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Preface

About this Field Reference to Forest Soils Management

This Forest Soils Field Reference was initiated at the request of the
CRCFS mentership to aid fcrest land managers. The central theme of this
field reference is the relationship of soils tc the everyday practice of
forest menagement and timber harvesting.

This reference presents the best practical information presently
available which can be directly applied to specific needs snd/or protlems,
The ccntent, format and style are the initial contritutions of z very few
individual members, necessitating critical review ty all users.

The reference is necessarily incomplete, It is expected trhat the
"seed" material presented under each major topic will stimulate those who
use and review this reference to contribute further practical reference
materials and probtlem solving techniques.

The Field Reference is organized intc five sections for the users
convenience, Each section pertains to a specific sutject matter and was
developed as a separate entity. Section I presents an overview of soil and
landscape relationships in the Upper Great Lakes Region. Section II
discusses the soil profile and properties common to horizons that are tasic
units of the soil This section should te consulted to review procedures to
aide with determining soil horizon, or soil profile, properties that may
contribute to differences in site quality. Section III is an aid to
procedures to recognize landform and soil relationships that may influence
forest growth. Section IV is a trief overview on soil classifica-tion and
soil surveys as an aid to developing a basic understanding atout soil
taxonomy. Section V is composed of interpretstions for forest soil
management., The main emphasis is on road construction and care. 1In Section
VI procedures and guides are presented for fecrest site assessment.
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Section I - Soil Lendscapes and Lendforms

The development of a soil is a function of climate, kinds of parent
materials, vegetation and topographic position, that heve interected over a
period of time. Variations between soils can be recognized by differences in
their properties; e.g. color and texture. However, soils of the CGreat Lakes
Region occur on geologicelly young landforms ranging in age from several
hundred years to eproximately 13,000 years of age (Black, 1978). Soils in
this region heve developed in & variety of meteriels ranging from coarse
textured sendy beach ridges and dunes, fine textured water laid or -
lacustrine deposits to medium textured loemy meterials on landscapes
developed from the advence or retreat of continentael glaciers. The study of
landscapes derived from recent glacial activity:is important to our
understanding of the possible relestionships between the variability of
materials and the variety of forests that occur on them.

This section of the guidebook presents soil-lendscape units in the
Upper Peninsula of Michigan, Northern Lower Peninsule of Michigan and
Northern Wisconsin. It is en attempt. to isolate large areas of landscapes
with similer sojl and landform relationships. References for developing the
soil-landscape units are listed et the end of Section I. Section I-A
discusses eech soil landscape unit designed to elert the user to potentiel
problems common to & geogrephic srea. Section I-B discusses the major

landforme associated with gleciastion and common to these soil-landscape
units.

Section I-A - Hichiggh-Wisconsin Soil Landscﬁpe‘Units

There is & stong link between the study of soils, whose upper‘bqundary
is the surface of the earth, and the study of landforms on which they have
developed. Prectically all work deeling with the distribution of soils

relates to geomorphic concepts, especially on how land or geomorphic
surfaces have evolved. :

Landforms of Michigan and most of Wisconsin are depositional end a
result of continentiel gleciation. Fortunately, geologists heve delineated
and mepped the major glacial landforms in these states. (Ferrand, 1982;
Hole, 1980). Similarily soil scientists have developed maps outlining the
major soil areas that occur in both states. (Hole, 1980; MSU, 1981; Veatch,
1953). Ey combining the glaciel landform and soil maps it is prossible to
develop a soil-lendscepe unit map (Figure 1.1). The accompanying map and
legends should assist foresters with developing an insight into soil-forest
relationshipe and differences in forest performance over extensive areas.



Figure 1.1 Soil landscape unit map of the Upper Peninsula of Michigan,
Northern Wisconsin and Northern Lower Michigan.
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Legend ~ Soil-Landscape Units for the Upper and Northern
Lower Peninsulas of Michigan and Northern Wisconsin

I. Superior Lske Plains -~ Soil Landscape Unit.

Lendscape Setting: Deep, reddish water laid (lacustrine) deposits of
variable thickness over sandstone and glacial till. This unit is
characterized by level lake plains, wave cut terraces, and benches
trenched by streams and rivers. Few lakes occur. The numerous terraces

represent past glacial lake stages. They occur between 20 and 700 feet
above Lake Superior.

Dominant Soils: Soils developed in "the lacustrine materials sre
generally Alfisols and Haplorthods. Some major soils are Superior,

Froberg, Nunica, Ontonagon, Pickford and Bergland in Michigen; Hibbing
and Kewaunee in Wisconsin.

Bedrock and Depth to Bedrock: Limited outcrops of sandstone, 72" plus.
Texture: Clay, stratified silts, fine sands, sandy loam till.
Soil Drainage: Well to poorly drained.

Relative Water Supply: High in clays and silts medium in sandy loams.
Poor soil aeration in clays especially when saturated.

Soil Fertility: Medium to high.
Vegetation: Northern hardwoods and aspen.

Forest Management Concerns: Forest productivity in this unit is in-
fluenced by soil texture, depth to water tables, and soil aeration. Use
of timber harvesting equipment on fine textured clay soils during pro-

longed wetness or spring snow melt will result in rutting, compaction and
difficulty in establishing haul roads.



II. Northern Hilly Upland end Outwash Plains

Landscape Setting: Chiefly hilly plateaus lying 200 to 1400 feet above
Lake Superior. Bold relief (moraines) with complex slopes caused by
deep valleys, knobs, ridges, numerous lakes, smell and large valley bogs
and swamps. Soils are formed in glacial drift of varieble thickness that
consists of red and gray, generally acid, sands to clay loams overlying
sandstone, shale and igneous bedrock. An eolian cap, layer of windblown
fine sands and silts, of variable thicknese covers much of the region.

Dominant Solls: Soils developed in outwesh are generaslly Fntisols,
Alfisols, Spodosols and Histosols are common on the moraines. Some of the
major soils are: Grayling, Rubicon, Allouez, Waiska in outwash; Munising,
Champion, Iron River, Michigamme, Watton, Goegebic in moraines.

Bedrock and Depth to Bedrock: Shale, sendstone, igneoue bedrock 20 to
72" or more. Limited outcrops.

Textureé Sands, mixtures of sands and gravels, fine sands, sandy loams
end loams.

Soil Drainage: Well to poorly drained.

Reletive Water Supply: Low in sands, medium in glacial tills. Presence

of a dense layer (fragipan) will influence soil profile water relations
by restricting weter movement and total storage capacity.

Soil Fertility: Low in sands, moderete in glaciel tills. Presence of

- fragipan in some scils will influence effective rooting depth. Productiv-

ity is moderate to high for hardwoods. Moderate for red pine.

Vegetation: Northern hardwoods.

Forest Management Concerns: Climate is variable, e.g. 100 to over 4CO"
snowfall. Lendform configuration, root restricting layers such as fragi-
pens and bedrock will influence forest management practices. Major
hazards are potential rutting and compaction especially in soils with a
eolisn cap over fragipans during wet seasons and after snow melt. Wind
throw mey be a hazard in areas where bedrock is near the surface, water
tables are high, or fragipans near the surface. Stones of various size
litter the surface in some areas. -



ITA. Bedrock Controlled Northern Hilly Upland and Outwash Plains -
Soil Landscape Unit.

Landscape Setting: This unit has primerily shallow, acid, loamy till
soils developed ir ground, recessional, terminsl and interlobste
moraines. Topogrephy is gently rolling to steeply sloping influenced by
the bedrock. Kames and sandy outwash occur as scattered deposits. Most
of the area is covered with windblown materials of veriable thickness
over glacial till and bedrock.

Dominant Soils: Soils are generally Fragiorthods and Heplorthods. Some
of the major soils ere: Michigemme, Champion, Onota, Munising and
Kalkaska. : . o

Bedrock and Depth to Bedrock: Sandstone, shale, conglomerate and igneous
at depths of 0 to 40" common. :

Refer to II for remaining IIA province descriptions.

III. Northern Uplands and Drumlin Soil Landscape Unit in the Upper Peninsula
of Michigan.

Landscape Setting: Leep non-acid loamy sands, sandy loems and loam soils.
This unit is characterized by rolling to undulating till plains with a
high content of limestone fragments. Numerous parallel ridges shaped

- like inverted spoons dot the landscape. They are separated by extensive
swampy valleys and plains. Local relief varies from 20 to 50 feet with
100 to 150 foot extremes.

Dominant Soils: Soils are Alfisols, Spodosols, Fntisols end Histosols.
Some of the major mineresl soils are: Onawey, Fmmet, Leelanau. Carbondale
and Lupton are typical organic soils. '

Bedrock and Depth to Bedrock: 72" or more to bedrock.
Texture: Losmy sands, sandy loams and loams.
Soil Drainege: Well to :poorly drained. -

Relative Water Supply: Medium. Fragipan soils in some areas will re~-
strict water movements. o

Soil Fertility: Moderate to high.

Vegetation: Upland mineral soils support mixed northern hardwoods in-
cluding beech. Swampy areas are generally northern white cedar. These
units are distinguished from others by a large proportion devoted to
cropland, pasture and orchards. Woodlands comprise 20% in Wisconsin and
about 50% in Michigan. Woodland productivity is medium to high.

Forest Management Concerns: During dry seasons and winter months few
problems will be encountered with timber harvesting operations. Upland
soils are subject to rutting and compaction during wet periods especially
after spring snow melt. These soils should be avoided during this period
of time. Caution should be exercised with logging operations in organic
soil aress,
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IV. Beach Ridge, Dune and Hilly Uplands - Soil Landscape Unit.

Landscape Setting: This unit is characterized by severel unique
landforms. It consists of moreinic deposits composed of pinkish .gray
sandy loam to loem tills high in carbonates. Superimposed on the tills
are sandy lake beds and outwash materials. Sand ridges, dunes of various
sizes and shapes parallel Lake Superior and occur inland for a number of
miles. These sandy ridges represent previous leke levels during -and after
the last glacial activity in this region. Slopes range from O to €5
percent end are commonly greater then 12 percent. Soils have formed in
both acid and non-acid glacial materials. Organic deposits occur between
the sand ridges. Fine textured lacustrine deposits also occur scattered
throughout the unit.

Dominent Soils: The most common soils are Spodosols, Entisols and
Histosols. Some major soils are: Karlin, Kalkaska, Munising, Rubicon,
Crayling, Fast Port and Bohemian. Carbondale and Tewes are typical
organic soils.

Bedrock end Depth to Bedrock: Limited outcrops of sandstone' 72" plus.

Texture: Sendy loams, loams, sands, stratified fine sands and silts,
organic materials over sends and deep organic materials.

Soil Drainage: Well to poorly drained.
_Relative Water Supply: Mediur in sandy loams and loams, low in sands.
Soil Fertility: Low in sands, medium in sandy loam and loams.

Vegetation: Northern hardwoods (sugsr maple, beech, yellow birch end
hemlock) on moraines and older beach ridges. Jack, red and white pine are
common on drier sandy ridges and dunes. Northern white cedar and other
swamp conifer species are common in orgenic soil areas.

Forest Management Concerns: Timber productivity is highly variable with
this unit and depends on soil texture and depth to weter table. Sugar
maple has medium to high productivity on the moraines and older beach
ridges. Red and jack pine have medium to low productivity on the younger
beach and dune complexes. High water tables between sandy ridges should
be considered when planning management activities, e.g. roads should be
constructed on ridge crests.



V. Hilly, Limestone Bedrock, Beech Ridge - Soil Landscape Unit.

Landscepe Setting: Well drained non-acid sandy loams and loamy soils of
variaeble thickness over limestone bedrock. Morainic materiels are
composed of pinkish gray sandy loams and loams high in carbonates.
Limestone boulders occur on the surface. Sandy beach ridges &nd dunes
overlie the glacial till in some arees. Fine textured lacustrine
materials as well as organic soils occur scettered throughout the
province. Slopes are generally O to 30 percent and up to 65 percent on
dunes. . '

Dominant Soils: Srodosols, Entisols, end Histosols esre common. Somre
major soils ere: Kalkeska, Rubicon, Karlin, Trenary, Shelldrake.
Carbondale and Tawas are common orgenic soils.

Bedrock and Depth to Bedrock: Limestone O to 40".

Texture: Sands, sandy loams and loams. Deep and shallow organic
materials over mineral and bedrock.

Soil Drainage: Well to poorly drained.

Relative Water Supply: Low in sands, medium in sandy loams and loems,
high in orgenics, medium to high in sandy loems end loems.

Vegetation: Major timber species are sugar maple, beech, hemlock, yellow
birch with inclusions of -aspen and white birch. Organic soils are gener-
elly northern white cedar and other swamp conifer species.

Forest Management Concerns: Northern hardwood productivity is variable
and is influenced by soil texture and depth to water table. Major
problems affecting forest management are slopes on dunes and beach
ridges, rutting and compaction of lacustrine soils, organic soils, and
large boulders in some areas. Limestone has been mined in some aresas.
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Section I-B Descriptions of Major Landforms resulting from Glacial Activity

A landform is a three-dimensional unit of the land surface which is
distinctive and recognizable because it has a unique pattern or shape. Their
patterns are often repeated across the landscepe in a fairly consistent
pattern. The gbility to recognize a particular landform in the field from
U.S.G.S. topographic maps and aerial photographs mey esuggest the kinds of
soils and associated soil properties that will be encountered.

Lendform features in the Lake States were developed by the deposition
of debris and activites of glacial melt waters flowing from the ice sheet.
Glacial landforms of prime importance to the forester in the Lake States
Region are briefly described on the following pages. The schemstic diegrams
below illustrate surface features developed by glacistion. Table 1 page
1=-22, summarizes glacial deposits and their configurations.
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GROUND MORAINE

Topography ‘ - Drainage

Flat plains ] Deranged pattern

Thick glacizl deposits

usually described &s till

plains but may also be mapped as &
ground moraine. The topography

is very flet and unduleting,
typically not changing more than

a few feet in elevetion over Since this formetion is

an area of several &quare miles. geologically young, run-
Swell and swage topography. ' off systems have not yet
Soil materiels range from sands, ‘ been established in well-
loems and clay loems often un- ' defined, integrated drain
sorted. In some areas stones may ‘ ‘age netWorks.'Many_depres—
litter the surface. Good top sions and swamps eré found
soil and not suited for gravel, elong with a few, meander-

ing regional rivers.

Tone (Photographic) ' Vegetation and land use
Mottled soil tones indicate These till deposifs
‘moisture differences. A slow are typically under
gradation of light to dark agricultural use. Field and
tones between mottles indi- road patterns are squere
cates fine materials; sharp or rectangular and gridded
changes indicate coarser since there are few topo-
materials. - graphic or drainage

constraints. Forested areas
"have medium to high produc-
’ , ivity. Site quality vari-

Gullies ‘ able and reflects soil
drainage.

None or few since drainage has

not developed sufficiently

for gullying. Any gullies

found are of the sag-and-

swale type, indicating fine,

cohesive materials. )
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TERMINAL OR RECESSIONAL MORAINE

Topography

Undulating and rugged

Sioee oSN,

End moraines create a topography
with a linear, discontinuous band
of hills and depressions, whose
elevation differences seldom
exceed 500 feet. Softly rounded,
undulating hills (a) indicate fine
soils; rugged, steep-sided, sharp-
ridged hills (b) indicate coarse
soils. Hill masses are relatively
small when compared to bedrock
formetions. Knob and basin
topography.

Soil materials range from sand and
gravel and rock to medium tex-
tured sendy loems. Fair top soilj
feir sand end gravel.

Tone (Photographic)

Coarse materials have light
. tones, but wet depressions
appear dark. Fine materials
have dull gray tones grading
into darker tones in depres-
sions.

Gullies

Seg-and-swale gullies indicate
fine materials; U or V-shaped
gullies indicate sand-clay or
sand mixtures. Fine soils pro-
duce meny gullies and/or sheet
erosion.

1-12

Drainage
.
R P
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Unless soils are very coarse
many ponds and swamps are
found in depressions at vary-
ing elevations. Small den-
dritic petterns drain into
these depressions. Fine tex-
tured soils may have greater
development with a finer
pattern.

Vegetetion and land use

The amount of mix of forest
cover and cultivation depend
upon so0il composition, cli-
mate and relief. The more
rugged and coarse-textured
moraines are forest-covered.
Undulating moraines have a
mix of cultivation and forest
cover. Many ponds and swamps
are found. Medium forest
productivity. Forest site
quality highly variable.



ROCK CONTROLLED MORAINE

Topography

BEDROCK SUBSTRATUM

The land surface should show
characteristics of form or
drainage related to the
underlying rock strata. The
topographic form generally
reflects the massive charac-
ter of the rock. Soil
materials range from send
and gravel to loams. Fair top
s0il. Poor sand and gravel.

Tone (Phbtographic)

Tones of underlying, unrelated

materials are subdued, generally
gray, by the thin cover of til1.
Slight mottling may be apparent.

Gullies

Gullies indicate the textural com-
position of soils. Thus they are
commonly V-shaped and of the sag-
and-swale type.
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The drainage system is a
significant indicator of
shallow till deposits over
rock structures, and angular
alignments or other charac-
teristics of rock-controlled

drainage are apparent. Unlike
deep, young till formations,

these deposits have integra-
ted drainage systems resul-
ting from their slightly
greater relief.

Vegetation and land use

The ratio of cultivaetion to
forest cover depends upon the
topographic relief and the
thickess of the soil cover.
Rock controlled moraines are

. generally forest covered.

Forest productivity ranges
from medium to low. Site
quality variable.



KAMES AND KAVE MORAINES

Topography

Conical Hills

Single kames appear as conical

elongated hills; their dimensions
are usually less than 400 feet in
any one direction, and less than
50 feet above adjacent elevations.
They have sideslopes of approxi-

mately €5 percent, or close to
the natural angle of repose for

granular materiels. Many kames are

irregular in outline and form
hooked shapes.

Soil materiels range from sands

and grevels to loemy sands.
Numerous rocks and boulders
may occur in some arees. Fair
to poor topsoil, good source
of sand and gravel.

Tone (Photographic)

Light tones eppeer through the
vegetation cover, reflecting
the droughty soils and lack of
undergrowth. Surrounding lend-
forms ere typically wetter,
showing darker tones.

Gullies

Short, V-sheped gullies may
occur near the bases of kame
slopes if there is sufficient
erosive runoff during rain-
storms.
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Drainage

Dreinege patterns do not
develop on kames because of
their smell area extent and
because their steep slopes
do not develop a watershed
(that is, rainfall runs off
the slopes and/or percolates
into the granuler subsoils).
Kames are small formations
and do not, as is common with
eskers, block other draineage
systems.

Vegetation and land use

The typical cover is forest,
due to the droughty soils

and the steep sideslopes. The
rapid internal dreinsge makes
these forms too dry for ag-
ricultural use, but they are
attractive as sources of con-
struction meteriaels. Forest
composition varies from
conifer to hardwoods. Site
quality varieble.



ESKERS

Topography

Snakelike ridge

o

Vertical Sm

‘I-“"-“.‘

Cross section —¥

Eskers are primerily identi-
fied by the presence of
snakelike ridges which do
not follow & constant eleva-
tion. Typically, these for-
mations are 1/2 to 1 mile in
length, less than 200 feet in
width, less than 100 feet
above adjacent elevations,
and have sideslopes of ap-
proximately 60 percent.

Soil materials range from
sand and gravel to loamy
sands. Poor source of top
soil. '

Tone (Photographic)

The exposed soils, if dense
tree cover is not present,
have light tones, indicating
droughty soils. Dense
vegetation cover has a

dark tone.

Gullies

Some short, V-shaped gullies
may be found near the base of
esker slopes if sufficient
erosive runoff oceurs during
rainstorms.
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Drainage

Drainage patterns do not
develop on eskers because of
their small areal extent.
Rainfall runs off the steep
slopes end/or percolates into
thke granular subsoils.

Eskers perpendicular to
drainage courses develop
seepage zones on their oppo-
site sides which continue the
drainage system. Eventually,
breaks may develop where the
esker is eroded.

Vegetation and land use

Eskers are generally forest-
covered in this region.

The droughty, well-drained
nature of the soil causes
them to be excessively drain-
ed for agricultural use.
Medium to poor forest pro-
ductivity. Site quality
poor on crests and upper
slopes. Eskers are often
mined for construction
gravel.,



OUTWASH PLAIN

Topography

Flat plain

—————

—h_=\b f

——
p——— S

Surfaces ere very flat
(a), sloping as little
as 1 to 4%. Gravel
deposits have surfece
irregularities in the
form of ancient channel
scars; sand plains are
uniformly flat. Pitted
outwash (b) contains
depressions or pits
which may be filled with
water and may have steep
sideslopes. - ‘

Soils range from sand and
gravel, fine sands and
loamy sands. Fair to poor
topsoil. ‘ ‘

Tone (Photographic)

The well-drained soils have
light tones. Channel scars
of infiltration basins in
gravelly deposits have dark
tones, indicating moist,
organic materials.

Gullies

Because of the high permea-
bility of the soils, sufficient
runoff to create gullying does
not occur.
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Drainage

Interneal

The well-graded granular
soils have very high percola-
tion rates and very repid
internal drainage and there-
fore do not allow sufficient
runoff for the creation of an
integrated drainage system.
Some ditching may be ob-
served, indicating efforts to
lower the high water table.

Pits are typically filled
with water.

Vegetation and land use

In humid climates outwash
plains are intensively cul-
tivated. Pitted outwash is
usually cultivated around the
pits, although in New England
the pits themselves are used
as cranberry bogs. Highways
are typically gridded. Fields
are rectahgles or squares.
Forests are generally com-
poged of conifers. Site
quality variable and reflects
soll water storage. "
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DRUMLINS

Topography
Drumlin-shaped (tear drops)‘
Side View

e

Cross

Section
Drumlins are characterized by
smooth, oval, cigar or inverted spoon
shaped hills whoes axes show the
direction of glacial flow.
Ideally, the side facing the
glacier is steeper than the

more tapering lee side.

Lengths are typically 1/2

to 1 mile, widths 500 to 1500
feet, and heights €0 to 200 feet.

Vertical

Soil materials are generally
medium textured sandy loams.
Good source of top soil. Poor
source of sand and gravel.

Tone (Photographic)

Light grey tones indicate the
well-drained, elevated position
of this lendform.

Gullies

A few gullies mey be found along
the base edge of a drumlin. These
are useful in identifying the
composition of the soils.
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Drainage

None - areas between drumlins
often are deep orgenic soils.

These formation are relative-
ly small and do not develop
their own characteristic
drainage patterns. Some
gullying may be apparent
along the base edge and helps
in identifying the composi-
tion of the soils.

Vegetation and land use

Drumlins may be cultivated.
The steeper slopes have
forest cover or pasture. In
some areas fruit orchards
are the principle cover.
Forest productivity medium.
Forest generally composed of
hardwoods. Site quelit
veriable. S :



Topography

Flet, broad plains

e m— . omp—y  ——y —

Fine gilts and clays form flat,
broad plains unless dissected
along the edge of a major river.
Coarser silts and fine sands
may cause a slightly undulating
landscape, reflecting wind
erosion and deposition of

sands.

Soil meterials range from
fine sands to clay, often
stratified, fair to poor
topsoil, poor source. of
sand and gravel.

Tone (Photographic)

The fine-textured silts and
clays ere indicated by drab,
dark-gray tones. The coarser
silts and fine sands are in-
dicated by lighter tones and
some mottling.

Gullies

No gullies are apparent un-

less the leke bed is dissected,
in which case ideal sag-and-
swale gullies develop indicating
cohesive soils.

LAKE PLAINS

1-18

Drainage

Artificial (Open Ditches or Tile)

The flat topography and high
water table do not allow the
establishment of an integra-
ted drainage system. Rainfall
is temporarily ponded and
then evaporates or is slowly
absorbed by the soils. Arti-
ficial drainage features and
a few broadly meandering
streams may be present.

Vegetation and land use

Most of the land is inten-
sively cultivated, reflect-
ing the moist soils and high
productivity. Some vegeta-
tive cover may occur in
swemp areas where the water
table is at the surface.
Bare spots may be observed
in dry sandy areas. Many
artificial drainage struc-
turee are apparent, along
with dead furrows resulting
from attempts to lower the
water table. Forests are
generally hardwood. Site
quality variable and
reflects drainage.

Y]



CROSS SECTION ILLUSTRATIONS OF LANDFORMS AND ASSOCIATED SOIL MATERIALS

The ebility to recognize a particular land form in the field, from topo maps
or from aerial photos may suggest the kinds of soils, and associated soil
properties, that will be encountered. Figures 1.2 and 1.3 are schematic
drawings to illustrate the relationship of glacier landforms and soil
materials. These illustrations should be used with the previous discussion
about individual glacial land forms; e.g. drumlins page 1-18.
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Figure 1-2. Schematic Illustration of Glacial Land Forms, Moraines and
' Cutwash Plains, and Associated Soil Materials.

Ground Morraine
(Till Plain)

--\\""----

GROUND MORAINE

Unsorted till-loams, silt
loams, clay loams, clay.

Deranged to dendritic
drainage.

Good top soil - not
suitable for gravel
Rolling topography

Till plains are formed
as glaciers retreat.

Terminal
Morraine ,

‘-~____~\-

Recessional
(Hilly)

Outwash Plain

TERMINAL MORAINE

Unsorted till, sand,
gravel and rock

Deranged drainage

Fair top soil
Feir to good sand
and gravel

Irregular hilly or
gullied ridges.

Usually convex outline.
May be several parallel
ridges.
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OUTWASH PLAIN

Stratified sand and
gravel

Internel drainage

Feir top soil,
excellent sand and
or gravel source

Even skyline.
Distinct horizontal
layers in soil.
Flat or level
plain. Gentle
slope.

e



Figure 1-3. Schemetic Illustrations of Glacial Land Formsj Moraine, Esker,
and Drumlin and Associated Scil Materials.

Ground
IR

Morraine

ESKER

Sand and Gravel

No netural drainage

Poor top soil
Fxcellent sand and gravel

Winding, narrow, long
snakelike ridges

Formed ice channel or
glacial tunnel by melt waters
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DRUMLIN

Primerily till - loams an
sandy loeams :

‘No natural drainage

Fair top soil
Poor sand and gravel

Tear drop or long oval
sheped hills with axis
parallel to glacial movement.

Molded by glacier overriding
older ground moraine
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Section II - The Soil Profile

‘Foresters with a beckground in soils should be able to identify soil
properties, and other features of forested landscapes, that will influence
the ebility of a particular area to produce tree growth. This section of the
guidebook discusses soil profile factors to aid foresters in identifying
problems that mey influence the management of forest end soil resources.

Of major concern is the problem of releting soil properties to forest
growth, or estimeste potential forest growth, in sreas of poor stand
conditions. Reviews by Coile (1952), Rennie (19€62), Jones (19€S), end
Carmean (1975), should be consulted for background on soils and the growth
of foreste. ' '

This section is composed of two parts; first, the soil profile and
horizons; second, soil properties as an side to evaluating forest sites in
the field. The intent of Part I is to expose the user of this guidebook to
terminology for developing communication skills with others involved in
reseerch or study of forest soils. Part II can be used as an evaluation
guide. )

Part 1

The Soil Profile and Horizons

The soil profile is that portion of the earth's surface which when
exposed shows the morphology of a soil resulting from the processes of soil
genesis. The basic unit of & soil profile is the soil horizon. Soil horizons
are layers approximately parallel to the earth's surface. They are
distinguished from each other by a distinctive set of properties; color,
texture, pH, structure, consistency, boundary and continuity. VWVhere the soil
occurs on a particular landform will influence the kinds of horizons in a
soil profile. All horizons, regerdless of location, are the result of four
soil genetic processes; gains, losses, transfers and transformations. If the
rroducts of these processes are not evident, then the soil horizon may be
considered parent or primary materials.

Exposure of the soil profile in its natural setting can provide
important clues about the quelity of the soil for tree growth. Laboratory
analysis can provide more specific informetion on both properties and
processes. Fxamination of soil profiles in the field will show veriations in
horizon thickness, color and other qualities. Because of this variability,
soil scientists use e unit of soil for profile descriptions. It is termed a
PEDON. A pedon has been defined as:

"A pedon has the smellest aree for which we should describe and sample
the so0il to represent the nature end arrangement of it's horizons and
variability in other properties that are preserved in samples. The aree
of a pedon ranges from 1 to 10 m2, depending on the variability in the
soil." (Soil Survey Staff, 1975).
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Figure 2.1 is a schematic outline of & soil profile showing the use and
general position of horizons with suffixes. Exposures such as road banks are
acceptable places to examine soil profiles. Master horizon suffixes shown in

-Figure
common

MASTER

2.1 are discussed below. These suffixes emphasize genetic properties
to most soils in this region.

HORIZON SUFFIXES

h

|

Illuvial accumulation of organic matter

This symbol is used with "B" to indicate the accumulation of
dispersible organic matter-sesquioxide (humic materials) complexes.
The organic-sesquioxide material coats sand and silt particles or may
occur as discrete pellets. In some horizons, coatings have coalesced,
filled pores, and cemented the horizon.

Illuvial accumulation of sesquioxides and organic matter

This symbol is used with "B" to indicate the accumulation of
illuvial, amorphous, dispersable orgenic matter-sesquioxide com-
plexes if both the organic matter and sesquioxide components are
significant. The symbol is also used in combination with "h" as "Bhs"
if both the organlc matter and sesquioxide components are
significant.

Accumulation of silicate clay

This symbol is used to indicate an accumulation of silicete clay
that either has formed in the horizon or has been moved into it by
leaching (illuviation). The clay can be in the form of coatings on
ped surfaces or in pores or bridges between mineral grains.

Friagipan character
This symbol is used‘td indicate genetically develéped firmness,
brittleness, or high bulk density. These features are characteris-

tics of fragipans, but same horizons designated "x" do not have all
properties of a fragipan.

2=2
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Part II

Guide to Soil Profile Properties Common to Horizons

Soil Color -~ Soil color is the most obvious so0il horizon property.
Colors are recorded by comparison with a Munsell Soil Color Chart (Munsell
Color Compeny, Baltimore, MD. 21216). The basic color of soil horizons are
recorded from the surface, or face, of a freshly broken soil particle in a
moist condition. If the soil is dry, particles should be moistened for
proper color comparison. '

Munsell colors are a numericel shorthand code for hue, value and
chroma. e.g. 5YR 5/2. The 5YR (YR=Yellow red) is the hue or dominant
spectral color and is related to wavelength., Five is the value or degree of
darkness or lightness of the color based on shades of gray; 2 is the chrome
or purity of the color. The proper neme of the color is reddish gray.

Examples of color, horizon and interpretation:

Black A Horizon » High in organic metter, charcoal
‘fragments. Source of N, horizon
of greatest biological activity.
High water retention.

Gray to Pinkish E Horizon Lacks orgenic matter, leached, low

Gray or White nutrients, acid, generelly a low
fertility horizon and low water
retention properties.

Dark Brown to Bs Horizon Accumulation of iron or humus, good
: Brown water retention, well aersted,
‘ source of nutrients, many roots.

Red to Reddish B't Horizon Clay accumuletion; fertile, high
Brown water retention; well structured
' may have aeration problems due to

texture when saturated.

Color is often used as an indirect measure of other more important
properties of the soil horizon that may not be easily and accurately
observed. Generally, dark surface horizons indicate high orgenic matter,
light colored subsurface horizons indicate low orgenic metter. The subsoil
color is an indication of natural drainage of a soil and the presence or
absence of a seasonally high water table. Solid brownish, reddish or
yellowish colors indicate well drained conditions with low seasonal water
tables. Solid gray colored subsoils or mixed gray with brown, yellow, or red
colors generally indicate restricted internal soil drainage. The mixed
colors are called mottles.
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