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How To Use This Soil Survey

General Soil Map

The general soil map, which is a color map, shows the survey area divided into groups of associated soils called
general soil map units. This map is useful in planning the use and management of large areas.

To find information about your area of interest, locate that area on the map, identify the name of the map unit in the
area on the color-coded map legend, then refer to the section [General Soil Map Units for a general description of
the soils in your area.

Detailed Soil Maps

The detailed soil maps can be useful in planning the use and
management of small areas.

To find information about your area T XA 3
of interest, locate that are)f:l on the 1 l2 ! .
Index to Map Sheets] Note the B a S
number of the map sheet and turn 7 13 MAP SHEET
to that sheet. e
16 “ﬁ; 1.5..1,49 .,l. i

Locate your area of interest on
the map sheet. Note the map unit
symbols that are in that area. Turn
to the which lists the
map units by symbol and name
and shows the page where each
map unit is described.

The Contents shows which table
has data on a specific land use for
each detailed soil map unit. Also
see the Contents for sections of
this publication that may address
your specific needs.
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NOTE: Map unit symbols in a soil
survey may consist only of numbers or
letters, or they may be a combination
of numbers and letters.
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This soil survey is a publication of the National Cooperative Soil Survey, a joint effort
of the United States Department of Agriculture and other Federal agencies, State
agencies including the Agricultural Experiment Stations, and local agencies. The
Natural Resources Conservation Service (formerly the Soil Conservation Service) has
leadership for the Federal part of the National Cooperative Soil Survey.

Major fieldwork for this soil survey was completed in 1997. Soil names and
descriptions were approved in 1997. Unless otherwise indicated, statements in this
publication refer to conditions in the survey area in 1997. This survey was made
cooperatively by the Natural Resources Conservation Service, the Michigan
Department of Agriculture, the Michigan Agricultural Experiment Station, Michigan
State University Extension, Michigan Technological University, and Otsego County.
Otsego County provided financial assistance. The survey is part of the technical
assistance furnished to the Otsego County Soil Conservation District.

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

The United States Department of Agriculture (USDA) prohibits discrimination in all of
its programs on the basis of race, color, national origin, gender, religion, age, disability,
political beliefs, sexual orientation, and marital or family status. (Not all prohibited bases
apply to all programs.) Persons with disabilities who require alternative means for
communication of program information (Braille, large print, audiotape, etc.) should
contact the USDA’s TARGET Center at 202-720-2600 (voice or TDD).

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights,
Room 326W, Whitten Building, 14th and Independence Avenue SW, Washington, DC
20250-9410, or call 202-720-5964 (voice or TDD). USDA is an equal opportunity
provider and employer.

Eover] The 18th hole on one of the many golf courses in Otsego County. Blue Lake loamy sand, 6
to 18 percent slopes, is in the foreground. The wetland in the background is an area of Dawson-
Loxley peats. Photo courtesy of the Gaylord Area Convention and Tourism Bureau.

Additional information about the Nation’s natural resources is available on the
Natural Resources Conservation Service homepage on the World Wide Web. The
address is http://www.nrcs.usda.qov.|



http://www.nrcs.usda.gov

Contents

How To Use This Soil Survey .............cccceeviieeenns
Foreword ..o
General Nature of the County .........ccooceeeiiinennnenn.
CliMate ..o
History and Development ...........ccccccvivviiiieenenn,
Industry and Transportation Facilities .................
Lakes and Streams ........ccoccoeeiiiiiiiiiiie i
Farming .....oooooiiiie e
Physiography and Geology ...........ccoeeerieeernnnenn.
Soils and Water Quality ........ccccoevceeiriiiiiiniieeens
How This Survey Was Made ...........ccoceeviieeiniinenns
General Soil Map Units ............ccccoooiiiiiiines
1. Rubicon-Croswell Association......................
2. Grayling Association .........ccceceeeriiieeiiiieeenne
3. Graycalm-Grayling Association ....................
4. Islandlake-Blue Lake-Mancelona
ASSOCIAtoON ...,
5. Kalkaska-Blue Lake-Rubicon Association....
6. Rubicon-Lindquist Association .....................
7. Leelanau-Lindquist Association ...................
8. Blue Lake-Feldhauser-Kalkaska
ASSOCIAtioN ...,
9. Blue Lake-Mossback-Mancelona
ASSOCIAtioN ...,
10. Ossineke-Blue Lake-Morganlake
ASSOCIAtioN ...,
11. Tawas-Lupton Association ............cccceeeeernnnns
Detailed Soil Map Units ..............ccccoeiiiiiiiiennnnn
13—Tawas-Lupton mucks .........cccccevviieeeeenninne.
14—Dawson-Loxley peats.........cccceviiieeeeeennnnne.
15A—Croswell-Au Gres sands, 0 to 3 percent
SIOPES .t
16B—Graycalm sand, 0 to 6 percent slopes ......
17A—Croswell sand, 0 to 3 percent slopes ........
17B—Croswell sand, 0 to 6 percent slopes ........
18A—Au Gres sand, 0 to 3 percent slopes.........
19—Leafrivermuck ...
20B—Graycalm-Grayling sands, 0 to 6
percent Slopes .......coovvciieieiiiiiiiiee e
20D—Graycalm-Grayling sands, 6 to 18
percent Slopes .......coovvciieieiiiiiiiiee e
20F—Graycalm-Grayling sands, 18 to 45
percent Slopes .......coovvciieieiiiiiiiiee e
23—Ausable-Bowstring mucks, frequently
flooded ..o

24A—Kinross-Au Gres complex, 0 to 3

percent Slopes .......coovvciieieeiiiiiiiee e
25B—Kent sandy loam, 0 to 6 percent slopes ....
25C—Kent sandy loam, 6 to 12 percent

SIOPES .t
28B—East Lake sand, 0 to 6 percent slopes.......
28C—East Lake sand, 6 to 12 percent slopes....
28E—East Lake sand, 12 to 35 percent

SIOPES .t
32B—Kellogg sand, 0 to 6 percent slopes...........
33B—Mancelona loamy sand, 0 to 6 percent

SIOPES .t
33C—Mancelona loamy sand, 6 to 12 percent

SIOPES .t
33D—Mancelona loamy sand, 12 to 18

percent Slopes .......ooviciieiieiiiiiiieee e
33E—Mancelona loamy sand, 18 to 35

percent Slopes .......oovvciieiieiiiiiiieee e
47D—Graycalm sand, 6 to 18 percent slopes ....
47F—Graycalm sand, 18 to 45 percent

SIOPES .t
49B—Kalkaska sand, 0 to 6 percent slopes .......
50B—Au Gres-Kinross-Croswell complex, 0

to 6 percent Slopes .........occcvvveeiiiiiiiiieeeenis
51—Tawas-Leafriver mucks .........ccccccvvevernnnnnen.
52B—Blue Lake loamy sand, 0 to 6 percent

SIOPES .t
52D—BIlue Lake loamy sand, 6 to 18 percent

SIOPES .t
52E—Blue Lake loamy sand, 18 to 35 percent

SIOPES .t
64B—Feldhauser fine sandy loam, 0 to 6

percent Slopes .......ccoovviiieieiiiiiiiieee e
65F—Rubicon sand, 8 to 50 percent slopes,

AISSECE ...
75B—Rubicon sand, 0 to 6 percent slopes ........
75D—Rubicon sand, 6 to 18 percent slopes ......
75E—Rubicon sand, 18 to 35 percent slopes.....
78—Pits, DOITOW ...
81B—Grayling sand, 0 to 6 percent slopes ........
81D—Grayling sand, 6 to 18 percent slopes ......
81E—Grayling sand, 18 to 35 percent slopes ....
81F—Grayling sand, 18 to 45 percent slopes.....
82B—Udorthents, loamy, nearly level and

uUNAUIating ..o



83B—Udipsamments, nearly level and

UNAUIAtiNG oo
86—Histosols and Aquents, ponded ..................
90B—Chinwhisker sand, 0 to 4 percent

SIOPES .t
95D—Menominee loamy sand, 12to 18

percent Slopes ........ccoovvciieieeiiiiiiieee e
95E—Menominee loamy sand, 18 to 35

percent Slopes ........ccoovvciieieeiiiiiiieee e
113—Angelicaloam .........ccoooiiieiiiiniiiiee e
115D—Kalkaska sand, 6 to 18 percent

SIOPES .t
116B—Mancelona sand, 0 to 6 percent

SIOPES .t
126F—Udipsamments-Haplorthods-

Glossudalfs complex, nearly level to

SIEEP e
127—Cathromuck ........ceeveiiiiiiiiiiee e
141B—Leelanau loamy sand, 0 to 6 percent

SIOPES .t
141C—Leelanau loamy sand, 6 to 12 percent

SIOPES .t
141D—Leelanau loamy sand, 12to 18

percent Slopes .......cooviciieieeiiiiiiiee e
146F—Rubicon-Graycalm sands, 8 to 50

percent slopes, dissected ...........cccccviiiineeen.
147B—Lindquist sand, 0 to 6 percent slopes .....
147C—Lindquist sand, 6 to 12 percent

SIOPES .t
147D—Lindquist sand, 12 to 18 percent

SIOPES .t
147E—Lindquist sand, 18 to 35 percent

SIOPES .t
166A—Slade loam, 0 to 3 percent slopes...........
197A—Gladwin loamy sand, 0 to 3 percent

SIOPES .t
323B—East Lake-Rubicon sands, 0 to 6

percent Slopes ........ccoovvcieeiieiiiiiiieee e
323C—East Lake-Rubicon sands, 6 to 12

percent Slopes ........ccoovvciieieiiiiiiiieee e
337B—Mancelona-East Lake complex, 0 to

6 percent SIOPes ......coeevviiiieiiiiie e
337C—Mancelona-East Lake complex, 6 to

12 percent SIopes ........oeeeevviiieeeiiniiiiieeeees
338B—Islandlake sand, 0 to 6 percent slopes....

338C—lIslandlake sand, 6 to 12 percent

SIOPES ..
338D—Islandlake sand, 12 to 18 percent

SIOPES ..
347F—Kalkaska sand, 8 to 50 percent

slopes, dissected ...,
349B—Hartwick sand, 0 to 6 percent slopes ....
350D—Blue Lake sand, 6 to 18 percent

SIOPES ..
352B—Deford-Au Gres-Croswell complex, 0

to 6 percent SIOPes ..........ccveveeiiiiiiiiiieeennn,
354F—Mancelona-Blue Lake sands, 15 to

70 percent slopes, dissected .....................
360—Wakeley mUcK .........coccveeeeeiiiiiiieeeeee
362D—Millersburg loamy sand, 6 to 18

percent Slopes ........coeevvviiieeieiiiiiiiee e
365F—Blue Lake loamy sand, 8 to 50

percent slopes, dissected ..........................
368A—Au Gres-Deford complex, 0 to 3

percent Slopes ........cceeevriiieeieiniiiiiee e
369—Deford muck ...
380—Access denied .........coccveeieiiiiiiiee e
387F—Mancelona-Rubicon sands, 15to 70

percent slopes, dissected ..........................
393B—Morganlake loamy sand, 0 to 6

percent Slopes ........cceeevriiieeieiniiiiiee e
393C—Morganlake loamy sand, 6 to 12

percent Slopes ........cceeevriiieeieiniiiiiee e
399D—Menominee-Bamfield, sandy

substratum-Blue Lake complex, 12to 18

percent Slopes ........cceeevriiieeieiniiiiiee e
400F—Menominee-Bamfield, sandy

substratum-Blue Lake complex, 18 to 70

percent slopes, dissected ..........................
401F—Lindquist sand, 8 to 50 percent

slopes, dissected ...,
402B—Islandlake loamy sand, 0 to 6

percent Slopes ........cceeevriiieeieiniiiiiee e
402C—Islandlake loamy sand, 6 to 12

percent Slopes ........cceevvriiieeieiiiiiiiee e
402D—Islandlake loamy sand, 12to 18

percent Slopes ........cceevvriiieeieiiiiiiiee e
424B—Morganlake-Ossineke, sandy

substratum-Blue Lake complex, O to 6

percent Slopes ........ceeevriiieeieiiiiiieee e



424C—Morganlake-Ossineke, sandy
substratum-Blue Lake complex, 6 to 12

percent Slopes .......ccovvvcieeeeeiiiiiiieee e 127
452D—Bamfield fine sandy loam, sandy
substratum, 12 to 18 percent slopes .......... 129
452E—Bamfield fine sandy loam, sandy
substratum, 18 to 35 percent slopes .......... 130
453B—O0ssineke fine sandy loam, sandy
substratum, 0 to 6 percent slopes .............. 130
453C—O0ssineke fine sandy loam, sandy
substratum, 6 to 12 percent slopes ............ 132
463F—Leelanau loamy sand, 8 to 50
percent slopes, dissected ...........ccccceevnenne 133
464B—Mossback sandy loam, 0 to 6
percent Slopes .......ccovvvcieeeeeiiiiiiieee e 134
464C—Mossback sandy loam, 6 to 12
percent Slopes .......covvrcieeiieeiiiiiieeee e 135
464D—Mossback sandy loam, 12 to 18
percent Slopes .......covvrcieeiieeiiiiiieeee e 136
464E—Mossback sandy loam, 18 to 35
percent Slopes .......covvrcieeeieiiiiiiieee e 137
465—Caffey muck .......ccocoeiiiiiiiiieeee e, 138
Use and Management of the Soils .................... 141
Crops and Pasture ........cccccveiiiiiciiieeneiee 141
Yields Per ACre .....c.ooueeeeeeiiiiiieee e 143
Land Capability Classification ...................... 143
Prime Farmland ...........ccccooiiiiiiiiiiiiee 144
Forestland Management and Productivity ........ 145
Equipment Limitations on Forestland ........... 148
Plant Communities on Selected Soils ............... 149
Windbreaks and Environmental Plantings ........ 150
Recreation ... 150
Wildlife Habitat ..., 151
ENgIiNEering .......ooovviiiiiiiiei e 153
Building Site Development ............cccocueenee 154
Sanitary Facilities .........ccocoeeiiiiiiiieeeee 154
Construction Materials ...........ccccovieeeenieenns 155
Water Management.........ccccociiieieiiiiiinennnn. 156
Soil Properties ............ccccoiiiiiiiiiinieee 159
Engineering Index Properties ..........ccccoou..e. 159
Physical Properties ........ccccccvviiieeieiiiiiieenn. 160
Chemical Properties........ccccovvveeeiiieeeiiieeenns 161
Water Features ..o, 162
Soil Features ........ooovieiiiiiiiieeee e 163

Hydric SOIlS ....vveiiiicee e 163

Classification of the Soils .................................. 165
Soil Series and Their Morphology ..........c.ccceevueeen. 165
ANGEliCa SErIES ...ovviiiiiiiiieee e 165
AQUENTS .. 166
AU GIreS SEriES ...ccoeeeeeeeeeeeeeeeiiee e e, 166
AUSADIE SErieS ...ccoceeeeeeeeeeeeeeeee e, 167
Bamfield Series .......ccocoeeeeeiiiiiiiiiieeeeeeeeee 168
Blue Lake Series .....cccceeeeieieeiiiiieeeicieeee e 169
Bowstring Series ........oocooiiiiiiiniieeeee e 170
Caffey Series.....ccoieeiiiii e 171
Cathro Series ......ceeeeieieeeieieeeeceee e, 171
Chinwhisker Series .........oovvvvevvieeieieeieeeeeieeeeenns 172
CrosWell SErES ....cceeeiiiiiiiiieeeceee e, 173
DawSOoN SErieS .......uvvvveieieiieieeeeeeeceee e 174
Deford Series ......ouuuvuvveeeieieeeeeeeeeeeeee e 174
East Lake Series .......ccccoceveeeiiiiiieieeeeeeenn, 175
Feldhauser Series ........cccocveeeeeeeeeieeeeeeeeeeinn, 176
Gladwin SErIiES .....uueeeieiiiiieieeeceeeee e, 176
Glossudalfs ..........eueeieiiiiiiiiiieeee e, 177
Graycalm Series .......cccoiuieiriieiiiiiee e 177
Grayling Series .......ccceviieiiiiiie e 178
Haplorthods .........ovveeeiiiiie e 178
Hartwick Series .......ccveveeeieiiiiiiiieeeieee e 179
HIStOSOIS ..o 179
Islandlake Series ........ccveeeeeiieiieeeeeeeeeenn, 180
Kalkaska Series .......ccceeeeieiieieeiiiieeeiieee e, 181
Kellogg SEries ....cocuveeeiiiiiiiiiee e 182
Kent SEries ......coovvvvvviieieieeeeeeeeeeeeee e 183
KiNroSS SErieS .....coovvvvevieeieeeeeeeeeeeee e 184
Leafriver SEries .......veveeeieieeeeeeeeeeeeeee e 185
Leelanau Series ........vceeeeieeieeeeeeeeeeee e, 185
Lindquist Series ........ccoviiiiiiiiiiiiiee e 186
LOXIEY SIS ....oviiiuviieiiiieeiiiee e 187
Lupton Series ......occeeeiiiiiiiiie e 187
Mancelona Series ......ccceeevveeeeiiiiiieiieeee e, 188
Menominee SEeries .......oovvveeeveveviiiieeeeee e, 189
Millersburg Series..........cocceeiiiiiiiiieiiiiee e 190
Morganlake Series ........ccccoieiriiieeiniieeeiiieene 191
Mossback SEries .......c.oooeeeeiiiiiiiiiiiciiiieeeee 193
0OsSINEKE SErIES ..vvveeieieieeeeeeeeceee e 194
Rubicon Series ........ooovvvvvveieiieieeeeeeeeee, 195
Slade SErieS ....uvvevceeeieieeeeeeeeeieee e 196
TAWAS SEIES ..vuveeieeeeeeeeeeeeeecee e, 197
UdipSammeENnts ........cooooiiiiiriiiiiiiiieee e 197
Udorthents ......oooeeeeeeieiiceeeeeee e, 198



Wakeley SEeries ......ccooviiieiiiiiiiieiiee e 198 Table 8.—Prime Farmland ..............cccocveeinee
Formation of the Soils...............cc.ooeiine 199 Table 9.—Forestland Management and
Factors of Soil Formation ...........cccocoeiiiiinennne 199 ProductiVity .........cooociiiiiiiiieen
Parent Material ...........ccoccoieiiiiiiiie, 199 Table 10.—Equipment Limitations on
CliMAate ..o 200 Forestland ...,
Plant and Animal Life .........ccccooiiiiiiiinnnnn 200 Table 11.—Plant Communities on Selected
Topography .......coeeviiiiiiiiiiiee e 201 SOIS i
TIME e 202 Table 12.—Windbreaks and Environmental
Processes of Soil Formation............cccceoiveenee 202 Plantings .....covveeeeii e
References ............ccoooiiiiiiiiii 203 Table 13.—Recreational Development..............
GIOSSANY .......eeiiiiiie e 205 Table 14.—Wildlife Habitat ..............cccccceeinnn
Tables ... 219 Table 15.—Building Site Development ..............
Table 1.—Temperature and Precipitation .......... 220 Table 16.—Sanitary Facilities ..........cccccceeeeneee
Table 2.—Freeze Dates in Spring and Fall........ 221 Table 17.—Construction Materials.....................
Table 3.—Growing Season ..........cccceevceeereneen. 221 Table 18.—Water Management ........................
Table 4.—Acreage and Proportionate Extent Table 19.—Engineering Index Properties .........
0f the SOIlS ...cooieieiiiiie e 222 Table 20.—Physical Properties of the Soils ......
Table 5.—Land Capability and Yields per Table 21.—Chemical Properties of the
ACre Of Crops .....eeeiieeeeiiie e 224 SOIS it
Table 6.—Land Capability and Yields per Table 22.—Water Features .........cccccceeeeeeneeennn.
Acre of Hay and Pasture ..............ccoeeeene 226 Table 23.—Soil Moisture Status by Depth ........
Table 7.—Land Capability and Yields per Table 24.—Soil Features ........ccccccovvcvieveeeennnee
Acre of Specialty Crops ......cccccecevvcvveeeeenne 230 Table 25.—Classification of the Soils ................
Figures
Figure T]—Locator map ........cccceeevevceceeeeeeeecceennne. 9 Figure 13]—lIrrigated potatoes on an
Figure 2] —Use of "Big Wheels” to transport logs .... 11 Islandlake SOl ...........occvireeiiiiiiiiic e
Figure 3]—Dixon Lake .........ccccovovucueureererreeeenenn. 13 Figure 14]—Hay on an Ossineke soil....................
Figure 4] —Glacial landforms in Otsego County ...... 14 Figure 15]—Log landing on a Blue Lake soil.........
Figure 5]—Topography of Otsego County ............... 15 Figure 16]—A ski hill on dissected Menominee,
Ei§ure 6,/—Ground-water contamination ................. 17 Bamfield, and Blue Lake soils.........cccccceeeeennn....
Figure 7]—Block diagram of association 5............... 24 Figure 17]—Textural triangle ............cccccoveveueunnn.
Figure 8]—Block diagram of association 7 .............. 26 Figure 18] —Profile of a Bamfield soil ....................
Eiéure 9}—Ausable-Bowstring mucks, Ei§ure 19}—Profile of an Islandlake sail ................
frequently flooded ..., 43 Figure 20]—Profile of a Kalkaska soil ...................
Figure 10}—Red pine on a Rubicon sand ............... 67 Figure 21]—Profile of a Kellogg SOil .......c.cceun.......
Figure 11]—Christmas trees on a Lindquist soil ..... 88 Figure 22]—Profile of a Mancelona soil ................
Figure 12]—Aspen regeneration on an Figure 23] —Profile of a Morganlake soil ...............
Islandlake SOl ...........oocuvieeeiiiiiiie e 100 Figure 24]—Profile of a Mossback soil..................

Issued 2004



Foreword

This soil survey contains information that affects land use planning in this survey
area. It contains predictions of soil behavior for selected land uses. The survey also
highlights soil limitations, improvements needed to overcome the limitations, and the
impact of selected land uses on the environment.

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

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. The information in this report is
intended to identify soil properties that are used in making various land use or land
treatment decisions. Statements made in this report are intended to help the land users
identify and reduce the effects of soil limitations that affect various land uses. The
landowner or user is responsible for identifying and complying with existing laws and
regulations.

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

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

Ronald C. Williams
State Conservationist
Natural Resources Conservation Service
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Otseco CounTy is in the north-central part of the
Lower Peninsula of Michigan It has an area of
336,749 acres, or about 538 square miles. Gaylord is
the county seat as well as the commercial, industrial,
and educational center of the county. The population of
the county was 17,975 in 1990.

Most of Otsego County consists of gently rolling to
steep moraines and remnant moraines, nearly level to
very steep outwash plains, and channeled uplands.
About 79 percent of the county is forested, 5.5 percent
is cropland, 3.3 percent is pasture, 2 percent is open
water, and 10.2 percent is urban land, built-up land,
land used for transportation, or other land.

The county has 44 different kinds of soil. The soils
range widely in texture, natural drainage, slope, and
other characteristics. Excessively drained to well
drained soils make up about 76 percent of the
acreage in the county, moderately well drained soils
make up 7 percent, somewhat poorly drained soils
make up 2 percent, and poorly drained and very
poorly drained soils make up 10 percent. The rest of
the county is miscellaneous areas, including water
areas.

This soil survey updates the land type map of
Otsego County published in 1939 (Michigan
Agricultural Experiment Station, 1939). It provides
additional information and has larger maps, which
show the soils in greater detalil. It also recorrelates the
portion of the soil survey interim report for Camp
Grayling that is within the boundaries of Otsego
County (Werlein and Kroell, 1990).

F
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Figure 1.—Location of Otsego County in Michigan.

General Nature of the County

This section gives general information about the
county. It describes climate, history and development,
industry and transportation facilities, lakes and



10

streams, farming, physiography and geology, and soils
and water quality.

Climate

Prepared by the Water and Climate Center, Natural Resources
Conservation Service, Portland, Oregon.

gives data on temperature and precipitation
for the survey area as recorded at Gaylord in the
period 1961 to 1990. shows probable dates
of the first freeze in fall and the last freeze in spring.
provides data on length of the growing
season.

In winter, the average temperature is 19.5 degrees
Fahrenheit (F) and the average daily minimum
temperature is 11.3 degrees. The lowest temperature
on record, which occurred in Gaylord on February 17,
1979, is -37 degrees. In summer, the average
temperature is 65.5 degrees and the average daily
maximum temperature is 78.2 degrees. The highest
recorded temperature, which occurred in Gaylord on
August 21, 1955, is 99 degrees.

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

The total annual precipitation in Gaylord is about
35.63 inches. Of this, 19 inches, or about 53 percent,
usually falls in April through September. The growing
season for most crops falls within this period. In 2
years out of 10, the rainfall in April through September
is less than 10.0 inches. The heaviest 1-day rainfall on
record was 5.00 inches at Gaylord on August 17,
1995. Thunderstorms occur on about 35 days each
year, and most occur in July.

The average seasonal snowfall is about 150 inches.
The greatest snow depth at any one time during the
period of record was 50 inches. On the average, 129
days of the year have at least 1 inch of snow on the
ground. The number of such days varies greatly from
year to year.

The average relative humidity in midafternoon is
about 61 percent. Humidity is higher at night, and the
average at dawn is about 83 percent. The sun shines
63 percent of the time possible in summer and 37
percent in winter. The prevailing wind is from the
southwest. Average windspeed is highest, 9.5 miles
per hour, in April.

Soil Survey of

History and Development

Prepared by Bill Granlund, Otsego County Historian.

Otsego County was first laid out in 1840 and given
the name “Okkuddo,” which means “sickly” or
“stomach pains.” The reason the name was given is
not known. In 1843, the name was changed to Otsego,
which comes from the Iroquois Indian language. The
meaning of the word “Otsego” has been defined in
several ways. The two most popular definitions are “a
place where meetings are held” and “beautiful lake.”

Though no permanent settlements were
established, there was some Native American activity
in the survey area during the pre-settlement period.
Visitors to the area at that time came for berries, fish,
maple sugar, and passenger pigeons.

In 1854, David Ward visited the survey area and
claimed large tracts of fine timber. John Mellen, a
Federal surveyor, had told Ward of some fine stands of
“Cork” pine, a variety of white pine that was highly
valued by the lumber interests of Michigan.

In 1868, Alfred A. Dwight, a prominent Detroit
lumberman, became the first person to undertake a
business in the survey area. The first expedition that
he sent to the area, in April of 1868, failed because of
poor weather and supply problems. Dwight sent out a
second expedition in April of 1869. It established a
permanent settlement at Farm Lake, now known as
Tecon Lake.

In the fall of 1872, Otsego Lake Village, the first
village in the survey area, was established. On March
12, 1878, Otsego County was organized with Otsego
Lake as the county seat. Later that year, the county
seat was permanently located in the city of Gaylord.
Many of the early residents were Civil War veterans
who took advantage of the lumber company’s offer of
building lots. Other veterans took advantage of the
Homestead Act, which provided them with free land.

Early settlements were numerous in Otsego County
but by the 1920s were narrowed down to the few that
are major population centers today. They include
Otsego Lake Village, 1872; Waters (first named
Bradford Lake), 1876; Elmira (first named Windsor),
1877; Vanderbilt, 1875; Johannesburg, 1901; and
Gaylord (first named Barnes), 1873.

Lumbering was the first major industry in the
county. It remained so into the early part of the 20th
century Agriculture also played an important
role during the period of early development, when the
county produced barley, potatoes, wheat, corn,
apples, and maple sugar as well as horses, cattle,
sheep, and swine.
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Figure 2.—Use of “Big Wheels” to transport logs in the early days of Otsego County. Photo courtesy of the Otsego County
Historical Society.

The completion of Interstate 75 and improvements
of Michigan Highway 32 (M-32) have made Otsego
County a major destination for tourists seeking natural
beauty and opportunities for recreational activities. The
Pigeon River State Forest with its elk herd has been a
great attraction for visitors. One of the last witness
trees still standing is in that forest. The tourist industry
has become a major source of income for the county.
Many eating establishments, motels, resorts, and
tourist attractions have moved to the county because
of the natural recreational areas that are available. The
junction of I-75 and M-32 has made Gaylord a popular
stopping off place for fuel and food.

In the 1940s, a large ski resort, the Otsego Ski Club,
was established in the county. Today, it is known as
Hidden Valley. Hidden Valley, Sylvan Resort (TreeTops),
Marsh Ridge, Michaywe, Wilderness Valley, and
Beaver Creek Resort provide opportunities for golf or
skiing. Otsego Lake State Park and Otsego Lake
County Park are important parts of the tourist industry.

There have been close ties between lumbering
activity and agricultural activity in the county. The
farmers in the early years depended on both activities

to make a living. With the loss of a ready market for
their agricultural products in the lumbering camps and
a place of employment in the winter months, the
income of the farmers declined as lumbering activities
diminished. Failure to adopt appropriate farming
practices resulted in the abandonment of many farms
and thus a decline in most kinds of agricultural
production since the 1940s.

A large acreage of county land is unsuited to
prolonged farming. The county has some excellent
farmland that, with proper management, can produce
and has produced good crops. Proper land
management is being addressed by soil conservation
groups. Trees have again become an important “crop”
in the county. Trees, potatoes, hay, corn for silage, and
beef and dairy cattle will be the major products in the
future.

The gas and oil industry is fairly recent in the
county. The large deposits of these resources have
made the county one of the top producers in the State.
The future looks bright for Otsego County, as perhaps
it did for the early settlers when they first entered the
county.
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Industry and Transportation Facilities

Manufacturing has been important in the county
since the 1880s. The early emphasis was on wood
products. Numerous mills in the county produced
lumber, shingles, and lathes. Wood-product plants
manufactured a variety of other products. These
included toys, tables, baseball bats, shoe lasts, golf
heads, bowling pins, barrel parts, sleighs, skidding
wheels, wagons, butter bowls, and whippletrees.

In 1910, the Gaylord Motor Car Company was
established. It produced cars for about 3 years. One of
the cars is on display at the Chamber of Commerce
building in Gaylord. Other early manufacturing plants
included a bottling plant, a charcoal operation, the
Dayton Last Block works, Saginaw Wood products,
Huff and Mitchell, and Jackson, Wylie and Company.
The first factory was Hindyelman and Walburn, a
woodenware factory that made butter bowls and
whippletrees. It started in the 1880s. The county
currently has numerous manufacturing firms. Because
of its central location, it has become a major
distribution center for many additional services and
products.

The oil and gas industry in Otsego County first
began in 1940, when Antrim gas was discovered in
Bagley Township (Michigan’s Oil and Gas News,
1988). This discovery was long before Antrim gas was
exploited on a large-scale commercial basis. The first
successful oil well was drilled in 1951, in Chester
Township. The early drillings were not very productive,
but they did serve to alert the industry of areas that
would eventually boom in oil and gas development.

The first “modern era” drilling occurred in 1969, in
Hayes Township. It resulted in a productive well from
the Northern Niagaran Reef Trend and was soon
followed by other drilling. Some of the discoveries
during the next 5 years were among the largest and
most prolific reef finds ever drilled in Michigan, through
1990.

The large boom in oil and gas exploration occurred
in the 1980s. From 1985 to 1990, the density of oil and
gas wells in Otsego County increased from just over
one well per square mile to nearly five wells per
square mile (Michigan’s Oil and Gas News, 1988).
Most of this activity resulted from the drilling success
of shallow Antrim gas wells. Production records reveal
that 87 million barrels of oil and 200 billion cubic feet of
gas have been produced in Otsego County through
the end of 1987. Most of this production has been from
the Niagaran Reservoir.

Early transportation was by foot and oxen, and
travel was difficult. When the Jackson, Lansing, and
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Saginaw Railroad reached Otsego Lake in the early
1870s, travel became much easier for prospective
settlers. In later years, two other railroads also served
the county.

Otsego County has one railroad that is still in
operation. It runs south from Gaylord to Grayling. The
rail line north of Gaylord was abandoned in 1993.

Roads were improved in the first half of the 20th
century. Started in 1913, M-32 is the major east-west
travel route from Alpena to Charlevoix. U.S. Highway
27 started in about 1920 and was superseded in 1962
by the opening of Interstate 75, which has become the
main travel route from Detroit and other downstate
areas to Michigan’s Upper Peninsula and has brought
prosperity and growth to Otsego County.

River transportation was limited to the moving of
logs during the lumbering period. The last log drive
took place on the Black River.

The county has one airport, which is located in
Gaylord.

Lakes and Streams

There are more than 370 lakes throughout Otsego
County. Most of the lakes are in the southern part of
the county. The largest lake is Otsego Lake, which has
a surface area of 1,972 acres. It is about 3 miles south
of Gaylord. Other large lakes in the southern part of
the county include Big Lake, Big Bear Lake, Buhl
Lake, Crapo Lake, Dixon Lake Douglas Lake,
Guthrie Lake, Heart Lake, Lake Tecon, Manuka Lake,
Opal Lake, Turtle Lake, and Pencil Lake. The larger
lakes in the northern part of the county are Five
Lakes, Hardwood Lake, Lake Twenty Seven, and
Pickerel Lake. Many of these are kettle lakes, formed
in the depression left by a large block of glacial ice.
The ice broke free from the retreating glacier and
gradually melted, leaving a water-filled depression.

The headwaters of the Au Sable, Black, Manistee,
Pigeon, and Sturgeon Rivers occur in Otsego County.
The Au Sable River watershed is the largest
watershed in the county. This river drains
approximately 38 percent of the county. It is in the
south-central and southern parts of the county. The
general gradient is to the south.

The Black River watershed is in the northeastern
part of the county. This river drains approximately 12
percent of the county. The general gradient is to the
north and east.

The Manistee River watershed is along the
southwestern edge of the county. This river drains
approximately 9 percent of the county. The general
gradient is to the south.
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Figure 3.—Dixon Lake, which is surrounded by northern hardwoods growing on Mancelona loamy sand, 6 to 12 percent slopes.

The Pigeon River watershed is the north-central
part of the county. This river drains about 15 percent of
the county. The general gradient is to the north.

The Sturgeon River watershed is in the
northwestern part of county. This river drains
approximately 24 percent of the county. The general
gradient is to the north.

A small part of the Boyne River watershed is along
the west-central edge of the county, near Elmira. This
river drains less than 2 percent of the county.

Farming

Although farming is not the most important industry
in Otsego County, it does have a significant impact on
the economy and land use in the county.
Approximately 5.5 percent of the total land area in the
county currently is active or idle farmland. The county
has 133 farms, which average 300 acres in size. The
major agricultural products are forage crops, 9,380
acres; corn, 1,460 acres; potatoes, 900 acres; oats,
800 acres; wheat, 700 acres; and cattle and calves,
3,400 head.

On June 15, 1944, local farmers formed the
Otsego County Soil Conservation District to assist
and educate landowners. The district is active in
controlling soil erosion, maintaining or improving
productivity, maintaining water quality, and controlling
pollution.

Physiography and Geology

Glacial drift is 100 to 600 feet thick throughout most
of Otsego County. This glacial veneer is the result of at
least four advances of continental glaciers. Only the
deposits of the various advances of the last, or
Wisconsinan, stage remain exposed at the surface.
This last ice sheet melted and receded back from the
Otsego County area about 11,800 years ago. The
surface features in the county are a result of this
glacial action.

There are eight distinct types of surface features in
Otsego County. These features are end moraines,
remnant moraines, ground moraines, kame terraces,
pitted outwash plains, outwash plains, outwash
channels, and lake plains (figs. i and )]
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Figure 4.—The dominant glacial landforms in Otsego County. A modification of Burgis and Eschman (1981).

Parallel north-to-south ridges in southwestern
Otsego County are parts of a remnant moraine of the
Port Bruce ice advance. This moraine was dissected
into its conspicuous north-to-south ridges by the
meltwater of the Port Huron ice advance. As the Port
Huron advance stagnated and retreated, the meltwater
dissected the moraine, exposing the sandy glacial drift
core of the moraine and forming the outwash channels
between the remnants. The fast-moving meltwater
deposited the sand and gravel now in the channels.

The meltwater outlet for these channels was the valley
of the Manistee River and then the basin of Lake
Michigan. The iceblocks left behind during the glacial
retreat and those rafted by meltwater into the channels
were subsequently buried by the ensuing outwash.
When these iceblocks eventually melted, they left
depressions, many of which are below the regional
water table. These depressions filled with water and
became lakes. Remnants of ablation till are at the
summit of these ridges, at elevations above 1,380 feet.
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This supraglacial till was deposited as the Port Bruce
glacial advance stagnated and the glacier melted in
place.

The largest glacial end moraine in the county, the
Johannesburg Moraine, extends from the northwest to
the southeast through the central part of the county. In
most areas of the moraine, loamy glacial till overlies
sandy glacial drift or outwash from a previous
advance. This moraine marks the terminus of the Port
Huron ice advance of about 12,500 years ago. The
meltwater released from this advance went both
southward, eroding channels into the Port Bruce
Moraine, and later southeastward along the ice front
through the Lewiston-Au Sable River valley and into
Saginaw Bay. The latter flow formed the Gaylord-
Lewiston outwash plain, a large level area of sandy
glaciofluvial material.

In the northeastern part of the county, dissected
ground moraines, called the Atlanta Channeled
Uplands, developed about 11,800 years ago, during
the Valders readvancement stage. As this stage
stagnated and retreated, it left iceblocks and outwash
along the northern and southern flanks of the
Johannesburg Moraine. Areas of pitted outwash, or
small kettlelike depressions, formed in these areas.
The meltwater that was formed on the southern aspect
of the Johannesburg Moraine was released through
the valley of the Au Sable River.

As the ice retreat continued north of its contact with
the Johannesburg Moraine, the meltwater was trapped
in the channeled uplands. Most of the material in the
uplands was deposited during the Port Huron ice
retreat. At this time, however, the stagnant ice of the
Valders advance melted in place and built up high
kamelike masses, which formed the basis of the
channeled uplands. The meltwater then flowed through
and dissected the glacial drift of the uplands, forming
outwash channels and depositing sand and gravel
within the channels. Many of the channels are below
the regional water table, are filled with organic
material, and are swamplike.

In the northwest corner of the county, the
Johannesburg Moraine breaks sharply to the
southwest. This point of inflection is the renitent angle
where the Huron and Michigan Lobes of the Port
Huron ice advance met. At this point a kame terrace
originated, as the meltwater deposited stratified sand
and gravel in a streambed constrained by the Michigan
Lobe.

During this time, an area of meltwater southeast of
what is now the town of Vanderbilt was contained by
an ice dam and a small proglacial lake developed. The
lake allowed the fine textured material to settle out of
the meltwater and develop a lacustrine deposit in the
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lake basin. After the ice dam melted, most of the area
was subsequently covered with a thin mantle of sandy
glacial outwash.

Soils and Water Quality

Otsego County is well known for its high-quality
water resources. It is the headwaters for five major
river systems and is blessed with an abundance of
high-quality lakes and streams. Thousands of tourists
and part-time residents enjoy the recreational and
esthetic opportunities that these water resources
provide.

The attractiveness of the area, however, is resulting
in an increase in development pressure. This pressure,
in turn, is having a greater impact on the water
resources. Ground-water contamination is occurring at
an increasing rate. Such sources as leaking
underground storage tanks, oil and gas well sites, old
dump sites, agricultural areas, and various commercial
and residential areas have all contributed to the
problem. In order to effectively maintain high-quality
water resources, it is imperative that local units of
government initiate and implement measures that
protect ground water and surface water.

Ground water is at risk in Otsego County. The
county is dominated by highly permeable, sandy soils.
Most of these soils occur in the southern and
southwestern parts of the county. They typically occur
south of a line from Big Lake to a point directly north of
Elmira. The city of Gaylord is within this area of highly
permeable soils. According to well logs, uninterrupted
sand and gravel deposits are common to a depth of
100 feet or more. The sand and gravel allow water to
quickly pass beyond the root zone and recharge the
ground water. Unfortunately, the rapid absorption of
the water and the lack of protective clay layers place
the ground water at risk of contamination. In many
areas of the county, the ground water is within 50 feet
of the soil surface. Near wetlands, lakes, and rivers,
the ground water can be within a few feet of the
surface. In most areas the surface water is an
extension of the water table and is directly connected
to the ground water. Most of the drinking water wells
are just deep enough to reach the uppermost region of
the water table. The combination of sandy soils and
shallow ground water results in the vulnerability of the
ground-water aquifer to contamination.

Soil maps and information about the different soil
types in Otsego County are extremely helpful in
determining areas that have a high, moderate, or low
potential for ground-water contamination. This
information can provide a basis for wise land use
planning and should help to highlight areas of
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vulnerability. With adequate use of planning and
zoning tools and the incorporation of information about
soils, the ground-water resources of Otsego County
can continue to provide safe and healthy drinking
water for future generations.

shows the vulnerability to ground-water
contamination in Otsego County. It is based on soil
interpretations and on the geomorphology and
physiography of the land in the county. The least
vulnerable areas are generally on the Johannesburg
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Moraine. They are sandy loam to clay loam to a depth
of 80 inches and are characterized by moderately
rapid to slow permeability.

The moderately vulnerable areas are generally
on the remnant moraines in the southwest corner of
the county and in the kamelike masses in the
channeled uplands in the northeast corner. The soils
in these areas have a texture of loamy sand to loam
or are sandy and have bands of loamy sand to sandy
loam that have a total thickness of more than 6
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Figure 6.—The vulnerability of Otsego County to ground-water contamination.
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inches. Permeability is moderately rapid to moderately
slow.

The highly vulnerable areas are generally on
outwash plains and in outwash channels in the rest of
the county. The soils in these areas have a texture of
loamy sand, sand, stratified sand and gravel, or muck.
Permeability is rapid in the sandy material. The water
table is at or near the surface in the areas of muck.

How This Survey Was Made

This survey was made to provide information about
the soils and miscellaneous areas in the county. The
information includes a description of the soils and
miscellaneous areas and their location and a
discussion of their suitability, limitations, and
management for specified uses. Soil scientists
observed the steepness, length, and shape of the
slopes; the general pattern of drainage; the kinds of
crops and native plants; and the kinds of bedrock.
They dug many holes to study the soil profile, which is
the sequence of natural layers, or horizons, in a soil.
The profile extends from the surface down into the
unconsolidated material in which the soil formed. The
unconsolidated material is devoid of roots and other
living organisms and has not been changed by other
biological activity.

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

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

Soil Survey of

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

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

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

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

The descriptions, names, and delineations of the
soils in this survey area do not fully agree with those
of the soils in adjacent survey areas. Differences are
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the result of a better knowledge of soils, modifications
in series concepts, or variations in the intensity of
mapping or in the extent of the soils in the survey
areas.

Soil scientists were denied access to some areas in
the county. No information about the soils in these
areas is available. The areas are identified by the map
symbol 380.
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The general soil map at the back of this publication
shows broad areas that have a distinctive pattern
of soils, relief, and drainage. Each association on
the general soil map is a unique natural landscape.
Typically, it consists of one or more major soils or
miscellaneous areas and some minor soils or
miscellaneous areas. It is named for the major soils
or miscellaneous areas. The components of one
association can occur in another but in a different
pattern.

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

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

1. Rubicon-Croswell Association

These nearly level to rolling, excessively drained
and moderately well drained soils formed in sandy
material mainly on outwash plains. The soils have very
low natural fertility and a low water-holding capacity
and are highly susceptible to ground-water
contamination.

Setting

Landform: Outwash plains, outwash channels, and
stream terraces
Slope range: 0 to 18 percent

Composition

Extent of the association:
Less than 1 percent of the county
Extent of the soils in the association:
Rubicon and similar soils—80 percent
Croswell and similar soils—15
Minor soils—5 percent

Soil Properties and Qualities
Rubicon

Drainage class: Excessively drained
Parent material: Sandy material
Texture of the surface layer: Sand
Slope: 0 to 18 percent

Croswell

Drainage class: Moderately well drained
Parent material: Sandy material

Texture of the surface layer: Sand
Slope: 0 to 6 percent

Minor Soils

e Au Gres soils, which are somewhat poorly drained
and are on low flats and in depressions

e Leafriver soils, which are very poorly drained and
are in depressions

Use and Management

Major use: Forestland

Management concerns on forestland: Rubicon and
Croswell—equipment limitations, seedling
mortality; Croswell—windthrow, plant competition

Minor use: Building site development

Management concerns on building sites: Slope in
some areas, wetness in the Croswell soils

Management concerns on sites for septic tank
absorption fields: Rapid permeability, slope in
some areas, wetness in the Croswell soils

2. Grayling Association

These nearly level to rolling, excessively drained
soils formed in sandy material mainly on outwash
plains. The soils have very low natural fertility and a
low water-holding capacity and are highly susceptible
to ground-water contamination.

Setting

Landform: Outwash plains, low knolls, and ridges
Slope range: 0 to 18 percent
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Composition

Extent of the association:
1 percent of the county

Extent of the soils in the association:
Grayling and similar soils—85 percent
Minor soils—15 percent

Soil Properties and Qualities
Grayling

Drainage class: Excessively drained
Parent material: Sandy material
Texture of the surface layer: Sand
Slope: 0 to 18 percent

Minor Soils

* Croswell soils, which are moderately well drained
and are on the slightly lower flats, in concave areas,
and on the border of depressions

* Au Gres soils, which are somewhat poorly drained
and are on low flats and in depressions

» Deford soils, which are very poorly drained and are
in depressions

Use and Management

Major uses: Forestland and wildlife habitat
Management concerns on forestland: Equipment
limitations, seedling mortality

Minor use: Building site development

Management concern on building sites: Slope in some
areas

Management concerns on sites for septic tank
absorption fields: Rapid permeability, slope in
some areas

3. Graycalm-Grayling Association

These nearly level to rolling, somewhat excessively
and excessively drained soils formed in sandy material
on outwash plains. The soils have very low natural
fertility and a low water-holding capacity and are highly
susceptible to ground-water contamination.

Setting

Landform: Outwash plains, some of which are pitted
Slope range: 0 to 18 percent

Composition

Extent of the association:
6 percent of the county

Extent of the soils in the association:
Graycalm—~65 percent
Grayling—25 percent

Soil Survey of

Minor soils—10 percent
Soil Properties and Qualities
Graycalm

Drainage class: Somewhat excessively drained
Parent material: Sandy material

Texture of the surface layer: Sand

Slope: 0 to 18 percent

Grayling

Drainage class: Excessively drained
Parent material: Sandy material
Texture of the surface layer: Sand
Slope: 0 to 18 percent

Minor Soils

* Lindquist soils, which are somewhat excessively
drained, are redder in the subsoil than the major
soils, and are in landscape positions similar to those
of the major soils

* Croswell soils, which are moderately well drained
and are on the slightly lower flats, in concave areas,
and on the border of depressions

* Au Gres soils, which are somewhat poorly drained
and are on low flats and in depressions

» Deford soils, which are very poorly drained and are
in depressions

e Dawson soils, which are very poorly drained and are
in closed depressions

* The Udipsamments-Haplorthods-Glossudalfs
complex, which is in the Camp Grayling impact area

Use and Management

Major use: Forestland
Management concerns on forestland: Equipment
limitations, seedling mortality

Minor use: Building site development

Management concern on building sites: Slope in some
areas

Management concerns on sites for septic tank
absorption fields: Rapid permeability, slope in
some areas

4. Islandlake-Blue Lake-Mancelona
Association

These nearly level to very steep, somewhat
excessively drained and well drained soils formed in
sandy and gravelly material mainly on outwash plains.
The soils have moderately low or low natural fertility
and a low water-holding capacity and are moderately
susceptible or highly susceptible to ground-water
contamination.
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Setting

Landform: Outwash plains, outwash channels, stream
terraces, kame terraces, and kames
Slope range: 0 to 50 percent

Composition

Extent of the association:
11 percent of the county

Extent of the soils in the association:
Islandlake—32 percent
Blue Lake—25 percent
Mancelona—17 percent
Minor soils—26 percent

Soil Properties and Qualities
Islandlake

Drainage class: Somewhat excessively drained
Parent material: Sandy material

Texture of the surface layer: Loamy sand and sand
Slope: 0 to 18 percent

Blue Lake

Drainage class: Well drained

Parent material: Sandy material

Texture of the surface layer: Loamy sand
Slope: 0 to 50 percent

Mancelona

Drainage class: Somewhat excessively drained
Parent material: Sandy and gravelly material
Texture of the surface layer: Loamy sand
Slope: 0 to 50 percent

Minor Soils

» Kalkaska soils, which are somewhat excessively
drained, do not have gravel in the substratum or
lamellae in the subsoil, and are in landscape
positions similar to those of the major soils

* Lindquist soils, which are somewhat excessively
drained, have less development in the subsoil than
the major soils, and are in landscape positions
similar to those of the major soils

* East Lake soils, which are somewhat excessively
drained, do not have lamellae in the substratum, and
are in landscape positions similar to those of the
major soils

Use and Management

Major use: Forestland

Management concerns on forestland: Equipment
limitations, water erosion in some areas, seedling
mortality
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Minor uses: Cropland, pasture, and building site
development

Management concerns on cropland: Droughtiness and
soil blowing

Management concern on pasture: Droughtiness

Management concern on building sites: Slope in some
areas

Management concerns on sites for septic tank
absorption fields: Rapid permeability, slope in
some areas

5. Kalkaska-Blue Lake-Rubicon
Association

These nearly level to very steep, well drained to
excessively drained soils formed in sandy material
mainly on moraines and outwash plains [fig. 7)] The
soils have moderately low or low natural fertility and a
low water-holding capacity and are moderately
susceptible or highly susceptible to ground-water
contamination.

Setting

Landform: Dissected remnant moraines, channeled
uplands, stream terraces, and outwash channels
Slope range: 0 to 50 percent

Composition

Extent of the association:
18 percent of the county

Extent of the soils in the association:
Kalkaska—50 percent
Blue Lake—25 percent
Rubicon—10 percent
Minor soils—15 percent

Soil Properties and Qualities
Kalkaska

Drainage class: Somewhat excessively drained
Parent material: Sandy material

Texture of the surface layer: Sand

Slope: 8 to 50 percent

Blue Lake

Drainage class: Well drained

Parent material: Sandy material

Texture of the surface layer: Loamy sand
Slope: 0 to 50 percent

Rubicon

Drainage class: Excessively drained
Parent material: Sandy material



24

R S
::0:0:0:0:0:0:030, (P
SRS 1~

. Loamysand "/ .
__.; bands -/

— SAND ——— >

Blue Lake

Soil Survey of

17711177
// x‘,f/f;//
N

Kalkaska

Figure 7.—Typical pattern of soils and parent material in the Kalkaska-Blue Lake-Rubicon association. Depth is indicated in inches.

Texture of the surface layer: Sand
Slope: 0 to 18 percent

Minor Soils

* Leelanau soils, which are well drained, have more
development in the subsoil than the major soils, and
are on moraines

* Lindquist soils, which are somewhat excessively
drained, have less development in the subsoil than
the major soils, and are in outwash channels

¢ |slandlake soils, which are somewhat excessively
drained and are on outwash plains

* Croswell soils, which are moderately well drained
and are on the slightly lower flats, in concave areas,
and on the border of depressions

e Au Gres soils, which are somewhat poorly drained
and are on low flats and in depressions

Use and Management

Major use: Forestland

Management concerns on forestland: Equipment
limitations, water erosion on side slopes, seedling
mortality

Minor uses: Pasture and building site development

Management concern on pasture: Droughtiness

Management concern on building sites: Slope in some
areas

Management concerns on sites for septic tank
absorption fields: Rapid permeability, slope in
some areas
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6. Rubicon-Lindquist Association

These nearly level to steep, excessively drained
and somewhat excessively drained soils formed in
sandy material mainly on moraines and outwash
plains. The soils have low natural fertility and a low
water-holding capacity and are highly susceptible to
ground-water contamination.

Setting

Landform: Moraines, outwash channels, and outwash
plains
Slope range: 0 to 35 percent

Composition

Extent of the association:
26 percent of the county

Extent of the soils in the association:
Rubicon—67 percent
Lindquist—28 percent
Minor soils—5 percent

Soil Properties and Qualities
Rubicon

Drainage class: Excessively drained
Parent material: Sandy material
Texture of the surface layer: Sand
Slope: 0 to 35 percent

Lindquist

Drainage class: Somewhat excessively drained
Parent material: Sandy material

Texture of the surface layer: Sand

Slope: 0 to 35 percent

Minor Soils

e Grayling soils, which are excessively drained, have
less development in the subsoil than the major soils,
and are on outwash plains

e East Lake soils, which are excessively drained, have
more gravel in the subsoil than the major soils, and
are on outwash plains

* Dawson and Loxley soils, which are organic and are
in closed depressions

* Croswell soils, which are moderately well drained
and are adjacent to depressions on outwash plains

* Au Gres soils, which are somewhat poorly drained
and are on terraces adjacent to drainageways and in
shallow depressions

» Deford soils, which are very poorly drained and are
in depressions

e Tawas soils, which are organic and are in
depressions and drainageways
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Use and Management

Major use: Forestland

Management concerns on forestland: Equipment
limitations, water erosion in the steeper areas,
seedling mortality

Minor use: Building site development

Management concern on building sites: Slope

Mangement concerns on sites for septic tank
absorption fields: Rapid permeability, slope

7. Leelanau-Lindquist Association

These nearly level to very steep, well drained and
somewhat excessively drained soils formed in sandy
material mainly on moraines and outwash plains
[fig.8)] The soils have moderately low or low natural
fertility and a low water-holding capacity and are
moderately susceptible or highly susceptible to
ground-water contamination.

Setting

Landform: Channeled uplands, till plains, and outwash
channels
Slope range: 0 to 50 percent

Composition

Extent of the association:
4 percent of the county

Extent of the soils in the association:
Leelanau—82 percent
Lindquist—38 percent
Minor soils—10 percent

Soil Properties and Qualities
Leelanau

Drainage class: Well drained

Parent material: Loamy sand

Texture of the surface layer: Loamy sand
Slope: 0 to 50 percent

Lindquist

Drainage class: Somewhat excessively drained
Parent material: Sandy material

Texture of the surface layer: Sand

Slope: 0 to 18 percent

Minor Soils

* Blue Lake soils, which are well drained and are in
landscape positions similar to those of the major
soils

e East Lake soils, which are somewhat excessively
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drained, have more gravel in the substratum than
the major soils, and are on kames

e Chinwhisker soils, which are moderately well drained
and are on the slightly lower flats, in concave areas,
and on the border of depressions

* Ausable soils, which are very poorly drained and are
on flood plains

* Rubicon soils, which are excessively drained and
are in landscape positions similar to those of the
major soils

Use and Management

Major use: Forestland
Management concerns on forestland: Seedling
mortality, water erosion

Minor use: Building site development

Management concern on building sites: Slope in some
areas

Management concerns on sites for septic tank
absorption fields: Rapid permeability, slope in
some areas

8. Blue Lake-Feldhauser-Kalkaska
Association

These nearly level to very steep, moderately well
drained to somewhat excessively drained soils formed
in sandy and loamy material mainly on remnant
moraines. The soils have moderate or moderately low
natural fertility and a moderate or low water-holding
capacity and are moderately susceptible to ground-
water contamination.
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Setting

Landform: Dissected remnant moraines and
summits
Slope range: 0 to 50 percent

Composition

Extent of the association:
2 percent of the county
Extent of the soils in the association:
Blue Lake—55 percent
Feldhauser and similar soils—25 percent
Kalkaska—18 percent
Minor soils—2 percent

Soil Properties and Qualities
Blue Lake

Drainage class: Well drained

Parent material: Sandy material

Texture of the surface layer: Loamy sand
Slope: 0 to 50 percent

Feldhauser

Drainage class: Moderately well drained

Parent material: Loamy material underlain by sandy
material

Texture of the surface layer: Fine sandy loam

Slope: 0 to 6 percent

Kalkaska

Drainage class: Somewhat excessively drained
Parent material: Sandy material

Texture of the surface layer: Sand

Slope: 8 to 50 percent

Minor Soils

» Hartwick soils, which are somewhat excessively
drained, have gravel in the substratum, and are in
outwash channels

* Lindquist soils, which are somewhat excessively
drained, have less development in the subsoil than
the major soils, and are in landscape positions
similar to those of the major soils

Use and Management

Major use: Forestland

Management concerns on forestland: Equipment
limitations, water erosion on side slopes, seedling
mortality in some areas

Minor uses: Cropland, pasture, and building site
development

Management concerns on cropland: Water erosion,
tilth, compaction
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Management concerns on pasture: Compaction,
seasonal wetness on summits, droughtiness on
side slopes

Management concerns on building sites: Wetness on
summits, slope on side slopes

Management concerns on sites for septic tank
absorption fields: Wetness on summits, rapid
permeability, slope on side slopes

9. Blue Lake-Mossback-Mancelona
Association

These nearly level to very steep, well drained and
somewhat excessively drained soils formed in sandy
and loamy material mainly on moraines. The soils
have moderate or moderately low natural fertility and
a moderate or low water-holding capacity and are
moderately susceptible to ground-water
contamination.

Setting

Landform: Terminal moraines, till plains, dissected
moraines in the channeled uplands, kames, and
stream terraces

Slope range: 0 to 70 percent

Composition

Extent of the association:
14 percent of the county

Extent of the soils in the association:
Blue Lake—35 percent
Mossback—30 percent
Mancelona—20 percent
Minor soils—15 percent

Soil Properties and Qualities
Blue Lake

Drainage class: Well drained

Parent material: Sandy material

Texture of the surface layer: Loamy sand
Slope: 0 to 50 percent

Mossback

Drainage class: Well drained

Parent material: Sandy loam underlain by sandy
material

Texture of the surface layer: Sandy loam

Slope: 0 to 35 percent

Mancelona

Drainage class: Somewhat excessively drained
Parent material: Sandy and gravelly material
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Texture of the surface layer: Loamy sand
Slope: 0 to 70 percent

Minor Soils

* Lindquist soils, which are somewhat excessively
drained, have less development in the subsoil than
the major soils, and are in landscape positions
similar to those of the major soils

* Morganlake soils, which are moderately well
drained, have sandy material that is 20 to 40 inches
deep over loamy material, and are in nearly level
areas

¢ Menominee soils, which are well drained, have
sandy material that is 20 to 40 inches deep over
loamy material, and are in landscape positions
similar to those of the major soils

e Bamfield soils, which are well drained, have more
clay in the subsoil than the major soils, and are in
landscape positions similar to those of the major
soils

* Leafriver soils, which are very poorly drained, are
organic in the upper part and sandy in the lower
part, and are in depressions

e Gladwin soils, which are somewhat poorly drained
and are in depressions

Use and Management

Major uses: Forestland and cropland

Management concerns on forestland: Equipment
limitations, water erosion in the steeper areas

Management concerns on cropland: Droughtiness,
water erosion

Minor uses: Pasture and building site development

Management concern on pasture: Overgrazing

Management concern on building sites: Slope in some
areas

Management concern on sites for septic tank
absorption fields: Slope in some areas

10. Ossineke-Blue Lake-Morganlake
Association

These nearly level to very steep, moderately well
drained and well drained soils formed in sandy and
loamy material mainly on moraines. The soils have
low to high natural fertility and a moderate or low
water-holding capacity and are moderately
susceptible or slightly susceptible to ground-water
contamination.

Setting

Landform: Terminal moraines and till plains

Soil Survey of

Slope range: 0 to 50 percent
Composition

Extent of the association:
9 percent of the county

Extent of the soils in the association:
Ossineke—30 percent
Blue Lake—29 percent
Morganlake—25 percent
Minor soils—16 percent

Soil Properties and Qualities
Ossineke

Drainage class: Moderately well drained

Parent material: Loamy material underlain by sandy
material

Texture of the surface layer: Fine sandy loam

Slope: 0 to 12 percent

Blue Lake

Drainage class: Well drained

Parent material: Sandy material

Texture of the surface layer: Loamy sand
Slope: 0 to 50 percent

Morganlake

Drainage class: Moderately well drained

Parent material: Loamy sand underlain by loamy
material

Texture of the surface layer: Loamy sand

Slope: 0 to 12 percent

Minor Soils

e Mancelona soils, which are somewhat excessively
drained, have more gravel in the substratum than
the major soils, and are on kames and in outwash
channels

e Bamfield and Menominee soils, which are well
drained and are in the steeper areas

* Kent soils, which are moderately well drained, have
more clay than the major soils, and are in landscape
positions similar to those of the major soils

» Slade soils, which are somewhat poorly drained and
are in shallow depressions

* Angelica soils, which are poorly drained and are in
depressions

e Cathro soils, which are organic and are in
depressions

Use and Management

Major uses: Forestland and cropland
Management concerns on forestland: Equipment
limitations
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Management concern on cropland: \Water erosion

Minor uses: Pasture and building site development

Management concern on pasture: Overgrazing

Management concerns on building sites: Shrink-swell
potential, frost action, wetness, slope in some
areas

Management concerns on sites for septic tank
absorption fields: Moderately slow or slow
permeability, wetness, slope in some areas

11. Tawas-Lupton Association

These nearly level, very poorly drained soils
formed in muck or in muck over sandy material.
They are mainly in depressions and drainageways.
The soils have low natural fertility, have a high
water-holding capacity in the organic layers and a
low water-holding capacity in the sandy material,
and are highly susceptible to ground-water
contamination.

Setting

Landform: Drainageways, flood plains, and
depressions on outwash plains, in outwash
channels, and on moraines

Slope range: 0 to 2 percent

Composition

Extent of the association:
8 percent of the county
Extent of the soils in the association:
Tawas—53 percent
Lupton—32 percent
Minor soils—15 percent
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Soil Properties and Qualities
Tawas

Drainage class:\Very poorly drained

Parent material: Organic material that is 16 to 51
inches deep over sandy material

Texture of the surface layer: Muck

Slope: 0 to 2 percent

Lupton

Drainage class:\ery poorly drained

Parent material: More than 51 inches of organic material
Texture of the surface layer: Muck

Slope: 0 to 2 percent

Minor Soils

e Croswell soils, which are moderately well drained,
are sandy throughout, and are on islands, terraces,
and outwash plains

e Au Gres soils, which are somewhat poorly drained,
are sandy throughout, and are on islands and terraces

» Ausable and Bowstring soils, which have alternating
layers of mineral and organic material and are on
flood plains

» Histosols and Aquents, which are ponded and are in
depressions and near areas of open water

» Kellogg soils, which are moderately well drained,
have sandy material that is 20 to 40 inches deep
over clayey material, and are on lake plains

Use and Management

Major uses: Forestland, recreational development, and
wildlife habitat

Management concerns on forestland: Equipment
limitations, windthrow, seedling mortality
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Detailed Soil Map Units

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

A map unit delineation on a map represents an area
dominated by one or more major kinds of soil or
miscellaneous areas. A map unit is identified and
named according to the taxonomic classification of the
dominant soils or miscellaneous areas. Within a
taxonomic class there are precisely defined limits for
the properties of the soils. On the landscape, however,
the soils and miscellaneous areas are natural
phenomena, and they have the characteristic
variability of all natural phenomena. Thus, the range of
some observed properties may extend beyond the
limits defined for a taxonomic class. Areas of soils of a
single taxonomic class rarely, if ever, can be mapped
without including areas of other taxonomic classes.
Consequently, every map unit is made up of the soils
or miscellaneous areas for which it is named and
some “included” areas that belong to other taxonomic
classes.

Most included soils have properties similar to those
of the dominant soil or soils in the map unit, and thus
they do not affect use and management. These are
called noncontrasting, or similar, inclusions. They may
or may not be mentioned in the map unit description.
Other included soils and miscellaneous areas,
however, have properties and behavioral
characteristics divergent enough to affect use or to
require different management. These are called
contrasting, or dissimilar, inclusions. They generally
are in small areas and could not be mapped
separately because of the scale used. Some small
areas of strongly contrasting soils or miscellaneous
areas are identified by a special symbol on the maps.
The included areas of contrasting soils or
miscellaneous areas are mentioned in the map unit
descriptions. A few included areas may not have been
observed, and consequently they are not mentioned in

the descriptions, especially where the pattern was so
complex that it was impractical to make enough
observations to identify all the soils and miscellaneous
areas on the landscape.

The presence of included areas in a map unit in no
way diminishes the usefulness or accuracy of the data.
The objective of mapping is not to delineate pure
taxonomic classes but rather to separate the
landscape into landforms or landform segments that
have similar use and management requirements. The
delineation of such segments on the map provides
sufficient information for the development of resource
plans, but if intensive use of small areas is planned,
onsite investigation is needed to define and locate the
soils and miscellaneous areas.

An identifying symbol precedes the map unit name
in the map unit descriptions. Each description includes
general facts about the unit and gives the principal
hazards and limitations to be considered in planning
for specific uses.

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

Soils of one series can differ in texture of the
surface layer, slope, stoniness, degree of erosion, and
other characteristics that affect their use. On the basis
of such differences, a soil series is divided into soil
phases. Most of the areas shown on the detailed soil
maps are phases of soil series. The name of a soll
phase commonly indicates a feature that affects use
or management. For example, Islandlake loamy sand,
0 to 6 percent slopes, is a phase of the Islandlake
series.

Some map units are made up of two or more major
soils or miscellaneous areas. These map units are
complexes or undifferentiated groups.

A complex consists of two or more soils or
miscellaneous areas in such an intricate pattern or in
such small areas that they cannot be shown
separately on the maps. The pattern and proportion of
the soils or miscellaneous areas are somewhat similar
in all areas. Deford-Au Gres-Croswell complex, 0 to 6
percent slopes, is an example.
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An undifferentiated group is made up of two or
more soils or miscellaneous areas that could be
mapped individually but are mapped as one unit
because similar interpretations can be made for use
and management. The pattern and proportion of the
soils or miscellaneous areas in a mapped area are not
uniform. An area can be made up of only one of the
major soils or miscellaneous areas, or it can be made
up of all of them. An example of an undifferentiated
group in this survey area is the map unit Histosols and
Aquents, ponded.

This survey includes miscellaneous areas. Such
areas have little or no soil material and support little or
no vegetation. Pits, borrow, is an example.

gives the acreage and proportionate extent
of each map unit. Other tables give properties of the
soils and the limitations, capabilities, and potentials for
many uses. The Glossary defines many of the terms
used in describing the soils or miscellaneous areas.

13—Tawas-Lupton mucks

Setting

Landform: Low flats, depressions, and drainageways
on outwash plains and end moraines

Slope: 0 to 2 percent

Shape of areas: Irregular or oval

Size of areas: 310 4,180 acres

Typical Profile
Tawas

Surface layer:
0 to 9 inches—black muck

Subsoil:
9 to 24 inches—black and very dark gray muck

Substratum:
24 to 80 inches—dark gray sand

Lupton

Surface layer:
0 to 13 inches—black muck

Substratum:
13 to 80 inches—black muck

Soil Properties and Qualities

Permeability: Tawas—moderately slow to moderately
rapid in the organic material and rapid in the
underlying sand; Lupton—moderately slow to
moderately rapid

Available water capacity: High

Soil Survey of

Drainage class: Very poorly drained

Seasonal high water table: Apparent, 1.0 foot above to
1.0 foot below the surface throughout the year

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: High

Composition

Tawas and similar soils: 35 to 70 percent
Lupton and similar soils: 25 to 50 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:

e The somewhat poorly drained Au Gres soils in the
slightly higher landscape positions

e The very poorly drained Deford soils in landscape
positions similar to those of the Tawas and Lupton
soils

e Small areas of open water

Similar inclusions:

¢ Areas near the Tawas soil where thin layers of loamy
material are in the substratum

¢ Areas near the Tawas soil where the muck is more
than 9 inches and less than 16 inches thick

* Soils that are very strongly acid in some parts

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

* Because of wetness and low strength, special
harvesting equipment is needed. The equipment can
be used only during periods in winter when skid
roads and access roads are frozen.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

» Because of wetness, severe seedling mortality, and
plant competition, trees are generally not planted on
these soils.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.
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Buildings

Major management concern: Ponding

Management considerations:

* Because of ponding, these soils are generally
unsuited to building site development.

Septic tank absorption fields

Major management concern: Ponding

Management considerations:

* Because of ponding, these soils are generally
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 6w

Forestland ordination symbol: Tawas—5W; Lupton—
2w

Michigan soil management group: Tawas—M/4c;
Lupton—Mc

14—Dawson-Loxley peats

Setting

Landform: Low flats and closed depressions on
outwash plains and end moraines

Slope: 0 to 2 percent

Shape of areas: Irregular or oval

Size of areas: 3 to 80 acres

Typical Profile
Dawson

Surface layer:
0 to 3 inches—dark reddish brown peat

Subsoil:
3 to 32 inches—dark reddish brown muck

Substratum:
32 to 80 inches—dark grayish brown sand

Loxley

Surface layer:
0 to 3 inches—dark reddish brown peat

Substratum:
3 to 80 inches—dark reddish brown muck

Soil Properties and Qualities

Permeability: Dawson—moderately slow to moderately
rapid in the organic material and rapid in the
underlying sand; Loxley—moderately slow to
moderately rapid

Available water capacity:\lery high

Drainage class: Very poorly drained
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Seasonal high water table: Apparent, 1.0 foot above to
1.0 foot below the surface throughout the year

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Slight

Shrink-swell potential: Low

Potential for frost action: High

Composition

Dawson and similar soils: 35 to 70 percent
Loxley and similar soils: 25 to 60 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:

e The somewhat poorly drained Au Gres soils in the
slightly higher landscape positions

* The very poorly drained Deford soils in landscape
positions similar to those of the Dawson and Loxley
soils

e Small areas of open water

Similar inclusions:

* Areas near the Dawson soil where thin layers of
loamy material are in the substratum

¢ Areas near the Dawson soil where the organic
material is less than 16 inches thick

 Soils that are less acid in some parts

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

* These soils are generally unsuited to forestland
because of extreme acidity, the low strength of the
organic material, and the wetness. Overcoming
these limitations is not practical.

* The tree cover is sparse. Some spruce and
tamarack grow around the edges of the unit. Shrubs
are the most common plants.

Buildings

Major management concern: Ponding

Management considerations:

» Because of ponding, these soils are generally
unsuited to building site development.

Septic tank absorption fields

Major management concern: Ponding
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Management considerations:
* Because of ponding, these soils are generally
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7w

Forestland ordination symbol: 2W

Michigan soil management group: Dawson—M/4c-a;
Loxley—Mc-a

15A—Croswell-Au Gres sands, 0 to 3
percent slopes

Setting

Landform: Flats, shallow depressions, and areas
adjacent to drainageways on outwash plains and
stream terraces; also, low knolls in swamps

Shape of areas: Irregular

Size of areas: 3 to 60 acres

Typical Profile
Croswell

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 9 inches—grayish brown sand

Subsoil:
9 to 27 inches—brown and strong brown sand
27 1o 40 inches—brownish yellow, mottled sand

Substratum:
40 to 80 inches—very pale brown sand

Au Gres

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 9 inches—brown sand

Subsoil:
9 to 42 inches—brown, dark yellowish brown, and
yellowish brown, mottled sand

Substratum:
42 to 80 inches—brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Croswell—moderately well drained; Au
Gres—somewhat poorly drained

Seasonal high water table: Croswell—apparent, 2.0 to
3.5 feet below the surface at some time from

Soil Survey of

October through December and from March
through June; Au Gres—apparent, 0.5 foot to 1.5
feet below the surface at some time from October
through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Croswell—low; Au Gres—
moderate

Composition

Croswell and similar soils: 60 to 70 percent
Au Gres and similar soils: 20 to 40 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:

e The very poorly drained Leafriver soils in
depressions

* The excessively drained Grayling and Rubicon soils
on low knolls or the higher flats

Similar inclusions:

* Areas near the Croswell soil where the seasonal
high water table is at a depth of 3.5 to 5.0 feet

* Areas where the soil is poorly drained

* Areas where the subsoil is lighter in color

* Areas where the subsoil is partially cemented

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

* Equipment should be used only when the Au Gres
soil is relatively dry or has an adequate snow cover.

* In areas of the Au Gres soil, trees that can
withstand seasonal wetness should be selected for
planting.

* In areas of the Au Gres soil, windthrow can be
minimized by harvest methods that do not leave
the remaining trees widely spaced and by such
harvest methods as selective cutting and strip
cutting.

* Because loose sand in areas of the Croswell soil
can interfere with the traction of wheeled equipment,
logging roads should be stabilized.

* Planting when the Croswell soil is moist can reduce
the seedling mortality rate.
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* |f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Pasture

Major management concerns: Seasonal droughtiness,

seasonal wetness, overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* A planned grazing system and deferred grazing
during wet periods help to keep the pasture in good
condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
seasonal wetness

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

Septic tank absorption fields

Major management concerns: Seasonal wetness,

rapid permeability

Management considerations:

e The poor filtering capacity of these soils can result in
the pollution of ground water.

e On large lots in areas of the Croswell soil, an
absorption system with shallow trenches, shrubbery
planted around the perimeter of the system, and low,
uniform application rates minimizes the risk of
ground-water pollution.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table in
the Croswell soil.

e Because of the high water table, the Au Gres soil
is generally unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: Croswell—4s;
Au Gres—4w

Forestland ordination symbol: Croswell—5S;
Au Gres—6W

Michigan soil management group: Croswell—5a;
Au Gres—5b

35

16B—Graycalm sand, 0 to 6 percent
slopes

Setting

Landform: Flats and low knolls on outwash plains and
stream terraces

Shape of areas: Irregular

Size of areas: 50 to 1,000 acres

Typical Profile

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 2 inches—grayish brown sand

Subsoil:

2 to 19 inches—brownish yellow and yellowish brown
sand

19 to 80 inches—yellowish brown sand with bands of
strong brown loamy sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Graycalm and similar soils: 85 to 90 percent
Contrasting inclusions: 10 to 15 percent

Inclusions

Contrasting inclusions:

e The moderately well drained Croswell and
somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Sandy soils that do not have bands of loamy sand in
the substratum

e Sandy soils that have a darker subsoil

» Coarse-loamy soils that have a gravelly substratum

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development
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Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
lof the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 4s
Forestland ordination symbol: 6S
Michigan soil management group: 5a

17A—Croswell sand, 0 to 3 percent
slopes

Setting

Landform: Flats adjacent to drainageways and
swamps on outwash plains and stream terraces
Shape of areas: Irregular or linear

Soil Survey of

Size of areas: 3 to more than 400 acres
Typical Profile

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 9 inches—grayish brown sand

Subsoil:
9 to 27 inches—brown and strong brown sand
27 1o 40 inches—brownish yellow, mottled sand

Substratum:
40 to 80 inches—very pale brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Moderately well drained

Seasonal high water table: Apparent, 2.0 to 3.5 feet
below the surface at some time from October
through December and from March through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Croswell and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The excessively drained Grayling and Rubicon soils
in landscape positions similar to or slightly higher
than those of the Croswell soil

Similar inclusions:

 Soils that are somewhat poorly drained

* Areas where the subsoil is lighter in color

* Areas where the seasonal high water table is at a
depth of 3.5 to 5.0 feet

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition
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Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

* |f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
seasonal wetness

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

Septic tank absorption fields

Major management concerns: Seasonal wetness,

rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

Interpretive Groups

Land capability classification: 4s
Forestland ordination symbol: 5S
Michigan soil management group: 5a

37

17B—Croswell sand, 0 to 6 percent
slopes

Setting

Landform: Undulating outwash plains and stream
terraces

Shape of areas: Irregular or linear

Size of areas: 3 to more than 400 acres

Typical Profile

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 9 inches—grayish brown sand

Subsoil:
9 to 27 inches—brown and strong brown sand
27 1o 40 inches—brownish yellow, mottled sand

Substratum:
40 to 80 inches—very pale brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Moderately well drained

Seasonal high water table: Apparent, 2.0 to 3.5 feet
below the surface at some time from October
through December and from March through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Croswell and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The excessively drained Grayling and Rubicon soils
in landscape positions similar to or slightly higher
than those of the Croswell soll

Similar inclusions:

 Soils that are somewhat poorly drained

* Areas where the subsoil is lighter in color

* Areas where the seasonal high water table is at a
depth of 3.5 to 5.0 feet

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development



38

Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
seasonal wetness

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

Septic tank absorption fields

Major management concerns: Seasonal wetness,

rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

Soil Survey of

Interpretive Groups

Land capability classification: 4s
Forestland ordination symbol: 5S
Michigan soil management group: 5a

18A—Au Gres sand, 0 to 3 percent slopes

Setting

Landform: Shallow depressions on outwash plains and
stream terraces; also, low knolls in swamps

Shape of areas: Irregular

Size of areas: 5 to 200 acres

Typical Profile

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3to 9 inches—brown sand

Subsoil:
9 to 42 inches—brown, dark yellowish brown, and
yellowish brown, mottled sand

Substratum:
42 to 80 inches—brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat poorly drained

Seasonal high water table: Apparent, 0.5 footto 1.5
feet below the surface at some time from October
through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Moderate

Composition

Au Gres and similar soils: 90 to 95 percent
Contrasting inclusions: 5 to 10 percent

Inclusions

Contrasting inclusions:

* The excessively drained Grayling and Rubicon soils
on low knolls and ridges

* The very poorly drained Leafriver soils in
depressions

Similar inclusions:
* Sandy soils that are moderately well drained
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Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,

windthrow hazard, plant competition

Management considerations:

* Equipment should be used only when the soil is
relatively dry or has an adequate snow cover.

* Trees that can withstand seasonal wetness should
be selected for planting.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Pasture

Major management concern: Seasonal wetness

Management considerations:

* Proper stocking rates, a planned grazing system,
and deferred grazing during wet periods help to
keep the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants.

Buildings

Major management concerns: Caving of cutbanks,

seasonal wetness

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Wetness can be reduced by a drainage system
around structures with basements and crawl
spaces.

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

Septic tank absorption fields

Major management concern: Seasonal wetness

Management considerations:

» Because of the high water table, this soil is generally
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 4w
Forestland ordination symbol: 6W
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Michigan soil management group: 5b

19—Leafriver muck

Setting

Landform: Shallow depressions and flood plains on
outwash plains

Slope: 0 to 1 percent

Shape of areas: Elongated or irregular

Size of areas: 5 to 100 acres

Typical Profile

Surface layer:
0 to 9 inches—black muck

Subsoil:
9to 11 inches—very dark gray mucky sand

Substratum:
11 to 15 inches—dark grayish brown, mottled sand
15 to 80 inches—qrayish brown, mottled sand

Soil Properties and Qualities

Permeability: Moderate or moderately rapid in the
organic material and rapid in the sandy material

Available water capacity: Moderate

Drainage class:\ery poorly drained

Seasonal high water table: Apparent, 1.0 foot above to
1.0 foot below the surface throughout the year

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: High

Composition

Leafriver and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent

Inclusions

Contrasting inclusions:
* The somewhat poorly drained Au Gres soils in the
higher areas and on low knolls

Similar inclusions:
 Soils that have a thicker organic surface layer
e Sandy soils that are poorly drained

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,
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windthrow hazard, seedling mortality, plant
competition

Management considerations:

* Because of wetness and low strength, special
harvesting equipment is needed. The equipment can
be used only during periods in winter when skid
roads and access roads are frozen.

* Year-round logging roads require roadfill and gravel.
Culverts are needed to maintain the natural
drainage system.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.

* Because of wetness, seedling mortality, and plant
competition, trees are generally not planted on this
soil.

Buildings

Major management concern: Ponding
* Because of ponding, this soil is generally unsuited to
building site development.

Septic tank absorption fields

Major management concern: Ponding

Management considerations:

* Because of ponding, this soil is generally unsuited to
septic tank absorption fields.

Interpretive Groups

Land capability classification: 6w
Forestland ordination symbol: 2W
Michigan soil management group: 5¢

20B—Graycalm-Grayling sands, 0 to 6
percent slopes

Setting

Landform: Flats and low knolls on outwash plains
Shape of areas: Irregular
Size of areas: 3 to more than 3,200 acres

Typical Profile
Graycalm

Surface layer:
0 to 1 inch—uvery dark gray sand

Subsurface layer:
1 to 2 inches—grayish brown sand

Soil Survey of

Subsoil:

2 to 19 inches—brownish yellow and yellowish brown
sand

19 to 80 inches—yellowish brown sand with thin bands
of strong brown loamy sand

Grayling

Surface layer:
0 to 3 inches—black sand

Subsoil:
3 to 27 inches—dark yellowish brown and yellowish
brown sand

Substratum:
27 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Graycalm—somewhat excessively
drained; Grayling—excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Graycalm and similar soils: 45 to 60 percent
Grayling and similar soils: 30 to 50 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:
* The moderately well drained Croswell soils in swales

Similar inclusions:
* Soils that have bands of fine sand or gravelly sand in
the subsoil or substratum

Use and Management

Land use: Dominant use—forestland; other use—
building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

e Planting when the soils are moist and planting
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special nursery stock or containerized seedlings
reduce the seedling mortality rate.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability

Management considerations:

* The poor filtering capacity of these soils can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: Graycalm—4s;
Grayling—®6s

Forestland ordination symbol: Graycalm—=6S;
Grayling—4S

Michigan soil management group: Graycalm—5a;
Grayling—5.7a

20D—Graycalm-Grayling sands, 6 to 18
percent slopes

Setting

Landform: Knolls and low ridges on outwash plains
Shape of areas: Irregular or linear
Size of areas: 3 to 310 acres

Typical Profile
Graycalm

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 2 inches—grayish brown sand

Subsoil:

2 to 19 inches—brownish yellow and yellowish brown
sand

19 to 80 inches—yellowish brown sand with thin bands
of strong brown loamy sand

Grayling

Surface layer:
0 to 3 inches—black sand
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Subsoil:
3 to 27 inches—dark yellowish brown and yellowish
brown sand

Substratum:
27 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Graycalm—somewhat excessively
drained; Grayling—excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Very low

Flooding: None

Hazard of water erosion: Slight or moderate

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Graycalm and similar soils: 40 to 60 percent
Grayling and similar soils: 35 to 55 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:
e The moderately well drained Croswell soil in
depressions

Similar inclusions:
* Soils that have bands of fine sand or gravelly sand in
the subsoil or substratum

Use and Management

Land use: Dominant use—forestland; other use—
building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soils are moist and planting
special nursery stock or containerized seedlings
reduce the seedling mortality rate.

Buildings

Major management concerns: Caving of cutbanks,
slope
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Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

 Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of these soils can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: Graycalm—®6s;
Grayling—7s

Forestland ordination symbol: Graycalm—=6S;
Grayling—4S

Michigan soil management group: Graycalm—5a;
Grayling—5.7a

20F—Graycalm-Grayling sands, 18 to 45
percent slopes

Setting

Landform: Hills, ridges in areas of pitted outwash, and
escarpments along drainageways

Shape of areas: Irregular or linear

Size of areas: 3 to 250 acres

Typical Profile
Graycalm

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 2 inches—grayish brown sand

Subsoil:

2 to 19 inches—brownish yellow and yellowish brown
sand

19 to 80 inches—yellowish brown sand with thin bands
of strong brown loamy sand

Grayling

Surface layer:
0 to 3 inches—black sand

Soil Survey of

Subsoil:
3 to 27 inches—dark yellowish brown and yellowish
brown sand

Substratum:
27 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Graycalm—somewhat excessively
drained; Grayling—excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate or severe

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Graycalm and similar soils: 40 to 60 percent
Grayling and similar soils: 30 to 60 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:
* The moderately well drained Croswell soils

Similar inclusions:
* Soils that have bands of gravelly sand in the subsoil
or substratum

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, seedling mortality

Management considerations:

* The risk of erosion can be reduced by seeding
logging roads, landings, and areas that have been
cut and filled and by installing water bars and
culverts.

* Ordinary crawler tractors and rubber-tired skidders
cannot be operated safely on these slopes. As a
result, special logging methods, such as yarding the
logs with a cable, may be needed.

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.
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* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* The use of mechanical planters is limited by the

slope. Hand planting of seedlings may be desirable.

* Planting when the soils are moist and planting
special nursery stock or containerized seedlings
reduce the seedling mortality rate.

» Southern exposures may have higher seedling
mortality rates than northern exposures.

Buildings

Major management concerns: Caving of cutbanks,
slope
Management considerations:
» Because of the slope, these soils are generally
unsuited to building site development.

Septic tank absorption fields

Major management concerns: Rapid permeability,
slope
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Management considerations:
» Because of the slope, these soils are generally
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7s

Forestland ordination symbol: Graycalm—6R,;
Grayling—4R

Michigan soil management group: Graycalm—5a;
Grayling—5.7a

23—Ausable-Bowstring mucks, frequently
flooded

Setting

Landform: Flood plains along perennial rivers and
creeks [fig. 9)

Slope: 0 to 2 percent

Shape of areas: Irregular or linear

Size of areas: 3 to 150 acres

Figure 9.—An area of Ausable-Bowstring mucks, frequently flooded.
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Typical Profile
Ausable
Surface layer:
0 to 10 inches—black and very dark grayish brown
muck
Substratum:

10 to 18 inches—grayish brown sand with thin layers
of black muck

18 to 46 inches—light olive brown, mottled sand

46 to 52 inches—black muck

52 to 80 inches—light olive brown, mottled, stratified
sand and gravel

Bowstring

Surface layer:
0 to 9 inches—black muck

Substratum:

9 to 44 inches—very dark brown and dark brown
muck

44 to 50 inches—dark grayish brown sand with thin
bands of black muck

50 to 54 inches—dark brown muck

54 to 65 inches—dark grayish brown sand with thin
bands of black muck

65 to 80 inches—grayish brown, mottled sand

Soil Properties and Qualities

Permeability: Ausable—moderate or moderately rapid
in the organic material and rapid in the underlying
sand; Bowstring—moderately slow to moderately
rapid

Available water capacity: Ausable—high; Bowstring—
very high

Drainage class: Very poorly drained

Seasonal high water table: Ausable—apparent, 1.0
foot above to 1.0 foot below the surface
throughout the year; Bowstring—apparent, at the
surface to 2.0 feet below the surface throughout
the year

Surface runoff class: Negligible

Flooding: Frequent, from October through June

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Ausable—moderate;
Bowstring—high

Composition

Ausable and similar soils: 40 to 90 percent
Bowstring and similar soils: 10 to 50 percent
Contrasting inclusions: 0 to 15 percent

Soil Survey of

Inclusions

Contrasting inclusions

* The somewhat poorly drained Au Gres and
moderately well drained Croswell soils in the higher
landscape positions

Similar inclusions

* Soils with 16 to 50 inches of muck overlying the
sand

* Areas near the Ausable soil where the substratum
averages more than 35 percent gravel

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

* Because of wetness and low strength, special
harvesting equipment is needed. The equipment can
be used only during periods in winter when skid
roads and access roads are frozen.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

* Because of wetness, seedling mortality, and plant
competition, trees are generally not planted on these
soils.

Buildings

Major management concerns: Seasonal flooding,
wetness
Management considerations:
e These soils are generally unsuited to building site
development because of seasonal flooding,
wetness, and low strength.

Septic tank absorption fields

Major management concerns: Seasonal flooding,
wetness
Management considerations:
» Because of flooding, these soils are generally
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: Ausable—7w;
Bowstring—6w

Forestland ordination symbol: Ausable—2W;
Bowstring—3W

Michigan soil management group: Ausable—L-4c;
Bowstring—L-Mc
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24A—Kinross-Au Gres complex, 0to 3
percent slopes

Setting

Landform: Low flats and shallow depressions on
outwash plains

Shape of areas: Irregular

Size of areas: 310 210 acres

Typical Profile
Kinross

Surface layer:
0 to 3 inches—black muck

Subsurface layer:
3 to 10 inches—qrayish brown, mottled sand

Subsoil:

10 to 14 inches—dark reddish brown, partially
cemented sand

14 to 22 inches—yellowish brown, mottled sand

Substratum:
22 to 80 inches—yellowish brown, mottled sand

Au Gres

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3to 9 inches—brown sand

Subsoil:

9 to 11 inches—brown, mottled sand

11 to 42 inches—dark yellowish brown and yellowish
brown, mottled sand

Substratum:
42 to 80 inches—brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Kinross—very poorly drained; Au
Gres—somewhat poorly drained

Seasonal high water table: Kinross—apparent, 1.0 foot
above to 1.0 foot below the surface at some time
from September through June; Au Gres—
apparent, 0.5 foot to 1.5 feet below the surface at
some time from October through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Kinross—moderate; Au Gres—
severe

Shrink-swell potential: Low
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Potential for frost action: Moderate
Composition

Kinross and similar soils: 50 to 70 percent
Au Gres and similar soils: 30 to 50 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:

e The very poorly drained Leafriver and Tawas soils in
landscape positions similar to those of the Kinross
soil

Similar inclusions:
* Areas where the subsoil is lighter in color
 Soils that are moderately well drained

Use and Management

Land use: Dominant use—forestland; other use—
building site development

Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

¢ The formation of deep ruts can be prevented by
using heavy equipment only when the soils are
relatively dry, are frozen, or have an adequate snow
cover.

* Year-round logging roads require roadfill and gravel.
Culverts are needed in areas of the Kinross soil to
maintain the natural drainage system.

* Log landings are generally available on the Au Gres
soil during the preferred operating season.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced.

* Trees are generally not planted on the Kinross soll
because of wetness, severe seedling mortality, and
plant competition.

* Trees that can withstand seasonal wetness should
be selected for planting on the Au Gres soil.

» Competing vegetation can be controlled by
mechanical or chemical means.

Buildings

Major management concerns: Kinross—ponding; Au
Gres—seasonal wetness

Management considerations:

* Because of ponding, the Kinross soil is generally
unsuited to building site development.

* In areas of the Au Gres soil, buildings can be
constructed on well compacted fill material, which
raises the site a sufficient distance above the water
table.
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Septic tank absorption fields

Major management concerns: Kinross—ponding; Au
Gres—seasonal wetness, rapid permeability
Management considerations:
* Because of ponding, the Kinross soil is generally
unsuited to septic tank absorption fields.
e Because of the high water table, the Au Gres soil is
generally unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: Kinross—6w;
Au Gres—4w

Forestland ordination symbol: Kinross—2W;
Au Gres—6W

Michigan soil management group: Kinross—5c-a;
Au Gres—5b

25B—Kent sandy loam, 0 to 6 percent
slopes

Setting

Landform: Nearly level and undulating end moraines
Shape of areas: Irregular
Size of areas: 10 to 100 acres

Typical Profile

Surface layer:
0 to 6 inches—dark gray sandy loam

Subsoil:

6 to 13 inches—brown clay surrounded by grayish
brown loam

13 to 22 inches—brown clay

Substratum:
22 to 28 inches—light brown silty clay
28 to 60 inches—light brown, mottled silty clay

Soil Properties and Qualities

Permeability: Slow

Available water capacity: Moderate

Drainage class: Moderately well drained

Seasonal high water table: Perched, 2.0 to 3.5 feet
below the surface at some time in October and
November from and March through May

Surface runoff class: High

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: High

Potential for frost action: Moderate

Composition

Kent and similar soils: 85 to 95 percent

Soil Survey of

Contrasting inclusions: 5 to 15 percent
Inclusions

Contrasting inclusions:

* The moderately well drained Morganlake soils in
landscape positions similar to those of the Kent soil

* The poorly drained Angelica soils in depressions

e The very poorly drained Wakeley soils in
depressions

Similar inclusions:
* Soils with a surface layer of fine sandy loam or loam
 Soils with less clay in the subsoil or substratum

Use and Management

Land use: Dominant use—cropland; other uses—
pasture, forestland, and building site development

Cropland

Major management concerns: Water erosion, slow

permeability, tilth of the surface layer

Management considerations:

* Crop residue management and a cropping
sequence that includes close-growing crops help to
control water erosion.

* Because of slow permeability, subsurface drains
should be narrowly spaced.

* Minimizing tillage and tilling and harvesting at the
proper soil moisture content help to prevent
excessive compaction and maintain tilth.

Pasture

Major management concerns: Compaction,

overgrazing

Management considerations:

* Proper stocking rates, a planned grazing system,
and deferred grazing during wet periods help to
keep the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Equipment limitations,

windthrow hazard, plant competition

Management considerations:

» Because of the slow permeability and the sticky and
plastic subsoil, logging roads should be graveled
and in some areas landings should be stabilized.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

* Species preference can be managed by selective
cutting.
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Buildings

Major management concerns: Shrink-swell potential,

frost action, wetness

Management considerations:

* Properly designing and strengthening footings and
foundations can help to prevent the structural
damage caused by shrinking and swelling and by
frost action.

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

Major management concerns: Slow permeability,

wetness

Management considerations:

» Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

Interpretive Groups

Land capability classification: 3e
Forestland ordination symbol: 7C
Michigan soil management group: 1a

25C—Kent sandy loam, 6 to 12 percent
slopes

Setting

Landform: Hill slopes on end moraines
Shape of areas: Irregular
Size of areas: 10 to 80 acres

Typical Profile

Surface layer:
0 to 6 inches—dark gray sandy loam

Subsoil:

6 to 13 inches—brown clay surrounded by grayish
brown loam

13 to 22 inches—brown clay

Substratum:
22 to 28 inches—light brown silty clay
28 to 60 inches—light brown, mottled silty clay

Soil Properties and Qualities

Permeability: Slow

Available water capacity: Moderate

Drainage class: Moderately well drained

Seasonal high water table: Perched, 2.0 to 3.5 feet
below the surface at some time in October and
November and from March through May

Surface runoff class: Very high
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Flooding: None

Hazard of water erosion: Moderate
Hazard of soil blowing: Moderate
Shrink-swell potential: High
Potential for frost action: Moderate

Composition

Kent and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Morganlake soils in
landscape positions similar to those of the Kent soil

* The poorly drained Angelica soils in depressions

* The very poorly drained Wakeley soils in
depressions

Similar inclusions:
* Soils with a surface layer of fine sandy loam or loam
 Soils with less clay in the subsoil or substratum

Use and Management

Land use: Dominant use—cropland; other uses—
pasture, forestland, and building site development

Cropland

Major management concerns: Water erosion, nutrient

loss, slow permeability, tilth of the surface layer

Management considerations:

* Inclusion of close-growing crops in the cropping
sequence, conservation tillage, grassed waterways,
cover crops, and crop residue management help to
prevent excessive soil loss.

e Conservation tillage, contour farming, cover crops,
and sod-based crop rotations minimize the
detachment and loss of nutrients associated with
sedimentation, thus reducing the losses of solid-
phase nitrogen and phosphorus.

* Because of slow permeability, subsurface drains
should be narrowly spaced.

* Minimizing tillage and tilling and harvesting at the
proper soil moisture content help to prevent
excessive compaction and maintain tilth.

Pasture

Major management concerns: Compaction,

overgrazing

Management considerations:

* Proper stocking rates, a planned grazing system,
and deferred grazing during wet periods help to
keep the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.
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Forestland

Major management concerns: Equipment limitations,

windthrow hazard, plant competition

Management considerations:

* Because of the slow permeability and the sticky and
plastic subsoil, logging roads should be graveled
and in some areas landings should be stabilized.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

* Species preference can be managed by selective
cutting.

Buildings

Major management concerns: Shrink-swell potential,

frost action, wetness, slope

Management considerations:

* Properly designing and strengthening footings and
foundations can help to prevent the structural
damage caused by shrinking and swelling and by
frost action.

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

* Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Slow permeability,

wetness, slope

Management considerations:

» Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

e Land shaping and installing the distribution lines
across the slope help to ensure that the absorption
field functions properly.

Interpretive Groups

Land capability classification: 4e
Forestland ordination symbol: 7C
Michigan soil management group: 1a

28B—East Lake sand, 0 to 6 percent
slopes

Setting

Landform: Flats and low knolls on outwash plains, in
outwash channels, and on stream terraces

Soil Survey of

Shape of areas: Irregular
Size of areas: 10 to 300 acres

Typical Profile

Surface layer:
0 to 1 inch—very dark brown sand

Subsurface layer:
1 to 4 inches—brown sand

Subsoil:

4 to 8 inches—brown sand

8 to 31 inches—strong brown, yellowish brown, and
brownish yellow sand

31 to 35 inches—yellowish brown very gravelly loamy
coarse sand

Substratum:
35 to 80 inches—light yellowish brown, stratified very
gravelly coarse sand and coarse sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition
East Lake and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent
Inclusions

Contrasting inclusions:
e The moderately well drained Croswell soils in
depressions

Similar inclusions:

* Soils that have a loamy layer in the subsoil

* Soils that have a surface layer of loamy sand
 Soils that have less gravel in the substratum

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,
seedling mortality
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Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 4s
Forestland ordination symbol: 2S
Michigan soil management group: 5a

28C—East Lake sand, 6 to 12 percent
slopes

Setting

Landform: Low ridges and knolls on outwash plains
and stream terraces

Shape of areas: Irregular

Size of areas: 5 to 50 acres

Typical Profile

Surface layer:
0 to 1 inch—very dark brown sand

49

Subsurface layer:
1 to 4 inches—brown sand

Subsoil:

4 to 8 inches—brown sand

8 to 31 inches—strong brown, yellowish brown, and
brownish yellow sand

31 to 35 inches—yellowish brown very gravelly loamy
coarse sand

Substratum:
35 to 80 inches—light yellowish brown, stratified very
gravelly coarse sand and coarse sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

East Lake and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils in the
lower landscape positions

e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Soils that have a loamy layer in the subsoil

* Soils that have a surface layer of loamy sand
 Soils that have less gravel in the substratum

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

¢ Planting when the soil is moist and planting special
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nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 6s
Forestland ordination symbol: 2S
Michigan soil management group: 5a

28E—East Lake sand, 12 to 35 percent
slopes

Setting

Landform: Ridges and escarpments on outwash plains
Shape of areas: Irregular
Size of areas: 5 to 50 acres

Typical Profile

Surface layer:
0 to 1 inch—very dark brown sand

Soil Survey of

Subsurface layer:
1 to 4 inches—brown sand

Subsoil:

4 to 8 inches—brown sand

8 to 31 inches—strong brown, yellowish brown, and
brownish yellow sand

31 to 35 inches—yellowish brown very gravelly loamy
coarse sand

Substratum:
35 to 80 inches—light yellowish brown, stratified very
gravelly coarse sand and coarse sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

East Lake and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
* The somewhat poorly drained Au Gres soils in the
lower landscape positions

Similar inclusions:
* Soils that have a loamy layer in the subsoil
 Soils that have less gravel in the substratum

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, seedling mortality

Management considerations:

* The risk of erosion can be reduced by seeding
logging roads, landings, and areas that have been
cut and filled and by installing water bars and
culverts.

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

* Because loose sand can interfere with the traction of
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wheeled equipment, logging roads should be
stabilized.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

» Southern exposures may have higher seedling
mortality rates than northern exposures.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
* Because of the slope, this soil is generally unsuited
to building site development.

Septic tank absorption fields

Major management concerns: Slope, rapid
permeability
Management considerations:
* Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 2R
Michigan soil management group: 5a

32B—Kellogg sand, 0 to 6 percent slopes
Setting

Landform: Lake plains
Slope: 0 to 3 percent
Shape of areas: Irregular
Size of areas: 5 to 45 acres

Typical Profile

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 11 inches—pinkish gray sand

Subsoil:

11 to 17 inches—dark reddish brown sand

17 to 33 inches—strong brown and dark brown
sand

33 to 36 inches—reddish brown, mottled silty clay
surrounded by brown loamy sand
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36 to 43 inches—reddish brown, mottled silty clay

Substratum:
43 to 52 inches—reddish brown, mottled silty clay
52 to 80 inches—brown and light brown silty clay

Soil Properties and Qualities

Permeability: Rapid in the sandy material and very
slow in the clayey material

Available water capacity: Low

Drainage class: Moderately well drained

Seasonal high water table: Perched, 2.5 to 3.5 feet
below the surface at some time from September
through November and from March through
May

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: High

Potential for frost action: Low

Composition

Kellogg and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent

Inclusions

Contrasting inclusions:

* The poorly drained Angelica soils in depressions
and drainageways

* The very poorly drained Wakeley soils in
depressions

Similar inclusions:
* Soils that are somewhat poorly drained

Use and Management

Land use: Dominant use—cropland; other uses—
forestland, pasture, and building site development

Cropland

Major management concerns: Soil blowing, seasonal

wetness

Management considerations:

» Conservation tillage, windbreaks, crop residue
management, stripcropping, vegetative barriers,
cover crops, and crop rotations that include small
grain and hay help to control soil blowing. A
permanent plant cover also helps to control soil
blowing.

* Subsurface drains can reduce the wetness if a
suitable outlet is available.

Pasture

Major management concern: Overgrazing



52

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Equipment limitations,

seedling mortality, plant competition

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting
seedlings that can withstand droughty conditions
reduce the seedling mortality rate. Replanting is
needed in some areas.

* Species preference can be managed by selective
cutting.

Buildings

Major management concerns: Wetness, shrink-swell

potential

Management considerations:

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

* Properly designing and strengthening footings and
foundations can help to prevent the structural
damage caused by shrinking and swelling.

Septic tank absorption fields

Major management concerns: Seasonal wetness, very

slow permeability, a poor filtering capacity

Management considerations:

» Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 3s
Forestland ordination symbol: 3S
Michigan soil management group: 4/1a

Soil Survey of

33B—Mancelona loamy sand, 0 to 6
percent slopes

Setting

Landform: Outwash plains, kame terraces, and stream
terraces

Shape of areas: Irregular

Size of areas: 50 to 1,500 acres

Typical Profile

Surface layer:
0 to 2 inches—black loamy sand

Subsurface layer:
2 to 3 inches—pinkish gray loamy sand

Subsoil:

3 to 15 inches—brown loamy sand

15 to 25 inches—brown gravelly sand

25 to 31 inches—strong brown gravelly loamy sand

31 to 36 inches—dark brown very gravelly loamy sand

Substratum:
36 to 80 inches—stratified, light brown very gravelly
sand and pink sand

Soil Properties and Qualities

Permeability: Moderately rapid in the surface layer and
subsoil and very rapid in the substratum

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Mancelona and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The somewhat poorly drained Gladwin soils in
depressions

e The well drained Mossback soils in landscape
positions similar to those of the Mancelona soil

Similar inclusions:

* Soils that are sandy skeletal

* Soils that do not have a loamy layer in the subsoil
* Soils that have a sandy substratum
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Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Seasonal droughtiness,
soil blowing, a low content of organic matter,
nutrient and pesticide loss

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil blowing.

* Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic matter.

* Increasing the content of organic matter in the root
zone may improve the ability of the soil to hold
water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

* Adjusting the rate of water application to the
available water capacity, the water intake rate, and
the needs of the crop can help to prevent
overirrigating and excessive leaching of plant
nutrients.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland
Major management concerns: None
Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern:Very rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.
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Interpretive Groups

Land capability classification: 3s
Forestland ordination symbol: 3A
Michigan soil management group: 4a

33C—Mancelona loamy sand, 6 to 12
percent slopes

Setting

Landform: Low ridges and knolls on outwash plains,
kame terraces, stream terraces, and moraines

Shape of areas: Irregular

Size of areas: 5 to 100 acres

Typical Profile

Surface layer:
0 to 2 inches—black loamy sand

Subsurface layer:
2 to 3 inches—pinkish gray loamy sand

Subsoil:

3 to 15 inches—brown loamy sand

15 to 25 inches—brown gravelly sand

25 to 31 inches—strong brown gravelly loamy sand

31 to 36 inches—dark brown very gravelly loamy
sand

Substratum:
36 to 80 inches—stratified, light brown very gravelly
sand and pink sand

Soil Properties and Qualities

Permeability: Moderately rapid in the surface layer and
subsoil and very rapid in the substratum

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Mancelona and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
e The somewhat poorly drained Gladwin soils in
depressions
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e The well drained Mossback soils in landscape
positions similar to those of the Mancelona soil

Similar inclusions:
* Soils that do not have a loamy layer in the subsoil
* Soils that do not have a very gravelly substratum

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Seasonal droughtiness,
soil blowing, a low content of organic matter,
nutrient and pesticide loss

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil blowing.

¢ Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue

management increase the content of organic matter.

* Increasing the content of organic matter in the root
zone may improve the ability of the soil to hold
water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland
Major management concerns: None
Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Very rapid permeability,
slope

Soil Survey of

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 3e
Forestland ordination symbol: 3A
Michigan soil management group: 4a

33D—Mancelona loamy sand, 12 to 18
percent slopes

Setting

Landform: Ridges and knolls on stream terraces,
kame terraces, outwash plains, and moraines

Shape of areas: Irregular

Size of areas: 5 to 50 acres

Typical Profile

Surface layer:
0 to 2 inches—black loamy sand

Subsurface layer:
2 to 3 inches—pinkish gray loamy sand

Subsoil:

3 to 15 inches—brown loamy sand

15 to 25 inches—brown gravelly sand

25 to 31 inches—strong brown gravelly loamy sand

31 to 36 inches—dark brown very gravelly loamy sand

Substratum:
36 to 80 inches—stratified, light brown very gravelly
sand and pink sand

Soil Properties and Qualities

Permeability: Moderately rapid in the surface layer and
subsoil and very rapid in the substratum

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Low
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Composition

Mancelona and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The well drained Bamfield and Mossback soils in
landscape positions similar to those of the
Mancelona soll

Similar inclusions:
* Soils that do not have a loamy layer in the subsoil
* Soils that do not have a very gravelly substratum

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland
Major management concerns: None
Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Because the slope requires extensive land
shaping, this soil is poorly suited to building site
development.

Septic tank absorption fields

Major management concerns: Very rapid permeability,

slope

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.
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Interpretive Groups

Land capability classification: 4e
Forestland ordination symbol: 3A
Michigan soil management group: 4a

33E—Mancelona loamy sand, 18 to 35
percent slopes

Setting

Landform: Hills, ridges, and escarpments on kames
and moraines

Shape of areas: Irregular

Size of areas: 5 to 50 acres

Typical Profile

Surface layer:
0 to 2 inches—black loamy sand

Subsurface layer:
2 to 3 inches—pinkish gray loamy sand

Subsoil:

3 to 15 inches—brown loamy sand

15 to 25 inches—brown gravelly sand

25 to 31 inches—strong brown gravelly loamy sand

31 to 36 inches—dark brown very gravelly loamy sand

Substratum:
36 to 80 inches—stratified, light brown very gravelly
sand and pink sand

Soil Properties and Qualities

Permeability: Moderately rapid in the surface layer and
subsoil and very rapid in the substratum

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Mancelona and similar soils: 90 to 95 percent
Contrasting inclusions: 5 to 10 percent

Inclusions

Contrasting inclusions:

e The well drained Bamfield and Mossback soils in
landscape positions similar to those of the
Mancelona soll
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Similar inclusions:
* Soils that do not have a loamy layer in the subsoil
* Soils that do not have a very gravelly substratum

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,

erosion hazard

Management considerations:

* Because of the slope, special care is needed in
laying out logging roads and landings and in
operating logging equipment. Logging roads should
be designed so that they conform to the topography.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding logging
roads, skid roads, and landings after the trees are
logged also help to prevent excessive soil loss.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
» Because of the slope, this soil is generally unsuited
to building site development.

Septic tank absorption fields

Major management concerns: Slope, very rapid
permeability
Management considerations:
* Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7e
Forestland ordination symbol: 3R
Michigan soil management group: 4a

47D—Graycalm sand, 6 to 18 percent
slopes

Setting

Landform: Knolls and ridges on pitted outwash plains
and moraines

Soil Survey of

Shape of areas: Irregular
Size of areas: 3 to 100 acres

Typical Profile

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 2 inches—grayish brown sand

Subsoil:

2 to 19 inches—brownish yellow and yellowish brown
sand

19 to 80 inches—yellowish brown sand with thin bands
of strong brown loamy sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Graycalm and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
* The moderately well drained Croswell soils in the
lower landscape positions

Similar inclusions:

* Soils that have bands of gravelly sand in the
subsoil

* Soils that have calcareous sand and gravel in the
substratum

* Soils that have a darker subsoil

* Soils that do not have bands of loamy sand in the
substratum

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,
seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
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wheeled equipment, logging roads should be
stabilized.

¢ Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 6s
Forestland ordination symbol: 6S
Michigan soil management group: 5a

47F—Graycalm sand, 18 to 45 percent
slopes

Setting

Landform: Hills, ridges, and escarpments on pitted
outwash plains, kames, and moraines

Shape of areas: Irregular

Size of areas: 3 to 60 acres
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Typical Profile
Surface layer:
0 to 1 inch—very dark gray sand
Subsurface layer:
1 to 2 inches—grayish brown sand
Subsoil:
2 to 19 inches—brownish yellow and yellowish brown
sand

19 to 80 inches—yellowish brown sand with thin bands
of strong brown loamy sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate or severe

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Graycalm and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Soils that have bands of gravelly sand in the
subsoil

* Soils that have calcareous sand and gravel in the
substratum

* Soils that have a darker subsoil

* Soils that do not have bands of loamy sand in the
substratum

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, seedling mortality

Management considerations:

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

e Small areas of nearly level included soils, if any are
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available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* The risk of erosion can be reduced by seeding
logging roads, landings, and areas that have been
cut and filled and by installing water bars and
culverts.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

e Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

» Southern exposures may have higher seedling
mortality rates than northern exposures.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
* Because of the slope, this soil is generally unsuited
to building site development.

Septic tank absorption fields

Major management concerns: Slope, rapid
permeability
Management considerations:
» Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 6R
Michigan soil management group: 5a

49B—Kalkaska sand, 0 to 6 percent
slopes

Setting

Landform: Flats and low knolls on outwash plains and
end moraines

Shape of areas: Irregular

Size of areas: 3 to 1,600 acres

Typical Profile

Organic mat:
0 to 1 inch—black, partially decomposed forest litter

Surface layer:
1 to 3 inches—black and pinkish gray sand

Subsurface layer:
3to 9 inches—brown sand

Subsoil:
9 to 12 inches—dark reddish brown sand

Soil Survey of

12 to 41 inches—brown, strong brown, and yellowish
brown sand

Substratum:
41 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Kalkaska and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils in the
slightly lower landscape positions

e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Soils that have thin bands of loamy sand in the
subsoil or substratum

* Soils that have bands of gravelly sand in the
substratum

* Soils that have lighter colored subsoil

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Seasonal droughtiness,
soil blowing, a low content of organic matter,
nutrient and pesticide loss

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil blowing.

¢ Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic matter.

» Timing fertilizer applications so that they meet crop
nutrient needs, using split fertilizer applications, and
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applying the fertilizer in bands reduce the risk of
nutrient leaching.

* Increasing the content of organic matter in the root
zone may improve the ability of the soil to hold
water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

* Adjusting the rate of water application to the
available water capacity, the water intake rate, and
the needs of the crop can help to prevent
overirrigating and excessive leaching of plant
nutrients.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants.

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

e Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 4s
Forestland ordination symbol: 3S
Michigan soil management group: 5a
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50B—Au Gres-Kinross-Croswell complex,
0 to 6 percent slopes

Setting

Landform: Flats, shallow depressions, and low knolls
adjacent to drainageways and swamps on
outwash plains

Shape of areas: Irregular

Size of areas: 3 to 60 acres

Typical Profile
Au Gres

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3to 9 inches—brown sand

Subsoil:
9 to 42 inches—brown, dark yellowish brown, and
yellowish brown, mottled sand

Substratum:
42 to 80 inches—brown sand

Kinross

Surface layer:
0 to 3 inches—black muck

Subsurface layer:
3 to 10 inches—qrayish brown, mottled sand

Subsoil:

10 to 14 inches—dark reddish brown, partially
cemented sand

14 to 22 inches—yellowish brown, mottled sand

Substratum:
22 to 60 inches—yellowish brown, mottled sand

Croswell

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 9 inches—grayish brown sand

Subsoil:
9 to 27 inches—brown and strong brown sand
27 1o 40 inches—brownish yellow, mottled sand

Substratum:
40 to 80 inches—very pale brown sand

Soil Properties and Qualities

Permeability: Rapid
Available water capacity: Low
Drainage class: Au Gres—somewhat poorly drained;
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Kinross—poorly drained; Croswell—moderately
well drained

Seasonal high water table: Au Gres—apparent, 0.5
foot to 1.5 feet below the surface at some time
from October through June; Kinross—apparent,
1.0 foot above to 1.0 foot below the surface at
some time from September through June;
Croswell—apparent, 2.0 to 3.5 feet below the
surface at some time from October through
December and from March through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Au Gres and Croswell—severe;
Kinross—moderate

Shrink-swell potential: Low

Potential for frost action: Croswell—low; Au Gres and
Kinross—moderate

Composition

Au Gres and similar soils: 30 to 50 percent
Kinross and similar soils: 25 to 35 percent
Croswell and similar soils: 15 to 30 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:

* The very poorly drained Leafriver and Tawas soils in
landscape positions similar to those of the Kinross soil

* The excessively drained Grayling and Rubicon soils
in the higher landscape positions

Similar inclusions:

* Areas where the subsoil is lighter in color

¢ Areas near the Croswell soil where the seasonal
high water table is at a depth of 3.5 to 5.0 feet

Use and Management

Land use: Dominant use—forestland; other use—
building site development

Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

¢ The formation of deep ruts can be prevented by

using heavy equipment only when the Au Gres and
Kinross soils are relatively dry, are frozen, or have
an adequate snow cover.

¢ Year-round logging roads require roadfill and gravel.

Culverts are needed in areas of the Kinross soil to
maintain the natural drainage system.

Soil Survey of

e Loose sand, especially on the Croswell soil, can
interfere with the traction of wheeled equipment,
especially during dry periods. Year-round logging
roads should be stabilized.

* Log landings are generally available on the Au Gres
and Croswell soils during the preferred operating
season.

* Trees that can withstand seasonal wetness should
be selected for planting on the Au Gres soil.

* Planting seedlings when the Croswell soil is moist
and planting special nursery stock or containerized
seedlings can reduce the seedling mortality rate.

* Trees are generally not planted on the Kinross soll
because of wetness, severe seedling mortality, and
plant competition.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced.

e Competing vegetation can be controlled by
mechanical or chemical means.

Buildings

Major management concerns: Au Gres and Croswell—
caving of cutbanks, seasonal wetness; Kinross—
ponding

Management considerations:

* Because cutbanks in areas of the Au Gres and
Croswell soils are unstable and subject to caving,
trench walls should be reinforced.

* In areas of the Au Gres and Croswell soils, buildings
can be constructed on well compacted fill material,
which raises the site a sufficient distance above the
water table.

* Because of ponding, the Kinross soil is generally
unsuited to building site development.

Septic tank absorption fields

Major management concerns: Au Gres and Croswell—
seasonal wetness, rapid permeability; Kinross—
ponding

Management considerations:

» Because of the high water table, the Au Gres soil is
generally unsuited to septic tank absorption fields.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table in
the Croswell soil.

e The poor filtering capacity of these soils can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Because of ponding, the Kinross soil is generally
unsuited to septic tank absorption fields.
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Interpretive Groups

Land capability classification: Au Gres—4w; Kinross—
6w; Croswell—4s

Forestland ordination symbol: Au Gres—6W;
Kinross—2W; Croswell—5S

Michigan soil management group: Au Gres—>5b;
Kinross—5c-a; Croswell—5a

51—Tawas-Leafriver mucks

Setting

Landform: Depressions and drainageways on outwash
plains

Slope: 0 to 2 percent

Shape of areas: Irregular

Size of areas: 3 to more than 330 acres

Typical Profile
Tawas

Surface layer:
0 to 9 inches—black muck

Subsoil:
9 to 24 inches—black and very dark gray muck

Substratum:
24 to 80 inches—dark gray sand

Leafriver

Surface layer:
0 to 9 inches—black muck

Subsurface layer:
9to 11 inches—very dark gray mucky sand

Substratum:
11 to 15 inches—dark grayish brown, mottled sand
15 to 80 inches—qrayish brown, mottled sand

Soil Properties and Qualities

Permeability: Tawas—moderately slow to moderately
rapid in the organic material and rapid in the
underlying sandy material; Leafrive—moderate or
moderately rapid in the organic material and rapid
in the underlying sandy material

Available water capacity: Tawas—high; Leafriver—
moderate

Drainage class: Very poorly drained

Seasonal high water table: Apparent, 1.0 foot above to
1.0 foot below the surface throughout the year

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate
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Shrink-swell potential: Low
Potential for frost action: High

Composition

Tawas and similar soils: 35 to 60 percent
Leafriver and similar soils: 25 to 50 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:

e The somewhat poorly drained Au Gres and very
poorly drained Deford soils in the slightly higher
landscape positions

Similar inclusions:

* Small areas where the organic material is less than
8 inches or more than 50 inches thick

* Soils that have thin layers of very gravelly sand in
the substratum

¢ Areas near the Leafriver soil where the substratum
has 10 to 35 percent gravel

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

* Because of wetness and low strength, special
harvesting equipment is needed. The equipment can
be used only during periods in winter when skid
roads and access roads are frozen.

¢ Year-round logging roads require roadfill and gravel.
Culverts are needed to maintain the natural
drainage system.

¢ Landing sites generally can be used only during the
driest time of the year.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

* Because of wetness, seedling mortality, and plant
competition, trees are generally not planted on these
soils.

Buildings

Major management concern: Ponding

Management considerations:

» Because of ponding, these soils are generally
unsuited to building site development.

Septic tank absorption fields

Major management concern: Ponding
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Management considerations:
* Because of ponding, these soils are generally
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 6w

Forestland ordination symbol: Tawas—5W; Leafriver—
2W

Michigan soil management group: Tawas—M/4c;
Leafriver—5c¢

52B—Blue Lake loamy sand, 0 to 6
percent slopes

Setting

Landform: Flats and low knolls on outwash plains and
moraines

Shape of areas: Irregular

Size of areas: 3 to more than 1,000 acres

Typical Profile

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 7 inches—grayish brown sand

Subsoil:

7 to 26 inches—dark reddish brown and brown sand

26 to 80 inches—yellowish brown sand with bands of
brown loamy sand

Soil Properties and Qualities

Permeability: Moderately rapid
Available water capacity: Low
Drainage class: Well drained
Seasonal high water table: At a depth of more than 6.5
feet
Surface runoff class: Negligible
Flooding: None
Hazard of water erosion: Slight
Hazard of soil blowing: Moderate
Shrink-swell potential: Low
Potential for frost action: Low

Composition

Blue Lake and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Feldhauser and
Ossineke soils in landscape positions similar to
those of the Blue Lake soil

Soil Survey of

* The excessively drained Rubicon soils in landscape
positions similar to those of the Blue Lake soll

Similar inclusions:

* Soils in which bands of loamy sand or sandy loam in
the lower part of the subsoil have a total thickness of
less than 6 inches

* Areas where the upper part of the subsoil is lighter
in color

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Seasonal droughtiness,
soil blowing, a low content of organic matter,
nutrient and pesticide loss

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil
blowing.

¢ Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic
matter.

* Increasing the content of organic matter in the root
zone may improve the ability of the soil to hold
water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

* Adjusting the rate of water application to the
available water capacity, the water intake rate, and
the needs of the crop can help to prevent
overirrigating and excessive leaching of plant
nutrients and pesticides.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concern: Plant competition

Management considerations:

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.



Otsego County, Michigan

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields
Major management concerns: None
Interpretive Groups

Land capability classification: 3s
Forestland ordination symbol: 3A
Michigan soil management group: 4a

52D—Blue Lake loamy sand, 6 to 18
percent slopes

Setting

Landform: Knolls and low ridges on moraines and
outwash plains

Shape of areas: Irregular

Size of areas: 3 1o 90 acres

Typical Profile

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 7 inches—grayish brown sand

Subsoil:

7 to 26 inches—dark reddish brown and brown
sand

26 to 80 inches—yellowish brown sand with bands
of brown loamy sand

Soil Properties and Qualities

Permeability: Moderately rapid

Available water capacity: Low

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Very low

Flooding: None

Hazard of water erosion: Slight or moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Blue Lake and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

63

Inclusions

Contrasting inclusions:

* The excessively drained Rubicon soils and the well
drained, loamy Bamfield soils in landscape positions
similar to those of the Blue Lake soil

Similar inclusions:

e Soils in which bands of loamy sand or sandy loam in
the lower part of the subsoil have a total thickness of
less than 6 inches

* Areas where the upper part of the subsoil is lighter
in color

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Seasonal droughtiness,
soil blowing, a low content of organic matter,
nutrient and pesticide loss

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil
blowing.

¢ Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic
matter.

* Increasing the content of organic matter in the root
zone may improve the ability of the soil to hold
water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concern: Plant competition

Management considerations:

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.
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Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

e Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 4e
Forestland ordination symbol: 3A
Michigan soil management group: 4a

52E—BIlue Lake loamy sand, 18 to 35
percent slopes

Setting

Landform: Hills and ridges on moraines
Shape of areas: Irregular
Size of areas: 3 10 90 acres

Typical Profile

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 7 inches—grayish brown sand

Subsoil:

7 to 26 inches—dark reddish brown and brown sand

26 to 80 inches—yellowish brown sand with bands of
brown loamy sand

Soil Properties and Qualities

Permeability: Moderately rapid

Available water capacity: Low

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate or severe

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Low

Soil Survey of

Composition

Blue Lake and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
* The excessively drained Rubicon soils in landscape
positions similar to those of the Blue Lake soll

Similar inclusions:

e Soils in which bands of loamy sand or sandy loam in
the lower part of the subsoil have a total thickness of
less than 6 inches

* Areas where the upper part of the subsoil is lighter
in color

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, plant competition

Management considerations:

* Because of the slope, special care is needed in
laying out logging roads and landings and in
operating logging equipment. Logging roads should
be designed so that they conform to the topography.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

» Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding
logging roads, skid roads, and landings after the
trees are logged also help to prevent excessive soil
loss.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Buildings

Major management concern: Slope

Management considerations:

» Because of the slope, this soil is generally unsuited
to building site development.

Septic tank absorption fields

Major management concern: Slope
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Management considerations:
* Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7e
Forestland ordination symbol: 3R
Michigan soil management group: 4a

64B—Feldhauser fine sandy loam, 0 to 6
percent slopes

Setting

Landform: Flats and depressions on moraines
Shape of areas: Irregular
Size of areas: 3 to 340 acres

Typical Profile

Surface layer:
0 to 10 inches—dark grayish brown fine sandy loam

Subsoil:

10 to 32 inches—dark yellowish brown and yellowish
brown fine sandy loam

32 to 37 inches—yellowish brown fine sandy loam and
dark yellowish brown sandy loam

37 to 45 inches—dark yellowish brown, mottled sandy
loam

45 to 80 inches—brown sand with bands of dark
yellowish brown loamy sand

Soil Properties and Qualities

Permeability: Moderate in the loamy material and rapid
in the underlying sandy material

Available water capacity: Moderate

Drainage class: Moderately well drained

Seasonal high water table: Perched, 2.0 to 3.5 feet
below the surface at some time in October and
April

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Moderate

Composition

Feldhauser and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
* The well drained Blue Lake and somewhat
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excessively drained Kalkaska soils in landscape
positions similar to those of the Feldhauser soll

Similar inclusions:

* Soils that have less than 20 inches of loamy material
overlying the sand

* Areas where the subsoil is redder

Use and Management

Land use: Dominant use—cropland; other uses—
pasture, forestland, and building site development

Cropland

Major management concerns: Water erosion, soil
blowing, tilth of the surface layer

Management considerations:

* Crop rotations that include grasses, legumes, and
small grain help to control runoff and water erosion.

* Conservation tillage, crop residue management,
windbreaks, and cover crops help to control soil
blowing.

* Minimizing tillage and tilling and harvesting at the
proper soil moisture content help to prevent
excessive compaction and maintain tilth.

Pasture

Major management concerns: Compaction, seasonal
wetness

Management considerations:

» Restricted grazing during wet periods helps to
prevent compaction and poor tilth.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants.

Forestland

Major management concerns: Equipment limitations,
plant competition

Management considerations:

e Skidders should not be used during wet periods,
when ruts form easily.

» Because of low strength, suitable surfacing material
is needed on year-round logging roads and landings.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.

Buildings

Major management concerns: Caving of cutbanks,
wetness
Management considerations:
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
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* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

Septic tank absorption fields

Major management concern: Wetness

Management considerations:

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

Interpretive Groups

Land capability classification: 2e
Forestland ordination symbol: 3A
Michigan soil management group: 3a

65F—Rubicon sand, 8 to 50 percent
slopes, dissected

Setting

Landform: Hills, ridges, and escarpments on outwash
plains and moraines

Distinctive landscape feature: A dissected landscape

Shape of areas: Irregular

Size of areas: 3 to 200 acres

Typical Profile

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 4 inches—grayish brown sand

Subsoil:
4 to 31 inches—brown, dark yellowish brown, and
brownish yellow sand

Substratum:
31 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Rubicon and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Soil Survey of

Inclusions

Contrasting inclusions:

e The somewhat poorly drained Au Gres soils in
depressions

* The moderately well drained Croswell soils

Similar inclusions:

» Areas where the subsail is lighter in color

* Soils that have bands of gravelly sand in the
substratum

* Soils that have thin bands of loamy sand in the
substratum

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, seedling mortality

Management considerations:

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Ordinary crawler tractors and rubber-tired skidders
cannot be operated safely on the very steep side
slopes of the ravines.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding
logging roads, skid roads, and landings after the
trees are logged also help to prevent excessive soil
loss.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
» Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
* Because of the slope, most areas of this soil are
unsuited to building site development.
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Septic tank absorption fields

Major management concerns: Slope, rapid
permeability
Management considerations:
* Because of the slope, most areas of this soil are
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 4R
Michigan soil management group: 5.3a

75B—Rubicon sand, 0 to 6 percent slopes

Setting

Landform: Flats or low knolls on outwash plains and
stream terraces

Shape of areas: Irregular

Size of areas: 3 to more than 5,000 acres

Typical Profile

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 4 inches—grayish brown sand

Subsoil:
4 to 31 inches—brown, dark yellowish brown, and
brownish yellow sand

Substratum:
31 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Rubicon and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
e The moderately well drained Croswell soils in
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landscape positions similar to or slightly lower than
those of the Rubicon soil

Similar inclusions:

* Areas where the subsoil is lighter in color

* Areas where the subsoil is darker

* Soils that have bands of gravelly sand in the
substratum

* Soils that have thin bands of loamy sand in the
substratum

Use and Management

Land use: Dominant use—forestland other
uses—pasture and building site development

Forestland

Major management concerns: Equipment limitations,
seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of

Figure 10.—A mature stand of red pine on Rubicon sand, 0 to
6 percent slopes.
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wheeled equipment, logging roads should be
stabilized.

¢ Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 6s
Forestland ordination symbol: 4S
Michigan soil management group: 5.3a

75D—Rubicon sand, 6 to 18 percent
slopes

Setting

Landform: Knolls and low ridges on stream terraces,
outwash plains, and moraines

Shape of areas: Irregular or linear

Size of areas: 3 1o 70 acres

Typical Profile

Surface layer:
0 to 1 inch—uvery dark gray sand

Soil Survey of

Subsurface layer:
1 to 4 inches—grayish brown sand

Subsoil:
4 to 31 inches—brown, dark yellowish brown, and
brownish yellow sand

Substratum:
31 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Rubicon and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The moderately well drained Croswell soils in
shallow depressions

e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Areas where the subsoil is lighter in color

* Areas where the subsoil is darker

* Soils that have bands of gravelly sand in the
substratum

* Soils that have thin bands of loamy sand in the
substratum

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,
seedling mortality
Management considerations:
* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.
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¢ Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 4S
Michigan soil management group: 5.3a

75E—Rubicon sand, 18 to 35 percent
slopes

Setting

Landform: Hill slopes and escarpments on outwash
plains and moraines

Shape of areas: Irregular or linear

Size of areas: 3 to 70 acres
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Typical Profile

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 4 inches—grayish brown sand

Subsoil:
4 to 31 inches—brown, dark yellowish brown, and
brownish yellow sand

Substratum:
31 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Rubicon and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils

e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

» Areas where the subsoail is lighter in color

* Soils that have bands of gravelly sand in the
substratum

* Soils that have thin bands of loamy sand in the
substratum

Use and Management
Dominant use: Forestland

Forestland

Major management concerns: Erosion hazard,
equipment limitations, seedling mortality
Management considerations:
* The risk of erosion can be reduced by seeding
logging roads, landings, and areas that have been
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cut and filled and by installing water bars and
culverts.

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Buildings

Major management concerns: Caving of cutbanks,
slope
Management considerations:
» Because of the slope, this soil is generally unsuited
to building site development.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

» Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 4R
Michigan soil management group: 5.3a

78—Pits, borrow

Setting

This map unit is in areas that have been excavated
for gravel, sand, and fill material. Some areas have
been excavated below the seasonal high water table
and are ponded. A few of the pits have small deposits
of rubbish and trash. Areas of this unit are irregular in
shape and range from 5 to 150 acres in size.

Composition
Pits: 100 percent
Use and Management

Land use: Source of gravel, sand, or fill material

Management considerations:

* Onsite investigation is needed to determine the
suitability for specific uses.

Soil Survey of

Interpretive Groups

Land capability classification: None assigned
Forestland ordination symbol: None assigned
Michigan soil management group: None assigned

81B—Grayling sand, 0 to 6 percent slopes
Setting

Landform: Flats and low knolls on outwash plains
Shape of areas: Irregular
Size of areas: 50 to 2,000 acres

Typical Profile

Surface layer:
0 to 3 inches—black sand

Subsoil:
3 to 27 inches—dark yellowish brown and yellowish
brown sand

Substratum:
27 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Grayling and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils in the
lower landscape positions

* The very poorly drained Dawson and Loxley soils in
closed depressions

Similar inclusions:

* Soils that have bands of loamy sand in the
substratum

* Soils that have very gravelly sand in the
substratum
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Use and Management

Land use: Dominant use—forestland; other use—
building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Buildings

Major management concern: Caving of cutbanks

Management measures:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 6s
Forestland ordination symbol: 4S
Michigan soil management group: 5.7a

81D—Grayling sand, 6 to 18 percent
slopes

Setting

Landform: Knolls and low ridges on outwash plains,
some of which are pitted

Shape of areas: Irregular or linear

Size of areas: 3 to 640 acres

Typical Profile

Surface layer:
0 to 3 inches—black sand

Subsoil:
3 to 27 inches—dark yellowish brown and yellowish
brown sand
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Substratum:
27 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Grayling and similar soils: 90 to 100 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils

e The somewhat poorly drained Au Gres soils in
depressions

* The very poorly drained Dawson and Loxley soils in
closed depressions

Similar inclusions:

* Soils that have bands of fine sand or gravelly sand in
the subsoil or substratum

¢ Soils that have free carbonates in the substratum

Use and Management

Land use: Dominant use—forestland; other use—
building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Buildings

Major management concerns: Caving of cutbanks,
slope
Management considerations:
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
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 Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 4S
Michigan soil management group:5.7a

81E—Grayling sand, 18 to 35 percent
slopes

Setting

Landform: Outwash plains and deltas
Shape of areas: Irregular
Size of areas: 3 to 30 acres

Typical Profile
Surface layer:
0 to 5 inches—black sand
Subsoil:

5to 17 inches—yellowish red sand

Substratum:
17 to 80 inches—brownish yellow sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Soil Survey of

Composition

Grayling and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The moderately well drained Croswell soils in
depressions and on edges adjoining areas of poorly
drained soils

Similar inclusions:
¢ Soils with a darker subsaoil
¢ Soils with carbonates in the substratum

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,

erosion hazard, seedling mortality

Management considerations:

* Because of the slope, special care is needed in
laying out logging roads and landings and in
operating logging equipment. Logging roads should
be designed so that they conform to the topography.
The grade should be kept as low as possible.

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding logging
roads, skid roads, and landings after the trees are
logged also help to prevent excessive soil loss.

* Planting when the soil is moist and planting
seedlings that can withstand droughty conditions
reduce the seedling mortality rate. Replanting is
needed in some areas.

* Southern exposures may have higher seedling
mortality rates than northern exposures.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
» Because of the slope, this soil is generally unsuited
to building site development.
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» Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concerns: Slope, a poor filtering

capacity

Management considerations:

* Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 4R
Michigan soil management group: 5.7a

81F—Grayling sand, 18 to 45 percent
slopes

Setting

Landform: Hills, ridges, and escarpments on outwash
plains, some of which are pitted

Shape of areas: Irregular or linear

Size of areas: 3 to 200 acres

Typical Profile

Surface layer:
0 to 3 inches—black sand

Subsoil:
3 to 27 inches—dark yellowish brown and yellowish
brown sand

Substratum:
27 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low
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Composition

Grayling and similar soils: 90 to 100 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils along
drainageways

e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Soils that have bands of gravelly sand in the
substratum

¢ Soils that have free carbonates in the substratum

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, seedling mortality

Management considerations:

* The risk of erosion can be reduced by seeding
logging roads, landings, and areas that have been
cut and filled and by installing water bars and
culverts.

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

e Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

» Southern exposures may have higher seedling
mortality rates than northern exposures.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
» Because of the slope, this soil is generally unsuited
to building site development.

Septic tank absorption fields

Major management concerns: Slope, rapid
permeability
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Management considerations:
» Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 4R
Michigan soil management group: 5.7a

82B—Udorthents, loamy, nearly level and
undulating

This map unit consists of loamy soils in areas
where the surface layer and portions of the subsaoil
have been removed or disturbed. In some areas the
original soil has been covered with loamy fill material.
Most areas are barren or sparsely vegetated.

Setting

Landform: Flats and low knolls on moraines
Slope: 0 to 6 percent

Shape of areas: Irregular or rectangular
Size of areas: 3 to 300 acres

Typical Profile
0 to 60 inches—sandy loam to clay
Soil Properties and Qualities

Permeability: Moderate to slow

Available water capacity: Moderate

Drainage class: Well drained or moderately well
drained

Seasonal high water table: At a depth of 3.0 to more
than 6.5 feet

Surface runoff class: Negligible to very high

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low to high

Potential for frost action: Variable

Composition

Udorthents and similar soils: 90 to 100 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:
e Small areas of undisturbed soils
* Areas where the surface layer is sand

Similar inclusions:
* Areas where the surface layer is loamy sand
 Soils that have a sandy or gravelly substratum
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Use and Management

Land use: Sites for oil and gas well drilling, sites for
military training, or abandoned land
Management considerations:
* Onsite investigation is needed to determine the
suitability for specific uses.

Interpretive Groups

Land capability classification: None assigned
Forestland ordination symbol: None assigned
Michigan soil management group: None assigned

83B—Udipsamments, nearly level and
undulating

This map unit consists of sandy soils in areas
where the surface layer and portions of the subsaoil
have been removed or disturbed. In some areas the
original soil has been covered with sandy fill material.
Most areas are barren or sparsely vegetated.

Setting

Landform: Flats and low knolls on outwash plains,
stream terraces, and moraines

Slope: 0 to 6 percent

Shape of areas: Irregular or rectangular

Size of areas: 3 to 300 acres

Typical Profile
0 to 60 inches—sand or loamy sand
Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Well drained to excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Udipsamments and similar soils: 90 to 100 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:
e Small areas of undisturbed soils
* Areas where the surface layer is sandy loam
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Similar inclusions:

* Areas where the surface layer is loamy sand

* Soils that have thin bands of loamy sand, sandy
loam, or gravelly sand below the surface layer

Use and Management

Land use: Sites for oil and gas well drilling, sites for
military training, or abandoned land
Management considerations:
* Onsite investigation is needed to determine the
suitability for specific uses.

Interpretive Groups

Land capability classification: None assigned
Forestland ordination symbol: None assigned
Michigan soil management group: None assigned

86—Histosols and Aquents, ponded

Setting

Landform: Depressions on moraines, outwash plains,
and flood plains

Slope: 0 percent

Shape of areas: Oval, elongated, or irregular

Size of areas: 5 to 100 acres

Soil Properties and Qualities

Texture: Histosols—muck; Aquents—sandy or loamy
material

Permeability: Moderately rapid to moderately slow

Available water capacity: Low to high

Drainage class: Very poorly drained

Seasonal high water table: Apparent, at the surface to
1 foot above the surface throughout the year

Surface runoff class: Negligible

Flooding: None to frequent

Hazard of water erosion: Slight

Hazard of soil blowing: Slight

Shrink-swell potential: Low to high

Potential for frost action: High

Composition

Histosols: 0 to 100 percent
Aquents: 0 to 100 percent
Contrasting inclusions: 0 to 5 percent

Contrasting Inclusions

* Small areas of poorly drained or somewhat poorly
drained soils on islands

Use and Management
Land use: Wetland wildlife habitat
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Management considerations:
* Onsite investigation is needed to determine the
suitability for specific uses.

Interpretive Groups

Land capability classification: AQuents—6w;
Histosols—5w

Forestland ordination symbol: None assigned

Michigan soil management group: None assigned

90B—Chinwhisker sand, 0 to 4 percent
slopes

Setting

Landform: Flats or swales on outwash plains and
stream terraces

Shape of areas: irregular

Size of areas: 310 110 acres

Typical Profile
Surface layer:
0 to 2 inches—intermixed black and light brownish
gray sand
Subsurface layer:
2 to 11 inches—light brownish gray sand
Subsoil:

11 to 18 inches—dark brown sand

18 to 23 inches—yellowish brown sand

23 to 42 inches—light yellowish brown, mottled sand

42 to 58 inches—light yellowish brown, mottled sand
with bands of dark yellowish brown loamy sand
and sandy loam

58 to 80 inches—light yellowish brown, mottled sand
with bands of yellowish brown loamy sand and
sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Moderately well drained

Seasonal high water table: Apparent, 2.0 to 3.5 feet
below the surface at some time from October
through December and from March through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Chinwhisker and similar soils: 85 to 95 percent
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Contrasting inclusions: 5 to 15 percent
Inclusions

Contrasting inclusions:

* The excessively drained Rubicon soils, which do not
have bands in the subsoil and are in the slightly
higher landscape positions

* The somewhat poorly drained Au Gres in swales

* The very poorly drained Deford soils in depressions
and drainageways

Similar inclusions:

* Soils without bands of loamy sand in the subsoil
* Soils with a lighter colored subsoil

* Soils that are well drained

* Soils with mottles below a depth of 40 inches

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting
seedlings that can withstand droughty conditions
reduce the seedling mortality rate. Replanting is
needed in some areas.

Buildings

Major management concerns: Caving of cutbanks,

wetness

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

* Wetness can be reduced by a drainage system
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around structures with basements and crawl
spaces.

Septic tank absorption fields

Major management concerns: Rapid permeability,

wetness

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

Interpretive Groups

Land capability classification: 4s
Forestland ordination symbol: 6S
Michigan soil management group: 5a

95D—Menominee loamy sand, 12 to 18
percent slopes

Setting

Landform: Knolls and ridges on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres

Typical Profile

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 8 inches—grayish brown loamy sand

Subsoil:

8 to 19 inches—dark brown and dark yellowish brown
loamy sand

19 to 23 inches—light brownish gray loamy sand

23 to 27 inches—light brownish gray loamy sand
surrounding reddish brown sandy clay loam

27 to 36 inches—reddish brown sandy clay loam

Substratum:

36 to 48 inches—reddish brown sandy clay loam

48 to 80 inches—light reddish brown sandy clay
loam

Soil Properties and Qualities

Permeability: Rapid in the sandy material and
moderately slow in the underlying loamy material

Available water capacity: Moderate

Drainage class: Well drained
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Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: Moderate

Potential for frost action: Low

Composition

Menominee and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The well drained Mancelona and Bamfield soils in
landscape positions similar to those of the
Menominee soll

* The moderately well drained Ossineke and
Morganlake soils

* The poorly drained Angelica soils in depressions

* The very poorly drained Cathro soils in depressions

Similar inclusions:
* Soils with a surface layer of sand

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management measures:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concern: Plant competition

Management measures:

* Species preference can be managed by selective
cutting.

Buildings

Major management concerns: Caving of cutbanks,
slope
Management measures:
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
» Because the slope requires extensive land shaping,
this soil is poorly suited to building site development.
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Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management measures:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 4e
Forestland ordination symbol: 6A
Michigan soil management group: 4/2a

95E—Menominee loamy sand, 18 to 35
percent slopes

Setting

Landform: Hills, ridges, and escarpments on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres

Typical Profile

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 8 inches—grayish brown loamy sand

Subsoil:

8 to 19 inches—dark brown and dark yellowish brown
loamy sand

19 to 23 inches—light brownish gray loamy sand

23 to 27 inches—light brownish gray loamy sand
surrounding reddish brown sandy clay loam

27 to 36 inches—reddish brown sandy clay loam

Substratum:
36 to 48 inches—reddish brown sandy clay loam
48 to 80 inches—light reddish brown sandy clay loam

Soil Properties and Qualities

Permeability: Rapid in the sandy material and
moderately slow in the underlying loamy material

Available water capacity: Moderate

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None
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Hazard of water erosion: Moderate
Hazard of soil blowing: Moderate
Shrink-swell potential: Moderate
Potential for frost action: Low

Composition

Menominee and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The well drained Mancelona and Bamfield soils in
landscape positions similar to those of the
Menominee soil

* The poorly drained Angelica soils in closed
depressions

* The very poorly drained Cathro soils in depressions

Similar inclusions:
* Soils with a surface layer of sand

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, plant competition

Management considerations:

* Because of the slope, special care is needed in
laying out the logging roads and landings and
in operating logging equipment. Logging roads
should be designed so that they conform to the
topography.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

* Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding
logging roads, skid roads, and landings after the
trees are logged also help to prevent excessive soil
loss.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Species preference can be managed by selective
cutting.

Buildings

Major management concern: Slope
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Management considerations:
» Because of the slope, this soil is generally unsuited
to building site development.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

» Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 6e
Forestland ordination symbol: 6R
Michigan soil management group: 4/2a

113—Angelica loam

Setting

Landform: Depressions and drainageways on
moraines

Slope: 0 to 2 percent

Shape of areas: Irregular

Size of areas: 5 to 35 acres

Typical Profile

Surface layer:
0 to 8 inches—very dark gray loam

Subsoil:

8 to 10 inches—qgrayish brown, mottled loam

10 to 20 inches—reddish brown, mottled clay
loam

Substratum:
20 to 38 inches—brown, mottled clay loam
38 to 60 inches—reddish brown, mottled clay loam

Soil Properties and Qualities

Permeability: Moderately slow

Available water capacity: High

Drainage class: Poorly drained

Seasonal high water table: Apparent, 1.0 foot above to
1.0 foot below the surface at some time from
September through June

Surface runoff class: Medium

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Slight

Shrink-swell potential: Moderate

Potential for frost action: High

Composition

Angelica and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent
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Inclusions

Contrasting inclusions:
* The moderately well drained Ossineke and well
drained Bamfield soils on uplands

Similar inclusions:

* Soils that have an organic surface layer
e Sandy soils that are poorly drained

e Somewhat poorly drained soils

Use and Management

Land use: Dominant use—forestland; other uses—
cropland and pasture

Forestland

Major management concerns: Equipment limitations,
windthrow hazard, seedling mortality, plant
competition

Management considerations:

e The seasonal high water table restricts the use of
equipment to midsummer, when the soil is dry, or
midwinter, when the soil is frozen or has an
adequate snow cover.

¢ Year-round logging roads require roadfill and gravel.
Culverts are needed to maintain the natural
drainage system.

¢ Landing sites generally can be used only during the
driest time of the year.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

e Special harvest methods may be needed to control
undesirable plants.

* Because of wetness, seedling mortality, and plant
competition, trees are generally not planted on this
soil.

Cropland

Major management concerns: Seasonal wetness, tilth
of the surface layer

Management considerations:

» Subsurface drains can reduce the wetness if a
suitable outlet is available.

* Minimizing tillage and tilling and harvesting at the
proper soil moisture content help to prevent
excessive compaction and maintain tilth.

Pasture

Major management concern: Compaction

Management considerations:

» Restricted grazing during wet periods helps to
prevent compaction and poor tilth.

* Applying lime and fertilizer according to the results
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of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concern: Ponding
» Because of ponding, this soil is generally unsuited to
building site development.

Septic tank absorption fields

Major management concern: Ponding

Management considerations:

» Because of ponding, this soil is generally unsuited to
septic tank absorption fields.

Interpretive Groups

Land capability classification: 5w
Forestland ordination symbol: 7W
Michigan soil management group: 2.5¢

115D—Kalkaska sand, 6 to 18 percent
slopes

Setting

Landform: Knolls and low ridges on outwash plains
and moraines

Shape of areas: Irregular or linear

Size of areas: 3 to 120 acres

Typical Profile

Organic mat:
0 to 1 inch—black, partially decomposed forest litter

Surface layer:
1 to 3 inches—black and pinkish gray sand

Subsurface layer:
3to 9 inches—brown sand

Subsoil:

9 to 12 inches—dark reddish brown sand

12 to 41 inches—brown, strong brown, and yellowish
brown sand

Substratum:
41 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Very low

Flooding: None

Hazard of water erosion: Slight
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Hazard of soil blowing: Severe
Shrink-swell potential: Low
Potential for frost action: Low

Composition

Kalkaska and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils

e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Soils that have thin bands of loamy sand in the
subsoil or substratum

* Soils that have bands of gravelly sand in the
substratum

 Soils that have a lighter colored subsoil

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope
Management considerations:
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
 Buildings should be designed so that they conform
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to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 6s
Forestland ordination symbol: 3S
Michigan soil management group: 5a

116B—Mancelona sand, 0 to 6 percent
slopes

Setting

Landform: Outwash plains, moraines, and stream
terraces

Shape of areas: Irregular

Size of areas: 3 to 200 acres

Typical Profile

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 6 inches—pinkish gray sand

Subsoil:

6 to 16 inches—dark brown sand

16 to 29 inches—yellowish brown and light yellowish
brown sand

29 to 35 inches—reddish brown gravelly sandy loam

Substratum:
35 to 80 inches—yellowish brown, calcareous very
gravelly sand

Soil Properties and Qualities

Permeability: Moderately rapid in the surface layer and
subsoil and very rapid in the substratum

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet
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Surface runoff class: Negligible
Flooding: None

Hazard of water erosion: Slight
Hazard of soil blowing: Severe
Shrink-swell potential: Low
Potential for frost action: Low

Composition

Mancelona and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The moderately well drained Ossineke soils, which
are loamy throughout and are in landscape positions
similar to those of the Mancelona soil

* The moderately well drained Morganlake soils,
which are sandy in the upper part and loamy in the
lower part and are in landscape positions similar to
those of the Mancelona soil

e The somewhat poorly drained Gladwin soils in
depressions

Similar inclusions:

* Soils in which the very gravelly substratum is at a
depth of more than 40 inches

* Soils that do not have a layer of sandy loam in the
subsoil

* Soils that have lighter colored subsoil

* Soils that have a surface layer of loamy sand

Use and Management

Land use: Dominant use—forestland; other use—
building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality, plant competition

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting
seedlings that can withstand droughty conditions
reduce the seedling mortality rate. Replanting is
needed in some areas.

e Special harvest methods may be needed to control
undesirable plants.

e Competing vegetation generally can be controlled by
mechanical means.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Selective cutting or cutting in strips and naturally
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regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern:Very rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 3s
Forestland ordination symbol: 3S
Michigan soil management group: 4a

126F—Udipsamments-Haplorthods-
Glossudalfs complex, nearly level to
steep

This map unit is used as an artillery and bombing
range by the National Guard. In areas of this unit, pits
or craters formed by exploding bombs, artillery shells,
rockets, or mortar shells are surrounded undisturbed
soils. Because of repetitive explosions and fire, many
areas are sparsely vegetated with grasses and forbs.
Areas outside of the concentrated target points still
maintain a forest cover.

Setting

Landform:Variable

Slope: 0 to 45 percent

Shape of areas: Irregular

Size of areas: 13 to0 7,010 acres

Typical Profile
Udipsamments
0 to 60 inches—sand and loamy sand
Haplorthods
0 to 60 inches—variable
Glossudalfs

0 to 60 inches—variable
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Soil Properties and Qualities

Permeability: Udipsamments—rapid; Haplorthods and
Glossudalfs—variable

Available water capacity: Udipsamments—Ilow;
Haplorthods and Glossudalfs—variable

Drainage class: Udipsamments—excessively drained
or somewhat excessively drained; Haplorthods
and Glossudalfs—well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible to medium

Flooding: None

Hazard of water erosion: Variable

Hazard of soil blowing: Udipsamments—severe;
Haplorthods and Glossudalfs—variable

Shrink-swell potential: Udipsamments—Ilow;
Haplorthods and Glossudalfs—variable

Potential for frost action: Udipsamments and
Haplorthods—low; Glossudalfs—variable

Composition

Dominantly Udipsamments, Haplorthods, and
Glossudalfs
Contrasting inclusions: Histosols and Aquents

Use and Management

Land use: Artillery and bombing range

Management considerations:

* This prohibited access area is generally too
dangerous for other uses because unexploded
ammunition may be present throughout the area.

Interpretive Groups

Land capability classification: None assigned
Forestland ordination symbol: None assigned
Michigan soil management group: None assigned

127—Cathro muck
Setting

Landform: Depressions and drainageways on
moraines

Slope: 0 to 2 percent

Shape of areas: Irregular

Size of areas: 3 to 150 acres

Typical Profile
Cathro

Surface layer:
0 to 22 inches—black and dark brown muck

Soil Survey of

Substratum:

22 to 27 inches—dark grayish brown, mottled sandy
loam

27 to 38 inches—dark grayish brown, mottled clay
loam

38 to 60 inches—brown, mottled clay loam

Soil Properties and Qualities

Permeability: Moderately slow to moderately rapid
in the organic material and moderately slow or
moderate in the underlying loamy material

Available water capacity:\lery high

Drainage class: Very poorly drained

Seasonal high water table: Apparent, 1.0 foot
above to 1.0 foot below the surface throughout
the year

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: High

Composition

Cathro and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The somewhat poorly drained Slade and moderately
well drained Ossineke soils in the higher landscape
positions

Similar inclusions:
* Soils with less than 16 inches of muck overlying the
loamy material

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

* Because of wetness and low strength, special
harvesting equipment is needed. The equipment can
be used only during periods in winter when skid
roads and access roads are frozen.

* Log landings should be located on drier, better
suited soils.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
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and by such harvest methods as selective cutting
and strip cutting.

» Because of wetness, severe seedling mortality, and
plant competition, trees are generally not planted on
this soil.

Buildings

Major management concern: Ponding

Management considerations:

» Because of ponding, this soil is generally unsuited to
building site development.

Septic tank absorption fields

Major management concern: Ponding

Management considerations:

» Because of ponding, this soil is generally unsuited to
septic tank absorption fields.

Interpretive Groups

Land capability classification: 6w
Forestland ordination symbol: 5\W
Michigan soil management group: M/3c

141B—Leelanau loamy sand, 0 to 6
percent slopes

Setting

Landform: Flats and low knolls on end moraines
Shape of areas: Irregular
Size of areas: 3 to 160 acres

Typical Profile

Surface layer:
0 to 2 inches—Dblack loamy sand

Subsurface layer:
2 to 7 inches—light brownish gray sand

Subsoil:

7 to 21 inches—dark brown, brown, and dark
yellowish brown sand

21 to 37 inches—yellowish brown sand surrounding
brown sandy loam

37 to 52 inches—brown sandy loam

Substratum:
52 to 80 inches—brown loamy sand

Soil Properties and Qualities

Permeability: Moderately rapid

Available water capacity: Low

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible
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Flooding: None

Hazard of water erosion: Slight
Hazard of soil blowing: Moderate
Shrink-swell potential: Low
Potential for frost action: Low

Composition

Leelanau and similar soils: 85 to 100 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:
e The well drained Mossback soils in landscape
positions similar to those of the Leelanau soil

Similar inclusions:

* Soils that have a surface layer of loamy fine sand

* Soils that have 15 to 20 percent gravel in part of the
subsoil

 Soils that have a sandy substratum

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Seasonal droughtiness,

soil blowing, a low content of organic matter

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil blowing.

* Conservation tillage, crop residue management,
windbreaks, and cover crops help to control soil
blowing.

* Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic
matter.

Pasture

Major management concern: Seasonal droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concern: Plant competition

Management considerations:

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
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vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields
Major management concerns: None
Interpretive Groups

Land capability classification: 3s
Forestland ordination symbol: 6A
Michigan soil management group: 4a

141C—Leelanau loamy sand, 6 to 12
percent slopes

Setting

Landform: Knolls and low ridges on moraines
Shape of areas: Irregular
Size of areas: 3 to 260 acres

Typical Profile

Surface layer:
0 to 2 inches—black loamy sand

Subsurface layer:
2 to 7 inches—light brownish gray sand

Subsoil:

7 to 21 inches—dark brown, brown, and dark
yellowish brown sand

21 to 37 inches—yellowish brown sand surrounding
brown sandy loam

37 to 52 inches—brown sandy loam

Substratum:
52 to 80 inches—brown loamy sand

Soil Properties and Qualities

Permeability: Moderately rapid

Available water capacity: Low

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Moderate

Soil Survey of

Hazard of soil blowing: Moderate
Shrink-swell potential: Low
Potential for frost action: Low

Composition

Leelanau and similar soils: 85 to 100 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:
e The well drained Mossback soils in landscape
positions similar to those of the Leelanau soil

Similar inclusions:

* Soils that have a surface layer of loamy fine sand

* Soils that have 15 to 20 percent gravel in part of the
subsoil

 Soils that have a sandy substratum

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Seasonal droughtiness,
water erosion, soil blowing, a low content of
organic matter

Management considerations:

* Inclusion of close-growing crops in the cropping
sequence, conservation tillage, grassed waterways,
cover crops, and crop residue management help to
prevent excessive soil loss.

» .Conservation tillage, crop residue management,
windbreaks, and cover crops help to control soil
blowing.

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil blowing.

* Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic
matter.

Pasture

Major management concern: Seasonal droughtiness

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concern: Plant competition
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Management considerations:

* |f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

 Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 3e
Forestland ordination symbol: 6A
Michigan soil management group: 4a

141D—Leelanau loamy sand, 12 to 18
percent slopes

Setting

Landform: Knolls and ridges on moraines
Shape of areas: Irregular
Size of areas: 3 to 260 acres

Typical Profile

Surface layer:
0 to 2 inches—black loamy sand

Subsurface layer:
2 to 7 inches—light brownish gray sand

Subsoil:

7 to 21 inches—dark brown, brown, and dark
yellowish brown sand

21 to 37 inches—yellowish brown sand surrounding
brown sandy loam

37 to 52 inches—brown sandy loam

Substratum:
52 to 80 inches—brown loamy sand
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Soil Properties and Qualities

Permeability: Moderately rapid
Available water capacity: Low
Drainage class: Well drained
Seasonal high water table: At a depth of more than 6.5
feet
Surface runoff class: Very low
Flooding: None
Hazard of water erosion: Moderate
Hazard of soil blowing: Moderate
Shrink-swell potential: Low
Potential for frost action: Low

Composition

Leelanau and similar soils: 85 to 100 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:
e The well drained Mossback soils in landscape
positions similar to those of the Leelanau soil

Similar inclusions:

* Soils that have a surface layer of loamy fine sand

* Soils that have 15 to 20 percent gravel in part of the
subsoil

 Soils that have a sandy substratum

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Pasture

Major management concern: Seasonal droughtiness

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concern: Plant competition

Management considerations:

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.
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Buildings

Major management concerns: Caving of cutbanks, slope

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

» Because the slope requires extensive land shaping,
this soil is poorly suited to building site development.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 4e
Forestland ordination symbol: 3A
Michigan soil management group: 4a

146F—Rubicon-Graycalm sands, 8 to 50
percent slopes, dissected

Setting

Landform: Hills, ridges, and escarpments on moraines
Distinctive landscape feature: A dissected landscape
Shape of areas: Irregular

Size of areas: 3 to 200 acres

Typical Profile
Rubicon

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 4 inches—brown sand

Subsoil:
4 to 31 inches—brown, dark yellowish brown, and
brownish yellow sand

Substratum:
31 to 80 inches—light yellowish brown sand

Graycalm

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 2 inches—grayish brown sand

Subsoil:

2 to 19 inches—brownish yellow and yellowish brown
sand

19 to 80 inches—yellowish brown sand with thin bands
of strong brown loamy sand

Soil Survey of

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Rubicon—excessively drained;
Graycalm—somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate or severe

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Rubicon and similar soils: 60 to 80 percent
Graycalm and similar soils: 20 to 40 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils

e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Soils that have bands of gravelly sand in the subsoil
or substratum

¢ Soils that have a darker subsoil

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, seedling mortality

Management considerations:

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

* Ordinary crawler tractors and rubber-tired skidders
cannot be operated safely on the very steep side
slopes of the ravines.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

» Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding
logging roads, skid roads, and landings after the
trees are logged also help to prevent excessive soil
loss.
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* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soils are moist and planting
special nursery stock or containerized seedlings
reduce the seedling mortality rate.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
* Because of the slope, most areas of these soils are
unsuited to building site development.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

* Because of the slope, most areas of these soils are
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7s

Forestland ordination symbol: Rubicon—4R,;
Graycalm—6R

Michigan soil management group: Rubicon—5.3a;
Graycalm—b5a

147B—Lindquist sand, 0 to 6 percent
slopes

Setting

Landform: Flats and low knolls on outwash plains and
moraines

Shape of areas: Irregular

Size of areas: 5 to 3,000 acres

Typical Profile

Surface layer:
0 to 1 inch—black sand

Subsurface layer:
1 to 3 inches—pinkish gray sand

Subsoil:
3 to 10 inches—dark brown sand
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10 to 28 inches—strong brown and reddish yellow
sand

28 to 79 inches—light brown sand with thin bands of
brown sand and loamy sand

79 to 80 inches—pinkish gray sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Lindquist and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent

Inclusions

Contrasting inclusions:
* The moderately well drained Chinwhisker soils in
swales and along drainageways

Similar inclusions:

* Soils that have bands of gravelly sand in the subsoil

* Soils that do not have bands of loamy sand in the
substratum

* Soils that have a lighter colored subsoil

* Soils that have calcareous sand and gravel in the
substratum

Use and Management

Land use: Dominant use—forestland (fig. 11)] other
uses—cropland, pasture, and building site
development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Cropland

Major management concerns: Seasonal droughtiness,
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Soil Survey of

Figure 11.—Scotch pine grown for Christmas trees on Lindquist sand, 0 to 6 percent slopes.

soil blowing, a low content of organic matter,
nutrient and pesticide loss

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil blowing.

¢ Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic
matter.

» Timing fertilizer applications so that they meet crop
nutrient needs, using split fertilizer applications, and
applying the fertilizer in bands reduce the risk of
nutrient leaching.

* Increasing the content of organic matter in the root
zone may improve the ability of the soil to hold
water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

* Adjusting the rate of water application to the
available water capacity, the water intake rate, and
the needs of the crop can help to prevent
overirrigating and excessive leaching of plant
nutrients.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.
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* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 4s
Forestland ordination symbol: 6S
Michigan soil management group: 5.3a

147C—Lindquist sand, 6 to 12 percent
slopes

Setting

Landform: Low knolls and low ridges on outwash
plains and moraines

Shape of areas: Irregular

Size of areas: 5 to 2,000 acres

Typical Profile

Surface layer:
0 to 1 inch—black sand

Subsurface layer:
1 to 3 inches—pinkish gray sand

Subsoil:

3 to 10 inches—dark brown sand

10 to 28 inches—strong brown and reddish yellow sand

28 to 79 inches—light brown sand with thin bands of
brown sand and loamy sand

79 to 80 inches—pinkish gray sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Lindquist and similar soils: 90 to 100 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:
e The moderately well drained Chinwhisker soils in
swales
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e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Soils that have bands of gravelly sand in the subsoil

* Soils that have calcareous sand and gravel in the
substratum

* Soils that do not have bands of loamy sand in the
substratum

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

¢ Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Rapid permeability,
slope
Management considerations:
* The poor filtering capacity of this soil can result in
the pollution of ground water.
* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
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of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 6s
Forestland ordination symbol: 6S
Michigan soil management group: 5.3a

147D—Lindquist sand, 12 to 18 percent
slopes

Setting

Landform: Knolls and ridges on outwash plains and
moraines

Shape of areas: Irregular

Size of areas: 5 to 200 acres

Typical Profile

Surface layer:
0 to 1 inch—black sand

Subsurface layer:
1 to 3 inches—pinkish gray sand

Subsoil:

3 to 10 inches—dark brown sand

10 to 28 inches—strong brown and reddish yellow
sand

28 to 79 inches—light brown sand with thin bands of
brown sand and loamy sand

79 to 80 inches—pinkish gray sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Lindquist and similar soils: 85 to 100 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
* The moderately well drained Chinwhisker soils
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e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Soils that have bands of gravelly sand in the subsoil

* Soils that have calcareous sand and gravel in the
substratum

* Soils that do not have bands of loamy sand in the
subsoil

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope
Management considerations:
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
* Because the slope requires extensive land shaping,
this soil is poorly suited to building site development.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.
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e Land shaping and installing the distribution lines on

the contour help to overcome the slope.
Interpretive Groups

Land capability classification: 6s
Forestland ordination symbol: 6S
Michigan soil management group: 5.3a

147E—Lindquist sand, 18 to 35 percent
slopes

Setting

Landform: Hills and ridges on kames and moraines
Shape of areas: Irregular
Size of areas: 5 to 200 acres

Typical Profile

Surface layer:
0 to 1 inch—black sand

Subsurface layer:
1 to 3 inches—pinkish gray sand

Subsoil:

3 to 10 inches—dark brown sand

10 to 28 inches—strong brown and reddish yellow
sand

28 to 79 inches—light brown sand with thin bands of
brown sand and loamy sand

79 to 80 inches—pinkish gray sand

Soil Properties and Qualities

Permeability: Rapid
Available water capacity: Low
Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5

feet
Surface runoff class: Low
Flooding: None
Hazard of water erosion: Moderate
Hazard of soil blowing: Severe
Shrink-swell potential: Low
Potential for frost action: Low

Composition

Lindquist and similar soils: 90 to 95 percent
Contrasting inclusions: 5 to 10 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Chinwhisker soils

e The somewhat poorly drained Au Gres soils in
depressions
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Similar inclusions:

Soils that have bands of gravelly sand in the
subsoil

Soils that have calcareous sand and gravel in the
substratum

Soils that do not have bands of loamy sand in the
subsoil

Use and Management

Dominant use: Forestland

Forestland

Major management concerns: Erosion hazard,

equipment limitations, seedling mortality

Management considerations:

Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

If available, nearly level areas should be selected as
sites for landings.

The risk of erosion can be reduced by seeding
logging roads, landings, and areas that have been
cut and filled and by installing water bars and
culverts.

* Planting when the soil is moist and planting special

nursery stock or containerized seedlings reduce the
seedling mortality rate.

The use of mechanical planters is limited by

the slope. Hand planting of seedlings may be
desirable.

Buildings

Major management concerns: Caving of cutbanks,

slope

Management considerations:

Because of the slope, this soil is generally unsuited
to building site development.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 6R
Michigan soil management group: 5.3a
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166A—Slade loam, 0 to 3 percent slopes
Setting

Landform: Shallow depressions on end moraines
Slope: 0 to 3 percent

Shape of areas: Irregular

Size of areas: 5 to 45 acres

Typical Profile
Surface layer:
0 to 10 inches—very dark brown loam
Subsoil:

10 to 12 inches—dark brown, mottled clay loam
surrounded by brown sandy loam

12 to 21 inches—dark reddish brown and dark brown,
mottled clay loam

21 to 28 inches—brown, mottled clay loam

Substratum:
28 to 36 inches—reddish brown, mottled loam
36 to 80 inches—brown loam

Soil Properties and Qualities

Permeability: Moderately slow

Available water capacity: Moderate

Drainage class: Somewhat poorly drained

Seasonal high water table: Perched, 0.5 foot to 2.5 feet
below the surface at some time from October
through May

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Slight

Shrink-swell potential: Moderate

Potential for frost action: High

Composition

Slade and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent

Inclusions

Contrasting inclusions:
* The poorly drained Angelica soils in depressions

Similar inclusions:
* Soils that are moderately well drained

Use and Management

Land use: Dominant use—cropland; other uses—
forestland, pasture, and building site development

Cropland

Major management concerns: Seasonal wetness, tilth
of the surface layer

Soil Survey of

Management considerations:

» Subsurface drains can reduce the wetness if a
suitable outlet is available.

* Minimizing tillage and tilling and harvesting at the
proper soil moisture content help to prevent
excessive compaction and maintain tilth.

Pasture

Major management concern: Compaction

Management considerations:

» Restricted grazing during wet periods helps to
prevent compaction and poor tilth.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Equipment limitations,

windthrow hazard, plant competition

Management considerations:

* Equipment should be used only when the soil is
relatively dry or has an adequate snow cover.

e Skidders should not be used during wet periods,
when ruts form easily.

¢ Landing sites generally can be used only during the
driest time of the year.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

* Species preference can be managed by selective
cutting.

Buildings

Major management concerns: Wetness, shrink-swell

potential, frost action

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

* Properly designing and strengthening footings and
foundations can help to prevent the structural
damage caused by shrinking and swelling and by
frost action.

Septic tank absorption fields

Major management concerns:\Wetness, moderately
slow permeability

Management considerations:

» Because of the high water table, this soil is generally
unsuited to septic tank absorption fields.

» Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability.
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Interpretive Groups

Land capability classification: 2w
Forestland ordination symbol: 3W
Michigan soil management group: 1.5b

197A—Gladwin loamy sand, 0 to 3
percent slopes

Setting

Landform: Shallow depressions on outwash plains and
stream terraces; also, low knolls in swamps

Shape of areas: Irregular

Size of areas: 5 to 20 acres

Typical Profile

Surface layer:
0 to 4 inches—very dark gray loamy sand

Subsurface layer:
4 to 8 inches—grayish brown, mottled sand

Subsoil:

8 to 12 inches—brown, mottled sand

12 to 20 inches—dark yellowish brown, mottled
gravelly loamy sand

20 to 25 inches—yellowish brown, mottled sand

Substratum:

25 to 80 inches—grayish brown and brown, mottled,
stratified sand, gravelly sand, and very gravelly
loamy sand

Soil Properties and Qualities

Permeability: Moderately rapid in the upper part of the
profile and very rapid in the lower part

Available water capacity: Low

Drainage class: Somewhat poorly drained

Seasonal high water table: Apparent, 0.5 foot to 1.5
feet below the surface at some time from October
through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Moderate

Composition

Gladwin and similar soils: 90 to 95 percent
Contrasting inclusions: 5 to 10 percent
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Inclusions

Contrasting inclusions:

* The excessively drained Mancelona soils on low
knolls and ridges

* The very poorly drained Leafriver soils in
depressions

Similar inclusions:
* Sandy soils that are moderately well drained

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Seasonal wetness, tilth
of the surface layer

Management considerations:

» Subsurface drains can reduce the wetness if a
suitable outlet is available.

* Minimizing tillage and tilling and harvesting at the
proper soil moisture content help to prevent
excessive compaction and maintain tilth.

Pasture

Major management concern: Seasonal wetness

Management considerations:

* Proper stocking rates, a planned grazing system,
and deferred grazing during wet periods help to
keep the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants.

Forestland

Major management concerns: Equipment limitations,

windthrow hazard, plant competition

Management considerations:

* Equipment should be used only when the soil is
relatively dry or has an adequate snow cover.

* Trees that can withstand seasonal wetness should
be selected for planting.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.
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Buildings

Major management concerns: Caving of cutbanks,

seasonal wetness

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Wetness can be reduced by a drainage system
around structures with basements and crawl
spaces.

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

Septic tank absorption fields

Major management concerns: Very rapid permeability,
seasonal wetness
Management considerations:
» Because of the high water table, this soil is generally
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 3w
Forestland ordination symbol: 5\W
Michigan soil management group: 4b

323B—East Lake-Rubicon sands, 0 to 6
percent slopes

Setting

Landform: Flats and low knolls on outwash plains and
stream terraces

Shape of areas: Irregular

Size of areas: 10 to 300 acres

Typical Profile
East Lake

Surface layer:
0 to 1 inch—very dark brown sand

Subsurface layer:
1 to 4 inches—brown sand

Subsoil:

4 to 8 inches—brown sand

8 to 18 inches—strong brown sand

18 to 31 inches—yellowish brown and brownish yellow
sand

Substratum:

31 to 35 inches—yellowish brown very gravelly loamy
coarse sand

35 to 80 inches—light yellowish brown, stratified very
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gravelly coarse sand and coarse sand
Rubicon

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 4 inches—grayish brown sand

Subsoil:
4 to 31 inches—brown, dark yellowish brown, and
brownish yellow sand

Substratum:
31 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: East Lake—somewhat excessively
drained; Rubicon—excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

East Lake and similar soils: 45 to 65 percent
Rubicon and similar soils: 25 to 45 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The moderately well drained Croswell soils in
landscape positions similar to or slightly lower than
those of the East Lake and Rubicon soils

e The somewhat poorly drained Au Gres soils in
depressions

* The very poorly drained Deford soils in depressions
and drainageways

Similar inclusions:

* Soils that have a surface layer of loamy sand

» Areas where the subsail is lighter in color

* Soils that have thin bands of loamy sand in the
substratum

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development
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Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soils are moist and planting
special nursery stock or containerized seedlings can
reduce the seedling mortality rate.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability

Management considerations:

* The poor filtering capacity of these soils can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: East Lake—4s;
Rubicon—6s

Forestland ordination symbol: East Lake—2S;
Rubicon—4S

Michigan soil management group: East Lake—5a;
Rubicon—5.3a

323C—East Lake-Rubicon sands, 6 to 12
percent slopes

Setting

Landform: Low ridges and knolls on outwash plains
and stream terraces
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Shape of areas: Irregular
Size of areas: 10 to 100 acres

Typical Profile
East Lake

Surface layer:
0 to 1 inch—very dark brown sand

Subsurface layer:
1 to 4 inches—brown sand

Subsoil:

4 to 8 inches—brown sand

8 to 18 inches—strong brown sand

18 to 31 inches—yellowish brown and brownish yellow
sand

Substratum:

31 to 35 inches—yellowish brown very gravelly loamy
coarse sand

35 to 80 inches—light yellowish brown, stratified very
gravelly coarse sand and coarse sand

Rubicon

Surface layer:
0 to 1 inch—very dark gray sand

Subsurface layer:
1 to 4 inches—grayish brown sand

Subsoil:
4 to 31 inches—brown, dark yellowish brown, and
brownish yellow sand

Substratum:
31 to 80 inches—light yellowish brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: East Lake—somewhat excessively
drained; Rubicon—excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

East Lake and similar soils: 45 to 65 percent
Rubicon and similar soils: 25 to 45 percent
Contrasting inclusions: 5 to 15 percent
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Inclusions

Contrasting inclusions:

e The moderately well drained Croswell soils in
landscape positions similar to or slightly lower than
those of the East Lake and Rubicon soils

e The somewhat poorly drained Au Gres soils in
depressions

* The very poorly drained Deford soils in depressions
and drainageways

Similar inclusions:

* Soils that have a surface layer of loamy sand

» Areas where the subsail is lighter in color

* Soils that have thin bands of loamy sand in the
substratum

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soils are moist and planting
special nursery stock or containerized seedlings can
reduce the seedling mortality rate.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.
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Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of these soils can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 6s

Forestland ordination symbol: East Lake—2S;
Rubicon—4S

Michigan soil management group: East Lake—b5a;
Rubicon—5.3a

337B—Mancelona-East Lake complex, 0
to 6 percent slopes

Setting

Landform: Flats and low knolls on outwash plains,
kame terraces, and stream terraces

Shape of areas: Irregular

Size of areas: 10 to 300 acres

Typical Profile
Mancelona

Surface layer:
0 to 2 inches—black loamy sand

Subsurface layer:
2 to 3 inches—pinkish gray loamy sand

Subsoil:

3 to 15 inches—brown loamy sand

15 to 25 inches—brown gravelly sand

25 to 31 inches—strong brown gravelly loamy sand

31 to 36 inches—dark brown very gravelly loamy
sand

Substratum:

36 to 80 inches—stratified, light brown very gravelly
sand and pink sand

East Lake

Surface layer:
0 to 1 inch—very dark brown sand
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Subsurface layer:
1 to 4 inches—brown sand

Subsoil:

4 to 8 inches—brown sand

8 to 18 inches—strong brown sand

18 to 31 inches—yellowish brown and brownish yellow
sand

Substratum:

31 to 35 inches—yellowish brown very gravelly loamy
coarse sand

35 to 80 inches—light yellowish brown, stratified very
gravelly coarse sand and coarse sand

Soil Properties and Qualities

Permeability: Mancelona—moderately rapid in the
surface layer and subsoil and very rapid in the
substratum; East Lake—rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Mancelona—moderate; East
Lake—severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Mancelona and similar soils: 45 to 65 percent
East Lake and similar soils: 25 to 45 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The moderately well drained Croswell soils in
landscape positions similar to or slightly lower than
those of the Mancelona and East Lake soils

* The somewhat poorly drained Gladwin and Au Gres
soils in depressions

* The very poorly drained Deford soils in depressions
and drainageways

Similar inclusions:

* Areas where the subsoil is lighter in color

* Soils that have thin bands of loamy sand in the
substratum

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development
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Cropland

Major management concerns: Seasonal droughtiness,
soil blowing, a low content of organic matter,
nutrient and pesticide loss

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil
blowing.

* Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic
matter.

* Increasing the content of organic matter in the root
zone may improve the ability of the soils to hold
water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

* Adjusting the rate of water application to the
available water capacity, the water intake rate, and
the needs of the crop can help to prevent
overirrigating and excessive leaching of plant
nutrients.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Mancelona—none;
Rubicon—equipment limitations, seedling
mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soils are moist and planting
special nursery stock or containerized seedlings can
reduce the seedling mortality rate.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
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Septic tank absorption fields

Major management concern: Rapid or very rapid

permeability

Management considerations:

* The poor filtering capacity of these soils can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: Mancelona—3s; East
Lake—4s

Forestland ordination symbol: Mancelona—3A; East
Lake—2S

Michigan soil management group: Mancelona—4a;
East Lake—5a

337C—Mancelona-East Lake complex, 6
to 12 percent slopes

Setting

Landform: Low ridges and knolls on outwash plains,
kame terraces, and stream terraces

Shape of areas: Irregular

Size of areas: 10 to 100 acres

Typical Profile
Mancelona

Surface layer:
0 to 2 inches—black loamy sand

Subsurface layer:
2 to 3 inches—pinkish gray loamy sand

Subsoil:

3 to 15 inches—brown loamy sand

15 to 25 inches—brown gravelly sand

25 to 31 inches—strong brown gravelly loamy sand

31 to 36 inches—dark brown very gravelly loamy sand

Substratum:

36 to 80 inches—stratified, light brown very gravelly
sand and pink sand

East Lake

Surface layer:
0 to 1 inch—very dark brown sand

Subsurface layer:
1 to 4 inches—brown sand

Subsoil:
4 to 8 inches—brown sand
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8 to 18 inches—strong brown sand
18 to 31 inches—yellowish brown and brownish yellow
sand

Substratum:

31 to 35 inches—yellowish brown very gravelly loamy
coarse sand

35 to 80 inches—light yellowish brown, stratified very
gravelly coarse sand and coarse sand

Soil Properties and Qualities

Permeability: Mancelona—moderately rapid in the
surface layer and subsoil and very rapid in the
substratum; East Lake—rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Mancelona—moderate; East
Lake—severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Mancelona and similar soils: 45 to 65 percent
East Lake and similar soils: 25 to 45 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The moderately well drained Croswell soils in
landscape positions similar to or slightly lower than
those of the Mancelona and East Lake soils

* The somewhat poorly drained Gladwin and Au Gres
soils in depressions

* The very poorly drained Deford soils in depressions
and drainageways

Similar inclusions:
* Areas where the subsoil is lighter in color

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Seasonal droughtiness,
soil blowing, a low content of organic matter,
nutrient and pesticide loss

Management considerations:

* A system of conservation tillage that leaves crop

residue on the surface is effective in conserving
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moisture and in reducing the hazard of soil
blowing.

* Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic matter.

* Increasing the content of organic matter in the root
zone may improve the ability of the soils to hold
water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Mancelona—none; East
Lake—equipment limitations, seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soils are moist and planting
special nursery stock or containerized seedlings can
reduce the seedling mortality rate.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Rapid or very rapid

permeability, slope

Management considerations:

* The poor filtering capacity of these soils can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.
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Interpretive Groups

Land capability classification: Mancelona—3e; East
Lake—6s

Forestland ordination symbol: Mancelona—3A; East
Lake—2S

Michigan soil management group: Mancelona—4a;
East Lake—5a

338B—Islandlake sand, 0 to 6 percent
slopes

Setting

Landform: Flats and low knolls on outwash plains
Shape of areas: Irregular
Size of areas: 5 to 2,000 acres

Typical Profile

Surface layer:
0 to 10 inches—very dark grayish brown sand

Subsurface layer:
10 to 13 inches—brown sand

Subsoil:

13 to 16 inches—dark brown sand

16 to 30 inches—strong brown and yellowish brown
sand

30 to 80 inches—light yellowish brown sand with thin
bands of strong brown sand and loamy sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Islandlake and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent

Inclusions

Contrasting inclusions:
* The moderately well drained Croswell soils in swales
and along drainageways

Similar inclusions:
* Soils that have a surface layer of loamy sand
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¢ Soils that do not have bands in the subsaoil
 Soils that have a lighter colored subsoil

Use and Management

Land use: Dominant use—forestland other
uses—cropland, pasture, and building site
development

Cropland

Major management concerns: Seasonal droughtiness,
soil blowing, a low content of organic matter,
nutrient and pesticide loss

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil blowing.

* Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic
matter.

* Increasing the content of organic matter in the root
zone may improve the ability of the soil to hold
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water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

* Adjusting the rate of water application to the
available water capacity, the water intake rate, and
the needs of the crop can help to prevent
overirrigating and excessive leaching of plant
nutrients.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Equipment limitations,
seedling mortality

Figure 12.—Aspen regeneration following clear cutting on Islandlake sand, 0 to 6 percent slopes.
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Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

» Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 4s
Forestland ordination symbol: 3S
Michigan soil management group: 5a

338C—lIslandlake sand, 6 to 12 percent
slopes

Setting

Landform: Low knolls and ridges on outwash plains
and moraines

Shape of areas: Irregular

Size of areas: 5 to 500 acres

Typical Profile

Surface layer:
0 to 10 inches—very dark grayish brown sand

Subsurface layer:
10 to 13 inches—brown sand

Subsoil:

13 to 16 inches—dark brown sand

16 to 30 inches—strong brown and yellowish brown
sand

30 to 80 inches—light yellowish brown sand with thin
bands of strong brown sand and loamy sand
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Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Islandlake and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils along
drainageways

e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Soils that have a surface layer of loamy sand
* Soils that do not have bands in the subsoil
 Soils that have a lighter colored subsoil

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Overgrazing, seasonal
droughtiness
Management considerations:
* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.
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* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

e Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 6s
Forestland ordination symbol: 3S
Michigan soil management group: 5a

338D—lIslandlake sand, 12 to 18 percent
slopes

Setting

Landform: Knolls and ridges on outwash plains and
moraines

Shape of areas: Irregular

Size of areas: 5 to 100 acres

Typical Profile

Surface layer:
0 to 10 inches—very dark grayish brown sand

Subsurface layer:
10 to 13 inches—brown sand

Subsoil:

13 to 16 inches—dark brown sand

16 to 30 inches—strong brown and yellowish brown
sand

30 to 80 inches—light yellowish brown sand with thin
bands of strong brown sand and loamy sand

Soil Survey of

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Islandlake and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils

e The somewhat poorly drained Au Gres soils in
depressions

Similar inclusions:

* Soils that have a surface layer of loamy sand
* Soils that do not have bands in the subsoil
 Soils that have a lighter colored subsoil

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.
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Buildings

Major management concerns: Caving of cutbanks,
slope
Management considerations:
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
» Because the slope requires extensive land shaping,
this soil is poorly suited to building site development.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 3S
Michigan soil management group: 5a

347F—Kalkaska sand, 8 to 50 percent
slopes, dissected

Setting

Landform: Hills, ridges, and escarpments on moraines
Distinctive landscape feature: A dissected landscape
Shape of areas: Irregular

Size of areas: 25 to 600 acres

Typical Profile

Organic mat:
0 to 1 inch—black, partially decomposed forest litter

Surface layer:
1 to 3 inches—black sand

Subsurface layer:
3to 9 inches—brown sand

Subsoil:

9 to 12 inches—dark reddish brown sand

12 to 41 inches—brown, strong brown, and yellowish
brown sand

Substratum:
41 to 80 inches—light yellowish brown sand
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Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate or severe

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Kalkaska and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
* The moderately well drained Feldhauser soils
* The moderately well drained Croswell soils

Similar inclusions:

* Soils that have thin bands of loamy sand in the
subsoil or substratum

* Soils that have bands of gravelly sand in the
substratum

* Soils that have a less well developed subsoil

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, seedling mortality

Management considerations:

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Ordinary crawler tractors and rubber-tired skidders
cannot be operated safely on the very steep side
slopes of the ravines.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

» Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding logging
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roads, skid roads, and landings after the trees are
logged also help to prevent excessive soil loss.

¢ Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
* Because of the slope, most areas of this soil are
unsuited to building site development.

Septic tank absorption fields

Major management concerns: Slope, rapid
permeability
Management considerations:
* Because of the slope, most areas of this soil are
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 3R
Michigan soil management group: 5a

349B—Hartwick sand, 0 to 6 percent
slopes

Setting

Landform: Outwash channels
Shape of areas: Irregular
Size of areas: 10 to 300 acres

Typical Profile

Surface layer:
0 to 2 inches—black sand

Subsurface layer:
2 to 7 inches—brown sand

Subsoil:

7 to 12 inches—dark brown sand

12 to 26 inches—strong brown very gravelly sand
26 to 38 inches—yellowish brown gravelly sand

Soil Survey of

Substratum:
38 to 80 inches—light yellowish brown sand stratified
with gravelly coarse sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Hartwick and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent

Inclusions

Contrasting inclusions:
e The well drained Blue Lake soils on uplands

Similar inclusions:
* Soils that have a loamy layer in the subsoil
* Soils that have a surface layer of loamy sand

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability
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Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 6s
Forestland ordination symbol: 4S
Michigan soil management group: 5a

350D—Blue Lake sand, 6 to 18 percent
slopes

Setting

Landform: Knolls and low ridges on moraines and
outwash plains

Shape of areas: Irregular

Size of areas: 5 to 400 acres

Typical Profile

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 6 inches—brown sand

Subsoil:

6 to 15 inches—dark brown sand

15 to 25 inches—yellowish brown sand

25 to 80 inches—light yellowish brown sand that has
bands of strong brown sandy loam

Soil Properties and Qualities

Permeability: Moderately rapid
Available water capacity: Low
Drainage class: Well drained
Seasonal high water table: At a depth of more than 6.5
feet
Surface runoff class: \Very low
Flooding: None
Hazard of water erosion: Moderate
Hazard of soil blowing: Severe
Shrink-swell potential: Low
Potential for frost action: Low

Composition

Blue Lake and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent
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Inclusions

Contrasting inclusions:

* The excessively drained Rubicon soils, which
have less clay in the subsoil than the Blue Lake
soil and are in landscape positions similar to
those of the Blue Lake soil

* The excessively drained Grayling soils, which
are on the downslope edges of the unit and in
landscape positions similar to those of the Blue
Lake soil

Similar inclusions:

» Excessively drained soils in which bands of loamy
sand in the subsoil have a total thickness of less
than 6 inches

* Moderately well drained soils

 Soils with a surface layer of loamy sand

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,

seedling mortality, plant competition

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Planting when the soil is moist and planting
seedlings that can withstand droughty conditions
reduce the seedling mortality rate. Replanting is
needed in some areas.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

e Carefully managed reforestation helps to control
undesirable understory plants.

Pasture

Major management concerns: Droughtiness, soll

blowing

Management considerations:

* Proper stocking rates and short-duration grazing
during the summer help to control soil blowing,
maintain plant density and hardiness, and keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.
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Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

e Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 4e
Forestland ordination symbol: 3S
Michigan soil management group: 4a

352B—Deford-Au Gres-Croswell complex,
0 to 6 percent slopes

Setting

Landform: Flats, shallow depressions, or low knolls
adjacent to drainageways and swamps on
outwash plains and stream terraces

Shape of areas: Irregular

Size of areas: 3 to 160 acres

Typical Profile
Deford

Surface layer:
0 to 5 inches—black muck

Subsurface layer:
5 to 9 inches—grayish brown, mottled sand

Subsoil:
9 to 29 inches—dark yellowish brown and dark brown,
mottled sand

Substratum:
29 to 55 inches—grayish brown, mottled sand
55 to 60 inches—dark grayish brown, mottled sand

Au Gres

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3to 9 inches—brown sand

Soil Survey of

Subsoil:

9 to 11 inches—dark brown, mottled sand

11 to 42 inches—dark yellowish brown and yellowish
brown, mottled sand

Substratum:
42 to 80 inches—brown sand

Croswell

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 9 inches—grayish brown sand

Subsoil:

9 to 17 inches—brown sand

17 to 27 inches—strong brown sand

27 1o 40 inches—brownish yellow, mottled sand

Substratum:
40 to 80 inches—very pale brown sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Deford—very poorly drained; Au
Gres—somewhat poorly drained; Croswell—
moderately well drained

Seasonal high water table: Deford—apparent, 1.0 foot
above to 1.0 foot below the surface at some time
from August through June; Au Gres—apparent,
0.5 foot to 1.5 feet below the surface at some time
from October through June; Croswell—apparent,
2.0 to 3.5 feet below the surface at some time
from October through December and from March
through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Deford—moderate; Au Gres
and Croswell—severe

Shrink-swell potential: Low

Potential for frost action: Croswell—low; Deford and Au
Gres—moderate

Composition

Deford and similar soils: 40 to 60 percent
Au Gres and similar soils: 20 to 40 percent
Croswell and similar soils: 20 to 30 percent
Contrasting inclusions: 0 to 20 percent

Inclusions

Contrasting inclusions:
* The very poorly drained Leafriver soils in
depressions
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* The excessively drained Grayling and Rubicon soils
on low knolls or the higher flats

Similar inclusions:

* Areas near the Croswell soil where the seasonal
high water table is at a depth of 3.5 to 5.0 feet

* Areas where the subsoil is lighter in color

* Areas where the subsoil is partially cemented

Use and Management

Land use: Dominant use—forestland; other use—
building site development

Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

* In areas of the Deford and Au Gres soils, skidders
should not be used during wet periods, when ruts
form easily.

e In areas of the Deford and Au Gres soils, year-round
logging roads require roadfill and gravel. Culverts
are needed to maintain the natural drainage system.

* Because loose sand in areas of the Croswell soil
can interfere with the traction of wheeled equipment,
logging roads should be stabilized.

¢ Landing sites generally can be used only during the
driest time of the year.

* Because of wetness, seedling mortality, and plant
competition, trees are generally not planted on the
Deford soil.

* Trees that can withstand seasonal wetness should
be selected for planting on the Au Gres soil.

* Planting when the Croswell soil is moist and planting
seedlings that can withstand droughty conditions
can lower the seedling mortality rate. Replanting is
needed in some areas.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Buildings

Major management concerns: Caving of cutbanks,
seasonal wetness
Management considerations:
e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
* In areas of the Au Gres and Croswell soils, buildings
can be constructed on well compacted fill material,

107

which raises the site a sufficient distance above the
water table.

» Because of ponding, the Deford soil is generally
unsuited to building site development.

Septic tank absorption fields

Major management concerns: Au Gres and Croswell—
seasonal wetness, rapid permeability; Deford—
ponding

Management considerations:

* The poor filtering capacity of the Croswell soil can
result in the pollution of ground water.

e On large lots in areas of the Croswell soil, an
absorption system with shallow trenches, shrubbery
planted around the perimeter of the system, and low,
uniform application rates minimizes the risk of
ground-water pollution.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table in
the Croswell soil.

e Because of the high water table, the Au Gres soil
is generally unsuited to septic tank absorption
fields.

» Because of ponding, the Deford soil is generally
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: Deford—5w; Au Gres—
4w; Croswell—4s

Forestland ordination symbol: Deford—4W; Au Gres—
6W; Croswell—5S

Michigan soil management group: Deford—4c; Au
Gres—5b; Croswell—5a

354F—Mancelona-Blue Lake sands, 15 to
70 percent slopes, dissected

Setting

Landform: Hills, ridges, and escarpments on kames
and moraines

Distinctive landscape feature: A dissected landscape

Shape of areas: Irregular

Size of areas: 5 to 300 acres

Typical Profile
Mancelona

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 6 inches—pinkish gray sand

Subsoil:
6 to 16 inches—dark brown sand
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16 to 29 inches—yellowish brown and light yellowish
brown sand
29 to 35 inches—reddish brown gravelly sandy loam

Substratum:
35 to 80 inches—yellowish brown very gravelly sand

Blue Lake

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 6 inches—brown sand

Subsoil:

6 to 15 inches—dark brown sand

15 to 25 inches—yellowish brown sand

25 to 80 inches—light yellowish brown sand with
bands of strong brown sandy loam

Soil Properties and Qualities

Permeability: Mancelona—moderately rapid in the
surface layer and subsoil and very rapid in the
substratum; Blue Lake—moderately rapid

Available water capacity: Low

Drainage class: Mancelona—somewhat excessively
drained; Blue Lake—well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate or severe

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Mancelona and similar soils: 70 to 85 percent
Blue Lake and similar soils: 15 to 25 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:

* The somewhat poorly drained Gladwin and Au Gres
soils in depressions

* The moderately well drained Croswell soils

Similar inclusions:
* Soils that have a surface layer of loamy sand

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,
erosion hazard

Soil Survey of

Management considerations:

* Ordinary crawler tractors and rubber-tired skidders
cannot be operated safely on the very steep side
slopes of the ravines.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

» Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding logging
roads, skid roads, and landings after the trees are
logged also help to prevent excessive soil loss.

* |f trees are planted on the Blue Lake soll, site
preparation by mechanical or chemical means is
needed to control competing vegetation.
Subsequent control of the invasion and growth of
hardwoods may be needed.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
* Because of the slope, most areas of these soils are
unsuited to building site development.
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concerns: Slope, very rapid
permeability
Management considerations:
* Because of the slope, most areas of these soils are
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7e
Forestland ordination symbol: 3R
Michigan soil management group: 4a

360—Wakeley muck
Setting

Landform: Shallow depressions on lake plains
Shape of areas: Irregular
Size of areas: 3 to 120 acres

Typical Profile

Surface layer:
0 to 7 inches—black muck
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Substratum:

7 to 12 inches—grayish brown, mottled sand

12 to 21 inches—brown, mottled sand

21 to 25 inches—reddish brown, mottled, stratified
silty clay and loamy sand

25 to 64 inches—reddish brown, mottled silty clay

64 to 80 inches—brown, mottled silty clay loam

Soil Properties and Qualities

Permeability: Rapid in the upper sandy material and
slow in the lower clayey material

Available water capacity: Moderate

Drainage class: Poorly drained

Seasonal high water table: Perched, 1.0 foot above to
1.0 foot below the surface at some time from
September through May

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low in the upper sandy material
and high in the lower clayey material

Potential for frost action: Moderate

Composition

Wakeley and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The moderately well drained Kellogg soils in the
higher landscape positions

* The very poorly drained Deford and poorly drained
Angelica soils in landscape positions similar to those
of the Wakeley soil

Similar inclusions:
e Areas where the substratum is sandy loam

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

* Because of wetness and low strength, special
harvesting equipment is needed. The equipment can
be used only during periods in winter when skid
roads and access roads are frozen.

¢ Landing sites generally can be used only during the
driest time of the year.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
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and by such harvest methods as selective cutting
and strip cutting.

e Special harvest methods may be needed to control
undesirable plants.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.

Buildings

Major management concern: Ponding

Management considerations:

» Because of ponding, this soil is generally unsuited to
building site development.

Septic tank absorption fields

Major management concern: Ponding

Management considerations:

» Because of ponding, this soil is generally unsuited to
septic tank absorption fields.

Interpretive Groups

Land capability classification: 5w
Forestland ordination symbol: 3W
Michigan soil management group: 4/1c

362D—Millersburg loamy sand, 6 to 18
percent slopes

Setting

Landform: Drumlins and moraines
Shape of areas: Linear or irregular
Size of areas: 5 to 120 acres

Typical Profile

Surface layer:
0 to 2 inches—black loamy sand

Subsurface layer:
2 to 5 inches—brown sand

Subsoil:

5 to 10 inches—strong brown loamy sand

10 to 18 inches—pale brown sand and reddish brown
sandy loam

18 to 26 inches—reddish brown sandy loam
surrounded by pinkish gray loamy sand

26 to 34 inches—yellowish red sandy loam

34 to 43 inches—light reddish brown sandy loam

Substratum:
43 to 80 inches—light yellowish brown loamy sand

Soil Properties and Qualities

Permeability: Moderate
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Available water capacity: Moderate

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Moderate

Composition

Millersburg and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The somewhat excessively drained Graycalm soils,
which have less clay in the subsoil and substratum
than the Millersburg soil and are in landscape
positions similar to those of the Millersburg soil

* The somewhat excessively drained Mancelona soils,
which have gravel in the subsoil and substratum and
are in landscape positions similar to those of the
Millersburg soil

Similar inclusions:
* Soils that have less clay in the subsoil
¢ Soils with a redder subsoil

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concern: Plant competition

Management considerations:

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

e Carefully managed reforestation helps to control
undesirable understory plants.

Pasture

Major management concerns: Seasonal droughtiness,

overgrazing

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.
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Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

 Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 4e
Forestland ordination symbol: 3A
Michigan soil management group: 3a

365F—Blue Lake loamy sand, 8 to 50
percent slopes, dissected

Setting

Landform: Hills, ridges, and escarpments on moraines
Distinctive landscape feature: A dissected landscape
Shape of areas: Irregular

Size of areas: 3 to 200 acres

Typical Profile

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 7 inches—grayish brown sand

Subsoil:

7 to 26 inches—dark reddish brown and brown sand

26 to 80 inches—yellowish brown sand with bands of
brown loamy sand

Soil Properties and Qualities

Permeability: Moderately rapid

Available water capacity: Low

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate or severe

Hazard of soil blowing: Moderate

Shrink-swell potential: Low
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Potential for frost action: Low
Composition

Blue Lake and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The excessively drained Rubicon soils in landscape
positions similar to those of the Blue Lake soil

* The moderately well drained Feldhauser soils

* The moderately well drained Croswell soils

Similar inclusions:

* Soils in which bands of loamy sand in the lower part
of the subsoil have a total thickness of less than 6
inches

* Soils that have bands of sandy loam in the lower
part of the subsaoil

* Areas where the upper part of the subsoil is lighter
in color

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, plant competition

Management considerations:

* Ordinary crawler tractors and rubber-tired skidders
cannot be operated safely on the very steep side
slopes of the ravines.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

* Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding logging
roads, skid roads, and landings after the trees are
logged also help to prevent excessive soil loss.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
* Because of the slope, most areas of this soil are
unsuited to building site development.
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* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

* Because of the slope, most areas of this soil are
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7e
Forestland ordination symbol: 3R
Michigan soil management group: 4a

368A—Au Gres-Deford complex, 0 to 3
percent slopes

Setting

Landform: Low flats and shallow depressions on
outwash plains; also, low ridges in swamps

Shape of areas: Irregular

Size of areas: 3 to 210 acres

Typical Profile
Au Gres

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3to 9 inches—brown sand

Subsoil:

9 to 11 inches—brown, mottled sand

11 to 42 inches—dark yellowish brown and yellowish
brown, mottled sand

Substratum:
42 to 80 inches—brown sand

Deford

Surface layer:
0 to 5 inches—black muck

Subsurface layer:
5 to 9 inches—grayish brown, mottled sand

Subsoil:
9 to 29 inches—dark yellowish brown and dark brown,
mottled sand

Substratum:
29 to 55 inches—grayish brown, mottled sand
55 to 60 inches—dark grayish brown, mottled sand

Soil Properties and Qualities
Permeability: Rapid
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Available water capacity: Low

Drainage class: Au Gres—somewhat poorly drained;
Deford—uvery poorly drained

Seasonal high water table: Au Gres—apparent, 0.5
foot to 1.5 feet below the surface at some time
from October through June; Deford—apparent, 1.0
foot above to 1.0 foot below the surface at some
time from August through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Au Gres—severe; Deford—
moderate

Shrink-swell potential: Low

Potential for frost action: Moderate

Composition

Au Gres and similar soils: 50 to 70 percent
Deford and similar soils: 30 to 50 percent
Contrasting inclusions: 0 to 10 percent

Inclusions

Contrasting inclusions:

* The excessively drained Rubicon soils in the higher
landscape positions

* The very poorly drained Leafriver and Tawas soils in
landscape positions similar to those of the Deford
soil

Similar inclusions:
* Areas where the subsoil is lighter in color
* Areas where the soil is moderately well drained

Use and Management

Land use: Dominant use—forestland; other use—
building site development

Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

e Skidders should not be used during wet periods,

when ruts form easily.

¢ Year-round logging roads require roadfill and gravel.

Culverts are needed in areas of the Deford soil to
maintain the natural drainage system.

¢ Landing sites generally can be used only during the

driest time of the year.

¢ Windthrow can be minimized by harvest methods

that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.
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* Because of wetness, seedling mortality, and plant
competition, trees are generally not planted on the
Deford soil.

* Trees that can withstand seasonal wetness should
be selected for planting on the Au Gres soil.

e Competing vegetation can be controlled by
mechanical or chemical means.

Buildings

Major management concerns: Au Gres—seasonal

wetness, caving of cutbanks; Deford—ponding

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

» Because of ponding, the Deford soil is generally
unsuited to building site development.

* In areas of the Au Gres soil, buildings can be
constructed on well compacted fill material, which
raises the site a sufficient distance above the water
table.

Septic tank absorption fields

Major management concerns: Au Gres—seasonal
wetness, rapid permeability; Deford—ponding
Management considerations:
» Because of ponding, the Deford soil is generally
unsuited to septic tank absorption fields.
e Because of the high water table, the Au Gres soil is
generally unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: Au Gres—4w; Deford—
5w

Forestland ordination symbol: Au Gres—6W; Deford—
4W

Michigan soil management group: Au Gres—5b;
Deford—4c

369—Deford muck
Setting

Landform: Low flats and shallow depressions on
outwash plains

Shape of areas: Irregular

Size of areas: 3 to 20 acres

Typical Profile

Surface layer:
0 to 5 inches—black muck

Subsurface layer:
5 to 9 inches—grayish brown, mottled sand
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Subsoil:
9 to 29 inches—dark yellowish brown and dark brown,
mottled sand

Substratum:
29 to 55 inches—grayish brown, mottled sand
55 to 60 inches—dark grayish brown, mottled sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Very poorly drained

Seasonal high water table: Apparent, 1.0 foot above to
1.0 foot below the surface at some time from
August through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Moderate

Composition

Deford and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The moderately well drained Croswell soils in the
higher landscape positions

e The very poorly drained Leafriver and Tawas soils in
landscape positions similar to those of the Deford soil

Similar inclusions:
* Areas where the subsoil is lighter in color
* Areas where the soil is somewhat poorly drained

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

 Skidders should not be used during wet periods,
when ruts form easily.

¢ Year-round logging roads require roadfill and gravel.
Culverts are needed to maintain the natural
drainage system.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.
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* Because of wetness, seedling mortality, and plant
competition, trees are generally not planted on this
soil.

e Competing vegetation can be controlled by
mechanical or chemical means.

Buildings

Major management concern: Ponding

Management considerations:

» Because of ponding, this soil is generally unsuited to
building site development.

Septic tank absorption fields

Major management concern: Ponding

Management considerations:

» Because of ponding, this soil is generally unsuited to
septic tank absorption fields.

Interpretive Groups

Land capability classification: 5w
Forestland ordination symbol: 4W
Michigan soil management group: 4c

380—Access denied

Shape of areas: Square or rectangular
Size of areas: 40 to 3,800 acres

Composition
Unknown
Use and Management

Management considerations:

* Access was denied; therefore, no interpretations are
given for these areas. Onsite investigation is
needed.

Interpretive Groups

Land capability classification: None assigned
Forestland ordination symbol: None assigned
Michigan soil management group: None assigned

387F—Mancelona-Rubicon sands, 15 to
70 percent slopes, dissected

Setting

Landform: Hills, ridges, and escarpments on outwash
plains, kames, and moraines

Distinctive landscape feature: A dissected landscape

Shape of areas: Irregular

Size of areas: 3 to 200 acres
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Typical Profile
Mancelona

Surface layer:
0 to 3 inches—black sand

Subsurface layer:
3 to 6 inches—pinkish gray sand

Subsoil:

6 to 16 inches—dark brown sand

16 to 20 inches—yellowish brown sand

20 to 29 inches—light yellowish brown sand

29 to 35 inches—reddish brown gravelly sandy loam

Substratum:
35 to 80 inches—yellowish brown very gravelly sand

Rubicon

Surface layer:
0 to 4 inches—black sand

Subsurface layer:
4 to 9 inches—brown sand

Subsoil:
9 to 47 inches—dark brown, strong brown, and
yellowish brown sand

Substratum:
47 to 80 inches—yellowish brown sand

Soil Properties and Qualities

Permeability: Mancelona—moderately rapid in the
surface layer and subsoil and very rapid in the
substratum; Rubicon—rapid

Available water capacity: Low

Drainage class: Mancelona—somewhat excessively
drained; Rubicon—excessively drained

Seasonal high water table: At a depth of more than 6.5

feet
Surface runoff class: Low
Flooding: None
Hazard of water erosion: Moderate or severe
Hazard of soil blowing: Severe
Shrink-swell potential: Low
Potential for frost action: Low

Composition

Mancelona and similar soils: 55 to 75 percent
Rubicon and similar soils: 25 to 55 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
* The somewhat excessively drained Graycalm and
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Kalkaska soils in landscape positions similar to
those of the Mancelona and Rubicon soils

Similar inclusions:

* Areas where the subsoil is lighter in color

* Soils that have thin bands of loamy sand in the
substratum

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, seedling mortality

Management considerations:

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Ordinary crawler tractors and rubber-tired skidders
cannot be operated safely on the very steep side
slopes of the ravines.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

» Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding
logging roads, skid roads, and landings after the
trees are logged also help to prevent excessive soil
loss.

* Planting when the soils are moist and planting
special nursery stock or containerized seedlings
reduce the seedling mortality rate.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
* Because of the slope, most areas of these soils are
unsuited to building site development.

Septic tank absorption fields

Major management concerns: Slope, rapid
permeability
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Management considerations:
* Because of the slope, most areas of these soils are
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: Mancelona—7e;
Rubicon—7s

Forestland ordination symbol: Mancelona—3R,;
Rubicon—4R

Michigan soil management group: Mancelona—4a;
Rubicon—5.3a

393B—Morganlake loamy sand, 0 to 6
percent slopes

Setting

Landform: Flats and depressions on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres

Typical Profile
Organic mat:
0 to 1 inch —black, partially decomposed leaf litter
Surface layer:
1 to 3 inches—very dark gray loamy sand
Subsurface layer:
3 to 10 inches—pinkish gray sand
Subsoil:
10 to 19 inches—dark brown and brown loamy sand
and sand
19 to 39 inches—brown sand surrounding brown
loamy sand

39 to 49 inches—reddish brown, mottled sandy clay
loam surrounded by light brown, mottled loamy
sand

49 to 54 inches—brown, mottled sandy clay loam

Substratum:
54 to 80 inches—brown sandy clay loam

Soil Properties and Qualities

Permeability: Rapid in the sandy material and
moderately slow in the underlying loamy material

Available water capacity: Moderate

Drainage class: Moderately well drained

Seasonal high water table: Perched, 1.5 to 3.5 feet
below the surface at some time from September
through November and from March through May

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate
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Shrink-swell potential: Moderate
Potential for frost action: Low

Composition

Morganlake and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The well drained Mancelona and Blue Lake soils in
landscape positions similar to those of the
Morganlake soil

e The moderately well drained Ossineke soils in
landscape positions similar to those of the
Morganlake soil

* The poorly drained Angelica soils in depressions

Similar inclusions:
* Soils with a surface layer of sand

Use and Management

Land use: Dominant use—cropland; other uses—
pasture, forestland, and building site development

Cropland

Major management concern: Soil blowing

Management considerations:

» Conservation tillage, crop residue management,
windbreaks, and cover crops help to control soil
blowing.

Pasture

Major management concern: Overgrazing

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concern: Plant competition

Management considerations:

* Species preference can be managed by selective
cutting.

Buildings

Major management concerns: Wetness, caving of
cutbanks
Management considerations:
* Wetness can be reduced by a drainage system
around structures with basements and crawl
spaces.
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* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concerns: Wetness, rapid

permeability

Management considerations:

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 3s
Forestland ordination symbol: 6A
Michigan soil management group: 4/2a

393C—Morganlake loamy sand, 6 to 12
percent slopes

Setting

Landform: Low knolls and ridges on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres

Typical Profile
Organic mat:
0 to 1 inch—black, partially decomposed leaf litter
Surface layer:
1 to 3 inches—very dark gray loamy sand
Subsurface layer:
3 to 10 inches—pinkish gray sand
Subsoil:
10 to 19 inches—dark brown and brown loamy sand
and sand
19 to 39 inches—brown sand surrounding brown
loamy sand

39 to 49 inches—reddish brown, mottled sandy clay
loam surrounded by light brown, mottled loamy
sand

49 to 54 inches—brown, mottled sandy clay loam

Substratum:
54 to 80 inches—brown sandy clay loam

Soil Properties and Qualities

Permeability: Rapid in the sandy material and
moderately slow in the underlying loamy material

Soil Survey of

Available water capacity: Moderate

Drainage class: Moderately well drained

Seasonal high water table: Perched, 1.5 to 3.5 feet
below the surface at some time from September
through November and from March through
May

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Low

Shrink-swell potential: Moderate

Potential for frost action: Low

Composition

Morganlake and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The well drained Mancelona and Blue Lake soils in
landscape positions similar to those of the
Morganlake soil

e The moderately well drained Ossineke soils in
landscape positions similar to those of the
Morganlake soil

* The poorly drained Angelica soils in closed
depressions

Similar inclusions:
* Soils with a surface layer of sand

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concern: Soil blowing

Management considerations:

* Conservation tillage, crop residue management,
windbreaks, and cover crops help to control soil
blowing.

Pasture

Major management concern: Overgrazing

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concern: Plant competition
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Management considerations:
* Species preference can be managed by selective
cutting.

Buildings

Major management concerns: Wetness, caving of

cutbanks, slope

Management considerations:

* Wetness can be reduced by a drainage system
around structures with basements and crawl
spaces.

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

 Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Wetness, rapid

permeability, slope

Management considerations:

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 3e
Forestland ordination symbol: 6A
Michigan soil management group: 4/2a

399D—Menominee-Bamfield, sandy
substratum-Blue Lake complex, 12 to
18 percent slopes

Setting

Landform: Knolls and ridges on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres

Typical Profile
Menominee

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 8 inches—grayish brown loamy sand
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Subsoil:
8 to 19 inches—dark brown and dark yellowish brown
loamy sand

19 to 23 inches—light brownish gray loamy sand

23 to 27 inches—light brownish gray loamy sand
surrounding reddish brown sandy clay loam

27 to 36 inches—reddish brown sandy clay loam

Substratum:
36 to 48 inches—reddish brown sandy clay loam
48 to 80 inches—light reddish brown sandy clay loam

Bamfield, sandy substratum

Surface layer:
0 to 5 inches—black fine sandy loam

Subsoil:

5to 11 inches—brown sandy loam

11 to 20 inches—grayish brown sandy loam

20 to 23 inches—grayish brown sandy loam
surrounding brown clay loam

23 to 51 inches—brown clay loam

Substratum:

51 to 64 inches—brown clay loam

64 to 80 inches—light yellowish brown, stratified sand
and gravelly sand

Blue Lake

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 7 inches—grayish brown sand

Subsoil:

7 to 26 inches—dark reddish brown and brown sand

26 to 80 inches—yellowish brown sand with bands of
brown loamy sand

Soil Properties and Qualities

Permeability: Menominee—rapid in the sandy material
and moderately slow in the underlying loamy
material; Bamfield, sandy substratum—moderately
slow in the loamy material and rapid in the sandy
material; Blue Lake—moderately rapid

Available water capacity: Menominee and Bamfield,
sandy substratum—moderate; Blue Lake—low

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Menominee—Ilow; Bamfield,
sandy substratum—medium; Blue Lake—very low

Flooding: None

Hazard of water erosion: Menominee and Blue Lake—
slight; Bamfield, sandy substratum—moderate

Hazard of soil blowing: Moderate
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Shrink-swell potential: Menominee and Bamfield,
sandy substratum—moderate; Blue Lake—low

Potential for frost action: Bamfield, sandy
substratum—moderate; Menominee and Blue
Lake—low

Composition

Menominee and similar soils: 40 to 50 percent

Bamfield, sandy substratum, and similar soils: 25 to 35
percent

Blue Lake and similar soils: 20 to 30 percent

Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The well drained Mancelona soils in landscape
positions similar to those of the Menominee,
Bamfield, and Blue Lake soils

* The moderately well drained Ossineke and
Morganlake soils

* The poorly drained Angelica soils in depressions

* The very poorly drained Cathro soils in depressions

Similar inclusions:
* Soils with a surface layer of sand

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Bamfield, sandy
substratum—equipment limitations, plant
competition; Menominee and Blue Lake—plant
competition

Management considerations:

* Because of low strength in the Bamfield soil, suitable
surfacing material is needed on year-round logging
roads and landings.

* Species preference can be managed by selective
cutting.

Pasture

Major management concerns: Menominee, Bamfield,
and Blue Lake—overgrazing; Blue Lake—
seasonal droughtiness

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.
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Buildings

Major management concerns: Bamfield, sandy
substratum—shrink-swell potential, frost action,
slope; Menominee and Blue Lake—caving of
cutbanks, slope

Management considerations:

» Because the slope requires extensive land shaping,
these soils are poorly suited to building site
development.

* In areas of the Bamfield soil, properly designing and
strengthening footings and foundations can help to
prevent the structural damage caused by shrinking
and swelling and by frost action.

* Because cutbanks in areas of the Menominee and
Blue Lake soils are unstable and subject to caving,
trench walls should be reinforced.

Septic tank absorption fields

Major management concerns: Bamfield, sandy
substratum—moderately slow permeability, slope;
Menominee—rapid permeability, slope; Blue
Lake—slope

Management considerations:

» Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability of the Bamfield soil.

* The poor filtering capacity of the Menominee soil
can result in the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 4e

Forestland ordination symbol: Menominee—6A,;
Bamfield, sandy substratum—3S; Blue Lake—3S

Michigan soil management group: Menominee—4/2a;
Bamfield, sandy substratum—=3/2a; Blue Lake—4a

400F—Menominee-Bamfield, sandy
substratum-Blue Lake complex, 18 to
70 percent slopes, dissected

Setting

Landform: Hills, ridges, and escarpments on moraines
Distinctive landscape feature: A dissected landscape
Shape of areas: Irregular

Size of areas: 10 to 500 acres
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Typical Profile
Menominee

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 8 inches—grayish brown loamy sand

Subsoil:

8 to 19 inches—dark brown and dark yellowish brown
loamy sand

19 to 23 inches—light brownish gray loamy sand

23 to 27 inches—light brownish gray loamy sand
surrounding reddish brown sandy clay loam

27 to 36 inches—reddish brown sandy clay loam

Substratum:
36 to 48 inches—reddish brown sandy clay loam
48 to 80 inches—light reddish brown sandy clay loam

Bamfield, sandy substratum

Surface layer:
0 to 5 inches—black fine sandy loam

Subsoil:

5to 11 inches—brown sandy loam

11 to 20 inches—grayish brown sandy loam

20 to 23 inches—grayish brown sandy loam
surrounding brown clay loam

23 to 51 inches—brown clay loam

Substratum:

51 to 64 inches—brown clay loam

64 to 80 inches—light yellowish brown, stratified sand
and gravelly sand

Blue Lake

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 7 inches—grayish brown sand

Subsoil:

7 to 26 inches—dark reddish brown and brown sand

26 to 80 inches—yellowish brown sand with bands of
brown loamy sand

Soil Properties and Qualities

Permeability: Menominee—rapid in the sandy material
and moderately slow in the underlying loamy
material; Bamfield, sandy substratum—moderately
slow in the loamy material and rapid in the sandy
material; Blue Lake—moderately rapid

Available water capacity: Menominee and Bamfield,
sandy substratum—moderate; Blue Lake—low

Drainage class: Well drained
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Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Menominee—medium; Bamfield,
sandy substratum—nhigh; Blue Lake—low

Flooding: None

Hazard of water erosion: Menominee and Blue Lake—
moderate; Bamfield, sandy substratum—severe

Hazard of soil blowing: Moderate

Shrink-swell potential: Menominee and Bamfield,
sandy substratum—moderate; Blue Lake—Ilow

Potential for frost action: Bamfield, sandy
substratum—moderate; Menominee and Blue
Lake—Ilow

Composition

Menominee and similar soils: 40 to 50 percent

Bamfield, sandy substratum, and similar soils: 25 to 35
percent

Blue Lake and similar soils: 20 to 30 percent

Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The well drained Mancelona soils in landscape
positions similar to those of the Menominee,
Bamfield, and Blue Lake soils

* The poorly drained Angelica soils in closed
depressions

* The very poorly drained Cathro soils in depressions

Similar inclusions:
* Soils with a surface layer of loamy sand or sand

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, plant competition

Management considerations:

e Because of low strength in the Bamfield soil, suitable
surfacing material is needed on year-round logging
roads and landings.

* Ordinary crawler tractors and rubber-tired skidders
cannot be operated safely on these slopes. As a
result, special logging methods, such as yarding the
logs with a cable, may be needed.

e Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

» Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
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drop structures. Building logging roads on the
contour or on the gentler slopes and seeding logging
roads, skid roads, and landings after the trees are
logged also help to prevent excessive soil loss.

* |f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Species preference can be managed by selective
cutting.

Buildings

Major management concern: Slope

Management considerations:

* Because of the slope, most areas of these soils are
unsuited to building site development.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

* Because of the slope, most areas of these soils are
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7e

Forestland ordination symbol: Menominee—6R;
Bamfield, sandy substratum, and Blue Lake—3R

Michigan soil management group: Menominee—4/2a;
Bamfield, sandy substratum—=3/2a; Blue Lake—4a

401F—Lindquist sand, 8 to 50 percent
slopes, dissected

Setting

Landform: Hills, ridges, and escarpments on moraines
Distinctive landscape feature: A dissected landscape
Shape of areas: Irregular

Size of areas: 5 to 200 acres

Typical Profile

Surface layer:
0 to 1 inch—black sand

Subsurface layer:
1 to 3 inches—pinkish gray sand

Subsoil:

3 to 10 inches—dark brown sand

10 to 28 inches—strong brown and reddish yellow
sand

28 to 79 inches—light brown sand with thin bands of
brown sand and loamy sand

Substratum:
79 to 80 inches—pinkish gray sand
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Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate or severe

Hazard of soil blowing: Severe

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Lindquist and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The well drained Mossback and Bamfield soils in
landscape positions similar to those of the Lindquist
soil

* The moderately well drained Croswell soils

Similar inclusions:

* Soils that have bands of gravelly sand in the subsoil

* Soils that have calcareous sand and gravel in the
substratum

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Erosion hazard,

equipment limitations, seedling mortality

Management considerations:

* Because loose sand can interfere with the traction of
wheeled equipment, logging roads should be
stabilized.

* Because loose sand and the slope can hinder the
traction of wheeled equipment, skid roads should be
built on the contour or on the gentler slopes.

* Ordinary crawler tractors and rubber-tired skidders
cannot be operated safely on the very steep side
slopes of the ravines.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

» Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding
logging roads, skid roads, and landings after the
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trees are logged also help to prevent excessive soil
loss.

¢ Planting when the soil is moist and planting special
nursery stock or containerized seedlings reduce the
seedling mortality rate.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

Buildings

Major management concerns: Caving of cutbanks,
slope
Management considerations:
» Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
* Because of the slope, this soil is generally unsuited
to building site development.

Septic tank absorption fields

Major management concerns: Rapid permeability,
slope
Management considerations:
* Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 6R
Michigan soil management group: 5.3a

402B—Islandlake loamy sand, 0 to 6
percent slopes

Setting

Landform: Outwash plains and moraines
Shape of areas: Irregular
Size of areas: 5 to 1,000 acres

Typical Profile

Surface layer:
0 to 2 inches—very dark gray loamy sand

Subsurface layer:
2 to 7 inches—brown loamy sand

Subsoil:

7 to 12 inches—dark brown loamy sand

12 to 28 inches—brown and strong brown sand

28 to 60 inches—brown sand with thin bands of strong
brown sand and loamy sand

Substratum:
60 to 80 inches—reddish yellow sand

Soil Properties and Qualities
Permeability: Rapid
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Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Islandlake and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent

Inclusions

Contrasting inclusions:
e The moderately well drained Croswell soils in
depressions

Similar inclusions:

* Soils that have a surface layer of sand

¢ Soils in which bands in the subsoil have a total
thickness of more than 6 inches

¢ Soils that do not have bands in the subsoil

 Soils that have a lighter colored subsoil

Use and Management

Land use: Dominant use—cropland; other uses—
forestland, pasture, and building site development

Cropland

Major management concerns: Soil blowing, nutrient
and pesticide loss, seasonal droughtiness
a low content of organic matter

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil
blowing.

* Increasing the content of organic matter in the root
zone may improve the ability of the soil to hold
water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

* Adjusting the rate of water application to the
available water capacity, the water intake rate, and
the needs of the crop can help to prevent
overirrigating and excessive leaching of plant
nutrients and pesticides.

* Drought-tolerant crops should be selected for
planting, or the soil should be irrigated.

* Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic
matter.
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Soil Survey of

Figure 13.—Because of droughtiness, irrigation is needed if potatoes are grown on Islandlake loamy sand, 0 to 6 percent slopes.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concern: Plant competition

Management considerations:

* If trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Rapid permeability

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: 4s
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Forestland ordination symbol: 3A
Michigan soil management group: 5a

402C—Islandlake loamy sand, 6 to 12
percent slopes

Setting

Landform: Low knolls and low ridges on outwash
plains and moraines

Shape of areas: Irregular

Size of areas: 5 to 1,000 acres

Typical Profile

Surface layer:
0 to 2 inches—very dark gray loamy sand

Subsurface layer:
2 to 7 inches—brown loamy sand

Subsoil:

7 to 12 inches—dark brown loamy sand

12 to 28 inches—brown and strong brown sand

28 to 60 inches—brown sand with thin bands of strong
brown sand and loamy sand

Substratum:
60 to 80 inches—reddish yellow sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Islandlake and similar soils: 95 to 100 percent
Contrasting inclusions: 0 to 5 percent

Inclusions

Contrasting inclusions:
* The moderately well drained Croswell soils

Similar inclusions:

¢ Soils in which bands in the subsoil have a total
thickness of more than 6 inches

* Soils that have a surface layer of sand

¢ Soils that do not have bands in the subsoil

 Soils that have a lighter colored subsoil
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Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Seasonal droughtiness,
soil blowing, a low content of organic matter,
nutrient and pesticide loss

Management considerations:

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and in reducing the hazard of soil
blowing.

¢ Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic
matter.

* Increasing the content of organic matter in the root
zone may improve the ability of the soil to hold
water, nutrients, and pesticides and thus reduce the
risk of ground-water pollution.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concern: Plant competition

Management considerations:

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Rapid permeability,
slope
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Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 6s
Forestland ordination symbol: 3A
Michigan soil management group: 5a

402D—Islandlake loamy sand, 12 to 18
percent slopes

Setting

Landform: Knolls and ridges on outwash plains and
moraines

Shape of areas: Irregular

Size of areas: 5 to 50 acres

Typical Profile

Surface layer:
0 to 2 inches—very dark gray loamy sand

Subsurface layer:
2 to 7 inches—brown loamy sand

Subsoil:

7 to 12 inches—dark brown loamy sand

12 to 28 inches—brown and strong brown sand

28 to 60 inches—brown sand with thin bands of strong
brown sand and loamy sand

Substratum:
60 to 80 inches—reddish yellow sand

Soil Properties and Qualities

Permeability: Rapid

Available water capacity: Low

Drainage class: Somewhat excessively drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Low

Composition

Islandlake and similar soils: 95 to 100 percent

Soil Survey of

Contrasting inclusions: 0 to 5 percent
Inclusions

Contrasting inclusions:
* The moderately well drained Croswell soils

Similar inclusions:

¢ Soils in which bands in the subsoil have a total
thickness of more than 6 inches

* Soils that have a surface layer of sand

¢ Soils that do not have bands in the subsoil

 Soils that have a lighter colored subsoil

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concern: Plant competition

Management considerations:

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

Pasture

Major management concerns: Overgrazing, seasonal

droughtiness

Management considerations:

* Proper stocking rates, controlled grazing, and
restricted use during dry periods help to keep the
pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope
Management considerations:
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.
* Because the slope requires extensive land shaping,
this soil is poorly suited to building site development.

Septic tank absorption fields

Major management concerns: Rapid permeability,

slope

Management considerations:

* The poor filtering capacity of this soil can result in
the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.
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e Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 7s
Forestland ordination symbol: 3A
Michigan soil management group: 5a

424B—Morganlake-Ossineke, sandy
substratum-Blue Lake complex, 0 to 6
percent slopes

Setting

Landform: Flats on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres

Typical Profile
Morganlake
Organic mat:
0 to 1 inch—black, partially decomposed leaf litter
Surface layer:
1 to 3 inches—very dark gray loamy sand
Subsurface layer:
3 to 10 inches—pinkish gray sand
Subsoil:
10 to 19 inches—dark brown and brown loamy sand
and sand
19 to 39 inches—brown sand surrounding brown
loamy sand

39 to 49 inches—reddish brown, mottled sandy clay
loam surrounded by light brown, mottled loamy
sand

49 to 54 inches—brown, mottled sandy clay loam

Substratum:
54 to 80 inches—brown sandy clay loam

Ossineke, sandy substratum

Surface layer:
0 to 8 inches—very dark grayish brown fine sandy
loam

Subsoil:

8 to 13 inches—brown sandy loam

13 to 21 inches—dark reddish brown sandy clay loam
surrounded by brown sandy loam

21 to 38 inches—dark reddish brown, mottled sandy
clay loam

38 to 51 inches—brown, mottled sandy loam
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Substratum:
51 to 77 inches—brown, mottled sandy loam
77 to 80 inches—yellowish brown sand

Blue Lake

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 7 inches—grayish brown sand

Subsoil:

7 to 26 inches—dark reddish brown and brown sand

26 to 80 inches—yellowish brown sand with bands of
brown loamy sand

Soil Properties and Qualities

Permeability: Morganlake—rapid in the sandy material
and moderately slow in the underlying loamy
material; Ossineke, sandy substratum—
moderately slow in the loamy material and rapid in
the sandy material; Blue Lake—moderately rapid

Available water capacity: Morganlake—moderate;
Ossineke, sandy substratum—high; Blue Lake—
low

Drainage class: Morganlake and Ossineke, sandy
substratum—moderately well drained; Blue
Lake—well drained

Seasonal high water table: Morganlake—perched, 1.5
to 3.5 feet below the surface at some time from
September through November and from March
through May; Ossineke, sandy substratum—
perched, 1.5 to 3.5 feet below the surface at some
time in October and November and from March
through May; Blue Lake—at a depth of more than
6.5 feet

Surface runoff class: Morganlake and Blue Lake—
negligible; Ossineke, sandy substratum—Ilow

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Ossineke, sandy substratum—
moderate; Morganlake and Blue Lake—Ilow

Potential for frost action: Ossineke, sandy
substratum—moderate; Morganlake and Blue
Lake—Ilow

Composition

Morganlake and similar soils: 40 to 50 percent

Ossineke, sandy substratum, and similar soils: 25 to
35 percent

Blue Lake and similar soils: 20 to 30 percent

Contrasting inclusions: 5 to 15 percent
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Inclusions

Contrasting inclusions:

* The well drained Mancelona, Bamfield, and
Menominee soils in the steeper areas

* The poorly drained Angelica soils in depressions

* The very poorly drained Cathro soils in depressions

Similar inclusions:
* Soils with a surface layer of loamy sand or sand

Use and Management

Land use: Dominant use—cropland; other uses—
pasture, forestland, and building site development

Cropland

Major management concerns: Ossineke, sandy
substratum—water erosion; Morganlake and Blue
Lake—soil blowing; Blue Lake—seasonal
droughtiness, a low content of organic matter

Management considerations:

* Crop rotations that include grasses, legumes, and
small grain help to control runoff and water erosion
on the Ossineke soil.

* Conservation tillage, crop residue management,
windbreaks, and cover crops help to control soil
blowing on the Morganlake and Blue Lake soils.

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and reducing the hazard of soil blowing in
areas of the Blue Lake soil.

* Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic matter
in the Blue Lake soil.

Pasture

Major management concerns: Morganlake, Ossineke,
and Blue Lake—overgrazing; Blue Lake—
seasonal droughtiness

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Ossineke, sandy
substratum—equipment limitations, plant
competition; Morganlake and Blue Lake—plant
competition

Soil Survey of

Management considerations:

* Because of low strength in the Ossineke soil,
suitable surfacing material is needed on year-round
logging roads and landings.

* Species preference can be managed by selective
cutting.

Buildings

Major management concerns: Ossineke, sandy
substratum—shrink-swell potential, frost action,
wetness; Morganlake—wetness; Morganlake and
Blue Lake—caving of cutbanks

Management considerations:

* Properly designing and strengthening footings and
foundations can help to prevent the structural
damage caused by shrinking and swelling and by
frost action in the Ossineke soil.

e In areas of the Ossineke and Morganlake soils,
buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

* Because cutbanks in areas of the Morganlake and
Blue Lake soils are unstable and subject to caving,
trench walls should be reinforced.

Septic tank absorption fields

Major management concerns: Ossineke, sandy
substratum—moderately slow permeability,
wetness; Morganlake—wetness, rapid
permeability; Blue Lake—none

Management considerations:

» Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability of the Ossineke soil.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table in
the Ossineke and Morganlake soils.

* The poor filtering capacity of the Morganlake soil
can result in the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter
of the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

Interpretive Groups

Land capability classification: Ossineke, sandy
substratum—3e; Morganlake and Blue Lake—3s

Forestland ordination symbol: Morganlake—6A; Blue
Lake—3A; Ossineke, sandy substratum—4L

Michigan soil management group: Morganlake—4/2a;
Ossineke, sandy substratum—3a; Blue Lake—4a
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424C—NMorganlake-Ossineke, sandy
substratum-Blue Lake complex, 6 to
12 percent slopes

Setting

Landform: Low knolls and ridges on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres

Typical Profile
Morganlake
Organic mat:
0 to 1 inch—black, partially decomposed leaf litter
Surface layer:
1 to 3 inches—very dark gray loamy sand
Subsurface layer:
3 to 10 inches—pinkish gray sand
Subsoil:
10 to 19 inches—dark brown and brown loamy sand
and sand
19 to 39 inches—brown sand surrounding brown
loamy sand

39 to 49 inches—reddish brown, mottled sandy clay
loam surrounded by light brown, mottled loamy
sand

49 to 54 inches—brown, mottled sandy clay loam

Substratum:
54 to 80 inches—brown sandy clay loam

Ossineke, sandy substratum

Surface layer:
0 to 8 inches—very dark grayish brown fine sandy
loam

Subsoil:

8 to 13 inches—brown sandy loam

13 to 21 inches—dark reddish brown sandy clay loam
surrounded by brown sandy loam

21 to 38 inches—dark reddish brown, mottled sandy
clay loam

38 to 51 inches—brown, mottled sandy loam

Substratum:
51 to 77 inches—brown, mottled sandy loam
77 to 80 inches—yellowish brown sand

Blue Lake

Surface layer:
0 to 3 inches—black loamy sand

Subsurface layer:
3 to 7 inches—grayish brown sand
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Subsoil:

7 to 26 inches—dark reddish brown and brown sand

26 to 80 inches—yellowish brown sand with bands of
brown loamy sand

Soil Properties and Qualities

Permeability: Morganlake—rapid in the sandy material
and moderately slow in the underlying loamy
material; Ossineke, sandy substratum—
moderately slow in the loamy material and rapid in
the sandy material; Blue Lake—moderately rapid

Available water capacity: Morganlake—moderate;
Ossineke, sandy substratum—high; Blue Lake—
low

Drainage class: Morganlake and Ossineke, sandy
substratum—moderately well drained; Blue
Lake—well drained

Seasonal high water table: Morganlake—perched, 1.5
to 3.5 feet below the surface at some time from
September through November and from March
through May; Ossineke, sandy substratum—
perched, 1.5 to 3.5 feet below the surface at some
time in October and November and from March
through May; Blue Lake—at a depth of more than
6.5 feet

Surface runoff class: Morganlake and Blue Lake—very
low; Ossineke, sandy substratum—medium

Flooding: None

Hazard of water erosion: Morganlake and Blue Lake—
slight; Ossineke, sandy substratum—moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: Ossineke, sandy substratum—
moderate; Morganlake and Blue Lake—Ilow

Potential for frost action: Ossineke, sandy
substratum—moderate; Morganlake and Blue
Lake—low

Composition

Morganlake and similar soils: 40 to 50 percent

Ossineke, sandy substratum, and similar soils: 25 to
35 percent

Blue Lake and similar soils: 20 to 30 percent

Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

e The well drained Mancelona soils in landscape
positions similar to those of the Morganlake,
Ossineke, and Blue Lake soils

e The well drained Bamfield, sandy substratum, and
Menominee soils on backslopes

* The poorly drained Angelica soils in depressions

* The very poorly drained Cathro soils in depressions
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Similar inclusions:
* Soils that have a surface layer of loamy sand or
sand

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Ossineke, sandy
substratum—water erosion; Morganlake and Blue
Lake—soil blowing; Blue Lake—available water
capacity, content of organic matter

Management considerations:

* Inclusion of close-growing crops in the cropping
sequence, conservation tillage, grassed waterways,
cover crops, and crop residue management help to
prevent excessive soil loss on the Ossineke soil.

* Conservation tillage, crop residue management,
windbreaks, and cover crops help to control soil
blowing on the Morganlake and Blue Lake soils.

* A system of conservation tillage that leaves crop
residue on the surface is effective in conserving
moisture and reducing the hazard of soil blowing in
areas of the Blue Lake soil.

* Inclusion of green manure crops in the cropping
sequence, conservation tillage, and crop residue
management increase the content of organic matter
in the Blue Lake soil.

Pasture

Major management concerns: Morganlake, Ossineke,
and Blue Lake—overgrazing; Blue Lake—
seasonal droughtiness

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Ossineke, sandy
substratum—equipment limitations, plant
competition; Morganlake and Blue Lake—plant
competition

Management considerations:

* Because of low strength in the Ossineke soil,

suitable surfacing material is needed on year-round
logging roads and landings.

Soil Survey of

* Species preference can be managed by selective
cutting.

Buildings

Major management concerns: Ossineke, sandy
substratum—shrink-swell potential, frost action,
wetness, slope; Morganlake—wetness;
Morganlake and Blue Lake—caving of cutbanks,
slope

Management considerations:

* Properly designing and strengthening footings and
foundations can help to prevent the structural
damage caused by shrinking and swelling and by
frost action in the Ossineke soil.

e In areas of the Ossineke and Morganlake soils,
buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

* Because cutbanks in areas of the Morganlake and
Blue Lake soils are unstable and subject to caving,
trench walls should be reinforced.

 Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Ossineke, sandy
substratum—moderately slow permeability,
wetness, slope; Morganlake—wetness, rapid
permeability, slope; Blue Lake—slope

Management considerations:

* Enlarging or pressurizing the absorption field
or installing alternating drain fields helps to
overcome the restricted permeability of the
Ossineke soil.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table in
the Ossineke and Morganlake soils.

* The poor filtering capacity of the Morganlake soil
can result in the pollution of ground water.

* On large lots an absorption system with shallow
trenches, shrubbery planted around the perimeter of
the system, and low, uniform application rates
minimizes the risk of ground-water pollution.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 3e
Forestland ordination symbol: Morganlake—6A; Blue
Lake—3A; Ossineke, sandy substratum—4L
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Michigan soil management group: Morganlake—4/2a;
Ossineke, sandy substratum—3a; Blue Lake—4a

452D—Bamfield fine sandy loam, sandy
substratum, 12 to 18 percent slopes

Setting

Landform: Knolls and ridges on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres

Typical Profile

Surface layer:
0 to 5 inches—black fine sandy loam

Subsoil:

5to 11 inches—brown sandy loam

11 to 20 inches—grayish brown sandy loam

20 to 23 inches—grayish brown sandy loam
surrounding brown clay loam

23 to 51 inches—brown clay loam

Substratum:

51 to 64 inches—brown clay loam

64 to 80 inches—light yellowish brown, stratified sand
and gravelly sand

Soil Properties and Qualities

Permeability: Moderately slow in the loamy material
and rapid in the sandy material

Available water capacity: Moderate

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Medium

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: Moderate

Potential for frost action: Moderate

Composition

Bamfield and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The well drained Blue Lake, Mancelona, and
Menominee soils in landscape positions similar to
those of the Bamfield soll

e The moderately well drained Ossineke and
Morganlake soils

* The poorly drained Angelica soils in depressions
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* The very poorly drained Cathro soils in depressions

Similar inclusions:
* Soils with a surface layer of loamy sand or sand

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitations,
plant competition
Management considerations:
» Because of low strength, suitable surfacing material
is needed on year-round logging roads and landings.
* Species preference can be managed by selective
cutting.

Pasture

Major management concern: Overgrazing

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Shrink-swell potential,

frost action, slope

Management considerations:

* Properly designing and strengthening footings and
foundations can help to prevent the structural
damage caused by shrinking and swelling and by
frost action.

* Because the slope requires extensive land shaping,
this soil is poorly suited to building site development.

Septic tank absorption fields

Major management concerns: Moderately slow

permeability, slope

Management considerations:

* Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 4e
Forestland ordination symbol: 3L
Michigan soil management group: 3/2a
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452E—Bamfield fine sandy loam, sandy
substratum, 18 to 35 percent slopes

Setting

Landform: Hills, ridges, and escarpments on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres

Typical Profile
Surface layer:
0 to 5 inches—black fine sandy loam
Subsoil:

5to 11 inches—brown sandy loam

11 to 20 inches—qgrayish brown sandy loam

20 to 23 inches—grayish brown sandy loam
surrounding brown clay loam

23 to 51 inches—brown clay loam

Substratum:

51 to 64 inches—brown clay loam

64 to 80 inches—light yellowish brown, stratified sand
and gravelly sand

Soil Properties and Qualities

Permeability: Moderately slow in the loamy material
and rapid in the sandy material

Available water capacity: Moderate

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: High

Flooding: None

Hazard of water erosion: Severe

Hazard of soil blowing: Moderate

Shrink-swell potential: Moderate

Potential for frost action: Moderate

Composition

Bamfield and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The well drained Blue Lake, Mancelona, and
Menominee soils in landscape positions similar to
those of the Bamfield soll

* The poorly drained Angelica soils in depressions

* The very poorly drained Cathro soils in depressions

Similar inclusions:
* Soils with a surface layer of loamy sand or sand

Use and Management

Dominant use: Forestland

Soil Survey of

Forestland

Major management concerns: Erosion hazard,

equipment limitations, plant competition

Management considerations:

» Because of low strength, suitable surfacing material
is needed on year-round logging roads and
landings.

* Because of the slope, special care is needed in
laying out the logging roads and landings and in
operating logging equipment. Logging roads should
be designed so that they conform to the
topography.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

* Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding
logging roads, skid roads, and landings after the
trees are logged also help to prevent excessive soil
loss.

* Species preference can be managed by selective
cutting.

Buildings

Major management concern: Slope

Management considerations:

» Because of the slope, this soil is generally unsuited
to building site development.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

» Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 6e
Forestland ordination symbol: 3R
Michigan soil management group: 3/2a

453B—O0ssineke fine sandy loam, sandy
substratum, 0 to 6 percent slopes

Setting

Landform: Flats and depressions on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres
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Typical Profile

Surface layer:
0 to 8 inches—very dark grayish brown fine sandy
loam

Subsoil:

8 to 13 inches—brown sandy loam

13 to 21 inches—dark reddish brown sandy clay loam
surrounded by brown sandy loam

21 to 38 inches—dark reddish brown, mottled sandy
clay loam

38 to 51 inches—brown, mottled sandy loam

Substratum:
51 to 77 inches—brown, mottled sandy loam
77 to 80 inches—yellowish brown sand

Soil Properties and Qualities

Permeability: Moderately slow in the loamy material
and rapid in the sandy material

Available water capacity: High

Drainage class: Moderately well drained

Seasonal high water table: Perched, 1.5 to 3.5 feet
below the surface at some time in October and
November and from March through May

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Moderate

Potential for frost action: Moderate

Composition

Ossineke and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:

* The well drained Mancelona, Bamfield, and
Menominee soils in the steeper areas

* The poorly drained Angelica soils in closed
depressions

* The very poorly drained Cathro soils in depressions

Similar inclusions:
* Soils with a surface layer of loamy sand or sand

Use and Management

Land use: Dominant uses—cropland other
uses—pasture, forestland, and building site
development

Cropland

Major management concerns: Water erosion, tilth of
the surface layer
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Management considerations:

e Crop rotations that include grasses, legumes,
and small grain help to control runoff and water
erosion.

* Minimizing tillage and tilling and harvesting at the
proper soil moisture content help to prevent
excessive compaction and maintain tilth.

Pasture

Major management concerns: Overgrazing,

compaction

Management considerations:

* Proper stocking rates, a planned grazing system,
and deferred grazing during wet periods help to
keep the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Equipment limitations,
plant competition
Management considerations:
» Because of low strength, suitable surfacing material
is needed on year-round logging roads and landings.
* Species preference can be managed by selective
cutting.

Buildings

Major management concerns: Shrink-swell potential,

frost action, wetness

Management considerations:

* Properly designing and strengthening footings and
foundations can help to prevent the structural
damage caused by shrinking and swelling and by
frost action.

* Buildings can be constructed on well compacted fill
material, which raises the site a sufficient distance
above the water table.

Septic tank absorption fields

Major management concerns: Moderately slow

permeability, wetness

Management considerations:

» Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

Interpretive Groups

Land capability classification: 3e
Forestland ordination symbol: 4L
Michigan soil management group: 3a
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Figure 14.—Hay on Ossineke fine sandy loam, sandy substratum, 0 to 6 percent slopes.

453C—Ossineke fine sandy loam, sandy
substratum, 6 to 12 percent slopes

Setting

Landform: Low knolls and ridges on moraines
Shape of areas: Irregular
Size of areas: 10 to 500 acres

Typical Profile
Surface layer:
0 to 8 inches—very dark grayish brown fine sandy
loam
Subsoil:

8 to 13 inches—brown sandy loam

13 to 21 inches—dark reddish brown sandy clay loam
surrounded by brown sandy loam

21 to 38 inches—dark reddish brown, mottled sandy
clay loam

38 to 51 inches—brown, mottled sandy loam

Substratum:
51 to 77 inches—brown, mottled sandy loam
77 to 80 inches—yellowish brown sand

Soil Properties and Qualities

Permeability: Moderately slow in the loamy material
and rapid in the sandy material

Available water capacity: High

Drainage class: Moderately well drained

Seasonal high water table: Perched, 1.5 to 3.5 feet
below the surface at some time in October and
November and from March through May

Surface runoff class: Medium

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: Moderate

Potential for frost action: Moderate

Composition

Ossineke and similar soils: 85 to 95 percent
Contrasting inclusions: 5 to 15 percent

Inclusions

Contrasting inclusions:
e The well drained Mancelona soils in landscape
positions similar to those of the Ossineke soll
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* The well drained Bamfield and Menominee soils on
backslopes

* The poorly drained Angelica soils in closed
depressions

* The very poorly drained Cathro soils in depressions

Similar inclusions:
* Soils with a surface layer of loamy sand or sand

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Water erosion, tilth of

the surface layer

Management considerations:

* Inclusion of close-growing crops in the cropping
sequence, conservation tillage, grassed waterways,
cover crops, and crop residue management help to
prevent excessive soil loss.

* Minimizing tillage and tilling and harvesting at the
proper soil moisture content help to prevent
excessive compaction and maintain tilth.

Pasture

Major management concerns: Overgrazing,

compaction

Management considerations:

* Proper stocking rates, a planned grazing system,
and deferred grazing during wet periods help to
keep the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Equipment limitations,
plant competition

Management considerations:

» Because of low strength, suitable surfacing material

is needed on year-round logging roads and landings.

* Species preference can be managed by selective
cutting.

Buildings

Major management concerns: Shrink-swell potential,

frost action, wetness, slope

Management considerations:

* Properly designing and strengthening footings and
foundations can help to prevent the structural
damage caused by shrinking and swelling and by
frost action.

* Wetness can be reduced by a drainage system
around structures with basements and crawl spaces.
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* Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Moderately slow

permeability, wetness, slope

Management considerations:

» Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability.

* Filling or mounding with suitable material helps to
raise the absorption field above the water table.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 3e
Forestland ordination symbol: 4L
Michigan soil management group: 3a

463F—Leelanau loamy sand, 8 to 50
percent slopes, dissected

Setting

Landform: Hills, ridges, and escarpments on moraines
Distinctive landscape feature: A dissected landscape
Shape of areas: Irregular

Size of areas: 3 to 260 acres

Typical Profile

Surface layer:
0 to 2 inches—black loamy sand

Subsurface layer:
2 to 7 inches—light brownish gray sand

Subsoil:

7 to 21 inches—dark brown, brown, and dark
yellowish brown sand

21 to 37 inches—yellowish brown sand surrounding
brown sandy loam

37 to 52 inches—brown sandy loam

Substratum:
52 to 80 inches—brown loamy sand

Soil Properties and Qualities

Permeability: Moderately rapid

Available water capacity: Low

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None
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Hazard of water erosion: Moderate or severe
Hazard of soil blowing: Moderate
Shrink-swell potential: Low

Potential for frost action: Low

Composition

Leelanau and similar soils: 85 to 100 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:
e The well drained Mossback soils in landscape
positions similar to those of the Leelanau soil

Similar inclusions:

* Soils that have a surface layer of loamy fine sand

* Soils that have 15 to 20 percent gravel in part of the
subsoil

 Soils that have a sandy substratum

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,

erosion hazard, plant competition

Management considerations:

* Ordinary crawler tractors and rubber-tired skidders
cannot be operated safely on the very steep side
slopes of the ravines.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

* Because of the erosion hazard, water should be
removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding logging
roads, skid roads, and landings after the trees are
logged also help to prevent excessive soil loss.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.

Buildings

Major management concerns: Slope, caving of
cutbanks
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Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

* Because of the slope, most areas of this soil are
unsuited to building site development.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

* Because of the slope, most areas of this soil are
unsuited to septic tank absorption fields.

Interpretive Groups

Land capability classification: 7e
Forestland ordination symbol: 6R
Michigan soil management group: 4a

464B—Mossback sandy loam, 0 to 6
percent slopes

Setting

Landform: Flats and low knolls on end moraines
Shape of areas: Irregular
Size of areas: 3 to 460 acres

Typical Profile

Surface layer:
0 to 3 inches—black sandy loam

Subsoil:

3 to 11 inches—dark yellowish brown sandy loam

11 to 13 inches—pale brown loamy sand

13 to 18 inches—qgrayish brown loamy sand
surrounding reddish brown sandy loam

18 to 24 inches—reddish brown sandy clay loam

24 1o 44 inches—dark brown sandy loam

Substratum:

44 to 74 inches—brown sandy loam

74 to 80 inches—yellowish brown sand and gravelly
loamy sand

Soil Properties and Qualities

Permeability: Moderate in the loamy material and rapid
in the sandy material

Available water capacity: Moderate

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: \Very low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Moderate
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Shrink-swell potential: Low
Potential for frost action: Moderate

Composition

Mossback and similar soils: 85 to 100 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:

e The somewhat excessively drained Kalkaska and
well drained Blue Lake and Leelanau soils in
landscape positions similar to those of the
Mossback soil

Similar inclusions:

* Soils that have a surface layer of loamy fine sand

* Soils that have 15 to 20 percent gravel in part of the
subsoil

Use and Management

Land use: Dominant use—cropland; other uses—
forestland, pasture, and building site development

Cropland

Major management concerns: Water erosion, soil
blowing

Management considerations:

* Crop rotations that include grasses, legumes, and
small grain help to control runoff and water erosion.

* Conservation tillage, crop residue management,
windbreaks, and cover crops help to control soil
blowing.

Pasture

Major management concern: Overgrazing

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Equipment limitations,
plant competition

Management considerations:

» Because of low strength, suitable surfacing material

is needed on year-round logging roads and landings.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
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trees along the edge of the openings can improve
the stand.

Buildings

Major management concern: Caving of cutbanks

Management considerations:

* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Moderate permeability

Management considerations:

» Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability.

Interpretive Groups

Land capability classification: 2e
Forestland ordination symbol: 3L
Michigan soil management group: 3a

464C—Mossback sandy loam, 6 to 12
percent slopes

Setting

Landform: Knolls and low ridges on moraines
Shape of areas: Irregular
Size of areas: 3 to 260 acres

Typical Profile

Surface layer:
0 to 3 inches—black sandy loam

Subsoil:

3 to 11 inches—dark yellowish brown sandy loam

11 to 13 inches—pale brown loamy sand

13 to 18 inches—qgrayish brown loamy sand
surrounding reddish brown sandy loam

18 to 24 inches—reddish brown sandy clay loam

24 10 44 inches—dark brown sandy loam

Substratum:

44 to 74 inches—brown sandy loam

74 to 80 inches—yellowish brown sand and gravelly
loamy sand

Soil Properties and Qualities

Permeability: Moderate in the loamy material and rapid
in the sandy material

Available water capacity: Moderate

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low
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Flooding: None

Hazard of water erosion: Moderate
Hazard of soil blowing: Moderate
Shrink-swell potential: Low
Potential for frost action: Moderate

Composition

Mossback and similar soils: 85 to 100 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:

* The somewhat excessively drained Kalkaska and
well drained Blue Lake and Leelanau soils in
landscape positions similar to those of the
Mossback soil

Similar inclusions:

* Soils that have a surface layer of loamy fine sand

* Soils that have 15 to 20 percent gravel in part of the
subsoil

Use and Management

Land use: Dominant use—forestland; other uses—
cropland, pasture, and building site development

Cropland

Major management concerns: Water erosion, soil

blowing

Management considerations:

* Inclusion of close-growing crops in the cropping
sequence, conservation tillage, grassed waterways,
cover crops, and crop residue management help to
prevent excessive soil loss.

* Conservation tillage, crop residue management,
windbreaks, and cover crops help to control soil
blowing.

Pasture

Major management concern: Overgrazing

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Forestland

Major management concerns: Equipment limitations,
plant competition

Management considerations:

» Because of low strength, suitable surfacing material

is needed on year-round logging roads and landings.

Soil Survey of

* |f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.

Buildings

Major management concerns: Caving of cutbanks,
slope

Management considerations:

e Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

 Buildings should be designed so that they conform
to the natural slope of the land. Land shaping is
necessary in some areas.

Septic tank absorption fields

Major management concerns: Moderate permeability,

slope

Management considerations:

» Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 3e
Forestland ordination symbol: 3L
Michigan soil management group: 3a

464D—Mossback sandy loam, 12 to 18
percent slopes

Setting

Landform: Knolls and ridges on moraines
Shape of areas: Irregular
Size of areas: 3 to 260 acres

Typical Profile

Surface layer:
0 to 3 inches—black sandy loam

Subsoil:

3 to 11 inches—dark yellowish brown sandy loam

11 to 13 inches—pale brown loamy sand

13 to 18 inches—qgrayish brown loamy sand
surrounding reddish brown sandy loam

18 to 24 inches—reddish brown sandy clay loam

24 1o 44 inches—dark brown sandy loam
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Substratum:

44 to 74 inches—brown sandy loam

74 to 80 inches—yellowish brown sand and gravelly
loamy sand

Soil Properties and Qualities

Permeability: Moderate in the loamy material and rapid
in the sandy material

Available water capacity: Moderate

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Low

Flooding: None

Hazard of water erosion: Moderate

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Moderate

Composition

Mossback and similar soils: 85 to 100 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:

* The somewhat excessively drained Kalkaska and
Mancelona and well drained Blue Lake and
Leelanau soils in landscape positions similar to
those of the Mossback sail

Similar inclusions:

* Soils that have a surface layer of loamy fine sand

* Soils that have 15 to 20 percent gravel in part of the
subsoil

Use and Management

Land use: Dominant use—forestland; other uses—
pasture and building site development

Forestland

Major management concerns: Equipment limitation,
plant competition

Management considerations:

» Because of low strength, suitable surfacing material

is needed on year-round logging roads and landings.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.
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Pasture

Major management concern: Overgrazing

Management considerations:

* Proper stocking rates, a uniform distribution of
grazing, and a planned grazing system help to keep
the pasture in good condition.

* Applying lime and fertilizer according to the results
of soil tests helps to ensure the maximum growth of
plants, especially legumes.

Buildings

Major management concerns: Caving of cutbanks,
slope
Management considerations:
» Because the slope requires extensive land shaping,
this soil is poorly suited to building site development.
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concerns: Moderate permeability,

slope

Management considerations:

* Enlarging or pressurizing the absorption field or
installing alternating drain fields helps to overcome
the restricted permeability.

* Land shaping and installing the distribution lines on
the contour help to overcome the slope.

Interpretive Groups

Land capability classification: 4e
Forestland ordination symbol: 3L
Michigan soil management group: 3a

464E—Mossback sandy loam, 18 to 35
percent slopes

Setting

Landform: Hills, ridges, and escarpments on moraines
Shape of areas: Irregular
Size of areas: 3 to 260 acres

Typical Profile

Surface layer:
0 to 3 inches—black sandy loam

Subsoil:

3 to 11 inches—dark yellowish brown sandy loam

11 to 13 inches—pale brown loamy sand

13 to 18 inches—qgrayish brown loamy sand
surrounding reddish brown sandy loam
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18 to 24 inches—reddish brown sandy clay loam
24 1o 44 inches—dark brown sandy loam

Substratum:

44 to 74 inches—brown sandy loam

74 to 80 inches—yellowish brown sand and gravelly
loamy sand

Soil Properties and Qualities

Permeability: Moderate in the loamy material and rapid
in the sandy material

Available water capacity: Moderate

Drainage class: Well drained

Seasonal high water table: At a depth of more than 6.5
feet

Surface runoff class: Medium

Flooding: None

Hazard of water erosion: Severe

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Moderate

Composition

Mossback and similar soils: 85 to 100 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:

* The somewhat excessively drained Kalkaska and
Mancelona and well drained Blue Lake and
Leelanau soils in landscape positions similar to
those of the Mossback sail

Similar inclusions:

* Soils that have a surface layer of loamy fine sand

* Soils that have 15 to 20 percent gravel in part of the
subsoil

Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,

erosion hazard, plant competition

Management considerations:

* Because of the slope, special care is needed in
laying out logging roads and landings and in
operating logging equipment. Logging roads should
be designed so that they conform to the topography.
The grade should be kept as low as possible.

* Small areas of nearly level included soils, if any are
available, and suitable nearly level adjacent areas
should be selected as sites for landings.

* Because of the erosion hazard, water should be
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removed from logging roads by water bars, out-
sloping or in-sloping road surfaces, culverts, and
drop structures. Building logging roads on the
contour or on the gentler slopes and seeding logging
roads, skid roads, and landings after the trees are
logged also help to prevent excessive soil loss.

* The use of mechanical planters is limited by the
slope. Hand planting of seedlings may be desirable.

e [f trees are planted, site preparation by mechanical
or chemical means is needed to control competing
vegetation. Subsequent control of the invasion and
growth of hardwoods may be needed.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.

Buildings

Major management concerns: Slope, caving of
cutbanks
Management considerations:
» Because of the slope, this soil is generally unsuited
to building site development.
* Because cutbanks are unstable and subject to
caving, trench walls should be reinforced.

Septic tank absorption fields

Major management concern: Slope

Management considerations:

» Because of the slope, this soil is generally unsuited
to septic tank absorption fields.

Interpretive Groups

Land capability classification: 6e
Forestland ordination symbol: 3R
Michigan soil management group: 3a

465—Caffey muck
Setting

Landform: Depressions and side hill seeps on
moraines

Shape of areas: Irregular

Size of areas: 3 to 120 acres

Typical Profile

Surface layer:
0 to 6 inches—black muck

Subsoil:
6 to 10 inches—pale brown, mottled sand
10 to 18 inches—yellowish brown, mottled loamy sand
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Substratum:

18 to 29 inches—grayish brown and brown, mottled,
stratified loam, very fine sandy loam, and sandy
loam

29 to 41 inches—reddish brown, mottled, stratified silt
loam and very fine sandy loam

41 to 58 inches—reddish brown, mottled, stratified
sandy loam and loamy sand

58 to 80 inches—stratified, reddish brown, mottled silt
and light olive brown, mottled very fine sandy loam

Soil Properties and Qualities

Permeability: Rapid or moderately rapid in the upper
sandy material and moderately slow in the lower
part of the profile

Available water capacity: Moderate

Drainage class: Poorly drained

Seasonal high water table: Apparent, 1.0 foot above to
1.0 foot below the surface at some time from
September through June

Surface runoff class: Negligible

Flooding: None

Hazard of water erosion: Slight

Hazard of soil blowing: Moderate

Shrink-swell potential: Low

Potential for frost action: Moderate

Composition

Caffey and similar soils: 85 to 95 percent
Contrasting inclusions: 0 to 15 percent

Inclusions

Contrasting inclusions:

* The well drained Mossback and Blue Lake soils on
uplands

* The poorly drained Wakeley soils in landscape
positions similar to those of the Caffey soil

Similar inclusions:

* Soils that do not have a surface layer of muck

¢ Soils with more than 9 and less than 16 inches of
muck
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Use and Management
Dominant use: Forestland
Forestland

Major management concerns: Equipment limitations,
seedling mortality, windthrow hazard, plant
competition

Management considerations:

* Because of wetness and low strength, special
harvesting equipment is needed. The equipment can
be used only during periods in winter when skid
roads and access roads are frozen.

¢ Landing sites generally can be used only during the
driest time of the year.

e Windthrow can be minimized by harvest methods
that do not leave the remaining trees widely spaced
and by such harvest methods as selective cutting
and strip cutting.

e Special harvest methods may be needed to control
undesirable plants.

* Selective cutting or cutting in strips and naturally
regenerating the area by leaving desirable seed
trees along the edge of the openings can improve
the stand.

Buildings

Major management concern: Ponding

Management considerations:

» Because of ponding, this soil is generally unsuited to
building site development.

Septic tank absorption fields

Major management concern: Ponding

Management considerations:

» Because of ponding, this soil is generally unsuited to
septic tank absorption fields.

Interpretive Groups

Land capability classification: 5w
Forestland ordination symbol: 2W
Michigan soil management group: 4/2c
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Use and Management of the Soils

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

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

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

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

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

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

Crops and Pasture

General management needed for crops and pasture
is suggested in this section. The estimated yields of
the main crops and pasture plants are listed for each
soil, the system of land capability classification used

by the Natural Resources Conservation Service is
explained, and prime farmland is described.

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

In 1992, approximately 29,040 acres in Otsego
County was used for crops or pasture. In 1995, about
1,200 acres was used for corn. Of this total, about 700
acres was harvested for silage. About 700 acres was
used for potatoes, 400 acres for dry beans, 700 acres
for oats, 9,000 acres for hay, and 10,890 acres for
pasture (Michigan Department of Agriculture, 1996). A
number of specialty crops also were grown. The most
common of these were sunflowers, canola, pumpkins,
and sweet corn.

Corn for silage, wheat, oats, and potatoes are the
most commonly grown crops that are suited to the
soils and climate of this survey area. Some others are
canola, dry beans, and sunflowers. They can be grown
if economic conditions are favorable. Alfalfa and
mixtures of alfalfa and grasses are the most common
hay crops.

Food production in Otsego County could be
increased by applying soil and water conservation
practices and by extending the latest crop production
technology to the soils best suited to crops. The major
management concerns in the areas used for crops
and pasture are water erosion, wind erosion,
droughtiness, wetness, fertility, and compaction.

Water erosion is a major hazard on about 6 percent
of the cropland in Otsego County. The erodibility of the
soil is dependent upon the gradient and length of
slopes and the texture of the surface layer. If slopes
are more than about 2 percent, water erosion is a
hazard, especially in areas where the slopes are more
than 400 feet long. Soils with a loamy or clayey surface
layer are more susceptible to water erosion than
sandy soils. In Otsego County the soils most
susceptible to water erosion are Bamfield fine sandy
loam, Feldhauser fine sandy loam, Kent sandy loam,
Mossback sandy loam, and Ossineke fine sandy loam.
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Loss of the surface layer through erosion reduces
the productivity of the soils and results in
sedimentation in lakes and streams. As the topsoil is
eroded, organic matter is lost and clay in the subsoil is
incorporated into the plow layer. As a result, the
seedbed becomes poorer, the plants become stunted,
the seedling mortality rate increases, and the soil
becomes less resistant to further erosion. Also, water
quality is reduced as the fertilizer and agricultural
chemicals attached to the soil particles are deposited
in surface waters.

Erosion-control practices reduce the slope length,
provide a protective cover, reduce the runoff rate, and
increase the rate of water infiltration. Keeping a plant
or residue cover on the surface for extended periods
helps to protect the surface from the impact of
raindrops. Forage crops of grasses and legumes in the
cropping sequence provide the best cover. They also
provide nitrogen for the subsequent crops, ameliorate
the effects of compaction, and improve tilth.
Diversions, terraces, water- and sediment-control
basins, contour farming, and contour stripcropping
help to control water erosion by reducing slope length.
Conservation tillage helps to control surface runoff and
sheet erosion. The types of conservation tillage used
in Otsego County include chisel-disk, plow-plant, and
strip-till. Grassed waterways help to control gully
erosion.

Wind erosion is a hazard on soils with a surface
layer that has weak aggregate stability, such as the
sandy Islandlake, Kalkaska, and Lindquist soils, and
on soils with a surface layer of loamy sand or sandy
loam, such as Blue Lake, Islandlake, Leelanau,
Mancelona, Morganlake, and Mossback soils. Some of
the loamy soils also are susceptible to wind erosion if
they are not well managed. An adequate plant cover or
surface mulch helps to control wind erosion by
reducing wind velocity at the soil surface. Wind erosion
also can be controlled by properly designed buffer
strips and windbreaks planted at right angles to the
prevailing winds.

Soil wetness is a major concern in about 1 percent
of the cropland in the county. Drainage of cropland
improves soil temperature and the air-water
relationship in the root zone. In areas where drainage
is restricted, spring planting, spraying, and harvesting
are delayed and weed control is difficult. Properly
designed tile drains, surface drains, or both can
remove excess water.

Some soils are naturally so wet that they cannot be
used for the crops commonly grown in the county.
Unless drained, somewhat poorly drained soils are so
wet that crops are damaged in most years. Examples
are Slade and Gladwin soils.
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The design of subsurface and surface drainage
systems varies with the kind of soil. The drains should
be more closely spaced in slowly permeable soils than
in the more permeable soils. Diversions can be used
to direct excess surface runoff away from some wet
areas. Good tilth, an ample supply of organic matter,
and prevention of subsoil compaction also improve
drainage. Most of the soils that require drainage are in
low areas where the growing season is shortened by
frost late in spring and early in fall. A drainage system
can help to extend the growing season because the
soils warm more quickly after the wetness is reduced.

Care must be exercised so as not to drain
designated wetlands, most of which consist of poorly
drained or very poorly drained soils. Draining these
soils could violate existing wetland laws and
regulations and may jeopardize receipt of USDA
benefits. Information about the design of drainage
systems for each kind of soil is available in the Field
Office Technical Guide, which is on file in the local
office of the Natural Resources Conservation Service.

Droughtiness is a limitation in Blue Lake, Islandlake,
Kalkaska, Lindquist, and Mancelona soils. The
moisture-holding capacity of these soils can be
improved by increasing the content of organic matter.
Crop production is more reliable when these soils are
irrigated. Irrigation improves crop production on most
coarse textured soils. Irrigated areas can be used for
specialty crops, such as potatoes. Irrigation is feasible
in areas where surface water or subsurface water is
abundant and is a suitable source and where the soils
have a good rate of water intake. Conservation tillage,
grassed waterways, and good management of
irrigation water are needed to control runoff and
erosion and improve the efficiency of the irrigation
system.

Soil fertility is naturally low to medium in loamy soils
and very low or low in sandy soils. Many sandy soils
naturally are moderately acid or slightly acid.
Applications of lime are needed to raise the pH level of
the plow layer sufficiently for the good growth of alfalfa
and other crops that grow best where the pH is near
neutral. On all soils, additions of fertilizer and lime
should be based on the results of soil tests, on the
needs of the crop, and on a reasonable yield goal.
Michigan State University Extension can help in
determining the kinds and amounts of fertilizer and
lime needed (Michigan State University, 1985).

Soil tilth is an important factor affecting the
germination of seeds and the infiltration of water into
the soil. Soils with good tilth are granular and porous.
Some of the soils used for crops have a surface layer
that is light in color and low in content of organic
matter, especially in eroded areas. Generally, the
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structure of such soils is weak, and intensive rainfall
causes the surface to crust. The crusting increases
the surface runoff rate and the hazard of erosion and
impairs seedling emergence. Regular additions of crop
residue, manure, and other organic material improve
tilth and help to prevent surface crusting. No-till
farming does not destroy worm channels and cracks in
the natural soil structure and thus improves water
infiltration.

Preventing soil compaction is closely related to
maintaining soil tilth. Compaction results from
operating equipment or allowing heavy animals to
graze when the soil is wet. Preventing compaction in
loamy and clayey soils is difficult. These soils stay wet
until late in spring. If tilled when wet, they become
compacted both in the surface layer and in the upper
part of the subsoil. They become cloddy when dry.
These soils are characterized by a high runoff rate,
poor germination, and very irregular crop growth.
Cropping systems with a controlled traffic pattern,
such as stripcropping, reduce the area that is subject
to compaction. Tilling at the proper moisture content is
important. Including deep-rooted legumes in the crop
rotation and subsoiling when the subsoil is at the
proper moisture content help to break up a plowpan. A
no-till planting system, over time, also can help to
break up a plowpan.

Pasture in the county is generally in areas where
erosion is a severe hazard, where the soils are too wet
for cultivation, or where the soils are too droughty for
cultivated crops. The key forage species include alfalfa
and smooth bromegrass on medium textured, well
drained soils; alfalfa, red clover, bromegrass, and
orchardgrass on coarse textured soils; birdsfoot trefoil
and bromegrass on most wet soils; and reed
canarygrass on undrained mucks.

Control of erosion is particularly important when a
pasture is seeded. Mulch seeding or growing a nurse
crop can help to control erosion. The amount of lime
and fertilizer to be applied in pastured areas should be
determined by a soil test. Grazing during wet periods
results in compaction, which retards the growth of
pasture plants. Proper grazing methods improve plant
growth and help to prevent compaction.

The productivity of a pasture and its ability to
protect the soil surface are influenced by the number
of livestock that the pasture supports, the length of
time that they graze, and the distribution of rainfall.
Good pasture management includes stocking rates
that maintain the key forage species, pasture rotation,
timely deferment of grazing, and strategic location of
water and salt supplies for livestock.
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Yields per Acre

The average yields per acre that can be expected
of the crops grown in the county under a high level of
management are shown in tables E]B] and 7] In any
given year, yields may be higher or lower than those
indicated in the tables because of variations in rainfall
and other climatic factors. The land capability
classification of each map unit also is shown in the
tables.

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

The management needed to obtain the indicated
yields of the various crops depends on the kind of soil
and the crop. Management can include drainage,
erosion control, and protection from flooding; the
proper planting and seeding rates; suitable high-
yielding crop varieties; appropriate and timely tillage;
control of weeds, plant diseases, and harmful insects;
favorable soil reaction and optimum levels of nitrogen,
phosphorus, potassium, and trace elements for each
crop; effective use of crop residue, barnyard manure,
and green manure crops; and harvesting that ensures
the smallest possible loss.

For yields of irrigated crops, it is assumed that the
irrigation system is adapted to the soils and to the
crops grown, that good-quality irrigation water is
uniformly applied as needed, and that tillage is kept to
a minimum.

The estimated yields reflect the productive capacity
of each soil for each of the principal crops. Yields are
likely to increase as new production technology is
developed. The productivity of a given soil compared
with that of other soils, however, is not likely to
change.

Crops other than those shown in tables 5, 6, and 7
are grown in the survey area, but estimated yields are
not listed because the acreage of such crops is small.
The local office of the Natural Resources
Conservation Service or of Michigan State University
Extension can provide information about the
management and productivity of the soils for those
crops.

Land Capability Classification

Land capability classification shows, in a general
way, the suitability of soils for most kinds of field crops
(USDA, 1961). Crops that require special management
are excluded. The soils are grouped according to their
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limitations for field crops, the risk of damage if they are
used for crops, and the way they respond to
management. The criteria used in grouping the soils
do not include major and generally expensive
landforming that would change slope, depth, or other
characteristics of the soils, nor do they include
possible but unlikely major reclamation projects.
Capability classification is not a substitute for
interpretations designed to show suitability and
limitations of groups of soils for forestland and for
engineering purposes.

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

Capability classes, the broadest groups, are
designated by numerals 1 through 8. The numerals
indicate progressively greater limitations and narrower
choices for practical use. The classes are defined as
follows:

Class 1 soils have few limitations that restrict their
use.

Class 2 soils have moderate limitations or hazards
that reduce the choice of plants or that require
moderate conservation practices.

Class 3 soils have severe limitations or hazards that
reduce the choice of plants or that require special
conservation practices, or both.

Class 4 soils have very severe limitations or
hazards that reduce the choice of plants or that
require very careful management, or both.

Class 5 soils are not likely to erode but have other
limitations or hazards, impractical to remove, that limit
their use.

Class 6 soils have severe limitations or hazards that
make them generally unsuitable for cultivation.

Class 7 soils have very severe limitations or
hazards that make them unsuitable for cultivation.

Class 8 soils and miscellaneous areas have
limitations or hazards that nearly preclude their use for
commercial crop production.

Capability subclasses are soil groups within one
class. They are designated by adding a small letter, e,
w, s, or ¢, to the class numeral, for example, 2e. The
letter e shows that the main hazard is the risk of
erosion unless close-growing plant cover is
maintained; w shows that water in or on the soil
interferes with plant growth or cultivation (in some
soils the wetness can be partly corrected by artificial
drainage); s shows that the soil is limited mainly
because it is shallow, droughty, or stony; and ¢, used
in only some parts of the United States, shows that
the chief limitation is climate that is very cold or very
dry.
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In class 1 there are no subclasses because the
soils of this class have few limitations. Class 5
contains only the subclasses indicated by w, s, or ¢
because the soils in class 5 are subject to little or no
erosion. They have other limitations that restrict their
use to pasture, forestland, wildlife habitat, or recreation.

The capability classification of each map unit is
given in the section “Detailed Soil Map Units” and in
the yield tables.

Also given at the end of each map unit description
is a Michigan soil management group. The soils are
assigned to a group according to the dominant profile
texture, the natural drainage class, and the major
management concerns (Mokma, 1978). More detailed
information about these groups is available from the
local office of Michigan State University Extension.

Prime Farmland

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

Prime farmland, as defined by the U.S. Department
of Agriculture, is land that has the best combination of
physical and chemical characteristics for producing
food, feed, forage, fiber, and oilseed crops and is
available for these uses. It could be cultivated land,
pastureland, forestland, or other land, but it is not
urban or built-up land or water areas. The soil qualities,
growing season, and moisture supply are those
needed for the soil to economically produce sustained
high yields of crops when proper management,
including water management, and acceptable farming
methods are applied. In general, prime farmland has
an adequate and dependable supply of moisture from
precipitation or irrigation, a favorable temperature and
growing season, acceptable acidity or alkalinity, an
acceptable salt and sodium content, and few or no
rocks. It is permeable to water and air. It is not
excessively erodible or saturated with water for long
periods, and it either is not frequently flooded during
the growing season or is protected from flooding. The
slope ranges mainly from O to 6 percent. More detailed
information about the criteria for prime farmland is
available at the local office of the Natural Resources
Conservation Service.

About 16,000 acres in the survey area, or nearly 5
percent of the total acreage, meets the soil
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requirements for prime farmland. Scattered areas of
this land are throughout the county, but most are in the
central and the southwestern parts, mainly in
associations 8, 9, and 10, which are described under
the heading ['General Soil Map Units.| About 8,000
acres of this prime farmland is used for crops. The
crops grown on this land, mainly corn for silage,
potatoes, and hay, account for an estimated two-thirds
of the county’s total agricultural income each year.

The map units in the survey area that are
considered prime farmland are listed in fable 8] This
list does not constitute a recommendation for a
particular land use. On two of the soils included in the
list, measures that overcome wetness are needed.
Onsite evaluation is needed to determine whether or
not this limitation has been overcome by corrective
measures. The extent of each listed map unit is shown
in fable 4] The location is shown on the detailed soil
maps at the back of this publication. The soil qualities
that affect use and management are described under
the heading ['Detailed Soil Map Units.]

Forestland Management and Productivity

Virgin forests once covered almost all of Otsego
County. Presently, about 239,600 acres in the county,
or 71 percent of the total acreage, is classified as
commercial forestland (Leatherberry, 1994). About
130,100 acres, or 54 percent of the forestland, occurs
as privately owned tracts, many of which are relatively
small. About 84,100 acres, or 35 percent of the
forestland, is managed by the State government.
About 25,400 acres, or nearly 11 percent of the
forestland, is owned and managed by private
corporations.

Most of the county consists of forested areas where
sugar maple, red maple, red pine, eastern white pine,
aspen, northern red oak, jack pine, and northern
whitecedar are the dominant tree species. The sandy
outwash plains in the southeastern part of the county
are most commonly dominated by relatively pure
stands of jack pine. The sandy outwash plains and
outwash channels in the central and eastern parts of
the county are dominated by northern red oak, red
pine, eastern white pine, red maple, jack pine, and
aspen. Large areas of northern hardwoods,
dominantly sugar maple, American beech, and
American basswood, occur in the northern half and
the southwest corner of the county. The hardwoods
generally are on loamy and sandy glacial moraines.
Almost 6 percent of the forestland occurs as wetland.
Most of the forested wetlands have stands of northern
whitecedar, black spruce, tamarack, and balsam fir.
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The wood industry is of vital importance to the
economy of Otsego County. The harvesting and
processing of wood products account for the
employment of a large percentage of the workforce.
Because of the large amount of forestland in the
county and the close proximity to wood-processing
industries, the future economy of the county will
continue to include forestland products. Proper
forestland management, on both public and private
lands, will be required to ensure that the desired types
of raw materials will be available in sufficient quantity
to meet the future demands of the forest industry.
Much of the forestland can benefit from measures that
improve the timber stands, such as thinning, selective
harvesting, planting, and controlling plant competition,
insects, and disease. In some areas planting marginal
cropland to high-value hardwoods or conifers is
economical. The Natural Resources Conservation
Service and the Michigan Department of Natural
Recourses, Division of Forestry, can help to determine
specific management needs.

The most important of the multitude of forest
products in the county are pulpwood, sawlogs, and
fuelwood (Smith et al., 1988).

Pulpwood.—Otsego County is one of the highest
producers of pulpwood in the Lower Peninsula of
Michigan. Most of the pulpwood is harvested from
even-aged stands of northern hardwoods, which are
mature or overly mature. These stands originated from
large-scale fires following the logging era, near the
turn of the 19th century. Pulpwood production will
remain important in the future because the county is
close to high-volume mills.

Sawlogs.—Sawlogs are harvested when they are
sorted out during commercial pulpwood logging
operations, which are generally clear-cut operations.
Few of the logs are of veneer quality, but some are
shipped out of the county for processing. Most of the
logs are of lower quality and generally are made into
low-quality lumber or pallets. Some of the plantations
and naturally occurring stands of red pine are
managed for high-quality lumber, utility poles, or logs
for log homes. Many stands of northern hardwoods
are managed for high-quality long-term sawlog
production and veneer by single tree selection
harvesting methods.

Fuelwood.—Many of the hardwoods cut in the
county are used to supply the fuelwood market. This
market provides a strong demand for material that
would otherwise have a low market value. Many of the
households in the county use wood as either a
primary or secondary heat source. Much of the
fuelwood is being directed to several wood-using
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energy plants in the surrounding counties. These
plants produce electricity from steam-driven turbines
that use wood as a fuel source.

In Otsego County, tree planting is a popular form of
reforestation, wildlife habitat development, and erosion
control. The following paragraphs describe factors that
affect successful tree planting (USDA, 1998).

Site preparation is necessary to eliminate
competition, for moisture and nutrients, from the
existing ground cover. There are two major types of
site preparation—chemical and mechanical. Each of
these has advantages and disadvantages. Chemical
site preparation is fast, and if properly done, provides
long-term release from competition. Depending on the
soil type, however, various precautions are necessary.
First, reading the label and following the directions are
always essential. There is a potential for herbicide
leaching into the ground water, and precautions should
be taken for the following conditions:

* A low content of organic matter in the surface layer.
The organic matter adsorbs the herbicides and
helps to prevent leaching losses. If there is no
organic matter, some leaching will occur.

* A water table within a depth of 4 feet. In this instance
there is little soil to act as a filter should the
herbicide be leached below the root zone before
reaching the water table.

* Soils with a permeability of more than 6 inches
per hour in the top 5 feet. This condition would
allow rapid seepage of the herbicide into the water
table.

* Soils that have a moderate or severe hazard of
water erosion and soils that are occasionally flooded
or frequently flooded. These soils are at risk for the
loss of herbicides through erosion or runoff.

Mechanized site preparation and planting involve
the physical removal of competing plants or the
installation of a barrier to prevent competition from the
existing ground cover. Identification of the site-specific
problems involving depth to the water table, available
water capacity, texture of the surface layer, and slope
is necessary in choosing the most effective
mechanical treatment. Examples of kinds of
mechanical treatment follow:

» Bedding for a high water table, which involves
preparation of a raised bed that elevates the root
zone above the seasonal high water table.

* Slot planting in areas with a thin surface layer, a low
content of organic matter, or low fertility. This
treatment is suitable in areas where removal of the
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fertile topsoil is contraindicated and plant
competition is minimal. It can be used in conjunction
with chemical site preparation.

* Furrow planting in areas where plant competition is
severe and natural fertility is adequate. A furrow is
plowed, and the sod is removed. The seedlings are
then planted in the bottom of the furrow. Establishing
the furrows on the contour helps to control water
erosion in sloping areas.

* Scalping of the ground cover and planting by hand in
areas where operating machines is difficult because
of slope or tree-harvesting residue and in areas
where the number of seedlings is small.

* Installation of a physical barrier as an alternative to
chemical weed control. Methods include installing
weed barrier cloth or mulching to control plant
competition. Properly installed, this is a long-term,
economical method of controlling plant competition.
It increases the amount of moisture available to the
seedlings.

In most instances bare-root seedlings are adequate
for reforestation. They should be of good quality, and in
general the larger and older seedlings are a better
choice. Because of the need for adequate moisture for
survival, this type of seedling should be planted early
in spring or in fall.

In areas of adverse site conditions, containerized
seedlings or transplants are more likely to survive than
other seedlings. Adverse site conditions include a
sandy texture, a low content of organic matter, low
natural fertility, a low available water capacity,
excessive and somewhat excessive drainage, and
steep south-facing slopes.

The planting method affects seedling selection and
survival. Planting large conifer seedlings and most
hardwoods by machine is difficult because of the large
root mass. Care must be taken to prevent J root. In
some cases root pruning may be necessary to
facilitate planting. If the stock is very large, hand
planting may be the best method.

The conifers and hardwoods selected for planting
should be those that are able to adapt to the site. In
general, the more adverse the site conditions, the
smaller the selection of compatible species (Pregitzer
et al., 1987). Following are the species suitable on
various kinds of soil:

* Sandy soils that are excessively drained and have a
very low level of fertility: jack pine

* Sandy soils that are somewhat excessively drained
and have a low level of fertility: jack pine and red
pine
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e Sandy soils that are well drained and have a low
level of fertility: eastern white pine, red pine,
northern red oak, and red maple

* Sandy soils that are well drained or moderately well
drained and have a moderate level of fertility:
eastern white pine, red pine, northern red oak, red
maple, white spruce, and balsam fir

* Sandy soils that are somewhat poorly drained or
poorly drained: white ash, black ash, red maple,
sugar maple, and eastern white pine

e Loamy soils that are well drained and have a low
level of fertility: eastern white pine, red pine, white
spruce, balsam fir, northern red oak, and red maple

* Loamy soils that are well drained and have a
moderately low level of fertility: eastern white pine,
red pine, balsam fir, white spruce, red maple, sugar
maple, and yellow birch

* Loamy soils that are well drained and have a
moderate level of fertility: eastern white pine, red
maple, sugar maple, and American basswood

* Loamy soils that are well drained and have a high
level of fertility: white ash, sugar maple, and
American basswood

* Loamy soils that are moderately well drained or
somewhat poorly drained: balsam fir, white spruce,
northern whitecedar, red maple, and sugar maple

 Clayey soils: white spruce, balsam fir, northern
whitecedar, and sugar maple

* Low-acid, mucky soils: northern whitecedar, balsam
fir, black spruce

» Highly acid, mucky soils: tamarack and black spruce

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

The first part of the ordination symbol, a number,
indicates the potential productivity of the soils for an
indicator tree species. The number indicates the
volume, in cubic meters per hectare per year, which
the indicator species can produce in a pure stand
under natural conditions. The number 1 indicates low
potential productivity; 2 or 3, moderate; 4 or 5,
moderately high; 6 to 8, high; 9 to 11, very high; and
12 to 39, extremely high. The second part of the
symbol, a letter, indicates the major kind of soil
limitation. The letter R indicates steep slopes; X,
stoniness or rockiness; W, excess water in or on the
soil; D, restricted rooting depth; C, clay in the upper
part of the soil; S, sandy texture; F, a high content of
rock fragments in the soil; L, low strength; and N,
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showpack. The letter A indicates that limitations or
restrictions are insignificant. If a soil has more than
one limitation, the priority is as follows: R, X, W, D, C,
S,F L,andN.

In table 9, slight, moderate, and severe indicate the
degree of the major soil limitations to be considered in
management.

Erosion hazard is the probability that damage will
occur as a result of site preparation and cutting where
the soil is exposed along roads, skid trails, and fire
lanes and in log-handling areas. Forests that have
been burned or overgrazed are also subject to erosion.
Ratings of the erosion hazard are based on the
percent of the slope. A rating of slight indicates that no
particular prevention measures are needed under
ordinary conditions. A rating of moderate indicates that
erosion-control measures are needed in certain
silvicultural activities. A rating of severe indicates that
special precautions are needed to control erosion in
most silvicultural activities.

Equipment limitation reflects the characteristics and
conditions of the soil that restrict use of the equipment
generally needed in forestland management or
harvesting. The chief characteristics and conditions
considered in the ratings are slope, stones on the
surface, rock outcrops, soil wetness, and texture of the
surface layer. A rating of slight indicates that under
normal conditions the kind of equipment and season
of use are not significantly restricted by soil factors.
Soil wetness can restrict equipment use, but the wet
period does not exceed 1 month. A rating of moderate
indicates that equipment use is moderately restricted
because of one or more soil factors. If the soil is wet,
the wetness restricts equipment use for a period of 1
to 3 months. A rating of severe indicates that
equipment use is severely restricted either as to the
kind of equipment that can be used or the season of
use. If the soil is wet, the wetness restricts equipment
use for more than 3 months.

Seedling mortality refers to the death of naturally
occurring or planted tree seedlings, as influenced by
the kinds of soil, soil wetness, or topographic
conditions. The factors used in rating the soils for
seedling mortality are texture of the surface layer,
depth to a seasonal high water table and the length of
the period when the water table is high, rock
fragments in the surface layer, effective rooting depth,
and slope aspect. A rating of slight indicates that
seedling mortality is not likely to be a problem under
normal conditions. Expected mortality is less than 25
percent. A rating of moderate indicates that some
problems from seedling mortality can be expected.
Extra precautions are advisable. Expected mortality is
25 to 50 percent. A rating of severe indicates that
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seedling mortality is a serious problem. Extra
precautions are important. Replanting may be
necessary. Expected mortality is more than 50
percent.

Windthrow hazard is the likelihood that trees will be
uprooted by the wind because the soil is not deep
enough for adequate root anchorage. The main
restrictions that affect rooting are a seasonal high
water table and the depth to bedrock, a fragipan, or
other limiting layers. A rating of slight indicates that
under normal conditions no trees are blown down by
the wind. Strong winds may damage trees, but they do
not uproot them. A rating of moderate indicates that
some trees can be blown down during periods when
the soil is wet and winds are moderate or strong. A
rating of severe indicates that many trees can be
blown down during these periods.

Plant competition ratings indicate the degree to
which undesirable species are expected to invade and
grow when openings are made in the tree canopy. The
main factors that affect plant competition are depth to
the water table and the available water capacity. A
rating of slight indicates that competition from
undesirable plants is not likely to prevent natural
regeneration or suppress the more desirable species.
Planted seedlings can become established without
undue competition. A rating of moderate indicates that
competition may delay the establishment of desirable
species. Competition may hamper stand development,
but it will not prevent the eventual development of fully
stocked stands. A rating of severe indicates that
competition can be expected to prevent regeneration
unless precautionary measures are applied.

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

The volume, a number, is the yield likely to be
produced by the most important trees. This number,
expressed as cubic feet per acre per year, indicates
the amount of fiber produced in a fully stocked, even-
aged, unmanaged stand. The volume is determined
through the use of standard yield tables.

The first species listed under common trees for a
soil is the indicator species for that soil. It generally is
the most common species on the soil and is the one
that determines the ordination class.
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Suggested trees to plant are those that are suitable
for commercial wood production.

Equipment Limitations on Forestland

Timber harvesting is an important part of the
economy in Otsego County. Because of the emphasis
on logging in the county, was designed to give
expanded information concerning the operability of
harvesting equipment on the soils of the county
beyond the interpretations listed in the column
“Equipment limitation” in fable 9] Table 10 shows how
soil conditions may improve during the year and
indicates the best time for harvesting or thinning
operations.

Table 10 gives information about the use of
harvesting or thinning equipment in logging areas and
on skid roads, log landings and logging roads.
A rating of slight indicates that equipment operability
is not restricted for normal logging equipment and
procedures. A rating of moderate indicates that
equipment operability is moderately restricted
because of one or more soil factors. If the soil is wet,
the use of high floatation equipment or special
procedures may be required to overcome the effects
of soil rutting. A rating of severe indicates that the
kind of equipment that can be used is severely
restricted.

Ratings are given for the most limiting season(s)
and the preferred operating season(s ). The latter
show how soil conditions may improve if logging
operations are conducted during the preferred
operating season. The most limiting season in Otsego
County generally is spring or late fall. In some areas,
however, it is during the dry period in summer when
loose sand can limit trafficability on deep, well drained,
sandy soils. The preferred operating season is the
period when harvesting or thinning causes the least
amount of soil damage. This period generally occurs
when the soil is not too wet or when the ground is
frozen or partly frozen and has an adequate snow
cover.

Logging areas and skid roads include areas that
are being partially or completely cut. Generally, the
frequency of equipment use is at its lowest in the
logging area. Skid roads, which are generally located
within the logging area, are roads or trails over which
logs are dragged or hauled from the stump to a
landing.

Log landings are areas where logs are assembled
for transportation in loads. The frequency of wheeled
equipment use may be at its highest in these areas.

Haul roads are access roads, leading from primary
or surfaced roads into the logging area. These roads
serve as transportation routes for wheeled logging
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Figure 15.—A log landing in an area of Blue Lake loamy sand, 0 to 6 percent slopes.

equipment and logging trucks. Generally, these are
unpaved roads. They may be graveled.

Plant Communities on Selected Soils

lists plants that are typically associated
with soils in Otsego County. Plants are listed in table
11 on the basis of sample site information. Sample
sites were selected for vegetative analysis after
detailed soil maps and soil series descriptions were
completed in an area. Once the soils were verified,
representative vegetative communities were selected.
The sample sites are in areas that are relatively free of
recent disturbances, such as fire, tree harvesting, or
noticeable insect or disease infestations, and that
exhibit typical stocking densities.

The sample sites were approximately 10,000
square feet in size. Plant species were identified and
recorded, and an ocular estimate was made of the
percent coverage for each species. The percentage of
canopy coverage was estimated for tree species, and
the percentage of ground coverage was estimated for

other plants. Coverage values were grouped into
seven classes to facilitate compilation and to clarify
results. The seven classes are:

Class 1—less than 1 percent coverage
Class 2—1 to 5 percent coverage
Class 3—5 to 25 percent coverage
Class 4—25 to 50 percent coverage
Class 5—50 to 75 percent coverage
Class 6—75 to 95 percent coverage
Class 7—95 to 100 percent coverage

The number after each plant species in table 11
represents the mean coverage class for that species
for the map unit component listed. This number can be
correlated to the relative dominance of overstory and
understory vegetation. Plants that have a high number
cover more of the canopy or ground than those with a
low number.

The plants listed in table 11 for each map unit
were selected on the basis of information from 2 to
10 sample sites. They are considered the typical
plants in the map unit, but they are not the only
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plants in the map unit (Voss, 1972, 1985, 1996).
Only the common plant names are shown in table
11. The common names are those on a national list
of plant names (USDA, National list of common plant
names).

Windbreaks and Environmental Plantings

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

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

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

shows the height that locally grown trees
and shrubs are expected to reach in 20 years on
various soils. The estimates in table 12 are based on
measurements and observation of established
plantings that have been given adequate care. They
can be used as a guide in planning windbreaks and
screens. Additional information on planning
windbreaks and screens and planting and caring for
trees and shrubs can be obtained from the local office
of the Natural Resources Conservation Service or of
Michigan State University Extension or from a
commercial nursery.

Recreation

Otsego County provides year-round opportunities
for outdoor recreation because of a combination of
rolling forestland, 80 lakes, 5 major rivers, numerous
streams, and the crisp, clean air of unspoiled
wilderness areas. The recreational activities include
mushroom hunting in spring, fishing and water sports
in summer, hunting in autumn, and snow fun in winter.

Otsego County has become the Midwest golf
mecca with over 21 championship courses. With an
average winter snowfall of more than 150 inches, the
county has three downhill ski resorts nine

Soil Survey of

cross-country ski areas, and almost 450 miles of
snowmobile trails. EIk viewing, bird watching, trout
fishing, hiking, hunting, camping, and horseback riding
are popular activities in the 96,000-acre Pigeon River
State Forest. Other activities include canoeing,
boating, picnicking, and swimming. Popular attractions
include Otsego Lake State Park, Otsego Lake County
Park, and 17 public access sites on inland lakes. Other
recreational areas include seven State forest
campgrounds, a State park campground, a county
campground, and two private campgrounds (Traverse,
1994).

The soils of the survey area are rated in
according to limitations that affect their suitability for
recreation. The ratings are based on restrictive soil
features, such as wetness, slope, and texture of the
surface layer. Susceptibility to flooding is considered.
Not considered in the ratings, but important in
evaluating a site, are the location and accessibility of
the area, the size and shape of the area and its scenic
quality, vegetation, access to water, potential water
impoundment sites, and access to public sewer lines.
The capacity of the soil to absorb septic tank effluent
and the ability of the soil to support vegetation are also
important. Soils that are subject to flooding are limited
for recreational uses by the duration and intensity of
flooding and the season when flooding occurs. In
planning recreational facilities, onsite assessment of
the height, duration, intensity, and frequency of
flooding is essential.

In table 13, the degree of soil limitation is expressed
as slight, moderate, or severe. Slight means that soil
properties are generally favorable and that limitations
are minor and easily overcome. Moderate means that
limitations can be overcome or alleviated by planning,
design, or special maintenance. Severe means that
soil properties are unfavorable and that limitations can
be offset only by costly soil reclamation, special
design, intensive maintenance, limited use, or a
combination of these measures.

The information in table 13 can be supplemented by
other information in this survey, for example,
interpretations for septic tank absorption fields in table
16 and interpretations for dwellings without basements
and for local roads and streets in table 15.

Camp areas require site preparation, such as
shaping and leveling the tent and parking areas,
stabilizing roads and intensively used areas, and
installing sanitary facilities and utility lines. Camp
areas are subject to heavy foot traffic and some
vehicular traffic. The best soils have gentle slopes and
are not wet or subject to flooding during the period of
use. The surface has few or no stones or boulders,
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Figure 16.—A ski hill in an area of Menominee-Bamfield, sandy substratum-Blue Lake complex, 18 to 70 percent slopes, dissected.

absorbs rainfall readily but remains firm, and is not
dusty when dry. Strong slopes and stones or boulders
can greatly increase the cost of constructing
campsites.

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

Playgrounds require soils that can withstand
intensive foot traffic. The best soils are almost level
and are not wet or subject to flooding during the
season of use. The surface is free of stones and

boulders, is firm after rains, and is not dusty when dry.

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

moderate slopes and few or no stones or boulders on
the surface.

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

Wildlife Habitat

Otsego County has a diversity of wildlife habitat and
wildlife species. Woodland habitat is dominant in the
county. It provides food and shelter for common upland
game animals, such as elk, white-tailed deer,
snowshoe hare, cottontail rabbit, gray squirrel, and fox
squirrel. Black bear, coyote, red fox, gray fox,
porcupine, badger, striped skunk, woodchuck,
raccoon, red squirrel, flying squirrel, and opossum
also inhabit the county. Common upland game birds
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include ruffed grouse, woodcock, snipe, and wild
turkey. The county has a multitude of hawks, owls, and
songbirds.

The Pigeon River State Forest, in the northeastern
part of the county, is home to the Michigan elk herd,
the largest elk herd west of the Mississippi River. The
herd has a population of about 1,000, which is
maintained by limitations on hunting and by habitat
improvement projects. There are many viewing areas
within the forest at various wildlife openings and along
forest trails. The best viewing times are at dawn and
dusk, in spring and fall. In fall, the bull elk are bulging
to attract or protect their harems of cows.

Kirtland’s warbler is an endangered songbird that
inhabits Otsego County. The preferred nesting habitat
for this bird is young jack pine forests. Habitat
improvement projects have been established on State
forestlands to attract and maintain continual nesting
populations. The threatened bird species in the county
include the bald eagle, osprey, and common loon.

Most of the woodland habitat in the county can be
improved by increasing the amount of available food
and cover. Planting forestland openings to grasses,
small grain crops, and food-producing shrubs can
increase the amount of available food. Planting
conifers, thick shrubs, and shelterbelts can improve
the available cover.

The various rivers, creeks, and lakes in the county
provide habitat for a variety of fish. The Au Sable,
Manistee, Sturgeon, Pigeon, and Black Rivers and
some of the creeks have a good population of brook
trout and brown trout. Otsego Lake offers habitat for
sturgeon, and muskellunge. All of the lakes offer
habitat for common game fish, such as northern pike,
walleye, smallmouth bass, largemouth bass, and trout.
Common panfish include crappie, perch, and bluegill.

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

In the soils in the survey area are rated
according to their potential for providing habitat for
various kinds of wildlife. This information can be used
in planning parks, wildlife refuges, nature study areas,
and other developments for wildlife; in selecting soils
that are suitable for establishing, improving, or
maintaining specific elements of wildlife habitat; and in
determining the intensity of management needed for
each element of the habitat.
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The potential of the soil is rated good, fair, poor, or
very poor. A rating of good indicates that the element
or kind of habitat is easily established, improved, or
maintained. Few or no limitations affect management,
and satisfactory results can be expected. A rating of
fairindicates that the element or kind of habitat can be
established, improved, or maintained in most places.
Moderately intensive management is required for
satisfactory results. A rating of poorindicates that
limitations are severe for the designated element or
kind of habitat. Habitat can be created, improved, or
maintained in most places, but management is difficult
and must be intensive. A rating of very poorindicates
that restrictions for the element or kind of habitat are
very severe and that unsatisfactory results can be
expected. Creating, improving, or maintaining habitat
is impractical or impossible.

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

Grain and seed crops are domestic grains and
seed-producing herbaceous plants. Soil properties
and features that affect the growth of grain and seed
crops are depth of the root zone, texture of the
surface layer, available water capacity, wetness, slope,
surface stoniness, and flooding. Soil temperature and
soil moisture also are considerations. Examples of
grain and seed crops are corn, wheat, oats, rye, and
barley.

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

Wild herbaceous plants are native or naturally
established grasses and forbs, including weeds. Soil
properties and features that affect the growth of
these plants are depth of the root zone, texture of
the surface layer, available water capacity, wetness,
surface stoniness, and flooding. Soil temperature
and soil moisture also are considerations. Examples
of wild herbaceous plants are big bluestem,
goldenrod, violets, cowwheat, and Pennsylvania
sedge.

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

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

Wetland plants are annual and perennial wild
herbaceous plants that grow on moist or wet sites.
Submerged or floating aquatic plants are excluded.
Soil properties and features affecting wetland plants
are texture of the surface layer, wetness, reaction,
slope, and surface stoniness. Examples of wetland
plants are bog laurel, cattail, jewelweed, Labrador tea,
marsh marigold, rushes, sedges, and reeds.

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

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

Habitat for openland wildlife consists of cropland,
pasture, meadows, and areas that are overgrown with
grasses, herbs, shrubs, and vines. These areas
produce grain and seed crops, grasses and legumes,
and wild herbaceous plants. Wildlife attracted to these
areas include woodchuck, ground squirrel,
meadowlark, field sparrow, cottontail, and red fox.

Habitat for woodland wildlife consists of areas of
deciduous and/or coniferous plants and associated
grasses, legumes, and wild herbaceous plants. Wildlife
attracted to these areas include wild turkey, ruffed
grouse, woodcock, thrushes, woodpeckers, squirrels,
gray fox, raccoon, deer, and bear.

Habitat for wetland wildlife consists of open, marshy
or swampy shallow water areas. Some of the wildlife
attracted to such areas are beaver, bobcat, muskrat,
mink, otter, various diving ducks, dabbling ducks,
Canada geese, herons, and shore birds.

Engineering

This section provides information for planning land
uses related to urban development and to water
management. Soils are rated for various uses, and the
most limiting features are identified. Ratings are given
for building site development, sanitary facilities,
construction materials, and water management. The
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ratings are based on observed performance of the
soils and the data in the tables described under the
heading “Soil Properties.”

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

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

Government ordinances and regulations that
restrict certain land uses or impose specific design
criteria were not considered in preparing the
information in this section. Local ordinances and
regulations should be considered in planning, in site
selection, and in design.

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

This information can be used to evaluate the
potential of areas for residential, commercial,
industrial, and recreational uses; make preliminary
estimates of construction conditions; evaluate
alternative routes for roads, streets, highways,
pipelines, and underground cables; evaluate
alternative sites for sanitary landfills, septic tank
absorption fields, and sewage lagoons; plan detailed
onsite investigations of soils and geology; locate
potential sources of gravel, sand, roadfill, and topsoil;
plan drainage systems, irrigation systems, ponds,
terraces, and other structures for soil and water
conservation; and predict performance of proposed
small structures and pavements by comparing the
performance of existing similar structures on the same
or similar soils.

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

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

Building Site Development

shows the degree and kind of soil
limitations that affect shallow excavations, dwellings
with and without basements, small commercial
buildings, local roads and streets, and lawns and
landscaping. The limitations are considered slight if
soil properties and site features are generally
favorable for the indicated use and limitations are
minor and easily overcome; moderate if soil properties
or site features are not favorable for the indicated use
and special planning, design, or maintenance is
needed to overcome or minimize the limitations; and
severe if soil properties or site features are so
unfavorable or so difficult to overcome that special
design, significant increases in construction costs, and
possibly increased maintenance are required. Special
feasibility studies may be required where the soil
limitations are severe.

Shallow excavations are trenches or holes dug to a
maximum depth of 5 or 6 feet for basements, graves,
utility lines, open ditches, and other purposes. The
ratings are based on soil properties, site features, and
observed performance of the soils. The ease of
digging, filling, and compacting is affected by the
content of stones, soil texture, and slope. The time of
the year that excavations can be made is affected by
the depth to a seasonal high water table and the
susceptibility of the soil to flooding. The resistance of
the excavation walls or banks to sloughing or caving is
affected by soil texture and depth to the water table.

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

Local roads and streets have an all-weather surface
and carry automobile and light truck traffic all year.
They have a subgrade of cut or fill soil material; a base
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of gravel, crushed rock, or stabilized soil material; and
a flexible or rigid surface. Cuts and fills are generally
limited to less than 6 feet. The ratings are based on
soil properties, site features, and observed
performance of the soils. Depth to a high water table,
flooding, large stones, and slope affect the ease of
excavating and grading. Soil strength (as inferred from
the AASHTO group index number), shrink-swell
potential, potential for frost action, and depth to a high
water table affect the traffic-supporting capacity.
Lawns and landscaping require soils on which turf
and ornamental trees and shrubs can be established
and maintained. The ratings are based on sail
properties, site features, and observed performance of
the soils. Soil reaction, a high water table, depth to
bedrock or to a cemented pan, the available water
capacity in the upper 40 inches, and the content of
salts, sodium, and sulfidic materials affect plant
growth. Flooding, wetness, slope, stoniness, and the
amount of sand, clay, or organic matter in the surface
layer affect trafficability after vegetation is established.

Sanitary Facilities

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

Table 16 also shows the suitability of the soils for
use as daily cover for landfill. A rating of good
indicates that soil properties and site features are
favorable for the use and good performance and low
maintenance can be expected; fair indicates that soil
properties and site features are moderately favorable
for the use and one or more soil properties or site
features make the soil less desirable than the soils
rated good; and poor indicates that one or more soil
properties or site features are unfavorable for the use
and overcoming the unfavorable properties requires
special design, extra maintenance, or costly alteration.

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

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

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

Table 16 gives ratings for the natural soil that makes
up the lagoon floor. The surface layer and, generally, 1
or 2 feet of soil material below the surface layer are
excavated to provide material for the embankments.
The ratings are based on soil properties, site features,
and observed performance of the soils. Considered in
the ratings are slope, permeability, a high water table,
flooding, large stones, and content of organic matter.

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

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

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

The ratings in table 16 are based on soil properties,
site features, and observed performance of the soils.
Permeability, a high water table, slope, and flooding
affect both types of landfill. Texture, stones, highly
organic layers, and soil reaction affect trench landfills.
Unless otherwise stated, the ratings apply only to that
part of the soil within a depth of about 6 feet. For
deeper trenches, a limitation rated slight or moderate
may not be valid. Onsite investigation is needed.

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

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

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

Construction Materials

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

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

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

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

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

Sand and gravel are natural aggregates suitable for
commercial use with a minimum of processing. They
are used in many kinds of construction. Specifications
for each use vary widely. In table 17, only the
probability of finding material in suitable quantity is
evaluated. The suitability of the material for specific
purposes is not evaluated, nor are factors that affect
excavation of the material.

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

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

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

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

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

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

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

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

Water Management

able 1§ gives information on the soil properties
and site features that affect water management. The
degree and kind of soil limitations are given for pond
reservoir areas; embankments, dikes, and levees; and
aquifer-fed excavated ponds. The limitations are
considered slight if soil properties and site features are
generally favorable for the indicated use and
limitations are minor and are easily overcome;
moderate if soil properties or site features are not
favorable for the indicated use and special planning,
design, or maintenance is needed to overcome or
minimize the limitations; and severe if soil properties or
site features are so unfavorable or so difficult to
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overcome that special design, significant increase in
construction costs, and possibly increased
maintenance are required.

This table also gives for each soil the restrictive
features that affect drainage, irrigation, terraces and
diversions, and grassed waterways.

Pond reservoir areas hold water behind a dam or
embankment. Soils best suited to this use have low
seepage potential in the upper 60 inches. The
seepage potential is determined by the permeability of
the soil and the depth to fractured bedrock or other
permeable material. Excessive slope can affect the
storage capacity of the reservoir area.

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

The ratings do not indicate the ability of the natural
soil to support an embankment. Soil properties to a
depth even greater than the height of the embankment

can affect performance and safety of the embankment.

Generally, deeper onsite investigation is needed to
determine these properties.

Soil material in embankments must be resistant to
seepage, piping, and erosion and have favorable
compaction characteristics. Unfavorable features
include less than 5 feet of suitable material and a high
content of stones or boulders, organic matter, or salts
or sodium. A high water table affects the amount of
usable material. It also affects trafficability.

Aquifer-fed excavated ponds are pits or dugouts
that extend to a ground-water aquifer or to a depth
below a permanent water table. Excluded are ponds
that are fed only by surface runoff and embankment
ponds that impound water 3 feet or more above the
original surface. Excavated ponds are affected by
depth to a permanent water table, permeability of the
aquifer, and quality of the water as inferred from the
salinity of the soil. Depth to bedrock and the content of
large stones affect the ease of excavation.

Drainage is the removal of excess surface and
subsurface water from the soil. How easily and
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effectively the soil is drained depends on the depth to
bedrock, to a cemented pan, or to other layers that
affect the rate of water movement; permeability; depth
to a high water table or depth of standing water if the
soil is subject to ponding; slope; susceptibility to
flooding; subsidence of organic layers; and the
potential for frost action. Excavating and grading and
the stability of ditchbanks are affected by depth to
bedrock or to a cemented pan, large stones, slope,
and the hazard of cutbanks caving. The productivity of
the soil after drainage is adversely affected by extreme
acidity or by toxic substances in the root zone, such as
salts, sodium, and sulfur. Availability of drainage
outlets is not considered in the ratings.

Irrigation is the controlled application of water to
supplement rainfall and support plant growth. The
design and management of an irrigation system are
affected by depth to the water table, the need for
drainage, flooding, available water capacity, intake
rate, permeability, erosion hazard, and slope. The
construction of a system is affected by large stones
and depth to bedrock or to a cemented pan. The
performance of a system is affected by the depth of
the root zone, the amount of salts or sodium, and soil
reaction.

Terraces and diversions are embankments or a
combination of channels and ridges constructed
across a slope to control erosion and conserve
moisture by intercepting runoff. Slope, wetness, large
stones, and depth to bedrock or to a cemented pan
affect the construction of terraces and diversions. A
restricted rooting depth, a severe hazard of wind
erosion or water erosion, an excessively coarse
texture, and restricted permeability adversely affect
maintenance.

Grassed waterways are natural or constructed
channels, generally broad and shallow, that
conduct surface water to outlets at a nonerosive
velocity. Large stones, wetness, slope, and depth
to bedrock or to a cemented pan affect the
construction of grassed waterways. A hazard of
wind erosion, low available water capacity, restricted
rooting depth, toxic substances such as salts and
sodium, and restricted permeability adversely affect
the growth and maintenance of the grass after
construction.
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Data relating to soil properties are collected during
the course of the soil survey.

Soil properties are determined by field examination
of the soils and by laboratory index testing of some

benchmark soils. Established standard procedures are

followed. During the survey, many shallow borings are
made and examined to identify and classify the soils
and to delineate them on the soil maps. Samples are
taken from some typical profiles and tested in the
laboratory to determine grain-size distribution,
plasticity, and compaction characteristics.

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

The estimates of soil properties are shown in
tables. They include engineering properties, physical
and chemical properties, and pertinent soil and water
features.

Engineering Index Properties

gives estimates of the engineering
classification and of the range of engineering
properties for the major layers of each soil in the
survey area. Most soils have layers of contrasting
properties within the upper 5 or 6 feet.

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

Texture is given in the standard terms used by the
U.S. Department of Agriculture. These terms are
defined according to percentages of sand, silt, and
clay in the fraction of the soil that is less than 2
millimeters in diameter (fig. 17)]“Loam;” for example, is
soil that is 7 to 27 percent clay, 28 to 50 percent silt,
and less than 52 percent sand. If the content of
particles coarser than sand is as much as about 15
percent, an appropriate modifier is added, for
example, “gravelly.” Textural terms are defined in the
Glossary.

SANDY CLAY LOA
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L

3 % ® 3 0 t B B ® b
PERCENT SAND
——

Figure 17.—Percentages of sand, silt, and clay in the basic
USDA soil texture classes.

Classification of the soils is determined according to
the Unified soil classification system (ASTM, 2001)
and the system adopted by the American Association
of State Highway and Transportation Officials
(AASHTO, 2000).

The Unified system classifies soils according to
properties that affect their use as construction
material. Soils are classified according to grain-size
distribution of the fraction less than 3 inches in
diameter and according to plasticity index, liquid limit,
and content of organic matter. Sandy and gravelly soils
are identified as GW, GP, GM, GC, SW, SP, SM, and
SC; silty and clayey soils as ML, CL, OL, MH, CH, and
OH; and highly organic soils as PT. Soils exhibiting
engineering properties of two groups can have a dual
classification, for example, CL-ML.

The AASHTO system classifies soils according to
those properties that affect roadway construction and
maintenance. In this system, the fraction of a mineral
soil that is less than 3 inches in diameter is classified
in one of seven groups from A-1 through A-7 on the
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basis of grain-size distribution, liquid limit, and
plasticity index. Soils in group A-1 are coarse grained
and low in content of fines (silt and clay). At the other
extreme, soils in group A-7 are fine grained. Highly
organic soils are classified in group A-8 on the basis of
visual inspection.

If laboratory data are available, the A-1, A-2, and
A-7 groups are further classified as A-1-a, A-1-b,
A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, or A-7-6. As an
additional refinement, the suitability of a soil as
subgrade material can be indicated by a group index
number. Group index numbers range from O for the
best subgrade material to 20 or higher for the poorest.

Rock fragments larger than 10 inches in diameter
and 3 to 10 inches in diameter are indicated as a
percentage of the total soil on a dry-weight basis. The
percentages are estimates determined mainly by
converting volume percentage in the field to weight
percentage.

Percentage (of soil particles) passing designated
sieves is the percentage of the soil fraction less than 3
inches in diameter based on an ovendry weight. The
sieves, numbers 4, 10, 40, and 200 (USA Standard
Series), have openings of 4.76, 2.00, 0.420, and 0.074
millimeters, respectively. Estimates are based on
laboratory tests of soils sampled in the survey area
and in nearby areas and on estimates made in the
field.

Liquid limit and plasticity index (Atterberg limits)
indicate the plasticity characteristics of a soil. The
estimates are based on test data from the survey area
or from nearby areas and on field examination.

The estimates of grain-size distribution, liquid limit,
and plasticity index are generally rounded to the
nearest 5 percent. Thus, if the ranges of gradation and
Atterberg limits extend a marginal amount (1 or 2
percentage points) across classification boundaries,
the classification in the marginal zone is omitted in the
table.

Physical Properties

shows estimates of some characteristics
and features that affect soil behavior. These estimates
are given for the major layers of each soil in the survey
area. The estimates are based on field observations
and on test data for these and similar soils.

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

Clay as a soil separate consists of mineral soil
particles that are less than 0.002 millimeter in
diameter. In this table, the estimated clay content of

Soil Survey of

each major soil layer is given as a percentage, by
weight, of the soil material that is less than 2
millimeters in diameter.

The amount and kind of clay greatly affect the
fertility and physical condition of the soil. They
determine the ability of the soil to adsorb cations and
to retain moisture. They influence shrink-swell
potential, permeability, plasticity, the ease of soil
dispersion, and other soil properties. The amount and
kind of clay in a soil also affect tillage and earth-
moving operations.

Moist bulk density is the weight of soil (ovendry) per
unit volume. Volume is measured when the soil is at
field moisture capacity, that is, the moisture content at
'/s-bar moisture tension. Weight is determined after
drying the soil at 105 degrees C. In this table, the
estimated moist bulk density of each major soil
horizon is expressed in grams per cubic centimeter of
soil material that is less than 2 millimeters in diameter.
Bulk density data are used to compute shrink-swell
potential, available water capacity, total pore space,
and other soil properties. The moist bulk density of a
soil indicates the pore space available for water and
roots. Bulk densities of more than 1.6 can restrict
water storage and root penetration. Moist bulk density
is influenced by texture, kind of clay, content of organic
matter, and soil structure.

Permeability (K_,) refers to the ability of a soil to
transmit water or air. The estimates indicate the rate of
downward movement of water when the soil is
saturated. They are based on soil characteristics
observed in the field, particularly structure, porosity,
and texture. Permeability is considered in the design of
soil drainage systems and septic tank absorption
fields.

Available water capacity refers to the quantity of
water that the soil is capable of storing for use by
plants. The capacity for water storage is given in
inches of water per inch of soil for each major soil
layer. The capacity varies, depending on soil
properties that affect the retention of water and the
depth of the root zone. The most important properties
are the content of organic matter, soil texture, bulk
density, and soil structure. Available water capacity is
an important factor in the choice of plants or crops to
be grown and in the design and management of
irrigation systems. Available water capacity is not an
estimate of the quantity of water actually available to
plants at any given time.

Linear extensibility, or shrink-swell potential, is the
potential for volume change in a soil with a loss or gain
in moisture. Volume change occurs mainly because of
the interaction of clay minerals with water and varies
with the amount and type of clay minerals in the soil.
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The size of the load on the soil and the magnitude of
the change in soil moisture content influence the
amount of swelling of soils in place. Laboratory
measurements of swelling of undisturbed clods were
made for many soils. For others, swelling was
estimated on the basis of the kind and amount of clay
minerals in the soil and on measurements of similar
soils.

If the shrink-swell potential is rated moderate to
very high, shrinking and swelling can cause damage
to buildings, roads, and other structures. Special
design is often needed.

Shrink-swell potential classes are based on the
change in length of an unconfined clod as moisture
content is increased from air-dry to field capacity. The
classes are low, a change of less than 3 percent;
moderate, 3 to 6 percent; high, 6 to 9 percent; and
very high, more than 9 percent.

Organic matteris the plant and animal residue in
the soil at various stages of decomposition. In table
20, the estimated content of organic matter is
expressed as a percentage, by weight, of the soil
material that is less than 2 millimeters in diameter.

The content of organic matter in a soil can be
maintained or increased by returning crop residue to
the soil. Organic matter affects the available water
capacity, infiltration rate, and tilth. It is a source of
nitrogen and other nutrients for crops.

Erosion factors are shown in table 20 as the K
factor and the T factor. Erosion factor K indicates the
susceptibility of a soil to sheet and rill erosion by
water. Factor K is one of six factors used in the
Universal Soil Loss Equation (USLE) and the Revised
Universal Soil Loss Equation (RUSLE) to predict the
average annual rate of soil loss by sheet and rill
erosion in tons per acre per year. The estimates are
based primarily on percentage of silt, sand, and
organic matter (up to 4 percent) and on soil structure
and permeability. Values of K range from 0.02 to 0.69.
Other factors being equal, the higher the value, the
more susceptible the soil is to sheet and rill erosion by
water.

Erosion factor K indicates the erodibility of the
whole soil, and erosion factor Kf indicates the
erodibility of the fine-earth fraction, or the material less
than 2 millimeters in diameter. For most soils, Kf
equals K. If substantial amounts of rock fragments
have an armoring effect, the K factor should be
adjusted downward. Therefore, the K factor will be less
than Kf. Because of armoring, there is less splash
erosion on gravelly soils.

Erosion factor T is an estimate of the maximum
average annual rate of soil erosion by wind or water
that can occur without affecting crop productivity over
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a sustained period. The rate is in tons per acre per
year.

Wind erodibility groups are made up of soils that
have similar properties affecting their resistance to
wind erosion in cultivated areas. The groups indicate
the susceptibility of the soil to wind erosion. The soils
assigned to group 1 are the most susceptible to wind
erosion, and those assigned to group 8 are the least
susceptible. The groups are defined in the “National
Soil Survey Handbook” (USDA, 2002).

Wind erodibility index is a numerical value indicating
the susceptibility of soil to wind erosion, or the tons
per acre per year that can be expected to be lost to
wind erosion. There is a close correlation between
wind erosion and the texture of the surface layer, the
size and durability of surface clods, rock fragments,
organic matter, and a calcareous reaction. Soil
moisture and frozen soil layers also influence wind
erosion.

Chemical Properties

shows estimates of some characteristics
and features that affect soil behavior. These estimates
are given for the major layers of each soil in the survey
area. The estimates are based on field observations
and on test data for these and similar soils.

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

Cation-exchange capacity is the total amount of
extractable bases that can be held by the soil,
expressed in terms of milliequivalents per 100 grams
of soil at neutrality (pH 7.0) or at some other stated pH
value. Soils having a low cation-exchange capacity
hold fewer cations and may require more frequent
applications of fertilizer than soils having a high cation-
exchange capacity. The ability to retain cations
reduces the hazard of ground-water pollution.

Effective cation-exchange capacity refers to the
sum of extractable bases plus aluminum expressed in
terms of milliequivalents per 100 grams of soil. It is
determined for soils that have pH of less than 5.5. Soil
reaction is a measure of acidity or alkalinity. The pH of
each soil horizon is based on many field tests. For
many soils, values have been verified by laboratory
analyses. Soil reaction is important in selecting crops
and other plants, in evaluating soil amendments for
fertility and stabilization, and in determining the risk of
corrosion.

Soil reaction is a measure of acidity or alkalinity.
The pH of each soil horizon is based on many field
tests. For many soils, values have been verified by
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laboratory analyses. Soil reaction is important in
selecting crops and other plants, in evaluating soil
amendments for fertility and stabilization, and in
determining the risk of corrosion.

Calcium carbonate equivalent is the percent of
carbonates, by weight, in the fraction of the soil less
than 2 millimeters in size. The availability of plant
nutrients is influenced by the amount of carbonates in
the soil. Incorporating nitrogen fertilizer into calcareous
soils helps to prevent nitrite accumulation and
ammonium-N volatilization.

Water Features

Tables P9 and p3 give estimates of various water
features. The estimates are used in land use planning
that involves engineering considerations.

Hydrologic soil groups, which are shown in tables
22 and 23, are based on estimates of runoff potential.
Soils are assigned to one of four groups according to
the rate of water infiltration when the soils are not
protected by vegetation, are thoroughly wet, and
receive precipitation from long-duration storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low
runoff potential) when thoroughly wet. These consist
mainly of deep, well drained to excessively drained
sands or gravelly sands. These soils have a high rate
of water transmission.

Group B. Soils having a moderate infiltration rate
when thoroughly wet. These consist chiefly of
moderately deep or deep, moderately well drained or
well drained soils that have moderately fine texture to
moderately coarse texture. These soils have a
moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when
thoroughly wet. These consist chiefly of soils having a
layer that impedes the downward movement of water
or soils of moderately fine texture or fine texture.
These soils have a slow rate of water transmission.

Group D. Soils having a very slow infiltration rate
(high runoff potential) when thoroughly wet. These
consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that
have a claypan or clay layer at or near the surface,
and soils that are shallow over nearly impervious
material. These soils have a very slow rate of water
transmission.

If a soil is assigned to a dual hydrologic group (A/D,
B/D, or C/D), the first letter is for drained areas and the
second is for undrained areas.

The months identified in table 22 indicate the
portion of the year in which the feature is most likely to
be a concern.

Soil Survey of

Water table refers to a saturated zone in the soil.
Table 22 indicates, by month, depth to the top (upper
limit) and base (lower limit) of the saturated zone in
most years. Estimates of the upper and lower limits
are based mainly on observations of the water table at
selected sites and on evidence of a saturated zone,
namely grayish colors or mottles (redoximorphic
features) in the soil. A saturated zone that lasts for
less than a month is not considered a water table.

Ponding is standing water in a closed depression.
Unless a drainage system is installed, the water is
removed only by percolation, transpiration, or
evaporation. Table 22 indicates surface water depth
and the duration and frequency of ponding. Duration is
expressed as very brief if less than 2 days, briefif 2 to
7 days, long if 7 to 30 days, and very long if more than
30 days. Frequency is expressed as none, rare,
occasional, and frequent. None means that ponding is
not probable; rare that it is unlikely but possible under
unusual weather conditions (the chance of ponding is
nearly 0 percent to 5 percent in any year); occasional
that it occurs, on the average, once or less in 2 years
(the chance of ponding is 5 to 50 percent in any year);
and frequent that it occurs, on the average, more than
once in 2 years (the chance of ponding is more than
50 percent in any year).

Flooding is the temporary inundation of an area
caused by overflowing streams, by runoff from
adjacent slopes, or by tides. Water standing for
short periods after rainfall or snowmelt is not
considered flooding, and water standing in swamps
and marshes is considered ponding rather than
flooding.

Duration and frequency are estimated. Duration is
expressed as extremely briefif 0.1 hour to 4 hours,
very brief if 4 hours to 2 days, briefif 2 to 7 days, long
if 7 to 30 days, and very long if more than 30 days.
Frequency is expressed as none, very rare, rare,
occasional, frequent, and very frequent. None means
that flooding is not probable; very rare that it is very
unlikely but possible under extremely unusual weather
conditions (the chance of flooding is less than 1
percent in any year); rare that it is unlikely but possible
under unusual weather conditions (the chance of
flooding is 1 to 5 percent in any year); occasional that
it occurs infrequently under normal weather conditions
(the chance of flooding is 5 to 50 percent in any year);
frequent that it is likely to occur often under normal
weather conditions (the chance of flooding is more
than 50 percent in any year but is less than 50 percent
in all months in any year); and very frequent that it is
likely to occur very often under normal weather
conditions (the chance of flooding is more than 50
percent in all months of any year).
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The information is based on evidence in the soll
profile, namely thin strata of gravel, sand, silt, or clay
deposited by floodwater; irregular decrease in organic
matter content with increasing depth; and little or no
horizon development.

Also considered are local information about the
extent and levels of flooding and the relation of each
soil on the landscape to historic floods. Information on
the extent of flooding based on soil data is less
specific than that provided by detailed engineering
surveys that delineate flood-prone areas at specific
flood frequency levels.

gives estimates of the fluctuating water
content in the soils in Otsego County. Soil moisture
status greatly influences the type of vegetation and
plant growth; physical properties of soils, such as
permeability, workability, strength, linear extensibility,
and frost action; and chemical interactions and
transport. Many other properties, qualities, and
interpretations also are affected. Soil moisture status
is important in the classification of soils, wetland, and
habitat.

Table 23 gives estimates of soil moisture for each
soil in the county at various depths for every month of
the year. The depths displayed are representative
values that are indicative of conditions that occur most
of the time. Dry indicates a moisture condition under
which most plants (especially crops) cannot extract
water for growth. Moist indicates a moisture condition
under which soil water is most readily available for
plant growth. Wetindicates a condition under which
water will stand in an unlined hole or at least a
condition under which the soil is too wet for the growth
of most agricultural species. A rating of “0.0-6.5: Moist”
indicates that, in a typical year, the soil is moist from
the surface to a depth of 6.5 feet during the month
designated. Summer months may show the effects of
drying plus intermittent light rains. This combination
could produce a moist layer over a dry layer that gets
moist again.

Soil Features

gives estimates of important soil features
used in land use planning that involves engineering
considerations. These features are described in the
following paragraphs.

Subsidence is the settlement of organic soils or of
saturated mineral soils of very low density. Subsidence
generally results from either desiccation and
shrinkage or oxidation of organic material, or both,
following drainage. Subsidence takes place gradually,
usually over a period of several years. Table 24 shows
the expected initial subsidence, which usually is a
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result of drainage, and total subsidence, which results
from a combination of factors.

Potential for frost action is the likelihood of upward
or lateral expansion of the soil caused by the formation
of segregated ice lenses (frost heave) and the
subsequent collapse of the soil and loss of strength on
thawing. Frost action occurs when moisture moves
into the freezing zone of the soil. Temperature, texture,
density, permeability, content of organic matter, and
depth to the water table are the most important factors
considered in evaluating the potential for frost action. It
is assumed that the soil is not insulated by vegetation
or snow and is not artificially drained. Silty and highly
structured, clayey soils that have a high water table in
winter are the most susceptible to frost action. Well
drained, very gravelly, or very sandy soils are the least
susceptible. Frost heave and low soil strength during
thawing cause damage mainly to pavements and other
rigid structures.

Risk of corrosion pertains to potential soil-induced
electrochemical or chemical action that dissolves or
weakens uncoated steel or concrete. The rate of
corrosion of uncoated steel is related to such factors
as soil moisture, particle-size distribution, acidity, and
electrical conductivity of the soil. The rate of corrosion
of concrete is based mainly on the sulfate and sodium
content, texture, moisture content, and acidity of the
soil.

Special site examination and design may be
needed if the combination of factors results in a severe
hazard of corrosion. The steel in installations that
intersect soil boundaries or soil layers is more
susceptible to corrosion than steel in installations that
are entirely within one kind of soil or within one soil
layer.

For uncoated steel, the risk of corrosion, expressed
as low, moderate, or high, is based on soil drainage
class, total acidity, electrical resistivity near field
capacity, and electrical conductivity of the saturation
extract.

For concrete, the risk of corrosion is also expressed
as low, moderate, or high. It is based on soil texture,
acidity, and amount of sulfates in the saturation
extract.

Hydric Soils

In this section, hydric soils are defined and
described and the hydric soils in the survey area are
listed.

The three essential characteristics of wetlands are
hydrophytic vegetation, hydric soils, and wetland
hydrology (Cowardin et al., 1979; U.S. Army Corps of
Engineers, 1987; National Research Council, 1995;
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Tiner, 1985). Criteria for each of the characteristics
must be met for areas to be identified as wetlands.
Undrained hydric soils that have natural vegetation
should support a dominant population of ecological
wetland plant species. Hydric soils that have been
converted to other uses should be capable of being
restored to wetlands.

Hydric soils are defined by the National Technical
Committee for Hydric Soils (NTCHS) as soils that
formed under conditions of saturation, flooding, or
ponding long enough during the growing season to
develop anaerobic conditions in the upper part
(Federal Register, 1994). These soils are either
saturated or inundated long enough during the
growing season to support the growth and
reproduction of hydrophytic vegetation.

The NTCHS definition identifies general soil
properties that are associated with wetness. In order
to determine whether a specific soil is a hydric soil or
nonhydric soil, however, more specific information,
such as information about the depth and duration of
the water table, is needed. Thus, criteria that identify
those estimated soil properties unique to hydric soils
have been established (Federal Register, 1995). These
criteria are used to identify a phase of a soil series
that normally is associated with wetlands. The criteria
used are selected estimated soil properties that are
described in “Soil Taxonomy” (Soil Survey Staff, 1999)
and “Keys to Soil Taxonomy” (Soil Survey Staff, 1998)
and in the “Soil Survey Manual” (Soil Survey Division
Staff, 1993).

If soils are wet enough for a long enough period to
be considered hydric, they should exhibit certain
properties that can be easily observed in the field.
These visible properties are indicators of hydric soils.
The indicators used to make onsite determinations of
hydric soils in this survey area are specified in “Field
Indicators of Hydric Soils in the United States” (Hurt et
al., 1998).

Hydric soils are identified by examining and
describing the soil to a depth of about 20 inches. This
depth may be greater if determination of an

appropriate indicator so requires. It is always
recommended that soils be excavated and described
to the depth necessary for an understanding of the
redoximorphic processes. Then, using the completed
soil descriptions, soil scientists can compare the soll
features required by each indicator and specify which
indicators have been matched with the conditions
observed in the soil. The soil can be identified as a
hydric soil if at least one of the approved indicators is
present.

The following map units meet the definition of hydric
soils and, in addition, have at least one of the hydric
soil indicators. This list can help in planning land uses;
however, onsite investigation is recommended to
determine the hydric soils on a specific site (National
Research Council, 1995; Hurt et al., 1998).

13 Tawas-Lupton mucks

14 Dawson-Loxley peats

19 Leafriver muck

23 Ausable-Bowstring mucks, frequently flooded

24A Kinross-Au Gres complex, 0 to 3 percent
slopes (the Kinross soil)

50B  Au Gres-Kinross-Croswell complex, 0 to 6
percent slopes (the Kinross soil)

51 Tawas-Leafriver mucks
86 Histosols and Aquents, ponded
87 Ausable muck, frequently flooded

113 Angelica loam

127 Cathro muck

352B Deford-Au Gres-Croswell complex, 0 to 6
percent slopes (the Deford soil)

360 Wakeley muck

368A  Au Gres-Deford complex, 0 to 3 percent
slopes (the Deford soil)

369 Deford muck

465 Caffey muck

Map units that are made up of hydric soils may
have small areas, or inclusions, of nonhydric soils in
the higher positions on the landform, and map units
made up of nonhydric soils may have inclusions of
hydric soils in the lower positions on the landform.
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Classification of the Soils

The system of soil classification used by the
National Cooperative Soil Survey has six categories
(Soil Survey Staff, 1998 and 1999). Beginning with the
broadest, these categories are the order, suborder,
great group, subgroup, family, and series.
Classification is based on soil properties observed in
the field or inferred from those observations or from
laboratory measurements. [Table 25 shows the
classification of the soils in the survey area. The
categories are defined in the following paragraphs.

ORDER. Twelve soil orders are recognized. The
differences among orders reflect the dominant soil-
forming processes and the degree of soil formation.
Each order is identified by a word ending in sol. An
example is Spodosol.

SUBORDER. Each order is divided into suborders
primarily on the basis of properties that influence soil
genesis and are important to plant growth or
properties that reflect the most important variables
within the orders. The last syllable in the name of a
suborder indicates the order. An example is Orthod
(Orth, meaning other, plus od, from Spodosol).

GREAT GROUP. Each suborder is divided into
great groups on the basis of close similarities in kind,
arrangement, and degree of development of
pedogenic horizons; soil moisture and temperature
regimes; type of saturation; and base status. Each
great group is identified by the name of a suborder
and by a prefix that indicates a property of the soil. An
example is Haplorthod (Hapl, meaning minimal
horizonation, plus orthod, the suborder of the
Spodosols that has a horizon characterized by an
accumulation of aluminum, iron, and organic carbon in
which no one of the elements dominates).

SUBGROUP. Each great group has a typic
subgroup. Other subgroups are intergrades or
extragrades. The typic subgroup is the central concept
of the great group; it is not necessarily the most
extensive. Intergrades are transitions to other orders,
suborders, or great groups. Extragrades have some
properties that are not representative of the great
group but do not indicate transitions to any other
taxonomic class. Each subgroup is identified by one or
more adjectives preceding the name of the great
group. The adjective Typic identifies the subgroup that

typifies the great group. An example is Typic
Haplorthods.

FAMILY. Families are established within a
subgroup on the basis of physical and chemical
properties and other characteristics that affect
management. Generally, the properties are those of
horizons below plow depth where there is much
biological activity. Among the properties and
characteristics considered are particle-size class,
mineralogy class, cation-exchange activity class, soil
temperature regime, soil depth, and reaction class. A
family name consists of the name of a subgroup
preceded by terms that indicate soil properties. An
example is sandy, mixed, frigid Typic Haplorthods.

SERIES. The series consists of soils within a
family that have horizons similar in color, texture,
structure, reaction, consistence, mineral and chemical
composition, and arrangement in the profile. The
texture of the surface layer or of the substratum can
differ within a series.

Soil Series and Their Morphology

In this section, each soil series recognized in the
survey area is described. Some higher category soils,
such as Aquents, also are described. Characteristics
of the soil and the material in which it formed are
identified for each series. A pedon, a small three-
dimensional area of soil, that is typical of the series in
the survey area is described. The detailed description
of each soil horizon follows standards in the “Soil
Survey Manual” (Soil Survey Division Staff, 1993).
Many of the technical terms used in the descriptions
are defined in “Soil Taxonomy” (Soil Survey Staff,
1999) and in “Keys to Soil Taxonomy” (Soil Survey
Staff, 1998). Unless otherwise indicated, colors in the
descriptions are for moist soil. Following the pedon
description is the range of important characteristics of
the soils in the series.

Angelica Series

The Angelica series consists of poorly drained soils
in depressions on moraines. These soils formed in
thick deposits of loamy material. Permeability is
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moderate in the upper part of the profile and
moderately slow in the underlying till. Slope ranges
from O to 2 percent.

Taxonomic classification: Fine-loamy, mixed,
nonacid, semiactive, frigid Aeric Endoaquepts

Typical pedon of Angelica loam, on a 1 percent
north-facing slope in a forested area; at an elevation of
1,116 feet; 1,170 feet north and 335 feet west of the
southeast corner of sec. 13, T. 32 N., R. 2 W.; Corwith
Township; USGS Hardwood Lake Michigan 7.5-minute
topographic quadrangle; lat. 45 degrees 09 minutes
32.30 seconds N. and long. 84 degrees 29 minutes
30.41 seconds W., NAD 27:

A—O0 to 8 inches; very dark gray (10YR 3/1) loam,
dark gray (10YR 4/1) dry; moderate medium
subangular blocky structure; friable; many fine and
medium and few coarse roots; about 2 percent
gravel; slightly acid; abrupt wavy boundary.

Bg—~8 to 10 inches; 60 percent grayish brown (2.5Y
5/2) and 40 percent reddish brown (5YR 4/4)
loam; strong coarse subangular blocky structure;
friable; common fine and medium roots; common
fine yellowish red (5YR 5/6) masses of iron
accumulation in the matrix; about 2 percent gravel;
slightly acid; abrupt wavy boundary.

Bw—10 to 20 inches; reddish brown (5YR 4/4) clay
loam; strong coarse subangular blocky structure;
firm; few fine roots; common prominent dark gray
(5Y 4/1) clay films in root channels; many coarse
prominent gray (5Y 5/1) iron depletions on faces of
peds; about 5 percent gravel; neutral; clear wavy
boundary.

C1—20 to 38 inches; brown (7.5YR 5/4) clay loam;
massive; firm; common fine prominent yellowish
red (5YR 5/8) masses of iron accumulation in the
matrix; about 5 percent gravel; slightly
effervescent; moderately alkaline; gradual wavy
boundary.

C2—38 to 60 inches; reddish brown (5YR 5/3) clay
loam; massive; firm; common medium prominent
gray (5Y 5/1) iron depletions in the matrix; about 5
percent gravel; strongly effervescent; moderately
alkaline.

The depth to carbonates ranges from 14 to 20
inches. The content of gravel ranges from 0 to 10
percent and the content of cobbles from 0 to 5 percent
throughout the profile.

The A horizon has hue of 10YR or is neutral in hue.
It has value of 2 to 3 and chroma of 0 or 1.

The Bg horizon has hue of 10YR or 2.5Y, value of 4
or 5, and chroma of 2. It is loam or sandy loam.

The Bw horizon has hue of 7.5YR or 5YR and value
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and chroma of 4. It is sandy clay loam, clay loam, or
sandy loam.

The C horizon has hue of 7.5YR or 5YR, value of 5,
and chroma of 2 to 4. It is clay loam with less than 35
percent clay.

Aquents

These are mixed, frigid Aquents that consist of very
poorly drained, rapidly permeable to slowly permeable
soils on outwash plains and moraines. These soils
formed in sandy to clayey glaciofluvial material. Slope
is 0 to 1 percent.

The surface layer is typically black (10YR 2/1) muck
or mucky peat 3 to 16 inches thick.

The upper part of the mineral material has hue of
10YR, 2.5YR, or 5Y, value of 5 or 6, and chroma of 1
to 3. The mineral material ranges from sand to clay.

Au Gres Series

The Au Gres series consists of somewhat poorly
drained soils on stream terraces and outwash plains.
These soils formed in thick deposits of sandy material.
Permeability is rapid. Slope ranges from 0 to 3
percent.

Taxonomic classification: Sandy, mixed, frigid Typic
Endoaquods

Typical pedon of Au Gres sand, 0 to 3 percent
slopes, on a 1 percent southeast-facing slope in a
forested area; at an elevation of 1,275 feet; 750 feet
south and 25 feet east of the northwest corner of sec.
36, T.29 N., R. 4 W.; south part of Hayes Township;
USGS Big Bradford Lake Michigan 7.5-minute
topographic quadrangle; lat. 44 degrees 52 minutes
15.75 seconds N. and long. 84 degrees 44 minutes
45.21 seconds W., NAD 27:

A—oO0 to 3 inches; black (N 2.5/0) sand, dark gray
(10YR 4/1) dry; weak medium granular structure;
very friable; many fine, medium, and coarse roots;
strongly acid; abrupt wavy boundary.

E—3 to 9 inches; brown (7.5YR 5/2) sand, light gray
(10YR 7/2) dry; weak very fine subangular blocky
structure; very friable; many fine, medium, and
coarse roots; strongly acid; abrupt wavy boundary.

Bs1—9to 11 inches; brown (7.5YR 4/4) sand; weak
medium subangular blocky structure parting to
weak very fine subangular blocky; very friable;
common fine and medium and few coarse roots;
common medium distinct strong brown (7.5YR
4/6) masses of iron accumulation in the matrix; 10
percent moderately cemented dark reddish brown
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(5YR 3/3) ortstein occurring as columns 2 to 4
inches wide and extending into the Bs2 horizon;
strongly acid; abrupt irregular boundary.

Bs2—11 to 22 inches; dark yellowish brown (10YR
4/6) sand; weak fine subangular blocky structure;
very friable; few fine and medium roots; common
medium prominent yellowish brown (10YR 5/6)
masses of iron accumulation in the matrix; 10
percent weakly cemented dark reddish brown
(5YR 3/3) ortstein occurring as columns 2 to 4
inches wide; moderately acid; clear wavy
boundary.

BC—22 to 42 inches; yellowish brown (10YR 5/4)
sand; weak fine subangular blocky structure; very
friable; common fine distinct brown (7.5YR 4/4)
and strong brown (7.5YR 4/6) masses of iron
accumulation in the matrix; about 3 percent fine
and medium gravel; strongly acid; clear wavy
boundary.

C—42 to 80 inches; brown (10YR 5/3); sand; single
grain; loose; about 7 percent fine and medium
gravel; moderately acid.

The content of gravel ranges from 3 to 10 percent
throughout the profile.

The A horizon has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0
or 1. Reaction ranges from extremely acid to slightly
acid.

The E horizon has hue of 7.5YR or 10YR, value of
5, and chroma of 2. Reaction is very strongly acid or
strongly acid.

The Bs1 horizon has hue of 7.5YR, value of 3 or 4,
and chroma of 4. The content of ortstein ranges from 0
to 10 percent. Reaction ranges from very strongly acid
to moderately acid.

The Bs2 horizon has hue of 10YR, value of 3 or 4,
and chroma of 4 to 6. The content of ortstein ranges
from 0 to 10 percent. Reaction ranges from very
strongly acid to moderately acid.

The BC horizon has hue of 10YR, value of 5,
chroma of 4 or 5. The content of ortstein ranges from 0
to 10 percent. Reaction is strongly acid or moderately
acid.

The C horizon has hue of 5YR to 5Y, value of 5 or
6, and chroma of 2 to 4. In some pedons it has thin
strata of gravelly sand. Reaction ranges from strongly
acid to neutral.

Ausable Series

The Ausable series consists of very poorly drained
soils on flood plains. These soils formed in thin organic
layers and in sandy alluvium. Permeability is moderate
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or moderately rapid in the organic material and rapid
in the sandy material. Slope ranges from 0 to 2
percent.

Taxonomic classification: Sandy, mixed, frigid Histic
Humaquepts

Typical pedon of Ausable muck, in an area of
Ausable-Bowstring mucks, frequently flooded; on a
1 percent slope in an area of willows on a flood
plain; at an elevation of 1,219 feet; 2,210 feet south
and 2,510 feet east of the northwest corner of sec.
31, T.29 N., R. 4 W.; south part of Hayes Township;
USGS Frederic Michigan 7.5-minute topographic
quadrangle; lat. 44 degrees 52 minutes 01.73
seconds N. and long. 84 degrees 50 minutes 16.75
seconds W., NAD 27:

Oa1—a0 to 5 inches; black (N 2.5/0) (broken face and
rubbed) muck (sapric material), black (N 2.5/0)
dry; about 20 percent fiber broken face, 5 percent
rubbed; moderate medium subangular blocky
structure; very friable; common fine, medium, and
coarse roots; neutral; clear wavy boundary.

Oa2—b5 to 10 inches; very dark grayish brown
(10YR 3/2) (broken face and rubbed) muck
(sapric material); about 10 percent fiber broken
face, 2 percent rubbed; moderate medium
subangular blocky structure; very friable; common
fine and medium roots; neutral; abrupt wavy
boundary.

Cg—10 to 18 inches; grayish brown (10YR 5/2) sand
with layers of black (N 2.5/0) muck '/s to /4 inch
thick; single grain; loose; neutral; clear wavy
boundary.

C—18 to 46 inches; light olive brown (2.5Y 5/4) sand;
single grain; loose; common fine prominent strong
brown (7.5YR 4/6 and 5/8) masses of iron
accumulation in the matrix; neutral; abrupt wavy
boundary.

O’a—46 to 52 inches; black (N 2.5/0) (broken face and
rubbed) muck (sapric material); about 10 percent
fiber broken face, 2 percent rubbed; moderate
medium subangular blocky structure; very friable;
slightly alkaline; abrupt wavy boundary.

C’—52 to 80 inches; light olive brown (2.5Y 5/4) sand
with strata of gravel; single grain; loose; common
medium prominent strong brown (7.5YR 4/6 and
5/8) masses of iron accumulation in the matrix;
about 8 percent fine and medium gravel; slightly
alkaline.

Thin bands of organic material occur in the control
section. The organic material is dominantly sapric but
has as much as 10 percent woody fragments.
Reaction is moderately acid to slightly alkaline
throughout the profile.



168

The Oa and O a horizons have hue of 7.5YR or
10YR or are neutral in hue. They have value of 2 to 3
and chroma of 0 to 2.

The C horizon has hue of 10YR or 2.5Y, value of 4
or 5, and chroma of 1 to 4. In some pedons it has
bands of organic material /s inch to 2 inches thick. The
texture is sand or gravelly sand. The content of gravel
ranges from 0 to 17 percent.

Bamfield Series

The Bamfield series consists of well drained soils
on moraines. These soils formed in loamy till overlying
sandy material Permeability is moderately
slow in the overlying till and rapid in the underlying
sandy material. Slope ranges from 12 to 70 percent.

Figure 18.—Typical profile of a Bamfield fine sandy loam.
Depth is marked in inches.
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Taxonomic classification: Fine-loamy, mixed, active,
frigid Haplic Glossudalfs

Typical pedon of Bamfield fine sandy loam, sandy
substratum, 12 to 18 percent slopes, on a 17 percent
southwest-facing slope in a wooded area; at an
elevation of 1,375 feet; 670 feet north and 2,350 feet
west of the southeast corner of sec. 1, .30 N., R. 1
W.; central part of Charlton Township; USGS
Hetherton Michigan 7.5-minute topographic
quadrangle; lat. 54 degrees 00 minutes 53.22 seconds
N. and long. 84 degrees 22 minutes 44.05 seconds W.,
NAD 27:

A—O0 to 5 inches; black (N 2.5/0) fine sandy loam, very
dark gray (10YR 3/1) dry; strong coarse granular
structure; very friable; many fine and common
medium and coarse roots; about 3 percent gravel;
slightly acid; abrupt wavy boundary.

Bw—>5 to 11 inches; brown (10YR 4/3) sandy loam;
moderate medium subangular blocky structure;
very friable; many fine, common medium, and few
coarse roots; common prominent black (N 2.5/0)
earthworm casts; about 3 percent gravel; slightly
acid; clear wavy boundary.

E—11 to 20 inches; grayish brown (10YR 5/2) sandy
loam, light brownish gray (10YR 6/2) dry;
moderate coarse subangular blocky structure;
friable, hard and brittle when dry; few fine,
medium, and coarse roots; common very fine and
fine vesicular pores; about 3 percent gravel;
moderately acid; clear wavy boundary.

E/B—20 to 23 inches; 70 percent grayish brown (10YR
5/2) sandy loam (E), light brownish gray (10YR
6/2) dry; weak medium subangular blocky
structure; friable, hard and brittle when dry;
common very fine and fine vesicular pores; E
material surrounding brown (7.5YR 4/4) clay loam
(Bt); moderate medium subangular blocky
structure; firm; few fine, medium, and coarse roots;
few fine continuous tubular pores; patchy
prominent dark reddish brown (5YR 3/3) clay films
on faces of peds and in pores and root channels;
about 3 percent gravel; moderately acid; clear
wavy boundary.

Bt—23 to 39 inches; brown (7.5YR 4/4) clay loam;
weak medium prismatic structure parting to
strong coarse angular blocky; firm; few fine,
medium, and coarse roots; few very fine and fine
continuous vertical tubular pores; continuous
prominent dark reddish brown (5YR 3/3) clay
films on faces of peds and in pores; few fine
prominent black (N 2.5/0) organic stains on faces
of peds and in root channels; about 5 percent
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gravel and 1 percent cobbles; neutral; clear
irregular boundary.

BC—39 to 51 inches; brown (7.5YR 4/4) clay loam;
moderate medium angular blocky structure; firm;
few medium roots; very few very fine and fine
continuous vertical tubular pores; few
discontinuous prominent dark reddish brown (5YR
3/3) clay films on faces of peds; about 5 percent
gravel and 1 percent cobbles; strongly
effervescent; moderately alkaline; clear irregular
boundary.

C1—51 to 64 inches; brown (7.5YR 4/4) clay loam;
weak medium platy structure derived from
deposition; firm; few fine faint light brown (7.5YR
6/4) coatings of carbonate on faces of peds; about
5 percent gravel and 1 percent cobbles; violently
effervescent; moderately alkaline; abrupt smooth
boundary.

2C2—64 to 80 inches; light yellowish brown (10YR
6/4), stratified sand and gravelly sand; single grain;
loose; 5 to 20 percent gravel in individual strata;
slightly effervescent; slightly alkaline.

The depth to carbonates ranges from 26 to more
than 60 inches. The content of gravel ranges from 1 to
14 percent in the upper loamy material and from 1 to
20 percent in the lower sandy material. The content of
cobbles ranges from 0 to 5 percent throughout the
profile. Reaction ranges from slightly acid to slightly
alkaline in the upper part of the profile and is slightly
alkaline or moderately alkaline in the substratum.

The A horizon has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
2. Reaction ranges from slightly acid to strongly acid.
Some pedons have an Ap horizon.

The Bw horizon has hue of 7.5YR or 10YR, value of
4 or 5, and chroma of 3 to 5. It is sandy loam or fine
sandy loam. Reaction ranges from slightly acid to
strongly acid.

The E horizon and the E part of the E/B or B/E
horizon has hue of 7.5YR or 10YR, value of 5 or 6,
and chroma of 2 or 3. They are sandy loam or fine
sandy loam. Reaction is slightly acid or moderately
acid.

The Bt horizon and the B part of the E/B or B/E
horizon have hue of 5YR or 7.5YR, value of 4 or 5,
and chroma of 3 or 4. They are loam, clay loam, or
sandy clay loam with a clay content between 27 and
35 percent. Reaction ranges from slightly acid to
slightly alkaline.

The BC and C horizons have hue of 5YR or 7.5YR,
value of 4 to 6, and chroma of 3 or 4. They are loam,
clay loam, or sandy clay loam. Reaction is moderately
alkaline.
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The 2C horizon has hue of 7.5YR or 10YR, value of
5 or 6, and chroma of 3 to 5. It is stratified sand, loamy
sand, or the gravelly analogs of those textures.
Reaction is slightly alkaline.

Blue Lake Series

The Blue Lake series consists of well drained soils
on moraines and outwash plains. These soils formed
in thick deposits of sandy material. Permeability is
moderately rapid. Slope ranges from 0 to 70 percent.

Taxonomic classification: Sandy, mixed, frigid
Lamellic Haplorthods

Typical pedon of Blue Lake loamy sand, 0 to 6
percent slopes, on a 3 percent southeast-facing
slope in a forested area; at an elevation of 1,362 feet;
640 feet north and 100 feet west of the southeast
corner of sec. 27, T. 30 N., R. 4 W.; north part of
Hayes Township; USGS Lake Arrowhead Michigan
7.5 minute topographic quadrangle; lat. 44 degrees
57 minutes 43.55 seconds N. and long. 84 degrees
46 minutes 06.28 seconds W., NAD 27:

A—O0 to 3 inches; black (10YR 2/1) loamy sand, very
dark gray (N 3/0) dry; weak coarse granular
structure; very friable; common fine, medium, and
coarse roots; very strongly acid; clear wavy
boundary.

E—3 to 7 inches; grayish brown (10YR 5/2) sand,
pinkish gray (7.5YR 6/2) dry; weak fine subangular
blocky structure; very friable; common fine and
medium roots; strongly acid; clear irregular
boundary.

Bs1—7 to 15 inches; dark reddish brown (5YR 3/4)
sand; weak fine subangular blocky structure;
friable; common medium roots; 15 percent weakly
cemented dark reddish brown (5YR 3/2) ortstein
occurring as columns 2 to 4 inches wide and
extending into the Bs2 horizon; about 3 percent
gravel and 5 percent cobbles; strongly acid;
gradual wavy boundary.

Bs2—15 to 26 inches; brown (7.5YR 4/4) sand;
weak very fine subangular blocky structure;
very friable; 10 percent weakly cemented dark
reddish brown (5YR 3/3) ortstein occurring as
columns 1 to 3 inches wide; about 3 percent
gravel and 5 percent cobbles; strongly acid;
gradual wavy boundary.

E and Bt—26 to 80 inches; yellowish brown (10YR
5/4) sand (E); single grain; loose; lamellae of
brown (7.5YR 5/4) loamy sand (Bt) that are '/s inch
to 2 inches thick and have a total thickness of
more than 6 inches; moderate very fine
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subangular blocky structure; very friable; clay
bridging between sand grains in the lamellae;
strongly acid.

Depth to the E and Bt horizon ranges from 21 to 38
inches. The content of cobbles ranges from 0 to 5
percent and the content of gravel from 0 to 5 percent
throughout the profile.

The A horizon has hue of 7.5YR or 10YR, value of
2 to 3, and chroma of 1 or 2. Some pedons have an
Ap horizon, which has hue of 7.5YR or 10YR, value of
3 or 4, and chroma of 2. The A and Ap horizons are
loamy sand or sand.

The E horizon has hue of 7.5YR or 10YR, value of
5 or 6, and chroma of 2. Reaction is strongly acid. The
texture is loamy sand or sand.

Some pedons have a Bhs horizon. This horizon has
hue of 5YR or 7.5YR and value and chroma of 2 or 3.
Reaction is strongly acid. The texture is loamy sand or
sand.

The Bs horizon has hue of 5YR or 7.5YR, value of 3
or 4, and chroma of 4 to 6. Reaction is strongly acid.
The texture is loamy sand or sand.

The E part of the E and Bt horizon has hue of
7.5YR or 10YR, value of 5 or 6, and chroma of 2 to 4.
Reaction is strongly acid or moderately acid.

The Bt part of the E and Bt horizon has hue of
7.5YR or 10YR, value of 4 to 6, and chroma of 3 to 5.
The lamellae range from /s inch to 6 inches in
thickness. Reaction is strongly acid or moderately
acid. The texture is loamy sand or sandy loam.

Some pedons have a C horizon. This horizon has
hue of 7.5YR or 10YR, value of 6, and chroma of 3.
Reaction ranges from moderately acid to neutral.

Bowstring Series

The Bowstring series consists of very poorly
drained soils on flood plains. These soils formed in
highly decomposed organic material that is stratified
with thin layers of sandy alluvium. Permeability is
moderately slow to rapid. Slope is 0 to 1 percent.

Taxonomic classification: Euic, frigid Fluvaquentic
Haplosaprists

Typical pedon of Bowstring muck, in an area of
Ausable-Bowstring mucks, frequently flooded; on a
hummocky flood plain with a plant cover that is mostly
sedges; at an elevation of 1,224 feet; 1,170 feet north
and 2,010 feet west of the southeast corner of sec. 8,
T.29 N., R. 2 W.; south part of Chester Township;
USGS Turtle Lake Michigan 7.5-minute topographic
quadrangle; lat. 44 degrees 55 minutes 04.12 seconds
N. and long. 84 degrees 34 minutes 27.49 seconds W.,
NAD 27:
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Oal1—0to 9 inches; black (10YR 2/1) (broken face
and rubbed) muck (sapric material); 60 percent
herbaceous fiber broken face, 10 percent rubbed;
moderate fine angular blocky structure; friable;
many fine and medium and common coarse roots;
slightly acid; clear wavy boundary.

Oa2—9 to 24 inches; very dark brown (10YR 2/2)
(broken face and rubbed) muck (sapric material);
40 percent herbaceous fiber broken face, 5
percent rubbed; moderate medium subangular
blocky structure; very friable; common fine and
medium roots; neutral; clear wavy boundary.

0Oa3—24 to 44 inches; dark brown (7.5YR 3/2) (broken
face and rubbed) muck (sapric material); 20
percent herbaceous fiber broken face, 2 percent
rubbed; weak medium subangular blocky
structure; very friable; neutral; abrupt wavy
boundary.

Cg—44 to 50 inches; 70 percent dark grayish brown
(2.5Y 4/2) sand; single grain; loose; very friable;
about 3 percent fine and medium gravel; 30
percent black (N 2.5/0) (broken face and rubbed)
muck (sapric material) in layers '/s to /2 inch thick;
massive; friable; 10 percent herbaceous fiber
broken face, 2 percent rubbed; neutral; abrupt
smooth boundary.

O’a—50 to 54 inches; dark brown (7.5YR 3/2) (broken
face and rubbed) muck (sapric material); 20
percent herbaceous fiber broken face, 2 percent
rubbed; weak medium subangular blocky
structure; very friable; neutral; abrupt smooth
boundary.

C’g1—54 to 65 inches; 70 percent dark grayish brown
(2.5Y 4/2) sand; single grain; loose; 30 percent
black (N 2.5/0) (broken face and rubbed) muck
(sapric material) in layers /s to 1 inch thick;
massive; friable; 10 percent herbaceous fiber
broken face, 2 percent rubbed; about 3 percent
fine and medium gravel; neutral; abrupt smooth
boundary.

C’g2—65 to 80 inches; grayish brown (2.5Y 5/2);
sand; single grain; loose; common fine distinct
gray (N 5/0) iron depletions; about 3 percent fine
and medium gravel; slightly alkaline.

The organic material ranges from 16 to more than
51 inches in thickness. The depth to thin layers of
mineral soil material ranges from 23 to 44 inches.
Reaction ranges from slightly acid to slightly alkaline
throughout the profile.

The Oa and O’a horizons have hue of 10YR or
7.5YR or are neutral in hue. They have chroma of 0 to
2.



Otsego County, Michigan

The C horizon has hue of 10YR or 2.5Y, value of 4
or 5, and chroma of 2 or 3. The content of gravel
ranges from 0 to 3 percent.

Caffey Series

The Caffey series consists of very poorly drained
soils on moraines and lake plains. These soils formed
in sandy material underlain by stratified loamy
material. Permeability is rapid in the sandy material
and moderately slow in the loamy material. Slope
ranges from 0 to 2 percent.

Taxonomic classification: Sandy over loamy, mixed,
nonacid, semiactive, frigid Aeric Endoaquents

Typical pedon of Caffey muck, on a 2 percent
northwest-facing slope in a pasture; at an elevation of
1,115 feet; 670 feet north and 2,180 feet west of the
southeast corner of sec. 13, T.31 N., R.3W;
Livingston Township; USGS Sparr Michigan 7.5-
minute topographic quadrangle; lat. 45 degrees 04
minutes 20.54 seconds N. and long. 84 degrees 37
minutes 52.43 seconds W., NAD 27:

Oa—-0 to 6 inches; black (N 2.5/0) (broken face and
rubbed) muck (sapric material); 5 percent
intermixed light brownish gray (10YR 6/2)
uncoated sand grains; 40 percent woody and
herbaceous fiber broken face, 5 percent rubbed;
moderate fine subangular blocky structure; very
friable; many fine and medium and few coarse
roots; neutral; abrupt wavy boundary.

Bw1—6 to 10 inches; pale brown (10YR 6/3) sand;
weak fine subangular blocky structure; very friable;
few fine and medium roots; common medium faint
light brownish gray (10YR 6/2) iron depletions in
the matrix; common fine prominent yellowish
brown (10YR 5/8) masses of iron accumulation in
the matrix; about 3 percent fine gravel; slightly
alkaline; clear wavy boundary.

Bw2—10 to 18 inches; yellowish brown (10YR 5/4)
loamy sand; moderate medium subangular blocky
structure; friable; common clay bridges between
sand grains; common medium distinct light
brownish gray (10YR 6/2) iron depletions in the
matrix; many medium distinct yellowish brown
(10YR 5/8) masses of iron accumulation in the
matrix; about 3 percent fine gravel; slightly
alkaline; abrupt wavy boundary.

2Cg—18 to 29 inches; 55 percent grayish brown (2.5Y
5/2) and 45 percent brown (7.5YR 5/4), stratified
loam, very fine sandy loam, and sandy loam;
massive; friable; common coarse prominent gray
(5Y 6/1) iron depletions in the matrix; common
medium prominent strong brown (7.5YR 5/8)
masses of iron accumulation in the matrix; about 3
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percent fine gravel; slightly effervescent;
moderately alkaline; clear wavy boundary.

2C1—29 to 41 inches; reddish brown (5YR 5/3),
stratified silt loam and very fine sandy loam;
massive; friable; common fine prominent gray
(N 6/0) iron depletions in the matrix; common
medium prominent yellowish brown (10YR 5/8)
masses of iron accumulation in the matrix; about 3
percent fine gravel; strongly effervescent;
moderately alkaline; clear wavy boundary.

2C2—41 to 58 inches; reddish brown (5YR 5/3),
stratified sandy loam and loamy sand; massive;
very friable; common fine prominent gray (N 6/0)
iron depletions in the matrix; about 2 percent fine
gravel; strongly effervescent; moderately alkaline;
clear wavy boundary.

2C3—58 to 80 inches; 70 percent reddish brown (5YR
5/3) silt and 30 percent light olive brown (2.5Y 5/4)
very fine sandy loam; massive; friable; common
fine prominent gray (N 6/0) iron depletions in the
matrix; strongly effervescent; moderately alkaline.

The depth to loamy material and carbonates ranges
from 18 to 26 inches. The content of gravel ranges
from 0 to 3 percent throughout the profile.

The Oa horizon has hue of 10YR or is neutral in
hue. It has value of 2 or 2.5 and chroma of 0 or 1.

The Bw horizon has hue of 10YR or 7.5YR, value of
5 or 6, and chroma of 2 to 4. It is sand or loamy sand.

The 2Cg horizon has hue of 2.5Y, value of 5 or 6,
and chroma of 1 or 2.

The 2C horizon has hue of 7.5YR or 5YR, value of
4 to 6, and chroma of 2 to 4. It is dominantly stratified
silt, silt loam, loam, very fine sandy loam, or sandy
loam but has strata of loamy sand in some pedons.
The thickness and sequence of the strata vary widely.

Cathro Series

The Cathro series consists of very poorly drained
soils on moraines. These soils formed in organic
material over loamy material. Permeability is
moderately slow to moderately rapid in the organic
material and moderately slow or moderate in the
loamy material. Slope ranges from 0 to 2 percent.

Taxonomic classification: Loamy, mixed, euic, frigid
Terric Haplosaprists

Typical pedon of Cathro muck, on a 1 percent west-
facing slope in a forested area; at an elevation of 1,330
feet; 1,590 feet north and 590 feet east of the
southwest corner of sec. 12, T. 30 N., R. 1 W.; central
part of Charlton Township; USGS Hetherton Michigan
7.5-minute topographic quadrangle; lat. 44 degrees 59
minutes 48.70 seconds N. and long. 84 degrees 24
minutes 52.22 seconds W., NAD 27:
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Oa1—a0 to 8 inches; dark brown (7.5YR 3/2) (broken
face and rubbed) muck (sapric material); 40
percent woody and herbaceous fiber broken face,
5 percent rubbed; weak coarse granular structure;
very friable; many fine and medium and common
coarse roots; strongly acid; clear wavy boundary.

0Oa2—8 to 22 inches; black (10YR 2/1) (broken face
and pressed) muck (sapric material); 15 percent
woody and herbaceous fiber broken face, 2
percent rubbed; weak medium subangular blocky
structure parting to weak fine subangular blocky;
very friable; common fine and medium and few
coarse roots; 10 percent dark brown (7.5YR 3/4)
woody fibers; very strongly acid; abrupt wavy
boundary.

Cg1—22 to 27 inches; dark grayish brown (10YR 4/2)
sandy loam; massive; friable; common medium
prominent strong brown (7.5YR 4/6) masses of
iron accumulation in the matrix; moderately acid;
clear wavy boundary.

Cg2—27 to 38 inches; dark grayish brown (10YR 4/2)
clay loam; massive; firm; common medium
prominent strong brown (7.5YR 4/6) masses of
iron accumulation in the matrix; slightly
effervescent; moderately acid; gradual wavy
boundary.

Cg3—38 to 60 inches; brown (7.5YR 4/2) clay loam;
massive; firm; many medium prominent greenish
gray (5GY 5/1) iron depletions in the matrix;
strongly effervescent; slightly alkaline.

The thickness of the organic material ranges from
16 to 51 inches. It is typically 22 to 28 inches.

The Oa horizon has hue of 10YR or 7.5YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
2.

Some pedons have a thin A horizon. This horizon
has hue of 10YR and value and chroma of 2. It is
sandy loam.

The Cg horizon has hue of 7.5YR to 5Y, value of 4
or 5, and chroma of 1 or 2. The content of gravel
ranges from 0 to 14 percent, and the content of
cobbles ranges from 0 to 5 percent.

Chinwhisker Series

The Chinwhisker series consists of moderately well
drained soils on stream terraces and outwash plains.
These soils formed in thick deposits of sandy material.
Permeability is rapid. Slope ranges from 0 to 4
percent.

Taxonomic classification: Sandy, mixed, frigid
Lamellic Haplorthods
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Typical pedon of Chinwhisker sand, 0 to 4 percent
slopes, on a 2 percent southwest-facing slope; at an
elevation of 963 feet; 840 feet north and 1,090 feet
west of the southeast corner of sec. 30, T.32 N., R. 1
W.; east part of Corwith Township; USGS Hardwood
Lake Michigan 7.5-minute topographic quadrangle; lat.
45 degrees 07 minutes 45.96 seconds N. and long. 84
degrees 28 minutes 23.77 seconds W., NAD 27:

A—oO0 to 2 inches; black (N 2.5/0) sand, dark brown
(7.5YR 3/2) dry; 40 percent intermixed light
brownish gray (10YR 6/2) uncoated sand grains;
moderate medium granular structure; very friable;
common fine and few coarse roots; about 1
percent fine gravel; very strongly acid; clear
smooth boundary.

E—2 to 11 inches; light brownish gray (10YR 6/2)
sand, light gray (10YR 7/2) dry; weak medium
subangular blocky structure; very friable; few fine
and common medium and coarse roots; about 1
percent fine gravel; strongly acid; abrupt irregular
boundary.

Bs1—11 to 18 inches; brown (7.5YR 4/4) sand,;
moderate medium subangular blocky structure;
very friable; common medium and few fine and
coarse roots; 25 percent moderately cemented
dark brown (7.5YR 3/4) and strong brown (7.5YR
4/6) ortstein occurring as columns 3 to 7 inches
wide and extending into the E” horizon; about 1
percent fine gravel; very strongly acid; clear
irregular boundary.

Bs2—18 to 283 inches; yellowish brown (10YR 5/6)
sand; weak medium subangular blocky structure;
very friable; few fine and common medium and
coarse roots; 40 percent moderately cemented
strong brown (7.5YR 5/6) ortstein occurring as
columns 3 to 5 inches wide; moderately acid; clear
irregular boundary.

E'—23 to 42 inches; light yellowish brown (10YR 6/4)
sand, very pale brown (10YR 7/4) dry; single
grain; loose; few medium and coarse roots; 17
percent moderately cemented strong brown
(7.5YR 5/6) ortstein occurring as columns 2 to 5
inches wide; common medium distinct yellowish
brown (10YR 5/6 and 5/8) masses of iron
accumulation in the matrix, starting at a depth of
24 inches; moderately acid; clear wavy boundary.

E and Bt1—42 to 58 inches; light yellowish brown
(10YR 6/4) sand, very pale brown (10YR 7/4) dry
(E); single grain; loose; lamellae of dark yellowish
brown (10YR 4/6) loamy sand and sandy loam
(Bt) that are /s inch to 2 inches thick and have a
total thickness of about 3'/2 inches; moderate very
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fine and medium subangular blocky structure;
friable; common distinct dark yellowish brown
(10YR 4/4) clay films on faces of peds; common
medium distinct yellowish brown (10YR 5/8) and
common medium prominent strong brown (7.5YR
5/6) masses of iron accumulation in the matrix;
slightly acid; clear wavy boundary.

E and Bt2—58 to 80 inches; light yellowish brown
(10YR 6/4) sand, very pale brown (10YR 7/4) dry
(E); single grain; loose; lamellae of yellowish
brown (10YR 5/6) loamy sand and sand (Bt) that
are '/16 to '/a inch thick and have a total thickness
of about 1 inch; weak very fine subangular blocky
structure; very friable; clay bridging between sand
grains; common medium distinct yellowish brown
(10YR 5/8) masses of iron accumulation in the
matrix; slightly acid.

The depth to redoximorphic features ranges from
24 1o 29 inches. The content of gravel is 0 to 5 percent
throughout the profile.

The E horizon has hue of 10YR, value of 5 or 6,
and chroma of 2.

The Bs1 horizon has hue of 7.5YR, value of 30 5,
and chroma of 3 or 4. Value and chroma of 3 do not
occur together.

The Bs2 horizon has hue of 10YR, value of 4 or 5,
and chroma of 6.

The E” horizon and the E part of the E and Bt
horizon have hue of 10YR, value of 5 or 6, and
chroma of 4. Some pedons do not have an E” horizon.

The Bt part of the E and Bt horizon has hue of
10YR, value of 4 or 5, and chroma of 6.

Croswell Series

The Croswell series consists of moderately well
drained soils on stream terraces and outwash plains.
These soils formed in thick deposits of sandy material.
Permeability is rapid. Slope ranges from 0 to 6
percent.

Taxonomic classification: Sandy, mixed, frigid
Oxyaquic Haplorthods

Typical pedon of Croswell sand, 0 to 6 percent
slopes, on a 2 percent southwest-facing slope in a
forested area; at an elevation of 1,292 feet; 2,280 feet
south and 1,340 feet west of the northeast corner of
sec. 26, T.29 N., R. 4 W.; south part of Hayes
Township; USGS Frederic Michigan 7.5-minute
topographic quadrangle; lat. 44 degrees 52 minutes
23.56 seconds N. and long. 84 degrees 44 minutes
48.24 seconds W., NAD 27:
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A—O0 to 3 inches; black (10YR 2/1) sand, dark
grayish brown (10YR 4/2) dry; weak medium
granular structure; very friable; common fine and
medium roots; very strongly acid; abrupt wavy
boundary.

E—3 to 9 inches; grayish brown (10YR 5/2) sand, light
brownish gray (10YR 6/2) dry; weak very fine
subangular blocky structure; very friable; common
fine and few medium roots; very strongly acid;
clear wavy boundary.

Bs1—9 to 17 inches; brown (7.5YR 4/4) sand; weak
very fine subangular blocky structure; very friable;
common fine and medium and few coarse roots;
15 percent moderately cemented dark reddish
brown (5YR 3/3) and strong brown (7.5YR 5/6)
ortstein occurring as columns 3 to 5 inches wide
and extending into the BC horizon; strongly acid;
abrupt irregular boundary.

Bs2—17 to 27 inches; strong brown (7.5YR 4/6) sand;
weak very fine subangular blocky structure; very
friable; 24 percent moderately cemented dark
reddish brown (5YR 3/3) and strong brown (7.5YR
5/6) ortstein occurring as columns 3 to 8 inches
wide; moderately acid; clear wavy boundary.

BC—27 to 40 inches; brownish yellow (10YR 6/8)
sand; weak very fine subangular blocky structure;
very friable; 18 percent moderately cemented dark
reddish brown (5YR 3/3) and strong brown (7.5YR
5/6) ortstein occurring as columns 2 to 5 inches
wide; common medium distinct yellowish brown
(10YR 5/8) masses of iron accumulation in the
matrix, starting at a depth of 28 inches; about 3
percent fine and medium gravel; strongly acid;
clear wavy boundary.

C—40 to 80 inches; very pale brown (10YR 7/4) sand;
single grain; loose; about 7 percent fine and
medium gravel; moderately acid.

The content of gravel ranges from 0 to 10 percent
throughout the profile.

The A horizon has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
2. Reaction ranges from very strongly acid to slightly
acid.

The E horizon has hue of 7.5YR or 10YR, value of
5 or 6, and chroma of 1 or 2.

The Bs1 horizon has hue of 7.5YR, value of 3to0 5,
and chroma of 4 to 6.

The Bs2 horizon has hue of 7.5YR or 10YR, value
of 3to 6, and chroma of 4 to 6. The content of ortstein
ranges from 0 to 24 percent. Reaction ranges from
very strongly acid to moderately acid.
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The BC horizon has hue of 5YR to 10YR, value of 5
or 6, and chroma of 3 to 8. The content of ortstein
ranges from O to 18 percent.

The C horizon has hue of 5YR to 10YR, value of 5
to 7, and chroma of 2 to 4. Reaction is moderately acid
or slightly acid.

Dawson Series

The Dawson series consists of very poorly drained
soils in closed depressions on outwash plains and
moraines. These soils formed in moderately organic
material over sandy material. Permeability is
moderately slow to moderately rapid in the organic
material and rapid in the sandy material. Slope ranges
from O to 2 percent.

Taxonomic classification: Sandy or sandy-skeletal,
mixed, dysic, frigid Terric Haplosaprists

Typical pedon of Dawson peat, in an area of
Dawson-Loxley peats; on a 1 percent slope in a bog;
at an elevation of 1,231 feet; 80 feet north and 1,750
feet west of the southeast corner of sec. 12, T.29 N.,
R. 3 W.; Otsego Lake Township; USGS Turtle Lake
Michigan 7.5-minute topographic quadrangle; lat.

44 degrees 54 minutes 53.89 seconds N. and long.
84 degrees 37 minutes 08.18 seconds W., NAD 27:

Oe—0 to 3 inches; dark reddish brown (5YR 3/2)
(broken face) and dark reddish brown (5YR 2.5/2)
(rubbed) peat (fibric material); 95 percent
herbaceous fiber broken face, 75 percent rubbed;
moderate fine granular structure; friable; many
fine, common medium, and few coarse roots;
extremely acid; abrupt wavy boundary.

Oa1—3to 15 inches; dark reddish brown (5YR 3/2)
(broken face) and dark reddish brown (5YR 2.5/2)
(rubbed) muck (sapric material); 35 percent fiber
broken face, 3 percent rubbed; moderate fine
granular structure; very friable; common fine roots;
primarily herbaceous material; extremely acid;
abrupt smooth boundary.

Oa2—15 to 32 inches; dark reddish brown (5YR 2.5/2)
(broken face) and black (5YR 2.5/1) (rubbed)
muck (sapric material); 50 percent fiber broken
face, 5 percent rubbed; weak thin platy structure;
very friable; primarily herbaceous material;
extremely acid; abrupt smooth boundary.

Cg—32 to 80 inches; dark grayish brown (2.5Y 4/2)
sand; single grain; loose; extremely acid.

The depth to mineral material ranges from 16 to 51
inches.

The Cg horizon has hue of 10YR to 2.5Y, value of 3
or 4, and chroma of 1 to 3. It is sand, loamy sand, or
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the gravelly analogs of those textures. The content of
gravel ranges from 0 to 35 percent. Reaction ranges
from extremely acid to moderately acid.

Deford Series

The Deford series consists of very poorly drained
soils on outwash plains and stream terraces. These
soils formed in thick deposits of sandy material.
Permeability is rapid. Slope ranges from 0 to 2 percent.

Taxonomic classification: Mixed, frigid Typic
Psammaquents

Typical pedon of Deford muck, on a 1 percent west-
facing slope in a wooded area; at an elevation of 1,219
feet; 590 feet south and 2,260 feet west of the
northeast corner of sec. 15, T. 29 N., R. 2 W.; south
part of Hayes Township; USGS Turtle Lake Michigan
7.5-minute topographic quadrangle; lat. 44 degrees
54 minutes 46.84 seconds N. and long. 84 degrees 32
minutes 06.73 seconds W., NAD 27:

Oa—-0 to 5 inches; black (N 2.5/0) (broken face and
rubbed) muck (sapric material); 20 percent woody
and herbaceous fiber broken face, 3 percent
rubbed; strong fine granular structure; very friable;
many fine and medium and common coarse roots;
extremely acid; abrupt wavy boundary.

Eg—5 to 9 inches; grayish brown (10YR 5/2) sand,
very pale brown (10YR 7/3) dry; weak medium
subangular blocky structure; very friable; few fine
and medium roots; many medium distinct dark
grayish brown (10YR 4/2) iron depletions in the
matrix; many medium prominent yellowish brown
(10YR 5/6) masses of iron accumulation in the
matrix; about 3 percent fine and medium gravel;
very strongly acid; abrupt wavy boundary.

Bw1—9 to 15 inches; 60 percent dark yellowish
brown (10YR 4/4) and 40 percent dark brown
(7.5YR 3/4) sand; weak medium subangular
blocky structure; very friable; many medium
prominent yellowish brown (10YR 5/6) masses of
iron accumulation in the matrix; about 3 percent
fine and medium gravel; very strongly acid; abrupt
irregular boundary.

Bw2—15 to 29 inches; dark yellowish brown (10YR
4/4) sand; weak medium subangular blocky
structure; very friable; common medium prominent
yellowish brown (10YR 5/6) masses of iron
accumulation in the matrix; about 3 percent fine
and medium gravel; very strongly acid; clear wavy
boundary.

Cg1—29 to 55 inches; grayish brown (10YR 5/2) sand;
single grain; loose; common coarse faint dark
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grayish brown (10YR 4/2) iron depletions in the
matrix; about 5 percent fine and medium gravel;
strongly acid; clear wavy boundary.

Cg2—55 to 60 inches; dark grayish brown (10YR 4/2)
sand; single grain; loose; common coarse distinct
dark yellowish brown (10YR 4/6) masses of iron
accumulation in the matrix; about 3 percent fine
and medium gravel; moderately acid.

The content of gravel is 0 to 5 percent throughout
the profile.

The Oa horizon has hue of 7.5YR or is neutral in
hue. It has value of 2.5 and chroma of 0 to 1.

Some pedons have an A horizon. This horizon has
hue of 10YR or is neutral in hue. It has value of 2 to 4
and chroma of 0 or 1. It is sand or mucky sand.

The Eg horizon has hue of 10YR or 7.5YR, value of
5to 7, and chroma of 2.

The Bw horizon has hue of 10YR, value of 3 to 6,
and chroma of 2 to 4.

The C horizon has hue of 10YR to 5Y, value of 4 to
7, and chroma of 2 to 4.

East Lake Series

The East Lake series consists of somewhat
excessively drained soils on outwash plains and
stream terraces. These soils formed in sandy and
gravelly material. Permeability is rapid. Slope ranges
from O to 35 percent.

Taxonomic classification: Sandy, mixed, frigid Entic
Haplorthods

Typical pedon of East Lake sand, 0 to 6 percent
slopes, on a 1 percent west-facing slope in a forested
area; at an elevation of 1,258 feet; 2,260 feet north and
400 feet east of the southwest corner of sec. 9, T. 29
N., R.2 W.; south part of Chester Township; USGS
Turtle Lake Michigan 7.5-minute topographic
quadrangle; lat. 44 degrees 55 minutes 14.12 seconds
N. and long. 84 degrees 33 minutes 53.51 seconds W.,
NAD 27:

A—O0 to 1 inch; very dark brown (10YR 2/2) sand,
brown (7.5YR 4/2) dry; moderate fine granular
structure; very friable; many fine and medium
roots; about 1 percent fine and medium gravel;
moderately acid; abrupt wavy boundary.

E—1 to 4 inches; brown (7.5YR 5/2) sand, light
brownish gray (10YR 6/2) dry; weak medium
subangular blocky structure; very friable; many
fine and medium roots; about 1 percent fine and
medium gravel; moderately acid; clear wavy
boundary.

Bs1—4 to 8 inches; brown (7.5YR 4/4) sand; weak fine
subangular blocky structure; very friable; many
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fine and medium and few coarse roots; 10 percent
strong brown (7.5YR 5/8 and 4/6) weakly
cemented ortstein occurring as columns 2to 5
inches wide and extending into the BC1 horizon;
about 1 percent fine and medium gravel,
moderately acid; gradual wavy boundary.

Bs2—8 to 18 inches; strong brown (7.5YR 5/6) sand;
weak medium subangular blocky structure; very
friable; few fine and medium roots; 10 percent
strong brown (7.5YR 5/8 and 4/6) weakly
cemented ortstein occurring as columns 210 5
inches wide; about 2 percent fine and medium
gravel; slightly acid; gradual smooth boundary.

Bs3—18 to 21 inches; yellowish brown (10YR 5/6)
sand; weak medium subangular blocky structure;
very friable; 5 percent strong brown (7.5YR 4/6)
weakly cemented ortstein occurring as columns 2
to 3 inches wide; about 2 percent fine and medium
gravel; neutral; gradual smooth boundary.

BC1—21 to 31 inches; brownish yellow (10YR 6/6)
sand; weak medium subangular blocky structure;
very friable; about 2 percent fine and medium
gravel; neutral; abrupt wavy boundary.

BC2—31 to 35 inches; yellowish brown (10YR 5/4)
gravelly loamy coarse sand; weak medium
subangular blocky structure; very friable; 30
percent fine and medium gravel; strongly
effervescent; slightly alkaline; abrupt wavy
boundary.

2C—35 to 80 inches; light yellowish brown (10YR 6/4),
stratified very gravelly coarse sand and coarse
sand; single grain; loose; 36 percent fine and
medium gravel; strongly effervescent; slightly
alkaline.

The depth to carbonates ranges from 24 to 40
inches. The content of gravel ranges from 0 to 20
percent in the upper part of the profile and from 12 to
55 percent in the substratum. The content of cobbles
ranges from 0 to 7 percent throughout the profile.

The A horizon has hue of 10YR or is neutral in hue.
It has value of 2 to 3 and chroma of 0 to 2. Reaction
ranges from moderately acid to neutral.

The E horizon has hue of 7.5YR or 10YR, value of
4 or 5, and chroma of 2 or 3. It is sand or gravelly
sand. Reaction ranges from moderately acid to
neutral.

The Bs1 horizon has hue of 7.5YR, value of 4, and
chroma of 3 or 4. The Bs2 and Bs3 horizons have hue
of 7.5YR or 10YR, value of 4 or 5, and chroma of 4 to
8.The Bs1, Bs2, and Bs3 horizons are sand or
gravelly sand. They are moderately acid to neutral.

The BC horizon has hue of 10YR, value of 5 or 6,
and chroma of 4 to 6. It is loamy coarse sand, loamy
sand, sand, coarse sand, or the gravelly analogs of
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those textures. Reaction ranges from moderately acid
to neutral.

The 2C horizon has hue of 10YR, value of 5 or 6,
and chroma of 3 or 4. It is stratified gravelly sand, very
gravelly sand, coarse sand, or sand. Reaction is
neutral or slightly alkaline.

Feldhauser Series

The Feldhauser series consists of moderately well
drained soils on moraines. These soils formed in
loamy material underlain by sandy material.
Permeability is moderate in the loamy material and
rapid in the sandy material. Slope ranges from 0 to 6
percent.

Taxonomic classification: Coarse-loamy, mixed,
active, frigid Oxyaquic Glossudalfs

Typical pedon of Feldhauser fine sandy loam, 0 to 6
percent slopes, on a 2 percent south-facing slope on
cropland; at an elevation of 1,396 feet; 1,265 feet
south and 677 feet east of the northwest corner of sec.
34, T.29 N., R. 3W,; Otsego Lake Township; USGS
Big Bradford Lake Michigan 7.5-minute topographic
quadrangle; lat. 44 degrees 52 minutes 08.30 seconds
N. and long. 84 degrees 39 minutes 44.96 seconds W.,
NAD 27:

Ap—-0 to 10 inches; dark brown (10YR 3/3) fine sandy
loam, light brownish gray (10YR 6/2) dry;
moderate medium subangular blocky structure;
very friable; common fine and medium roots;
about 2 percent gravel; moderately acid; abrupt
smooth boundary.

Bw—10 to 24 inches; dark yellowish brown (10YR 4/6)
fine sandy loam; moderate medium subangular
blocky structure; friable; common fine roots; about
3 percent gravel; moderately acid; clear wavy
boundary.

E—24 to 32 inches; yellowish brown (10YR 5/4) fine
sandy loam, very pale brown (10YR 7/3) dry;
moderate medium subangular blocky structure;
firm; strongly acid; gradual wavy boundary.

E/B—32 to 37 inches; 55 percent yellowish brown
(10YR 5/4) fine sandy loam (E), very pale brown
(10YR 7/3) dry; surrounding dark yellowish
brown (10YR 4/6) sandy loam (Bt); moderate
medium subangular blocky structure; friable; few
faint discontinuous dark yellowish brown (10YR
4/4) clay films on faces of peds; strongly acid;
clear wavy boundary.

Bt—37 to 45 inches; dark yellowish brown (10YR 4/6)
sandy loam; moderate medium subangular blocky
structure; friable; common faint discontinuous
brown (10YR 4/4) clay films on faces of peds; few
fine prominent strong brown (7.5YR 5/8) masses
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of iron accumulation in the matrix; about 3 percent
gravel and 5 percent cobbles; moderately acid;
abrupt wavy boundary.

2E and Bt—45 to 80 inches; brown (10YR 5/3) sand
(E), very pale brown (10YR 7/4) dry; single grain;
loose; lamellae of dark yellowish brown (10YR 4/6)
loamy sand (Bt) /s inch to 2 inches thick; weak
medium subangular blocky structure; very friable;
common clay bridges between sand grains;
neutral.

The lamellae extend to a depth of 30 to more than
80 inches. The content of gravel is 0 to 5 percent
throughout the profile.

The Ap horizon has hue of 10YR or is neutral in
hue. It has value of 2 to 3 and chroma of 0 to 3.
Reaction ranges from strongly acid to neutral. Some
pedons have an A horizon.

The Bw horizon has hue of 10YR, value of 4, and
chroma of 6. It is sandy loam or fine sandy loam.

The E horizon and the E part of the E/B horizon
have hue of 10YR, value of 5 to 7, and chroma of 2 to
4.They are sandy loam or fine sandy loam. Reaction
ranges from strongly acid to neutral.

The Bt horizon and the B part of the E/B horizon
have hue of 10YR or 7.5YR, value of 4 or 5, and
chroma of 4 to 6. They are loam or sandy loam.
Reaction ranges from strongly acid to neutral.

The B part of the 2E and Bt horizon has hue of
10YR or 7.5YR, value of 4, and chroma of 6. It is
sandy loam or loamy sand. Reaction ranges from
strongly acid to neutral.

Gladwin Series

The Gladwin series consists of somewhat poorly
drained soils on stream terraces and outwash plains.
These soils formed in sandy and gravelly material.
Permeability is moderately rapid in the upper part of
the profile and very rapid in the lower part. Slope
ranges from 0 to 3 percent.

Taxonomic classification: Sandy, mixed, frigid Argic
Endoaquods

Typical pedon of Gladwin loamy sand, 0 to 3
percent slopes, on a 2 percent south-facing slope in a
hayfield; at an elevation of 1,085 feet; 250 feet south
and 750 feet west of the northeast corner of sec. 10, T.
31 N., R. 3W,; Livingston Township; USGS Gaylord
Michigan 7.5-minute topographic quadrangle; lat. 45
degrees 5 minutes 53.73 seconds N. and long. 84
degrees 39 minutes 22.04 seconds W., NAD 27:

Ap—-O0 to 4 inches; very dark gray (10YR 3/1) loamy
sand, dark gray (10YR 4/1) dry; weak medium
granular structure; very friable; many fine and
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medium roots; about 5 percent medium gravel;
strongly acid; abrupt wavy boundary.

E—4 to 8 inches; grayish brown (10YR 5/2) sand, light
gray (10YR 7/2) dry; weak very fine subangular
blocky structure; very friable; common fine and
medium roots; few fine distinct yellowish brown
(10YR 5/6) masses of iron accumulation in the
lower part of the horizon; about 5 percent fine and
medium gravel; strongly acid; abrupt wavy
boundary.

Bs—8 to 12 inches; brown (7.5YR 4/3 and 4/4) sand;
weak fine and very fine subangular blocky
structure; very friable; common fine and medium
roots; common fine distinct strong brown (7.5YR
4/6) masses of iron accumulation in the matrix;
about 10 percent fine and medium gravel;
moderately acid; clear irregular boundary.

Bt—12 to 20 inches; dark yellowish brown (10YR 4/4)
gravelly loamy sand; weak fine subangular blocky
structure; very friable; few fine and medium roots;
clay bridging between sand grains; common fine
prominent strong brown (7.5YR 4/6) masses of
iron accumulation in the matrix; about 20 percent
fine and medium gravel; moderately acid; clear
wavy boundary.

BC—20 to 25 inches; yellowish brown (10YR 5/4)
sand; weak medium subangular blocky structure
parting to weak very fine subangular blocky; very
friable; few fine roots; common fine prominent
strong brown (7.5YR 4/6) masses of iron
accumulation in the matrix; common fine distinct
pinkish gray (7.5YR 6/2) iron depletions in the
matrix; about 5 percent fine and medium gravel;
slightly acid; clear wavy boundary.

C—25 to 80 inches; grayish brown (10YR 5/2) and
brown (10YR 5/3), stratified sand, gravelly sand,
and very gravelly loamy sand; single grain; loose;
common medium prominent strong brown (7.5YR
5/6) masses of iron accumulation in the matrix;
common medium distinct dark gray (10YR 4/1)
iron depletions in the matrix; about 45 percent fine
and medium gravel; violently effervescent;
moderately alkaline.

The depth to carbonates ranges from 20 to 35
inches. The content of gravel ranges from 0 to 20
percent in the upper part of the profile and from 10 to
45 percent in the substratum. The content of cobbles
ranges from 0 to 5 percent throughout the profile.

The Ap horizon has hue of 10YR or 7.5YR, value of
2 to 3, and chroma of 1 or 2. Some pedons have an A
horizon. This horizon is 1 to 4 inches thick. It has hue
of 10YR, value of 2 or 3, and chroma of 1 or 2.

The E horizon has hue of 10YR or 7.5YR and value
of 5 or 6.

177

The Bs horizon has hue of 7.5YR or 5YR and value
and chroma of 3 or 4.

The Bt horizon has hue of 10YR or 7.5YR, value of
4 or 5, and chroma of 4 to 6. It is gravelly loamy sand
or gravelly sandy loam.

The BC horizon has hue of 10YR or 7.5YR, value of
5to 7, and chroma of 2 to 4.

The C horizon has hue of 10YR or 7.5YR, value of
5to 7, and chroma of 2 to 4. It is stratified sand,
gravelly sand, gravelly loamy sand, or very gravelly
loamy sand.

Glossudalfs

Glossudalfs consist of well drained, moderately
permeable soils on moraines. These soils formed in
loamy and sandy material. Slope ranges from 0 to 30
percent.

The A horizon has hue of 10YR, value of 2 or 3,
and chroma of 1 to 3. It is dominantly sandy loam but
in some pedons is loamy sand.

The Bw horizon has hue of 7.5YR or 10YR, value of
4 or 5, and chroma of 4 to 6. It is sandy loam or loamy
sand.

The E part of the B/E horizon has hue of 7.5YR or
10YR, value of 4 to 6, and chroma of 2 or 3. It is sandy
loam or loamy sand.

The Bt part of the B/E horizon and the Bt horizon
have hue of 5YR or 7.5YR, value of 4 or 5, and
chroma of 4. They are sandy clay loam, sandy loam,
loam, or clay loam.

The C or 2C horizon has hue of 5YR, 7.5YR, or
10YR; value of 5 or 6; and chroma of 4 to 6. It is loamy
sand, sandy loam, loam, sandy clay loam, or clay
loam and commonly is stratified.

Graycalm Series

The Graycalm series consists of somewhat
excessively drained soils on stream terraces and
outwash plains. These soils formed in thick deposits of
sandy material. Permeability is rapid. Slope ranges
from O to 50 percent.

Taxonomic classification: Mixed, frigid Lamellic
Udipsamments

Typical pedon of Graycalm sand, 0 to 6 percent
slopes, on a 2 percent southwest-facing slope in a
forested area; at an elevation of 1,297 feet; 52 feet
north and 605 feet east of the southwest corner of sec.
33, T. 29 N., R. 1 W,; south part of Charlton Township;
USGS Lovells Michigan 7.5-minute topographic
quadrangle; lat. 44 degrees 51 minutes 23.61 seconds
N. and long. 84 degrees 26 minutes 58.25 seconds W.,
NAD 27:
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A—O0 to 1 inch; very dark gray (10YR 3/1) sand, dark
gray (10YR 4/1) dry; weak medium subangular
blocky structure parting to weak fine granular; very
friable; common fine and medium and few coarse
roots; about 3 percent fine and medium gravel;
very strongly acid; abrupt smooth boundary.

E—1 to 2 inches; grayish brown (10YR 5/2) sand, light
brownish gray (10YR 6/2) dry; weak medium
subangular blocky structure; very friable; common
fine and medium and few coarse roots; about 3
percent fine and medium gravel; very strongly
acid; abrupt broken boundary.

Bw1—2 to 10 inches; brownish yellow (10YR 6/6)
sand; weak medium subangular blocky structure
parting to weak very fine subangular blocky; very
friable; common fine and medium and few coarse
roots; about 3 percent fine and medium gravel;
strongly acid; clear wavy boundary.

Bw2—10 to 19 inches; yellowish brown (10YR 5/6)
sand; weak medium subangular blocky structure;
very friable; common fine and medium and few
coarse roots; about 3 percent fine and medium
gravel; very strongly acid; clear wavy boundary.

E and Bt—19 to 80 inches; yellowish brown (10YR
5/4) sand (E), light yellowish brown (10YR 6/4)
dry; single grain; loose; starting at a depth of 25
inches, lamellae of strong brown (7.5YR 4/6)
loamy sand (Bt) that are /s to '/2 inch thick and
have a total thickness of less than 6 inches; weak
very fine subangular blocky structure; very friable;
few fine and medium roots; clay bridging between
sand grains; about 7 percent gravel and 1 percent
cobbles; strongly acid.

Depth to the first lamella ranges from 25 to 38
inches. The content of gravel ranges from 0 to 8
percent throughout the profile. The content of cobbles
is 0 to 1 percent throughout the profile.

The A horizon has hue of 7.5YR or 10YR, value of
2to 3, and chroma of 1 to 3.

The Bw horizon has hue of 7.5YR or 10YR, value of
4 to 6, and chroma of 3 to 6.

The E part of the E and Bt horizon has value of 5 to
7 and chroma of 4 to 6.

The Bt part of the E and Bt horizon has value of 5
or 6 and chroma of 4 to 6. It consists of lamellae that
are '/s inch to 2 inches thick and have a total thickness
of less than 6 inches.

Grayling Series

The Grayling series consists of excessively drained
soils on outwash plains. These soils formed in thick
deposits of sandy material. Permeability is rapid. Slope
ranges from 0 to 45 percent.

Soil Survey of

Taxonomic classification: Mixed, frigid Typic
Udipsamments

Typical pedon of Grayling sand, 0 to 6 percent
slopes, on a 2 percent west-facing slope in a meadow;
at an elevation of 1,169 feet; 1,605 feet south and 230
feet west of the northeast corner of sec. 33, T. 29 N.,
R. 1 W.; south part of Charlton Township; USGS
Lovells Michigan 7.5-minute topographic quadrangle;
lat. 44 degrees 59 minutes 08.55 seconds N. and long.
84 degrees 29 minutes 57.93 seconds W., NAD 27:

A—O0 to 3 inches; black (10YR 2/1) sand; weak
medium granular structure; very friable; common
fine roots; strongly acid; abrupt wavy boundary.

Bw1—3 to 6 inches; dark yellowish brown (10YR 4/4)
sand; single grain; loose; common fine roots; very
strongly acid; clear wavy boundary.

Bw2—6 to 14 inches; dark yellowish brown (10YR 4/6)
sand; single grain; loose; few fine roots; very
strongly acid; clear wavy boundary.

BC—14 to 27 inches; yellowish brown (10YR 5/4)
sand; single grain; loose; few fine roots; about 1
percent fine and medium gravel; moderately acid;
clear wavy boundary.

C—27 to 80 inches; light yellowish brown (10YR 6/4)
sand; single grain; loose; moderately acid.

The content of gravel is 0 to 5 percent throughout
the profile.

The A horizon has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 or
1.

Some pedons have an E horizon, which has hue of
7.5YR or 10YR, value of 5 or 6, and chroma of 2.

The Bw horizon has hue of 7.5YR or 10YR, value of
31to 5, and chroma of 4 to 6.

The BC horizon has hue of 10YR, value of 5, and
chroma of 4 to 6.

The C horizon has hue of 10YR, value of 6, and
chroma of 3 or 4.

Haplorthods

Haplorthods consist of moderately well drained to
excessively drained, rapidly permeable soils on
outwash plains. These soils formed in dominantly
sandy material. Slope ranges from 0 to 45 percent.

The combined thickness of the surface layer and
subsoil ranges from 20 to 50 inches. The texture is
dominantly sand throughout the profile but in some
pedons is loamy sand in the subsoil or coarse sand in
the substratum. The content of rock fragments ranges
from O to 15 percent.

The A horizon has hue of 7.5YR or 10YR or is neutral
in hue. It has value of 2 or 3 and chroma of O to 3.
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The E horizon has hue of 7.5YR or 10YR, value of
5 or 6, and chroma of 2 or 3.

The Bs1 horizon has hue of 5YR or 7.5YR and
value and chroma of 3 or 4. The Bs2 horizon has hue
of 7.5YR or 10YR, value of 4 or 5, and chroma of 4 to
8.

The C horizon has hue of 10YR, value of 5to 7,
and chroma of 3 to 6.

Hartwick Series

The Hartwick series consists of excessively drained
soils in outwash channels and on outwash plains.
These soils formed in thick deposits of sandy material.
Permeability is rapid. Slope ranges from 0 to 6
percent.

Taxonomic classification: Sandy, mixed, frigid Entic
Haplorthods

Typical pedon of Hartwick sand, 0 to 6 percent
slopes, on a 2 percent west-facing slope in a pine
plantation; at an elevation of 1,285 feet; 250 feet north
and 1,000 feet west of the southeast corner of sec. 17,
T.29 N., R. 4 W,; south part of Hayes Township; USGS
Lake Arrowhead Michigan 7.5-minute topographic
quadrangle; lat. 44 degrees 54 minutes 07.53 seconds
N. and long. 84 degrees 48 minutes 44.66 seconds W.,
NAD 27:

A—O0 to 2 inches; black (N 2.5/0) sand, very dark
grayish brown (10YR 3/2) dry; 30 percent
intermixed brown (7.5YR 5/2) uncoated sand
grains; moderate fine subangular blocky structure;
very friable; common fine and medium roots; very
strongly acid; abrupt wavy boundary.

E—2 to 7 inches; brown (7.5YR 5/2) sand, pinkish
gray (7.5YR 6/2) dry; weak fine and very fine
subangular blocky structure; very friable; common
fine and medium roots; about 3 percent fine gravel;
strongly acid; abrupt wavy boundary.

Bs1—7 to 12 inches; dark brown (7.5YR 3/4) sand;
weak medium subangular blocky structure parting
to weak very fine subangular blocky; very friable;
many fine and medium and common coarse roots;
15 percent moderately cemented dark brown
(7.5YR 3/2) ortstein occurring as columns 2 to 8
inches wide and extending into the BC horizon; 8
percent fine and medium gravel; very strongly
acid; clear irregular boundary.

Bs2—12 to 26 inches; strong brown (7.5YR 4/6) very
gravelly sand; moderate medium subangular
blocky structure parting to weak very fine
subangular blocky; very friable; common fine and
medium and few coarse roots; 13 percent
moderately cemented dark brown (7.5YR 3/2) and
strong brown (7.5YR 4/6) ortstein occurring as
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columns 2 to 8 inches wide; 36 percent fine and
medium gravel; strongly acid; clear irregular
boundary.

BC—26 to 38 inches; yellowish brown (10YR 5/6)
gravelly sand; weak medium subangular blocky
structure; very friable; few fine, medium, and
coarse roots; 15 percent weakly cemented brown
(7.5YR 4/4) and strong brown (7.5YR 4/6) ortstein
occurring as columns 2 to 8 inches wide; 32
percent fine and medium gravel; moderately acid;
clear wavy boundary.

C—238 to 80 inches; light yellowish brown (10YR 6/4)
sand with thin strata of calcareous gravelly coarse
sand 2 to 5 inches thick; single grain; loose; few
medium and coarse roots; 5 percent fine and
medium gravel; neutral.

The depth to calcareous strata ranges from 23 to
more than 48 inches. The content of gravel ranges
from 3 to 40 percent in individual horizons and
averages less than 35 percent. The content of cobbles
is 0 to 5 percent throughout the profile. Reaction
ranges from very strongly acid to slightly acid in the
upper part of the profile and is neutral or slightly
alkaline in the substratum.

The A horizon has hue of 7.5YR or is neutral in hue.
It has value of 2.5 or 3 and chroma of 0 to 2. Reaction
ranges from very strongly acid to slightly acid.

The Bs1 horizon has hue of 7.5YR and value and
chroma of 3 or 4. Value and chroma of 3 do not occur
together. Reaction ranges from very strongly acid to
moderately acid.

The Bs2 horizon has hue of 7.5YR, value of 4, and
chroma of 4 to 6. Reaction ranges from very strongly
acid to moderately acid.

The BC horizon has hue of 10YR, value of 5, and
chroma of 6. Reaction is moderately acid or slightly
acid.

The C horizon has hue of 10YR, value of 6, and
chroma of 4. It is dominantly noncalcareous sand with
thin strata of gravelly sand, very gravelly sand, or
gravelly coarse sand. Some gravelly strata are
violently effervescent. Reaction is neutral or slightly
alkaline.

Histosols

Histosols consist of very poorly drained, moderately
slowly permeable to moderately rapidly permeable
soils on outwash plains and moraines. These soils
formed in organic material. Slope is 0 to 1 percent.

The thickness of the organic material ranges from
16 to more than 50 inches. The surface tier is
dominantly muck or mucky peat but in some pedons is
peat. The subsurface tiers are dominantly muck but in
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some pedons are mucky peat. The organic material
typically has hue of 5YR, 7.5YR, 10YR or is neutral in
hue. It has value of 2 or 3 and chroma of 0 to 3. The
mineral substratum ranges from sand to clay. It has
hue of 5YR to 5Y, value of 5 or 6, and chroma of 1 to 3.

Islandlake Series

The Islandlake series consists of somewhat
excessively drained soils on moraines, stream
terraces, and outwash plains. These soils formed in
thick deposits of sandy material Permeability
is rapid. Slope ranges from 0 to 18 percent.

Taxonomic classification: Sandy, mixed, frigid
Lamellic Haplorthods

Figure 19.—Typical profile of an Islandlake sand. Depth is
marked in inches.
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Typical pedon of Islandlake loamy sand, O to 6
percent slopes, on a 2 percent southeast-facing slope
in a forested area; at an elevation of 1,392 feet; 2,095
feet south and 50 feet west of the northeast corner of
sec. 8, T. 30 N., R. 4 W.; north part of Hayes Township;
USGS Elmira Michigan 7.5-minute topographic
quadrangle; lat. 45 degrees 00 minutes 43.22 seconds
N. and long. 84 degrees 48 minutes 35.48 seconds W.,
NAD 27:

A—O0 to 2 inches; very dark gray (N 3/0) loamy sand,
dark grayish brown (10YR 4/2) dry; 30 percent
intermixed brown (7.5YR 5/2) uncoated sand
grains; weak coarse granular structure; very
friable; many fine and medium and few coarse
roots; about 2 percent fine and medium gravel;
very strongly acid; abrupt smooth boundary.

E—2 to 7 inches; brown (7.5YR 5/2) loamy sand,
pinkish gray (7.5YR 6/2) dry; weak medium
subangular blocky structure; very friable; many
fine and medium and few coarse roots; about 2
percent fine and medium gravel; very strongly
acid; abrupt wavy boundary.

Bhs—7 to 12 inches; dark brown (7.5YR 3/2) loamy
sand; weak medium subangular blocky structure;
friable; common fine and medium and few coarse
roots; 15 percent strong brown (7.5YR 4/6) weakly
cemented ortstein occurring as columns 2 to 5
inches wide and extending into the Bs2 horizon;
about 2 percent fine and medium gravel; very
strongly acid; abrupt irregular boundary.

Bs1—12 to 17 inches; brown (7.5YR 4/4) sand; weak
medium and coarse subangular blocky structure;
very friable; 22 percent strong brown (7.5YR 4/6)
weakly cemented ortstein occurring as columns 3
to 5 inches wide; about 5 percent fine and medium
gravel; strongly acid; clear wavy boundary.

Bs2—17 to 28 inches; strong brown (7.5YR 5/6) sand;
weak medium subangular blocky structure; very
friable; 13 percent strong brown (7.5YR 4/6)
weakly cemented ortstein occurring as columns
2 to 4 inches wide; about 5 percent fine and
medium gravel; strongly acid; clear wavy
boundary.

E and Bt—28 to 60 inches; brown (7.5YR 5/4) sand
(E), pinkish gray (7.5YR 6/2) dry; weak medium
subangular blocky structure parting to single grain;
very friable and loose; lamellae of strong brown
(7.5YR 4/6) sand and loamy sand (Bt) that are /s
to 1 inch thick and have a total thickness of about
3 inches; moderate fine and very fine subangular
blocky structure; very friable; clay bridging
between sand grains; about 8 percent fine and
medium gravel; moderately acid; clear wavy
boundary.
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C—60 to 80 inches; reddish yellow (7.5YR 6/6) sand;
single grain; loose; about 5 percent fine and
medium gravel; moderately acid.

The depth to lamellae ranges from 28 to 43 inches.
The content of gravel is 0 to 5 percent throughout the
profile.

The A horizon has hue of 10YR or 7.5YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
2. ltis sand or loamy sand. Reaction is very strongly
acid.

The E horizon has hue of 10YR or 7.5YR, value of
5, and chroma of 1 or 2. Reaction is very strongly acid.

The Bhs horizon has hue of 7.5YR or 5YR, value of
3, and chroma of 2.

The Bs horizon has hue of 10YR or 7.5YR, value of
4, and chroma of 4 to 6.

The E part of the E and Bt horizon has hue of 10YR
or 7.5YR, value of 5 or 6, and chroma of 3 or 4.

The Bt part of the E and Bt horizon has hue of
7.5YR, value of 4, and chroma of 4 to 6. It occurs as
lamellae /s to 1 inch thick.

The C horizon has hue of 10YR or 7.5YR and value
and chroma of 6.

Kalkaska Series

The Kalkaska series consists of somewhat
excessively drained soils on moraines and outwash
plains. These soils formed in thick deposits of sandy
material Permeability is rapid. Slope ranges
from 0 to 50 percent.

Taxonomic classification: Sandy, mixed, frigid Typic
Haplorthods

Typical pedon of Kalkaska sand, 8 to 50 percent
slopes, dissected, on a 26 percent northeast-facing
slope in a forested area; at an elevation of 1,453 feet;
850 feet south and 1,675 feet west of the northeast
corner of sec. 34, T. 29 N., R. 4 W.; south part of
Hayes Township; USGS Frederic Michigan 7.5-minute
topographic quadrangle; lat. 44 degrees 52 minutes
12.53 seconds N. and long. 84 degrees 46 minutes
27.69 seconds W., NAD 27:

Oe—o0to 1 inch; black (N 2.5/0), partially decomposed
forest litter; very strongly acid; abrupt wavy
boundary.

A—1 to 3 inches; black (N 2.5/0) sand, black (10YR
2/1) dry; about 30 percent intermixed pinkish gray
(7.5YR 6/2) uncoated sand grains; moderate fine
subangular blocky structure; friable; many fine and
common medium and coarse roots; about 7
percent fine and medium gravel; very strongly
acid; abrupt wavy boundary.
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Figure 20.—Typical profile of a Kalkaska sand. Depth is
marked in feet.

E—3to 9 inches; brown (7.5YR 5/2) sand, pinkish
gray (7.5YR 6/2) dry; weak fine subangular blocky
structure parting to single grain; very friable and
loose; many fine and common medium and coarse
roots; about 7 percent fine and medium gravel;
very strongly acid; abrupt wavy boundary.

Bhs—9 to 12 inches; dark reddish brown (5YR 3/2)
sand; moderate fine subangular blocky structure;
friable; many fine and common medium and
coarse roots; about 9 percent fine and medium
gravel; very strongly acid; abrupt wavy boundary.

Bs1—12 to 18 inches; brown (7.5YR 4/4) sand; weak
medium subangular blocky structure parting to
weak fine subangular blocky; very friable; common
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fine, medium, and coarse roots; 21 percent
moderately cemented dark reddish brown (5YR
3/2) ortstein occurring as columns 2 to 4 inches
wide and extending into the BC horizon; about 9
percent fine and medium gravel; very strongly
acid; clear irregular boundary.

Bs2—18 to 28 inches; strong brown (7.5YR 4/6)
sand; weak medium subangular blocky structure
parting to weak fine subangular blocky; very
friable; 45 percent moderately cemented dark
reddish brown (5YR 3/2) ortstein occurring as
columns 1 to 3 inches wide; about 4 percent fine
and medium gravel; strongly acid; clear wavy
boundary.

BC—28 to 41 inches; yellowish brown (10YR 5/6)
sand; weak medium subangular blocky structure
parting to single grain; very friable and loose; few
medium and coarse roots; 41 percent moderately
cemented dark reddish brown (5YR 3/2) ortstein
occurring as columns 1 to 3 inches wide; about 4
percent fine and medium gravel; moderately acid;
gradual wavy boundary.

C—41 to 80 inches; light yellowish brown (10YR 6/4)
sand; single grain; loose; about 5 percent fine and
medium gravel; moderately acid.

The content of gravel is 0 to 10 percent throughout
the profile. Reaction ranges from extremely acid to
moderately acid throughout the profile. The content of
ortstein in the Bhs, Bs, and BC horizons ranges from 0
to 45 percent.

The A horizon has hue of 5YR to 10YR, value of 2
to 3, and chroma of 1 to 3. Some pedons have an Ap
horizon, which has hue of 7.5YR or 10YR, value of 3
or 4, and chroma of 2.

The E horizon has hue of 7.5YR or 10YR, value of
5to 7, and chroma of 1 or 2.

The Bhs horizon has hue of 5YR or 7.5YR, value of
2.5 or 3, and chroma of 2 or 3.

The Bs horizon has hue of 5YR or 7.5YR, value of 3
or 4, and chroma of 4 to 6.

The BC horizon has hue of 7.5YR or 10YR, value of
5 or 6, and chroma of 4 to 6.

The C horizon has hue of 7.5YR or 10YR, value of
5to 7, and chroma of 3 to 6.

Kellogg Series

The Kellogg series consists of moderately well
drained soils on lake plains. These soils formed in 20
to 40 inches of sandy material and in the underlying
clayey material Permeability is rapid in the
sandy material and slow or very slow in the clayey
material. Slope ranges from 0 to 6 percent.

Soil Survey of

Figure 21.—Typical profile of a Kellogg sand. Depth is marked
in feet.

Taxonomic classification: Sandy over clayey, mixed,
active, frigid Alfic Oxyaquic Haplorthods

Typical pedon of Kellogg sand, 0 to 6 percent
slopes, on a 3 percent south-facing slope in a forested
area; at an elevation of 1,084 feet; 2,680 feet north and
335 feet east of the southwest corner of sec. 35, T. 32
N., R.3W.; east part of Corwith Township; USGS
Gaylord Michigan 7.5-minute topographic quadrangle;
lat. 45 degrees 07 minutes 14.67 seconds N. and long.
84 degrees 39 minutes 05.29 seconds W., NAD 27:

A—O0 to 3 inches; black (10YR 2/1) loamy sand, very
dark gray (10YR 3/1) dry; intermixed with 30
percent pinkish gray (7.5YR 6/2) uncoated sand
grains; weak medium granular structure; very
friable; many fine and medium and common
coarse roots; about 2 percent fine and medium
gravel; very strongly acid; abrupt wavy boundary.
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E—3to 11 inches; pinkish gray (7.5YR 6/2) sand,
pinkish gray (7.5YR 7/2) dry; weak medium
subangular blocky structure parting to weak very
fine subangular blocky; very friable; common fine,
medium, and coarse roots; about 2 percent fine
and medium gravel; strongly acid; abrupt wavy
boundary.

Bs1—11 to 17 inches; dark reddish brown (5YR 3/4)
sand; weak medium subangular blocky structure
parting to weak very fine subangular blocky; very
friable; common fine and medium and few coarse
roots; about 2 percent fine and medium gravel;
strongly acid; clear irregular boundary.

Bs2—17 to 31 inches; strong brown (7.5YR 4/6) sand;
weak medium subangular blocky structure parting
to weak very fine subangular blocky; very friable;
few fine and coarse and common medium roots;
about 2 percent fine and medium gravel;
moderately acid; clear wavy boundary.

Bs3—31 to 33 inches; dark brown (7.5YR 3/4) sand;
weak medium subangular blocky structure parting
to weak very fine subangular blocky; very friable;
few medium and coarse roots; about 10 percent
fine and medium gravel; slightly acid; abrupt wavy
boundary.

2B/E—33 to 36 inches; 70 percent reddish brown
(5YR 4/4) silty clay (Bt); strong coarse angular
blocky structure; very firm; few fine and very fine
tubular pores; common faint dark reddish brown
(5YR 3/4) clay films on faces of peds and in root
channels; Bt material surrounded by brown (7.5YR
5/2) loamy sand (E), pinkish gray (7.5YR 6/2) dry;
moderate fine and medium subangular blocky
structure; friable; common fine and very fine
tubular pores; few medium and coarse roots; few
fine distinct yellowish red (5YR 4/6) masses of iron
accumulation in the matrix; neutral; clear wavy
boundary.

2Bt—36 to 43 inches; reddish brown (5YR 4/4) silty
clay; strong medium prismatic structure parting to
moderate medium angular blocky; very firm; few
fine and very fine tubular pores; common faint
dark reddish brown (5YR 3/4) clay films on faces
of peds; few distinct dark reddish brown (5YR 3/2)
organic coatings on faces of peds and in root
channels; slightly alkaline; clear wavy boundary.

2BC—43 to 52 inches; reddish brown (5YR 5/4) silty
clay; strong medium subangular blocky structure;
firm; few medium and coarse roots; common
distinct yellowish red (5YR 4/6) clay films on faces
of peds; strongly effervescent; slightly alkaline;
gradual wavy boundary.

2C—52 to 80 inches; brown (7.5YR 5/4) and light
brown (7.5YR 6/4) silty clay; weak thick platy
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structure derived from deposition; firm; violently
effervescent; moderately alkaline.

The thickness of the sandy material ranges from
26 to 35 inches. The content of gravel ranges from 2
to 10 percent in the sandy material and from 0 to 2
percent in the underlying clayey material. Reaction
ranges from very strongly acid to slightly acid in the
sandy material and from moderately acid to
moderately alkaline in the clayey material. The depth
to redoximorphic features ranges from 30 to 40
inches.

The A horizon has hue of 7.5YR or 10YR, value of
2 to 3, and chroma of 1 to 3. Some pedons have an Ap
horizon, which has hue of 7.5YR or 10YR, value of 3
or 4, and chroma of 2 or 3.

The E horizon has hue of 7.5YR or 10YR, value of
5 or 6, and chroma of 2. It is sand or loamy sand.

The Bs1 horizon has hue of 5YR or 7.5YR and
value and chroma of 3 or 4. It is sand or loamy sand.

The Bs2 horizon has hue of 7.5YR, value of 4 or 5,
and chroma of 5 or 6. It is sand or loamy sand.

The E part of the 2E/B or 2B/E horizon has hue of
7.5YR or 10YR, value of 5 or 6, and chroma of 2 to 3.
It is loamy sand or sandy loam.

The 2Bt horizon and the Bt part of the 2E/B or 2B/E
horizon have hue of 5YR or 7.5YR, value of 4 or 5,
and chroma of 3 to 5. They are clay, silty clay, or silty
clay loam.

Some pedons do not have a 2BC horizon.

The 2C horizon has hue of 5YR or 7.5YR. It is clay,
silty clay, or silty clay loam.

Kent Series

The Kent series consists of moderately well drained
soils on moraines. These soils formed in thick deposits
of loamy and clayey material. Permeability is slow.
Slope ranges from 2 to 12 percent.

Taxonomic classification: Fine, mixed, semiactive,
frigid Oxyaquic Glossudalfs

Typical pedon of Kent sandy loam, 6 to 12 percent
slopes, on a 8 percent northeast-facing slope in a
pasture; at an elevation of 1,409 feet; 200 feet south
and 450 feet west of the northeast corner of sec. 10, T.
30 N., R. 1 W,; north part of Charlton Township; USGS
Johannesburg Michigan 7.5-minute topographic
quadrangle; lat. 45 degrees 00 minutes 45.45 seconds
N. and long. 84 degrees 23 minutes 16.69 seconds W.,
NAD 27:

Ap—-O0 to 6 inches; dark gray (10YR 4/1) sandy loam,
gray (10YR 5/1) dry; moderate medium granular
structure; very friable; common fine and few
medium roots; few fine and very fine tubular pores;
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common medium faint rounded black (10YR 2/1)
worm casts; neutral; abrupt smooth boundary.

B/E—6 to 13 inches; 55 percent brown (7.5YR 4/4)
clay (Bt); moderate medium angular blocky
structure; firm; few fine and very fine tubular pores;
Bt material surrounding grayish brown (10YR 5/2)
loam (E), pinkish gray (7.5YR 7/2) dry, along worm
and root channels and as clay depletions on faces
of peds; common fine and very fine tubular pores;
common fine and few coarse roots; common
medium prominent rounded black (10YR 2/1)
worm casts; common prominent discontinuous
brown (7.5YR 4/2) clay films on faces of peds and
in pores; about 1 percent gravel; slightly acid; clear
wavy boundary.

Bt—13 to 22 inches; brown (7.5YR 5/4) clay;
moderate medium angular blocky structure;
very firm; few fine and very fine tubular pores;
common medium prominent black (10YR 2/1)
rounded worm casts; common prominent
discontinuous brown (7.5YR 4/2) clay films on
faces of peds and in pores; common prominent
discontinuous grayish brown (10YR 5/2) clay
depletions on horizontal faces of peds; neutral;
gradual wavy boundary.

C1—22 to 28 inches; light brown (7.5YR 6/4) silty
clay; moderate thin platy structure derived
from deposition; very firm; slightly effervescent;
moderately alkaline; gradual wavy boundary.

C2—28 to 60 inches; light brown (7.5YR 6/4) silty
clay; strong thin platy structure derived from
deposition; very firm; few medium prominent
brownish yellow (10YR 6/8) masses of iron
accumulation in the matrix; slightly effervescent;
moderately alkaline.

The depth to carbonates ranges from 22 to 30
inches. The content of gravel and cobbles is 0 to 5
percent throughout the profile. Reaction ranges from
moderately acid to neutral in the upper part of the
profile and is slightly alkaline or moderately alkaline in
the substratum.

The Ap horizon has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 to 4 and chroma of 0 to
2. Some pedons have an A horizon.

Some pedons have E and E/B horizons. The E
horizon and the E part of the E/B or B/E horizon are
sandy loam or loam.

The Bt horizon and the B part of the E/B or B/E
horizon have hue of 5YR or 7.5YR, value of 4 or 5,
and chroma of 4 to 6. They are clay.

The C horizon has hue of 5YR or 7.5YR, value of 5
or 6, and chroma of 4. It is clay or silty clay.

Soil Survey of

Kinross Series

The Kinross series consists of poorly drained soils
on outwash plains and lake plains. These soils formed
in thick deposits of sandy material. Permeability is
rapid. Slope ranges from 0 to 2 percent.

Taxonomic classification: Sandy, mixed, frigid Typic
Endoaquods

Typical pedon of Kinross muck, in an area of
Kinross-Au Gres complex, 0 to 3 percent slopes; in a
nearly level forested area; at an elevation of 1,140 feet;
100 feet south and 2,030 feet west of the northeast
corner of sec. 5, T. 26 N., R. 4 W.; Grayling Township,
Crawford County; USGS Lake Margrethe Michigan
7.5-minute topographic quadrangle; lat. 44 degrees 41
minutes 05.24 seconds N. and long. 84 degrees 49
minutes 00.76 second W., NAD 27:

Oa—-0 to 3 inches; black (10YR 2/1) (broken face and
rubbed) muck (sapric material); about 80 percent
fiber, 15 percent rubbed; weak medium granular
structure; very friable; many fine, medium, and
coarse roots; extremely acid; abrupt smooth
boundary.

E—3to 10 inches; grayish brown (10YR 5/2) sand,
light gray (10YR 7/2) dry; very weak very fine
subangular blocky structure; very friable; common
fine and medium roots; common medium faint
dark grayish brown (10YR 4/2) iron depletions in
the matrix; strongly acid; abrupt irregular
boundary.

Bhs—10 to 14 inches; dark reddish brown (5YR 3/2)
sand; moderate medium subangular blocky
structure; friable; common fine and medium roots;
about 40 percent strongly cemented ortstein in
horizontal planes and vertical columns extending
into the Bs horizon and surrounding columns of
grayish brown (10YR 5/2) sand, light gray (10YR
7/2) dry (E material); very strongly acid; clear
wavy boundary.

Bs—14 to 22 inches; yellowish brown (10YR 5/6)
sand; weak fine subangular blocky structure; very
friable; common fine roots; common medium
distinct pale brown (10YR 6/3) iron depletions in
the matrix; about 20 percent strongly cemented
dark reddish brown (5YR 3/2) ortstein occurring
as columns surrounding grayish brown (10YR 5/2)
sand, light gray (10YR 7/2) dry (E material);
strongly acid; clear wavy boundary.

C—22 to 80 inches; yellowish brown (10YR 5/4) sand;
single grain; loose; common fine prominent strong
brown (7.5YR 4/6) masses of iron accumulation in
the matrix; moderately acid.
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The texture is sand in all mineral horizons. The
content of ortstein ranges from 10 to 45 percent in the
Bhs and Bs horizons.

The Oa horizon has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
2.

The E horizon has hue of 7.5YR or 10YR, value of
5to 7, and chroma of 1 or 2.

The Bhs horizon has hue of 5YR or 7.5YR and
value and chroma of 2 or 3.

The Bs horizon has hue of 7.5YR or 10YR and
value and chroma of 4 to 6.

Some pedons have a BC horizon, which has hue of
10YR, value of 4 or 5, and chroma of 4 to 6.

The C horizon has value of 5 or 6 and chroma of 2
to 4.

Leafriver Series

The Leafriver series consists of very poorly drained
soils in depressions on stream terraces and outwash
plains. These soils formed in a thin layer of organic
material and in the underlying sandy material.
Permeability is moderate or moderately rapid in the
organic material and rapid in the sandy substratum.
Slope is 0 to 1 percent.

Taxonomic classification: Sandy, mixed, frigid Histic
Humaquepts

Typical pedon of Leafriver muck, in an area of
Tawas-Leafriver mucks; on a 1 percent south-facing
slope in a forested area; at an elevation of 1,231 feet;
100 feet south and 1,800 feet east of the northwest
corner of sec. 14, T. 29 N., R. 2 W.; south part of
Chester Township; USGS Johannesburg Michigan
7.5-minute topographic quadrangle; lat. 44 degrees
54 minutes 51.14 seconds N. and long. 84 degrees
30 minutes 40.97 seconds W., NAD 27:

Oa—-~0 to 9 inches; black (N 2.5/0) muck (sapric
material); 20 percent fiber broken face, 3 percent
rubbed; moderate fine subangular blocky
structure; friable; many fine and medium and
common coarse roots; moderately acid; abrupt
wavy boundary.

A—9 to 11 inches; very dark gray (10YR 3/1) mucky
sand, dark grayish brown (10YR 4/2) dry;
moderate medium subangular blocky structure;
friable; few fine, medium, and coarse roots; about
3 percent fine and medium gravel; moderately
acid; abrupt wavy boundary.

Cg1—11 to 15 inches; dark grayish brown (10YR 4/2)
sand; single grain; loose; common medium
prominent dark gray (5YR 4/1) iron depletions in
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the matrix; about 3 percent fine and medium
gravel; moderately acid; clear wavy boundary.
Cg2—15 to 80 inches; grayish brown (2.5Y 5/2) sand;
single grain; loose; few medium distinct grayish
brown (10YR 5/2) iron depletions in the matrix;
about 3 percent fine and medium gravel; neutral.

The thickness of the organic material ranges from 9
to less than 16 inches. The content of gravel is 0 to 3
percent in the sandy material.

The O horizon has hue of 7.5YR or is neutral in
hue. Reaction is strongly acid or moderately acid.

The A horizon is moderately acid or slightly acid.

The Cg horizon has hue of 10YR or 2.5Y and value
of 4 or 5. Reaction ranges from moderately acid to
neutral.

Leelanau Series

The Leelanau series consists of well drained soils
on moraines. These soils formed in thick deposits of
sandy material. Permeability is moderately rapid.
Slope ranges from 0 to 50 percent.

Taxonomic classification: Sandy, mixed, frigid Alfic
Haplorthods

Typical pedon of Leelanau loamy sand, 0 to 6
percent slopes, on a 5 percent southwest-facing slope
in a forested area; at an elevation of 1,098 feet; 1,900
feet south and 1,950 feet west of the northeast corner
of sec. 3, . 32 N., R. 3 W.; west part of Corwith
Township; USGS Vanderbilt Michigan 7.5-minute
topographic quadrangle; lat. 45 degrees 11 minutes
45.00 seconds N. and long. 84 degrees 39 minutes
35.04 seconds W., NAD 27:

A—O0 to 2 inches; black (10YR 2/1) loamy sand, dark
grayish brown (10YR 4/2) dry; moderate medium
granular structure; very friable; common fine and
few medium roots; neutral; abrupt wavy boundary.

E—2 to 7 inches; light brownish gray (10YR 6/2) sand,
pale brown (10YR 6/3) dry; weak very fine
subangular blocky structure; very friable; common
fine roots; slightly acid; abrupt wavy boundary.

Bhs—7 to 12 inches; dark brown (7.5YR 3/2) sand;
moderate medium subangular blocky structure;
friable; common fine and medium roots; slightly
acid; clear irregular boundary.

Bs1—12 to 16 inches; brown (7.5YR 4/4) sand; weak
medium subangular blocky structure; friable;
common fine and few medium and coarse roots;
moderate acid; clear wavy boundary.

Bs2—16 to 21 inches; dark yellowish brown (10YR
4/6) sand; weak medium subangular blocky
structure; friable; few fine roots; 20 percent
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strongly cemented ortstein occurring as columns
1 to 2 inches wide; about 7 percent gravel and 2
percent cobbles; strongly acid; abrupt wavy
boundary.

E/B—21 to 37 inches; 70 percent yellowish brown
(10YR 5/4) sand (E), pale brown (10YR 6/3) dry;
single grain; loose; E material surrounding brown
(7.5YR 4/4) sandy loam (Bt); weak coarse
subangular blocky structure; friable; many distinct
clay bridges between sand grains; about 3 percent
gravel; neutral; abrupt wavy boundary.

Bt—37 to 52 inches; brown (7.5YR 4/4) sandy loam;
weak coarse subangular blocky structure; friable;
many distinct clay bridges between sand grains;
about 3 percent gravel; neutral; abrupt wavy
boundary.

C—52 to 80 inches; brown (7.5YR 5/4) loamy sand;
single grain; loose; about 3 percent gravel; strongly
effervescent; moderately alkaline.

The depth to carbonates ranges from 36 to 52
inches. The content of gravel ranges from 0 to 10
percent and the content of cobbles from 0 to 5
percent throughout the profile. Reaction ranges from
strongly acid to neutral in the upper part of the profile
and from neutral to moderately alkaline in the
substratum.

Some pedons have an Oe horizon. This horizon is
made up of partially decomposed leaves. It has hue of
7.5YR oris neutral in hue. It has value of 2 to 3 and
chroma of 0 to 2.

The A horizon has hue of 7.5YR or 10YR, value of
2 to 3, and chroma of 1.

The E horizon has hue of 7.5YR or 10YR and value
of 5 or 6. It is sand or loamy sand.

The Bhs horizon has hue of 7.5YR or 5YR and
value and chroma of 2 to 3. It is sand or loamy sand.
Some pedons do not have a Bhs horizon.

The Bs1 horizon has hue of 10YR or 7.5YR, value
of 3 or 4, and chroma of 4 or 5. It is sand or loamy
sand.

The Bs2 horizon has hue of 10YR, value of 4 or 5,
and chroma of 4 to 6. It is sand or loamy sand.

Some pedons have an E” horizon. The E” horizon
and the E part of the E/B horizon have hue of 7.5YR
or 10YR, value of 5 or 6, and chroma of 2 to 4. They
are sand or loamy sand.

The Bt horizon and the B part of the E/B horizon
have hue of 7.5YR or 5YR and chroma of 4 to 6. They
are loam or sandy loam.

The C horizon has hue of 10YR or 7.5YR, value of
5 or 6, and chroma of 3 or 4.

Soil Survey of

Lindquist Series

The Lindquist series consists of somewhat
excessively drained soils on outwash plains, stream
terraces, and moraines. These soils formed in thick
deposits of sandy material. Permeability is rapid. Slope
ranges from 0 to 50 percent.

Taxonomic classification: Sandy, mixed, frigid
Lamellic Haplorthods

Typical pedon of Lindquist sand, 0 to 6 percent
slopes, on a 1 percent south-facing slope in a forested
area; at an elevation of 1,287 feet; 405 feet south and
2,600 feet east of the northwest corner of sec. 34, T.
30 N., R. 2W.; north part of Chester Township; USGS
Turtle Lake Michigan 7.5-minute topographic
quadrangle; lat. 44 degrees 57 minutes 19.26 seconds
N. and long. 84 degrees 32 minutes 15.03 seconds W.,
NAD 27:

A—O0to 1 inch; black (5YR 2.5/1) sand, dark reddish
brown (5YR 3/2) dry; weak medium granular
structure; very friable; many fine and medium and
few coarse roots; about 3 percent fine and
medium gravel; very strongly acid; abrupt smooth
boundary.

E—1 to 3 inches; pinkish gray (7.5YR 6/2) sand,
pinkish gray (7.5YR 7/2) dry; weak very fine
subangular blocky structure; very friable; many
fine and medium and few coarse roots; about 3
percent fine and medium gravel; very strongly
acid; abrupt wavy boundary.

Bs1—3 to 10 inches; dark brown (7.5YR 3/4) sand;
weak medium subangular blocky structure; very
friable; common fine and medium and few coarse
roots; small pockets of dark brown (7.5YR 3/2)
Bhs material; 18 percent weakly cemented dark
brown (7.5YR 3/2) ortstein occurring as columns 2
to 3 inches wide and extending into the Bs2
horizon; about 3 percent fine and medium gravel;
strongly acid; clear wavy boundary.

Bs2—10 to 21 inches; strong brown (7.5YR 5/6)
sand; weak medium subangular blocky structure;
very friable; common fine and medium and few
coarse roots; 10 percent weakly cemented dark
brown (7.5YR 3/2) ortstein occurring as columns
2 to 3 inches wide; about 3 percent fine and
medium gravel; strongly acid; clear wavy
boundary.

Bs3—21 to 28 inches; reddish yellow (7.5YR 6/6)
sand; weak medium subangular blocky structure;
very friable; about 8 percent fine and medium
gravel; strongly acid; clear wavy boundary.
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E and Bt—28 to 80 inches; light brown (7.5YR 6/4)
sand (E), pinkish gray (7.5YR 7/2) dry; weak very
fine subangular blocky structure; very friable;
starting at a depth of 39 inches, lamellae of
brown (7.5YR 4/4) sand and loamy sand (Bt) that
are '/16 to '/2 inch thick and have a total thickness
of about 2 inches; weak very fine and fine
subangular blocky structure; very friable; few fine
and medium roots in the upper 15 inches; clay
bridging between sand grains in the lamellae;
about 8 percent fine and medium gravel; slightly
acid.

The content of gravel ranges from 0 to 14 percent
and the content of cobbles from 0 to 5 percent
throughout the profile. Some pedons have thin strata
of gravelly sand. The content of ortstein ranges from 0
to 30 percent in the Bs horizon. Depth to the first
lamella ranges from 36 to 43 inches.

The A horizon has hue of 10YR to 5YR or is neutral
in hue. It has value of 2 to 4 and chroma of 0 to 2.

The E horizon has hue of 10YR or 7.5YR and value
of 5 or 6.

The Bs1 horizon has hue of 7.5YR and value and
chroma of 3 or 4. Value and chroma of 3 do not occur
together.

The Bs2 and Bs3 horizons have hue of 10YR or
7.5YR and value and chroma of 4 to 6.

The E part of the E and Bt horizon has hue of 10YR
or 7.5YR, value of 4 to 7, and chroma of 3 or 4.

The Bt part of the E and Bt horizon has hue of
7.5YR, value of 4 or 5, and chroma of 4 to 6. It is sand
or loamy sand.

Loxley Series

The Loxley series consists of very poorly drained
soils in closed depressions on outwash plains and
moraines. These soils formed in herbaceous organic
deposits more than 51 inches thick. Permeability is
moderately slow to moderately rapid. Slope ranges
from O to 2 percent.

Taxonomic classification: Dysic, frigid Typic
Haplosaprists

Typical pedon of Loxley peat, in an area of
Dawson-Loxley peats; in a nearly level blueberry
bog; at an elevation of 1,244 feet; 40 feet north and
1,800 feet east of the southwest corner of sec. 12, T.
29 N., R. 3W.; Otsego Lake Township; USGS Otsego
Lake Michigan 7.5-minute topographic quadrangle; lat.
44 degrees 54 minutes 53.67 seconds N. and long. 84
degrees 37 minutes 07.65 seconds W., NAD 27:

0Oi—O0 to 3 inches; dark reddish brown (5YR 3/2)
(broken face) and dark reddish brown (5YR 2.5/2)
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(rubbed) peat (fibric material); 95 percent
herbaceous fiber broken face, 75 percent rubbed;
weak thin platy structure; very friable; common
fine and medium roots; extremely acid; abrupt
smooth boundary.

Oa1—3to 17 inches; dark reddish brown (5YR 3/2)
(broken face) and dark reddish brown (5YR 2.5/2)
(rubbed) muck (sapric material); 65 percent fiber
broken face, 15 percent rubbed; moderate fine
granular structure; very friable; few fine roots;
primarily herbaceous material; extremely acid;
abrupt smooth boundary.

Oa2—17 to 24 inches; dark reddish brown (5YR 2.5/2)
(broken face) and black (5YR 2.5/1) (rubbed)
muck (sapric material); 40 percent fiber broken
face, 3 percent rubbed; weak thin platy structure;
very friable; primarily herbaceous material;
extremely acid; abrupt smooth boundary.

0Oa3—24 to 39 inches; dark reddish brown (5YR 3/4)
(broken face) and dark reddish brown (5YR 3/2)
(rubbed) muck (sapric material); 50 percent fiber
broken face, 3 percent rubbed; 3 percent woody
fibers; weak thin platy structure; very friable;
primarily herbaceous material; extremely acid;
abrupt smooth boundary.

0Oa4—39 to 54 inches; dark reddish brown (5YR 3/3)
(broken face) and dark reddish brown (5YR 3/2)
(rubbed) muck (sapric material); '/2-inch-thick
black (N 2.5/0) layers throughout the horizon; 50
percent fiber broken face, 5 percent rubbed; weak
medium platy structure; very friable; primarily
herbaceous material; extremely acid; abrupt
smooth boundary.

Oa5—54 to 64 inches; dark reddish brown (5YR 3/2)
(broken face) and dark reddish brown (5YR 2.5/2)
(rubbed) muck (sapric material); 50 percent fiber
broken face, 5 percent rubbed; weak medium platy
structure; very friable; primarily herbaceous
material; extremely acid; abrupt smooth boundary.

Oa6—64 to 80 inches; dark reddish brown (5YR 3/2)
(broken face) and dark reddish brown (5YR 2.5/2)
(rubbed) muck (sapric material); 80 percent fiber
broken face, 15 percent rubbed; weak medium
platy structure; very friable; primarily herbaceous
material; very strongly acid.

The organic material is more than 51 inches thick.
In some pedons the surface is covered with sphagnum
mosS.

Lupton Series

The Lupton series consists of very poorly drained
soils in depressions on outwash plains and moraines.
These soils formed in herbaceous organic deposits
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more than 51 inches thick. Permeability is moderately
slow to moderately rapid. Slope ranges from 0 to 2
percent.

Taxonomic classification: Euic, frigid Typic
Haplosaprists

Typical pedon of Lupton muck, in an area of Tawas-
Lupton mucks; on a 1 percent northwest-facing slope
in a forested area; at an elevation of 969 feet; 3,944
feet north and 75 feet west of the southeast corner of
sec. 26, T. 32 N., R. 1 W.; east part of Corwith
Township; USGS Hardwood Lake 7.5-minute
topographic quadrangle; lat. 45 degrees 08 minutes
14.80 seconds N. and long. 84 degrees 24 minutes
28.45 seconds W., NAD 27:

Oa1—o0 to 13 inches; black (N 2.5/0) (broken face and
rubbed) muck (sapric material); 5 percent fiber
broken face, less than 1 percent rubbed; weak fine
granular structure; very friable; neutral; clear
smooth boundary.

0a2—13 to 20 inches; black (10YR 2/1) (broken face
and rubbed) muck (sapric material); 10 percent
fiber broken face, less than 1 percent rubbed;
massive; friable; neutral; clear smooth boundary.

0a3—20 to 45 inches; black (5YR 2.5/1) (broken face
and rubbed) muck (sapric material); 20 percent
fiber broken face, 10 percent rubbed; massive;
friable; slightly alkaline; abrupt smooth boundary.

Oad4—45 to 54 inches; black (5YR 2.5/1) (broken face
and rubbed) muck (sapric material); 50 percent
fiber broken face, 10 percent rubbed; massive;
friable; 30 percent woody fibers; slightly alkaline;
abrupt smooth boundary.

0Oa5—54 to 80 inches; black (N 2.5/0) (broken face
and rubbed) muck (sapric material); 10 percent
fiber broken face, less than 1 percent rubbed;
massive; friable; slightly alkaline.

The organic material is more than 51 inches thick. It
is strongly acid to slightly alkaline.

The surface tier has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
2.

The subsurface and lower tiers have hue of 5YR to
10YR or are neutral in hue. They have value of 2 to 3
and chroma of 0 to 2.

Mancelona Series

The Mancelona series consists of somewhat
excessively drained soils on outwash plains, stream
terraces, moraines, and kames. These soils formed in
sandy and gravelly material Permeability is
moderately rapid in the upper part of the profile and

Soil Survey of

Figure 22.—Typical profile of a Mancelona loamy sand. Depth
is marked in inches.

very rapid in the substratum. Slope ranges from 0 to
70 percent.

Taxonomic classification: Sandy, mixed, frigid Alfic
Haplorthods

Typical pedon of Mancelona loamy sand, 0 to 6
percent slopes, on a 3 percent south-facing slope in a
forested area; at an elevation of 1,197 feet; 1,090 feet
north and 500 feet east of the southwest corner of sec.
26, T.31 N., R. 1 W.; north part of Charlton Township;
USGS Saunders Creek Michigan 7.5-minute
topographic quadrangle; lat. 45 degrees 01 minute
44.94 seconds N. and long. 84 degrees 23 minutes
56.12 seconds W., NAD 27:

A—O0 to 2 inches; black (N 2.5/0) loamy sand, dark
grayish brown (10YR 4/2) dry; weak fine granular
structure; very friable; many fine and medium and
common coarse roots; about 4 percent fine and
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medium gravel; moderately acid; abrupt wavy
boundary.

E—2 to 3 inches; pinkish gray (7.5YR 6/2) loamy sand,
pale brown (10YR 6/3) dry; weak very fine
subangular blocky structure; very friable; many
fine and medium and common coarse roots; about
4 percent fine and medium gravel; strongly acid;
abrupt broken boundary.

Bs1—3 to 15 inches; brown (7.5YR 4/4) loamy sand;
weak medium subangular blocky structure parting
to weak very fine subangular blocky; friable;
common fine and medium and few coarse roots;
about 5 percent fine and medium gravel; strongly
acid; clear wavy boundary.

Bs2—15 to 25 inches; brown (7.5YR 4/4) gravelly
sand; weak medium subangular blocky structure;
very friable; common fine and medium and few
coarse roots; about 10 percent fine and medium
gravel and 5 percent coarse gravel; moderately
acid; clear wavy boundary.

Bt1—25 to 31 inches; strong brown (7.5YR 4/6)
gravelly loamy sand; moderate medium
subangular blocky structure; very friable; many
distinct clay bridges between sand grains and clay
coatings on rock fragments; about 10 percent fine
and medium gravel, 5 percent coarse gravel, and
2 percent cobbles; slightly acid; clear broken
boundary.

2Bt2—31 to 36 inches; dark brown (7.5YR 3/4) very
gravelly loamy sand; moderate medium
subangular blocky structure; very friable; many
distinct and discontinuous clay coatings on the
upper side of rock fragments; about 35 percent
fine and medium gravel, 10 percent coarse gravel,
and 2 percent cobbles; neutral; abrupt irregular
boundary.

2C—36 to 80 inches; light brown (7.5YR 6/4), stratified
very gravelly sand and pink (7.5YR 7/4) sand;
single grain; loose; in individual strata, about 10 to
50 percent fine and medium gravel, 5 percent
coarse gravel, and 2 percent cobbles; strongly
effervescent; slightly alkaline.

The depth to carbonates ranges from 24 to 40
inches. The content of cobbles ranges from 0 to 7
percent throughout the profile.

The A horizon has hue of 10YR or 7.5YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
2.1tis sand or loamy sand. The content of gravel
ranges from 0 to 14 percent. Reaction ranges from
very strongly acid to slightly alkaline. Some pedons
have an Ap horizon, which has hue of 10YR, value of
4, and chroma of 2.

The E horizon has hue of 10YR or 7.5YR, value of
4 1o 6, and chroma of 2 or 3. It is sand or loamy sand.
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The content of gravel ranges from 3 to 20 percent.
Reaction ranges from very strongly acid to slightly
alkaline.

The Bs horizon has hue of 10YR or 7.5YR, value of
3to 5, and chroma of 3 to 6. It is sand, loamy sand, or
the gravelly analogs of those textures. The content of
gravel ranges from 3 to 20 percent. Reaction ranges
from very strongly acid to slightly alkaline.

Some pedons have an E” horizon. This horizon has
hue of 10YR or 7.5YR, value of 4 to 6, and chroma of
2 or 3. It is sand, loamy sand, or the gravelly analogs
of those textures. The content of gravel ranges from 3
to 20 percent. Reaction ranges from very strongly acid
to slightly alkaline.

The Bt horizon has hue of 7.5YR, value of 3 or 4,
and chroma of 2 to 6. It is loamy sand, sandy loam, or
the gravelly analogs of those textures. The content of
gravel ranges from 3 to 20 percent. Reaction ranges
from very strongly acid to slightly alkaline.

The 2Bt horizon has hue of 7.5YR, value of 3 or 4,
and chroma of 4. It is loamy sand, sandy loam, or the
gravelly or very gravelly analogs of those textures. The
content of gravel ranges from 10 to 55 percent.
Reaction ranges from very strongly acid to slightly
alkaline.

The 2C horizon has hue of 10YR or 7.5YR, value of
3 to 7, and chroma of 3 or 4. It is commonly stratified
very gravelly sand, gravelly sand, very gravelly coarse
sand, coarse sand, or sand. The content of gravel
ranges from 10 to 55 percent. Reaction is slightly
alkaline or moderately alkaline.

Menominee Series

The Menominee series consists of well drained
soils on moraines. These soils formed in 20 to 40
inches of sandy material and in the underlying loamy
material. Permeability is rapid in the sandy material
and moderate or moderately slow in the loamy
material. Slope ranges from 12 to 70 percent.

Taxonomic classification: Sandy over loamy, mixed,
active, frigid Alfic Haplorthods

Typical pedon of Menominee loamy sand, in an
area of Menominee-Bamfield, sandy substratum-Blue
Lake complex, 18 to 70 percent slopes, dissected; on
a 25 percent west-facing slope in a forested area; at
an elevation of 1,104 feet; 30 feet south and 60 feet
east of the northwest corner of sec. 19, T.32 N., R. 1
W.; east part of Corwith Township; USGS Hardwood
Lake Michigan 7.5-minute topographic quadrangle; lat.
45 degrees 09 minutes 23.57 seconds N. and long. 84
degrees 29 minutes 19.42 seconds W., NAD 27:

A—O0 to 3 inches; black (N 2.5/0) loamy sand, dark
grayish brown (10YR 4/2) dry; moderate medium
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subangular blocky structure; very friable; many
fine and medium and common coarse roots; about
5 percent fine and medium gravel; slightly acid;
abrupt wavy boundary.

E—3 to 8 inches; grayish brown (10YR 5/2) loamy
sand, light gray (10YR 7/2) dry; weak medium
subangular blocky structure; very friable; common
fine, medium, and coarse roots; about 5 percent
fine and medium gravel; moderately acid; abrupt
wavy boundary.

Bs1—8 to 13 inches; dark brown (7.5YR 3/4) loamy
sand; moderate medium subangular blocky
structure; very friable; common fine and medium
and few coarse roots; 23 percent weakly
cemented dark brown (7.5YR 3/2) ortstein
occurring as columns 2 to 8 inches wide and
extending into the Bs2 horizon; about 5 percent
fine and medium gravel; moderately acid; clear
irregular boundary.

Bs2—13 to 19 inches; dark yellowish brown (10YR
4/6) loamy sand; moderate medium subangular
blocky structure; very friable; common fine and
medium and few coarse roots; 20 percent weakly
cemented dark brown (7.5YR 3/4) ortstein
occurring as columns 2 to 8 inches wide; about 5
percent fine and medium gravel; moderately acid;
clear irregular boundary.

E’—19 to 23 inches; light brownish gray (10YR 6/2)
loamy sand, light gray (10YR 7/2) dry; weak fine
subangular blocky structure; very friable, hard and
brittle when dry; few fine, medium, and coarse
roots; common medium and fine tubular pores;
moderately acid; clear wavy boundary.

2E/B—23 to 27 inches; 70 percent light brownish gray
(10YR 6/2) loamy sand, light gray (10YR 7/2) dry
(E); weak fine subangular blocky structure; very
friable, hard and brittle when dry; E material
surrounding reddish brown (5YR 4/4) sandy clay
loam (Bt); strong medium subangular blocky
structure; firm; few fine and medium roots;
common medium and fine tubular pores; common
faint dark reddish brown (5YR 3/4) clay films on
faces of peds; about 5 percent gravel; moderately
acid; clear wavy boundary.

2Bt—27 to 36 inches; reddish brown (5YR 4/4) sandy
clay loam; strong coarse subangular blocky
structure; firm; few fine and medium roots; few fine
tubular pores; many faint dark reddish brown (5YR
3/4) clay films on faces of peds and in root
channels; about 7 percent gravel and 3 percent
cobbles; neutral; clear wavy boundary.

2C1—36 to 48 inches; reddish brown (5YR 5/4) sandy
clay loam; weak medium platy structure derived
from deposition; friable; common fine prominent
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very pale brown (10YR 7/3) carbonates occurring
as soft masses; about 7 percent gravel and 3
percent cobbles; slightly effervescent; moderately
alkaline; gradual wavy boundary.

2C2—48 to 80 inches; light reddish brown (5YR 6/4)
sandy clay loam; moderate thick platy structure
derived from deposition; firm; common fine and
medium prominent very pale brown (10YR 7/3)
carbonates occurring as soft masses; about 7
percent gravel and 3 percent cobbles; strongly
effervescent; moderately alkaline.

The depth to carbonates ranges from 32 to 45
inches. The sandy material ranges from 20 to 40
inches in thickness. The content of gravel ranges from
0 to 14 percent and the content of cobbles from 0 to 5
percent throughout the profile.

The A horizon has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
2.

The E horizon has hue of 7.5YR or 10YR, value of
5, and chroma of 2. It is loamy sand or sand.

The Bs1 horizon has hue of 7.5YR, value of 3 or 4,
and chroma of 4. It is loamy sand or sand.

The Bs2 horizon has hue of 10YR or 7.5YR, value
of 4, and chroma of 4 to 6. It is loamy sand or sand.

The E part of the 2E/B horizon and the E” horizon
have hue of 10YR, value of 6, and chroma of 2 or 3.
They are loamy sand or sand.

The Bt part of the 2E/B horizon and the 2Bt horizon
have hue of 5YR or 7.5YR and value and chroma of 4.
They are sandy clay loam or loam.

The 2C horizon has hue of 5YR, value of 5 or 6,
and chroma of 4. It is sandy loam, loam, or sandy clay
loam.

Millersburg Series

The Millersburg series consists of well drained soils
on ground moraines, end moraines, and disintegration
moraines. These soils formed in sandy and loamy
material. Permeability is moderate or moderately rapid.
Slope ranges from 6 to 18 percent.

Taxonomic classification: Coarse-loamy, mixed,
active, frigid Haplic Glossudalfs

Typical pedon of Millersburg loamy sand, 6 to 18
percent slopes, on a 5 percent south-facing slope in a
forested area; at an elevation of 900 feet; 1,866 feet
north and 333 feet west of the southeast corner of sec.
2, T.32 N, R. 2 E.; west-central part of Montmorency
Township, Montmorency County; USGS Lake Geneva
Michigan 7.5-minute topographic quadrangle; lat. 45
degrees 11 minutes 24 seconds N. and long. 84
degrees 8 minutes 44 seconds W., NAD 27:
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A—O0 to 2 inches; black (N 2.5/0) loamy sand, black
(N 2.5/0) dry; moderate medium granular
structure; very friable; common fine and very fine
and few medium roots; about 1 percent gravel;
extremely acid; abrupt smooth boundary.

E—2 to 5 inches; brown (7.5YR 5/2) sand, pinkish
gray (7.5YR 7/2) dry; weak fine subangular blocky
structure; very friable; many fine and very fine and
few medium and coarse roots; about 1 percent
gravel; very strongly acid; clear wavy boundary.

Bw—>5 to 10 inches; strong brown (7.5YR 4/6) loamy
sand; moderate medium subangular blocky
structure; very friable; common fine and very fine
and few medium and coarse roots; about 2
percent gravel; strongly acid; clear wavy boundary.

E/B—10 to 18 inches; 65 percent pale brown (10YR
6/3) sand, pinkish gray (7.5YR 7/2) dry (E);
surrounding reddish brown (5YR 4/4) sandy loam
(Bt); moderate medium subangular blocky
structure parting to moderate very fine subangular
blocky; very friable; common fine and very fine
roots; about 4 percent gravel; very strongly acid;
clear irregular boundary.

B/E—18 to 26 inches; 75 percent reddish brown (5YR
4/4) sandy loam (Bt); surrounded by pinkish gray
(7.5YR 7/2) loamy sand (E); moderate medium
and coarse subangular blocky structure; firm in Bt
part and friable in E part; many fine roots; clay
bridging between sand grains; about 4 percent
gravel; slightly acid; clear wavy boundary.

Bt—26 to 34 inches; yellowish red (5YR 4/6) sandy
loam; moderate medium and coarse subangular
blocky structure; friable; common fine roots; clay
bridging between sand grains; about 1 percent
gravel and 1 percent cobbles; slightly acid; clear
broken boundary.

BC—34 to 43 inches; light reddish brown (5YR 6/3)
sandy loam; moderate thick platy structure derived
from deposition; friable; clay films around pebbles
and clay bridging between sand grains; few fine
roots; about 1 percent gravel; strongly
effervescent; slightly alkaline; clear wavy
boundary.

C—43 to 80 inches; light yellowish brown (10YR 6/4)
loamy sand; massive; very friable; few yellowish
brown (10YR 5/4) sand lenses about 2 inches
long and ®/4 inch thick; few fine roots; about 12
percent gravel; violently effervescent; moderately
alkaline.

The depth to carbonates ranges from 30 to 60
inches. The content of cobbles ranges from 0 to 5
percent and the content of gravel from 0 to 14 percent
throughout the profile. The A and E horizons are
extremely acid to strongly acid.
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The A horizon has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 or 3 and chroma of 0 to
3. It is dominantly loamy sand, but the range includes
sand.

The E horizon has hue of 7.5YR or 10YR, value
of 5to 7, and chroma of 2 or 3. It is loamy sand or
sand.

The Bw horizon has hue of 7.5YR or 10YR, value of
4 or 5, and chroma of 4 to 6. It is loamy sand or sand.
Reaction ranges from very strongly acid to neutral.

The E part of the E/B horizon has hue of 7.5YR or
10YR, value of 4 to 6, and chroma of 2 or 3. It is sand
or loamy sand. It makes up 55 to 75 percent of the
horizon.

The Bt part of the E/B horizon has hue of 5YR or
7.5YR, value of 4 or 5, and chroma of 3to 6. It is
sandy loam.

The E part of the B/E horizon has hue of 7.5YR or
10YR, value of 4 to 7, and chroma of 2 to 6. It is sand
or loamy sand. It makes up 15 to 25 percent of the
horizon.

The Bt part of the B/E horizon has hue of 5YR or
7.5YR, value of 4, and chroma of 410 6. It is
dominantly sandy loam but ranges to sandy clay loam.

The Bt horizon has hue of 5YR or 7.5YR, value of 4
or 5, and chroma of 4 to 6. It is dominantly sandy loam
or loam but in some pedons has thin subhorizons of
sandy clay loam. Reaction ranges from slightly acid to
slightly alkaline.

The BC horizon has hue of 5YR, value of 6, and
chroma of 3 or 4. It is sandy loam.

The C horizon has hue of 5YR, 7.5YR, or 10YR;
value of 5 or 6; chroma of 3 or 4. It is dominantly loamy
sand but ranges to sandy loam. It has lenses of sand
or gravel in some pedons. This horizon has carbonates
in most pedons.

Morganlake Series

The Morganlake series consists of moderately well
drained soils on moraines. These soils formed in 20 to
40 inches of sandy material and in the underlying
loamy till Permeability is moderately rapid or
rapid in the sandy material and moderately slow in the
loamy till. Slope ranges from 0 to 12 percent.

Taxonomic classification: Sandy over loamy, mixed,
active, frigid Alfic Oxyaquic Haplorthods

Typical pedon of Morganlake loamy sand, 0 to 6
percent slopes, on a 2 percent west-facing slope in a
forested area; at an elevation 1,150 feet; 2,180 feet
north and 2,500 feet west of the southeast corner of
sec. 13, T.32 N,, R. 2 W.,; central part of Corwith
Township; USGS Vanderbilt Michigan 7.5-minute
topographic quadrangle; lat. 45 degrees 9 minutes
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Bhs—10 to 15 inches; dark brown (7.5YR 3/2) loamy
sand; moderate fine subangular blocky structure;
very friable; common fine and medium and few
coarse roots; 20 percent very dark brown (7.5YR
2.5/3) moderately cemented ortstein occurring as
columns 1 to 2 inches wide and extending into the
E/B horizon; about 3 percent fine and medium
gravel; strongly acid; clear wavy boundary.

Bs—15 to 19 inches; brown (7.5YR 4/4) sand; weak
medium subangular blocky structure parting to
weak very fine subangular blocky; very friable;
common fine and medium and few coarse roots;
25 percent strong brown (7.5YR 4/6) moderately
cemented ortstein occurring as columns 1 to 2
inches wide; about 3 percent fine and medium
gravel; strongly acid; abrupt wavy boundary.

E/B—19 to 39 inches; 85 percent brown (7.5YR 5/3)
sand (E), pinkish gray (7.5YR 7/2) dry; single
grain; loose; E material surrounding peds of brown
(7.5YR 4/4) loamy sand (Bt); weak coarse
subangular blocky structure; friable; clay bridging
between sand grains; few fine and medium roots;
12 percent strong brown (7.5YR 4/6) moderately
cemented ortstein occurring as columns 1 to 2
inches wide; about 3 percent fine and medium
gravel; moderately acid; clear irregular boundary.

2B/E—39 to 49 inches; 70 percent reddish brown
(5YR 4/4) sandy clay loam (Bt); strong coarse
subangular blocky structure; firm; common distinct
brown (7.5YR 5/4) clay films on faces of peds; B
material surrounded by light brown (7.5YR 6/3)

Figure 23.—Typical profile of a Morganlake loamy sand. Depth loamy sand (E), pinkish gray (7.5YR 7/2) dry;
is marked in inches. weak fine subangular blocky structure; very friable;

few fine and medium roots; few very fine and fine
vertical tubular pores; common fine distinct strong

43.71 seconds N. and long. 84 degrees 29 minutes brown (7.5YR 4/6) masses of iron accumulation

53.47 seconds W., NAD 27: on faces of peds; about 5 percent gravel;

. . moderately acid; clear wavy boundary.
Oe—0to 1 inch; black .(7'5.YR 2'5/? ), partially 2Bt—49 to 54 inches; brown (7.5YR 4/4) sandy clay
decomposed leaf litter; neutral; abrupt broken

loam; stron arse subangular blocky structure;
boundary. oam, strong o 9 y

A—1 to 3 inches: very dark gray (7.5YR 3/1) loamy firm; few fine and medium roots; few very fine and

: fine vertical tubular pores; many faint brown
sand, dark grayish brown (10YR 4/2) dry; . )
intermixed with 20 percent gray (7.5YR 6/1) (7.5YR 5/4) clay films on faces of peds; common

uncoated sand arains: weak medium aranular fine and medium distinct strong brown (7.5YR 4/6)
structure; very f?iable"common fine ar?d medium masses of iron accumulation in the matrix; about 5
and few éoarse roots:about 3 percent fine and percent gravel; slightly acid; clear wavy boundary.

di I verv stronalv acid: abrupt wav 2C—54 to 80 inches; brown (7.5YR 5/4) sandy clay
tr)noeur:gzwrgrave > Very strongly acid, abrup y loam with pockets of light brown (7.5YR 6/3) very

10 10 nches; i gray (157612 s e e o a5
pinkish gray (7.5YR 7/2) dry; weak fine subangular P gnt gray )
: . . ; 7/1) threads of lime; about 5 percent gravel;
blocky structure parting to single grain; very friable . v eff ) v alkali
and loose; many fine and medium and common violently effervescent; moderately alkaline.
coarse roots; about 3 percent fine and medium The thickness of the sandy material ranges from 27
gravel; strongly acid; abrupt wavy boundary. to 39 inches. The depth to carbonates ranges from 30
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to more than 60 inches. The content of gravel ranges
from 0 to 8 percent in the sandy material and from 3 to
12 percent in the loamy material. The depth to
redoximorphic features ranges from 30 to 40 inches.

The A horizon has hue of 5YR to 10YR or is neutral
in hue. It has value of 2 to 3 and chroma of 0 to 2.
Reaction ranges from very strongly acid to slightly
acid. Some pedons have an Ap horizon, which has
hue of 7.5YR or 10YR, value of 3 or 4, and chroma of
2or3.

The E horizon has hue of 7.5YR or 10YR and value
of 5to 7. It is sand or loamy sand. Reaction ranges
from very strongly acid to slightly acid.

The Bhs horizon has hue of 5YR or 7.5YR, value of
2.5 or 3, and chroma of 2 or 3. It is sand or loamy
sand. Reaction ranges from very strongly acid to
slightly acid.

The Bs horizon has hue of 5YR, value of 3 to 5, and
chroma of 4 to 6 or hue of 7.5YR, value of 3 to 5, and
chroma of 4. It is sand or loamy sand. Reaction ranges
from very strongly acid to slightly acid.

The E part of the E/B and 2B/E horizons has hue of
5YR or 7.5YR, value of 5 or 6, and chroma of 2 or 3.
Reaction ranges from moderately acid to moderately
alkaline. Some pedons have an E” or 2E" horizon. The
E’ horizon is sand or loamy sand, and the 2E" horizon
is loamy sand or sandy loam.

The 2Bt horizon and the 2B part of the 2E/B or
2B/E horizon have hue of 5YR or 7.5YR, value of 3 to
5, and chroma of 4 or 5. They are loam, sandy clay
loam, or clay loam. Reaction ranges from moderately
acid to moderately alkaline.

The 2C horizon has hue of 5YR or 7.5YR. It is
loam, sandy clay loam, or clay loam. Reaction ranges
from moderately acid to moderately alkaline.

Mossback Series

The Mossback series consists of well drained soils
on moraines. These soils formed in loamy material
underlain by sandy material Permeability is
moderate in the loamy material and rapid in the sandy
substratum. Slope ranges from 0 to 35 percent.

Taxonomic classification: Fine-loamy, mixed, active,
frigid Haplic Glossudalfs

Typical pedon of Mossback sandy loam, 1210 18
percent slopes, on a 17 percent north-facing slope in a
forested area; at an elevation of 1,294 feet; 590 feet
south and 100 feet west of the center of sec. 24, T. 31
N., R. 3 W.; Livingston Township; USGS Sparr
Michigan 7.5-minute topographic quadrangle; lat. 45
degrees 03 minutes 41.02 seconds N. and long. 84
degrees 37 minutes 26.00 seconds W., NAD 27:
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Figure 24.—Typical profile of a Mossback sandy loam. Depth
is marked in inches.

A—O0 to 3 inches; black (10YR 2/1) sandy loam, dark
gray (10YR 4/1) dry; moderate fine subangular
blocky structure; friable; many fine and common
medium and coarse roots; about 3 percent gravel;
very strongly acid; abrupt wavy boundary.

Bw—3 to 11 inches; dark yellowish brown (10YR 4/4)
sandy loam; moderate medium subangular blocky
structure; friable; common fine, medium, and
coarse roots; few prominent black (10YR 2/1)
organic coatings in root channels and worm
burrows; about 3 percent gravel; strongly acid;
clear wavy boundary.

E—11 to 13 inches; pale brown (10YR 6/3) loamy
sand, light brownish gray (10YR 6/2) dry; weak
medium subangular blocky structure; friable, hard
and brittle when dry; few fine and common
medium and coarse roots; few fine tubular pores;
few prominent black (10YR 2/1) organic coatings
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in root channels and worm burrows; about 3
percent gravel; strongly acid; clear wavy boundary.

E/B—13 to 18 inches; 80 percent grayish brown (10YR
5/2) loamy sand (E), light gray (10YR 7/2) dry; few
fine tubular pores; E material surrounding reddish
brown (5YR 4/4) sandy loam (Bt); weak medium
subangular blocky structure; friable; common fine
and medium tubular pores; few prominent black
(10YR 2/1) organic coatings in root channels and
worm burrows; about 5 percent gravel; moderately
acid; clear irregular boundary.

Bt—18 to 24 inches; reddish brown (5YR 4/4) sandy
clay loam; strong coarse subangular blocky
structure; firm; few fine and medium roots;
common fine and medium tubular pores; many
faint dark reddish brown (5YR 3/4) clay films on
faces of peds and in root channels; few prominent
black (10YR 2/1) organic coatings in root channels
and worm burrows; about 5 percent gravel;
neutral; clear wavy boundary.

BC—24 to 44 inches; brown (7.5YR 4/4) sandy loam;
moderate coarse subangular blocky structure;
friable; very few fine and medium roots; common
distinct dark reddish brown (5YR 3/4) clay films on
faces of peds and in root channels; about 5
percent gravel and 2 percent cobbles; slightly
effervescent; slightly alkaline; gradual wavy
boundary.

C—44 to 74 inches; brown (7.5YR 5/4) sandy loam;
massive; friable; few distinct very pale brown
(10YR 7/3) carbonate coatings on faces of peds
and few fine soft masses of carbonate
accumulation; about 5 percent gravel and 2
percent cobbles violently effervescent; moderately
alkaline; clear wavy boundary.

2C—74 to 80 inches; yellowish brown (10YR 5/4) sand
and gravelly loamy sand; single grain; loose; about
20 percent fine gravel; slightly effervescent; neutral.

The depth to carbonates ranges from 24 to 35
inches. The content of gravel ranges from 1 to 14
percent in the loamy material and from 0 to 50 percent
in the sandy substratum. The content of cobbles
ranges from 0 to 8 percent throughout the profile.

The A horizon has hue of 10YR or 7.5YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
2.

The E horizon and the E part of the E/B horizon
have hue of 7.5YR or 10YR, value of 5to 7, and
chroma of 2 or 3. They are loamy sand or sandy loam.
Some pedons have an E” horizon.

The Bw horizon has hue of 7.5YR or 10YR, value of
3to 5, and chroma of 4 to 6. It is loamy sand or sandy
loam.
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The Bt horizon and the B part of the E/B horizon
have hue of 5YR or 7.5YR, value of 3 to 5, and
chroma of 3 to 6. They are dominantly sandy clay loam
or loam but have thin layers of sandy loam in some
pedons.

The BC horizon has value of 4 or 5 and chroma of 4
to 6.

The C horizon has value of 5 or 6 and chroma 3 to
6.

The 2C horizon is sand, loamy sand, stratified sand
and loamy sand, or the gravelly or very gravelly
analogs of those textures.

Ossineke Series

The Ossineke series consists of moderately well
drained soils on moraines. These soils formed in
loamy material underlain by sandy material.
Permeability is moderate in the loamy material and
rapid in the sandy substratum. Slope ranges from 0 to
12 percent.

Taxonomic classification: Fine-loamy, mixed,
semiactive, frigid Oxyaquic Glossudalfs

Typical pedon of Ossineke fine sandy loam, sandy
substratum, 0 to 6 percent slopes, on a 1 percent
north-facing slope in a hayfield; at an elevation of
1,438 feet; 670 feet south and 1,840 feet east of the
northwest corner of sec. 12, T. 31 N., R. 1 W.; north
part of Charlton Township; USGS Saunders Creek
Michigan 7.5-minute topographic quadrangle; lat. 54
degrees 00 minutes 45.26 seconds N. and long. 84
degrees 22 minutes 50.32 seconds W., NAD 27:

Ap—O0 to 8 inches; very dark grayish brown (10YR 3/2)
fine sandy loam, grayish brown (10YR 5/2) dry;
weak medium subangular blocky structure; very
friable; common fine and medium roots; about 3
percent gravel and 3 percent cobbles; slightly acid;
abrupt smooth boundary.

Bw—38 to 13 inches; brown (7.5YR 4/4) sandy loam;
weak medium subangular blocky structure; very
friable; common fine and medium roots; about 5
percent gravel and 3 percent cobbles; neutral;
abrupt irregular boundary.

B/E—13 to 21 inches; 55 percent dark reddish brown
(5YR 3/4) sandy clay loam (Bt); moderate medium
subangular blocky structure; firm; few fine tubular
pores; few distinct patchy brown (7.5YR 4/4) clay
films on faces of peds and in pores; B material
surrounded by brown (7.5YR 5/2) sandy loam (E),
pinkish gray (7.5YR 7/2) dry; weak medium
subangular blocky structure; friable, hard and
brittle when dry; common fine and medium roots;
few fine vesicular pores; about 5 percent gravel
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and 3 percent cobbles; slightly acid; clear irregular
boundary.

Bt—21 to 38 inches; dark reddish brown (5YR 3/4)
sandy clay loam; moderate coarse subangular
blocky structure parting to moderate fine angular
blocky; firm; common fine and medium roots; few
fine tubular pores; common distinct discontinuous
brown (7.5YR 4/4) clay films on faces of peds; few
fine prominent strong brown (7.5YR 5/6) masses
of iron accumulation in the matrix at the base of
the horizon; about 5 percent gravel and 3 percent
cobbles; neutral; gradual wavy boundary.

BC—38 to 51 inches; brown (7.5YR 5/4) sandy loam;
massive; friable; few fine and medium roots; few
fine tubular pores; few fine prominent strong brown
(7.5YR 5/6 and 5/8) masses of iron accumulation
in the matrix; about 5 percent gravel and 3 percent
cobbles; slightly alkaline; gradual wavy boundary.

C1—51 to 77 inches; brown (7.5YR 5/4) sandy loam;
massive; friable; common fine prominent strong
brown (7.5YR 5/6 and 5/8) masses of iron
accumulation in the matrix; about 5 percent gravel
and 3 percent cobbles; violently effervescent;
slightly alkaline; abrupt wavy boundary.

2C2—77 to 80 inches; yellowish brown (10YR 5/4)
sand; single grain; loose; about 5 percent gravel
and 3 percent cobbles; moderately alkaline.

The depth to carbonates ranges from 31 to 51
inches. Depth to the sandy substratum ranges from 60
to 77 inches. The content of gravel ranges from 1 to 8
percent and the content of cobbles from 0 to 3 percent
throughout the profile. Reaction ranges from
moderately acid to slightly alkaline in the upper part of
the profile and is slightly alkaline or moderately
alkaline in the substratum.

The Ap horizon has hue of 7.5YR or 10YR, value of
3, and chroma of 1 or 2. Some pedons have an A
horizon.

The Bw horizon has hue of 7.5YR or 10YR, value of
4 or 5, and chroma of 4 to 6. It is sandy loam or fine
sandy loam.

The E horizon and the E part of the E/B horizon
have hue of 7.5YR or 10YR and chroma of 2 or 3.
They are sandy loam or fine sandy loam.

The Bt horizon and the B part of the E/B horizon
have hue of 5YR or 7.5YR and chroma of 3 or 4. They
are loam or sandy clay loam.

The BC and C horizons have hue of 5YR or 7.5YR
and chroma of 3 or 4. They are sandy loam or loam.

The 2C horizon has hue of 7.5YR or 10YR and
chroma of 4 or 5. It is sand or loamy sand.
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Rubicon Series

The Rubicon series consists of excessively drained
soils on moraines, stream terraces, and outwash
plains. These soils formed in thick deposits of sandy
material. Permeability is rapid. Slope ranges from 0 to
70 percent.

Taxonomic classification: Sandy, mixed, frigid Entic
Haplorthods

Typical pedon of Rubicon sand, 0 to 6 percent
slopes, on a 2 percent southeast-facing slope in a
forested area; at an elevation of 1,221 feet; 170 feet
south and 2,680 feet east of the northwest corner of
sec.31, T.29 N., R. 4 W,; south part of Hayes
Township; USGS Frederic Michigan 7.5-minute
topographic quadrangle; lat. 44 degrees 52 minutes
19.11 seconds N. and long. 84 degrees 50 minutes
15.26 seconds W., NAD 27:

A—O0 to 1 inch; very dark gray (10YR 3/1) sand, dark
gray (10YR 4/1) dry; weak fine granular structure;
very friable; many fine and medium and common
coarse roots; very strongly acid; abrupt wavy
boundary.

E—1 to 4 inches; grayish brown (10YR 5/2) sand, light
brownish gray (10YR 6/2) dry; weak very fine
subangular blocky structure; very friable; many
fine and common medium and coarse roots; about
2 percent fine and medium gravel; very strongly
acid; clear wavy boundary.

Bs1—4 to 10 inches; brown (7.5YR 4/4) sand; weak
very fine subangular blocky structure; very friable;
common fine and medium and few coarse roots;
about 2 percent fine and medium gravel; strongly
acid; clear wavy boundary.

Bs2—10 to 16 inches; dark yellowish brown (10YR
4/6) sand; weak very fine subangular blocky
structure; very friable; 14 percent moderately
cemented brown (7.5YR 4/4) and weakly
cemented very dusky red (2.5YR 2.5/2) ortstein
occurring as columns 2 to 9 inches wide and
extending into the C horizon; about 2 percent fine
and medium gravel; strongly acid; clear wavy
boundary.

BC—16 to 31 inches; brownish yellow (10YR 6/6)
sand; weak very fine subangular blocky structure;
very friable; 37 percent moderately cemented
brown (7.5YR 4/4) and weakly cemented very
dusky red (2.5YR 2.5/2) ortstein occurring as
columns 2 to 9 inches wide; about 2 percent fine
and medium gravel; strongly acid; gradual wavy
boundary.
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C—231 to 80 inches; light yellowish brown (10YR 6/4)
sand; single grain; loose; 11 percent moderately
cemented brown (7.5YR 4/4) and weakly
cemented very dusky red (2.5YR 2.5/2) ortstein
occurring as columns 2 to 9 inches wide; about 3
percent fine and medium gravel; moderately acid.

The content of gravel ranges from 0 to 14 percent
throughout the profile. Reaction ranges from very
strongly acid to moderately acid throughout the profile.
The Bs, BC, and C horizons have 0 to 40 percent
ortstein, which occurs as columns extending through
the horizons.

The A horizon has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
3. Some pedons have an Ap horizon, which has hue of
10YR, value of 3 to 4, and chroma of 2 or 3.

The E horizon has hue of 7.5YR or 10YR, value of
4to 7, and chroma of 1 or 2.

The Bs1 horizon has hue of 7.5YR and value and
chroma of 3 or 4. Value and chroma of 3 do not occur
together.

The Bs2 horizon has hue of 7.5YR or 10YR, value
of 4 or 5, and chroma of 4 to 8.

The BC horizon has hue of 7.5YR or 10YR, value of
5 or 6, and chroma of 6. The C horizon has hue of
7.5YR or 10YR, value of 4 to 6, and chroma of 3 to 6.
In some pedons the BC and C horizons have thin
strata of coarse sand or coarse sand and gravel.

Slade Series

The Slade series consists of somewhat poorly
drained soils on moraines. These soils formed in thick
deposits of loamy material. Permeability is moderately
slow. Slope ranges from 0 to 3 percent.

Taxonomic classification: Fine-loamy, mixed, active,
frigid Aquic Glossudalfs

Typical pedon of Slade loam, 0 to 3 percent slopes,
on a 3 percent southeast-facing slope in a hayfield; at
an elevation of 1,190 feet; 840 feet north and 2,350
feet east of the southwest corner of sec. 27, T. 31 N,
R. 2 W.; Dover Township; USGS Sparr Michigan 7.5-
minute topographic quadrangle; lat. 45 degrees 02
minutes 34.53 seconds N. and long. 84 degrees 30
minutes 51.42 seconds W., NAD 27:

Ap—O0 to 10 inches; very dark brown (10YR 2/2) loam,
light brownish gray (10YR 6/2) dry; moderate fine
and medium subangular blocky structure; friable;
many fine roots; about 3 percent gravel; strongly
acid; abrupt smooth boundary.

B/E—10 to 12 inches; 70 percent dark brown (7.5YR
3/4) clay loam (Bt); moderate medium subangular
blocky structure; firm; common distinct dark
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reddish brown (5YR 3/2) clay films on faces of
peds; B material penetrated by columns of brown
(7.5YR 5/2) sandy loam (E), pinkish gray (7.5YR
7/2) dry; common medium prominent black

(N 2.5/0) earthworm casts; common medium
prominent greenish gray (5GY 6/1) iron depletions
in the matrix; common medium prominent strong
brown (7.5YR 4/6) masses of iron accumulation in
the matrix; about 3 percent gravel; strongly acid;
abrupt broken boundary.

Bt1—12 to 16 inches; dark reddish brown (5YR 3/3)
clay loam; moderate medium subangular blocky
structure; firm; common faint dark reddish brown
(5YR 3/2) clay films on faces of peds; common
medium prominent greenish gray (5GY 6/1) iron
depletions in the matrix; many medium prominent
strong brown (7.5YR 4/6) masses of iron
accumulation in the matrix; about 3 percent gravel;
strongly acid; clear wavy boundary.

Bt2—16 to 21 inches; dark brown (7.5YR 3/4) clay
loam; moderate medium subangular blocky
structure; firm; many prominent dark reddish
brown (5YR 3/2) clay films on faces of peds;
common medium prominent black (N 2.5/0)
earthworm casts; common fine prominent black
(N 2.5/0) accumulations of iron and manganese
oxide; common medium prominent greenish gray
(5GY 6/1) iron depletions in the matrix; many
medium prominent strong brown (7.5YR 4/6)
masses of iron accumulation in the matrix; about 3
percent gravel; strongly acid; gradual wavy
boundary.

Bt3—21 to 28 inches; brown (7.5YR 5/4) clay loam;
moderate coarse subangular blocky structure;
firm; common prominent dark reddish brown (5YR
3/2) clay films on faces of peds; many medium
prominent greenish gray (5GY 6/1) and many
coarse prominent light brown (7.5YR 6/3) iron
depletions in the matrix; many medium distinct
strong brown (7.5YR 4/6) masses of iron
accumulation in the matrix; about 3 percent gravel;
few fine prominent very pale brown (10YR 7/3)
soft masses of carbonate accumulation on faces
of peds; neutral; abrupt wavy boundary.

C1—28 to 36 inches; reddish brown (5YR 4/4) loam
with pockets of reddish brown (5YR 4/4) very
fine sandy loam; moderate thick platy structure
derived from deposition; firm; many fine
prominent greenish gray (5GY 6/1) iron
depletions in the matrix; many fine prominent
strong brown (7.5YR 5/6) masses of iron
accumulation in the matrix; about 1 percent
gravel; strongly effervescent; moderately
alkaline; gradual wavy boundary.
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C2—36 to 80 inches; brown (10YR 5/3) loam with
pockets of reddish brown (5YR 4/4) very fine
sandy loam; moderate thick platy structure derived
from deposition; firm; about 1 percent gravel;
strongly effervescent; moderately alkaline.

The depth to carbonates ranges from 24 to 28
inches. The content of gravel ranges from 1 to 5
percent and the content of cobbles from 0 to 5 percent
throughout the profile. Reaction ranges from very
strongly acid to neutral in the upper part of the profile
and is moderately alkaline in the substratum.

The Ap horizon has hue of 10YR, value of 2 or 3,
and chroma of 2.

The Bt horizon has hue of 5YR or 7.5YR, value of 3
to 5, and chroma of 3 or 4. It is clay loam or sandy clay
loam.

The C horizon has hue of 5YR to 10YR, value of 4
or 5, and chroma of 3 or 4.

Tawas Series

The Tawas series consists of very poorly drained
soils in depressions on outwash plains and moraines.
These soils formed in organic material over sandy
material. Permeability is moderately slow to
moderately rapid in the organic material and rapid in
the sandy material. Slope ranges from 0 to 2 percent.

Taxonomic classification: Sandy or sandy-skeletal,
mixed, euic, frigid Terric Haplosaprists

Typical pedon of Tawas muck, in an area of Tawas-
Lupton mucks; in a nearly level forested area; at an
elevation of 1,211 feet; 1,340 feet south and 1,510 feet
west of the northeast corner of sec. 31, .29 N., R. 4
W.; south part of Hayes Township; USGS Frederic
Michigan 7.5-minute topographic quadrangle; lat. 44
degrees 52 minutes 09.54 seconds N. and long. 84
degrees 50 minutes 08.12 seconds W., NAD 27:

0Oa1—o0 to 9 inches; black (10YR 2/1) (broken face
and rubbed) muck (sapric material); 10 percent
fiber broken face, less than 1 percent rubbed;
weak fine subangular blocky structure; friable;
many fine and medium and common coarse roots;
primarily herbaceous fibers; slightly acid; clear
smooth boundary.

Oa2—9 to 12 inches; black (N 2.5/0) (broken face and
rubbed) muck (sapric material); 20 percent fiber
broken face, 10 percent rubbed; weak fine
subangular blocky structure; very friable; primarily
herbaceous fibers; slightly acid; clear smooth
boundary.

0Oa3—12 to 18 inches; black (N 2.5/0) (broken face
and rubbed) muck (sapric material); 50 percent
fiber broken face, 10 percent rubbed; massive;
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friable; 5 percent woody fibers; slightly acid; clear
smooth boundary.

Oa4—18 to 24 inches; very dark gray (10YR 3/1)
(broken face and rubbed) muck (sapric material);
40 percent fiber broken face, less than 1 percent
rubbed; massive; friable; slightly acid; clear
smooth boundary.

Cg1—24 to 26 inches; dark gray (5Y 4/1) sand; single
grain; loose; black (N 2.5/0) organic stains
throughout; slightly acid; clear wavy boundary.

Cg2—26 to 80 inches; dark gray (5Y 4/1) sand; single
grain; loose; about 10 percent fine and medium
gravel; slightly acid.

The depth to sandy material ranges from 22 to 51
inches. Reaction ranges from very strongly acid to
slightly acid in the organic material.

The surface tier has hue of 7.5YR or 10YR or is
neutral in hue. It has value of 2 to 3 and chroma of 0 to
2.

The subsurface and bottom tiers have hue of 10YR
to 5YR or are neutral in hue. They have value of 2 to 3
and chroma of 0 to 2.

The C horizon has hue of 2.5Y or 5Y, value of 3 or
4, and chroma of 1 or 2. It is sand or loamy sand. The
content of gravel ranges from 0 to 10 percent.
Reaction is moderately acid or slightly acid.

Udipsamments

Udipsamments consist of well drained to
excessively drained, rapidly permeable soils on
outwash plains, moraines, deltas, and lake plains.
These soils formed in sandy deposits. Slope ranges
from O to 8 percent.

Typical pedon of Udipsamments, 1,950 feet west
and 500 feet south of the northeast corner of sec. 16,
T. 32 N,, R. 2 E., Montmorency Township; USGS Lake
Geneva Michigan 7.5-minute topographic quadrangle;
lat. 45 degrees 10 minutes 9 seconds N. and long. 84
degrees 11 minutes 36 seconds W., NAD 27:

Bw—o0 to 7 inches; dark yellowish brown (10YR 4/4)
sand; weak fine subangular blocky structure; very
friable; common very fine and fine and few
medium and coarse roots; 5 percent gravel;
extremely acid; clear wavy boundary.

BC—7 to 13 inches; yellowish brown (10YR 5/6) sand;
weak fine and medium subangular blocky
structure; very friable; few very fine roots; 1
percent gravel; extremely acid; clear wavy boundary.

C1—13 to 65 inches; light yellowish brown (10YR 6/4)
sand; single grain; loose; 1 percent gravel;
extremely acid; clear wavy boundary.

C2—65 to 81 inches; pale brown (10YR 6/3) sand;
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single grain; loose; a few strong brown (7.5YR 5/6)
color bands "/1s inch thick; 1 percent gravel; very
strongly acid.

Udorthents

Udorthents consist of well drained to excessively
drained, rapidly permeable soils on outwash plains,
moraines, deltas, and lake plains. These soils formed
in loamy deposits. Slope ranges from 0 to 8 percent.

Typical pedon of Udorthents, 2,600 feet east and
1,600 feet north of the southwest corner of sec. 24, T.
31 N, R. 4 E., Hillman Township; USGS Hillman
Michigan 7.5-minute topographic quadrangle; lat. 45
degrees 3 minutes 49 seconds N. and long. 83
degrees 53 minutes 20 seconds W., NAD 27:

Ap—0 to 42 inches; dark grayish brown (10YR 4/2)
sandy loam; moderate medium granular structure;
very friable; 8 percent gravel and 5 percent
cobbles; neutral; clear irregular boundary.

Bt/E—42 to 48 inches; 70 percent reddish brown (5YR
4/4) clay loam (Bt); strong medium subangular
blocky structure; friable; Bt material surrounded by
pinkish gray (5YR 6/2) loamy sand (E); friable; 8
percent gravel and 5 percent cobbles; neutral;
clear wavy boundary.

Bt—48 to 54 inches; reddish brown (5YR 4/4) clay loam;
strong medium subangular blocky structure; firm;
many prominent reddish brown (5YR 4/3) clay films
on faces of peds; 8 percent gravel and 5 percent
cobbles; slightly alkaline; clear wavy boundary.

C—54 to 80 inches; brown (10YR 5/3) sandy loam;
weak medium subangular blocky structure; very
friable; 8 percent gravel and 5 percent cobbles;
moderately alkaline.

Wakeley Series

The Wakeley series consists of very poorly drained
soils on lake plains. These soils formed in sandy
material underlain by clayey material. Permeability is
rapid in the sandy material and slow in the clayey
material. Slope ranges from 0 to 2 percent.

Taxonomic classification: Sandy over clayey, mixed,
nonacid, semiactive, frigid Aeric Epiaquents

Typical pedon of Wakeley muck, on a 1 percent
northeast-facing slope in a forested area; at an
elevation of 1,075 feet; 2,280 feet south and 545 feet
east of the northwest corner of sec. 35, T.32 N., R. 3
W.; east part of Corwith Township; USGS Gaylord
Michigan 7.5-minute topographic quadrangle; lat. 45
degrees 07 minutes 17.97 seconds N. and long. 84
degrees 39 minutes 03.18 seconds W., NAD 27:

Oa—~0 to 7 inches; black (10YR 2/1) (broken face and
rubbed) muck (sapric material); 40 percent woody
and herbaceous fiber broken face, 5 percent
rubbed; moderate fine and medium subangular
blocky structure; friable; many fine and medium
and common coarse roots; strongly acid; abrupt
wavy boundary.

Cg—7 to 12 inches; grayish brown (2.5Y 5/2) sand;
weak medium subangular blocky structure; very
friable; common fine and medium and few coarse
roots; common medium prominent dark yellowish
brown (10YR 4/6) and yellowish brown (10YR 5/6)
masses of iron accumulation in the matrix; about 1
percent fine gravel; moderately acid; clear wavy
boundary.

C1—12to 21 inches; brown (10YR 5/3) sand; single
grain; loose; few fine and medium roots; common
medium distinct yellowish brown (10YR 5/6)
masses of iron accumulation in the matrix; about 1
percent fine gravel; moderately acid; abrupt wavy
boundary.

2C2—21 to 25 inches; reddish brown (5YR 5/4),
stratified silty clay with 30 percent loamy sand,;
massive; firm; many coarse prominent greenish
gray (5GY 5/1) gley coatings in cracks and root
channels; common medium distinct yellowish red
(5YR 5/6) masses of iron accumulation in the
matrix; slightly alkaline; clear wavy boundary.

2C3—25 to 64 inches; reddish brown (5YR 5/4) silty
clay; massive; firm; many coarse prominent
greenish gray (5GY 5/1) gley coatings in cracks
and root channels; common medium distinct
yellowish red (5YR 5/6) masses of iron
accumulation in the matrix; violently effervescent;
moderately alkaline; clear wavy boundary.

2C4—64 to 80 inches; brown (7.5YR 5/4) silty clay
loam; massive; firm; few fine prominent greenish
gray (5GY 5/1) gley coatings in fractures; violently
effervescent; moderately alkaline.

The depth to clayey lacustrine sediments ranges
from 18 to 36 inches. The content of gravel ranges
from O to 5 percent throughout the profile.

The Oa horizon has hue of 10YR or is neutral in
hue. It has value of 2 or 2.5 and chroma of 0 or 1. It is
3 to 7 inches thick.

The C horizon has hue of 10YR or 2.5Y, value of 5
or 6, and chroma of 2 to 4. It is sand or loamy sand.

The Cg horizon has hue of 2.5Y, value of 5 or 6,
and chroma of 1 or 2.

The 2C horizon has hue of 7.5YR or 5YR, value of
4 1o 6, and chroma of 2 to 4. It is dominantly clay or
silty clay, but in some pedons it is silty clay loam or
clay loam or has thin strata of loamy or sandy
material.



Formation of the Soils

199

The paragraphs that follow relate the factors of soil
formation to the soils in Otsego County and explain
the processes of soil formation.

Factors of Soil Formation

Soil forms through the interaction of five major
factors. These are the physical, chemical, and
mineralogical composition of the parent material; the
climate under which the soil material accumulated and
has existed since accumulation; the plant and animal
life on and in the soil; the topography; and the length of
time that the processes of soil formation have acted on
the parent material (Jenny, 1941). The factors of soil
formation are so closely interrelated in their effects on
the soils that few generalizations can be made
regarding the effect of any one factor unless
conditions are specified for the other four.

Climate and plant and animal life are the active
forces of soil formation. They slowly change the parent
material into a natural body of soil that has genetically
related layers called horizons. The effects of climate
and plant and animal life are conditioned by relief. The
nature of the parent material affects the kind of soil
profile that forms. In extreme cases, it determines the
soil profile almost entirely. Finally, time is needed for
the transformation of the parent material into a soil.
Some time is always needed for the differentiation of
soil horizons.

Parent Material

Parent material is the unconsolidated mass in which
a soil forms. It determines the limits of the chemical
and mineralogical composition of the soil. The
dominant parent materials of the soils in Otsego
County are glacial outwash and glacial till. Some of the
soils formed in alluvium or in organic material.

Glacial outwash is the parent material of the soils in
about 58 percent of the county. Glacial meltwater
deposited this material in areas of outwash plains,
outwash channels, stream terraces, kames, and kame
terraces throughout the county. The texture of this
material varies greatly. The size of the particles varies
according to the speed of stream that carried them. As
the water slowed down, the coarser particles were

deposited first. Only the finer particles, such as very
fine sand, silt, and clay, can be carried by slowly
moving water.

Many of the outwash soils are underlain by
calcareous coarse sand and gravel. The rock
fragments in the outwash tend to be rounded, having
no sharp edges. Outwash deposits generally consist
of layers of particles having similar sizes, such as
loamy sand, sand, gravel, and other coarse particles.
The outwash in Otsego County ranges from sand, the
dominant material of the Grayling and Rubicon soils,
to the loamy sand of the Blue Lake and Islandlake
soils and the gravelly sandy loam of the Mancelona
soils.

Glacial till is the parent material of the soils in about
28 percent of the county. It is the unsorted material
transported and deposited directly by glaciers with a
minimum of water action. It is a mixture of all sizes of
particles, from clay-size particles to large stones and
boulders. The rock fragments in glacial till have sharp
corners, indicating that they have not been worn by
water. All exposed glacial till in Otsego County is a
result of the various Wisconsinan glacial advances.
The ice melted and receded from the survey area
10,000 to 12,000 years ago.

The sandy loam till of the dissected moraines,
deposited by the Huron Lobe during the Port Bruce
advance, is the primary parent material of Feldhauser
soils. This till is underlain by sandy glacial drift, which
is the primary parent material of Blue Lake and
Kalkaska soils, in the southwestern part of the county.
The till has about 0 to 15 percent gravel, 70 percent
sand, 15 percent silt, and 5 percent clay. It is friable
and is yellowish brown and strong brown. The calcium
carbonate equivalent is about 0 percent.

The loam and clay loam till of the Johannesburg
Moraine, deposited by the Huron Lobe during the Port
Huron advance, is the primary parent material of
Bamfield, Mossback, Kent, and Ossineke soils. This till
has about 3 percent gravel, 35 percent sand, 35
percent silt, and 30 percent clay. It is firm and is
yellowish brown and brown. The calcium carbonate
equivalent is about 15 percent.

The loamy sand till of kamelike masses in the
channeled uplands, deposited by the Valders
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readvancement of the Huron Lobe, is the primary
parent material of Leelanau soils. This till has 0 to 15
percent gravel, about 65 percent sand, 25 percent silt,
and 10 percent clay. It is friable and is yellowish brown
and brown. The calcium carbonate equivalent is about
5 percent.

Alluvium is the parent material of the soils in less
than 1 percent of Otsego County. Because the
landscape in the county is quite young and the county
is the headwaters of the river systems, most of the
flood plains are narrow and little alluvial material has
accumulated. The material that has accumulated
varies in texture, depending on the source of the
material and the speed of the water from which it was
deposited. Alluvium deposited by a swift stream is
coarser textured than that deposited by a slow,
sluggish stream. The alluvial material is deposited on
the present flood plains, natural levees, and first
bottoms.

The soils that formed in alluvium are the youngest
soils in the county and typically have no profile
development. These soils and their parent material are
characterized by an irregular decrease in content of
organic matter with increasing depth. Ausable soils
formed in sandy alluvium with strata of muck, and
Bowstring soils formed in mucky alluvium with strata of
sand.

Organic material is the parent material of the soils
in about 9 percent of the county. It is made up of the
remains of decomposed plant materials. After the
glaciers receded from the survey area, water
remained standing in open and closed depressions on
outwash plains, in outwash channels, on moraines,
and in back swamps on flood plains. Because of the
waterlogged environment, the water-tolerant trees and
grasses and sedges that grew around the edges of the
depressions did not rapidly decompose after they died.
Eventually, the plant remains filled the depressions
and slowly decomposed to form muck. Tawas, Lupton,
and Leafriver soils are examples of soils that formed in
organic material.

Climate

The soils in Otsego County probably formed under
the influence of a mid-continental, humid climate very
similar to that of the present. This climate affected soil
formation mainly through its effect on the type of
vegetation. It favored forest growth in the county. The
climate also affected soil temperature and moisture,
which in turn affected the chemical and biological
processes of soil formation. The soil temperature
regime in the county is frigid. The soil temperature
averages less than 8 degrees C (47 degrees F). The
primary soil moisture regime in the county is udic,
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which implies that the precipitation is evenly
distributed throughout the year and that water moves
down through the soil at some time in most years. In
some areas the moisture regime is aquic, which
means that at least the lower horizons of the soil are
saturated during part of the growing season. Low-
chroma redoximorphic features are evidence of an
aquic regime.

Climate is a major factor in determining the extent
of soil formation. It affects the rate and intensity of
hydrolysis, carbonation, oxidation, reduction, and other
important chemical reactions in the soil. Temperature
and rainfall affect the leaching and translocation of soil
minerals and clay. All of the climatic factors affect the
type and abundance of native vegetation, which in turn
affects soil formation.

Local conditions can somewhat modify or
ameliorate the effects of the general climate. The
microclimate on south-facing slopes is generally
warmer and less humid than that on nearby north-
facing slopes. Also, areas close to large bodies of
water tend to have a narrower range of temperature
variations and are more humid than areas some
distance away. Poorly drained soils in low areas are
wetter and colder than the soils in most of the
surrounding areas.

Plant and Animal Life

Plant and animal life has had an important impact
on soil formation and degradation in Otsego County.
Plant life is a driving force in soil formation. As plants
grow old and die, their remains accumulate on the
surface, decay, and eventually become organic matter.
The stored nutrients are released to the upper layers
of the sail.

Grasses tend to have large, fibrous root systems
that add large amounts of organic matter to the
surface layer. Trees tend to have deep root systems
that recycle nutrients back to the surface from deep in
the soil profile. As they decay, the roots of the plants
provide channels for the downward movement of water
through the soil. The surface layer of the soils that
formed under a forest cover tends to be thin and light
in color, and the surface layer of the soils that formed
under grasses is thick and dark.

Most of the soils in the county formed under a
forest plant community, mainly coniferous trees or a
mixture of coniferous and deciduous trees. Differences
in natural soil drainage and minor variations in parent
material affected the composition of the species. The
excessively drained Grayling soils were covered
mainly with jack pine but had scattered black oaks.
The somewhat excessively drained Kalkaska and
Islandlake soils were covered mainly with white pine,
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sugar maple, red maple, and American beech. The
well drained Bamfield, Mossback, and Menominee
soils were covered mainly with white pine, hemlock,
sugar maple, and basswood. The very poorly drained
Deford, Leafriver, and Tawas soils were covered with
northern whitecedar, red maple, balsam fir, and
quaking aspen. These soils have a thick, dark surface
layer because of very poor drainage. The lack of air
under a saturated condition reduces the rate of
decomposition, allowing the organic matter to
accumulate.

The burrows of earthworms act as large pores that
allow water and air movement in the soil. Bacteria and
fungi in the soil help to break down the organic matter,
releasing nutrients, which are used by growing plants.

Human activities have had a tremendous impact on
the soil resource since Otsego County was settled.
The recent activities have augmented or disrupted the
natural systems and in general increased the rate of
organic matter decay. The clearing of the timber has
removed and changed the protective plant cover.
Extensive wildfires have completely consumed the
organic matter in some soils. In farmed areas
cultivation has increased the susceptibility of the more
sloping soils to erosion. As land is brought under
cultivation, the runoff rate increases and the infiltration
rate decreases. As a result, accelerated erosion has
removed all or part of the original surface layer with its
organic matter and nutrients. Sheet erosion, which is
the most prevalent type of erosion in the county, is
insidious in that it causes the removal of a thin layer of
soil across entire fields and is almost impossible to
observe. Cultivation generally removes all traces of
sheet or rill erosion, but not its effect. In some areas,
deep gullies have formed and the eroded soil material
has been deposited on the lower slopes.

Fire and erosion have changed the structure and
consistence of the surface layer in many soils and
reduced the content of organic matter and the level of
natural fertility. This destruction has been so extensive
that the original tree species are no longer able to
grow in many areas.

In areas that are still farmed, there are many
management measures that can decrease the
susceptibility of the soils to erosion, ameliorate the
effects of erosion, and increase productivity. Many
soils are more productive than they were naturally
because applications of fertilizer and lime have
overcome inherent deficiencies in plant nutrients.
Conservation tillage, green manure crops, and cover
crops all reduce the hazard of erosion and help to
rebuild topsoil by adding organic matter and helping to
maintain or improve the tilth of the surface layer. In
other areas engineering solutions, such as terraces,
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water- and sediment-control basins, diversions, and
grassed waterways, help to control concentrated
waterflow and the resultant gully erosion.

Topography

The topography of Otsego County indirectly affects
soil formation through its effect on drainage, the rate of
erosion, the kind of plant cover, and the soil
temperature. The county is dominated by the
topography of outwash plains and glacial moraines.
The central and southeastern parts of the county are
dominated by a large outwash plain. In this area
slopes range from nearly level to undulating. These
slopes are dominantly simple. Small closed
depressions are in some areas. The southwestern part
of the county as well as the flanks of the
Johannesburg Moraine and the channeled uplands are
nearly level to very steep. The slopes tend to be
complex, however, and natural drainageways are
abundant. Soil temperature tends to be lower on north-
facing slopes and in low areas where cold air drains.

The color of the subsoil is affected by natural
drainage. Water tends to run off the steeper sails,
which generally are deeper to a water table than the
less sloping soils. The well drained Bamfield,
Mossback, and Leelanau soils reddish brown and
brown. All three of these soils have a water table
below a depth of 6 feet. Nearly level soils and soils in
closed depressions are temporarily ponded and tend
to have a water table close to the surface. The poorly
drained Angelica soils are dominantly gray. These soils
are subject to ponding and have a seasonal high water
table at or above the surface. The moderately well
drained Kent and Ossineke soils tend to be brown and
have redoximorphic features (bright reds and yellows)
in the subsoil. The somewhat poorly drained Slade
soils tend to be grayish brown and have redoximorphic
features in the subsoil. The grayish colors form when
the iron in the soil is in a reduced state because of a
lack of oxygen. In contrast, oxidized iron is bright red.
The redoximorphic features form when part of the soil
is saturated and thus has no oxygen and part is
aerated. The wetter soils tend to have a darker
surface layer because of an accumulation of organic
matter.

In areas of outwash, the steeper soils are better
drained than the nearly level soils. The influence of the
porous, rapidly permeable parent material, however,
can override the influence of topography. Because of
rapid permeability, even the nearly level East Lake and
Islandlake soils are somewhat excessively drained
and brightly colored.

Some of the properties of the well drained soils that
have a wide slope range vary according to the slope.
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Two of these properties are depth to free carbonates
and depth to the maximum clay percentage in the
subsoil. These depths tend to decrease with an
increase in slope. This decrease originally resulted
from the amount of runoff versus deep percolation of
warm-season precipitation, but it is now more closely
related to the amount of soil lost through erosion.

Time

Time is needed for the various processes of the soil
formation to take effect. The amount of time varies. A
thin O horizon, such as the one in Ausable muck, may
form in a fresh alluvial deposit in only a few years.
Conversely, thousands of years are needed for the
development of the genetic subsoil horizons in many
of the older upland soils, such as the Bt horizon in
Ossineke fine sandy loam. Fresh material is constantly
being deposited on the alluvial soils. This material has
not been in place long enough for the climate and
vegetation to form well defined genetic horizons.

Processes of Soil Formation

Soil horizon differentiation is the result of four basic
processes. These are additions, removals, transfers,
and transformations. In most of the soils in Otsego
County, two or more of these processes have been
active in the development of horizons. Each of these
processes affects many substances in the soil, such
as organic matter, soluble salts, carbonates,
sesquioxides, and silicate clay. The changes brought
about by these various processes help to determine
the kind soil profile that forms.

The accumulation of organic matter is an early
phase in horizon development. It is affected by the
age of the soil, its drainage, the vegetation it supports,
and its productivity. The content of organic matter in
the soils of Otsego County ranges from very low to
very high. The organic matter content is very low in
the thin A horizon in Grayling sand. This excessively

drained soil is not very productive. Any organic matter
in the soil is rapidly decomposed. The content of
organic matter is high in Slade loam. This somewhat
poorly drained soil is very productive. Its restricted
drainage reduces the rate of organic matter
decomposition.

Erosion can affect the rate of organic matter
accumulation. There is a decrease where there is a
loss of topsoil and an increase at the site of
deposition.

The removal and translocation of substances from
one part of the profile to another have differentiated
horizons in most of the soils in the county. All factors
being favorable, soluble minerals, salts, and
carbonates are leached downward in the soils over
time. The carbonates have been removed from the
upper horizons of all the soils in the county. In some
areas they have been deposited in the lower part of
the soils and have become secondary accumulations
of carbonates. After the carbonates are leached from
the soils, the silicate clay particles can be translocated
downward in solution. When most of the soluble
minerals and clay particles have been leached from a
layer in the soil, the layer becomes an eluviated, or E,
horizon. Over time, the translocated clay typically
accumulates as clay films in pores and on faces of
peds, forming an illuviated, or Bt, horizon. Bamfield
soils are an example of soils in which translocated
silicate clay minerals in the form of clay films have
accumulated in the B horizon.

Transformations can be physical or chemical. The
weathering of soil particles to smaller sizes is a
physical transformation. The reduction of iron from the
ferric or oxidized state to the ferrous or reduced state
is a chemical transformation. This process is called
gleying. It can occur when the soil becomes saturated
for long periods. The resulting lack of oxygen reduces
the iron, and the soil becomes gray. This process has
occurred in Cathro and other very poorly drained or
poorly drained soils.
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ABC soil. A soil having an A, a B, and a C horizon.

Ablation till. Loose, permeabile till deposited during
the final downwasting of glacial ice. Lenses of
crudely sorted sand and gravel are common.

AC soil. A soil having only an A and a C horizon.
Commonly, such soil formed in recent alluvium or
on steep, rocky slopes.

Aeration, soil. The exchange of air in soil with air from
the atmosphere. The air in a well aerated soil is
similar to that in the atmosphere; the air in a
poorly aerated soil is considerably higher in
carbon dioxide and lower in oxygen.

Aggregate, soil. Many fine particles held in a single
mass or cluster. Natural soil aggregates, such as
granules, blocks, or prisms, are called peds. Clods
are aggregates produced by tillage or logging.

Alluvial fan.The fanlike deposit of a stream where it
issues from a gorge upon a plain or of tributary
stream near or at its junction with its main stream.

Alluvium. Material, such as sand, silt, or clay,
deposited on land by streams.

Alpha,alpha-dipyridyl. A dye that when dissolved in
1N ammonium acetate is used to detect the
presence of reduced iron (Fe Il) in the soil. A
positive reaction indicates a type of redoximorphic
feature.

Animal unit month (AUM). The amount of forage
required by one mature cow of approximately
1,000 pounds weight, with or without a calf, for 1
month.

Aquic conditions. Current soil wetness characterized
by saturation, reduction, and redoximorphic
features.

Area reclaim (in tables). An area difficult to reclaim
after the removal of soil for construction and other
uses. Revegetation and erosion control are
extremely difficult.

Argillic horizon. A subsoil horizon characterized by
an accumulation of illuvial clay.

Aspect. The direction in which a slope faces.

Association, soil. A group of soils or miscellaneous
areas geographically associated in a characteristic
repeating pattern and defined and delineated as a
single map unit.

Available water capacity (available moisture
capacity). The capacity of soils to hold water
available for use by most plants. It is commonly
defined as the difference between the amount of
soil water at field moisture capacity and the
amount at wilting point. It is commonly expressed
as inches of water per inch of soil. The capacity, in
inches, in a 60-inch profile or to a limiting layer is
expressed as:

HIGh oo

Basal area. The area of a cross section of a tree,
generally referring to the section at breast height
and measured outside the bark. It is a measure of
stand density, commonly expressed in square feet
per acre.

Basal till. Compact glacial till deposited beneath the
ice.

Base saturation. The degree to which material having
cation-exchange properties is saturated with
exchangeable bases (sum of Ca, Mg, Na, and K),
expressed as a percentage of the total cation-
exchange capacity.

Bedding planes. Fine strata, less than 5 millimeters
thick, in unconsolidated alluvial, eolian, lacustrine,
or marine sediment.

Bedding system. A drainage system made by
plowing, grading, or otherwise shaping the surface
of a flat field. It consists of a series of low ridges
separated by shallow, parallel dead furrows.

Bedrock. The solid rock that underlies the soil and
other unconsolidated material or that is exposed at
the surface.

Bisequum. Two sequences of soil horizons, each of
which consists of an illuvial horizon and the
overlying eluvial horizons.

Blowout. A shallow depression from which all or most
of the soil material has been removed by the wind.
A blowout has a flat or irregular floor formed by a
resistant layer or by an accumulation of pebbles or
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cobbles. In some blowouts the water table is
exposed.

Blowout (spot symbol). A general term for a small
saucer- cup- or trough-shaped hollow or
depression formed by wind erosion in an area of
loose soil where productive vegetation is disturbed
or does not occur. Less than 3 acres in size.

Board foot. A unit of measure of the wood in lumber,
logs, or trees. The amount of wood in a board 1
foot wide, 1 foot long, and 1 inch thick before
finishing.

Bogs (spot symbol). Waterlogged, spongy ground
consisting primarily of acidic vegetation. These
generally occur in small closed depressions within
areas of mineral soils. Typically 1 to 3 acres in
size.

Borrow pit (spot symbol). An open excavation from
which soil and underlying material have been
removed, generally for road construction. Less
than 3 acres in size.

Bottom land. The normal flood plain of a stream,
subject to flooding.

Boulders. Rock fragments larger than 2 feet (60
centimeters) in diameter.

Breast height. An average height of 4.5 feet above
the ground surface; the point on a tree where
diameter measurements are ordinarily taken.

Brush management. Use of mechanical, chemical, or
biological methods to make conditions favorable
for reseeding or to reduce or eliminate competition
from woody vegetation and thus allow understory
grasses and forbs to recover. Brush management
increases forage production and thus reduces the
hazard of erosion. It can improve the habitat for
some species of wildlife.

Cable yarding. A method of moving felled trees to a
nearby central area for transport to a processing
facility. Most cable yarding systems involve use of
a drum, a pole, and wire cables in an arrangement
similar to that of a rod and reel used for fishing. To
reduce friction and soil disturbance, felled trees
generally are reeled in while one end is lifted or
the entire log is suspended.

Calcareous soil. A soil containing enough calcium
carbonate (commonly combined with magnesium
carbonate) to effervesce visibly when treated with
cold, dilute hydrochloric acid.

Canopy. The leafy crown of trees or shrubs (See
Crown).

Capillary water. Water held as a film around soil
particles and in tiny spaces between particles.
Surface tension is the adhesive force that holds
capillary water in the soil.
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Catena. A sequence, or “chain,” of soils on a
landscape that formed in similar kinds of parent
material but have different characteristics as a
result of differences in relief and drainage.

Cation. An ion carrying a positive charge of electricity.
The common soil cations are calcium, potassium,
magnesium, sodium, and hydrogen.

Cation-exchange capacity. The total amount of
exchangeable cations that can be held by the soil,
expressed in terms of milliequivalents per 100
grams of soil at neutrality (pH 7.0) or at some
other stated pH value. The term, as applied to
soils, is synonymous with base-exchange capacity
but is more precise in meaning.

Chemical treatment. Control of unwanted vegetation
through the use of chemicals.

Chiseling. Tillage with an implement having one or
more soil-penetrating points that shatter or loosen
hard, compacted layers to a depth below normal
plow depth.

Clay. As a soil separate, the mineral soil particles less
than 0.002 millimeter in diameter. As a soil textural
class, soil material that is 40 percent or more clay,
less than 45 percent sand, and less than 40
percent silt.

Clay depletions. Low-chroma zones having a low
content of iron, manganese, and clay because of
the chemical reduction of iron and manganese
and the removal of iron, manganese, and clay. A
type of redoximorphic depletion.

Clay film. A thin coating of oriented clay on the
surface of a soil aggregate or lining pores or root
channels. Synonyms: clay coating, clay skin.

Clay spot (spot symbol). A spot where the surface
layer is silty clay or clay. Less than 3 acres in size.

Clayey soil. Silty clay, sandy clay, or clay.

Clearcut. A method of forest harvesting that removes
the entire stand of trees in one cutting.
Reproduction is achieved artificially or by natural
seeding from adjacent stands.

Climax plant community. The plant community on a
given site that will be established if present
environmental conditions continue to prevail and
the site is properly managed.

Closed depressions. Low areas completely
surrounded by higher ground and having no
natural outlet.

Coarse textured soil. Sand or loamy sand.

Cobble (or cobblestone). A rounded or partly
rounded fragment of rock 3 to 10 inches (76 to
250 millimeters) in diameter.

Cobbly soil material. Material that is 15 to 35
percent, by volume, rounded or partially rounded
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rock fragments 3 to 10 inches (76 to 250
millimeters) in diameter. Very cobbly soil material
is 35 to 60 percent of these rock fragments, and
extremely cobbly soil material is more than 60
percent.

Codominent trees. Trees that have crowns forming
the general level of the forest canopy and that
receive full light from above but comparatively little
from the sides.

Colluvium. Soil material or rock fragments, or both,
moved by creep, slide, or local wash and
deposited at the base of steep slopes.

Commerical forest. Forestland capable of producing
20 cubic feet or more per acre per year at the
culmination of mean annual increment.

Complex slope. Irregular or variable slope. Planning
or establishing terraces, diversions, and other
water-control structures on a complex slope is
difficult.

Complex, soil. A map unit of two or more kinds of soil
or miscellaneous areas in such an intricate pattern
or so small in area that it is not practical to map
them separately at the selected scale of mapping.
The pattern and proportion of the soils or
miscellaneous areas are somewhat similar in all
areas.

Concretions. Cemented bodies with crude internal
symmetry organized around a point, a line, or a
plane. They typically take the form of concentric
layers visible to the naked eye. Calcium carbonate,
iron oxide, and manganese oxide are common
compounds making up concretions. If formed in
place, concretions of iron oxide or manganese
oxide are generally considered a type of
redoximorphic concentration.

Congeliturbate. Soil material disturbed by frost
action.

Conservation cropping system. Growing crops in
combination with needed cultural and
management practices. In a good conservation
cropping system, the soil-improving crops and
practices more than offset the effects of the soil-
depleting crops and practices. Cropping systems
are needed on all tilled soils. Soil-improving
practices in a conservation cropping system
include the use of rotations that contain grasses
and legumes and the return of crop residue to the
soil. Other practices include the use of green
manure crops of grasses and legumes, proper
tillage, adequate fertilization, and weed and pest
control.

Conservation tillage. A tillage system that does not
invert the soil and that leaves a protective amount
of crop residue on the surface throughout the year.
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Consistence, soil. Refers to the degree of cohesion
and adhesion of soil material and its resistance to
deformation when ruptured. Consistence includes
resistance of soil material to rupture and to
penetration; plasticity, toughness, and stickiness
of puddled soil material; and the manner in which
the soil material behaves when subject to
compression. Terms commonly used to describe
consistence are:

Loose.—Noncoherent when dry or moist; does not
hold together in a mass.

Friable—When moist, crushes easily under gentle
pressure between thumb and forefinger and can
be pressed together into a lump.

Firm.—When moist, crushes under moderate
pressure between thumb and forefinger, but
resistance is distinctly noticeable.
Plastic—Readily deformed by moderate

pressure but can be pressed into a lump; will

form a “wire” when rolled between thumb and
forefinger.

Sticky—Adheres to other material and tends to
stretch somewhat and pull apart rather than to pull
free from other material.

Hard—When dry, moderately resistant to
pressure; can be broken with difficulty between
thumb and forefinger.

Soft—When dry, breaks into powder or individual
grains under very slight pressure.
Cemented.—Hard; little affected by moistening.

Contour stripcropping. Growing crops in strips that
follow the contour. Strips of grass or close-growing
crops are alternated with strips of clean-tilled
crops or summer fallow.

Control section. The part of the soil on which
classification is based. The thickness varies
among different kinds of soil, but for many it is that
part of the soil profile between depths of 10 inches
and 40 or 80 inches.

Coprogenous earth (sedimentary peat). Fecal
material deposited in water by aquatic organisms.

Corrosive. High risk of corrosion to uncoated steel or
deterioration of concrete.

Cover crop. A close-growing crop grown primarily to
improve and protect the soil between periods of
regular crop production, or a crop grown between
trees and vines in orchards and vineyards.

Crop residue management. Returning crop residue
to the soil, which helps to maintain soil structure,
organic matter content, and fertility and helps to
control erosion.

Cropping system. Growing crops according to a
planned system of rotation and management
practices.
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Cross-slope farming. Deliberately conducting
farming operations on sloping farmland in such a
way that tillage is across the general slope.

Crown. The upper part of a tree or shrub, including the

living branches and their foliage.

Culmination of the mean annual increment (CMAI).

The average annual increase per acre in the
volume of a stand. Computed by dividing the total
volume of the stand by its age. As the stand
increases in age, the mean annual increment
continues to increase until mortality begins to
reduce the rate of increase. The point where the
stand reaches its maximum annual rate of growth
is called the culmination of the mean annual
increment.

Cut and fill (spot symbol). Areas where native soil
has been removed or buried. Less than 3 acres in
size.

Cutbanks cave (in tables). The walls of excavations
tend to cave in or slough.

Deferred grazing. Postponing grazing or resting
grazing land for a prescribed period.

Delta. A body of alluvium having a surface that is
nearly flat and fan shaped; deposited at or near
the mouth of a river or stream where it enters a
body of relatively quiet water, generally a sea or
lake.

Dense layer (in tables). A very firm, massive layer
that has a bulk density of more than 1.8 grams
per cubic centimeter. Such a layer affects the
ease of digging and can affect filling and
compacting.

Depression (spot symbol). A shallow, saucer-shaped
area lower on the landscape than the surrounding
area and without a natural outlet for surface
drainage. Less than 3 acres in size.

Depth, soil. Generally, the thickness of the soil over
bedrock. Very deep soils are more than 60 inches
deep over bedrock; deep soils, 40 to 60 inches;
moderately deep, 20 to 40 inches; shallow, 10 to
20 inches; and very shallow, less than 10 inches.

Depth to rock (in tables). Bedrock is too near the
surface for the specified use.

Disintegration moraine. A drift topography
characterized by chaotic mounds and pits,
generally randomly oriented, developed in
supraglacial drift by collapse and flow as the
underlying stagnant ice melted. Slopes may be
steep and unstable, and there are used and
unused stream courses and lake depressions
interspersed with moranic ridges. Consequently,
there are rapid or abrupt changes between
materials of differing lithology.
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Diversion (or diversion terrace). A ridge of earth,
generally a terrace, built to protect downslope
areas by diverting runoff from its natural course.

Divided-slope farming. A form of field stripcropping
in which crops are grown in a systematic
arrangement of two strips, or bands, across the
slope to reduce the hazard of water erosion. One
strip is in a close-growing crop that provides
protection from erosion, and the other strip is in a
crop that provides less protection from erosion.
This practice is used where slopes are not long
enough to permit a full stripcropping pattern to be
used.

Dominent trees. Trees that have crowns forming the
general level of the forest canopy and that receive
full light from above and from the sides.

Drainage class (natural). Refers to the frequency and
duration of wet periods under conditions similar to
those under which the soil formed. Alterations of
the water regime by human activities, either
through drainage or irrigation, are not a
consideration unless they have significantly
changed the morphology of the soil. Seven
classes of natural soil drainage are recognized—
excessively drained, somewhat excessively
drained, well drained, moderately well drained,
somewhat poorly drained, poorly drained, and
very poorly drained. These classes are defined in
the “Soil Survey Manual”

Drainage, surface. Runoff, or surface flow of water,
from an area.

Drainageway. An area of ground that is at a lower
elevation than the surrounding ground and in
which water collects and is drained to a closed
depression or lake or to a drainageway at a lower
elevation. A drainageway may or not have
distinctly incised channels at its upper reaches or
throughout its course.

Draw. A small stream valley that generally is more
open and has broader bottom land than a ravine
or guich.

Drumlin. A low, smooth, elongated, oval hill, mound,
or ridge of compact glacial till. The longer axis is
parallel to the path of the glacier and commonly
has a blunt nose pointing in the direction from
which the ice approached.

Duff. A generally firm organic layer on the surface of
mineral soils. It consists of fallen plant material
that is in the process of decomposition and
includes everything from the litter on the surface to
underlying pure humus

Dump (spot symbol). An area of accumulated waste
products of human habitation which can be above
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or below natural ground level. Typically 1 to 3
acres in size.

Eluviation. The movement of material in true solution
or colloidal suspension from one place to another
within the soil. Soil horizons that have lost material
through eluviation are eluvial; those that have
received material are illuvial.

End moraine. A ridgelike accumulation that is being
or was produced at the outer margin of an actively
flowing glacier at any given time

Endosaturation. A type of saturation of the soil in
which all horizons between the upper boundary
of saturation and a depth of 2 meters are
saturated.

Eolian soil material. Earthy parent materials
accumulated though wind action; commonly refers
to sandy material in dunes or to loess in blankets
on the surface.

Ephemeral stream. A stream, or reach of a stream,
that flows only in direct response to precipitation. It
receives no long-continued supply from melting
snow or other source, and its channel is above the
water table at all times.

Episaturation. A type of saturation indicating a
perched water table in a soil in which saturated
layers are underlain by one or more unsaturated
layers within 2 meters of the surface.

Erosion. The wearing away of the land surface by
water, wind, ice, or other geologic agents and by
such processes as gravitational creep.

Erosion (accelerated). Erosion much more rapid
than geologic erosion, mainly as a result of human
or animal activities or of a catastrophe in nature,
such as a fire, that exposes the surface.

Erosion (geologic). Erosion caused by geologic
processes acting over long geologic periods and
resulting in the wearing away of mountains and
the building up of such landscape features as
flood plains and coastal plains. Synonym: natural
erosion.

Erosion pavement. A layer of gravel or stones that
remain on the surface after fine particles are
removed by sheet or rill erosion.

Escarpment. A relatively continuous and steep slope
or cliff breaking the general continuity of more
gently sloping land surfaces and resulting from
erosion or faulting. Synonym: scarp.

Escarpment, other than bedrock (spot symbol). A
relatively continuous and steep slope or cliff
produced when erosion or faulting breaks the
general continuity of more gently sloping land
surfaces. The exposed material that is not bedrock
is nonsoil or a very shallow, poorly developed soil.
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Esker. A narrow, winding ridge of stratified gravelly
and sandy drift deposited by a stream flowing in a
tunnel beneath a glacier.

Even aged. Refers to a stand of trees in which only
small differences in age occur between the
individuals. A range of 20 years is allowed.

Excess fines (in tables). Excess silt and clay in the
soil. The soil does not provide a source of gravel
or sand for construction purposes.

Excess lime (in tables). Excess carbonates in the soil
that restrict the growth of some plants.

Fast intake (in tables). The rapid movement of water
into the soil.

Fertility, soil. The quality that enables a soil to provide
plant nutrients, in adequate amounts and in proper
balance, for the growth of specified plants when
light, moisture, temperature, tilth, and other growth
factors are favorable.

Fibric soil material (peat). The least decomposed of
all organic soil material. Peat contains a large
amount of well preserved fiber that is readily
identifiable according to botanical origin. Peat has
the lowest bulk density and the highest water
content at saturation of all organic soil material.

Field moisture capacity. The moisture content of a
soil, expressed as a percentage of the ovendry
weight, after the gravitational, or free, water has
drained away; the field moisture content 2 or 3
days after a soaking rain; also called normal field
capacity, normal moisture capacity, or capillary
capacity.

Fine textured soil. Sandy clay, silty clay, or clay.

Firebreak. An area cleared of flammable material to
stop or help control creeping or running fires. A
firebreak also serves as a line from which to work
and to facilitate the movement of fire fighters and
equipment. Designated roads also serve as
firebreaks.

First bottom. The normal flood plain of a stream,
subject to frequent or occasional flooding.

Flat. A general term for a level or nearly level surface,
or small area of land marked by little or no relief.

Flood plain. A nearly level alluvial plain that borders a
stream and is subject to flooding unless protected
artificially.

Fluvial. Of or pertaining to rivers; produced by river
action, as a fluvial plain.

Footslope. The inclined surface at the base of a hill.

Forb. Any herbaceous plant not a grass or a sedge.

Forest cover. All trees and other woody plants
(underbrush) covering the ground in a forest.

Forest type. A stand of trees similar in composition
and development because of given physical and
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biological factors by which it may be differentiated
from other stands.

Fragile (in tables). A soil that is easily damaged by
use or disturbance.

Fragipan. A loamy, brittle subsurface horizon low in
porosity and content of organic matter and low or
moderate in clay but high in silt or very fine sand.
A fragipan appears cemented and restricts roots.
When dry, it is hard or very hard and has a higher
bulk density than the horizon or horizons above.
When moist, it tends to rupture suddenly under
pressure rather than to deform slowly.

Frost action (in tables). Freezing and thawing of soil
moisture. Frost action can damage roads,
buildings and other structures, and plant roots.

Genesis, soil. The mode of origin of the soil. Refers
especially to the processes or soil-forming factors
responsible for the formation of the solemn, or true
soil, from the unconsolidated parent material.

Glacial outwash. Gravel, sand, and silt, commonly
stratified, deposited by glacial meltwater.

Glacial till. Unsorted, nonstratified glacial drift
consisting of clay, silt, sand, and boulders
transported and deposited by glacial ice.

Glaciated uplands. Land areas that were previously
covered by continental or alpine glaciers and that
are at a higher elevation than the flood plain.

Glaciofluvial deposits (geology). Material moved by
glaciers and subsequently sorted and deposited
by streams flowing from the melting ice. The
deposits are stratified and occur as kames,
eskers, deltas, and outwash plains.

Glaciolacustrine deposits. Material ranging from fine
clay to sand derived from glaciers and deposited
in glacial lakes mainly by glacial meltwater. Many
deposits are interbedded or laminated.

Gleyed soil. Soil that formed under poor drainage,
resulting in the reduction of iron and other
elements in the profile and in gray colors and
mottles.

Grassed waterway. A natural or constructed
waterway, typically broad and shallow, seeded to
grass as protection against erosion. Conducts
surface water away from cropland.

Gravel. Rounded or angular fragments of rock as
much as 3 inches (2 millimeters to 7.6
centimeters) in diameter. An individual piece is a
pebble.

Gravel pit (spot symbol). An area where gravel is
being excavated. Less than 3 acres in size.

Gravelly soil material. Material that is 15 to 35
percent, by volume, rounded or angular rock
fragments, not prominently flattened, as much as
3inches (7.6 centimeters) in diameter.
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Gravelly spot (spot symbol). A spot where the surface
layer has more than 35 percent, by volume, rock
fragments that are mostly less than 3 inches in
diameter. Less than 3 acres in size.

Gravelly strata (spot symbol). Areas that have strata
of gravel in the subsoil. Typically 1 to 3 acres in
size.

Green manure crop (agronomy). A soil-improving
crop grown to be plowed under in an early stage
of maturity or soon after maturity.

Ground moraine. An extensive, fairly even layer of till,
having an uneven or undulating surface; a deposit
of rock and mineral debris dragged along, in, or
beneath a glacier and emplaced by processes
including basal lodgment and release from
downwasting stagnant ice by ablation.

Ground water. Water filling all the unblocked pores of
the material below the water table.

Gully. A miniature valley with steep sides cut by
running water and through which water ordinarily
runs only after rainfall. The distinction between a
gully and a rill is one of depth. A gully generally is
an obstacle to farm machinery and is too deep to
be obliterated by ordinary tillage; a rill is of lesser
depth and can be smoothed over by ordinary
tillage.

Hardpan. A hardened or cemented soil horizon, or
layer. The soil material is sandy, loamy, or clayey
and is cemented by iron oxide, silica, calcium
carbonate, or other substance.

Hemic soil material (mucky peat). Organic soil
material intermediate in degree of decomposition
between the less decomposed fibric material and
the more decomposed sapric material.

High-residue crops. Such crops as small grain and
corn used for grain. If properly managed, residue
from these crops can be used to control erosion
until the next crop in the rotation is established.
These crops return large amounts of organic
matter to the soil.

Hill. A natural elevation of the land surface, rising as
much as 1,000 feet above surrounding lowlands,
commonly of limited summit area and having a
well defined outline; hillsides generally have
slopes of more than 15 percent. The distinction
between a hill and a mountain is arbitrary and is
dependent on local usage.

Horizon, soil. A layer of soil, approximately parallel to
the surface, having distinct characteristics
produced by soil-forming processes. In the
identification of soil horizons, an uppercase letter
represents the major horizons. Numbers or
lowercase letters that follow represent
subdivisions of the major horizons. An explanation
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of the subdivisions is given in the “Soil Survey
Manual” The major horizons of mineral soil are as
follows:
O horizon.—An organic layer of fresh and
decaying plant residue.
A horizon.—The mineral horizon at or near the
surface in which an accumulation of humified
organic matter is mixed with the mineral material.
Also, a plowed surface horizon, most of which was
originally part of a B horizon.
E horizon.—The mineral horizon in which the main
feature is loss of silicate clay, iron, aluminum, or
some combination of these.
B horizon.—The mineral horizon below an A
horizon. The B horizon is in part a layer of
transition from the overlying A to the underlying C
horizon. The B horizon also has distinctive
characteristics, such as (1) accumulation of clay,
sesquioxides, humus, or a combination of these;
(2) prismatic or blocky structure; (3) redder or
browner colors than those in the A horizon; or (4)
a combination of these.
C horizon.—The mineral horizon or layer,
excluding indurated bedrock, that is little affected
by soil-forming processes and does not have the
properties typical of the overlying soil material.
The material of a C horizon may be either like or
unlike that in which the solum formed. If the
material is known to differ from that in the solum,
an Arabic numeral, commonly a 2, precedes the
letter C.
Cr horizon.—Soft, consolidated bedrock beneath
the soil.
R layer—Consolidated bedrock beneath the soil.
The bedrock commonly underlies a C horizon, but
it can be directly below an A or a B horizon.

Humus. The well decomposed, more or less stable
part of the organic matter in mineral soils.

Hydrologic soil groups. Refers to soils grouped
according to their runoff potential. The soil
properties that influence this potential are those
that affect the minimum rate of water infiltration on
a bare soil during periods after prolonged wetting
when the soil is not frozen. These properties are
depth to a seasonal high water table, the
infiltration rate and permeability after prolonged
wetting, and depth to a very slowly permeable
layer. The slope and the kind of plant cover are not
considered but are separate factors in predicting
runoff.

llluviation. The movement of soil material from one
horizon to another in the soil profile. Generally,
material is removed from an upper horizon and
deposited in a lower horizon.
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Impervious soil. A soil through which water, air, or
roots penetrate slowly or not at all. No soil is
absolutely impervious to air and water all the time.

Infiltration. The downward entry of water into the
immediate surface of soil or other material, as
contrasted with percolation, which is movement of
water through soil layers or material.

Infiltration capacity. The maximum rate at which
water can infiltrate into a soil under a given set of
conditions.

Infiltration rate. The rate at which water penetrates
the surface of the soil at any given instant, usually
expressed in inches per hour. The rate can be
limited by the infiltration capacity of the soil or the
rate at which water is applied at the surface.

Intake rate. The average rate of water entering the
soil under irrigation. Most soils have a fast initial
rate; the rate decreases with application time.
Therefore, intake rate for design purposes is not a
constant but is a variable depending on the net
irrigation application. The rate of water intake, in
inches per hour, is expressed as follows:

Less than 0.2 ......cooviiieiiieieeceeeee e very low
0.210 0.4 .o low
0.410 0.75 i moderately low
0.7510 1.25 .o moderate
12510 1.75 (i moderately high
1.75t02.5 ........... high
More than 2.5 ... very high

Intermittent stream. A stream, or reach of a stream,
that flows for prolonged periods only when it
receives ground-water discharge or long,
continued contributions from melting snow or other
surface and shallow subsurface sources.

Iron depletions. Low-chroma zones having a low
content of iron and manganese oxide because of
chemical reduction and removal, but having a clay
content similar to that of the adjacent matrix. A
type of redoximorphic depletion.

Irrigation. Application of water to soils to assist in
production of crops. Methods of irrigation are:
Drip (or trickle).—Water is applied slowly and
under low pressure to the surface of the soil or
into the soil through such applicators as emitters,
porous tubing, or perforated pipe.
Sprinkler—Water is sprayed over the soil surface
through pipes or nozzles from a pressure system.
Subirrigation.—Water is applied in open ditches or
tile lines until the water table is raised enough to
wet the soil.

Kame. An irregular, short ridge or hill of stratified
glacial drift.

Kame terrace. A terracelike ridge consisting of
stratified sand and gravel that where deposited by
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a meltwater stream flowing between a melting
glacier and a higher valley wall or lateral moraine
and that remained after the disappearance of the
ice. It is commonly pitted with kettles and has an
irregular ice-contact slope.

Karst (topography). The relief of an area underlain by
limestone that dissolves in differing degrees, thus
forming numerous depressions or small basins.

Knoll. A small, low, rounded hill rising above adjacent
landforms.

Lacustrine deposit. Material deposited in lake water
and exposed when the water level is lowered or
the elevation of the land is raised.

Lake plain (geology). A nearly level surface marking
the floor of an extinct lake filled in by well sorted,
coarse textured to fine textured, stratified
sediments.

Lammela A thin discontinuous or continuous,
generally horizontal layer of fine textured material
that has been pedogenically concentrated within a
coarser eluviated layer.

Landfill (spot symbol). An area of accumulated waste
products of human habitation. Less than 3 acres in
size.

Landslide. The rapid downhill movement of a mass of
soil and loose rock, generally when wet or
saturated. The speed and distance of movement,
as well as the amount of soil and rock material,
vary greatly.

Large stones (in tables). Rock fragments 3 inches (76
millimeters) or more across. Large stones
adversely affect the specified use of the soil.

Leaching. The removal of soluble material from soil or
other material by percolating water.

Liquid limit. The moisture content at which the soil
passes from a plastic to a liquid state.

Loam. Soil material that is 7 to 27 percent clay
particles, 28 to 50 percent silt particles, and less
than 52 percent sand particles.

Loam at depth (spot symbol). Areas where loamy
material is at a depth of 20 to 40 inches in sandy
soils. Less than 3 acres in size.

Loamy soils. Coarse sandy loam, sandy loam, fine
sandy loam, very fine sandy loam, loam, silt loam,
silt, clay loam, sandy clay loam, or silty clay loam.

Loamy spot (spot symbol). An area of loamy material
at the surface in sandy areas. Less than 3 acres in
size.

Lobe. A tonguelike projection from the main mass of a
continental glacier.

Low strength. The soil is not strong enough to
support loads.

Low-residue crops. Such crops as corn used for
silage, peas, beans, and potatoes. Residue from
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these crops is not adequate to control erosion until
the next crop in the rotation is established. These
crops return little organic matter to the soil.

Marl. An earthy, unconsolidated deposit consisting
chiefly of calcium carbonate mixed with clay in
approximately equal amounts.

Marl spot (spot symbol). An area of marl less than 3
acres in size.

Marsh. Periodically wet or continually flooded areas
where the surface is not deeply submerged.
Covered dominantly with sedges, cattails, rushes,
or other hydrophytic plants.

Marsh spot (spot symbol). A water-saturated, very
poorly drained area, intermittently or permanently
covered with water, having aquatic and grasslike
vegetation, and essentially without the formation
of peat. Less than 3 acres in size.

Masses. Concentrations of substances in the soil
matrix that do not have a clearly defined boundary
with the surrounding soil material and cannot be
removed as a discrete unit. Common compounds
making up masses are calcium carbonate,
gypsum or other soluble salts, iron oxide, and
manganese oxide. Masses consisting of iron oxide
or manganese oxide generally are considered a
type of redoximorphic concentration.

Mean annual increment (MAI). The average annual
increase in volume of a tree during the entire life of
the tree.

Mechanical treatment. Use of mechanical equipment
for seeding, brush management, and other
management practices.

Medium textured soil. Very fine sandy loam, loam,
silt loam, or silt.

Merchantable trees. Trees that are of sufficient size to
be economically processed into wood products

Mineral in muck (spot symbol). An area of mineral
soils in an organic area. Less than 3 acres in size.

Mineral soil. Soil that is mainly mineral material and
low in organic material. Its bulk density is more
than that of organic soil.

Minimum tillage. Only the tillage essential to crop
production and prevention of soil damage.

Miscellaneous area. An area that has little or no
natural soil and supports little or no vegetation.

Moderately coarse textured soil. Coarse sandy
loam, sandy loam, or fine sandy loam.

Moderately deep soil. A soil that is 20 to 40 inches
deep to bedrock or to other material that restricts
the penetration of plant roots.

Moderately fine textured soil. Clay loam, sandy clay
loam, or silty clay loam.

Mollic epipedon. A thick, dark, humus-rich surface
horizon (or horizons) that has high base saturation
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and pedogenic soil structure. It may include the
upper part of the subsoil.

Moraine. An accumulation of earth, stones, and other
debris deposited by a glacier. Some types are
terminal, lateral, medial, and ground.

Morphology, soil. The physical makeup of the soil,
including the texture, structure, porosity,
consistence, color, and other physical, mineral,
and biological properties of the various horizons,
and the thickness and arrangement of those
horizons in the soil profile.

Mottling, soil. Irregular spots of different colors that
vary in number and size. Descriptive terms are as
follows: abundance—few, common, and many;
size—fine, medium, and coarse; and contrast—
faint, distinct, and prominent. The size
measurements are of the diameter along the
greatest dimension. Fine indicates less than 5
millimeters (about 0.2 inch); medium, from 5to 15
millimeters (about 0.2 to 0.6 inch); and coarse,
more than 15 millimeters (about 0.6 inch).

Muck. Dark, finely divided, well decomposed organic
soil material. (See Sapric soil material.)

Mucky peat. Organic soil material intermediate in
degree of decomposition between the less
decomposed peat and the more decomposed
muck.

Munsell notation. A designation of color by degrees
of three simple variables—hue, value, and
chroma. For example, a notation of 10YR 6/4 is a
color with hue of 10YR, value of 6, and chroma of
4.

Neutral soil. A soil having a pH value of 6.6 to 7.3.
(See Reaction, soil.)

Nodules. Cemented bodies lacking visible internal
structure. Calcium carbonate, iron oxide, and
manganese oxide are common compounds
making up nodules. If formed in place, nodules of
iron oxide or manganese oxide are considered
types of redoximorphic concentrations.

Nutrient, plant. Any element taken in by a plant
essential to its growth. Plant nutrients are mainly
nitrogen, phosphorus, potassium, calcium,
magnesium, sulfur, iron, manganese, coppet,
boron, and zinc obtained from the soil and carbon,
hydrogen, and oxygen obtained from the air and
water.

Observed rooting depth. The depth to which roots
have been observed to penetrate.

Organic mat. A zone of accumulation of organic
matter, such as leaves, twigs, and grasses in
various stages of decomposition, that lies above
the mineral soil. Often described in forested
regions and commonly called a duff layer.
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Organic matter. Plant and animal residue in the soil in
various stages of decomposition. The content of
organic matter in the surface layer is described as

follows:
Very oW ....coccveeiveeeeieeeceeee less than 0.5 percent
LOW e 0.5 to 1.0 percent

................. 1.0 to 2.0 percent

Moderate .......ccoceeeeviiiiieeeee e 2.0 to 4.0 percent
HIGN oo 4.0 to 8.0 percent
Very high ... more than 8.0 percent

Organic spot (spot symbol). A nonacid area of
organic soil more than 9 inches thick and
surrounded by mineral surface material. Less than
3 acres in size.

Ortstein. A hardened mass or layer in the soil in which
the cementing material consists of illuviated
compounds of iron and aluminum and organic
matter.

Outwash. Stratified detritus removed or “washed out”
from a glacier by meltwater streams and deposited
in front of or beyond the end moraine or margin of
an active glacier. The coarser textured material is
deposited nearer to the ice.

Outwash channel. A long, narrow body of outwash
confined within a valley beyond a glacier; it may or
may not emerge from the valley and join an
outwash plain.

Outwash plain. A landform of mainly sandy or coarse
textured material of glaciofluvial origin. An
outwash plain is commonly smooth; where pitted,
it generally is low in relief.

Overstory. The trees in the forest that form the upper
crown cover.

Pan. A compact, dense layer in a soil that impedes the
movement of water and the growth of roots. For
example, hardpan, fragipan, claypan, plowpan,
and traffic pan.

Parent material. The unconsolidated organic and
mineral material in which soil forms.

Peat. Unconsolidated material, largely undecomposed
organic matter, that has accumulated under
excess moisture. (See Fibric soil material.)

Ped. An individual natural soil aggregate, such as a
granule, a prism, or a block.

Pedon. The smallest volume that can be called “a soil”
A pedon is three dimensional and large enough to
permit study of all horizons. Its area ranges from
about 10 to 100 square feet (1 to 10 square
meters), depending on the variability of the soil.

Percolation. The downward movement of water
through the soil.

Percs slowly (in tables). The slow movement of water
through the soil adversely affecting the specified
use.
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Perennial water (spot symbol). Small natural or
manmade lake, pond, or pit that contains water
most of the year. Typically 1 to 3 acres in size.

Permeability. The quality of the soil that enables water
or air to move downward through the profile. The
rate at which a saturated soil transmits water is
accepted as a measure of this quality. In soll
physics, the rate is referred to as “saturated
hydraulic conductivity,” which is defined in the “Soil
Survey Manual?” In line with conventional usage in
the engineering profession and with traditional
usage in published soil surveys, this rate of flow
continues to be expressed as “permeability.” Terms
describing permeability, measured in inches per
hour, are as follows:

............... 0.0 to 0.01 inch

Very SIOW ....c.oeveviieiieesiee e 0.01 to 0.06 inch
SIOW . 0.06 to 0.2 inch
Moderately SIOW .........cccevvcieriiieiieenne 0.2 to 0.6 inch
Moderate ............cccooiiiiiiins 0.6 inch to 2.0 inches
Moderately rapid ..........ccccceieennene 2.0 to 6.0 inches
Rapid ....oooeiiieeeeeee e, 6.0 to 20 inches
Very rapid .......ocoeevveeenineeeieeene more than 20 inches

pH value. A numerical designation of acidity and
alkalinity in soil. (See Reaction, soil.)

Phase, soil. A subdivision of a soil series based on
features that affect its use and management, such
as slope, stoniness, and flooding.

Piping (in tables). Formation of subsurface tunnels or
pipelike cavities by water moving through the soil.

Pit, gravel (spot symbol). An area where gravel is
being excavated. Less than 3 acres in size.

Pitted outwash. Outwash with pits or kettles,
produced by the partial or complete burial of
glacial ice by outwash and the subsequent thaw of
the ice and collapse of the surfacial materials.

Pitting (in tables). The formation of pits caused by
melting around ice. The pits form after the plant
cover is removed.

Plastic limit. The moisture content at which a soil
changes from semisolid to plastic.

Plasticity index. The numerical difference between
the liquid limit and the plastic limit; the range of
moisture content within which the soil remains
plastic.

Plowpan. A compacted layer formed in the soll
directly below the plowed layer.

Ponding. Standing water on soils in closed
depressions. Unless the soils are artificially
drained, the water can be removed only by
percolation or evapotranspiration.

Poor filter (in tables). Because of rapid or very rapid
permeability, the soil may not adequately filter
effluent from a waste disposal system.
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Poor outlets (in tables). Refers to areas where
surface or subsurface drainage outlets are difficult
or expensive to install.

Poorly graded. Refers to a coarse grained soil or soil
material consisting mainly of particles of nearly
the same size. Because there is little difference in
size of the particles, density can be increased only
slightly by compaction.

Potential native plant community. See Climax plant
community.

Potential rooting depth (effective rooting depth).
Depth to which roots could penetrate if the content
of moisture in the soil were adequate. The soil has
no properties restricting the penetration of roots to
this depth.

Productivity, soil. The capability of a soil for
producing a specified plant or sequence of plants
under specific management.

Profile, soil. A vertical section of the soil extending
through all its horizons and into the parent
material.

Proglacial lake. A type of glacial lake that formed
just beyond the margin of an advancing or
retreating glacier, generally in direct contact with
the ice.

Proper grazing use. Grazing at an intensity that
maintains enough cover to protect the soil and
maintain or improve the quantity and quality of the
desirable vegetation. This practice increases the
vigor and reproduction capacity of the key plants
and promotes the accumulation of litter and mulch
necessary to conserve soil and water.

Ravine. A small stream channel that is narrow, steep
sided, commonly V-shaped in cross section, and
larger than a gully.

Reaction, soil. A measure of acidity or alkalinity of a
soil, expressed in pH values. A soil that tests to pH
7.0 is described as precisely neutral in reaction
because it is neither acid nor alkaline. The
degrees of acidity or alkalinity, expressed as pH

values, are:
Ultra acid ........ccoooovvieiiiiiniiecee less than 3.5
Extremely acid .........cccooooiiiiiiiiii 3.5t04.4
Very strongly acid ...451t05.0
Strongly acid ................ ..5.1t0 5.5
Moderately acid............. ...5.610 6.0
Slightly @cid .......cooeiiiiiieieeeeeee 6.11t06.5
Neutral ..o 6.61t0 7.3
Slightly alkaline ............ ..74t078
Moderately alkaline ...... ..7.91t0 8.4
Strongly alkaline .......cccoeeeiiiiiiniiiieee 8.5109.0
Very strongly alkaline .............ccccce.. 9.1 and higher

Recessional moraine. A moraine formed during a
temporary but significant halt in the retreat of a
glacier.
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Redoximorphic concentrations. Nodules,
concretions, soft masses, pore linings, and other
features resulting from the accumulation of iron or
manganese oxide. An indication of chemical
reduction and oxidation resulting from saturation.

Redoximorphic depletions. Low-chroma zones from
which iron and manganese oxide or a combination
of iron and manganese oxide and clay has been
removed. These zones are indications of the
chemical reduction of iron resulting from
saturation.

Redoximorphic features. Redoximorphic
concentrations, redoximorphic depletions, reduced
matrices, a positive reaction to alpha,alpha-
dipyridyl, and other features indicating the
chemical reduction and oxidation of iron and
manganese compounds resulting from saturation.

Reduced matrix. A soil matrix that has low chroma in
situ because of chemically reduced iron (Fe II).
The chemical reduction results from nearly
continuous wetness. The matrix undergoes a
change in hue or chroma within 30 minutes after
exposure to air as the iron is oxidized (Fe 1ll). A
type of redoximorphic feature.

Regeneration. The new growth of a natural plant
community, developing from seed.

Regolith. The unconsolidated mantle of weathered
rock and soil material on the earth’s surface; the
loose earth material above the solid rock.

Relief. The elevations or inequalities of a land surface,
considered collectively.

Remnant moraine. A moraine that was deposited
during an older glacial period and remains after
subsequent glacial advances.

Renitent angle. The angle formed at the intersection
of two lobes of a continental glacier.

Residuum (residual soil material). Unconsolidated,
weathered or partly weathered mineral material
that accumulated as consolidated rock
disintegrated in place.

Ridge. A long, narrow elevation of the land surface,
generally sharp crested with steep sides and
forming an extended upland between valleys.

Rill. A steep-sided channel resulting from accelerated
erosion. A rill generally is a few inches deep and
not wide enough to be an obstacle to farm
machinery.

Road cut. A sloping surface produced by mechanical
means during road construction. It is commonly on
the uphill side of the road.

Rock fragments. Rock or mineral fragments having a
diameter of 2 millimeters or more; for example,
pebbles, cobbles, stones, and boulders.
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Root zone. The part of the soil that can be penetrated
by plant roots.

Rooting depth (in tables). Shallow root zone. The soll
is shallow over a layer that greatly restricts roots.

Runoff. The precipitation discharged into stream
channels from an area. The water that flows off the
surface of the land without sinking into the soil is
called surface runoff. Water that enters the soil
before reaching surface streams is called ground-
water runoff or seepage flow from ground water.

Sand. As a soil separate, individual rock or mineral
fragments from 0.05 millimeter to 2.0 millimeters in
diameter. Most sand grains consist of quartz. As a
soil textural class, a soil that is 85 percent or more
sand and not more than 10 percent clay.

Sandy soils. Sand or loamy sand.

Sandy spot (spot symbol). The surface layer is sandy
in an area that is dominantly loamy or finer
textured. Less than 3 acres in size.

Sapric soil material (muck). The most highly
decomposed of all organic soil material. Muck has
the least amount of plant fiber, the highest bulk
density, and the lowest water content at saturation
of all organic soil material.

Saturation. Wetness characterized by zero or positive
pressure of the soil water. Under conditions of
saturation, the water will flow from the soil matrix
into an unlined auger hole.

Sawlogs. Logs of suitable size and quality for the
production of lumber.

Scarification. The act of abrading, scratching,
crushing, or modifying the surface to increase
water absorption or to provide a more tillable soil.

Scribner’s log rule. A method of estimating the
number of board feet that can be cut from a log of
a given diameter and length.

Seepage (in tables). The movement of water through
the soil. Seepage adversely affects the specified
use.

Sequum. A sequence consisting of an illuvial horizon
and the overlying eluvial horizon. (See Eluviation.)

Series, soil. A group of soils that have profiles that are
almost alike, except for differences in texture of
the surface layer. All the soils of a series have
horizons that are similar in composition, thickness,
and arrangement.

Severely eroded spot (spot symbol). An area where,
on the average, 75 percent or more of the original
surface layer has been lost to accelerated erosion.
Less than 3 acres in size.

Sheet erosion. The removal of a fairly uniform layer of
soil material from the land surface by the action of
rainfall and surface runoff.
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Shelterwood system. A forest management system
requiring the removal of a stand in a series of cuts
so that regeneration occurs under a partial
canopy. After regeneration, a final cut removes the
shelterwood and allows the stand to develop in the
open as an even-aged stand. The system is well
suited to sites where shelter is needed for
regeneration, and it can aid in the regeneration of
the more intolerant tree species in a stand.

Short steep slope (spot symbol). A narrow soil area
with a slope of 8 to 18 percent. Soils above and
below are nearly level to gently sloping.

Shrink-swell (in tables). The shrinking of soil when
dry and the swelling when wet. Shrinking and
swelling can damage roads, dams, building
foundations, and other structures. It can also
damage plant roots.

Silica. A combination of silicon and oxygen. The
mineral form is called quartz.

Silica-sesquioxide ratio. The ratio of the number of
molecules of silica to the number of molecules of
alumina and iron oxide. The more highly
weathered soils or their clay fractions in warm-
temperate, humid regions, and especially those in
the tropics, generally have a low ratio.

Silt. As a soil separate, individual mineral particles
that range in diameter from the upper limit of clay
(0.002 millimeter) to the lower limit of very fine
sand (0.05 millimeter). As a soil textural class, soil
that is 80 percent or more silt and less than 12
percent clay.

Similar soils. Soils that share limits of diagnostic
criteria, behave and perform in a similar manner,
and have similar conservation needs or
management requirements for the major land uses
in the survey area.

Sinkhole. A depression in the landscape where
limestone has been dissolved.

Sinkhole (spot symbol). A closed depression formed
either by solution of the surfical rock or collapse of
underlying caves. Complexes of sinkholes in
carbonate-rock terrain are the main component of
karst topography. Less than 3 acres in size.

Site index. A designation of the quality of a forest site
based on the height of the dominant stand at an
arbitrarily chosen age. For example, if the average
height attained by dominant and codominant trees
in a fully stocked stand at the age of 50 years is
75 feet, the site index is 75.

Skid trails. Pathways along which logs are dragged to
a common site for loading unto a logging truck.

Slash. The branches, bark, treetops, reject logs, and
broken or uprooted trees left on the ground after

logging.
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Slippage (in tables). Soil mass susceptible to

movement downslope when loaded, excavated, or
wet.

Slope. The inclination of the land surface from the

horizontal. Percentage of slope is the vertical
distance divided by horizontal distance, then
multiplied by 100. Thus, a slope of 20 percent is a
drop of 20 feet in 100 feet of horizontal distance. In
this survey, classes for simple slopes are as follows:

Nearly level ... 0 to 3 percent
Gently SIOpiNgG ..coovveveeieeieeeeeee 2 to 6 percent
Moderately sloping..........cccccovviinnne 6 to 12 percent
Strongly sIOpiNg .....coceevveriiniiiies 12 to 18 percent
Moderately steep ........ccoovvrcreerenen. 18 to 25 percent
SEEP i 25 to 35 percent
Very steep ...covvvveeiniieniieens 35 percent and higher

Classes for complex slopes are as follows:

Nearly level ... 0 to 3 percent
Undulating ...coceeeeceeeeneeeeeeeeeeeeee 2 to 6 percent
Gently rolling ...c.coevineieniceee 6 to 12 percent

ROIING oo 12 to 18 percent
HIllY o 18 to 25 percent
SEEEP i 25 to 35 percent
Very steep 35 percent and higher

Slope (in tables). Slope is great enough that special
practices are required to ensure satisfactory
performance of the soil for a specific use.

Slow intake (in tables). The slow movement of water
into the soil.

Slow refill (in tables). The slow filling of ponds,
resulting from restricted permeability in the soil.

Small stones (in tables). Rock fragments less than 3
inches (7.6 centimeters) in diameter. Small stones
adversely affect the specified use of the soil.

Soil. A natural, three-dimensional body at the earth’s
surface. It is capable of supporting plants and has
properties resulting from the integrated effect of
climate and living matter acting on earthy parent
material, as conditioned by relief over periods of
time.

Soil separates. Mineral particles less than 2
millimeters in equivalent diameter and ranging
between specified size limits. The names and
sizes, in millimeters, of separates recognized in
the United States are as follows:

Very coarse Sand .........cccoccceereeenieeeniieeennns 20t01.0
Coarse Sand ........ccevveeeeeeiieniieeeee e 1.0t0 0.5
Medium sand ..........cccocoeiiiiiiiiie, 0.5t00.25
Fine sand ........ccccoeiiieiie e 0.25t0 0.10
Very fine sand .........cccceevieieeiicnieneen, 0.10 to 0.05
Silt e 0.05 to 0.002
Clay oo less than 0.002

Solum. The upper part of a soil profile, above the C
horizon, in which the processes of soil formation
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are active. The solum in soil consists of the A, E,
and B horizons. Generally, the characteristics of
the material in these horizons are unlike those of
the material below the solum. The living roots and
plant and animal activities are largely confined to
the solum.

Species. A single, distinct kind of plant or animal
having certain distinguishing characteristics.

Spring (spot symbol). A specific site where ground
water flows from the surface for at least 6 months
of the year.

Stone line. A concentration of rock fragments in a soil.
Generally, it is indicative of an old weathered
surface. In a cross section, the line may be one
fragment or more thick. It generally overlies
material that weathered in place and is overlain by
recent sediment of variable thickness.

Stones. Rock fragments 10 to 24 inches (25 to 60
centimeters) in diameter if rounded or 15 to 24
inches (38 to 60 centimeters) in length if flat.

Stony. Refers to a soil containing stones in numbers
that interfere with or prevent tillage.

Stony spot (spot symbol). An area where stones
cover 0.1 to 3 percent of the surface and where
the surrounding soil is nonstony. Less than 3 acres
in size.

Stream channel. The hollow bed where a natural
stream of surface water flows or may flow; the
deepest or central part of the bed, formed by the
main current and covered more or less
continuously by water.

Stream terrace. One of a series of platforms in a
stream valley, flanking and more or less parallel to
the stream channel. It originally formed near the
level of the stream and is the dissected remnant of
an abandoned flood plain, streambed, or valley
floor produced during a former stage of erosion or
deposition.

Stripcropping. Growing crops in a systematic
arrangement of strips or bands that provide
vegetative barriers to wind erosion and water
erosion.

Structure, soil. The arrangement of primary soil
particles into compound particles or aggregates.
The principal forms of soil structure are—platy
(laminated), prismatic (vertical axis of aggregates
longer than horizontal), columnar (prisms with
rounded tops), blocky (angular or subangular),
and granular. Structureless soils are either single
grain (each grain by itself, as in dune sand) or
massive (the particles adhering without any
regular cleavage, as in many hardpans).
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Stubble mulch. Stubble or other crop residue left on
the soil or partly worked into the soil. It protects
the soil from wind erosion and water erosion after
harvest, during preparation of a seedbed for the
next crop, and during the early growing period of
the new crop.

Subsoil. Technically, the B horizon; roughly, the part of
the solum below plow depth.

Subsoiling. Tilling a soil below normal plow depth,
ordinarily to shatter a hardpan or claypan.

Substratum. The part of the soil below the solum.

Subsurface layer. Technically, the E horizon.
Generally refers to a leached horizon lighter in
color and lower in content of organic matter than
the overlying surface layer.

Summit. The topographically highest hillslope position
of a hillslope profile and exhibiting a nearly level
surface.

Summer fallow. The tillage of uncropped land during
the summer to control weeds and allow storage of
moisture in the soil for the growth of a later crop. A
practice common in semiarid regions, where
annual precipitation is not enough to produce a
crop every year. Summer fallow is frequently
practiced before planting winter grain.

Surface layer. The soil ordinarily moved in tillage, or
its equivalent in uncultivated soil, ranging in depth
from 4 to 10 inches (10 to 25 centimeters).
Frequently designated as the “plow layer,” or the
“Ap horizon”

Surface soil. The A, E, AB, and EB horizons,
considered collectively. It includes all subdivisions
of these horizons.

Talus. Fragments of rock and other soil material
accumulated by gravity at the foot of cliffs or steep
slopes.

Taxadjucts. Soils that cannot be classified in a series
recognized in the classification system. Such soils
are named for a series they strongly resemble and
are designated as taxadjuncts to that series
because they differ in ways too small to be of
consequence in interpreting their use and
behavior.

Terminal moraine. A belt of thick glacial drift that
generally marks the termination of important
glacial advances.

Terrace. An embankment, or ridge, constructed
across sloping soils on the contour or at a slight
angle to the contour. The terrace intercepts
surface runoff so that water soaks into the soil or
flows slowly to a prepared outlet. A terrace in a
field generally is built so that the field can be
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farmed. A terrace intended mainly for drainage
has a deep channel that is maintained in
permanent sod.

Terrace (geologic). An old alluvial plain, ordinarily flat
or undulating, bordering a river, a lake, or the sea.

Texture, soil. The relative proportions of sand, silt,
and clay particles in a mass of soil. The basic
textural classes, in order of increasing proportion
of fine particles, are sand, loamy sand, sandy
loam, loam, silt loam, silt, sandy clay loam, clay
loam, silty clay loam, sandy clay, silty clay, and
clay. The sand, loamy sand, and sandy loam
classes may be further divided by specifying
“coarse,” “fine,” or “very fine.”

Thin layer (in tables). Otherwise suitable soil material
that is too thin for the specified use.

Till plain. An extensive area of nearly level to
undulating soils underlain by glacial till.

Tilth, soil. The physical condition of the soil as related
to tillage, seedbed preparation, seedling
emergence, and root penetration.

Toeslope. The outermost inclined surface at the base
of a hill; part of a footslope.

Topsoil. The upper part of the soil, which is the most
favorable material for plant growth. It is ordinarily
rich in organic matter and is used to top dress
road banks, lawns, and land affected by mining.

Toxicity (in tables). Excessive amount of toxic
substances, such as sodium or sulfur, that
severely hinder establishment of vegetation or
severely restrict plant growth.

Trace elements. Chemical elements, for example,
zinc, cobalt, manganese, copper, and iron, in soils
in extremely small amounts. They are essential to
plant growth.

Trafficability. The degree to which a soil is capable of
supporting vehicular traffic throughout a wide
range in soil moisture conditions

Understory. Any plants in a forest community that
grow to a height of less than 5 feet.

Unstable fill (in tables). Fill material that is subject to
caving or sloughing.

Upland. Land at a higher elevation, in general, than
the alluvial plain or stream terrace; land above the
lowlands along streams.

Valley. An elongated depressional area primarily
developed by stream action.

Valley fill. In glaciated regions material deposited in
stream valleys by glacial meltwater. In
nonglaciated regions alluvium deposited by
heavily loaded streams.

Variegation. Refers to patterns of contrasting
colors assumed to be inherited from the parent
material rather than to be the result of poor
drainage.

Varve. A sedimentary layer or lamina or sequence of
laminae deposited in a body of still water within a
year. Specifically, a thin pair of graded
glaciolacustrine layers seasonally deposited,
usually by meltwater streams, in a glacial lake or
other body of still water in front of a glacier.

Very stony spot (spot symbol). An area where stones
cover more than 3 percent of the surface and
where the surrounding soil is nonstony. Less than
3 acres in size.

Water bars. Smooth, shallow ditches or depressional
areas that are excavated at an angle across a
sloping road. They are used to reduce the
downward velocity of water and divert it off and
away from the road surface. Water bars can easily
be driven over if they are constructed properly.

Weathering. All physical and chemical changes
produced in rocks or other deposits at or near the
earth’s surface by atmospheric agents. These
changes result in disintegration and
decomposition of the material.

Well graded. Refers to soil material consisting of
coarse grained particles that are well distributed
over a wide range in size or diameter. Such soil
normally can be easily increased in density and
bearing properties by compaction. Contrasts with
poorly graded soil.

Wet spot (spot symbol). A somewhat poorly drained
to very poorly drained spot that is at least two
drainage classes wetter than the named soils in
the surrounding map unit. Less than 3 acres in
size.

Wilting point (or permanent wilting point). The
moisture content of soil, on an oven dry basis, at
which a plant (specifically a sunflower) wilts so
much that it does not recover when placed in a
humid, dark chamber.

Windthrow. The uprooting and tipping over of trees by
the wind.
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Soil Survey of
Table 1.--Temperature and Precipitation
(Recorded in the period 1961-1990 at Gaylord, Michigan)
| |
| Temperature | Precipitation
| |
| | | | 2 years in | | |2 years in 10| |
Month | | | | 10 will have-- | Average | | will have-- | Average |Average
|Average |Average |Average| Maximum | Minimum |number of|Average| | |number of |snowfall
| daily | daily | | temperature | temperature| growing | | Less | More |days with]|
| maximum|minimum | | higher |  lower | degree | |than--|than--|0.10 inch]|
| | | | than-- | than-- | days* | | | | or more |
| | | | | | | | | | |
| °F | ©°F | ©°F | oF | ©°F | Units | In | In | In | | In
| | | | | | | | | | |
January----- | 25.4 | 9.4 | 17.4 | 46 | -23 | 0 | 2.65 | 1.70| 3.52] 8 | 38.1
| | | | | | | | | | |
February----| 28.4 | 8.9 | 18.7 | 50 | -22 | 0 | 1.81 | 1.05| 2.49] 5 | 23.2
| | | | | | | | | | |
March------- | 39.0 | 18.2 | 28.6 | 65 | -16 | 3 | 2.32 | 1.38] 3.15] 6 | 18.6
| | | | | | | | | | |
April------- | 53.8 | 30.5 | 42.2 | 82 | 6 | 46 | 2.38 | 1.48] 3.19| 6 | 7.0
| | | | | | | | | | |
May--------- | 67.7 | 40.9 | 54.3 | 88 | 22 | 197 | 2.99 | 1.60| 4.21] 6 | 1.0
| | | | | | | | | | |
June-------- | 76.2 | 50.0 | 63.1 | 92 | 30 | 397 | 2.87 | 1.68| 3.94] 6 | 0.0
| | | | | | | | | | |
July-------- | 80.9 | 55.2 | 68.0 | 94 | 37 | 557 | 2.96 | 1.50| 4.23] 5 0.0
| | | | | | | | | | |
August------ | 77.5 | 53.5 | 65.5 | 92 | 34 | 480 | 3.60 | 1.94| 5.06] 7 0.0
| | | | | | | | | | |
September---| 68.9 | 46.7 | 57.8 | 86 | 26 | 258 | 4.20 | 2.10| 6.03] 9 | 0.0
| | | | | | | | | | |
October----- | 57.2 | 37.3 | 47.3 | 79 | 17 | 83 | 3.33 | 2.09| 4.45| s | 3.1
| | | | | | | | | | |
November----| 42.2 | 27.3 | 34.7 | 68 | 3 | 7 | 3.44 | 2.24| 4.53] 9 | 22.9
| | | | | | | | | | |
December----| 29.4 | 15.5 | 22.5 | 53 | -14 | 0 | 3.07 | 2.21| 3.88] 9 | 36.0
| | | | | | | | | | |
| | | | | | | | | | |
Yearly: | | | | | | | | | | |
| | | | | | | | | | |
Average---| 53.9 | 32.8 | 43.3 | - | - | --- --- ] -] ---] -- | -
| | | | | | | | | | |
Extreme--- | 97 | -37 | --- ] 95 | -26 | --- --- ] -] ---] -- | -
| | | | | | | | | | |
Total----- SR e | --- | --- | 2,028 | 35.62 | 28.51| 40.15| 84 | 149.91
| | | | | | | | |

* A growing degree day is a unit of heat available for plant growth.
maximum and minumum daily temperatures,

dividing the sum by 2,

It can be calculated by adding the

and subtracting the temperature below which
growth is minimal for the principal crops in the area (50 degrees F).
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Table 2.--Freeze Dates in Spring and Fall

(Recorded in the period 1961-1990 at Gaylord, Michigan)

2 years in 10

earlier than--- October 6 |September 24 September 5

5 years in 10

earlier than--- October 19 October 7 September 18

|
| Temperature
|
Probability | |
| 24 °F | 28 °F | 32 °F
| or lower | or lower | or lower
| | |
| | |
Last freezing | |
temperature | |
in spring: | | |
| | |
1 year in 10 | |
later than----- | May 16 | May 29 | June 15
| | |
2 years in 10 | |
later than----- | May 10 | May 24 | June 9
| | |
5 years in 10 | |
later than----- | April 28 | May 13 | May 28
| | |
First freezing | | |
temperature | | |
in fall: | | |
| | |
1 year in 10 | |
earlier than---|September 29 |September 17 | August 30
| |
| |
| |
| |
| |
| |
| |

Table 3.--Growing Season

(Recorded in the period 1961-1990 at Gaylord,

Michigan)

|
| Daily minimum temperature
| during growing season
|

Probability | | |
| Higher | Higher | Higher
| than | than | than
| 24 °F | 28 °F | 32 °F
| | |
| Days |  Days |  Days
| | |

9 years in 10 | 145 | 117 | 82
| | |

8 years in 10 | 154 | 127 | 92
| | |

5 years in 10 | 171 | 146 | 112
| | |

2 years in 10 | 188 | 165 | 131
| | |

1 year in 10 | 196 | 174 | 141
| | |
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Table 4.--Acreage and Proportionate Extent of the Soils

Soil Survey of

| | |
Map | | Acres | Percent
symbol | Soil name | |
| | |
| | |
13 | Tawas -Lupton MUCKS == === === === - oo oo 22,304 | 6.6
14 | Dawson-Loxley peats-- === === e oo 1,737 | 0.5
15A |croswell-Au Gres sands, 0 to 3 percent slopes 1,881 | 0.6
16B |Graycalm sand, 0 to 6 percent SlopeS-=---=---=-----mo oo mo oo 6,004 | 1.8
17A |croswell sand, 0 to 3 percent SlopeS-=---=---=--=-----c----o-ooooooooo- 2,945 | 0.9
17B |croswell sand, 0 to 6 percent SloOpeS-=---=---=---- oo oo mo oo | 1,071 | 0.3
18a |Au Gres sand, 0 to 3 percent SlopeS--=------=-----------o-oooo oo | 891 | 0.3
19 |Leafriver mucKk--- - === oo o o o e e | 441 | 0.1
20B |Grayca1m-Gray1ing sands, 0 to 6 percent slopes--------------------------- 3,308 | 1.0
20D |Graycalm-Grayling sands, 6 to 18 percent slopes--------------ccocoooonon 718 | 0.2
20F |Grayca1m-Gray1ing sands, 18 to 45 percent slopes 880 | 0.3
23 |Ausable-Bowstring mucks, frequently flooded------------coommmmmommoaon 2,793 | 0.8
24A |Kinross-Au Gres complex, 0 to 3 percent slopesS--------------------------- 101 | *
25B |Kent sandy loam, 2 to 6 percent SlopeS--=---=----------omoomoooooooo | 223 | *
25¢C |Kent sandy loam, 6 to 12 percent sSlopeS-=---=---=--=--c--c--c--ooooooooo- | 241 | *
28B |East Lake sand, 0 to 6 percent 8lOpeS=---=---=-=-=--cc-mommoomooo oo | 1,136 | 0.3
28C |East Lake sand, 6 to 12 percent SlopesS--=---=---=--=--c--c--c--oo-oooooo-- | 481 | 0.1
28E |East Lake sand, 12 to 35 percent SlopeS-------------mommoommomooaaoo | 803 | 0.2
32B |Kellogg sand, 0 to 6 percent slopes 475 | 0.1
33B |Mancelona loamy sand, 0 to 6 percent SlopesS------=---=--c--oomooooooooon | 9,252 | 2.7
33c |Mancelona loamy sand, 6 to 12 percent slopes-----------=--c-----co--o---- | 1,972 | 0.6
33D |Mancelona loamy sand, 12 to 18 percent slopesS--------=---c--oooomoomoooon | 1,173 | 0.3
33E |Mancelona loamy sand, 18 to 35 percent slopes----------=--c--cc-co-ooo-o- | 2,589 | 0.8
47D |Graycalm sand, 6 to 18 percent S8lOpeS=---=---=-=-=--=---o-oomooooaoaooo | 3,017 | 0.9
47F |Graycalm sand, 18 to 45 percent SlopesS-----=---=--=--c--c--c--o-oooooo-- | 896 | 0.3
49B |Kalkaska sand, 0 to 6 percent SlOpeS=-=---=-=-=-----mo oo mo oo | 14,527 | 4.3
50B |Au Gres-Kinross-Croswell complex, 0 to 6 percent slopes------------------ | 130 | *
51 | Tawas-Leafriver MuCKS-- - === = o= o oo oo e | 2,781 | 0.8
52B |Blue Lake loamy sand, 0 to 6 percent slopesS------------=--c--c--cooooooo- 21,379 | 6.3
52D |Blue Lake loamy sand, 6 to 18 percent slopes 16,945 | 5.0
52E |Blue Lake loamy sand, 18 to 35 percent slopes-------------c--cc-co-ooooo- | 2,462 | 0.7
64B | Feldhauser fine sandy loam, 0 to 6 percent slopes----------=-=-----ooooo- | 1,643 | 0.5
65F |Rubicon sand, 8 to 50 percent slopes, dissected--------------co-cooooo--- | 2,107 | 0.6
75B |Rubicon sand, 0 to 6 percent SlopeS-=-=---==--=- - o oo | 40,236 | 11.9
75D |Rubicon sand, 6 to 18 percent SlopeS-=---=---=--=--=--c----o-oooooooo- | 7,302 | 2.2
75E |Rubicon sand, 18 to 35 percent 8lOpeS---=---=--=---- oo -o oo 1,463 | 0.4
78 | Pits, DOTTOW= === - oo oo oo oo 839 | 0.2
81B |Grayling sand, 0 to 6 percent slopes-- 4,067 | 1.2
81D |Grayling sand, 6 to 18 percent slopesS------=---=--=--c--------oooooooo--- 1,223 | 0.4
81E |Grayling sand, 18 to 35 percent SlopesS-----=----------omo oo | 15 | *
81F |Grayling sand, 18 to 45 percent SlopesS-----=---=--=--=--------------o---- | 538 | 0.2
82B |Udorthents, loamy, nearly level and undulating----------------c-cooooomon | 48 | *
83B |Udipsamments, nearly level and undulating---------------c-co-coomooooo-o- | 180 | *
86 |Histosols and Aquents, ponded-----=-- === oo oo 1,031 | 0.3
90B |Chinwhisker sand, 0 to 4 percent slopeS----------=--c--cc-coooomooooooo- 515 | 0.2
95D |Menominee loamy sand, 12 to 18 percent slopes 1,030 | 0.3
95E |Menominee loamy sand, 18 to 35 percent slopes 615 | 0.2
113 |Angelica loam--- - == - o mm e e e 304 | *
115D |Kalkaska sand, 6 to 18 percent slopeS---=---=---=--=--c--------oooooooooo- | 6,112 | 1.8
116B |Mancelona sand, 0 to 6 percent 8lOpeS---=---=--=--=- oo oooi oo | 88 | *
126F |Udipsamments—Haplorthods—Glossudalfs complex, nearly level to steep------ | 922 | 0.3
127 | Cathro MueK- - - === == o o o m o e e e | 314 | *
141B |Leelanau loamy sand, 0 to 6 percent slopesS-------------=--c--co-cooooo-o- | 4,836 | 1.4
141c | Leelanau loamy sand, 6 to 12 percent SlopesS------=----=----oooomooooooo- | 5,986 | 1.8
141D |Leelanau loamy sand, 12 to 18 percent slopes-----------=--=--=--“---—----- | 1,433 | 0.4
146F |Rubicon-Graycalm sands, 8 to 50 percent slopes, dissected---------------- | 298 | *
147B |Lindquist sand, 0 to 6 percent slopes -] 21,741 | 6.5
147¢ |Lindquist sand, 6 to 12 percent SlopesS-----=-------- oo oo | 3,074 | 0.9
147D |Lindquist sand, 12 to 18 percent slopeS----------=------------o--ooooo--- | 2,695 | 0.8
147E |Lindquist sand, 18 to 35 percent SlopeS--------------omo oo | 1,210 | 0.4
166A |slade loam, 0 to 3 percent SlopeS----=---=-=-=-----c-co-o-ooeoooooooo- | 250 | *
|

See footnote at end of table.
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Table 4.--Acreage and Proportionate Extent of the Soils--Continued

| | |
Map | | Acres | Percent
symbol | Soil name | |
| | |
| | |
197Aa |Gladwin loamy sand, 0 to 3 percent slopes--------=--=---------o-oo-oo-oo- | 472 | 0.1
323B |East Lake-Rubicon sands, 0 to 6 percent slopes---------=-==--co-uoomoonon 1,609 | 0.5
323C |East Lake-Rubicon sands, 6 to 12 percent slopes- 419 | 0.1
337B |Mancelona-East Lake complex, 0 to 6 percent slopes 496 | 0.1
337C |Mancelona-East Lake complex, 6 to 12 percent slopes-------=------=--=----- | 113 | *
338B |Islandlake sand, 0 to 6 percent SlopeS-=-=---=--=----cmommommooooooaoooo | 4,428
338C |Islandlake sand, 6 to 12 percent sSlopeS-------=--=--=--c---o--o-oooooooo- | 1,003 | .
338D |Islandlake sand, 12 to 18 percent SlopesS---=---=--==------ommommoomoooonoo | 172 | *
347F |Kalkaska sand, 8 to 50 percent slopes, dissected-----------------o--o---- | 12,751 | 3.8
349B |Hartwick sand, 0 to 6 percent SlOpES=---=-=-==- == --omomm oo 925 | 0.3
350D |Blue Lake sand, 6 to 18 percent slopes 20 | *
352B |Deford-Au Gres-Croswell complex, 0 to 6 percent slopes 537
354F |Mancelona-Blue Lake sands, 15 to 70 percent slopes, dissected------------ | 1,260 | .
360 |Wakeley muCK- - === === - oo o o o o e e e mmmooooeo | 159 | *
362D |[Millersburg loamy sand, 6 to 18 percent slopes---------=--=--=--=-------- | 24 |
365F |Blue Lake loamy sand, 8 to 50 percent slopes, dissected------------------ | 11,845 | 3.5
368A |Au Gres-Deford complex, 0 to 3 percent slopes-------=---=--=--=--c--co---- | 836 | 0.2
369 | DefOrd MUEK- == == === = o o m oo e e e e momooao—oo 809 | 0.2
380 |Access denied 4,032 | 1.2
387F |Mancelona-Rubicon sands, 15 to 70 percent slopes, dissected-------------- | 24 | *
393B |Morganlake loamy sand, 0 to 6 percent slopes-----------=--=--=--c---c---- | 3,754 | 1.1
393¢C |Morganlake loamy sand, 6 to 12 percent slopesS----=---=---=--=---oomoomoono- | 1,999 | 0.6
399D |Menominee-Bamfield, sandy substratum-Blue Lake complex, 12 to 18 percent | |
=R R Ty e T e e L e T P e | 1,968 | 0.6
400F |Menominee-Bamfield, sandy substratum-Blue Lake complex, 15 to 70 percent | |
| slopes, dissected-- === oo | 2,764 | 0.8
401F |Lindquist sand, 8 to 50 percent slopes, dissected------------------------ | 2,383 | 0.7
402B |Islandlake loamy sand, 0 to 6 percent SlopesS-----=---=---=---o-mommoomoono- | 5,757 | 1.7
402C |Islandlake loamy sand, 6 to 12 percent slopes-------=---=--=--=--=-------- | 650 | 0.2
402D |Islandlake loamy sand, 12 to 18 percent slopes-- 91 | *
424B |Morgan1ake-Ossineke, sandy substratum-Blue Lake complex, 0 to 6 percent | |
=R R Ty e T e e L e e | 1,628 | 0.5
424cC |Morgan1ake-055ineke, sandy substratum-Blue Lake complex, 6 to 12 percent | |
=R RS LY e e ittt | 1,304 |
452D |Bamfield fine sandy loam, sandy substratum, 12 to 18 percent slopes------ | 1,544 |
452E |Bamfield fine sandy loam, sandy substratum, 18 to 35 percent slopes------ 241 | *
453B |Ossineke fine sandy loam, sandy substratum, 0 to 6 percent slopes-------- 6,384 | 1.9
453C |ossineke fine sandy loam, sandy substratum, 6 to 12 percent slopes-- 2,013 | 0.6
463F |Lee1anau loamy sand, 8 to 50 percent slopes, dissected------------------- 2,207 | 0.7
464B |Mossback sandy loam, 0 to 6 percent SlopeS----=---=------o-mommoomoooono- 6,782 | 2.0
464C |Mossback sandy loam, 6 to 12 percent slopes---------=--=--=--=--=--—----- | 4,446 | 1.3
464D |Mossback sandy loam, 12 to 18 percent SlopesS-----=---=---=---o-mommoomoooo- | 2,279 | 0.7
464E |Mossback sandy loam, 18 to 35 percent slopes--------=---=--=--=--=-———--~--- | 1,297 | 0.4
465 |Caffey MUCK- - === - oo oo oo o e e oo | 142 | *
w [ ER T R e e R | 7,501 | 2.2
| | |
| POEAL - = = = = = = = = = = = e e e e | 336,749 | 100.0
|

* Less than 0.1 percent.
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(Yields are for nonirrigated areas.
expected under a high level of management. Absence of a yield
indicates that the soil is not suited to the crop or the crop

Table 5.--Land Capability and Yields per Acre of Crops

They are those that can be

generally is not grown on the soil.)

| | | |
| Land | | Corn | | Winter
Map symbol |capa- | Corn | silage | oOats | wheat
[bility| | | |
| | | | |
| | Bu | Tonms | Bu | Bu
24a: | | | | |
Kinross------------ | 6w | --- | --- | --- | ---
| | | | |
Au Gres------------ | 4w | 55 | 10.0 | 45 | 25
| | | | |
25B: | | | | |
Kent------------n--- | 3e | 75 | 12.0 | 70 | 32
| | | | |
25¢C: | | | |
Kent--------------- | 4e | 70 | 10.5 | 65 | 30
| | | | |
28B: | | | | |
East Lake---------- | 4s | 50 | 9.0 | 40 | ---
| | | | |
328: | | | | |
Kellogg------------ | 38 | 70 | 10.5 | 30 | 35
| | | | |
33B: | | | | |
Mancelona---------- | 3s | 60 | 10.0 | 28 | 28
| | | | |
33c: | | | | |
Mancelona---------- | 3e | 55 | 9.5 | 25 | 24
| | | | |
33D: | | | | |
Mancelona---------- | 4e | --- | --- | 20 | 20
| | | | |
49B: | | | | |
Kalkaska----------- | 4s | 50 | 9.0 | 25 | 25
| | | | |
52B: | | | | |
Blue Lake---------- | 3s | 65 | 10.5 | 40 | 28
| | | | |
52D: | | | | |
Blue Lake---------- | 4e | 55 | 9.0 | 35 | 22
| | | | |
64B: | | | | |
Feldhauser--------- | 2e | 75 | 12.0 | 35 | 35
| | | | |
95E: | | | |
Menominee---------- | 6e | --- | --- | 55 | 23
| | | | |
116B: | | | | |
Mancelona---------- | 3s | 50 | 9.0 | 25 | 28
| | | | |
141B: | | | | |
Leelanau----------- | 38 | 65 | 11.0 | 30 | 30
| | | | |
141cC: | | | | |
Leelanau----------- | 3e | 55 | 8.0 | 25 | 25
| | | | |
147B: | | | | |
Lindquist---------- | 4s | 50 | 9.0 | 25 | 25
| | | | |
166A: | | | | |
Slade-------------- | 2w | 80 | 12.0 | 32 | 32
| | | |

Soil Survey of
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Table 5.--Land Capability and Yields per Acre of Crops--Continued

| | | |
| Land | | Corn | | Winter
Map symbol |capa- | Corn | silage | oOats | wheat
[bility| | | |
| | | | |
| | Bu | Tonms | Bu | Bu
197A: | | | | |
Gladwin------------ | 3w | 60 | 10.0 | 30 | 35
| | | | |
323B: | | | | |
East Lake---------- | 4s | 50 | 9.0 | 40 | ---
| | | | |
Rubicon------------ | 68 | --- | --- --- | ---
| | | | |
337B: | | | | |
Mancelona---------- | 38 | 65 | 10.5 | 40 | 28
| | | | |
East Lake---------- | 4s | --- | --- | --- | ---
| | | | |
337C: | | | | |
Mancelona---------- | 3e | 55 | 7.0 | 35 | 22
| | | | |
East Lake---------- | 68 | --- | --- | --- | ---
| | | | |
338B: | | | | |
Islandlake--------- | 4s | 50 | 9.0 | 25 | 25
| | | | |
350D: | | | | |
Blue Lake---------- | 4e | 60 | 9.0 | 50 | 22
| | | | |
393B: | | | | |
Morganlake--------- | 38 | 65 | 11.0 | 35 | 35
| | | | |
393C: | | | | |
Morganlake--------- | 3e | 55 | 9.0 | 20 | 30
| | | | |
402B: | | | | |
Islandlake--------- | 4s | 65 | 10.5 | 35 | 28
| | | | |
402C: | | | | |
Islandlake--------- | 68 | 55 | 9.0 | 30 | 22
| | | | |
424B: | | | | |
Morganlake--------- | 38 | 65 | 11.0 | 35 | 35
| | | | |
Ossineke----------- | 3e | 80 | 13.0 | 75 | ---
| | | | |
Blue Lake---------- | 38 | 65 | 10.5 | 40 | 28
| | | | |
424cC: | | | | |
Morganlake--------- | 3e | 55 | 9.0 | 30 | 30
| | | | |
Ossineke----------- | 3e | 80 | 13.0 | 75 | ---
| | | | |
Blue Lake---------- | 3e | 65 | 10.5 | 40 | 28
| | | | |
453B: | | | | |
Ossineke----------- | 3e | 85 | 12.5 | 35 | 40
| | | | |
453C: | | | | |
Ossineke----------- | 3e | 85 | 12.0 | 30 | 35
| | | | |
464B: | | | | |
Mossback----------- | 2e | 75 | 12.0 | 35 | 40
| | | | |
464C: | | | | |
Mossback----------- | 3e | 60 | 10.5 | 30 | 35
| | | |
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Table 6.--Land Capability and Yields per Acre of Hay and
Pasture

(Yields are for nonirrigated areas. They are those that can
be expected under a high level of management. Absence of
a yield indicates that the soil is not suited to hay or
that hay generally is not grown on the soil.)

| Land | |Brome- | |
Map symbol |capa- |Alfalfa|grass- | Grass-| Pasture

and soil name |bility| hay |alfalfa| clover|

| | | hay | |

| | | | |

| | Tons | Tons | Tons | AUM*

15a: | | | | |
Croswell----------- | 4s | 2.0 | --- | 1.5 | 0.6

| | | | |
Au Gres------------ | 4w | 2.0 | 1.8 | 1.5 | 0.6

| | | | |

16B: | | | | |
Graycalm----------- | 4s | 1.8 | --- | 1.3 | 0.5

| | | | |

17a: | | | | |
Croswell----------- | 4s | 2.0 | --- | 1.5 | 0.6

| | | | |

17B: | | | | |
Croswell----------- | 4s | 2.0 | --- | 1.5 | 0.6

| | | | |

18a: | | | | |
Au Gres------------ | 4w | 2.0 | 1.8 | 1.5 | 0.6

| | | | |

24a: | | | | |
Kinross------------ | 6w | --- | --- | == ] ---

| | | | |
Au Gres------------ | 4w | --- | 1.8 | --- | ---

| | | | |

25B: | | | | |
Kent--------------- | 3¢ | 3.5 | --- | 3.0 | 1.0

| | | | |

25cC: | | | | |
Kent-----=-----o--- | 4e | 3.3 | --- | 2.5 | 0.9

| | | | |

28B: | | | | |
East Lake---------- | 4s | 2.5 | --- | 1.8 | 0.7

| | | | |

28C: | | | | |
East Lake---------- | 6s | 2.3 | --- | 1.6 | 0.7

| | | | |

328: | | | | |
Kellogg----=---=----- | 3s | 3.0 | --- | 2.8 | 0.9

| | | | |

33B: | | | | |
Mancelona---------- | 38 | 3.0 | --- | 2.1 | 0.9

| | | | |

33c: | | | | |
Mancelona---------- | 3¢ | 2.8 | --- | 2.0 | 0.8

| | | | |

33D: | | | | |
Mancelona---------- | 4e | 2.6 | --- | 1.9 | 0.7

| | | | |

47D: | | | | |
Graycalm----------- | 6s | 1.6 | --- | 1.1 | 0.5

| | | | |

49B: | | | | |
Kalkaska----------- | 4s | 2.5 | 1.8 | 1.8 | 0.5

| | | | |

52B: | | | | |
Blue Lake---------- | 3s | 2.8 | 2.8 | 2.0 | 0.8

| | | |

See footnote at end of table.
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Table 6.--Land Capability and Yields per Acre of Hay and
Pasture--Continued

| Land | |Brome- | |
Map symbol |capa- |Alfalfa|grass- | Grass-| Pasture

and soil name |bility| hay |alfalfa| clover|

| | | hay | |

| | | | |

| | Tons | Tons | Tons | AUM*

52D: | | | | |
Blue Lake---------- | 4e | 2.0 | 2.0 | 1.8 | 0.6

| | | | |

64B: | | | | |
Feldhauser--------- | 2 | 3.5 | --- | 2.8 | 1.0

| | | | |

75B: | | | | |
Rubicon------------ | 6s | 2.0 | --- | 1.4 | 0.5

| | | | |

75D: | | | | |
Rubicon--------=---- | 7¢ | 1.8 | --- | 1.2 | 0.4

| | | | |

95D: | | | | |
Menominee---------- | 4e | 2.6 | --- | 2.4 | 0.7

| | | | |

95E: | | | | |
Menominee---------- | 6e | 3.1 | --- | --- | ---

| | | | |

115D: | | | | |
Kalkaska----------- | 6s | 1.6 | --- | 1.2 | 0.5

| | | | |

116B: | | | | |
Mancelona---------- | 38 | 2.5 | --- | 2.0 | 0.9

| | | | |

141B: | | | | |
Leelanau----------- | 3s | 3.0 | --- | 2.4 | 0.8

| | | | |

141C: | | | | |
Leelanau----------- | 3e | 2.8 | --- | 2.4 | 0.7

| | | | |

141D: | | | | |
Leelanau----------- | 4e | 2.0 | --- | 2.0 | 0.6

| | | | |

147B: | | | | |
Lindquist---------- | 4s | 2.4 | --- | 2.0 | 0.7

| | | | |

147C: | | | | |
Lindquist---------- | 6s | 2.3 | --- | 1.6 | 0.7

| | | | |

147D: | | | | |
Lindquist---------- | 6s | 2.0 | --- | 1.2 | 0.6

| | | | |

166A: | | | | |
Slade-------------- | 2w | 3.5 | --- | 3.0 | 1.0

| | | | |

197A: | | | | |
Gladwin------------ | 3w | 3.3 | --- | 2.5 | 0.9

| | | | |

323B: | | | | |
East Lake---------- | 4s | 2.3 | --- | 1.6 | 0.7

| | | | |

Rubicon------------ | 68 | --- | --- | --- ] ---

| | | | |

323C: | | | | |
East Lake---------- | 6s | 2.2 | --- | 1.4 | 0.6

| | | | |
Rubicon------------ | 6s | --- | --- | --- ] ---

| | | |

See footnote at end of table.
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Table 6.--Land Capability and Yields per Acre of Hay and
Pasture--Continued

| Land | |Brome- | |
Map symbol |capa- |Alfalfa|grass- | Grass-| Pasture
and soil name |bility| hay |alfalfa| clover|
| | | hay | |
| | | | |
| | Tons | Tons | Tons | AUM*
337B: | | | | |
Mancelona---------- | 3s | 3.2 | --- | 2.0 | 0.9
| | | | |
East Lake---------- | 4s | --- | --- | --- ] ---
| | | | |
337C: | | | | |
Mancelona---------- | 3¢ | 3.0 | --- | 1.9 | 0.8
| | | | |
East Lake---------- | 68 | --- | --- | --- ] ---
| | | | |
338B: | | | | |
Islandlake--------- | 4s | 2.4 | --- | 2.0 | 0.7
| | | | |
338C: | | | | |
Islandlake--------- | 6s | 2.0 | --- | 1.7 | 0.6
| | | | |
338D: | | | | |
Islandlake--------- | 78 | 1.8 | --- | 1.5 | 0.5
| | | | |
349B: | | | | |
Hartwick----------- | 6s | 1.6 | --- | 1.4 | 0.4
| | | | |
350D: | | | | |
Blue Lake---------- | 4e | 2.2 | 2.2 | 1.8 | 0.6
| | | | |
362D: | | | | |
Millersburg-------- | 4e | 2.2 | --- | 2.0 | 0.6
| | | | |
393B: | | | | |
Morganlake--------- | 3s | 3.0 | --- | 2.6 | 0.9
| | | | |
393C: | | | | |
Morganlake--------- | 3e | 2.8 | --- | 2.4 | 0.8
| | | | |
399D: | | | | |
Menominee---------- | 4e | 2.6 | --- | 2.4 | 0.8
| | | | |
Bamfield----------- | 4e | --- | --- | --- ] ---
| | | | |
Blue Lake---------- | 4e | --- | --- | --- ] ---
| | | | |
402B: | | | | |
Islandlake--------- | 4s | 2.7 | --- | 2.0 | 0.8
| | | | |
402C: | | | | |
Islandlake--------- | 6s | 2.5 | --- | 1.9 | 0.7
| | | | |
402D: | | | | |
Islandlake--------- | 7¢ | 2.3 | --- | 1.8 | 0.7
| | | | |
424B: | | | | |
Morganlake--------- | 3s | 3.0 | --- | 2.6 | 0.9
| | | | |
Ossineke----------- | 3¢ | --- | === | --- ] ---
| | | | |
Blue Lake---------- | 38 | --- | === | --- ] ---
| | | |

See footnote at end of table.
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Table 6.--Land Capability and Yields per Acre of Hay and
Pasture--Continued

| Land | |Brome- | |
Map symbol |capa- |Alfalfa|grass- | Grass-| Pasture
and soil name |bility| hay |alfalfa| clover|
| | | hay | |
| | | | |
| | Tons | Tons | Tons | AUM*
424C: | | | | |
Morganlake--------- | 3¢ | 2.8 | --- | 2.4 | 0.8
| | | | |
Ossineke----------- | 3¢ | 3.5 | --- | --- ] ---
| | | | |
Blue Lake---------- | 3¢ | --- | --- | --- ] ---
| | | | |
452D: | | | | |
Bamfield----------- | 4e | 3.1 | --- | 2.7 | 0.9
| | | | |
4538: | | | | |
Ossineke----------- | 3¢ | 3.5 | --- | 3.0 | 1.0
| | | | |
453C: | | | | |
Ossineke----------- | 3e | 3.3 | --- | 2.5 | 0.9
| | | | |
464B: | | | | |
Mossback----------- | 2 | 3.5 | 3.5 | 2.8 | 1.0
| | | | |
464C: | | | | |
Mossback----------- | 3e | 3.5 | 3.5 | 2.8 | 1.0
| | | | |
464D: | | | | |
Mossback-------=---- | 4e | 3.0 | --- | 2.4 | 0.9
| | | |

* Animal unit month: The amount of forage or feed

required to feed one animal unit (one cow,
or five goats) for 30 days.

mule,

five sheep,

one horse,

one
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Table 7.--Land Capability and Yields per Acre of Specialty Crops

(Yields in the "N" columns are for nonirrigated areas;

irrigated areas.

those in the "I" column are for
The yields are those that can be expected under a high level of
management. Absence of a yield indicates that the soil is not suited to the crop or
that the crop generally is not grown on the soil.)

| Zand | | | | |
Map symbol |capa- | Dry | Spring | Irish potatoes | soybeans |Sunflowers
and soil name |bility| beans | canola | | |
| | | | | |
| ~ N | N | N | I | N | N
| | | | | | |
| | Cwt | Cwt | Cwt | Cwt | Bu | Cwt
15A: | | | | | | |
Croswell----------- | 4s | --- | --- | 120 | 300 | -- | ---
| | | | | | |
Au Gres------------ | 4w | --- | --- | 120 | 300 | -- | ---
| | | | | | |
17a: | | | | | | |
Croswell----------- | 4s | --- | --- | 120 | 300 | -- | ---
| | | | | | |
17B: | | | | | | |
Croswell----------- | 4s | --- | --- | 120 | 300 | -- | ---
| | | | | | |
18a: | | | | | | |
Au Gres------------ | 4w | --- | --- | 120 | 300 | -- | ---
| | | | | | |
25B: | | | | | | |
Kent--------------- | 3e | 25 | 35 | 150 | 285 | 20 | 25
| | | | | | |
25C: | | | | | | |
Kent--------------- | de | 23 | 33 | 150 | 0 | 18 | 23
| | | | | | |
28B: | | | | | | |
East Lake---------- | 4s | --- | --- | 125 | 300 | -- | ---
| | | | | | |
32B: | | | | | | |
Kellogg------------ | 38 | 20 | --- | --- | --- | -- | 20
| | | | | | |
33B: | | | | | | |
Mancelona---------- | 38 | --- | --- | 150 | 340 | -- | 20
| | | | | | |
33c: | | | | | | |
Mancelona---------- | 3e | --- | --- | 145 | --- | -- | 18
| | | | | | |
49B: | | | | | | |
Kalkaska--------=--- | 4s | --- | --- | 120 | 300 | -- | ---
| | | | | | |
52B: | | | | | | |
Blue Lake---------- | 38 | --- | --- | 125 | --- | -- | 18
| | | | | | |
64B: | | | | | | |
Feldhauser--------- | 2e | 23 | 30 | 180 | 390 | 20 | 25
| | | | | | |
75B: | | | | | | |
Rubicon------------ | 68 | --- | --- | 120 | 285 | -- | ---
| | | | | | |
116B: | | | | | | |
Mancelona---------- | 3s | 18 | --- | 120 | 300 | -- | 18
| | | | | | |
141B: | | | | | | |
Leelanau----------- | 38 | --- | --- | 160 | 390 | -- | 20
| | | | | | |
141c: | | | | | | |
Leelanau----------- | 3e | --- | --- | 160 | --- | -- | 20
| | | | | | |
147B: | | | | | | |
Lindquist---------- | 4s | --- | --- | 125 | 300 | -- | ---
| | | | | |
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Otsego County, Michigan

Table 7.--Land Capability and Yields per Acre of Specialty Crops--Continued

| soybeans |Sunflowers

Irish potatoes

Spring

Dry
beans

Map symbol
and soil name

canola
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Soil Survey of

Table 8.--Prime Farmland

(Only the soils considered prime farmland are listed. Urban or built-up
areas of the soils listed are not considered prime farmland. If a
soil is prime farmland only under certain conditions, the conditions
are specified in parentheses after the soil name.)

Map
symbol

Soil name

25B
64B
113
166A
453B
464B

|Kent sandy loam, 2 to 6 percent slopes

| Feldhauser fine sandy loam, 0 to 6 percent slopes

|Ange1ica loam (where drained)

|slade loam, 0 to 3 percent slopes (where drained)

|Ossineke fine sandy loam, sandy substratum, 0 to 6 percent slopes
|Mossback sandy loam, 0 to 6 percent slopes
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Table 9.--Forestland Management and Productivity

233

(Only the soils suitable for the production of commercial trees are listed.)

Management concerns

Potential productivity

Map symbol and
soil name

|ordi-

|nation|Erosion
| symbol| h