigation (fig. 2).
Controlling the water table and using buffer strips, cover
crops, and windbreaks can also reduce soil blowing. Flood-
ing can be reduced by lowering the water table through
artificial drainage or by constructing dikes. Lift pumps
must be installed in areas that lack adequate drainage
outlets.

If this soil is used for pasture, the major limitation is
wetness. Grazing is restricted in wet periods. Practices to
overcome wetness are installing artificial drainage and
selecting pasture plants that are tolerant of wetness.

Because this soil is wet, equipment limitations, seedling
mortality, plant competition, and windthrow hazard are
major woodland management problems. Equipment
limitations can be reduced if the soil is worked when it is
frozen. Sites must be intensively prepared and maintained
because the growth of undesirable shrubs and trees hin-
ders natural regeneration or restocking of desirable trees.
Seedling losses are high, and trees may blow down during
storms.

This soil has severe limitations for most engineering
uses, because of wetness, frost action, and excess humus.
Capability subclass IIw, Michigan soil management group
M/3e.

Ph—Parkhill loam. This is a nearly level, poorly
drained and very poorly drained soil in broad, flat areas
-and drainageways. It is subject to frequent flooding. The
areas are irregular in shape and are 2 to 2,500 acres or
more in size.

Typically, the surface layer is very dark grayish brown
loam about 9 inches thick. The subsoil is mottled and firm
about 27 inches thick. The upper part of the subsoil is
grayish brown clay loam 4 inches thick, and the lower
part is gray clay loam 23 inches thick. The substratum, to
a depth of 60 inches, is mottled, gray and yellowish
brown, calcareous loam. In some places, the surface layer
is lighter colored and ranges to 12 inches in thickness.
Also, in some places the subsoil and substratum have thin
layers of gravelly sand, sand, gravelly sandy loam, or
sandy loam.

Included with this soil in mapping are small areas of
Corunna, Belleville, Lamson, Gilford, and Vestaburg soils
in broad, flat areas and drainageways. These soils make
up 5 to 15 percent of the mapped areas. They have a
lower available water capacity than the Parkhill soil. Also

included are small areas of somewhat poorly drained
Capac, Metamora, and Selfridge soils on low knolls and
ridges; they make up 1 to 10 percent of the mapped
areas.

Permeability is moderately slow, and the available
water capacity is high. Runoff is very slow or ponded.

This soil is used mostly for crops. In a few areas, it is
in woodland. This soil has good potential for crops,
pasture, woodland, and as habitat for wetland wildlife.

If this soil is used for cultivated crops, removing excess
water and maintaining good tilth are major management
requirements. Artificial drainage can help increase crop
yields. Good tilth can be maintained by tilling within the
proper range of moisture content, using minimum tillage,
and incorporating crop residue into the plow layer.

If this soil is used for pasture, removing excess water
is the major management requirement. Restricted grazing
in wet periods reduces compaction of the surface layer.
Artificial drainage can help to remove excess water, and
thereby increase yields. Pasture plants that are more
tolerant of wetness should be selected.

If this soil is used for trees, equipment limitations,
seedling mortality, and plant competition are major
management problems. The use of heavy equipment for
planting and harvesting trees is restricted in wet periods.
Seedling losses are high, because of wetness. Sites must
be intensively prepared and maintained because the
growth of undesirable trees and shrubs hinders the natu-
ral regeneration or restocking of desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches or tile drains. Footings and founda-
tions should be designed to prevent structural damage
caused by frost action. Dwellings and small buildings with
basements should not be constructed on this soil. For
local roads and streets to function properly, the surface
layer of the Parkhill soil should be replaced or covered
with suitable base material. Capability subeclass IIw,
Michigan soil management group 2.5¢.

PkB—Perrinton loam, 2 to 6 percent slopes. This is a
gently sloping, well drained and moderately well drained
soil on foot slopes, knolls, and ridgetops. Most areas are
dissected by shallow drainageways. Slopes are smooth
and convex and are less than 100 feet long. The areas are
irregular in shape and are 2 to 300 acres in size.

Typically, the surface layer is very dark grayish brown
loam about 8 inches thick. The upper part of the subsoil is
mixed brown clay loam and grayish brown loam about 6
inches thick, and the lower part is yellowish brown, very
firm clay and firm clay loam about 18 inches thick. The
substratum, to a depth of 60 inches, is brown, calcareous
clay loam. In some places, the surface layer is sandy loam
or loamy sand. In some places, the slope exceeds 6 per-
cent. In some places there is no layer of mixed clay loam
and loam.

Included with this soil in mapping are small areas of
Metea soils on foot slopes, knolls, and ridgetops. These
soils have a lower available water capacity than the Per-
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rinton soil. They make up 1 to 8 percent of the mapped
areas. Also included are small areas of very gently slop-
ing, somewhat poorly drained Ithaca soils at the base of
slopes and poorly drained and very poorly drained
Lenawee and Parkhill soils in depressions and
drainageways. These soils make up 1 to 9 percent of the
mapped areas.

Permeability is moderately slow, and the available
water capacity is moderate. Runoff is medium.

This soil is used mostly for crops. In a few areas, it is
used for pasture or woodland. This soil has good potential
for crops, pasture, and woodland and as habitat for open-
land and woodland wildlife.

If this soil is used for cultivated crops, the hazard of
erosion is moderate. Controlling runoff and erosion, main-
taining high organic-matter content, and maintaining good
tilth are the major management requirements. The use of
cover crops, grassed waterways, and minimum tillage and
rotating cultivated crops with hay reduce erosion. Slopes
are sufficiently long and smooth in a few areas for terrac-
ing and contour farming.

Incorporating crop residue and green manure crops into
the plow layer and tilling within the proper range of
moisture content help maintain organic-matter content
and improve tilth.

Overgrazing and grazing when this soil is wet are the
major management problems if this soil is used for
pasture. Grazing when this soil is wet causes compaction
of the surface layer, and overgrazing increases the hazard
of erosion. Using well adapted pasture plants, rotating
pasture, and restricting grazing in wet periods are impor-
tant practices.

If this soil is used for trees, plant competition is a
problem. The sites must be intensively prepared and
maintained because the growth of undesirable trees and
shrubs hinders natural regeneration or restocking of
desirable trees.

This soil has moderate limitations for most engineering
uses because of moderately slow permeability, shrink-
swell potential, and frost action. For such uses, footings
and foundations should be designed so that frost action
and shrink-swell potential do not cause structural damage.
Drainage should be provided around foundations, and ex-
cavations for drainage should be backfilled with suitable
material. For local roads and streets to function properly,
the surface layer should be replaced or covered with
suitable base material. This soil erodes readily if the sur-
face is not protected during and after construction. Prac-
tices that help control erosion include mulching, spraying
with asphalt, and use of netting. Seeding with grass or
establishing sod, properly fertilized, and the use of diver-
sions, erosion-control structures; and grassed waterways
are also effective practices. Capability subclass Ile,
Michigan soil management group 1.5a.

PkC—Perrinton loam, 6 to 12 percent slopes. This is
a moderately sloping and gently rolling, well drained soil
on knolls and ridgetops. Most areas are dissected by shal-
low drainageways. Slopes are smooth and convex and are

less than 200 feet long. The areas are irregular in shape
and are 2 to 240 acres in size.

Typically, the surface layer is brown loam about 8
inches thick. The upper part of the subsoil is mixed gray-
ish brown loam and brown clay loam about 6 inches thick
and the lower part is yellowish brown, very firm clay and
firm clay loam about 16 inches thick. The substratum, to a
depth of 60 inches, is brown, calcareous clay loam. In
some places, there is no layer of mixed clay loam and
loam, the subsoil is exposed because of erosion, or the
slope is less than 6 percent or greater than 12 percent.

Included with this soil in mapping are small areas of
Metea soils on foot slopes, knolls, and ridgetops. These
soils make up 1 to 8 percent of the mapped areas. The
Metea soils have a lower available water capacity than
this Perrinton soil. Also included are small areas of gently
sloping, somewhat poorly drained Ithaca soils at the base
of slopes and in narrow drainageways and depressions.
These soils make up 2 to 12 percent of the mapped areas.
Also included are small areas of poorly drained and very
poorly drained Lenawee, Houghton, and Palms soils in
depressions, seep areas at the base of hills, and narrow
drainageways. These soils make up 1 to 8 percent of the
mapped areas.

Permeability is moderately slow, and the available
water capacity is moderately high. Runoff is medium or
rapid.

This soil is used mostly for crops and pasture. In a few
areas, it is wooded. This soil has fair potential for crops
and good potential for pasture and woodland. It also has
good potential as habitat for openland and wetland wil-
dlife.

If this soil is used for cultivated crops, the hazard of
erosion is severe. Controlling runoff and erosion, main-
taining high organic-matter content, and maintaining good
tilth are the major management requirements. The use of
cover crops, grassed waterways, and minimum tillage and
rotating cultivated crops with hay help reduce erosion. In
a few areas, the slopes are sufficiently long and smooth
for terracing and contour farming. Incorporating crop
residue and green manure crops into the plow layer and
tilling within the proper moisture range are practices that
help maintain organic-matter content and improve soil
tilth. Large amounts of manure help improve tilth and
structure and are especially beneficial in small, eroded
areas.

If this soil is used for pasture, overgrazing and grazing
when the soil is wet are the major management problems.
Grazing this soil when wet causes compaction of the sur-
face layer, and overgrazing increases the hazard of ero-
sion. The use of well adapted pasture plants, rotating
pasture, and restricting grazing in wet periods are impor-
tant practices.

If this soil is used for trees, plant competition is a
problem. The sites must be intensively prepared and
maintained because the growth of undesirable trees and
shrubs hinders natural regeneration or restocking of
desirable trees.
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This soil has moderate limitations for most engineering
uses because of slope, moderately slow permeability,
shrink-swell potential, and frost action. For such uses,
footings and foundations should be designed so that frost
action and shrink-swell potential do not cause structural
damage. Drainage should be provided around foundations,
and excavations for drainage should be backfilled with
suitable material. For local roads and streets to function
properly, the surface layer should be covered or replaced
with suitable base material. Construction sites and local
roads and streets need landforming and should be on the
contour. This soil erodes readily if the surface is not pro-
tected during and after construction. Practices that help
control erosion and reduce runoff are the use of mulch,
asphalt spray, and netting; seeding with grass or
establishing sod that is properly fertilized; and construct-
ing diversions, erosion-control structures, and grassed
waterways. Capability subclass IIle, Michigan soil
management group 1.5a.:

PIA—Pert clay loam, 0 to 2 percent slopes. This is a
nearly level, somewhat poorly drained soil on low knolls
and narrow ridges. It is subject to rare flooding. Slopes
are slightly convex and are less than 50 feet long. The
areas are irregular in shape and are 2 to 150 acres in size.

Typically, the surface layer is dark grayish brown clay
loam about 9 inches thick. The subsoil is mottled and very
firm, and it is about 10 inches thick. The upper part of
the subsoil is brown clay, and the lower part is brown
clay loam. The substratum, to a depth of 60 inches, is
grayish brown, mottled, calcareous clay loam.

Included with this soil in mapping are small areas of
Arkona and Metamora soils on low knolls and ridges; they
make up 1 to 8 percent of the mapped areas. The Arkona
and Metamora soils have a lower available water capacity
than the Pert soil. Also included are small areas of poorly
drained and very poorly drained Lenawee, Toledo, and
Wauseon soils in depressions and drainageways; they
make up 0 to 5 percent of the mapped areas.

Permeability is moderately slow or slow, and the availa-
ble water capacity is high. Runoff is slow.

This soil is used mostly for crops. In a few areas, it is
in permanent vegetation, including trees. This soil has fair
potential for crops. It has good potential for pasture and
woodland, and as habitat for openland and woodland wil-
dlife.

If this soil is used for cultivated crops, removing excess
water and maintaining good tilth are major management
requirements. Artificial drainage can be used to remove
excess water. Tilling within the proper range of moisture
content, using minimum tillage, and incorporating crop
residue into the plow layer help maintain good tilth.

If this soil is used for pasture, removing excess water
and maintaining good structure and tilth are major
management requirements. Restricted grazing in wet
periods reduces compaction of the surface layer and main-
tains soil structure and tilth. Artificial drainage can be
used to remove excess water.

If this soil is used for trees, equipment limitations and
plant competition are major management problems. The
use of heavy equipment fo. planting and harvesting trees
is restricted in wet periods in spring. Sites must be inten- -
sively prepared and maintained, because the growth of
undesirable trees and shrubs hinders the natural
regeneration or restocking of desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches and tile drains. Dwellings and small
buildings with basements should not be constructed on
this soil. Footings and foundations should be designed to
prevent structural damage caused by frost action and
shrink-swell potential. Drainage should be provided
around foundations and backfilled with suitable material.
For local roads and streets to function properly, the sur-
face layer of the Pert soil should be replaced or covered
with suitable base material. Capability subclass IIIw,
Michigan soil management group 1b.

PpA—Pipestone-Tedrow loamy sands, 0 to 2 percent
slopes. This map unit is about 50 to 55.percent Pipestone
soils and 80 to 43 percent Tedrow soils. These soils are
nearly level and somewhat poorly drained and are on low
knolls and ridges. Slopes are slightly convex and are less
than 50 feet long. The areas are irregular in shape and
are 2 to 100 acres in size. The soils are so intricately
mixed, or so small in extent, that it is not practical to map
them separately.

Typically, the surface layer of the Pipestone soil is very
dark grayish brown loamy sand about 6 inches thick. The
subsurface layer is light gray sand about 3 inches thick.
The subsoil is mottled, loose sand about 35 inches thick.
The upper part of the subsoil is dark brown, 7 inches
thick; the middle part is light yellowish brown, 15 inches
thick; and the lower part is brown, 13 inches thick. The
substratum, to a depth of 60 inches, is grayish brown,
mottled sand. In some places, the upper part of the sub-
soil has a 6- to 10-inch layer of discontinuous, cemented
material.

Typically, the surface layer of the Tedrow soil is very
dark grayish brown loamy sand about 9 inches thick. The
subsoil is mottled, loose sand. The upper part of the sub-
soil is yellowish brown, 8 inches thick; the middle part is
brown, 12 inches thick; and the lower part is pale brown,
16 inches thick. The substratum, at a depth of 45 inches,
is light brownish gray, calcareous sand.

Included with these soils in mapping are small areas of
poorly drained and very poorly drained Kingsville, Bel-
leville, and Sickles soils in depressions and drainageways.
These soils make up 1 to 8 percent of the mapped areas.
Also included are small areas of Wixom soils on low
knolls and ridges, or in a slightly lower position or in
depressions. These soils make up 0 to 5 percent of the
mapped areas. They have a higher available water capaci-
ty in the lower part of the profile than the Pipestone or
Tedrow soil. In addition, there are a few areas of soils
that are similar to the Pipestone and Tedrow soils, except
they are moderately well drained.
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Permeability is rapid, and the available water capacity
is low. Runoff is slow.

These soils are mostly in native vegetation, including
trees. In a few areas, they are used for crops (fig. 3).
These soils have good potential for pasture and fair
potential for crops and woodland.

If these soils are used for cultivated crops, removing
excess water in wet periods in spring, conserving
"moisture in dry summers, controlling soil blowing, and
maintaining high organic-matter content are major
management requirements. Artificial drainage can be
used to remove excess water. Stubble mulching and using
minimum tillage, cover crops, buffer strips, and wind-
breaks help control soil blowing. Frequent additions of
crop residue, manure, and green manure help maintain
content of organic matter. Crop residue and minimum til-
lage also conserve moisture. Legumes need additional ap-
plications of lime.

If these soils are used for pasture, excess water during
wet periods in spring and droughtiness during dry sum-
mers are major management problems. Grazing is
restricted in wet months, and growth is reduced in dry
summers.

If these soils are used for trees, seedling mortality is
the major hazard.-Some seedling losses can be expected,
because of droughtiness in dry summers.

These soils have severe limitations for most engineer-
ing uses. For such uses, they must be artificially drained
by using surface ditches and tile drains. Caving of cut-
banks in shallow excavations can be prevented by remov-
ing excess water, constructing retaining walls, and main-
taining the proper slope grade. The included soils that are
similar to the Pipestone and Tedrow soils, except they are
moderately well drained, are better suited to some en-
gineering uses. Capability subclass IVw, Michigan soil
management group 5b.

PrA—Pipestone-Tedrow loamy sands, loamy sub-
stratum, 0 to 2 percent slopes. This map unit is about 40
to 45 percent Pipestone, loamy substratum soils and 30 to
40 percent Tedrow, loamy substratum soils. These soils
are nearly level and somewhat poorly drained and are on
low knolls and ridges. Slopes are slightly convex and are
less than 50 feet long. The areas are irregular in shape
and are 2 to 180 acres in size. The two soils are so in-
tricately mixed, or so small in extent, that it is not practi-
cal to map them separately.

Typically, the surface layer of the Pipestone, loamy
substratum soil is very dark gray loamy sand about 9
inches thick. The subsoil is mottled, loose sand about 40
inches thick. In sequence from the top, the subsoil is dark
brown, brownish yellow, pale brown, and light grayish
brown. The substratum, to a depth of 60 inches, is light
grayish brown, mottled, calcareous clay loam. In some
places, the upper part of the subsoil has a 6- to 10-inch
layer of cemented material that is generally discontinu-
ous. , :
Typically, the surface layer of the Tedrow, loamy sub-
stratum soil is very dark grayish brown loamy sand about

9 inches thick. The subsoil is loose sand and consists of 4
layers. The first layer is yellowish brown, 6 inches thick;
the second layer is light yellowish brown and mottled, 14
inches thick; the third layer is brown and mottled, 17
inches thick; and the fourth layer is grayish brown and
mottled, 7 inches thick. The substratum, at a depth of 53
inches, is light grayish brown, mottled, calcareous clay
loam.

Included with these soils in mapping are small areas of
Wixom and Selfridge soils on low knolls and ridges; they
make up 3 to 10 percent of the mapped areas. The Wixom
and Selfridge soils have a higher available water capacity
in the subsoil than the Pipestone or Tedrow, loamy sub-
stratum soil. Also included are small areas of very poorly
drained and poorly drained Kingsville and Belleville soils
in depressions and drainageways; they make up 1 to 8
percent of the mapped areas.

Permeability is rapid in the sandy upper part and
moderately slow in the loamy lower part. The available
water capacity is moderate for both soils. Runoff is slow.

These soils are mostly in native vegetation, including
trees. In a few areas, they are used for crops. These soils
have good potential for pasture, and fair potential for
woodland and crops, and as habitat for openland and
woodland wildlife.

If these soils are used as cultivated crops, removing ex-
cess water during wet periods in spring, conserving
moisture during dry summers, controlling soil blowing,
and maintaining high organic-matter content are major
management requirements. Artificial drainage can be
used to remove excess water. Stubble mulching and using
minimum tillage, cover crops, buffer strips, and wind-
breaks help control soil blowing. Frequent additions of
crop residue, manure, and green manure help maintain
content of organic matter. Crop residue and minimum til-
lage also conserve moisture. Legumes need additional ap-
plications of lime.

If these soils are used for pasture, excess water during
wet periods in spring and droughtiness during dry sum-
mers are major management problems. Grazing is
restricted during wet periods in spring, and growth is
reduced during dry summers.

If these soils are used for trees, seedling mortality is
the major problem. Some seedling losses can be expected,
because of droughtiness during dry summers.

These soils have severe limitations for most engineer-
ing uses. For such uses, they must be artificially drained
by using surface ditches and tile drains. Using a sealer or
restrictive layer of impervious material can prevent
seepage caused by sewage lagoons and sanitary landfills.
Removing excess water, constructing retaining walls, and
maintaining the proper slope grade can prevent caving of
cutbanks in shallow excavations. Capability subclass ITIw,
Michigan soil management group 5/2b.

Ps—Pits. These areas are open excavations from which
soil and underlying material have been removed. They ex-
pose material that supports few or no plants. Pits vary
considerably in size and in shape. They range from 2 to
300 acres in size and are 5 feet or more in depth.
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Included with Pits in mapping are small areas of
Aquents, Udorthents, and water.

Permeability, available water capacity, and reaction are
too variable to rate for these areas.

Areas are idle with little or no vegetation. Onsite in-
vestigation is needed to determine the potential use of
these areas for development of wildlife habitat and for
recreational uses.

PtB—Plainfield loamy sand, 0 to 6 percent slopes.
This is a nearly level and gently sloping, excessively
drained soil on knolls and ridges of uplands. Slopes are
smooth and convex and are less than 100 feet long. The
areas are irregular in shape and are 2 to 400 acres in size.

Typically, the surface layer is very dark grayish brown
loamy sand about 7 inches thick. The subsoil is yellowish
brown and brownish yellow, loose sand about 23 inches
thick. The substratum, to a depth of 60 inches, is yellow
and very pale brown sand. In some places, slopes exceed
6 percent.

Included with this soil in mapping are small areas of
Boyer soils on knolls and ridges of uplands; they make up
5 to 18 percent of the mapped areas. The Boyer soil has a
higher available water capacity in the subsoil than the
Plainfield soil. Also included are small areas of somewhat
poorly drained Tedrow and Riverdale soils on low knolls
and ridges at a lower elevation than the Plainfield soil.
These soils make up 2 to 8 percent of the mapped areas.
Small areas of poorly drained and very poorly drained
Kingsville and Vestaburg soils in depressions and
drainageways are included; they make up 1 to 8 percent
of the mapped areas. Also included are small areas of
soils similar to this Plainfield soil, except they are
moderately well drained; they make up 5 to 20 percent of
the mapped areas. This soil is in a slightly lower position
on the landscape than the Plainfield soil.

Permeability is rapid, and the available water capacity
is low. Runoff is slow.

This soil is mostly in permanent vegetation, including
trees. In a few areas, it is used for crops and pasture.
This soil has good potential for pasture. It has fair poten-
tial for crops, woodland, and recreational use.

If this soil is used for cultivated crops, soil blowing and
droughtiness are major problems. Controlling soil blow-
ing, maintaining a high organic-matter content, and con-
serving moisture are major management requirements.
Stubble mulching and using minimum tillage, cover crops,
buffer strips, and windbreaks help control soil blowing.
Frequent additions of crop residue, manure, and green
manure help maintain content of organic matter. Crop
residue and minimum tillage also conserve moisture.
Legumes need additional applications of lime.

If this soil is used for pasture, droughtiness is the
major hazard. Growth is reduced during dry summers.
The use of deep-rooted, drought-resistant plants will help
overcome droughtiness.

If this soil is used for trees, seedling mortality and
plant competition are major management problems. Some
seedling losses can be expected because of the low availa-

ble water capacity. Sites must be intensively prepared
and ‘maintained, because the growth of undesirable trees
and shrubs hinders natural regeneration or restocking of
desirable trees.

The soil has slight limitations for dwellings, small com-
mercial buildings, and local roads and streets. It has
moderate or severe limitations for sewage lagoons, sani-
tary landfills, and shallow excavations. Using a sealer or
restrictive layer of impervious material can prevent
seepage caused by sewage lagoons and sanitary landfills.
Constructing retaining walls and maintaining the proper
slope grade can prevent caving of cutbanks in shallow ex-
cavations. Lawns should have a cover of loamy topsoil
and must be watered frequently. Cleared areas around
construction sites should be protected from soil blowing
by mulching, using an asphalt spray, netting, grass seed-
ing or sodding with fertilization, planting clumps of grass,
keeping cleared areas to a minimum size, and constructing
windbreaks or snowfences. Capability subclass IVs,
Michigan soil management group 5a.

PtC—Plainfield loamy sand, 6 to 18 percent slopes.
This is a moderately sloping to rolling, excessively
drained soil on knolls and ridgetops. Slopes are smooth
and convex and are less than 200 feet long. The areas are
irregular in shape and are 2 to 50 acres in size.

Typically, the surface layer is dark grayish brown sand
about 7 inches thick. The subsoil is yellowish brown and
brownish yellow, loose sand about 23 inches thick. The
substratum, to a depth of 60 inches, is yellow and very
pale brown sand. In some places, slopes are less than 6
percent.

Included with this soil in mapping are small areas of
Boyer and Arkport soils on knolls and ridgetops; they
make up 2 to 15 percent of the mapped areas. The Boyer
soil has a higher available water capacity in the subsoil
and the Arkport soil has a higher available water capacity
than this Plainfield soil. Also included is the somewhat
poorly . drained Tedrow soil on foot slopes in narrow
drainageways and the poorly drained and very poorly
drained Kingsville soil in depressions and drainageways.
These soils make up 1 to 8 percent of the mapped ‘areas.

Permeability is rapid, and the available water capacity
is low. Runoff is medium.

This soil is mostly in permanent vegetation, including
trees. In a few areas, it is used for pasture or crops. This
soil has fair potential for pasture, woodland, and recrea-
tional use and poor potential for crops.

This soil should not be used for cultivated crops
because of droughtiness and soil blowing.

If this soil is used for pasture, droughtiness is the
major hazard. Growth is reduced during dry summers.
The use of deep-rooted, drought-resistant plants will help
overcome droughtiness.

If this soil is used for trees, seedling mortality and
plant competition are major management problems. Some
seedling losses can be expected, because of the low availa-
ble water capacity. Sites must be intensively prepared
and maintained, because the growth of undesirable trees
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and shrubs hinders natural regeneration or restocking of
desirable trees.

This soil has moderate or severe limitations for most
engineering uses. Construction sites and roads and streets
need landforming and should be on the contour. Lawns
should have a cover of loamy topsoil and must be watered
frequently. Cleared areas around construction sites should
be protected from soil blowing by mulching, using an
asphalt spray, netting, grass seeding or sodding with fer-
tilization, plantings clumps of grass, keeping cleared areas
to a minimum size, or constructing windbreaks or snow-
fences. Using a sealer or restrictive layer of impervious
material can prevent seepage caused by sewage lagoons
and sanitary landfills. Constructing retaining walls and
maintaining the proper slope grade can prevent caving of
cutbanks in shallow excavations. Capability subclass Vs,
Michigan soil management group 5a.

RdA—Riverdale loamy sand, 0 to 2 percent slopes.
This is a nearly level, somewhat poorly drained soil on
low knolls and ridges. Slopes are slightly convex and are
less than 100 feet long. The areas are irregular in shape
and are 2 to 100 acres in size.

Typically, the surface layer is very dark grayish brown
loamy sand about 8 inches thick. The subsoil is mottled,
and it is about 25 inches thick. The upper part of the sub-
soil is strong brown, very friable loamy sand, 6 inches
thick; the middle part is pale brown, loose sand, 14 inches
thick; and the lower part is yellowish brown, friable
gravelly sandy loam, 5 inches thick. The substratum, to a
depth of 60 inches, is grayish brown, calcareous gravelly
sand.

Included with this soil in mapping are small areas of
soils similar to the Tedrow soil, except they generally
have a high content of pebbles throughout the profile.
These soils are on low knolls and ridges; they make up 10
to 18 percent of the mapped areas. They have a lower
available water capacity than the Riverdale soil. Also in-
cluded are small areas of poorly drained and very poorly
drained Kingsville, Gilford, and Vestaburg soils in depres-
sions; they make up 1 to 8 percent of the mapped areas.
Small areas of a soil similar to the Riverdale soil, except
it is moderately well drained, are also included. These
areas are generally on slightly higher knolls and ridges,
and they make up 5 to 15 percent of the mapped areas.

Permeability is moderately rapid, and the available
water capacity is low. Runoff is slow.

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for crops. This soil has fair
potential for crops and woodland and good potential for
pasture.

If this soil is used for cultivated crops, removing excess
water in wet periods, controlling soil blowing, conserving
moisture in dry periods, and maintaining high organic-
matter content are major management requirements. Ar-
tificial drainage is needed to remove excess water. Stub-
ble mulching and using minimum tillage, cover crops,
buffer strips, and windbreaks help control soil blowing.
Frequent additions of manure and green manure help

maintain content of organic matter. Crop residue and
minimum tillage also conserve moisture. Legumes need
additional applications of lime.

If this soil is used for pasture, wetness in spring and
droughtiness during dry summers are the major
problems. Grazing is restricted in wet periods, and
growth is reduced in dry periods.

If this soil is used for trees, seedling mortahty is
moderate, because of the sandy surface layer.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches and tile drains. Removing excess
water, constructing retaining walls, and maintaining the
proper slope grade can prevent caving of cutbanks in
shallow excavations. The moderately well drained soil
that is included in mapping is better suited to most en-
gineering uses. Capability subclass IIIw, Michigan soil
management group 4b.

Sa-—Saranac silty clay loam, frequently flooded. This
is a nearly level, poorly drained and very poorly drained
soil on flood plains. The areas are irregular in shape and
are 2 to 500 acres in size.

Typically, the surface layer is about 23 inches thick.
The upper part of the surface layer is about 12 inches
thick, and the lower part is dark gray silty clay loam
about 11 inches thick. The subsoil is gray, mottled, very
firm silty clay about 14 inches thick. The substratum, to a
depth of 60 inches, is 3 inches of very dark brown silty
clay loam, 15 inches of gray silty clay, and 5 inches of
dark gray silty clay. In some places, the substratum,
below 40 inches, is gravelly sand.

Included with this soil in mapping are small areas of
Sloan and Palms soils also on flood plains. These soils
make up 1 to 8 percent of the mapped areas. They have a
higher available water capacity than this Saranac soil.

Permeability is moderately slow or slow, and the availa-
ble water capacity is moderate. Runoff is very slow or
ponded.

This soil is mostly in permanent vegetation, including
trees. In a few areas, it is used for pasture or crops. This
soil has good potential as habitat for wetland wildlife. It
has poor potential for woodland, crops, and pasture.

Because this soil is frequently flooded, it generally is
not used for cultivated crops. Flooding and frost action
are major hazards. Wetness and lack of adequate
drainage outlets are major management problems. These
hazards and management problems make the use of this
soil for crops impractical.

If this soil is used for pasture, flooding is the major
hazard. Grazing is restricted in wet periods.

If this soil is used for trees, windthrow is the major
hazard. Seedling mortality, equipment limitations, and
plant competition are major management problems. This
soil is flooded or is wet throughout much of the year,
which causes trees to blow down during storms and
seedling losses to be high. The use of heavy equipment
for planting and harvesting trees is restricted. Sites must
be intensively prepared and maintained because the
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growth of undesirable trees and shrubs hinders the natu-
ral regeneration or restocking of desirable trees.

This soil has severe limitations for most engineering
uses, because of wetness, flooding, frost action, excessive
clay, and slow percolation. For local roads and streets to
function properly, the surface layer of the Saranac soil
should be covered with suitable base material. Capability
subclass Vw, Michigan soil management group L-2c.

SeA—Selfridge loamy sand, 0 to 2 percent slopes.
This is a nearly level, somewhat poorly drained soil on
low knolls and ridges. It is subject to rare flooding. Slopes
are slightly convex and are less than 50 feet long. The
areas are irregular in shape and are 2 to 80 acres in size.

Typically, the surface layer is very dark grayish brown
loamy sand about 9 inches thick. The subsoil is mottled,
and it is about 27 inches thick. The upper part is brown,
very friable loamy sand, 13 inches thick. The middle part
is light yellowish brown, loose sand, 10 inches thick. The
lower part is brown, friable loam, 4 inches thick. The sub-
stratum, to a depth of 60 inches, is brown and grayish
brown, mottled, calcareous clay loam. In small areas of
the Maple River State Game Area in Fulton Township, a
soil similar to this Selfridge soil has many cobbles and
some stones on the surface layer and in the subsoil.

Included with this soil in mapping are small areas of
Capac, Metamora, and Dixboro soils on low knolls and
ridges. These soils make up 5 to 13 percent of the mapped
areas. They have a higher available water capacity in the
upper part of the solum than the Selfridge soil. Also in-
cluded are small areas of poorly drained and very poorly
drained Parkhill, Belleville, and Corunna soils in flat
depressions and drainageways; and the well drained
Metea soil on higher knolls and ridges. These soils make
up 1 to 8 percent of the mapped areas.

Permeability is rapid in the sandy upper part and
moderate or moderately slow in the loamy lower part.
The available water capacity is moderate. Runoff is slow.

This soil is used mostly for crops. In a few areas, it is
used for pasture, or it is in native vegetation, including
trees. This soil has good potential for pasture and as
habitat for woodland wildlife. It has fair potential for
crops, woodland, and recreation use.

If this soil is used for cultivated crops, removing excess
water in wet periods, conserving soil moisture in dry
periods, controlling soil blowing, and maintaining high or-
ganic-matter content are major management require-
ments. Artificial drainage is needed to remove excess
water. Stubble mulching, and using minimum tillage,
cover crops, buffer strips, and windbreaks are practices
that help control soil blowing. Frequent additions of crop
residue, manure, and green manure help maintain content
of organic matter. Crop residue and minimum tillage also
conserve moisture.

If this soil is used for pasture, wetness in spring and
droughtiness in dry summers are major management

problems. Grazing is restricted in wet periods, and
growth is reduced in dry periods.

If this soil is used for trees, equipment limitations,
seedling mortality, and plant competition are the major
management problems. The use of heavy equipment for
planting and harvesting trees is restricted during wet
periods in spring. Some plant seedling losses can be ex-
pected during dry summers. Sites must be intensively
prepared and maintained, because the growth of undesira-
ble trees and shrubs hinders natural regeneration or
restocking of desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches and tile drains. Dwellings and small
commercial buildings with basements should not be con-
structed on this soil. Footings and foundations should be
designed to prevent structural damage caused by frost
action and by shrink-swell potential. The sandy surface
layer of this soil will cave in shallow excavations. Con-
structing retaining walls, maintaining the proper slope
grade, and removing excess water from the excavation
can prevent this. Capability subclass ITIw, Michigan soil
management group 4/2b.

Sk—Sickles loamy sand. This is a nearly level, poorly
drained and very poorly drained soil in broad, flat areas;
in swamps; and in drainageways. The areas are irregular
in shape and are 2 to 200 acres in size.

Typically, the surface layer is black loamy sand about 9
inches thick. The substratum, to a depth of 25 inches, is
dark gray, very friable loamy sand; and to a depth of 36
inches, is gray, loose sand. Below that, the substratum, to
a depth of 60 inches, is gray, calcareous silty clay.

Included with this soil in mapping are small areas of
Lenawee, Toledo, Wauseon, and Kingsville soils in broad,
flat areas; in swamps; and in drainageways. These soils
make up 0 to 15 percent of the mapped areas. The
Lenawee, Toledo, and Wauseon soils have a higher availa-
ble water capacity in the upper part of the profile and the
Kingsville soil has a lower available water capacity than
the Sickles soil. Also included are small areas of
somewhat poorly drained Arkona and Tedrow soils on low
knolls and ridges; they make up 0 to 5 percent of the
mapped areas.

Permeability is rapid in the sandy upper part and slow
in the clayey lower part. The available water capacity is
low. Runoff is very slow or ponded.

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for crops and pasture. This soil
has good potential for pasture. It has fair potential for
crops, and as habitat for wetland wildlife. It has poor
potential for woodland.

If this soil is used for cultivated crops, removing excess
water in wet periods, conserving soil moisture in dry
periods, controlling soil blowing, and maintaining high or-
ganic-matter content are major management require-
ments. Artificial drainage is needed to remove excess
water. The use of minimum tillage, stubble mulch, cover
crops, buffer strips, and windbreaks help control soil
blowing. Frequent additions of crop residue, manure, and
green manure help maintain content of organic matter.
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Crop residue and minimum tillage also conserve moisture.
Legumes need additional applications of lime.

If this soil is used for pasture, excess water in wet
periods and droughtiness in dry summers are major
management problems. Artificial drainage is needed to
remove excess water. Grazing is restricted in wet periods,
and growth is reduced in dry periods.

If this soil is used for trees, windthrow is the major
hazard. Seedling mortality, equipment limitations, and
plant competition are major management problems.
Because of wetness, seedling losses are high, and trees
blow down during storms. The use of heavy equipment
for planting and harvesting trees is restricted in wet
periods. Sites must be intensively prepared and main-
tained, because the growth of undesirable trees and
shrubs hinders the natural regeneration or restocking of
desirable trees.

This soil has severe limitations for engineering uses,
because of wetness, seepage, and caving of cutbanks.
Using a sealer or restrictive layer of impervious material
reduces seepage. Constructing retaining walls, maintain-
ing the proper slope grade, and removing excess water
help reduce caving of cutbanks. Using surface ditches and
tile drains and connecting sanitary facilities to commercial
sewers and treatment facilities help reduce wetness.
Capability subclass IIIw, Michigan soil management
group 4/1c.

Sn—Sloan loam, wet. This is a nearly level, very
poorly drained soil on flood plains. It is subject to
frequent flooding. The areas are irregular in shape and
are 2 to 200 acres in size.

Typically, the surface layer is about 20 inches thick.
The upper part of the surface layer is very dark brown
loam about 11 inches, and the lower part is dark gray
loam about 9 inches thick. The subsoil is about 27 inches
thick. The upper part of the subsoil is very dark gray,
mottled, firm loam 11 inches thick. The middle part is
black, friable silt loam 4 inches thick. The lower part is
gray, mottled, friable silt loam 12 inches thick. The sub-
stratum, to a depth of 60 inches, is gray, mottled, calcare-
ous, stratified sandy loam and silt loam. In some places,
the substratum is gravelly sand.

Included with this soil in mapping are small areas of
the somewhat poorly drained Ceresco soil and a soil
similar to the Sloan soil, except it is somewhat poorly
drained. These soils are on low knolls and ridges on the
flood plain, and they make up 1 to 5 percent of the
mapped areas. Also included are small areas of Cohoctah
and Palms soils on flood plains; they make up 1 to 9 per-
cent of the mapped areas. The Cohoctah soil has a lower
available water capacity, and the Palms soil has a higher
available water capacity than this Sloan soil.

Permeability is moderate or moderately slow, and the
available water capacity is high. Runoff is very slow or
ponded.

This soil is mostly in permanent vegetation, including
trees. In a few areas, it is used for pasture or crops. This
soil has good potential as habitat for woodland and wet-
land wildlife. It has poor potential for crops and pasture.

This soil generally is not used for cultivated crops.
Flooding and frost action are major hazards. Excess
water and the lack of adequate drainage outlets are major
management problems. Methods to reduce these
problems, although they are not economically feasible, in-
clude the construction of dikes, installation of artificial
drainage, and the use of lift pumps.

If this soil is used for pasture, flooding is the major
hazard. This soil will flood or have excess water
throughout much of the year. Grazing is restricted in wet
periods. Pasture plants that are more tolerant of wetness
should be selected.

If this soil is used for trees, windthrow is the major
hazard. Seedling mortality, equipment limitations, and -
plant competition are major management problems. This
soil floods or is wet throughout much of the year, causing
trees to blow down during storms and seedling losses to
be high. Use of heavy equipment for planting and har-
vesting trees is restricted. Sites must be intensively
prepared and maintained, because the growth of undesira-
ble trees and shrubs hinders the natural regeneration or
restocking of desirable trees.

This soil has severe limitations for most engineering
uses. For local roads and streets to function properly, the
surface layer of the Sloan soil should be covered with
suitable base material. Capability subelass Vw, Michigan
soil management group L-2c.

SpB—Spinks loamy sand, 0 to 6 percent slopes. This
is a nearly level and gently sloping, well drained soil on
foot slopes, knolls, and ridges. Slopes are smooth and con-
vex and are less than 100 feet long. The areas are irregu-
lar in shape and are 2 to 100 acres in size.

Typically, the surface layer is dark grayish brown
loamy sand about 9 inches thick. The subsurface layer is
yellowish brown, loose sand about 11 inches thick. The
next layer is yellowish brown loose sand with bands of
dark brown, very friable loamy sand about 26 inches
thick. The substratum, to a depth of 60 inches, is pale
brown sand. In some places, the slope exceeds 6 percent.
In some areas, there is gravelly sand below 24 inches.

Included with this soil in mapping are small areas of
Arkport soils that are slightly lower in elevation or are on
foot slopes, knolls, and ridges. These soils make up 5 to 15
percent of the mapped areas. The Arkport soil has a
higher available water capacity than the Spinks soil. Also
included are small areas of somewhat poorly drained
Tedrow and Riverdale soils on low knolls and ridges at a
lower elevation than the Spinks soil. These soils make up
1 to 8 percent of the mapped areas. Small areas of soils
similar to the Spinks soil, except they are moderately well
drained and are generally on the lower slopes, are also in-
cluded. These soils make up 5 to 13 percent of the
mapped areas.

Permeability is moderately rapid or rapid, and the
available water capacity is low. Runoff is slow.

This soil is used mostly for crops. In a few areas, it is
used for pasture, or it is in permanent vegetation, includ-
ing trees. This soil has good potential for pasture,
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woodland, and as habitat for woodland wildlife. It has fair
potential for crops and recreation uses.

If this soil is used for cultivated crops, soil blowing and
droughtiness are major problems. The major management
requirements are controlling soil blowing, maintaining
high organic-matter content, and conserving moisture.
Practices that help control soil blowing are stubble
mulching and using minimum tillage, cover crops, buffer
strips, and windbreaks. Frequent additions of crop
residue, manure, and green manure help maintain content
of organic matter. Crop residue and minimum tillage also
conserve soil moisture. Legumes need additional applica-
tions of lime.

If this soil is used for pasture, droughtiness is the
major hazard. Growth is reduced during dry summers.
The use of deep-rooted, drought-resistant plants will help
overcome droughtiness.

If this soil is used for trees, seedling mortality is a
moderate management problem. Some seedling losses can
be expected during dry summers.

This soil has slight limitations for many engineering
uses, such as septic tank absorption fields, dwellings,
small commerecial buildings, and local roads and streets. It
has severe limitations for shallow excavations because the
cutbanks cave, and for sewage lagoons and sanitary land-
fills because it percolates rapidly and causes seepage.
Methods to prevent caving of cutbanks include construct-
ing retaining walls and maintaining the proper slope
grade. Using a sealer or restrictive layer of impervious
material can reduce seepage. Capability subclass IIIs,
Michigan soil management group 4a.

SpC—Spinks loamy sand, 6 to 12 percent slopes. This
is a moderately sloping or gently rolling, well drained soil
on knolls and ridgetops. Slopes are smooth and convex
and are generally less than 100 feet long. The areas are
irregular in shape and are 2 to 100 acres in size.

Typically, the surface layer is dark grayish brown
loamy sand about 9 inches thick. The subsurface layer is
yellowish brown, loose sand about 11 inches thick. The
next layer is light yellowish brown, loose sand with bands
of dark brown, very friable loamy sand about 23 inches
thick. The substratum, to a depth of 60 inches, is pale
brown sand. In some places, the slopes are less than 6
percent or they exceed 12 percent. In some areas, there is
gravelly sand below 30 inches.

Included with this soil in mapping are small areas of
Arkport soils on knolls and ridgetops; they make up 5 to
12 percent of the mapped areas. These soils have a higher
available water capacity than the Spinks soils. Also in-
cluded are small areas of somewhat poorly drained
Tedrow and Riverdale soils on foot slopes and in
drainageways; they make up 2 to 8 percent of the mapped
areas.

Permeability is moderately rapid or rapid, and the
available water capacity is low. Runoff is medium.

This soil is used mostly for crops, or it is in permanent
vegetation, including trees. In a few areas, it is used for
pasture. This soil has good potential for pasture,

woodland, and as habitat for woodland wildlife. It has fair
potential for crops and recreational uses.

If this soil is used for cultivated crops, erosion, soil
blowing, and droughtiness are major problems. The major
management requirements are controlling runoff and ero-
sion, maintaining high organic-matter content, and con-
serving moisture. Stubble mulching and using crop rota-
tions with hay, minimum tillage, cover crops, buffer
strips, and windbreaks are practices that help control soil
blowing. Using cover crops, minimum tillage, and sod
waterways help control runoff and erosion. Frequent ad-
ditions of crop residue, manure, and green manure help
maintain content of organic matter. Crop residue and
minimum tillage also conserve soil moisture. Legumes
need additional applications of lime.

If this soil is used for pasture, droughtiness is the
major hazard. Growth is reduced in dry summers. The use
of deep-rooted, drought-resistant plants will help over-
come droughtiness.

If this soil is used for trees, seedling mortality is a
moderate management problem. Some seedling losses can
be expected in dry summers.

This soil has moderate or severe limitations for most
engineering uses, because of slope, seepage, and caving of
cutbanks. Methods of reducing the slope limitation include
landforming and contouring roads and streets. Using a
sealer or restrictive layer of impervious material reduces
seepage. Constructing retaining walls and maintaining the
proper slope grade prevent the caving of cutbanks. Capa-
bility subclass IIIe, Michigan soil management group 4a.

TdA—Tedrow loamy sand, 0 to 2 percent slopes. This
is a nearly level, somewhat poorly drained soil on low
knolls and ridges. Slopes are slightly convex and are less
than 50 feet long. The areas are irregular in shape and
are 2 to 200 acres in size.

Typically, the surface layer is very dark grayish brown
loamy sand about 9 inches thick. The subsoil is mottled,
loose sand, and it is about 36 inches thick. The upper part
of the subsoil is yellowish brown, 8 inches thick; the mid-
dle part is brown, 12 inches thick; and the lower part is
pale brown, 16 inches thick. The substratum, to a depth of
60 inches, is light brownish gray, calcareous sand. In some
places, the subsoil and substratum contain thin bands of
loamy sand, gravelly sand, or light sandy loam, or they
have a higher percentage of pebbles. Also in some places,
there is gravelly sand below 26 inches.

Included with this soil in mapping -are small areas of
poorly drained and very poorly drained Kingsville,
Sickles, and Belleville soils in depressions and
drainageways. These soils make up 2 to 8 percent of the
mapped areas. Also included are small areas of the well
drained Oakville soil on slightly higher knolls and ridges;
they make up 2 to 10 percent of the mapped areas.

Permeability is rapid, and the available water capacity
is low. Runoff is slow.

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for crops or pasture. This soil
has good potential for pasture and fair potential for
woodland. It has poor potential for crops.
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‘If this soil is used for cultivated crops, removing excess
water during wet periods in spring, conserving moisture
during dry summers, controlling soil blowing, and main-
taining high organic-matter content are major manage-
ment requirements. Artificial drainage is needed to
remove excess water. Stubble mulching and using
minimum tillage, cover crops, buffer strips, and wind-
breaks are practices that help control soil blowing.
Frequent additions of crop residue, manure, and green
manure help maintain content of organic matter. Crop
residue and minimum tillage also conserve moisture.
Legumes need additional applications of lime.

If this soil is used for pasture, excess water during wet
periods in spring and droughtiness during dry summers
are major management problems. Grazing is restricted in
wet periods, and growth is reduced in dry periods.

If this soil is used for trees, seedling mortality and
plant competition are major problems. Some seedling
losses can be expected because of droughtiness during
dry summers. Sites must be intensively prepared and
maintained because the growth of undesirable trees and
shrubs hinders natural regeneration or restocking of
desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches and tile drains. Lawns need a cover
of loamy topsoil and should be watered frequently.
Cleared areas around construction sites should be pro-
tected from soil blowing by mulching, spraying with
asphalt, netting, seeding with grass, establishing sod that
is properly fertilized, planting clumps of grass, keeping
cleared areas to a minimum size, or constructing wind-
break or snow fences. Removing excess water, construct-
ing retaining walls, and maintaining the proper slope
grade can prevent caving of cutbanks in shallow excava-
tions. The included well drained Oakville soil is on a
slightly higher elevation than this Tedrow soil and is
better suited to some engineering uses. Capability sub-
class ITIw, Michigan soil management group 5b.

TeA—Tedrow loamy sand, loamy substratum, 0 to 2
percent slopes. This is a nearly level, somewhat poorly
drained soil on low knolls and ridges. Slopes are slightly
convex and are less than 50 feet long. The areas are ir-
regular in shape and are 2 to 50 acres in size.

Typiecally, the surface layer is very dark grayish brown
loamy sand about 9 inches thick. The subsoil is loose sand,
and it is about 44 inches thick. The first layer is yellowish
brown, the second layer is light yellowish brown and mot-
tled, the third layer is brown and mottled, and the fourth
layer is grayish brown and mottled. The substratum, to a
depth of 60 inches, is light grayish brown, mottled, cal-
careous clay loam. Included in some places is a soil similar
to Tedrow soils, except it has cobbles in the surface layer
ahd in the upper part of the subsoil. Also, in some places,
the lower part of the subsoil is heavy loam sand, or the
sandy material extends to a depth of 60 inches or more.

Included with this soil in mapping are small areas of
Selfridge and Dixboro soils on low knolls and ridges.

These soils make up 1 to 8 percent of the mapped areas.
They have a higher available water capacity in the solum
than the Tedrow loamy substratum soil. Also included are
small areas of poorly drained and very poorly drained
Kingsville and Belleville soils in depressions and
drainageways; they also make up 1 to 8 percent of the
mapped areas.

Permeability is rapid in the sandy upper part and
moderately slow in the loamy lower part. The available
water capacity is moderate.

This soil is used mostly for crops, or it is in native
vegetation, including trees. It has good potential for
pasture. It has fair potential for crops and woodland and
as habitat for openland, woodland, and wetland wildlife.

If this soil is used for cultivated crops, removing excess
water during wet periods in spring, conserving moisture
during dry summers, controlling soil blowing, and main-
taining high organic-matter content are major manage-
ment requirements. Artificial drainage is needed to
remove excess water. Stubble mulching and using
minimum tillage, cover crops, buffer strips, and wind-
breaks are practices that help control soil blowing.
Frequent additions of crop residue, manure, and green
manure are needed to maintain content of organic matter.
Crop residue and minimum tillage also conserve moisture.
Legumes need additional applications of lime.

If this soil is used for pasture, excess water during wet
periods in spring and droughtiness during dry summers
are major management problems. Grazing is restricted in
wet periods, and growth is reduced in dry periods.

If this soil is used for trees, equipment limitations,
seedling losses, and plant competition are major problems.
The use of heavy equipment for planting and harvesting
trees is restricted during wet periods in spring. Some
seedling losses can be expected, because of droughtiness
in dry summers. Sites must be intensively prepared and
maintained because the growth of undesirable trees and
shrubs hinders natural regeneration or restocking of
desirable trees.

This soil has severe limitations for most engineering
uses. It has moderate limitations for dwellings without
basements, small commercial buildings, and local roads
and streets. The major limitations of the soil for urban
use include wetness and caving of cutbanks. Using sur-
face ditches and tile drains helps to reduce wetness.
Cleared areas around construction sites should be pro-
tected from soil blowing by mulching, spraying with
asphalt, netting, seeding with grass, establishing sod that
is properly fertilized, planting clumps of grass, keeping
cleared areas to a minimum size, or constructing wind-
breaks or snow fences. Constructing retaining walls,
maintaining the proper slope grade, and removing excess
water from excavations help prevent caving of cutbanks.
Capability subclass IIIw, Michigan soil management
group 5/2b.

Th—Thomas muck. This is a nearly level, poorly
drained and very poorly drained soil in broad, flat areas;
in swamps; and in drainageways. It is subject to occa-
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sional flooding. The areas are irregular in shape and are 5
to 120 acres in size.

Typically, the surface layer is black muck about 9
inches thick. The subsoil is dark gray, mottled, firm clay
loam about 8 inches thick. The substratum, to a depth of
60 inches, is gray, mottled, and calcareous. The upper part
is clay loam, and the lower part is loam. In some places,
the subsoil and substratum have coarser textured layers.
Also, in some places the subsoil contains a thin layer of
organic material, or there is a thin layer of sedimentary
peat directly below the organie surface layer.

Included with this soil in mapping are small areas of
Martisco and Palms soils in broad, flat areas; in swamps;
and in drainageways. These soils make up 0 to 15 percent
of the mapped areas. The Martisco soil has variable
available water capacity in the marl and the Palms soil
has a very high available water capacity in the organic
materials to a greater depth than this Thomas soil.

Permeability is moderately slow or slow, and the availa-
ble water capacity is high. Runoff is very slow or ponded.

This soil is used mostly for pasture, or it is in native
vegetation, including trees. In a few areas, it is used for
crops. This soil has good potential for crops and pasture
and as habitat for wetland wildlife. It has poor potential
for woodland.

If this soil is used for cultivated crops, excess water
and the lack of adequate drainage outlets are major
management problems. Frost is the major hazard. Instal-
lation of artificial drainage and lift pumps is a method of
overcoming these problems.

If this soil is used for pasture, wetness is the major
problem. Grazing is restricted in wet periods. Pasture
plants that are more tolerant of wetness should be
selected.

If this soil is used for trees, equipment limitations,
seedling mortality, windthrow, and plant competition are
major management problems, because of wetness. The
use of heavy equipment for planting and harvesting trees
is restricted in wet periods. Seedling losses are high, and
trees may blow down during storms. Sites must be inten-
sively prepared and maintained because the growth of un-
desirable trees and shrubs hinders the natural regenera-
tion or restocking of desirable trees.

This soil has‘severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches and tile drains. Footings and foun-
dations should be designed to prevent structural damage
caused by frost action. The organic layers of the soil
should be replaced with suitable base material. Capability
subclass ITw, Michigan soil management group 1.5c-c.

Tm—Tobico muck. This is a nearly level, poorly
drained and very poorly drained soil in broad, flat areas
and drainageways. It is subject to frequent flooding. The
areas are irregular in shape and are 2 to 300 acres in size.

Typically, the surface layer is black muck about 9
inches thick. The substratum, to a depth of 60 inches, is
dark gray, grayish brown, and gray, mottled, calcareous
sand. Included are some areas in which the organic

material is 10 to 16 inches thick. Also, in many places the
upper part of the substratum is loamy sand or loamy fine
sand.

Included with this soil in mapping are small areas of
Adrian, Gilford, and Lamson soils in broad, flat areas and
drainageways. These soils make up 1 to 15 percent of the
mapped areas. They have a higher available water capaci-
ty to greater depths than this Tobico soil.

Permeability is very rapid, and the available water
capacity is low. Runoff is very slow or ponded.

This soil is mostly in permanent vegetation, including
trees. In a few areas, it is used for pasture or crops. This
soil has good potential for pasture. It has fair potential
for crops and as habitat for wetland wildlife. It has poor
potential for woodland.

If this soil is used for cultivated crops, removing excess
water and controlling soil blowing are major management
requirements. Artificial drainage helps remove excess
water. Stubble mulching and using minimum tillage, cover
crops, buffer strips, and windbreaks are practices that
help control soil blowing (fig. 4). In areas where the or-
ganic layer is thin, soil blowing may expose the less fer-
tile, sandy substratum.

If this soil is used for pasture, removing excess water
is the major management requirement. Grazing is
restricted in wet periods. Artificial drainage helps remove
excess water and thereby increase yields. Pasture plants
that are more tolerant of wetness should be selected.

If this soil is used for trees, windthrow is the major
hazard. Seedling mortality, equipment limitations, and
plant competition are major management problems.
Because of wetness, seedling losses are high, and trees
may blow down during storms. The use of heavy equip-
ment for planting and harvesting trees is restricted in
wet periods. Sites must be intensively prepared and main-
tained because the growth of undesirable trees and
shrubs hinders natural regeneration or restocking of
desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches and tile drains. For local roads and
streets to function properly, the organic layer of the To-
bico soil should be removed and replaced with suitable
base material. Removing excess water, constructing
retaining walls, and maintaining the proper slope grade
can prevent caving of cutbanks in shallow excavations.
Capability subclass IIIw, Michigan soil management
group He-c.

To—Toledo clay loam. This is a nearly level, very
poorly drained soil in broad, flat areas and drainageways.
The areas are irregular in shape and 5 to 500 acres in
size.

Typically, the surface layer is dark grayish brown clay
loam about 9 inches thick. The subsoil is mottled, and it is
about 39 inches thick. The upper part of the subsoil is
dark gray, firm clay loam 4 inches thick; the middle part
is gray, firm silty clay 6 inches thick; and the lower part
is gray, very firm silty clay 29 inches thick. The sub-
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stratum, to a depth of 60 inches, is gray, very firm cal-
careous silty clay. In some places, the substratum, below
50 inches, is stratified very fine sand and silt.

Included with this soil in mapping are small areas of
Sickles soil in depressions and drainageways, and
somewhat poorly drained Pert and Arkona soils on low
knolls and ridges. These soils make up 2 to 10 percent of
the mapped areas. The Sickles soil has a lower available
water capacity than this Toledo soil.

Permeability is slow, and the available water capacity is
moderate. Runoff is very slow or ponded (fig. 5).

This soil is used mostly for crops. In a few areas, it is
used for pasture, or it is in native vegetation, including
trees. This soil has good potential for pasture and as
habitat for wetland wildlife. It has fair potential for crops
and woodland.

_If this soil is used for cultivated crops, removing excess
water and maintaining good tilth are major management
requirements. Surface and subsurface drainage must be
provided because of the high water table and the slow
permeability. Tilling within the proper range of moisture
content, using minimum tillage, and incorporating crop
residue into the plow layer are practices that help main-
tain good tilth.

If this soil is used for pasture, removing excess water
and maintaining good soil structure and tilth are major
management requirements. Artificial drainage helps
remove excess water. Restricted grazing in wet periods
reduces compaction of the surface layer and maintains
soil structure.

If this soil is used for trees, windthrow is the major
hazard. Seedling mortality, equipment limitations, and
plant competition are major management problems.
Because of wetness, seedling losses are high, and some
trees blow down during storms. The use of heavy equip-
ment for planting and harvesting trees is restricted in
wet periods. Sites must be intensively prepared and main-
tained, because the growth of undesirable trees and
shrubs hinders the natural regeneration or restocking of
desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches or tile drains. Dwellings and small
buildings with basements should not be constructed on
this soil. Footings and foundations should be designed to
prevent structural damage caused by frost action and by
shrinking and swelling. For local roads and streets to
function properly, the surface layer of the Toledo soil
should be replaced or covered with suitable base material.
Capability subclass IIIw, Michigan soil management
group lc.

Ts—Toledo-Sickles complex. This map unit consists of
nearly level, poorly drained and very poorly drained soils
in broad, flat areas and in drainageways. The areas are ir-
regular in shape and are 2 to 300 acres in size. The Toledo
soil makes up about 55 to 65 percent of this map unit and
the Sickles soil makes up 25 to 30 percent. These soils are

so intricately mixed, or so.small in extent, that it is not-

practical to separate them at the scale used for mapping.

Typically, the surface layer of the Toledo soil is dark
grayish brown clay loam about 9 inches thick. The subsoil
is gray, mottled, very firm silty clay about 39 inches
thick. The substratum, to a depth of 60 inches, is gray,
calcareous silty clay. In some places, the surface layer is
loamy sand.

Typically, the surface layer of the Sickles soil is black
loamy sand about 9 inches thick. The substratum, to a
depth of 25 inches, is dark gray, very friable loamy sand;
and to a depth of 36 inches, is gray, loose sand. Below
that, the substratum, to a depth of 60 inches, is gray, cal-
careous silty clay.

Included with these soils in mapping are small areas of
somewhat poorly drained Pert and Arkona soils on low
knolls and ridges; they make up 1 to 8 percent of the
mapped areas.

Permeability is slow in the Toledo soil; and in the
Sickles soil, it is rapid in the sandy upper part and slow in
the clayey lower part. The available water capacity is
moderate in the Toledo soil and low in the Sickles soil.
Runoff is very slow or ponded.

These soils are used mostly for crops. In a few areas,
they are used for pasture, or they are in native vegeta-
tion, including trees. These soils have good potential for
pasture and as habitat for wetland wildlife. They have
fair potential for crops and woodland. }

If these soils are used for cultivated crops, removing
excess water is the major management requirement.
Maintaining good tilth in the Toledo soil and conserving
soil moisture during dry periods, controlling soil blowing,
and maintaining high organic-matter content in the
Sickles soil are also major management requirements.
Surface and subsurface drainage should be used to
remove excess water. Tilling within the proper range of
moisture content, using minimum tillage, and incorporat-
ing crop residue into the plow layer are practices that
help maintain good tilth in the Toledo soil. Stubble
mulching and using minimum tillage, cover crops, buffer
strips, and windbreaks are practices that help control soil
blowing on the Sickles soil. Frequent additions of crop
residue, manure, and green manure are needed to main-
tain content of organic matter in the Sickles soil. Crop
residue and minimum tillage also conserve moisture in the
Sickles soil. The clayey material in the Toledo soil has a
narrower range of proper moisture content for tillage.
Therefore, this soil can only be tilled when the clayey
material is at the proper moisture content. Also, tillage
equipment penetrates the sandy material more than the
clayey material. Therefore, the depth of plowing, seed
placement, and cultivation will be greater in the sandy
material of the Sickles soil.

If these soils are used for pasture, removing excess
water is the major management requirement. In addition,
maintaining good soil structure and tilth are management
requirements for the Toledo soil. Artificial drainage helps
remove excess water. Restricted grazing in wet periods
reduces compaction of the surface layer and maintains
soil structure. Pasture plants that are tolerant of wetness
should be selected.
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If these soils are used for trees, windthrow is the
major hazard. Seedling mortality, equipment limitations,
and plant competition are major management problems.
Because of wetness, seedling losses are high, and trees
blow down during storms. The use of heavy equipment
for planting and harvesting trees is restricted in wet
periods. Sites must be intensively prepared and main-
tained, because the growth of undesirable trees and
shrubs hinders the natural regeneration or restocking of
desirable trees.

These soils have severe limitations for most engineer-
ing uses. For such uses, they must be artificially drained
by using surface ditches or tile drains. Dwellings and
small buildings with basements should not be constructed
on this soil. Footings and foundations should be designed
to prevent structural damage caused by frost action and
by shrinking and swelling. For local roads and streets to
function properly, the clay loam surface layer of the
Toledo soil should be replaced or covered with suitable
base material. Constructing retaining walls, maintaining
the proper slope grade, and removing excess water
reduces caving of cutbanks in shallow excavations in the
Sickles soil. Capability subelass IIIw, Michigan soil
management group lc-4/1c.

Ve—Vestaburg loamy sand. This is a nearly level,
poorly drained and very poorly drained soil in broad, flat
areas and in drainageways. It is subject-to frequent flood-
ing. The areas are irregular in shape and are 2 to 600
acres in size.

Typically, the surface layer is very dark brown loamy
sand about 8 inches thick. The substratum, to a depth of
25 inches, is gray, mottled sand. Below that, to a depth of
60 inches, it is grayish brown, calcareous gravelly sand.

Included with this soil in mapping are small areas of
Gilford and Belleville soils in depressions and
drainageways. These soils make up 1 to 8 percent of the
mapped areas. They have a higher available water capaci-
ty than this Vestaburg soil. Also included are small areas
of somewhat poorly drained Riverdale and Tedrow soils
on low knolls and ridges; they make up 1 to 5 percent of
the mapped areas.

Permeability is rapid, and the available water capacity
is low. Runoff is very slow or ponded.

This soil is mostly in native vegetation, including trees.
In a few areas, it is used for crops or pasture. This soil
has good potential for pasture. It has fair potential for
crops and as habitat for wetland wildlife. It has poor
potential for woodland.

If this soil is used for cultivated crops, removing excess
water in wet periods, conserving soil moisture in dry
periods, controlling soil blowing, and maintaining high or-
ganic-matter content are major management require-
ments. Artificial drainage can help remove excess water.
Open ditches are difficult to maintain and tile is difficult
to install, because the cutbanks cave in. Stubble mulching
and using minimum tillage, cover crops, buffer strips, and
windbreaks are practices that help control soil blowing.
Frequent additions of crop residue, manure, and green

manure are needed to maintain content of organic matter.
Crop residue and minimum tillage also conserve moisture.
Legumes need additional applications of lime.

If this soil is used for pasture, excess water in wet
periods and droughtiness in dry periods are major
management problems. Artificial drainage can help
remove excess water. Grazing is restricted in wet periods,
and growth is reduced in dry periods.

If this soil is used for trees, windthrow is the major
hazard. Seedling mortality, equipment limitations, and
plant competition are the major management problems.
Because of wetness, seedling losses are high, and some
trees blow down during storms. The use of heavy equip-
ment for planting and harvesting trees is restricted in
wet periods. Sites must be intensively prepared and main-
tained because the growth of undesirable trees and
shrubs hinders the natural regeneration or restocking of
desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches and tile drains. For local roads and
streets to function properly, the surface layer of the
Vestaburg soil should be covered with suitable base
material. Removing excess water, constructing retaining
walls, and maintaining the proper slope grade can prevent
caving of cutbanks in shallow excavations. Capability sub-
class ITIw, Michigan soil management group 5c.

Wa—Wauseon sandy loam. This is a nearly level, very
poorly drained soil in broad, flat areas and in
drainageways. The areas are irregular in shape and 2 to
100 acres in size.

Typically, the surface layer is very dark grayish brown
sandy loam about 11 inches thick. The subsoil is gray,
mottled, friable sandy loam about 21 inches thick. The
substratum, to a depth of 60 inches, is gray, mottled, cal-
careous silty clay loam and silty clay.

Included with this soil in mapping are small areas of
Lenawee, Sickles, and Lamson soils in broad, flat areas
and in drainageways. These soils make up 2 to 10 percent
of the mapped areas. The Lenawee soil has a higher
available water capacity, and the Sickles soil has a lower
available water capacity than this Wauseon soil. Also in-
cluded are small areas of somewhat poorly drained Ar-
kona and Pert soils on low knolls and ridges; they make
up 1 to 5 percent of the mapped areas.

Permeability is rapid in the loamy upper part and very
slow in the clayey lower part. The available water capaci-
ty is moderate. Runoff is very slow or ponded.

This soil is used mostly for crops. In a few areas, it is
used for pasture, or it is in native vegetation, including
trees. This soil has good potential for crops, pasture, and
as habitat for woodland and wetland wildlife.

If this soil is used for cultivated crops, removing excess
water is the major management problem. Artificial
drainage helps increase crop yields.

If this soil is used for pasture, removing excess water
is the major management problem. Restricted grazing in
wet periods prevents compaction of the surface layer. Ar-
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tificial drainage helps increase yields. Pasture plants that
are more tolerant of wetness should be selected.

If this soil is used for trees, windthrow is the major
hazard. Seedling mortality, equipment limitations, and
plant competition are major management problems.
Because of wetness, seedling losses are high, and trees
may blow down during storms. The use of heavy equip-
ment for planting and harvesting trees is restricted in
wet periods. Sites must be intensively prepared and main-
tained because the growth of undesirable trees and
shrubs hinders natural regeneration or restocking of
desirable trees.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches and tile drains. Footings and foun-
dations should be designed to prevent structural damage
caused by frost action. For local roads and streets to
function properly, the surface layer of the Wauseon soil
should be replaced or covered with suitable base material.
Capability subelass IIlw, Michigan soil management
group 3/1c.

WxA—Wixom loamy sand, 0 to 2 percent slopes. This
is a nearly level, somewhat poorly drained soil on low
knolls and ridges. It is subject to rare flooding. Slopes are
slightly convex and are less than 50 feet long. The areas
are irregular in shape and are 2 to 50 acres in size.

Typically, the surface layer is very dark gray loamy
sand about 10 inches thick. The subsurface layer is light
brownish gray sand about 6 inches thick. The subsoil is
mottled, and it is about 26 inches thick. In sequence from
the top, it is dark brown, loose sand, 8 inches thick;
brownish yellow, loose sand 9 inches thick; light yellowish
brown, very friable loamy sand 5 inches thick; and gray-
ish brown, firm clay loam 4 inches thick. The substratum,
to a depth of 60 inches, is grayish brown, calcareous clay
loam with yellowish brown mottles.

Included with this soil in mapping are small areas of
Dixboro and Capac soils, on low knolls and ridges. These
soils make up 1 to 8 percent of the mapped areas. They
have a higher available water capacity than this Wixom
soil. Also included are small areas of poorly drained and
very poorly drained Belleville, Parkhill, and Corunna soils
in depressions; they make up 1 to 8 percent of the
mapped areas.

Permeability is rapid in the sandy upper part and
moderately slow in the loamy material. The available
water capacity is low. Runoff is slow.

This soil is used mostly for crops or unimproved
pasture. In a few areas, it is in native vegetation, includ-
ing trees. This soil has fair potential for crops and
woodland. It has good potential for pasture.

If this soil is used for cultivated crops, removing excess
water in wet periods, controlling soil blowing, conserving
moisture in dry periods, and maintaining high organic-
matter content are major management requirements. Ar-
tificial drainage is needed to remove excess water. Stub-
ble mulching and using minimum tillage, cover crops,
buffer strips, and windbreaks are practices that help con-

trol soil blowing. Frequent additions of crop residue,
manure, and green manure are needed to maintain con-
tent of organic matter. Crop residue and minimum tillage
also conserve moisture. Legumes need additional applica-
tions of lime.

If this soil is used for pasture, excess water during wet
periods in spring and droughtiness during dry summers
are major management problems. Grazing is restricted in
wet periods, and growth is reduced in dry periods.

If this soil is used for trees, potential productivity is
medium. Seedling mortality is a moderate limitation
because of the sandy surface layer.

This soil has severe limitations for most engineering
uses. For such uses, it must be artificially drained by
using surface ditches and tile drains. Removing excess
water, constructing retaining walls, and maintaining the
proper slope grade can prevent caving of cutbanks in
shallow excavations. Capability subclass IIIw, Michigan
soil management group 4/2b.

Use and management of the soils

The soil survey is a detailed inventory and evaluation
of the most basic resource of the survey area—the soil. It
is useful in adjusting land use, including urbanization, to
the limitations and potentials of natural resources and the
environment. Also, it can help avoid soil-related failures
in uses of the land.

While a soil survey is in progress, soil scientists, con-
servationists, engineers, and others keep extensive notes
about the nature of the soils and about unique aspects of
behavior of the soils. These notes include data on erosion,
drought damage to specific crops, yield estimates, flood-
ing, the functioning of septic tank disposal systems, and
other factors affecting the productivity, potential, and
limitations of the soils under various uses and manage-
ment. In this way, field experience and measured data on
soil properties and performance are used as a basis for
predicting soil behavior.

Information in this section is useful in planning use and
management of soils for crops and pasture, and woodland;
as sites for buildings, highways, and other transportation
systems; for sanitary facilities; for parks and other
recreation facilities; and for wildlife habitat. From the
data presented, the potential of each soil for specified
land uses can be determined, soil limitations to these land
uses can be identified, and costly failures in houses and
other structures, caused by unfavorable soil properties,
can be avoided. A site where soil properties are favorable
can be selected, or practices that will overcome the soil
limitations can be planned.

Planners and others using the soil survey can evaluate
the impact of specific land uses on the overall productivi-
ty of the survey area or other broad planning area and on
the environment. Productivity and the environment are
closely related to the nature of the soil. Plans should
maintain or create a land-use pattern in harmony with the
natural soil.
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Contractors can find information that is useful in locat-
ing sources of sand and gravel, roadfill, and topsoil. Other
information indicates the presence of bedrock, wetness, or
very firm soil horizons that cause difficulty in excavation.

Health officials, highway officials, engineers, and many
other specialists also can find useful information in this
soil survey. The safe disposal of wastes, for example, is
closely related to properties of the soil. Pavements, side-
walks, campsites, playgrounds, lawns, and trees and
shrubs are influenced by the nature of the soil.

Crops and pasture

The major management concerns in the use of the soils
for crops and pasture are described in this section. In ad-
dition, the crops or pasture plants best suited to the soil,
including some not commonly grown in the survey area,
are discussed; the system of land capability classification
used by the Soil Conservation Service is explained; and
the estimated yields of the main crops and hay and
pasture plants are presented for each soil.

This section provides information about the overall
agricultural potential of the survey area and about the
management practices that are needed. The information is
useful to equipment dealers, land improvement contrac-
tors, fertilizer companies, processing companies, planners,
conservationists, and others. For each kind of soil, infor-
mation about management is presented in the section
“Soil maps for detailed planning.” Planners of manage-
ment systems for individual fields or farms should also
consider the detailed information given in the description
of each soil.

According to the U.S. Census of Agriculture, more than
300,000 acres in the survey area was used for crops and
pasture in 1969. Of this total, 11,000 acres was used for
permanent pasture; 155,000 acres was used for row crops,
mainly dry beans; 25,000 acres was used for close-grown
crops, mainly wheat and oats; 13,000 acres was used for
hay crops; 7,000 acres was used for specialty crops,
mainly sugar beets; and the rest was idle cropland.

Soil drainage is the major management requirement
for about three-fourths of the acreage that is used for
crops and pasture. Drainage of land used for crops im-
proves the air-water relationship in the root zone. Spring
planting, spraying, and harvesting are delayed and weed
control is more difficult where drainage is poor. Properly
designed tile drains or surface drainageways, or both, can
be used to remove excess water (fig. 6). Some soils are
naturally so wet that the production of crops common to
the area generally is not possible. These are the poorly
drained, or very poorly drained, or poorly drained and
very poorly drained Cohoctah, Edwards, Sloan, and
Saranac soils.

Unless artificial drainage is provided, very poorly
drained, poorly drained, and somewhat poorly drained
soils are so wet that crops are damaged during most
years. Examples of these soils are Metamora, Belleville,

Capac, Corunna, Wixom, Arkona, Selfridge, and Dixboro
soils.

Perrinton, Marlette, and Huntington soils have good
natural drainage most of the year, but they tend to
become dry slowly after rain. Small areas of wetter soils
along drainageways and in swales are commonly included
in some areas of these soils, especially where slopes are 2
to 6 percent. Artificial drainage is needed in some of
these wetter areas.

Spinks, Oakville, Plainfield, Arkport, and Boyer soils
also have good natural drainage during most of the year.
These soils become dry quickly and are deficient of
moisture during dry summers. Early maturing crops can
be grown if a large amount of organic material is added
to the soils. Artificial drainage is needed in some of the
wetter included areas.

The design of surface and subsurface drainage systems
varies with the kind of soil. A combination of surface
drainage and tile drainage is needed in most areas of
poorly drained and very poorly drained soils that are used
for intensive row cropping. Drains have to be more close-
ly spaced in soils with slow permeability than in the more
permeable soils. Tile drainage is slow or very slow in
Toledo and Lenawee soils. Finding adequate outlets for
tile drainage systems is difficult in many areas of Cohoec-
tah, Adrian, Kingsville, Sloan, Houghton, and Ceresco
soils. Diversions may be used in some areas to divert sur-
face runoff from wet areas. Good soil structure and an
ample supply of organic matter also benefit soil drainage.
The low-lying areas are subject to a shortened growing
season because of frost late in spring and early in fall.

Organic soils oxidize and subside when the pore space
is filled with air; therefore, special drainage systems are
needed to control the depth and the period of drainage.
Maintaining the water table at the level required by crops
during the growing season and raising it to the surface