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ABSTRACT

Eighteen forest soil pedons (boralfs and ochrepts) in the Bitter-
root, Flathead and Kooteénai National Forests were characterized and 54
pedons evaluated for the existence of soll compaction. The soils were
examined over a range of parent materials: Tertiary Volcanics, lime-
stone dominated glacial till and quartzite dominated glacial till.
Characterization data included the amorphous character of surface
horizons, texture, Proeto:'teat, Atterberg limits, clay mineralogy,
particle size distribution, bulk density, porosity, water holding
characteristics, organic matter content, organic carbon content, pH,
electrical conductivity, exchangeable cations, cation exchange capacity
and calcium carbonate content.

Soil compaction was evaluated in timber harvest units ranging from

3 to 17 years old. ' Three treatment classes of soil compaction (con-
trol, moderate and severe) were established based on evidence of
surficlal disturbance and the presence of vegetation. Infiltration,
bulk density and scil moisture retention data were collected and
analyzed by two-way analysis of variance to determine if compaction had
occurred as a result of treatment. Additionally, subsites were grouped
by age as '"young'" (0-4 years since harvest), "medium" (5-9 years since
harvest) and '"old" (10-17 years since harvest). The data were analyzed
to determine possible amelioratory effects of time on compaction.

Amorphous character of the surface deposits was strongly expressed
in the Flathead and Kootenail National Forests of northwest Montana,
while the surface deposits of the Bitterroot National Forest soils in
the southwest were not amorphous. Three independent measurements
showed that significant changes in the physical properties of the study
s0ils had taken place with treatment. Significant reductions in
infiltration and significant increases in bulk density of the surface
horizon occurred at all three study sites. Significant reductions in
soil water retention at three water potentials occurred in the surface
horizon of the limestone and quartzite glacial till sites., With three
exceptions, no significant changes occurred in the physical properties
of the study subsoils. No significant changes attributable to age
grouping were detected in infiltration, soil water retention or bulk
density.

Compaction occurred at all three study sites examined. Although
the compaction was found only in the surface horizon, the author feels
that the effects of the compaction process are expressed throughout the
profile in the form of reduced water and gas movement,

o

if,

.




fy

INTRODUCTION

Soil compaction is defined as the process of increasing soil bulk
density as the result of applied loads or pressure (Baver et al.,
1972). 1In the timberlands of western Montana, field soll scilentists
have observed that soil compaction may be inhibiting fofest regeneration,
productivity and the maintenance of a sustained yield management program,

In western Montana, harvesting, slash disposal and site preparation
operations are accomplished in part by either rubber-tired or crawler
tractor vehicles. The objective of this study is to measure possible
soll compaction in areas which have undergone ground-harvest operations
and to characterize the physical and chemical properties of the soils

ianvolved in compaction.




REVIEW OF LITERATURE
Successful establishment and maintenance of forest vegetation
requires a.root penetrable soil substrate capable’of supplying aeration,
water and nutrieats. These capabilities are influenced by changes in

soil physical properties which may be associated with compaction.

Effect on Root Growth and Proliferation

Most research on soil bulk density and plant root growth relation-
ships concerns égricultural soils. Trouse and Humbert (1961) used soil
core measurements of bulk density to establish bulk density values
restricting to sugar cane root penetration. They comment that "the
deformations that occur in roots growing in compacted soils that are
approaching the critical levels are believed to lower their efficiency
in moving air, water, and nutrients into the plant." Veihmeyer and
Hendrickson (1948) drew simiiar conglusions with sunflowers. Roots did
not penetrate soil with a bulk density of 1.9 g/cm3 or greater. The
threshold densities for roét penetration seemed to be about 1,75 g/cm3
for sandy soils. They also made the important observation that these
critical levels were not the same for all soil materials. The critical
level was lower (1.6-1.7 gicm3) in clayey soils. In addition to visual
root counts, Veihmeyer and Hendrickson used the inability to extract
molsture from a soll as an'indicétion of the absence of roots 1in dense
soils. In general, they state, "thus far, pine trees, grape vines, fig
trees, and chapparal have shown little or no extraction of moisture

from subsoils of about the same high densities reported in this paper.”

14

17




n

3

They also present evidence refuting the idea that root penetration
ceases due to lack of oxygen. They state that "roots penetrated the
saturated noncompacted soils from which most of the air had been expelled
by heating.”" Hopkins and Patrick (1969) believe that aeration is not
the most limiting factor in root penetration, but that it is important
to optimum root growth and proliferation. 1In soils with high bulk
densitiés, compaction may worsen already poor soil aeration and thus
restrict plant root growth.

Taylor and Gardner (1963) found, in laboratory studies with cotton,
that the most critical limiting factor to root penetration was soil
strength. They state, "to penetrate a soil mass, a plant root must
exert a root growth pressure greater than the resistance of the soil
through which it is growing." Taylor and Gardner (1963) demonstrated.
that soll strength increases with increasing bulk density. Thus, for a
glven soil material, an increase in bulk density will increase the
amount of pressure required by a plant root to penetrate the soil.
These results are supported in later work by Taylor et al. (1966).
Minore et al. (1969) studied the effect of high soil density on the
rooting habit of seven northwestern tree species in the greenhouse.
Seedlings were allowed to grow for two years in soil columns compacted
to bulk densities of 1.32, 1.45 and 1.59 g/cmB. Roots of western red
cedar and western hemlock could not penetrate soil of density 1.45

g/cm3, but roots of red alder, lodgepole pine and Douglas-fir could
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penetrate.” No roots penetrated soil densities greater than 1.59 g/cm3.
Forristall and Gessel (1955) report that a density of 1.5 g/'cm3 restricts
red alder root growth in loam soils While Douglas~fir and western

hemlock root growth was restricted at a Lulk density of 1.25 g/cm3 in

the same soil,

Effect on Infiltration

When considered over a large area with no boundary effects, infil-
tration refers to the downward movement of water into the soil profile
(Baver, 1972). Infiltration is one of the most important phases of
water movement in the hydrologic cycle of a foreést enviromment. Hills
(1971) gtates that infiltration data relate closely to overland flow
development. It is well known that erogion potential increasés with
increasing overland flow (Baver et al., 1972), Trimble and Weitzman
(1953) found soll losses on heavily used, poorly permeable skid roads
twice as great as losses on more permeable, lightly used skid roads.

Field infiltration measurements are subject to a high amount of
natural variability. Thus, detectable differences in soil infiltration
must be large to overshadow this natural variation.

Previous research indicates that infiltration is the factor most
clearly affected by compaction. Soil compaction reduces macropore
space Iinducing slow water entry and poor aeration. Trimble and Weitzman
(1953) reporfed that it took 619 times longer for a given quantity of

water to enter a forest soll skid road than a similar undisturbed soll.

i

it
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Steinbrenner (1955) reported that after four passes with a tractor,
moist soi} was only very slowly permeable to water. The mean infiltra-
tion rate on primary skid trails was one-tenth that on undisturbed soil
on nine loblolly pine soll sites of various textures on the Atlantic
coastal plain (Hatchell et al., 1970), Five years after tractor logging
a Douglas~fir timber stand on a silty clay loam in Utah (Tackle 1962),
the tractor skid road infiltration rate was five percent of the rate on
an undisturbed site. Mace et al. (1971) indicate that sites harvested
on early spring snow underwent reductions in infiltration rates similar
to those harvested in the summer (approximately 50%). However, the
area disturbed was reduced by 30%Z. 1In areas with a pyroclastic influ-
ence in the soil surface horizon, Steinbrenner and Gessel (1955) observed

an average reduction in permeability on skid roads of 92.3%.

Effect on Soil Aeration and Porosity

Adequate aeration 1s essential for the emerging seedling, as well
as the growing plant, to carry on normal respiration activities. In
poorly aerated soils, root growth is inhibited. This limits the amount
of root surface area available for nutrient and water uptake and can
lead to a reduction in total plant growth (Taylor and Asheroft, 1972).

Important microbiological processes depend on adequate aeration.
The microbial population is drastically affected by changes in so0il
aeration (Brady, 1974). Organic matter oxidation is reduced when

sufficient oxygen is not present. Many microbial transformations are



6
reduced, and some processes are eliminated (Alexander, 1977). Alexander
also points out that when aeration is lacking, "new microbiological
processes come into play, some of which may be deleterious to plant
development; for example, N2 or CH4 is evolved, organic inhibitors
appear, and sulfide, ferrous, and manganous ions accumulate . . ."
Russell (1973) states that plants may be weakened sufficiently by the
accumulation of toxic substances to become more susceptible to pests
and insects. Mitchell and Mitchell (1973) state that many plant root
diseases increase under conditions of poor soil aeration. Baker and
Cook (1974) hold that under conditions of poor soil aeration, oxygen
content decreases and carbon dioxide content increases near plant
roots. They state that ". . . high carbon dioxide levels may favor the
pathogen over less tolerant microorganisms."

Additionally, high concentrations of carbon dioxide inhibit root
growth and may reduce water adsorption, causing a water stress condition
(Baker and Cook, 1974). Mattson and Addy (1975) report conclusions
that link outbreaks of phytophagus insects to soil-plant systems in
which soil moisture regimes are less than optimal,.

The same physical qualities that permit rapid infiltration also
favor adequate aeration. The transfer of both water and gas in the
soll are dependent largely on the porogity and pore size distribution.

Porosity 1s defined as the total soil volume not occupiled by

solids. Soil porosity is inversely related to soil bulk density by the

P
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following relationship:

B.D.

Pp. X 100,

e =1 -
where e = total soll porosity, B.D. = bulk soil density and P.D. =
particle density (Baver et al., 1972). 2.65 g/cm3 is the accepted
normal value of particle density in most soils. Thus, 1f the bulk
density is known the porosity can be readily calculated.

There are essentially two types of pores in a soil with structural
development: pores between aggregates and pores within aggregates
(Baver, 1972). At high soil water potentials, the interaggregate pores
are filled with water. This water is not held very tenaciously; it
exists only during the wettest part of the year in well drained soils
of western Montana. At these times hydraulic conductivities are highest
and water movement in the soil is greatest. As the soll water potential
decreases during drier parts of the year, interaggregate pores drain
and the hydraulic conductivity decreases exponentially. A concommitant
decrease in the flux of water occurs. Thus, interaggregate pores are
very Important in moving large quantities of water during seasonal and
acute periods of high rainfall. Steinbrenner (1955) states that “the
process of soil compaction brings the solid particles closer by breaking
down the macroscoplc pores, thus reducing the capacity of soil for air,
Soil air is an important factor in tree growth; therefore, any reduction
in the macroscopic pore space of the soil could result in a less favor-

able growing site."
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Effect on Avajlable Water Holding Capacity

Available water holding capacity is related to other soil physical
properties such as structure, texture, porosity and clay mineralogy.
The available water holding capacity of a soil is defined as the amount
of water held in the soill between fileld capacity an& the permanent
wilting point (Taylor and Ashcroft, 1972). Hyder and Sneva (1956)
found that compacting a sandy loam sofl with a heavy roller improved
available water holding capacity. Rashid and Khalid (1977) concluded
that compaction up to 1,51 g/cm3 bulk density can benefit wheat growth
in areas with coarse-textured soils and where water i1s not available in

sufficient quantities.

Factors Which Influence Susceptibility to Compaction

All solls are sugceptible to compaction to a greater or lesser
degree, Li (1956) describes the compaction process as follows:

If applied stresses exceed the shearing strength of the
soll local failure begins and the load starts to sink into
the soil. As the load sinks, the soil under the load is
pushed downward and outward. This motion will mobilize
more and more resistance, consisting not only of the
lncreased resistance due to lateral confinement from
depth, but also that due to the increase in soil density
that results from the settlement motion itself, pro-

vided the soil is not completely saturated. The settle~
ment stops when equilibrium between stresses and resistance
is reached.

If the resistance of the soll is relatively high compared

with the stresses, the load will cause very little settle~
ment. . . . If the resistance is extremely low in compari-
son with the stresses, the load will cause a complete shear
failure of the underlying soil by sinking deep and fast and

[T
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replacing the volume of soil by pushing it in an outward

direction. This completely disturbed state may result in

compaction of the soll under the load and loosen the soil

on the sides. The total net reduction in voids 1is

questionable--energy is spent in compacting one portion of

the soil and, at the same time, loosening another portion.

Both compacting and loosening involve movement of particles

and require energy to overcome the frictional resistance.

The soil properties having the greatest affect on the rate and
degree of soll compaction are texture, coarse fragment content, struc-—
ture, moisture content at time of compaction, and organic matter
content (Lull, 1959). Although each factor has been studied sepa-
rately, complete understanding of soll susceptibility to compaction is
complicated by the interaction of these factors. In addition to soil
properties, land use factors such as type of equipment being used
(crawler tractor or rubber-tired vehicle), type of operation (log
skidding, slash piling, etc.), number of vehicular passes, and the

harvesting technique of the logger also influence the amount of compac-~

tion which occurs at any given site,

Texture

Krynine (1951) demonstrated that maximum densities, achieved by
several methods of laboratory and field compaction, decrease with
decreasing particle size. This occurred in order from gravel to clay
size. Tn the same study, maximum densities for the coarse textured
samples were obtained using heavy smooth-wheel rollers, whereas maximum

densities were attained in the fine textured soils using tamping
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(sheepsfoot) rollers. As pointed out by Means and Parcher (1963), the
coarse textured soils are cohesionless and require the vibration of
the smooth-wheel rollers to achieve compaction. Cohesionless soils
are very low in clay content and their strength and resistance to
deformation and compaction depend on grain size, shape, mineralogy,
and clay content (Schroeder, 1975). Clays cannot be compacted by
.vibration (Means and Parcher, 1963). The tamping action of the sheeps-—
foot roller provides the required pressure to compact the clays.

Huberty (1944) observed the highest densities and greatest reduc-
tion in water penetration on soils with a wide range of particle
sizes. Raney et al, (1955) found that plowpans and compaction~induced
hardpans exist most commonly in soils of medium texture such as loam,
sandy loam and 8ilt loam soils. Soils with a wide range of particle
sizes can be reoriented so that amall particles pack into the_voids
between the larger particles (Means and Parcher, 1963).

Clay influences the susceptiblity of soils to compaction by
affecting shear strength, Depending on the clay mineralogy of a soil
and, in some cases, the water content, it may either fracture or
exhibit plastic flow upon application of a force, The shear strength
of solls can be partly attributed to the cohesive forces between soll
particles (Brown, 1977). Because of this, the amount and type of clay
present is important when evaluating soil strength. 1In a clay soil

containing 55% clay, shear strength more than doubled between soil
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water tensions of -1 and -10 bars while loam with 27% clay was nearly
insensitive to the same changes in water potential (Brown, 1977).
Trask and Close (1958) and Langston et al. (1958) showed that at water
contents somewhat less than saturation there was decreasing shear
strength from montmorillonite to i1llite to kaolinite. When the clays
were very wet, the order of decreasing shear strength was reversed
(Trask, 1959). Allophanic materials are variable with regard to their
shear strength, depending on their exchangeable cation composition

(Grim, 1962).

Coarse Fragments

Li (1956) concluded that "the influence of gravel content upon
compaction is important because it hinders the compaction of fine
grainéd 801l fractions." Li presented data showing that at 35% gravel
content by weight, soil could be compacted to a density 97% as dense
as a similar soil without gravels. A soil with 60% gravels by weight
could only.be compacted 927 as dense as a soll with no coarse fragments.
In explanation, Li notes that gravels, when grouped together, tend to
form volds in the soll which may be empty or only partially filled
with soil fines, As the gravel content lncreases, the chance of
forming such voids also increases. In this study, Li did not specify
the type of soil or gravels that he worked with. It is interesting to
note that one of the standard Proctor Tests, which determine the

optimum moisture content and maximum density for a given compactive
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effort, is based on using soll materials which pass a 3/4" sieve.
Inclusion of coarse fragments excluded by this sieve in the laboratory

test may make the results more representative of field conditions.

Structure

Soil structure also effects the degree to which a soll can be
compacted and the subsequeht effect on plant growth and water relations.
Well aggregated soils generally have low bulk densities and good
permeabllity. As a result of compaction, aggregates are crushed,
interaggregate porosity reduced and permeability diminishéd (Lull,
1959; Baver et al., 1972), Intense rain storms can break down the
structural units 1ﬁ a s0ll and form a dense, impervious crust in the
soil surface. Crusting is a form of compéction in which the energy of
raindrops acts on bared mineral soil. Baver (1972) states, "this type
of structure degradation is least common with those aggregates that
are stabilized with humus or iron compounds.”" It 1s an important
point that crusting or puddling is associated with soils of low organic
matter content and weak structure. Baver (1972) asserts that though
the direct effect of crusting is confined to the immediate surface
layer, "the structure of this layer may be broken down to limit the
air and moisture relations of the entire profile." Taylor and Ashcroft
(1972) give evidence that mechanical manipulation of soil reduces
aggregate stability and suggest work on soil with machinery only at

soil moisture contents where soll strength is optimized.
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Moisture Content

Much research has been done on the effect of molsture content on
compaction. FEngineering studies show that the most compaction for the
least expense occurs when the soil 1is slightly below its plastic limit
(Lull, 1959). Because the plastic limit varies with the éoil texture
and type of clay present (Grim, 1962), it follows that the optimum
molsture content at which soils compact will vary accordingly. Optimum
water content tends to increase as the texture becomes finer (Felt,
1965). The less dense the initial soil sample, the greater moisture
content required to reach maximum density (Lull, 1959) for a given
compactive effort. For materials containing very little or no fines,
moisture content has almost no effect on density (Li, 1956).

Moisture affects the size of the double layer between colloidal
particles (Taylor and Ashcroft, 1972), the surface tension on non-
colloidal particles, and subsequently the shear strength and ease of
movement of soll particles with respect to each other (Li, 1956).
Water lubricates the particles and allows their reorientation with
respect to each other, This effect is operative up to the optimum
moisture content for compaction. Thereafter, the incompressibility of
water prevents reorientation and packing and the density 1is reduced
because the density of water has a greater weight in the overall

density of the soil-water mixture.
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Li (1956) pointé out that the optimum moisture content for a

given compactive effort is valid only for that effort. Each compaction
pressure has its own.optimum moisture content. It is difficult to
relate the standard laboratory Proctor test to field conditions where
the compactive effort may differ substantially. However, the Proctor
test cén serve as an index to the relative compactibility of soils.

In working with 14 forest soils in California, Howard et al. (1979)
state, "the Proctor maximum dry bulk density is a sensitive empirical

way of ranking the solls based on their susceptibility to compaction."

Organic Matter

Alderfer and Merkle (1941) demonstrated that total organic matter
content is closely related to aggregate size and stability. Thus, any
reduction in organic matter content will result in loss of aggregate
gtability and a subsequent.iﬁcrease in a soils's potential for compac-
tion., Howard et al. (1979) concluded that organic carbon was clearly
the most important soil characteriatic of California forest soils for
predicting maximum soil densitles and inferred that the same could be
concluded regarding compaction. Organic carbon content and soil
organic matter are directly correlated (Allison, 1965). Thus, soil
organic matter content cén be used to prgdict a soils compactibility.
Working with four soils in New York, Free et al. (1947) concluded that
s0il samples containing the most organlic matter would be compactéd the

least at given moisture contents and compactive efforts. Also, the
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soils with high organic matter content were compacted to their maximum
densities at higher moisture contents. In addition to improving soil
structure and water relations, forest humus and litter may offer a
cushioning effect to provide underlying soil some protection from

compaction (Lull, 1959).



RESEARCH METHODS

Site Selection

Study sites with a range of parent materials, soil properties and
environmental conditioné were selected in the Bitterroot, Flathead and
Kootenal National Forests, These soills are widespread and produce
significant amounts of timber in the Northern Region; they are of
critical importance to forest management and planning. Bitterroot
National Forest sites are located in the West Fork of the Bitterroot
River drainage. These soils are formed in clay-rich Tertiary Volcanie
parent materials which are often overlain by a thin layer of silty
-material. Flathead and Kootenail National Forest sites are located in
glacial till and are overlain by a layer of volcanic ash. One group
of pedons are in limestone dominated glacial till. The second group
of pedons is in quartzite dominated glacial till. Study site locations
are deplcted in figure 1.

Soils in this study were located only on the above three parent
materials. Each parent material defines a site. Within each site,
three subsites were located. Each subsite was located in and adjacent
to a timber harvest unit. In choosing subsites, an attempt was made
to minimize the gffect of the variability of the natural soil landscape.
Comparative soll profiles within each study site were chosen based on
s0il morphology and geomorphic setting. Every attempt was made to

keep soll and geomorphic properties within a given study subsite

i
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constant., " Study subsites were located within a particular geomorphic
setting and profiles selected with similar texture, horizon depth and

sequence, drainage, reaction, color, slope and aspect.

Within each study subsite, three treatment locations were selected.

The treatments consisted of séverely disturbed areas, moderately
disturbed areas and the controls or undisturbed areas. Undisturbed
areas are obviously non~trafficked as evidenced by théir location
completely out of any harvesting unit or within a group of trees not
scarred by logging equipment and close énough together to prevent the
passage of heavy logging equipment. Vegetation in these areas was
completely undisturbed.' Severely disturbed areas have undergone a
maximum amount of traffiec and surficial disturbance. Absence of
.vegetation, drouthiness and apparent previous use were used to indicate
this condition, Severely disturbed areas consist of primary and
secondary logging skid trails, decks and landings. Moderately dis-
turbed areas are within the zone of logging activities, but not in an
obviously heavily trafficked area. There is an inherent amount of
variability and uncertainty in the identification of the moderately
disturbed treatment zone and this was expected to be reflected in the

final results.

Sampling Design and Procedure

The sampling design is a nested or split-plot design. Within the

three national forests, three study sites, based npon the soil parent

1
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material (Tertiary Volcanics, limestone glacial till, quartzite glacial
till) were chosen. The primary criterion used for location of the
study sites was parent material. The limestone till and quartzite
t111 sites are located in areas of both the Kootenai and Flathead
National Forests. Within each study site, there were three subsites
located in separate harvesting units, Geomorphic and soil conditions
were not necessarily identical between subsites but were held as
constant as possible within subsites so that effects of harvesting
could be evaluated over a range of typical field situations., Soil
pedons representing the three degrees of treatment or trafficking were

located within or adjacent to the harvest boundary. For each treatment

at each subsite, duplicate soll pedons were sampled in an attempt to

account for the spatial variability which normally exists within a
given soll landscape.

All soil profiles were characterized for site geomorphology,
bedrock geology, taxonomic classification (Soil Survey Staff, 1975)
and habitat type (Pfister, 1977). In addition, a complete profile
description was made at each soill pedon.

Undisturbed clod samples were collected from each soil pedon for
'1aboratory determination of bulk density, soil moisture release charac-
teristies and hydraulic conductivity. In addition, infiltratior
measurements were made within 2 meters of each pedon. For each subsite,

samples were taken from the control pedons for the following character-
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izations: ‘catlon exchange capacity, exchangeable cations, pH, clay
mineralogy, ofganic matter, organic carbon, sieve analysis, Atterberg
limits, Proctor curves and particle deasity.

Infiltration rates were determined with a double ring infil-
trometer (inner ring diameter = 15.2 centimeters; outer ring diameter
= 35,6 centimeters) (3ohn30n, 1963) at each pedon. Three infiltrom-
eters were used at each pedon to measure infiltration for 60 minutes.

Because pedons were chﬁsen with morphological similarities, a
compromise between sampling strictly by depth versus sampling strictly
by horizon was possible. Samples were alﬁays taken at the 15, 30, and
45 cm depths. In the Tertiary Volcanic soils, the 15 cm depth nearly
always corresponded with the surface horizon and the 30 cm and 45 cm
depth samples were nearly always in argillié horizons. Likewise in
the.glacial till 80118, the 15 cm depth nearly always corresponded
wiﬁh the volcanic ash layer and the 30 cm and 45 cm depth samples were
nearly always in the IIA2 horizon. Thus, a basis for comparison
exists by horizon material and by depth. A subroutine within the
étatistical computer program was set up to sort so that only samples
which met both gpecific depth and horizon criteria would be compared.
Additionally, samples were taken at the 5 cm (volcanic ash) depth and
by horizon for each horizon below the IIA2 in the glacial till soils.

These samples were extracted at- the middle of the horizon.

2]
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In each horizon, saran peds (approximately 75-200 cm3 in volume)
were taken for analysis of bulk density and soil water retention.
Larger paraffin coated peds (approximately 350-1500 cm3 in volume)
were taken for hydraulic conductivity investigations. In the control

pedons, approximately 14 kg of disturbed soil sample was taken from

.each horizon for laboratory analysis and development of characteriza-

tion data.

Laboratory Analysis

Soil.bulk density was determined with undisturbed soil samples
using the saran-coated clod method (Soil Conservation Service, 1967).
Acetone was used as the solvent for the saran resin. A correction
factor for the saran weight was generated using hand-sieved and separa-
ted samples. Saran weight was plotted as a function of ped volume
and, using a least squares fit, a regression equation was developed to
predict saran weight. Regression equations were developed for each
horizon material type (till vs. ash). Because very large peds could
be extracted from the argillic horizons of the Tertiary Volcanic
profiles, saran weights amounted to less than 5% of the total ped
weight and no correction factor was used. A correction for the coarse
fragment (>2 mm) weight and volume was made by hand sieving and weigh-
ing each sample. Volume was calculated assuming a particle density of

2.65 g/cc (Soil Conservation Service, 1967).
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Hydraulic conductivity calculations were made using fhe Darcy
equation (Klute, 1972). Undisturbed samples were used for hydraulic
conductivity determinations. Core samples were not feasible because
of high coarse fragment content and the likelihood of compacting
samples during extraction.'(Undisturbed paraffin coated clods were
extracted from the field sites. Irregular clod shape presented prob-
lems in determining cross sectional area, so an average value was
estimated for each clod. The undisturbed clod samples were set in 3-
inch diameter aluminum cylinders. Paraffin wax was used to hermeti-
cally seal the margins of the clods to the inside of the aluminum
cylinders. Top and bottom were left exposed to permit tlie flow of
liquid through the clods. A constant head of .005N caleium chloride
was maintained throughout the experiment. Length of flow, hydraulic
gradient, time, and quantity of liquid were measured parameters.

Moisture release data was obtained using a préssure chamber
apparatus similar to that deséribed by Richards (1972). The suction
- control "membrane" was a pofoug ceramic plate. Moisture contents, by
weight, were determined on undisturbed soil at .02, .1 and 1/3 bar
absolute soil water potential. Moisture contents at 15 bars absolute
soil water potential were determined in a similar, stronger pressute
chamber apparatus on ground samples that passed a 2 mm s{eve. A
porous ceramic plate with sufficiently small pores to maintaln imperme-—

ability to alr was used.
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The disturbed bulk samples from the control pedons were air dried
and crushed in a flail-type soil grinder. Sieve analysis (ASTM,
1979b) was performed on the entire bulk sample and subsamples were
taken for lab characterization (<2 mm), Atterberg limits (<No. 40
sieve) and Proctor analysis (<3/4 in). Care was taken during subsam-
pling to obtain a representative sample using a quartering technique
(ASTM, 1979d).

Lab characterization included analysis for pH and electrical
conductivity with a 1:1 dilution, NHAAc extractable Ca, Mg, Na and K
(Chapman, 1965a), organic matter (Sims and Haby, 1971), cation exchange
capacity (Chapman, 1965b), particle size analysis (Day, 1965), Proctor
analysis (ASTM, 1979a), liquid limit (ASTM, 1979e), plastic limit and
plasticity index (ASTM, 1979c), particle density (Blake, 1965), and
caleium carbonate equivalent (Allison and Moodie, 1965). In order to
verify the results of the extraétable cations and cation exchange
analyses, random samples were split and duplicates sent to the Reclama-
tion Trace Element Lab at Montana State University. Results for
extractable Na, Ca and Mg were comparable to within 5%, Cation
exchange capacity results were within 8%.

Clay mineralogy determinations were performed on 28 selected
representative samples. Sample preparation followed a techniqua
employed by Theisen and Harward (1962). Samples were analyzed and

results Interpreted according to methods outlined by Whittig (1965).
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A semi-quantitative method (Klages, 1980) was used to determine the
relativé abundance of alumino-silicate minerals present in the clay
fraction (<2 u). The method consists of determining the area under
the peaks produced in the x-ray diffraction patterns. Weighting
factors are established for the various clay mineral types. The
areas, when multiplied by their respective weighting factors, yileld
results which are classified into ranges categorized as "high",
"med{ium", "low", or "trace".

" Calculations

Calculations used in this report are as follows:

Porosity:
B.D. '
e = (1 - i;:-f)-'—) x 100, where

e = percent pore space;

B.D, = bulk density,

P.D. = particle density (Soil Conservation Service, 1967).
Organic carbon:

% organic carbon = % organic matter + 1.724, (Allison, 1965).

Exchange aclidity:

T4 Nat o+ K+](exch.), vhere

ut (exch.) = CEC - [Ca++ + M3+
CEC = cation exchange capacity,
ut o= exchange hydrogen,

++
Ca = exchange calcium,

Mg++ = exchange magnesium,
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K™ = exchange potassium (Peech, 1965).
Percent Base Saturation:v
%8s = [ca*’ + Mg™" + Na* + k7] + CEC, where
Z BS = percent base saturation.

Hydraulic Conductivity:
K= - Q0 ax where

At ° Ay
K = hydraulic conductivity (cm/sec),
Q = quantity of water (cm3),

2
A = estimated average cross sectlonal area (cm™),

t = time (sec),

AY = change in hydraulic head (cm),

Ax = length of flow (cm).

Statistics

Data related to the effects of vehicle traffic and parent materiai
on the physical properties of the solls were analyzed statistically.
The statistical analysis included an analysis of variance for a split
plot design (Snedecor and Cochran, 1973). The F test was used to
indicate significance after main effect (treatment) and interactions
at the P = .10, P = ,05, and P = ,01 levels. A schematic representa-

tion of the design is given in Table 1. Data were analyzed using the

statistical package Analysis of Variance and Covariance Including

Repeated Measures (Jennrich and Sampson, 1979) on the Xerox Sigma 7

computer at Montana State University.
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Table 1. Schematic presentation of plot design.

Sub-Site

*
Treatment

Site Replication
Sev. A B
1 Mod., A B
Cont. A B
Tertiary Sev. A B
Volcanics 2 Mod., A B
Cont. A B
‘ Sev, A B
3 Mod. A - B
Cont, A B
Sev, A B
1 Mod. A B
Cont. A B
Limestone Sev. A B
Till 2 Mod. A B
Cont. A B
Sev, A B
3 Mod. A B
Cont. A B
Sev. A B
1 Mod. A B
" Cont. A B
Quartzite Sev. A B
Ti11 2 Mod . A B
Cont. A B
Sev. A B
3 Mod. A B
A B

Sev., - Severe
Mod. - Moderate
Cont. ~ Control

Cont.
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Samples from the severely trafficked areas were grouped by time
since harvest into three categories: young (0-4 years), medium (5-9
years), and old (10-17 years). Analysis of variance was used to
determine if the effects of compaction are ameliorated over time,.
Harvest units from which the samples were extracted ranged in age from

3 to 17 years.
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REQULTS AND DISCUSSION OF CHARACfERIZATION STUDY
Profile descriptions for 54 soil pedons and characterization data
for the 18 control pedons are shown in Appendices 2 to 4 and Appendices
5 to 7, respectively. These data are representative of soils of the
three parent materials of this study, A key to the coding scheme used

to identify and locate the pedons is given in Appendix 1.

Amorphous Character of Surface Horizons

Ottersberg (1977) found that amorphous character was associated
with high silt content (usually 60% or more, but as low as 40%), weak
congistence (usually soft, friable, nonsticky, nonplastic), and weak
aggregation as indicated by weak structural grade. The Soil Survey

Staff (1975) conclude that soils with an exchange complex dominated by

 amorphous materials have a fine-earth fraction bulk density of less

than 0.85 g/cec. They also have a ratio of 15-bar water content to
measured clay of more than 1.0,

A summary of the properties of the surface horizons of the Bitter-
root, Flathead and Kootenai National Forest study sites and the cri-
teria indicative of amorphous character are shown in Table 2. The
loess deposits on the Flathead and Kootenai National Forest Study
sites are dominated by amorphous soil materials, They are high in
silt content and have weak consistence and structural grade. They

dlso have low bulk density and a high ratio of 15-bar water content to




(1] L

Table 2. Summary§ of properties of the surface horizons of the Bitterroot, Flathead,
and Kootenal study sites and criteria used to define amorphous character.
Ratio
of 15
bar water
content Bulk Structural
to T clay Density ¥ 511t ~ grade Consistence
Bitterroot .87 1.44 39.5 soft-slightly
National {.52] {.16] [5.5] moderate hard, friable
Forest slightly sticky
Surface horizon slightly plastic
Flathead and 3.05 .72 64.7 weak-— soft,
Kootenai [1.73] [1.27] [4.25] moderate very friable,
National Forests non-sticky,
Surface horizon non-plastic
Definition of 1.07 .85g/cc+ 0% weak! soft, friable

amorphous
character

non-sticky
non-plastic

?

§Data are means with standard deviations

TFrom Soil Taxonomy (1975).

1kFr:om Ottersberg (1977).

in brackets.

6¢
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measured clay. “Conversely, the soils located in the Bitterroot
National soils located in the Bitterroot National Forest of southwest
Montana do not meet the criteria for amorphous soil materials. They
are lower in silt content, have stronger consistence and structure,
have bulk densities greater than 1.00 g/cm3 and a ratio of 15-bar

water content to measured clay of less than 1.0,

Texturé

Soils on the Tertiary Volcanic study site are characteristically
high in clay. Clay content varies from 22% to 67% clay in the argillic
horizon, The overlying surface horizon is much coarser. Textures
range from silt loam to sandy loam (33~57% sand). One anomaly was
observed in Bitterroot subsite 2. The subsurface horizonm of a control
test pit (profile B2AC) was high in sand and low in clay (7%), reflec-
ting possible differences in geologic parent material and the spatial
variability of soils,

The limestone and quartzite dominated glacial till soils are
alike in texture. Both are dominantly silt loam throughout., Both
tills are overlain by a silt loam loess deposit (3-15Z clay) of

apparent volcanic origin,

Proctor Test

The Proctor test is an analysis originally devised by engineers

to determine: 1) the optimum moisture content at which fill material
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for roadbeds and embankments is compacted, and 2) the maximum density
to which the material could be compacted. As stated before, the
results of a Proctor test are not directly applicable to field condi-
tions under which forest soils are exposed to vehicular traffic.
However, the Proctor test can provide a general index as to the rela-
tive compactibility of various soil materials (Howard et al., 1979).

Table 3 summarizes the optimum moisture content for compaction
and the maximum soil density achieved by the Proctor test for major
horizons of the study soils.

In the glacial till soils, highest optimﬁm water contents and
lowest maximum densities were observed in the loess cap samples. The
Bitterroot surface horizon samples, with lower silt and higher sand
and clay contents, compacted to a higher maximum density at a lower
water content.

The data in Table 3 indicate that, when contrasting comparable
horizons in the glacial till soils, quartzite till compacts to a
higher density at a lower moisture content than the limestone till.
This may be due to the slightly higher clay contents observed in the
limestome till profiles., Subsoils at the Tertlary Volcanic study
sites compacted to lower bulk densities than those of the glacial till

subsoils. Again, this probably relates to their high clay content.
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Table 3. Summary of optimum moisture content and maximum soil
density3 achieved using standard Proctor Test (Method C)t
on major horizons in three parent materials.

Optimum Moisture

Horizon content Maximum Density
(% wt.) (8/cm’)
Limestone Till
B2ir 25.6 [4.4] 1.36 [.10]
I1A2 12.7 [1.7] 1.89 [.05]
ITA+B/IIB+A 13.7 [1.9] 1.91 [.05]
11IB2¢t 14.7 [1.9] 1.89 [.04]
IICca 11.1 [2.2] 2.02 [.07]
Quartzite Till
B2ir 22.8 [4.3] 1.50 [.12]
1IA2 11.7 [2.0] 1.97 [.07]
IIA+B 12.0 [2,6] 2.00 [.14]
IIC 10.6 [1.4] 2,04 [.06]
Tertiary Volcanics
: A2 . 15.5 [1.9] 1.83 [.10]
B21t 21.6 [6.4] 1.70 [.22]
B22t 23,5 [5.0] 1.60 [.17]

§Data are means with standard deviations given in brackets.

" ,
Does not include correction for coarse fragments.
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Atterberg Limits

An important measure of a soll's consistence is its plastic
limit. Plastic limit is the moisture content at which solls behave

plastically. That is, under loading they shear rather than break. As

-the moisture content is increased further, a soil eventually reaches a

point at which it behaves as a liquid. This is known as the liquid
limit and the difference between the liquid limit and the plastic
1imit is known as the plastic index. Collectively, the plastic limit,
liquid limit and plastic index are called the Atterberg limits. A
summary of plastic limits and plastic indices 1is given in Table 4.

The large amount of variability inherent in determination of the
Atterberg limits is reflected in the standard deviations for the
plastic index. 1In addition to means and standard deviations, the
percent of the total samples recorded as non-plastic are included in
the data.

The loess caps on till in the Flathead and Kootenai National
Forests are non-plastic, whereas all the Bitterroot Tertiary Volcanic
surface horizon samples are plastic. This suggests that the Flathead
and Kootenal loess caps may be more susceptible to vibrational compac-
tion, whereas the Bitterroot surface horizon may undergo compaction
primarily by compression. Because of the high silt (non-cohesive)
content in the Bitterroot, the effect of vibration is probably also

operative.
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Table 4. Summary of Plastic Limit and Plastic Index Data§ for major

“horizons of the three parent materials.

Plaétic Limit

Plastic Index

Limestone Til1l
B2ir
IIA2
ITA+B/TIB+A
IIB2t
IICca

Quartzite Till
B2ir
ITA2
IIA+B
1IC

Tertiary Volcanics
A2
B21t
B22¢t

NP*

s [ .11
20,.7; [1.5]
s [1.3]
s [1.7]

NP
20.3; [3.6]
19.9; [ .9]
19.4; [1.6]

7 [5.3]

NN
VD W
N
QW N3
wa

.8; [3.5]

[12.5]

NP; (100)
2.8; [1.21; (80)
3.6; [2.3]; (A1)
6.8; [1.41; ()
3.2; [2.8); (14)

NP; (100)
2.1; [1.4]; (64)
7.5; [3.01; (60)
3.5; [1.5]; (25)

3.0; [1.1]; (0)
1.6; [22.5]; (0)
3.7

§

Data are means followed by standard deviations in brackets with the

percent of samples non-plastic in parentheses,

1.

NP = non-plastic,
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Clays are dominantly responsible for the cohesive forces in
solls, and the plastic index generally increases with increasing clay
content. Plastic indices for the limestone and quartzite glacial till
subsoils were about equal, whereas those of the Tertiary Volcanic

sltes being much greater, reflecting their higher clay contents.

Clay Mineralogy

X-ray diffraction patterns for the surface horizons of the three
study sites support the conclusion that amorphous character is more
strongly expressed in the surface horizon of the limestone and quartz-
ite till sites. Crystalline clays, in the form of 1llite and kaolin-
ite, were found in only trace amounts in the loess cap samples of the
limestone and quartzite till sites., The surface horizon samples from
the Tertiary Voléanic sites contained appreciable amounts of crystal-
line cl#ys. I11lite was present in medium to high amounts with rela-
tively low amounts of smectite and kaolinite.

The argillic subsoils of the Tertiary Volcanic parent materials
are of variable mineralogy. Subsites 1 and 2 have clay minerals
dominated by the smectite group. Lesser amounts of illite and kaolin-
ite are preseant, Four soil pedons (B3AC, B3AM, B3BM, B3AS) at subsite
3 have mineralogies dominated by kaolinitic eclays with only trace
amounts of smectite present. Clay mineralogies in these pedons were

correlated by color and by the absence of cracking when dry to the




36

dominantly kaolinite mineralogy of the sample extracted from the
I1IB23t horizon in profile B3AC. Clay mineralogies are included in the
family names of all 3611 pedons and are listed in Appendices 2 to 4.

The limestone and quartzite dominated glacial till subsoils have
similar mineralogies. Illite is the dominate crystalline clay. Only
trace to low amourits of kaolinite and smectite are present. 1In addi-
tion, some samples have trace to low amounts of vermiculite and chlor-
ite.

These results suggest that a general ranking of the subsoils on
the three parent materials can be made based on their clay strength
under dry and wet conditions. During the time when these subsoils are
dry, the data suggest that the shear strengths of the two glacial till
goils are about equal and leés than that of the Tertiary Volcanic
subsoils. Under wet conditions, this ranking would be reversed.

Because of the présence of crystalline clays, the surface horizon
on the Tertlary Volcanic sites 1s ranked higher in dry shear strength
and lower in wet shear strength than the loess cap on the limestone

and quartzite dominated glacial till sites.

Chemical Characteristics

Chemical characteristics of the study soils are typical of soils

forming under a coniferous forest with relatively high rainfall. They

L]
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are acld, non-saline and non-sodic. Summaries of the chemical data
for the major horizons of these soils are shown in Tables 5 to 7.

Organic matter and organic carbon percentages are greatest in the
surface horizons with much lower amounts found in the subsurface
horizons. This fact probably accounts, in large part, for the higher
cation exchange capacity (CEC) found in the surfacé horizons fhan in
the subsurface horizons. The Tertiary Volcanic surface horizons have
much lower organic matter contents and CEC than the loess caps in the
limestone and quartzite dominated glacial till sites. Susceptibility
to soil compaction is inversely related to organic matter content
(Free et al., 1947). Thus, on this basis, the Bitterroot surface
horizon may be more easily impacted by vehicular traffic than its
northwestern analog.

Soils forming in limestone dominated glacial till have the highest
amounts of calcium carbonate. Calcium carbonate in the quartzite till
IIC horizon 1s due to one subsite located on the Prichard Formation

where the till has some limestone mixed with it.

Particle Size Distribution

Fig. 2 illustrates the particle size distribution of the major
horizons of the soils involved in the study. The surface horizon of
the soils forming on all three parent materials have a uniform distri-

bution of particle sizes. In engineering jargon this is termed "well




Table 5. Summary of chemical dataf for major horizons of soils at limestone glacial till

sites.
Base
1:1 Extract Exchangeable Cations Satura-
Horizon o.M, 0.C. pH EC Ca Mg Na K }i:F tion CEC CaCO3
z F (mmhos/em  -----—~--------- meq/100g —------=m--—-- X meq/100g X
B2ir 4.0 2.3 5.8 .09 2.10 .48 .09 .28 17.37 15,00 20,31 -
[.58] [.33] [.49] [.05) [.79] [.24) [.03] [.18] {4.51] [6.01] [4.75])
1IA2 .7 4 6.3 .05 4,00 .95 .07 .15 1.07 80,37 6.39 -
[.25] {.21] {.43) [.02] [E.07] [.82] [.06] [.05] [.87) {13.99] [1.05]
IIA+B/ .5 A 6.3 .05 6.04 1.11 .10 .18 2.956 72.51 10.56 -
IIB+A [.19] [.17} [.42] [.03] [1.54] [.35] [.06] [.04] [1.19] [7.88] . [2.26)
1IB2¢ .6 4 6.7 .12 8.65 1.18 .07 .19 1.42 86.34 11.34 -
[.33] [.18] [.31]) [.06} [2.76) 1.26] [.04] [.04] [1.37] [9.73]) [2.70]
1ICce b 2 6.8 13 26,82 1.26 .09 .15 0 100.00 6.40  10.99
[.16} {.09] [.20] [.03] {3.92] [.61] [.06] [.05] [0] [1.78] [2.22])

¥ pata are means with standard deviations in brackets.

t Exchangeable # calculated as follows: H[exch.] = CEC - {(Ca + Mg + Na + K} [exch.].

8¢t



Table 6. Summary of chemical dat:a+ for major horizons of soils at quartzite dominated
till sites.

Base
1:1 Extract Exchangeable Cations Satura-
Horizon  0.M.  0.C. pH EC Ca Mg Na K nt tion CEC caco,
4 x {mmhos/cm  =——cm—mmemmmeaem meq/100g ———me—mmmm e X meq/100g z
B2ir 3.4 1.2 6.0 .09 2.22 .70 .09 .34 13.72 20.18 17.07 -
1.92] [.s1] {.71] [.03] [.78] [.39]  {.01! ([.10] [2.87}  [7.53)  {2.08]
w
1142 .6 4 6.3 04 1.78 .68 .07 .13 2,30 51.97 4.97 - o
[.30]) [.18] [.43] f.02] [1.23] [.51] [.04] 1.02] [1.17] [16.67] {1.93}
ITA+B N .4 6.7 N 4.35 1.26 .07 .15 2.97 653.92 8.79 -
(.42] [.23] [.21]  [.03]  ({2.61] [.48]  [.03] [.05] [.72]  [6.98]  (3.74}
IIC N .2 6.9 .08 14.33§ .95 07 .13 1.56§ 74.04 6.07 4.125
[.18} [.11} [.15] {.05] [13.29] [.441 {.02] 1.031 [1.91] {28.36] [1.71] [4.79]

+Data are means with standard deviations in brackets.

'*Exchangeable H calculated as follows: H{exch.] = CEC - (Ca + Mg + Na + X) [exch.].

§
High standard deviation caused by two control pits located on Prichard Formation where some limestone
is mixed with quartzite till.



Table 7. Summary of chemical data for major horizons of soils on Tertiary Volcanic sites.
Base
1:1 $xtract Exchangeable Cations Satura-
Horizon  O.M. 0.cC. pH EC Ca Mg Na X gt tion CEC CaCo
K z (mmhos/cm  ==—m—-—cec—ame meq/100g —~—cmmcmm—— - X meq/100g z
1.7 1.1 6.1 .11 b.94 1.63 .09 .40 3.56 65.03 10.66
A2 [.55] [.26] [.52] (.07} [P.36] [.56] [.03] [.20] [.77) [8.80] [1.96] -
.8 5 6,2 .14 12.93 6.99 .16 .56 8.45 67.74 28.77
B21t [.43] [.25] {.51} [.08] [8.15]. (4733} {.10] {.29] [3.54) [13.08] -[15.27] -
.9 A 6.4 .13 14,48 8.26 - .18 .66 8.93 69.52 32.49
B22t (.471 (.38] [.31] [.05] [8.07]1 (5.08} [.09] [.33] (9.07] ‘[21.71) {15.05] -

+ Data are means with standard deviations in brackets.

¥ Exchangeable H calculated as follows: H{exch.] = CEC - (Ca + Mg + Na + K)}[exch.].

o%
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Figure 2. Particle size distribution and unified soil classification
for major horizons of soils forming in: 1) Tertiary
Volcanics, 2) limestone dominated glacial till and 3)
quartzite dominated glacial till,
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graded." Well graded soil materials are generally considered well
suited to compaction and use for road fill material. The soils forming
in the glacial tills are characterized by genefally higher coarse
fragment coantents throughout the profile (35-60% by weight) than in
Tertiary Volcanic pafent materials (less than 10% by weight). Coarse
fragments reduce the impact of vehicular traffic. Thus, higher coarse

fragment content in the tills may reduce susceptibility to compaction.

Bulk Density and Porosity

Bulk denaity and total porosity are inversely related. Any
chaﬁges or relationships regarding bulk density exist inversely for
porosity, .Table 8 summarizes the bulk densities and porosities of the
control profiles on sites of the three parent materials.

Decker (1972) found that the mean bulk density (air dry) of 201
Montana soll samples was 1.56 g/cm3. The bulk density values of this
Study vary around Decker's figure, The surface horizons are high in
organic matter and have relatively low undisturbed bulk densities.
Subsurface solls in glacial till have low organic matter contents and
higher undisturbed bulk densities. Subsurface soils from clay-rich
Tertiary Volcanic sediments are also low in organic matter and have
high undisturbed bulk densities. Figure 3 illustrates the changes in
bulk density with horizon type for the three soil parent materials of

the study.
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Table 8. Summary of saran-clod bulk density and porosity data
for major horizons of the control pedons on the
three parent materials,

.t.

Bulk density Total porosigxf
g/cm3 % vol.
Limestone Till
B2ir .53 (.25) 80%
IIA2 1.56 (.20) 417%
LIA+B/IIB+A 1.46 (.17) 45%
IIB2t 1.46 (.13) 45%
I1Cca 1.63 (.07) 38%
Quartzite Till
B2ir .76 (.27) 71%
ITA2 1.77 (.13) 332
IIA+B 1.75 (.16) 34%
1IC 1.76 (.11) 34%
Tertiary Volcanics
A2 1.30 (.07) 51%
B21t¢ 1.67 (.11) 37%
B22t 1.66 (.25) . 37%

Data are means with standard deviations in parentheses,

F

Total porosities were derived by calculation from bulk density
values,
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Figure 3. Control bulk density changes (with depth) and typical
horizon sequences for soils forming in the three parent

materials of the study.
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Water Holding Characteristics

The water holding capacities of the major horizons of the soils
involved in the gtudy are summarized in Table 9.

Highest amounts of water held at 1/3 bar soil water tension were
found in the loess cap on sites located in northwestern Montana. The
surface horizon on Tertlary Volcanic sites holds much less water at
1/3 bar and 15 bar than the loess cap on the limestone and quartzite
glacial till sites. 1In addition, Table 9 shows available water holding
capacities calculated as the difference between the means of 1/3 bar
water content and 15 bar water content, The data show that the surface
horizons on the Tertiary Volcanic sites holds 1/4 to 1/2 less available
water than the loess cap on the glacial till sites.

On both quartzite and limestone glacial till sites, considerably
less avallable water is held in the subsoils than in the loess cap.
One-third bar moisture contents show the same trend.

Examination of the summary data reveals higher standard deviations
asgsociated with the means of 1/3 bar water content values than those
associated with 15 bar water contents. This greater variability is
probably due to the use of undisturbed saran peds for 1/3 bar water
content determinations. The amount and degree of aggregation varies
from ped to ped. The variability seems acceptable in view of the fact
that the peds more accurately reflect field moisture conditions than

sieved and ground disturbed samples would.
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1.
Table 9. Summary of water holding characteristics of the major
horizons of the soils forming in the three parent

materials of the study.

1/3 Bar 15 Bar Aw.ct
Z by wt
Limestone Till .
B2ir : 73.7 [12.3] 14.8 [1.6] 58.9
IIA2 _ 24,8 [3.7] 7.4 [3.1] 17.5
IIA+B/IIB+A 32.5 [13.7] 11.4 [3.4] 21.1
IIB2t 33.0 [1.6] 12,5 [2.1] 20,5
IICca 27.8 [3.5] 9.2 [2.9] 18,6
Quartzite Till
B2ir 47.8 [17.4] 15.6 [2.6] 32.2
1IA2 24,9 [8.3] 7.3 [4.3] 17.6
IIA+B : 29.0 [9.4] 7.6 [3.5] 21.4
I1C 25.7 9.2} 7.7 12.4] 18.0
Tertiary Volcanics
A2 25.5 [9.2] 10.2 [3.0] 15.3
B21t 38.8 [8.5] 23,5 [9.2] 15.3
B22¢t 54.1 [11.7] 24.2 [7.5] 29.9

Data are mean percent water by weight with standard deviatioms in

brackets.

¥ A.W.H.C. = available water holding capacity.

"
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An interesting comparison can be made from the water holding
characteristics data in Table 9 and the data for optimum moisture
content for compaction in Table 3. In every case except one, the mean
optimum moisture content lies within the range of the mean available
water. The one exception is probably best explained by spatial varia-
bility in sampling and the normal variability associated with labora-
tory soil analysis. In general, the optimum moisture content is
considerably less than that at 1/3 bar but still within the range of
available water. These optimum molsture contents are only for the
compactive effort under which the standard Proctor analysis is con-
ducted. Each compactive force has 1its own optimum moisture content.
As the compactive effort 1is increased, the optimum water content
decreases, For the normally lower compactive efforts found in the

field, the optimum moisture contents would be somewhat higher.




RESULTS OF SOIL COMPACTION STUDY
Possible changes in the physical properties of the soils iavolved
in the study were investigated to determine ‘if and in what manner soil
compaction had occurred. Infiltration, bulk density and porosity,
molsture retention and hydraulic conductivity measuréments.were made

and statistically analyzed for soils of the three parent materials.

Iunfiltration

A summary of cumulative infiltration rates over a 60-minute period
for the soils of the three parent materials is given in Table 10.

Variability of the infiltration data was high. For this reason
the median reading was used as the average for the thfee determinations
made at each pedon. The median readings were then used for further
statistical analysis, Significant reductions in the infiltration
rates occurred in the severe treatment areas on all three parent
materials, Infiltration rates were alao.aignificantly reduced in the
moderate treatment areas of the limestone and quartzite dominated
glacial till sites. Infiltration rates on moderate treatment areas of
Tertiary Volcanic sites were lower than the control, but the difference
was not statistically significant,

No statisticélly significant differences in infiltration rates
could be attributed to differences in soil parent material or age

grouping.
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Table 10, Summary of 1nfiltration data+ at the three parent
material sites,

Control Moderate Severe
cm3 -

. kk *k
Limestone T1ill 7019.8 1516.2 1334.0
(38.5) (8.3) (7.3)

& K%
Quartzite Till 6578.7 1626.7 1358.3
(36.1) (8.9) (7.4)

*
Tertiary Volcanics 5281.8 3068.8 671.9
(29.0) (16.8) (3.7)

Datg are the means of the median cumulative volume of water
(cm™) that infiltrated into soill through a 15.29 cm diameter
cylinder over a one hour period. Data in parentheses are
infiltration rates (cm/hr) for first one hour period.
# = difference from control significant at P = ,10 level.
= difference from control significant at P = ,05 level,

*
= difference from control significaut at P = ,01 level.




50

Bulk Density

Mean bulk densities from the major horizons of the soils on the
three pafent materials were measured and statistically analyzed. The
resultant data are presented in Tables 11 through 13.

Bulk density was measured at the 15 cm depth on the Tertiary
Volcanic site and at the 5 cm and 15 cm depth in the loess cap on the
glacial till sites,

The surface horizons at thé three study sites showed significant
increases in bulk density in the severe treatment areas. Significant
increases occurred at the 5 cm and 15 cm depth in the limestone and
quartzite dominated glacial till sites. Surface horizon bulk density
‘increases were statistically significant in the moderate treatment
areas of ail study sites except the one on the quartzite till, which
had non-statistically significant increases.

Analysis of subsoil bulk densities revealed no statistically
signifycant increases due to treatment in any of the parent materials,
‘Significant decreases were noted in the ITA2Z horizon of the severely
treated quartzite till study areas and in the moderate treatment of
the ITA2 horizon on the limestone till sites, These differences were
significant only at the lowest (P = ,10) level of statistical confi-

dence employed.

No statistically significant differences in bulk density could be

attributed to differences in age of the harvested areas.
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Table 11. Saran-clod bulk densities+ of major horizons for three
treatments on soils forming in Tertiary Volcanic parent

material.
Horizon Depth Control Moderate Severe
om g/cm3
* Kok
A2 15 1,30 1.53 1.58
(.07) (.21 (.18)
B21lt 30 1.67 1.63 1.81
(.11) (.11) (.21),
B22t 45 1.66 1.58 1.72
(.25) (.18) (.18)

Data are mean bulk densities in g/cm3. Numbers in parentheses
below means are standard deviations.

# = difference from control significant at P = ,10 level,
= difference from control significant at P = ,05 level,

**
= difference from control significant at P = ,01 level.
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Table 12, Saran-clod bulk densities' of major horizons for three
treatments on soils forming in limestone dominated
glacial till,
Horizon Deptﬁ " Control Moderate Severe
cm g/cm3
01/B2ir 5 .61 .84™" 97"
-5 cm (.24) (.24) (.28)
B21r 15 .53 97" .93™"
-15cm (.15) (.32) (.09)
IIAZ2 30 1.55 1.53 1.39#
-30 cm (.20) (.12) (.25)
IIA2 45 1,59 1.54 1.43
45 ¢m (.10) (.07) (.09)
IIA+B ¥ 1.46 1.52 1,42
(.17) (.11) (.07)
1IB2t - 1.46 1.50 1.49
(.13) (.10) (.07)
I1C - 1.63 1.81" 1.72
(.07) (.14) (.04)
-I-

# = difference from control significant at P = .10 level.

*
= difference from control significant at P = .05 level.
*k

Data are mean bulk densities in g/cm3.
below means over standard deviations.

Numbers in parentheses

= difference from control significant at P = .01 level.

= from center of horizon; depth variable.
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Saran—clod bulk densitiea+

Table 13, of major horizons for three
treatments on soil forming in quartzite dominated glacial
till,

Horizon Depth Control Moderate Severe

cm g/cm3
*k
01/B2ir 5 .64 .66 1.01
(.27) (.25) (.38)
B2ir 15 .76 .88 .92#
(.25) (.32) (.22)
1142 30 1.71 152t 1.75
(.13) (.51) (.18)
11A2 45 1.83 1.74 1.88
(.07) (.17) (.22)
ITA+B v 1.75 1.66 1.78
(.16) (.15) (.17)
IIC - 1.76 1.81 1,72
(.11) (.14) (.21)
.i.

Data are mean bulk densities in g/cm3.
below means are standard deviations.

Numbers in parentheses

# = difference from control significant at P = .10 level.

*
= difference from control significant at P = ,05 level.

~

= difference from control significant at P = .0l level.

= from center of horizon; depth variable.
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Soil Water Retention

Mean water content (percent by weight) at .02, .10 and .33 bar
soil water potentials were Qetermined and statistically analyzed by
horizon and treatment for the soils of the three parent materials of
the study. The data are presented in Tables 14 through 22.

Soils of the limestone till sites showed significant changes in
water content with treatment at .02, .10, and .33 bars in the surface,
or loess cap, horizons only. Significant reductions in the amount of
water held at the three soil water potentials occurred in both the
moderate and severe treatment areas, No statistically significant
changes of water content occurre& in the limestone glacial till sub-
soil, although a general trend of water content reduction with treat-

" ment throughout the profile can be observed in the data. In one case
(IIA2-45 cm, severe treatment), the mean water content at the three
s0il water potentials increased slightly over the control. This
change was not statistically significant, |

Treatments on quartzite till areas also showed significant
decreases in the water held at .02, .10, and .33 bars for both moderate
and severe treatment areas only in the surface horizon. Again, a
general trend showed reductions throughout the profile with the excep-
tion of the moderately treated IIA2 at 30 cm, moderately treated

1IA+B, and moderately treated IIC horizons. Small increases in mean
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Table 14, Water content* at .02 bars soll water potential of major
horizons 1in solls forming in Tertiary Volcanic parent

material,
Horizon Depth Control Moderate Severe
cm Z by wt

A2 15 33.1 28,2 27.8
(5.9) (4.6) (4.3)

B2lt 30 41.8 33.5 39.0
(9.7) (17.0) (13.2)
* *

B22¢t 45 59.0 42.0 44,1
(15.7) ' (10.4) (25.8)

Data are percent water by weight. Numbers In parentheses are
standard deviations.

# = difference from control significant at P = .10 level.

*
= difference from control significant at P = .05 level.
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Table 15. Water content+'at .1 bars soil water potential of major
horizons in soils forming in Tertiary Volcanic parent
material.

Horizon Depth Control Moderate Severe

“em Z by wt
A2 15 30.8 26.3 25.6
(5.8) (4.4) (4.6)
B2it 30 40.7 31.8 37.5
(9.4) (16.2) (12.7)
B22¢ 45 57.7 40.5"" 42.7"
(15.7) (10.4) (24.8)

Data are percent water by weight.

standard deviations.

Numbers Iin parentheses are

# = difference from control significant at P = .10 level,

= difference from control significant at P = .05 level.

%

= difference from control significant at ? = .01 level,
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Table 16. Water content+ at .33 bars soil water potential of major
horizons in soils forming in Tertiary Volcanic parent

material.
Horizon Depth Control Moderate Severe
cm % by wt

A2 15 25.5 20.7 20.7
(9.2) (6.6) (5.9)
B21t 30 38.8 28.8# 34.1
(8.5) (18.2) (13.6)

B22t 45 54.1 38.1™" 26.5™*
(11.7) (11.7) (8.7)

Data are percent water by weight. Numbers in parentheses are
standard deviations.

# = difference from control significant at P = 10 level.
. .
= difference from control significant at P = .05 level,

*
o difference from control significant at P = .01 level.
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Table 17, Water content+ at .02 bars absolute soil water potential
of major horizons in soils forming in limestone dominated
glacial till,

Horizon Depth . .. Control Moderate Severe
cm - Z by wt
* - kk
B2ir 15 82.9 65.3 59.7
(29.5) (18.7) (15.2)
ITIA2 30 29.7 27.1 26.6
(3.0) - (6.4) (4.9)
I1A2 45 28.2 26.1 30.7
(3.6) (0) (0)
IIA+B - 37.7 34.9 36.3
' (14.2) (6.7) (4.7)
IIB2t ~ _ 38.0 32.7 33.4
(1.7) (7.6) (3.7)
I1IC - 33.4 31.2 28.9

(6.0) : 3.1) (3.9)

T pata are percent water by weight. Numbers in parentheses are
standard deviations.

#f = difference from control significant at P = ,10 level,

= difference from control significant at P = ,05 level,

* ) .
** difference from control significant at P = ,0]1 level.

= from center of horizon; depth variable.




59

Water content+ at .1 bar soil water potential of major

Table 18,
horizons in soils forming in limestone dominated glacial
i till,
Horizon Depth Control Moderate Severe
" cm % by wt
* dk
B2ir 15 78.3 - 62,03 55.28
(26.8) (16.8) (18.2)
1IA2 30 27.2 25.4 24.6
(3.3) (6.5) (4.5)
IIA2 45 26.2 24,1 29.4
(4.2) (0) (0)
IIA+B - 34.4 33.1 33.6
(14.4) (7.0) (4.3)
IIB2t - 35.2 30.9 31.0
(1.5) (6.7) (3.1)
1IC - 29.8 28.6 27.0
(4.4) (2.0) (3.2)

Data are percent water by weight.
standare deviations.

# = difference from control

= difference from control

= difference from control

" = from center of horizon; depth variable,

Numbers in parentheses are

significant at P = ,10 level,
significant at P = .05 level.

gignificant at P = .01 level.
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Table 19. Water content+ at .33 bars soil water potential of major
horizons in soils forming in limestone dominated glacial

till,
Horizon ‘Depth Control Moderate Severe
cm - Z by wt

' * ke
B2ir 15 73.9 58.6 53.9
(26.7) (18.4) (17:5)
IIA2 - 30 25.4 24 .4 23.2
(3.3) (6.3) T (4.4)
IIA2 45 23.8 22.9 28.2

: (3.9 ()] (0)

IIA+B - 32.5 1.7 32.4
(13.7) (7.2) (4.0)
1182t A 33.0 29.3 28.7
(1.6) -(5.8) (2.8)
1IC - 27.8 27.2 25.3

(3.5) (2.4) (2.9)

Data are percent water by weight. Numbers in parentheses are
standard deviations.

# = difference from control significant at P = .10 level.
*

[}

difference from control significant at P = ,05 level.
k%

difference from control sgignificant at P = .01 level.

from center of horizon; depth variable.
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Water contem:Jr at .02 bar soll water potential of major

standard deviations.

# = difference from control significant at P = ,10 level.

Data are percent water by weight,

Numbers in parentheses are

~ = from center of horizon; depth variable.

- Table 20.
horizons in soils forming in quartzite dominated glacial
till.
Horizon Depth Control Moderate Severe
cm % by wt -
B2ir 15 57.6 43.1# 43.0#
(17.6) (23.8) (21.9)
11A2 30 24.9 31.4 23.6
(4.0) (5.8) (2.9)
1IA2 45 30.6 29.6 30.0
(15.4) (8.4) (9.8)
ITA+B - 30.4 33.6 25.8
(10.2) (7.5) (4.0)
1IC N 34.8 33.2 33.4
(16.3) (13.7) (15.0)
+
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Table 21. Water content+ at .1 bar soil water potential of major
horizons in soils forming in quartzite dominated glacial

till,
Horizon Depth Control Moderate Severe
cm Z by wt
B2ir 15 50.9 38.6% 186"
(18.3) (25.6) (23.1)
1IA2 ' 30 24.1 30.4 ‘ 22.2
(3.8) (5.6) 2.7)
LIA2 45 29.1 28.7 28.2
(14.2) (8.3) (8.8)
IIA+B - 29.4 32.2 2.7
(9.9) (7.1) 4.3)
1IC - 27.6 28.8 26.2
(10.2) (11.3) (8.1)

Data are percent water by weight. Numbers in parentheses are
standard deviations.

# = difference from control significant at P = ,10 level.

~ = from center of horizon; depth variable.
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Table 22, Water content+ at .33 bars soil water potential of major
horizons in soils forming in quartzite dominated glacial

till.
Horizon Depth Control Moderate Severe
cm % by wt

B2ir 15 47.8 33.4f 30.9"
(17.4) _ (23.6) (23.6)

IIA2 30 22.9 28.8 20.2
(4.0) (5.8) (3.3)

11A2 45 26.9 26.8 25.9
(12.7) (8.0) (7.3)

IIA+B - 28.0 29.0 23.5
(9.4) (6.2) (4.1)

11C - 25.7 26.3 24,2
(9.2) ' (10.0) (7.1

Data are percent water by weight. Numbers in parentheses are
standard deviatioms.,

L difference from control significant at P = ,10 level.
*
= difference from control significant at P = ,05 level.

" = from center of horizon; depth variable.
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soll water retention were observed in these horizons. Overall, no
significant changes in soill water retention were detected in the
quartzite till subsoils.

Mean water content for the three soll water potentials was reduced
with both moderate and severe treatment in every horizon of soils
located on Tertiary Volcanic sites. However, significant reductions
were observed only in the B22t horizon at 45 cm in the profile. These
reductions were detected in both moderate and severe treatment areas

at all three soil water potentials.

Hydraulic Conductivity

Statistical analysis of hydraulic conductivity determinations was
not feasible due to a number of factors.

Coarse fragment content of the glacial till samples prevented the
usual method of sample collection with a core sampler.

No flow occurred through clayey samples from Tertlary Volcanic
sites at any time during tﬁe 2 week trial, Poor cohesion caused loess
cap samples from the limestone and quartzite till sample sites to
collapse or wash out resulting in highly variable data.

In some cases, no results were obtained, The paraffin wax used
to seal the samples often penetrated the sample, making results unreli-
able. In the laboratory, coarse fragments often occupied critical

pointa of flow. Coarse fragments located at the point of inflow or
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outflow effectively plugged flow through the sample., 1In all cases, an
accurate determination of the cross sectional area was not possible
because of the irregular shape of the sample peds. Determinations of
the hydraulic gradient within the samples were confounded by convergent
and divergent flow within the irregular shaped peds. The sum amount
of variability encountered with these problems prevented analysis of
the effect of treatment on hydraulic conductivity éf goil samples

collected at the study sites,



DISCUSSION OF COMPACTION STUDY

Within a given parent material, climatic region, and time period,
an equilibrium is‘eventually established between the microclimate,
vegetation and soll conditions. This concépt is a premise upon which
much work in soil science is based (Jenny, 1941). Recent work
(Biilings, 1977; Munn, 1978; Pfister et al., 1978) attempts to verify
aspects of this plant-soil-microclimate interrelationship in the
forest ecosystems of the northwest. Since these factors are at equi-
*1librium with one another, any change which alters the equilibrium will
result in a change of the factors that make up the equilibrium. TFor
example, a significant change in s0il conditions will precipitate a
shift in the vegetation growing on the site. The new vegetation, in
turn, will alter the microc¢limate of the site and eventually a new
equilibrium will be established between the soil, vegetation and
microclimate. In this study, the soil changes under investigation are
those caused by the impact of timber harvesting equipment. This study
does not attempt to ascertain whether or not these changes affect
timber production. Tt is simply an attempt to detect the possible
presence and magnitude of changes in soil physical properties. If
changes have occurred, then evidence is present to support the premise
that the vegetation has been altered to maintain the soil-plant-

microclimate equilibrium,
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Infiltration

Data analysis shows that infiltration was significantly reduced
on all three parent material sites in the severe treatment areas.
Infiltration rates were also sigdificantly reduced in the moderate
treatment areas of the limestone and quartzite till sites. No signifi-
cant differences could be attributed to parent material.

Infiltration is an important link in the hydrologic cycle. The
infiltration reductions observed imply that other soil physical and

hydrologic properties have been altered.

Soil Water Retention

Soil water retention at .02, .10, and .33 bars waé significantly
reduced in the B2ir (loess cap) horizon on the moderate and severe
treatment areas of the limestone and quartzite till sites. No signifi-
cant changes occurred in the surface horizon on Tertiary Volcanic
sites and, with one exception, no significant changes with treatment
occurred in any of the subsoils involved in the study. Significant
reductions were observed in the B22t (45 cm) horizon of the Tertiary
Volcanic sites. However, a large amount of variability must be associ-
ated with a water related measurement in a soll of high clay content
and differing mineralogy. This places the significance of these

reductions in question,
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Soil moisture retention at low absoluie goil water potential
(less than 2-3 bars) 1is closely related to pore size distribution.
When a compacfive effort 1s exerted on an undisturbed soil, the soil
aggregates are forced together reducing the size of the macropores.
The size of pore which will hold water at a given soil water potential

can be calculated by the equation

n = 29c089
peT

where h = soil water potential in cm of water, ¢ = surface tension of

(1),

water, 8 = wetting angle, p = density of water, g = acceleration due
to gravity, and r = radius of pore (Baver, 1972). Thus, when water
content at a given soil water potential is reduced, it is an indica-
tion that the volume of pores that hold water at that soil water
potential has been reduced. In other words, macropores have been
reduced in size.

Hsiao et al. (1976) 1list twelve plant physiological processes and
parameters detrimentally affected by water stress. One of the most
sensitive is growtﬁ by cell enlargement. When a plant is stressed by
a water deficit, the following general sequence of events takes place.
As soll water content declines, the absolute soil water potential
i{ncreases., In order to extract water from the soil, the plant root
must develop a g;eater absolute'water potential. In order for water

to move throughout the plant, each successive point along its path

must have a greater absolute water potential. As the plant water




69

potential is increased, the osmotic and matric potential must be
increased in order to maintain cell turgor. This 1s accomplished by
cell dehydration and migration of solutes to the affected cells. Both
of these processes take place at the expense of other vital processes
. within the plant. Hsaio (1976) states that ". . . plants subjected to
mild water stress may exhibit significant reduction in growth while
turgor pressure is apparently maintained.”

Rosenthal et al., (1977) demonstrated that significant reductions
in corn yield were apparent when 40% of the available water was deple-

ted.

Avallable Water Holding Capacity

Based on the soil wa;er retention data, no changes in available
water holding capacity could be calculated for the surface horizon on
the Tertiary Volcanic sites., This is an apparent indication that the
frequency of relatively large pores in the undisturbed soil is low.
Reductions in the amount of water held at .33 bars occurred but were
not statistically significant.

Table 23 shows the available watef (percent by weight) in the
three treatments on the B2ir (loess cap) horizon of the glacial till
sites. A 45% reduction in the moderate treatment areas and a 53%
reduction in the severe treatment areas occurred on the quartzite

till. A 267 reduction in the moderate treatment areas and » 34%




70

Table 23. Available waterf in the loess cap of three treatments
on quartzite and limestone glacial till sites.

Control Hoderate_ ‘Severe
B2ir-15em 32,2 17.8 15.3
Quartzite till sites ' (45%) (53%)
B2ir-15 cm 59.2 43,8 : 39.1
Limestone till sites (262) (34%)

Data are percent water by weight. Percent reduction from
control appear in parentheses.
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reduction in the severe‘treatment areas occurred in the limestone
till. The profile descriptions 1in Appendices 2 to 4 show that most
roots were found in the B2ir horizpn. Thus, a substantial loss of
water avallable for plant.uptake has occurred.

After a soil 1is saturated, water 1is gradually redistributed
downward through the profile, The study data show that the infiltra~
tion capacity.and water holding capacity have been significantly
reduced in the glacial till sites. Since the water table at these
sites is at great depth, only rainfall and snowmelt is available to
replenish soil profile moisture. The evidence suggests that subsoil

moisture replenishment is limited by compaction of the surface horizon.

Bulk Density

Significant increases in bulk density occurred with treatmeant in
the surface horizons of soils on all three parent materials. Bulk
density increases were detected at the 15 cm depth in the Tertiary
Volcanic sites and at the 5 cm and 15 em depth in thé limegtone and
quartzite dominated glacial till aites. Increases were significant
only on severe treatment areas in the surface horizon of the Tertiary
Volcanic sites. Both moderate and severe treatment areas showed
significant increases of bulk density in the B2ir (loess cap) horizon

on the till sgites.
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As shown in the literatureAreview, an increase in bulk density is

normally associated with an increase in shear strength. Thus, a
plant~soil-microclimatic system must adjust to new soil conditions
encountered in the form of increased soil bulk density (and a conse-
quent increase in the shear strength). Root systems are less easily
able to penetrate the denser, stronger soil. Research has shown that
the greater the bulk density, the less total root weight will be

present (Zimmerman and Kardos, 1961; Hopkins and Patrick, 1969; Rickman

et al., 1966).

Field profile descriptions (Appendices 2 to 4) show that most
root growth is in the surface horizons of the three sites. The subsoil
is dense before diaturbance and apparently limiting to root growth
below the surface horizon. . The increases in surface horizon bulk
density may be adding an additional restriction to an already limited
root growth environment.

Much higher surface horizon bulk densities were observed in the
treatment area of the Tertiary Volcanic sites than those of the lime~
stone and quartzite glacial till sites. Surface horizon samples from
the Tertiary Volcanic sites generally have lower silt content, higher
clay content and a greater amount of crystalline clays. A higher
shear strength would be expected in the Tertiary Volcanic surface

horizons than in its northwestern Montana analog and bulk densities of
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the Tertiary Volcanic surface horizon may be more limiting to plant
growth than those of the loess caps on the limestone and quartzite
till sites.

In three cases, bulk densities in the IIA2 horizon at the glacial
till sites decreased with treatment. These differences occurred at
the lowest level of statistical confidence used in a highly variable
till. The magnitude of bulk density change from the control was
greatest in the moderate treatment areas and lowest in the severe
treatment areas in the IIA2 (30 cm) horizon on the quartzite glacial
till sites. The opposite was true on the limestone till sites. This
may be indicative of the variability present in glacial till. Becaﬁse
of the low statistical confidence in these trends and high variability
of the till, the authors question their validity.

In a similar study on the same types of glacial t{ll soils,
Kuennen et al, (1979) found only small increases (less than 5%) in
subsoil bulk densities with a more sensitive statistical test (paired
t) and a larger sample size. Their result indicates ". . . less
possibility of subsoil drainage due.to compaction." This is consistent

with the results of this study.
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Porosity

Porosity is inversely related to bulk density. Therefore, in the
surface horizons of the three parent materials, significant reductions
in porosity parallel the bulk density increases.

Baver (1972) states that Hannen and Buckingham showed that the
sum of the cross-sectlonal areas of the effective pore volume is the
most important factor affecting gas diffusion in soils. In addition,
Buckingham showed that the rate of diffusion is reduced one-fourth
when the free pore space is8 reduced one-half. 1In the study soils,
this means that the ability of gases such as CO2 and 02 to move freely
in and out of the socil has been substantially reduced. For example,
the bulk density in the B2ir (15 cm) horizon of the limestone till
sites increaaed‘432 in the severe treatment areag. This 1s equivalent
to a 197 reduction in pore space. If it is assumed that all of the
pores are free pore gspace, a 347 reduction in diffusion rate may have
occurred. The assumption is not completely valid, but the example is
given to illustrate the effect that a porosity reduction has on the
novement of gas through a soill. In actuality, the aeration situation
is further complicatéd by a reduction in soil pore number and size, as
demonstrated by the soil water retention data. 'As the soil dries out,
water is held more tenaciously in the smaller pores by the relationship
described in equation (1), and the air-filled pore space is reduced,

A reduction in gaseous diffusion results.
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Time

No statistically significant differences attributable to age of
harvest unit were found in infiltration, soil water retention or bulk
density. In other words, the effects of soil compaction were not
ameliorated over the range of time investigated. Present timber
management policies dictate a rotation schedule of about 120 years
(Bigler, 1980) for a commercial stand of timber. If future research
shows that the soil physical changes docuwented in this study inhibit
timber productivity, this inhibition will have existed for at least
one~tenth of the rotation perilod.

The possibility for extracting a biased sample exists in this
analysis. It is possible that areas that would, at one time, have
been identified as severely disturbed are now being identified as

moderately disturbed.

Reliability of Data

The study soils are highly variable systems difficult to sample
and analyze for chemical and physical determinations. Differences due
to treatment effect were especially difficult to detect in the sub-
soils. Variability encountered in the study is attributed to the

following:

1) amorphous character of surface deposits at all three study sites.




2)

3)

4)

5)

6)
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variable clay content and mineralogy in the Tertiary Volcanic
soils,
possible differential glacial compaction of till gites.
subtle changes in parent material which occur in glaciated areas
(different till types, outwash, fluvial deposits, etc.).
lack of profile homogeneity due to tree windthrow history, wild
animal activity, cattle grazing history, etc.
lack of knowledge of logging history such as type of machinery
used, type of harvest (clear cut, shelterwood cut, commercial
thinning, etc.), soil moisture conditions at time of harvest and
number of vehicular passes at each sample site.

Three separate analyses showed definite trends in the results and

the authors feel that these trends reflect field conditions accurately.

Ongoing studies using more sensitive techniques may be able to detect

more subtle changes in soil physical properties. However, it is

likely that their conclusions concerning the relative magnitude and

importance of changes throughout the profile will verify and support

this study.
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SUMMARY AND. CONCLUSION

This research characterized forest soils forming in three parent
materials: Tertiary Volcanics, limestone glacial till, quartzite
dominated glacial till. 1In addition, field and laboratory data show
that the physical properties of these solls have been significantly
altered by the impacts of harvesting machinery. The literature review
and discugsion show that the physical changes observed are normally
associated with soil conditions inhibiting to éptimum plant growth and
productivity.

Sites with a loess cap of strong amorphous character were found
in Flathead and Kootenal National Forests of northwest Montana.
Amorphous character was not expressed in the surface horizon on sites
located in the Tertiary Volcanics of the Bitterroot National Forest,

Soils involved in the study can generally be arranged into two
groupings. The first group is composed of soils in the Bitterroot
National Forest which are forming in Tertiary Volcanic parent material,
The typical soil profile has a 15 to 30 em loamy surface horizon
overlying clay rich sediments. Clay content in the subsoil typically
ranged from 20 to 67 percent with clay content above 45 percent being
most common., The more permeable surface horizon has a lower bulk
density (1.3 g/cm3) than the less permeable clay subsoil (1.66 g/cms).
Along with clay content, exchangeable cations, base gaturation and
cation exchange capacity increase with depth in the Tertiary Volecanie

profile. Soils in this group are Boralfs.
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The second group of soils is composed of those forming in glacial
till deposits in ;he Flathead and Kootenal National Forests of North-—
western Montana. These soils are overlain by a loess cap of strong
amorphous character. A lithologic discontinuity exists between the
highly permeable, low density (.53~-.75 g/cm3) loess cap and the under-
lying less permeable, denser (1.45-1.76 g/cm3) glacial till subsolls.
Textures throughout the profile are predominantly silt loam. Within
the profile, highest organic matter content, lowest pH, and the highest
CEC were found in the B2ir (loess cap) horizon. Although cation
exchange capacities in the till subsoils are less than half of those
found in the surface horizon, baée saturation and exchangeable calcium
and magnesium are higher in the till subsoils, Exchangeable sodium
and potassium levels are lower in the till sequum than in the surface
horizon, Soils in this group consist of Alfisols and Inceptisols.

Three independent measurements show that significant changes in
the physical properties of the study soils have taken place. In the
three parent materials, infiltration rates were changed as fpllows:

1) Tertiary Volcanics

- 87% reduction in severe treatment areas,
2) Limestone dominated glacial till

~ 78% reduction in moderate treatment areas,

- 81 % reduction in gevere treatment areas,

3) Quartzite dominated glacial till
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= 75% reduction in moderate treatment areas,
- 79% reduction in severe treatment areas,
4) No significant infiltration changes were found due to parent
material differences,
Bulk densities in the surface horizons of the three parent mate-
rials were changed as follows:
1) Tertiary Volcanics
~ 18% increase in moderate treatment areas,
- 21% increase in severe treatment areas,
2) Limestone dominated glacial till (5 cm)
- 387 increase in moderate treatment areas,
- 597 increase in severe treatment areas,
Limestoné dominated glacial till (15 cm)
- 837 increase in moderate treatment areas,
~ 76% increase in severe treatment areas,
3) Quartzite dominated glacial till (5 cm)
- 3% increase in moderate treatment areas,
~ 58%7 increase in severe treatment areas,
Quartzite dominated glacial till (15 cm)
- 16% increase in moderate treatment areas,
- 21% increase in severe treatment areas,
4) Statistically significant decreases in the subsoil bulk densities

of the 1IA2 horizon in the moderately treated quartzite till
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study areas and in the severe treatment on the limeatone-till
sites were found, These occur;ed at the lowest (P = ,10) leQel
of statistical confidence employed. Because of the variable
nature of the glacial till and because the changes fit no trend
in the data, thé authors question the validity of these decreases.
Significént reductions in soll water retention were found at
three soil water potentials (.02, .10, .33 bars) in the loess cap
hofizon of the limestone and quartzite dominated glacial till sites.
Significant reductions were also found in the B22t (45 c¢m) horizon at
the Tertiary Volcanic sites. This change was not a part of any trend
in the data and is interpreted by the authors to be a function of the
high variability encountered when doing a water related analysis on
high clay samples of differing clay mineralogy. Changes in available
water holding capacity of the surface horizons are summarized as
follows:
1) Tertiary Volcanics
- no significant changes detected,
2) Limestone dominated glacial till
- 25% reduétion in moderate treatment areas,
- 24% reduction in severe treatment areas,
3) Quartzite dominated glacial till
- 45% reduction in moderate treatment areas,

~ 52% reduction in severe treatment areas.
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Although there have been no physical manifestations of compaction
in the study site subsoils, authors feel that these already dense
subsoils have had soil air and water supply appreciably reduced by the
compaction of the surface layer. Thus, the effects of the compaction
process are expreaéed throughout the soil profile.

The subsites (ranging from 3 to 17 years since harvest) were
categorized as "young," "medium," and "old." No significant changes
attributable to age grouping were detected in infiltration, soll water
retention or bulk density. The effects of soil compaction were not

ameliorated over the range of time Iinvestigated.




1)

2)

. RECOMMENDATIONS

Further study is needed in the following areas:

To determine if and how much sediment is being transported away
from timber harvesting units due to reduced infiltration capac-
ities and increased runoff.

«~ To determine the local species' growth pattern and response to

increasing bulk densities,

~ To determine the local species' growth pattern and response to

water stress,

-~ To determine the local species' growth pattern and response to

| deficiencies in aeration.
- To determine areal extent and severity of disturbance in a typical

haxrvest unit.

- To determine the feasibility of establishing alternative succes-

sional plant specles (e.g., Alnus sinuata) which may be able to

penetrate dense subsoils and subsequently aid in the ameliora-
tion of compaction.
Development of alternative plans for harvesting timber from compac-
tible soils such as those involved in this study is needed. Such
planning might include alternative logging systems, dedication of
land to be set aside for use by timber harvest vehicles only, use of
silvicultural practices after harvest to prepare the sites for new

timber stands (ripping, etc.), lengthening of rotation schedules.
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Each pedon is identified by a fodr—symbol code. The first symbol
identifies the national foreat that the peaon is located in. This

is followed by a number designating the subsite, then by the letter A
or B designating the replication, and fimally by the letter C, M or

S designating the degree of trafficking (treatment) to which the

pedon was exposed. .

Forest Code (first symbol)

B = Bitterroot Nationmal Forest
F = Flathead National Forest
K = Kootenal National Forest

Subsite Code (second symbol)

1 = subsite 1
2 = subsite 2
3 = gubsite 3

Replication Code (third symbol)

A = replication A
B = replication B

Treatment Code (fourth symbol)

C = control
M = moderate amount of disturbance

S = gevere amount of disturbance




APPENDIX II
SOIL PROFILE DESCRIPTIONS

FOR PEDONS FORMING IN TERTIARY VOLCANIC PARENT MATERIAL
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B1AC

CLASSIFICATION: fine, montmorillonitie, frigid Eutric Glossoboralf

DATE DESCRIBED: 8-1-79

LOCATION: Bitterroot Nat. For., site 1, control, first replication;
NW%, Seec. 17, T1S, R22W

ELEVATION: 1585 m

VEGETATION: DF/LIBO/SYAL

PARENT MATERIAL: Tertilary Volecanic

SLOPE and ASPECT: 9% East to Southeast

DRAINAGE: Moderately well drained

PROFILE DESCRIPTION
01 4-0 cm

A2 0-29 cm Gray-light brownish gray (2.5Y 6/1) silt loam, brown-
dark brown (10YR 4/3) moist; weak medium subangular blocky;
slightly hard~hard, firm, glightly sticky, nonplastic; few
fine, mediun & coarse roots; slightly acid (6.3 pH); abrupt-
smooth boundary.

B21t 29-102 em Olive brown (2.5Y 4/6) silty clay loam, brownish
yellow (10YR 6/6) moist, strong medium prismatic and columnar;
very firm, sticky, plastic; many thick clay fillms on face of
peds and lining pores; few fine medium and coarse roots; medium
acid (6.0 pH); gradual, irregular boundary.

B22t 102-123 cm Pale yellow (2.5Y 7/4) clay loam, pink-reddish
yellow (7.5YR 7/6) moist; angular blocky; very firm, sticky to
very sticky, slightly plastic; common thin clay films on faces
of peds; few fine, medium and coarse roots; neutral (7.0 pH).




96
B1BC

CLASSIFICATION: fine, montmorillonitic, frigid Typic Eutroboralf
DATE DESCRIBED: - 8-3-79 ¥
LOCATION: Bitterroot Nat. For., site 1; control, second replication;
NwW¥%, Sec.17, T.1lS, R22W
ELEVATION: 1585 m
VEGETATION: DF/LIBO/SYAL
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT:  10% East
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

01 50 cm

A21 0-17 em Light brownish gray (10YR 6/2) loam, dark brown
(10YR 3/3) moist; weak fine angular blocky structure; soft,
very friable, slightly sticky, slightly plastic; many fine,
common medium, few coarse roots; medium acidity (6.0 pH); clear
smooth boundary.

A22 17-29 cm  Pinkish gray-pink (7.5Y 7/3) sandy clay loam; weak
fine angular blocky; soft, very friable, slightly sticky,
slightly plastic; common fine roots; strongly acidic (5.5 pH);
clear wavy boundary.

B21t 29-52 cm  Yellowish brown (10YR 5/8) moist silty clay loam;
moderate medium columnar prismatic breaking to angular blocky
structure; firm, sticky, plastic; common moderately thick clay
films on faces of peds; few fine roots; strongly acidic (5.5
pH); clear smooth boundary.

B22t 52-102 cm = Strong brown (7.5 YR 5/6) moist clay loam; many
yellowish red (5YR 5/8) mottles; strong medium angular blocky
 structure; firm, sticky, slightly plastic; continuous moder-
ately thick clay films on faces of peds; few fine roots;
strongly acidic (5.5 pH); clear wavy boundary.

B3 102-150 cm  Yellowish red (5YR 5/6) moist clay loam; many
yellowish red (5YR 5/8) mottles; moderate medium angular blocky
structure; firm, slightly sticky, slightly plastic, common =
moderately thick clay films on face of peds and lining pores;
few fine roots; slightly acidiec (6.5 pH).
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B1AM

CLASSIFICATION: fine, montmorillonitic, frigid Typic Eutroboralf

DATE DESCRIBED: 8-2-79

LOCATION: Bitterroot Nat, For., site 1; moderate disturbance, first
replication; NWY%, Sec.17, T1S, R22W

ELEVATION: 1585 m

VEGETATION: DF/SYAL/CARV

PARENT MATERIAL: Tertiary Volcanic

SLOPE and ASPECT: 9% Southeast

DRAINAGE: Moderately well drained

PROFILE DESCRIPTION
01 5-0 cm

A2 0-15 cm Light brownish grey (10YR 6/2) silty clay loam, brown
(10YR 4/3) moist; moderate fine subangular blocky breaking to
platy structure; hard, firm, slightly sticky, slightly plastic;
common fine, few medium roots; strongly acid (pH 5.5); clear
smooth boundary.

B21lt 15~41 em Light brownish grey (10YR 6/2) silty clay; dark brown
(7.5YR 4/3) moist; strong coarse columnar structure; very firm,
sticky, slightly plastic; common moderately thick clay films
line pores; few fine roots; medium acid (pH 6.0); clear wavy
boundary.

B22t 41-93 ecm Silty clay, brown (7,.5YR 4/3) moist; strong medium
subangular blocky structure; firm, sticky, plastic; many
moderately thick clay films on face of peds; few fine roots;
medium acid (pH 6.0); clear wavy boundary.

B31 93-133 cm Silty clay loam, yellowish red (5YR 4/6) moist;
strong medium subangular blocky structure; friable, very
sticky, plastic; many thick clay films on face of peds and
lining pores; few fine roots; moderately alkaline (pH 8.0);
abrupt smooth boundary.

B32 133-150 em Silty clay loam, brown (7.5YR 5/4) moist; mcderate
medium subangular blocky structure; soft, very friable,
slightly sticky, slightly plastic; common clay films on faces
of peds; few fine roots; moderately alkaline (pH 8.C).
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B1BM

CLASSIFICATION: fine, montmorillonitic, frigid Typic Eutroboralf

DATE DESCRIBED: 8-4-79

LOCATION: Bitterroot Nat. For., site 1, moderate disturbance, second
replication; NWk%, Sec.l17, T1S, R22W

ELEVATION: 1585 m

VEGETATION: - DF/SYAL/CARU

PARENT MATERIAL: Tertiary Volcanic

SLOPE and ASPECT: 10Z Southeast

DRAINAGE: Moderately well drained

PROFILE DESCRIPTION
01 5«0 cm

A2 0-15 cm Light grey (10YR 7/2) silty clay loam, very dark
 greyish brown (10YR 3/2) moist; moderate medium subangular
blocky breaking to platy structure; slightly hard, friable,
sticky, slightly plastic; common fine, few coarse roots; medium
acid (pH 6.0); clear wavy boundary.

B21t 15~36 ecm Silty clay, dark yellowish brown (10YR 4/4) moist;
strong coarse columnar structure; firm, very sticky, very
plastic; many moderately thick clay films on face of peds; few
fine roots; very strongly acid (pH 4.5); clear wavy boundary.

B22t 36-78 cm Silty clay, dark brown (7.5YR 4/3) moist; strong
coarse subangular blocky structure; firm, very sticky, very
plastic; continuous thick clay films on face of peds; few fine
roots; neutral acid (pH 7.0); clear wavy boundary.

B23t 78-112 em 81lty clay, brown (7.5YR 5/4) moist; moderate coarse
angular and subangular blocky structure; friable, very sticky,
very plastic; many moderately thick clay films on face of peds
and lining pores; few fine roots; moderately alkaline (pH 8.0);
clear smooth boundary.

B24t 112-164 ¢m Silty clay loam, brown (7.5YR 5/3) moilst; many
yellowish red (5YR 5/8) mottles; moderate medium subangular
blocky structure; slightly hard, very firm, sticky, plastic;
many medium clay films on face of peds and line pores; few fine
roots; moderately alkaline (pH 8.0).

1]
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BI1AS

CLASSIFICATION: fine, montmorillonitic, frigid Typic Eutroboralf
DATE DESCRIBED: 8-2-79
LOCATION: Bitterroot Nat. For., site 1, severe disturbance, first

replication; NW4%, Sec.17, T1S, R22W

"ELEVATION: 1585 m

VEGETATION: DF/SYAL/CARU

PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 6% Southeast
DRAINAGE: Moderately well drained

01

A2

B21t

B22t

B3

PROFILE DESCRIPTION
5-0 cm
0-15 em White (10YR 8/2) silty clay loam, brown (7.5YR 2/2)

moist; moderate medium platy structure; extremely hard, firm,
slightly sticky, slightly plastic; few fine roots; strongly

"acid (5.5 pH); gradual irregular boundary,

15-36 cm Clay loam, light olive brown (2.5Y 5/4) moist;
moderate medium columnar structure; very firm, sticky, plastic;
many moderately thick clay films on ped faces; few fine roots;
medium acid (6.0 pH); gradual irregular boundary.

36~90 cm Silty clay, light olive brown (2.5Y 5/4) moist;
strong coarse angular blocky structure; friable, sticky,
slightly plastic; many thick clay films on faces of peds; few
fine roots; neutral (7.0 pH); clear wavy boundary.

90-140 em 8Silty clay, olive yellow (5Y 6/6) moist; moderate
medium subangular blocky structure; friable, sticky, plastic;
common moderately thick clay films line pores; few fine roots;
moderately alkaline (8.0 pH).
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B1BS

CLASSIFICATION: fine, wmontmorillonitic, frigid Typic Eutroboralf
DATE DESCRIBED: - 8-3-79
LOCATION: Bitterrocot Nat. For., site 1, severe disturbance, second

replication; NWk, Sec.l17, T1S, R22W

ELEVATION: 1585 m

VEGETATION:  DF/SYAL/CARU

PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 5.5% Southeast
DRAINAGE:; Moderately well drained

01

A2

B21t

B22t

B3

PROFILE DESCRIPTION
2-0 ¢cm

0~41 cm Pinkish white (5YR 8/2), silty clay loam, brown to
dark brown (7.5YR 4/4) moist; weak moderate subangular blocky
breaking to platy structure; slightly hard, firm, slightly
sticky, slightly plastic; common fine, few medium roots;
strongly acid (pH 5.3); clear smooth boundary.

41-58 cm  Silty clay, brown-dark brown (7.5YR 4/4) moist;
strong medium columnar structure; firm, sticky, plastic; few
moderately thick clay films on face of peds and lining pores;
few fine roots; slightly acid (pH 6.2); clear smooth boundary.

58-105 em Silty clay, reddish browm (5YR 4/4) moiat; moderate
medium angular blocky structure; firm, very sticky, very
plastic; many moderately thick clay films on face of peds; few
fine roots; neutral (pH 7.0); clear wavy boundary.

105-156 em . Silty clay loam, reddish brown (5YR 5/4) moist;
moderate medium subangular blocky structure; friable, very
sticky, plastic; common moderately thick clay film line pores;

* neutral (pH 7.0).
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B2AC -

CLASSIFICATION: fine loamy, montmorillonitic, Mollic Cryoboralf

DATE DESCRIBED: 8-19-80

LOCATION: Bitterroot Nat. For., site 2, control, first replication;
NwY%, Sec.l17, T1S, R22W

ELEVATION: 1585 m

VEGETATION: AF/LIBO/VASC

PARENT MATERIAL: Tertiary Volcanice

SLOPE and ASPECT: 8% Northeast

DRATINAGE: Moderately well drained

PROFILE DESCRIPTION
01 6-0 cm

A2 0-28 cm Light brown (7.5YR 6/4) silty clay loam, dark yellow-
ish brown (10YR 3/4) moist; weak, very fine angular blocky
structure; soft, friable, slightly sticky, slightly plastic;
common fine and few medium and coarse roots; medium acid (pH
5.8); clear wavy boundary.

B21t 28-54 cm Light brown (7.5YR 6/4 with 30% clayey network
7.5YR 3/2) sandy clay loam, reddish brown (5YR 4/4 with 30%
clayey network 10YR 2/3) moist; moderate fine angular blocky;
firm, sticky, plastic; common moderately thick clay films line
pores; few fine and medium roots; strongly acid (pH 5.5 with pH
6.0 in matrix); clear wavy boundary.

B22t 54-83 cm Yellowish brown (10YR 5/8) sandy loam, strong brown
(7.5 YR 4/6) moist; weak fine angular blocky; very friable,
nonsticky, nonplastic; few thin clay films line pores; few fine
roots; very stroongly acid (pH 5.0); clear wavy boundary.

B23t 83-160 cm Yellowish red (5YR 5/6) sandy clay loam, strong
brown (7.5 YR 4/6) moist; moderate fine subangular blocky;
firm, slightly sticky, slightly plastic; few thin clay films
line pores; few fine roots; medium acid (pH 6.0).

NOTE: Texture in B2lt 1is sandy clay but horizon has network of clayey
material. The matrix is light brown (7.5YR 6/4) loamy sand,
reddish brown moist. The clay network occupiles 30% of the
horizon and is dark brown (7.5YR 3/2) silty clay, very dark
brown (10YR 3/2) moist.
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B2BC

¢

CLASSIFICATION: fine, montmorillonitic, frigid Typic Eutroboralf

DATE DESCRIBED: 8-2-79

LOCATION: Bitterroot Nat. For., site 2, control, second replication;
NWY%, Sec.17, T1S, R22W

ELEVATION: 1585 m

VEGETATION: DF/LIBO/SYAL

PARENT MATERIAL: Tertlary Volcanic

SLOPE and ASPECT: 14% South

DRAINAGE: Moderately well drained

PROFILE DESCRIPTION
01 5-0 cm

A2 0-25 cm Light brownish gray (2.5Y 6/2) silty clay loam, dark
yellowish brown (10YR 4/4) moist; moderate medium subangular
blocky structure; slightly hard, firm, slightly sticky,
slightly plastic; many fine, common medium and few coarse
roots; very strongly acid (5.0 pH); clear wavy boundary.

B21t 25-40 cm Silty clay, strong brown (7.5YR 4/6) moist; strong
medium angular blocky structure; firm, very sticky, very
plastic; common moderately thick clay films on face of peds;
few fine, few medium roots; medium acid (6.0 pH); clear smooth
boundary.

B22t 40-61 em Silty clay, yellowish brown (10YR 5/6) moist; strong
medium subangular blocky structure; firm, sticky, plastic;
common moderately thick clay films on faces of peds; few fine
roots; neutral acidity (7.0 pH); clear wavy boundary.

B3 61-102 cm Sandy clay loam, strong brown (7.5YR 5/6) moist;
moderate medium angular blocky structure; firm, sticky,
plastic; common moderately thick clay films on faces of peds
and lining pores; few fine roots; neutral acid (7.0 pH); clear
irregular boundary.

C 102-127 cm 85% stony quartzite coarse fragments.
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B2AM

CLASSIFICATION: fine, montmorillonitic, frigid Typic Eutroboralf
DATE DESCRIBED: 8-3-79
LOCATION: Bitterroot Nat. For., site 2, moderate disturbance, second

replication; NW, Sec.l7, T1S, R22W

ELEVATION: 1585 m

VEGETATION: DF/LIBO/SYAL

PARENT MATERIAL: Tertlary Volcanic
SLOPE and ASPECT: 6% Southeast
DRAINAGE: Moderately well drained

01

A2

B21t

B22t

B3

PROFILE DESCRIPTION
21-0 cm

0-20 cm Very pale brown (10YR 7/3) clay loam, brown

(7.5YR 5/4) moist; weak fine angular blocky to platy structure;
hard, firm, slightly sticky, slightly plastic; few fine roots;
slightly acid (pH 6.5); abrupt, smooth boundary.

20-42 em  Silty clay, brown-dark brown (7.5YR 4/3) moist;
strong coarse columnar structure; firm, sticky, plastic; many
thick clay films on face of peds; few fine roots; strongly acid
(pH 5.5); clear, smooth boundary.

42-99 cm Silty clay, brown (10YR 5/3) moist; moderate medium
angular blocky structure; firm, very sticky plastic; many
moderately thick clay films on face of peds and lining pores;
medium acid (pH 6.0); clear wavy boundary.

99~132 cm Clay, brown (7.5YR 5/4) moist; moderate medium
angular blocky structure; friable, sticky, plastic; many moder-
ately thick clay films on face of peds and lining pores; medium
acid (pH 6.0),
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B2BM

CLASSIFICATION: fine, montmorillonitic, frigid Typic Eutroboralf

DATE DESCRIBED: 8~2-79

LOCATION: Bitterroot Nat, For., site 2, moderate disturbance, second
replication; NW4, Sec.l7, TlS R22W

ELEVATION: 1585 m

VEGETATION: DF/SYAL/CARU

PARENT MATERTIAL: Tertiary Volcanic

SLOPE and ASPECT: 10Z South .

DRAINAGE: Moderately well drained

PROFILE DESCRIPTION
01 14-0 cm

A? 0-18 cm Light yellowish brown (2.5Y 6/4) silt loam, dark
yellowish brown (10YR 4/4) moist; moderate coarse, angular
blocky structure; very hard, very firm, slightly sticky,
slightly plastic; few fine roots; very strongly acid (pH 5.0);
abrupt, smooth boundary.

B21t 18-38 cm Silty clay loam, yellowish red (S5YR 4/6) moist;
strong very coarse columnar structure; firm, sticky plastic;
common moderately thick clay films on face of peds; few fine
roots; medium acid (pH 6.0); clear, smooth boundary.

B22t 38-94 ecm Silty clay, dark reddish brown (5YR 3/2) moist;
moderate medium angular blocky to sub-angular blocky structure;
firm, very sticky, very plastic; etrong, moderately thick clay
films on face of peds; few fine roots; neutral (pH 7.0); clear
smooth boundary.

B3l 94-180 em Silty clay, olive (5Y 5/4) moist; moderate medium
angular blocky structure; firm, very sticky, very plastic; many
thick clay films on face of peds and lining pores; moderately
alkaline (pH 8.0); abrupt, wavy boundary.

B32 180-210 cm Silty clay loam, light brown (7.5YR 6/4) moist;
weak fine angular blocky structure; slightly hard, friable,
slightly sticky, slightly plastic; very few clay films; moder—
ately alkaline (pH 8.0).
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"B2AS

CLASSIFICATION: fine, montmorillonitic, Molliec Cryoboralf

DATE DESCRIBED: 8-2-79

LOCATION: Bitterroot Nat. For., site 2, severe disturbance, first
replication; NW%, Sec,17, T1S, R22W

ELEVATION: 1585 m

VEGETATION: AF/LIBO/VASC

PARENT MATERIAL: Tertiary Volcanic

SLOPE and ASPECT: 9% Northeast

DRAINAGE: Moderately well drained

PROFILE DESCRIPTION
01 11-0 cm

A2 0-23 cm Light brownish grey (2.5Y 6/2) silty clay loam, very
dark greyish brown (10YR 3/2) moist; moderate medium platy
gtructure; slightly hard, firm, slightly sticky, slightly
plastic; few fine roots; very atrongly acid (pH 4.7); gradual
wavy boundary.

B21t 23-44 cm Gravelly silty clay, dark reddish brown (5YR 3/3)
moist; strong, coarse, columnar structure; extremely firm,
sticky plastic; common moderately thick clay films on face of
peds and lining pores; few fine roots; medium acid (pH 6.0);

. clear wavy boundary.

B22¢ 44-97 em Silty clay, weak red to reddish brown (2.5YR 4/3)
moist; moderate medium subangular blocky structure; very firm,
" sticky, very plastic, common moderately thick clay films on
face of peds; few fine roots; slightly acid (pH 6.5); clear
wavy boundary,

B23t 97-122 cm Silty clay, reddish brown (2.5YR 5/4) many brownish
yellow (10YR 6/8) mottles; moderate medium subangular blocky
structure; firm, sticky, plastic; strong moderately thick clav
films on face of peds and lining pores; slightly acid (pH 6.5);
clear wavy boundary.

B3 122-167 cm - Silty clay loam, brown (7.5YR 5/3) moist; weak fine
angular blocky structure; friable, sticky, plastic; common
moderately thick clay films on peds and lining pores; slightly
acid (pH 6.5).
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B2BS

CLASSIFICATION: fine, montmorillonitic, frigid Mollic Eutroboralf
DATE DESCRIBED: 8-3-79
LOCATION: Bitterroot Nat, For., site 2, severe disturbance, second

replication; NW%, Sec.17, T1S, R22W

ELEVATION: 1585 m

VEGETATION: DF/SYAL/CARU

PARENT MATERIAL: Tertilary Volcanic
SLOPE and ASPECT: 8% South
DRAINAGE: Moderately well drained

Al

A2l

A22

B2lt

B22t

PROFILE DESCRIPTION

2-0 cm Mixed with Al; many very fine roots; abrupt smooth
boundary,

0-3 em Dark grey (10YR 4/1) loam, very dark brown (10YR 2/2)
moist; moderate fine platy and weak fine granular structure;
slightly hard, very firm; many, very fine roots; abrupt smooth
boundary,

3-13 em Dark grey (10YR 4/1) silt loam, very dark brown
(10YR 2/2) moist; &trong, medfum platy structure; hard, very
firm; many very fine roots; clear smooth boundary.

13-27 cm Grey (10YR 6/1) silty clay loam, very dark greyish
brown (10YR 3/2) moist; moderate medium platy and strong medium
subangular blocky structure; many very fine roots; abrupt
smooth boundary.

27-52 ecm $4ilty clay, very dark greyish brown (10YR 3/2) moist;
strong coarse columnar and strong medium angular blocky struc-
ture; very hard, very sticky, very plastic; thick continuous
clay films; common very fine roots; clear smooth boundary.

52-83ecm Silty clay, dark brown (10YR 4/3) moist; moderate
coarse prismatic to moderate medium angular blocky structure;
very hard, very sticky, very plastic; thick continuous clay
films, slickensides evident; few very fine roots; clear smooth
boundary.
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B2BS Continued -

B31t

B32t

83-128 ecm Silty clay, dark brown (10YR 4/3) moist; very coarse
prismatic, moderate medium subangular blocky structure; very
hard, sticky, very plastic; thick continuous clay films;
slickensides evident; clear smooth boundary.

128-186 cm Clay, yellowish brown (10YR 5/4) moist; weak very
coargse prismatic to weak medium subangular blocky structure;
very hard, sticky, very plastic.
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B3AC

CLASSIFICATION: fine loamy, kaolinitic, frigid, Eutric Glossoboralf
DATE DESCRIBED: 8-3-79
LOCATION: Bitterroot Nat. For., site 3, control, first replication;

NE%, NE%, Sec. 17, T1S, R22W

ELEVATION: 1780 m

VEGETATION: DF/VAGL/ARUV

PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: ' 2% Southwest
DRAINAGE: Moderately well drained

01

A2

B21t

B22¢

B23t

PROFILE DESCRIPTION
6-0 cm

0-24 em Pink (7.5YR 7/4) silt loam, red (2.5YR 4/8) moist;
moderate medium angular blocky structure; hard, firm, non-
sticky, non-plastic; many fine common medium, few coarse roots;
very strongly acid (pH 5.0); clear wavy boundary.

24-50 cm Reddish yellow (5 YR 6/8) silty clay loam, red
(2.5YR 4/8) moist; moderate medium angular blocky structure;
extremely hard, extremely firm, sticky, slightly plastic; very
few clay films; few fine, few coarse roots; very strongly acid
(pH 5.0); clear smooth boundary.

50-108 cm Reddish yellow (7.5 YR 7/6) silty clay loam, red
(10YR 4/8) moist; moderate medium angular blocky structure;
extremely hard, extremely firm, slightly sticky, slightly
plastic; common, moderately thick clay films; few fine roots;
very strongly acid (pH 5.0); clear wavy boundary.

108-147 cm Red (2.5YR 4/8) silty clay, strong brown (7.5

YR 4/8) moist; moderate medium angular blocky structure; very
hard, very firm, sticky, plastic; many thick clay films on
faces of peds and lining pores; few fine roots; very strongly
acid (pH 5.0).
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B3BC

"CLASSIFICATION: fine, montmorillonitic, frigid, Eutric Glossoboralf

DATE DESCRIBED: 8-3-79

LOCATION: Bitterroot Nat,, For., site 3, control, second replication;
NEY%, NEY, Sec.29, T15, R22W

ELEVATION: 1780 m

VEGETATION: DF/VAGL/ARUV

PARENT MATERIAL: Tertiary Volcaniec

SLOPE and ASPECT: 5% Southeast

DRATINAGE: Moderately well drained

PROFILE DESCRIPTION
01 5-0 cm

A2l 0-8 cm Light grey to pale yellow (2.5Y 7/3) silty clay loam,
dark yellowlsh brown (10YR 3/4) moilst; weak, very fine angular
blocky breaking to granular; soft, very friable, slightly
sticky, slightly plastic; common fine, common coarse roots;
very strongly acid (pH 5.0); clear smooth boundary.

A22 8-19 cm Pinkish grey to pink (7.5YR  7/3) silty clay loam,
yellowish red (5YR 4/6) moist; moderate medium angular blocky
structure; very hard, very firm, sticky, plastic; common fine
roots; very strongly acid (pH 5.0); clear, smooth boundary.

A23 19-22 ecm Very pale brown (10YR 8/3) silty clay loam, yellowish
brown (10YR 5/8) moist; moderate medium angular blocky struc-
ture; hard, firm, slightly sticky, plastic; common fine roots;
strongly acid (pH 5.5); clear wavy boundary.

B21t 22-40 cm Silty clay, strong brown (7.5YR 5/6) moist; strong,
coarse columnar structure; very firm, sticky, plastic, many
thick clay films on faces of peds and line pores; common fine
roots; slightly acid (pH 6.5); clear wavy boundary.

B22t 40-97 cm Silty clay, yellowish brown (10YR 5/8) moist; strong,
medium subangular and angular blocky structure; very firm, very
.8ticky, very plastic; continuous moderately thick clay films on
faces of peds; few fine roots; medium acid (pH 6.0); gradual
wavy boundary.
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B3BC Continued -

B23t

IIB31

TIB32

NOTE:

97-140 cm Silty clay, brownish yellow (10YR 6/8) moist;
strong, coarse, angular blocky structure; very firm, very
sticky, very plastic; strong, moderately thick clay films on
faces of peds; few fine roots; neutral acid (pH 7.0); gradual,
wavy boundary.

140-165 em Silty clay, red (10YR 4/8) moist; moderate, medium
angular blocky structure; very hard, very firm, very sticky,
very plastic; continuous, thick, clay film on faces of peds and
line pores; few fine roots; moderately alkaline (pH 8.0); clear
smooth boundary.

165-195+ cm Gravelly silty clay, red (2.5YR 4/8) moist; weak,
fine angular blocky breaking to granular structure; hard, firm,
sticky, plastic; few fine roots; mildly alkaline (pH 7.5).

Small black nodules uniformly disseminated throughout IIB3l
horizon,
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B3AM

CLASSIFICATION: fine, kaolinitie, frigid, Eutric Glossoboralf

DATE DESCRIBED: 8-3-79

LOCATION: Bitterroot Nat. For., site 3, moderate disturbance, first
replication; NEY%, NEY%, Sec.29, T25, R22W

ELEVATION: 1780 m

VEGETATION: DF/VAGL/ARUV

PARENT MATERIAL: Tertlary Volcanic

SLOPE and ASPECT: 2Z Southeast

DRAINAGE: Moderately well drained

PROFILE DESCRIPTION
01 6-0 cm

A2l 0-13 cm Pinkish grey to light brown (7.5YR 6/3) silty clay
loam, reddish brown (5YR 4/4) moilst; moderate medium angular
blocky structure; slightly hard, friable, slightly sticky, non-
plastic; common fine, common medium, few coarse roots; strongly
acid (pH 5.5); clear, smooth boundary,.

A22 13-36 cm Reddish brown (5YR 5/3) silty clay loam, yellowish
red (5YR 4/8) moist; moderate, medium angular blocky structure;
slightly hard, friable, sticky, plastic; few fine, few coarse
roots; strongly acid (pH 5.5); clear, smooth boundary.

B21 36-71 em Silty clay, red (2.5YR 4/8) moist; moderate medium
prismatic angular blocky structure; friable, very sticky, very
plastic; many thick clay films on faces of peds; few fine
roots; strongly acid (pH 5.5); clear wavy boundary.

B22 71-126 cm Silty clay, red (LOYR 4/8) moist; moderate medium
subangular blocky breaking to angular blocky structure; very
hard, firm, very sticky, very plastic; many thick clay films on
faces of peds; few fine roots; slightly acid (pH 6.5); clear,
wavy boundary.

B23 126~152 cm Red (2.5YR 4/8) silty clay, red (10YR 4/8) moist;
moderate medium angular blocky structure; very hard, very firm,
very sticky, very plastic; many thick clay films on face of
peds; slightly acid (pH 6.5); clear wavy boundary.
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B3AM Continued -

B3

152-182 cm  Red (2.5YR 5/8) silty clay, red (lOYR 4/8) moist;
moderate medium angular blocky structure; extremely hard,
extremely firm, very sticky, very plastic; common moderately
thick clay films on face of peds; slightly acid (pH 6.5).




CLASSIFI
DATE DES
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B3BM

CATION: fine, kaolinitic, frigid, Eutric Glossoboralf
CRIBED: 8-4-79

LOCATION: Bitterroot Nat. For., site 3, moderate disturbance, second
replication; NE%, NE%, Sec.29, T25,R22W
ELEVATION: 1780 m

VEGETATT

ON: DF/VAGL/ARUV

PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 10% Southeast
DRAINAGE: Moderately well drained

01

Al

A2

B21t

B22¢

B23t

PROFILE DESCRIPTION
7-0 cm

0-14 cm Pinkish grey to light brown (7.5YR 6/3) silty clay
loam, yellowish brown (10YR 5/4) moist; moderate medium angular
blocky breaking to platy structure; hard firm, non-sticky, non-
plastic; many fine, common medium roots; very atrongly acid (pH
5.0); clear wavy boundary.

14-24 em Light grey (10YR 7/2) silty clay loam, brown

(7.5YR 5/4) moist; moderate medium subangular blocky structure;
slightly hard, firm, slightly sticky, slightly plastic; few
fine roots; strongly acid (pH 5.0); clear wavy boundary.

24-41 cm Silty clay, reddish brown (2.5YR 4/4) moist; many
reddish yellow (7.5YR 6/8) mottles; strong, coarse columnar
structure; firm, very sticky, very plastic; continuous thick
clay films on face of peds and line pores; few fine roots;
medium acid (pH 6.0); clear smooth boundary.

41-79 cm Silty clay, red (2.5YR 4/3) moist; many reddish
yellow (7.5YR 6/8) mottles; strong, coarse subangular blocky
structure; firm, very sticky, very plastic; continuous thick
clay films on face of peds; few fine roots; medium acid (pH
6.0); clear wavy boundary.

79-127 em Silty clay, light reddish brown (2.5YR 6/4) moist;
many reddish yellow (7.5YR 6/8) mottles; moderate medium sub-
angular blocky structure; firm, very sticky, very plastic;
strong very thick clay films on face of peds and lining pores;
few fine roots; neutral acid (pH 7.0); clear wavy boundary.
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B3 191-241 c¢m' Red (clayey matrix 2.5YR 4/8), red (sandy mixture
2.5YR 4/6) silty clay, red (10YR 4/8) moist; moderate medium
subangular blocky structure; soft, friable, sticky, plastic;
strong very thick clay films on face of peds and lining pores;
few fine roots; medium acid (clay matrix pH 6.0) to very
strongly acid (sandy mixture pH 4.5).
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B3BS

CLASSIFICATION: fine, montmorillonitic, frigid, Eutric Glossoboralf
DATE DESCRIBED: 8-4-79
LOCATION: Bitterroot Nat. For., site 3, severe disturbance, second

replication; NE¥%, NE%, Sec.29, T25, R22W

ELEVATION: 1780 m

VEGETATION: DF/VAGL/ARUV

PARENT MATERIAL: Tertiary Voleanic
SLOPE and ASPECT: 9% Southeast
DRAINAGE: Moderately well drained

Al

A2

B21t

B22t

B23t

PROFILE DESCRIPTION

0-20 cm Very pale brown (10YR 7/3) silty clay loam; dark
greyish brown (10YR 4/2) moist; moderate medium subangular
blocky structure; slightly hard, friable, slightly sticky,
alightly plastic; common fine, common medium roots; strongly
acid (pH 5.5); clear wavy boundary.

20-27 em White (2.5Y 8/2) silty clay loam, brown (7.5YR 5/3)
molst; moderate wmedium subangular blocky and platy structure;
hard, firm, slightly sticky, plastic; few fine roots; very
strongly acid (pH 5.0); clear smooth boundary.

27-51 em Silty clay, yellowish brown (10YR 5/6) moist; many
reddish yellow (7.5YR 6.8) mottles; strong coarse columnar
structure; firm, very sticky, plastic; continuous thick clay
films on face of peds; few fine few medium roots; very strongly
acid (pH 5.0); clear, wavy boundary.

51-78 cm S1ilty clay, reddish brown (5YR 5/4) moist; many
reddish yellow (7.5YR 6/8) mottles; strong medium angular
blocky structure; firm, very sticky, very plastic; continuous
thick clay film on face of peds; few fine roots; very strongly
acid (pH 5.0); clear smooth boundary.

78-106 em Silty clay, light yellowish brown (10YR 6/4) moist;
many reddish yellow (7.5YR 6/8) mottles; strong coarse subangu-
lar blocky structure; friable, very sticky, very plastic; many
medium thick clay films on face of ped and lining pores; few
fine roots; medium acid (pH 6.0); clear smooth boundary.
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B24t

B3

106-138 cm Silty clay, light grey (10YR 7/2) moist; common
reddish yellow (7.5YR 6/8) mottles; strong coarse subangular
blocky structure; friable, very sticky, plastic; continuous
thick clay films on face of peds and lining pores; medium acid
(pH 6.0); clear wavy boundary.

138-183 c¢m  Very pale brown (10YR 7/2) silt loam, light yellow-
ish brown (10YR 6/4) moist; moderate medium subangular blocky
structure; soft, friable, non-sticky, non-plastic; common
moderately thick clay films on face of peds; extremely acid (pH
4.,0). .




APPENDIX III
SOIL PROFILE DESCRIPTIONS FOR PEDONS FORMING

IN LIMESTONE DOMINATED GLACIAL TILL PARENT MATERIAL
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F1AC

CLASSIFICATION: coarse loamy, mixed, cryic Paleboralf (propose
* andic subgroup)
DATE DESCRIBED: 8-22-79
LOCATION: Flathead Nat. For., site 1, control replication; SEY%, NWk,
Sec, 2, T31N, R26W :
ELEVATION: 1475 m
VEGETATION: AF/CLUN
PARENT MATERIAL: Limestone dominated glacial till
"SLOPE and ASPECT: 16X North to northeast
DRAINAGE: Well drained

PROFILE DESCRIPTION
01 6-0 cm.

A2 0-7 ecm Gray-light gray (10YR 6/1) silt, brown-dark brown
(10YR 4/3) moist; weak fine subangular blocky to granular
structure; loose, very friable, nonsticky, nomplastic; many
fine and common medium and coarse roots; strongly acid (pH
5.5); clear smooth boundary.

B2ir 7-26 cm Yellowish brown (10YR 5/6) silt, brown-dark brown
(7.5YR 4/4) molst; moderate medium subangular blocky to granu-
lar structure; loose, very friable, nonsticky, nonplastic; 20%
cobbles, 57 stones; common fine, medium and coarse roots;
medium acid (pH 6.0); gradual wavy boundary with tongues.

11A2 26-46 em Very pale brown (10YR 7/3) silt, olive yellow
(2.5Y 6/6) moist; moderate medium subangular blocky structure}
g8lightly hard, friable nonsticky, nonplastic; 10% gravela, 5%
cobbles; many fine roots; neutral (pH 7.0); gradual irregular
boundary.

TIASB 4661 ecm Silt loam, olive yellow (5Y 6/8) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
slightly plastic; many moderate thick clay films on face of
peds and lining pores; 10 gravels; few fine roots; mildly
alkaline (pH 7.5); clear wavy boundary; horizon 60% IIA2, 50%
IIBZ.
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IIB&A 61-75 em Silty clay loam, olive yellow (2.5Y 6/6) moist;
moderate medium subangular blocky structure; friable, sticky;
many moderately thick clay films on face of peds; 5% gravels,
5% cobbles; few fine roots; mildly alkaline (pH 7.5); gradual
wavy boundary; horizon 70% IIB2, 307 IIA2,

B21t 75-101 em Clay 10gm, olive yellow (5Y 6/6) moist; moderate
medium subangular blocky structure; friable, sticky, plastic;
continuous thick clay films on face of peds; 5% gravels, 5%
stones; few fine roots; mildly alkaline (pH 7. 5); gradual wavy
boundary.

IIB22t 101-140 cm Clay loam, olive yellow (5Y 6/6) moist; strong
. coarse subangular blocky to angular blocky structure; friable,
sticky, plastic; continuous thick clay films on face of peds;
10% gravels, 5% cobbles; mildly alkaline (pH 7. 5); gradual wavy
boundary.

IIClca 140-180 cm Silt loam to clay loam, olive yellow (5Y 6/8)
moist; oderate medium subangular blocky structure; friable,
slightly sticky, slightly plastic; many thick clay films on
face of peds; 5% gravels, 10% cobbles; strongly effervescent;
moderately alkaline (pH 8.0).
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F1BC

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf
DATE DESCRIBED: 8-24-79 :
LOCATION: Flathead Nat., For., site 1, control, second replication;

S¥Y, Wk, Sec. 2, T3IN, R26W .

ELEVATION: 1475 m

VEGETATION: AF/CLUN

PARENT MATERIAL: Limestone dominated glacial till
SLOPE and ASPECT: 22.5% North to northeast
DRAINAGE: Well drained

01

A2

B24ir

IIAZ

TIA&B

PROFILE DESCRIPTION
5~0 cn,

0-5 cm White (2.5Y 8/1) silt, very dark greyish brown

(10YR 3/2) moist; appreciable amounts of organic matter; weak
fine subangular blocky structure; soft, very friable, non- '
sticky, nonplastic; many fine, med{um and coarse roots;
extremely acid (pH 4.3); clear wavy boundary.

5-26 cm Yellowish brown (10YR 5/8) silt, dark yellowish brown
(10YR 4/6) moist; moderate medium subangular blocky structure;
soft, very friable, nonsticky, nonplastic; trace gravels; many
fine, common medium and few coarse roots; slightly acid (pH
6.5); clear wavy boundary.

26-55 cm Light grey to pale yellow (2.5Y 7/3) gravelly silt,
light yellowish brown (2.5Y 6/4) moist; mottles scattered,
indistinct, and masked by soll colors, weathered rock

(10YR 7/8); weak very fine subangular blocky to granular struc-—
ture; soft, friable, nonsticky, nonplastic; 20% gravels, 5%
cobbles, 5% stones; few fine roots; slightly acid (pH 6.5);
clear smooth boundary.

55-72 cm S1ilt loam, light yellowish brown (2.5Y 6/4) moist;
moderate medium subangular blocky structure; friable, slightly
sticky, slightly plastic; common moderately thick clay films on
face of peds scattered throughout; 5% gravels, 10% cobbles; few
fine roots; neutral (pH 7.0); clear wavy boundary; horizon 603
I1A2, 40% I1B2.
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IIB&A

IIB21t

IIB22t

IIClca

72-92 cm Silt loam, olive yellow 2.5Y 6/6) moist; moderate
medjum subangular blocky and angular blocky structure; friable,
slightly sticky, slightly plastic; many moderately thick clay
films on face of peds; 5% gravels, 5% cobbles, 5% stones; few
fine roots; neutral (pH 7.0); gradual wavy boundary; horizon
60% IIB2, 40% IIA2,

92-136 cm Clay loam, olive yellow (5Y 6/8) moist; moderate
medium subangular blocky and angular blocky structure; friable,
sticky, plastic; many thick clay films on ped faces; 5%
gravels, 5% cobbles, 5% stones; neutral (pH 7.3); gradual wavy
boundary,

136-160 e¢m Clay loam, olive (5Y 5/6) moist; strong coarse
subangular blocky structure; friable, sticky, plastic; contin~
uous thick clay films on face of peds; 5% gravels, 5% cobbles;
moderately alkaline (pH 8.0); gradual wavy boundary.

160-180 cm Silt loam to clay loam, olive yellow (5Y 6/8)
moist; moderate medium subangular blocky structure; friable,
slightly sticky, slightly plastic; many thick clay films on
face of peds; 5% gravels, 107 cobbles; strongly effervescent;
moderately alkaline (pH 8.0).
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F1AM

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf

DATE DESCRIBED: 8-22-79

LOCATION: Flathead Nat, For., site 1, moderate disturbance, first
replication; SEX%, NW%, Sec. 2, T31N, R26W

ELEVATION: 1475 m

VEGETATION: AF/Clun

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 18% North to northeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 9-0 cm
A2 0-2 em Very thin, broken.

B2ir 2-19 cm Brownish yellow (10YR 6/8) silt, brown to dark brown
(7.5YR 4/4) moilst; moderate medium subangular blocky to platy
structure; soft, friable, nonsticky, nonplastic; trace cobbles,
5% stones, 20%Z boulders; many fine and common medium roots;
neutral (pH 7.0); clear wavy boundary.

11A2 19-42 cm White (10YR 8/1 with mottles 10YR 7/6) gravelly silt,
light olive brown (2.5Y 5/6) moist; moderate medium subangular
blocky structure; slightly hard, friable, nonsticky, non-
plastic; 10%Z gravels, trace cobbles, 20% boulders; few fine and
medium roots; neutral (pH 7.0); gradual irregular boundary.

ITA&B  42-64 cm Silt loam, olive yellow (5Y 6/8) moist; moderate
medium subangular blocky structure; firm, slightly sticky,
slightly plastic; many moderately thick clay films on face of
peds; 201 gravels; few fine roots; neutral (pH 7.0); gradual
wavy boundary; horizon 60% IIA2, 40% I1IB2,

IIB+A  64-87 cm Silty clay loam, light olive brown (2.5Y 5/6) moist:
moderate medium subangular blocky structure; firm, slightly
sticky, slightly plastic; many moderately thick clay films on
faces of peds; 10% gravels; few fine roots; mildly alkaline
(pH 7.5); gradual wavy boundary; horizon 70% IIB2, 30% TIA2.
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IIB21t

I1IB22t

87-116 ecm S4ilty clay loam, light olive brown (2.5Y 5/6)
moist; strong coarse prismatic to subangular blocky structure;
very firm, glightly sticky, slightly plastic; continuous thick
clay films on face of peds; 5% gravels, 5% boulders; neutral
(pH 7.0); gradual wavy boundary.

116-131 em Silty clay loam, olive yellow (2.5Y 6/8) moist;
moderate medium subangular blocky structure; friable, sticky,
plastic; continuous thick clay films on face of peds; 5%
gravels, 5% stones; neutral (pH 7.0).
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F1BM

CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf

DATE DESCRIBED: 8-24-79

LOCATION: Flathead Nat. For., site 1, moderate disturbance, second
replication; SE%, NW, Sec. 2, T3IN, R26W

ELEVATION: 1475 m

VEGETATION: AF/CLUN

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 15Z North to northeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 5-0 cm.
A2 Thin and discontinuous.

B2ir 0-17 cm Dark yellowish brown (10YR 4/8) silt, brownish yellow
(10YR 6/8) moist; moderate medium subangular blocky and platy
structure; slightly hard, firm, nonsticky, nonplastic; trace
gravels, trace cobbles; many fine and common medium roots;
neutral (pH 7.0); clear broken boundary.

ITA2 17-30 em Pinkish white (7.5YR 8/2) gravelly silt, yellowish
brown (10YR 5/4) moist; moderate medium subangular blocky and
platy structure; friable, nonaticky, nonplastic; 20% gravels,
5% cobbles; many fine and few medium roots; neutral (pH 7.0);
clear broken houndary.,

ITA&B  30-40 cm Olive yellow (2.5Y 6/6) silt loam, very pale brown
(10YR 7/3) moist; moderate medium subangular blocky structure;
glightly sticky, slightly plastic; common moderately thick clay
films on face of peds; 10% gravels; common medium roots;
neutral (pH 7.0); gradual wavy boundary; horizons 60% IIA2, 40%
IIB2,

IIB&A  40-57 em Silty clay loam, olive yellow (5Y 6/6) moist; moder-
ate medium subangular blocky structure; firm, slightly sticky,
slightly plastic; many moderately thick clay films on face of
peds; 10% cobbles, 5% stones, trace boulders; few fine roots;
nildly alkaline (pH 7.5); clear wavy boundary; horizon 70%
ITIBZ, 30% 1IA2,
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IIB21t 57-112 cm Silty clay, olive (5Y 5/6) moist; moderate medium
subangular blocky structure; friable, sticky, plastiec; many
thick clay films on face of peds; 5% gravels, 5% cobbles, trace
stones; few fine roots; mildly alkaline (pH 7.5); gradual wavy
boundary.

I11B22t 112-138 em Silty elay, olive yellow (5Y 6/6) moist; strong
coarse subangular blocky structure; sticky, plastic; continuous
thick clay films on face of peds; 5% gravels, 5% cobbles;
mildly alkaline (pH 7.5).




128
F1AS

CLASSIFICATION: coarse loamy, mixed Typic Paleboralf (andic phase)

DATE DESCRIBED: 8-=22-79

LOCATION: Flathead Nat. For., site 1, severe disturbance, first
replication; SEY%, NW%, Sec. 2, T31N, R26W

ELEVATION: 1475 m

VEGETATION: AF/CLUN

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 15% North to northeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 6-0 cm.

B2ir 0-~20 cm Very pale brown (10YR 7/4) silt, strong brown (7
(7.5YR 4/6) moist; strong coarse platy and moderate medium
subangular blocky structure; extremely hard, extremely firm,
nonsticky, nonplastic; 5% gravels, 10% cobbles, 10% stones;
many fine and few medium roots; mildly alkaline (pH 7.5); clear
wavy boundary.

11A2 20-38 cm Pink to pinkish white (7.5YR 8/3) -gravelly silt,
olive yellow (5Y 6/6) moist; moderate medium subangular blocky
structure; hard, firm, nonsticky, nonplastic; 20% gravels, 5%
cobbles, 5% stones, 10% boulders; few fine roots; mildly alka-
line (pH 7.5); diffuse irregular boundary.

I1IA&B  38-51 cm Pink to pinkish white (7.5YR 8/3) silt loam, olive
yellow (5Y 6/8) moist; moderate medium subangular blocky and
angular blocky structure; hard, firm, slightly sticky, slightly
plastic; very few clay films; 10% gravels; few fime roots;
mildly alkaline (pH 7.5); gradual wavy boundary; horizon 70%
IIA2, 30% IIB2.

IIB&A 51-86 cm Silt loam, olive yellow (5Y 6/8) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
slightly plastic; very few clay films; 10%Z gravels, 5% cobbles;
few fine roots; mildly alkaline (pH 7.5); gradual wavy bound-
ary; horilzon 70% IIB2, 30% 1IAZ.
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IIB21t “ 86-109 cm Gravelly silt loam, olive (5Y 5/6 with very few
mottles 10YR 5/8) moist; moderate medium subangular blocky
structure; friable, slightly sticky, slightly plastic; many
moderately thick clay films on face of peds; 20Z gravels, 5%
cobbles; few fine roots; mildly alkaline (pH 7.5); gradual wavy
boundary.

TIB22t 109-140 em Silt loam, olive (5Y 5/6) moist; moderate medium
subangular blocky structure; friable, sticky, plastic; many
moderately thick clay films on face of peds; 5% gravels, 5%
cobbles; moderately alkaline (pH 8.0); gradual wavy boundary.

Cleca 140-143 cm Silt loam, olive yellow (5Y 6/8) moist; moderate
medium subangular blocky structure; friable, sticky, plastic;
- many moderately thick clay films on face of peds; 5% gravels,
5% cobbles; slightly effervescent; moderately alkaline (pH
8.0). '




"
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CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf

DATE DESCRIBED: 8-22-79

LOCATION: Flathead Nat. For., site 1, severe disturbance, second
replication; SEY%, NWX%, Sec. 2, T3IN, R26W

ELEVATION: 1475 m

VEGETATION: AF/CLUN

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 117 North to northeast

DRAINAGE: Well drained

PROFILE DESCRIPTION

01 4-0 cm,

A2 0-2 ecm Light grey (2.5Y 7/2) silt, olive brown to dark greyish
brown (2.5Y 4/3) moist; weak fine granular structure; loose,
very friable, nonsticky, nonplastic; 5% gravels; many fine and
common medium roots; slightly acid (pH 6.5); clear wavy bound-

ary.

B2ir 2-10 cm Pink (7.5YR 7/4) silt tending toward silt loam where
platy structure dominates, yellowish brown (10YR 5/4) molst;
moderate medium platy structure; soft, friable, nonsticky to
slightly sticky where mixed with organic matter, nonplastic; 5%

gravels, 5% cobbles; many fine and common medium roots;
strongly acid (pH 5.5); gradual wavy boundary,

11A2 10-47 cm White to pinkish white (7.5YR 8/1) gravelly silt,
light olive brown (2.5Y 5/4) moist; 5% mottles (10YR 7/8);
moderate medium subangular blocky and strong coarse platy

structure; soft, firm, nonsticky, nonplastic; 257 gravels, 5%

cobbles; few fine roots; medium acid (pH 6.0); gradual wavy
boundary.

ITA&B  47-68 cm White to pale yellow (2.5Y 8/3) gravelly silt,

yellow (5Y 7/6) moist; 20% mottles (1OYR 7/8); moderate medium
subangular blocky structure; slightly hard, friable, nonsticky,

nonplastic; very few clay films; 20% gravels, 52 cobbles;

neutral (pH 7.0); gradual wavy boundary; horizon 60% IIA2, 40%

TIB2.
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IIB&A

IIB21t

IIB22t

68-100 cm Silt loam, olive yellow (5Y 6/8) moist; moderate
medium subangular blocky structure; slightly hard, slightly
sticky, slightly plastic; many moderately thick clay films on
face of peds; 10% gravels, 5% cobbles; neutral (pH 7.0); grad-
ual wavy boundary; horizon 70% I1B2, 30% IIA2.

100-123 cm Silt loam, olive yellow (2.5Y 6/6) moist; moderate
medium subangular blocky structure; firm, slightly sticky;
slightly plastic; many moderately thick clay films on face of
peds; 5% gravelg, trace cobbles; neutral (pH 7.0); clear wavy
boundary.

123-150 em $Silt loam, olive (5Y 5/6) moist; moderate medium
subangular blocky structure; friable, sticky, plastic; continu-~
ous thick clay films on face of peds; neutral (pH 7.0).
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K2AC

CLASSIFICATION: coarse loamy skeletal, mixed Andeptic Cryoboralf

DATE DESCRIBED: 9-11-79

LOCATION: Kootenai Nat. For., site 2, control, first replication; SWk,
Sw¥, Sec. 15, T32N, R26W

ELEVATION: 1356 m

VEGETATION: SAF/CLUN

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 5% West

DRAINAGE: Well drained

PROFILE DESCRIPTICON
01 8-0 cm

A2 0-6 cm Very pale brown (10YR 7/3) silt, brown (10YR 5/3)
moist; moderate medium subangular blocky with trace of platy
structure; soft, very friable, nonsticky, nonplastic; many
fine, medium and coarse roots; very strongy acid (pH 4.5);
clear wavy boundary.

B21ir 6-20 cm Brownlsh yellow (10YR 6/8) silt, yellowish brown
(10YR 5/6) moist; moderate medium subangular blocky structure;
soft, very friable, nonsticky, nonplastic; many fine, medium
and coarse roots; strongly acid (pH 5.5); gradual wavy bound-
ary.

TIA2 20-40 cm White (10YR 8/2) gravelly silt loam, light yellowish
brown (2.5Y 6/4) moist; moderate medium subangular blocky
structure; slightly hard, friable, nonsticky, nonplastic; 15%
gravels, 5% cobbles; common fine, medium and coarse roots;’
medium acid (pH 5.7); gradual wavy boundary.

IIA&B  40-58 em Silt loam, olive yellow (2.5Y 6/6) moist; moderate
medium subangular blocky structure; friable, nonsticky, non-
plastic; very few clay films; 10% gravels, trace cobbles, trace
stones; few fine, medium and coarse roots; slightly acid (pH
6.5); gradual wavy boundary; horizon 70% IIA2, 30% IIB2.

TIIB&A  58-75 cm Silt loam, pale olive (5Y 6/4) moist; moderate
medium subangular blocky and angular blocky structure; friable,
slightly sticky, nonplastic; very few clay films; 5% gravels;
few fine, medium and coarse roots; slightly acid (pH 6.5);
gradual wavy boundary; horizon 60% 1182, 40% IIA2.
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K2AC Continued -

I1B3ca

IIClca

IIC2ca

IIC3ca

75-85 cm S$1ilt loam, olive yellow (5Y 6/6) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
slightly plastic; very few clay films; 5% gravels, 5% cobbles;
few fine, medium, coarse roots; slightly effervescent; neutral
(pH 7.0); clear wavy boundary.

85-115 cm Gravelly silt loam, olive yellow (5Y 6/8) moist; 20%
of ped faces dark yellowish brown (10YR 4/4); moderate medium
subangular blocky and angular blocky structure; friable,
slightly sticky, nonplastic; very few clay films; 15% gravels,
5% cobbles, 5% stones, 5% boulders; few fine and medium roots;
strongly effervescent; moderately alkaline (pH 8.0); gradual
wavy boundary,

115-150 em Gravelly silt loam, olive yellow (5Y 6/8) moist;
moderate medium subangular blocky and angular blocky structure;
friable, slightly sticky, nonplastic; very few clay films; 20%
gravels, 10%Z cobbles, 5% stones, 5% boulders; few fine roots;
strongly effervescent; moderatley alkaline (pH 8.0); gradual
wavy boundary.

150-200 cm  Gravelly silt loam, olive (5Y 5/6) moist; weak

medium subangular blocky to angular blocky structure; friable,
nonsticky, nonplastic; 25% gravels, 5% cobbles, 5% stones, 5%
boulders; strongly effervescent; moderately alkaline (pH 8.0).
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CLASSIFICATION: fine loamy, mixed Andeptic Cryoboralf

DATE DESCRIBED: 9-11-79

LOCATION: Kootenal Nat. For., site 2, control, second replication;
Sul;, NWk, Sec. 22, T32N, R26W

ELEVATION: 1356 m

VEGETATION: SAF/LIBO/CARU

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 11% West

DRAINAGE: Well drained

PROFILE DESCRIPTION

01 10-0 em

A2 0-6 cm Light grey (10YR 7/2) silt, brown-dark brown (10YR 4/3)
moist; moderate fine and medium subangular blocky structure;
soft, very friable, nonsticky, nonplastic; many fine, medium
and coarse roots; strongly acid (pH 5.5); gradual wavy bound~-
ary.

B2ir 6~28 cm Yellow (10YR 7/6) silt, yellowish brown (10YR 5/8)
moist; moderate medium subangular blocky structure; soft, very
friable, nonsticky, nonplastic; many fine, medium and coarse
roots; medium acid (pH 6.0); gradual wavy boundary.

1IA2 28-50 cm White (2.5Y 5/8) gravelly silt, light yellowish brown
(2.5Y 6/4) moist; moderate medium subangular blocky structure;
slightly hard, friable, nonsticky, nonplastic; 15% gravels, 5%
cobbles, trace stones; common fine, medium and coarse roots;
slightly acid (pH 6.5); clear wavy boundary.

IIA&B  50-66 cm Very pale brown (10YR 7/4) silt loam, olive yellow
(2.5Y 6/6) moist; moderate medium subangular blocky and angular
blocky structure; slightly hard, friable, slightly sticky,
nonplastic; very few clay films; 10% gravels, 5% cobbles;
common fine and medium and few coarse roots; slightly acid (ph
6.5); gradual wavy boundary; horizon 60% IIA2, 40% IIB2.

1IB2t  65-80 cm Silt loam, olive yellow (5Y 6/6) moist; moderate
medium subangular blocky; friable, slightly sticky, slizhtly
plastic; very few clay films; 5% gravels, 5% cobbles; few fine,
medium and coarse roots; neutral (pH 7.0); gradual wavy bound-
ary.
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"IIClea

IIC2ca

IIC3ca

80-120 cm Silt loam, olive yellow (5Y 6/6 with 30%Z of ped
faces 10YR 4/4 and 5% 7.5 YR 7/8) molst; moderate medium
subangular blocky to angular blocky structure; friable,
slightly sticky, nonplastic; very few clay films; 5% gravels,
5% cobbles, trace stones; few fine and medium roots; strongly
effervescent; moderately alkaline (pH 8.0); gradual wavy bound-
ary. .

120-163 cm Silt loam, olive yellow (5Y 6/6 with 10% of ped
faces 10YR 4/4) moist; moderate medium subangular blocky to
angular blocky structure; friable, slightly sticky, nonplastic;
very few clay films; 5% gravels, 5% cobbles, 5% stones;
strongly effervescent; moderately alkaline (pH 8.0); clear wavy
boundary.

163-230 cm  Silt loam, olive yellow (5Y 6/8) moist; moderate

medium subangular blocky and angular blocky structure; firm,

slightly sticky, nonplastic; very few clay films; 5% gravels,
5% cobbles, 5% stones, trace boulders; strongly effervescent;
moderately alkaline (pH 8.0).
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K2AM
CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf
DATE DESCRIBED: 9~-11-79
LOCATION: Kootenal Nat. For., gsite 2, moderate disturbance, first
replication; SWk%, SWk, Sec. 15, T32N, R26W
ELEVATION: 1356 m
VEGETATION: SAF/CLUN
PARENT MATERIAL: Limestone dominated glacial till
SLOPE and ASPECT: 18% East to southeast
DRAINAGE: Well drained

PROFILE DESCRIPTION
01 2-0 cm

B2ir 0-17 cm Light yellowish brown (10YR 6/4) silt, yellowish brown
(10YR 5/4) molst; moderate medium subangular blocky structure;
slightly hard, friable, nonsticky, nonplastic; many fine,
common medium and few coarse roots; strongly acid (pH 5.5);
gradual wavy boundary.

11A2 17-22 em White (10YR 8/2) silt loam, light yellowish brown
(2.5Y 6/4) moist; moderate medium subangular blocky structure;
slightly hard, friable, nonsticky, nonplastic; 5% gravels, 5%
cobbles; common fine and few medium roots; slightly acid (pH
6.5); diffuse irregular boundary.

TTA&B  33-40 cm Very pale brown (10YR 7/4) silt loam, light yellowish
brown (2.5Y 6/4) moist; moderate medium subangular blocky
_ structure; slightly hard, friable, slightly sticky, nonplastic;
very few clay films; 5% gravels, 5% cobbles; few fine, medium
and coarse roots; neutral (pH 6.7); diffuse irregular boundary;
horizon 70% IIA2, 30% IIB2.

IIB2t  40-50 cm 51ilt loam, olive yellow (5Y 6/6) moist; moderate
nedium subangular blocky structure; friable, slightly sticky,
slightly plastic; very few clay films; 5% gravels, 5% cobbles,
trace stones; few fine, medium and coarse roots; neutral (pH
7.0); gradual wavy boundary.

IIClca 50-90 cm Silt loam, olive yellow (5Y 6/6 with 25% of ped faces
10YR 4/4) moist; moderate fine and medium subangular blocky and
angular blocky structure; friable, slightly sticky, nonplastic;
very few clay films; 5% gravels, 5% cobbles, trace stones and
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boulders; few fine an& mgdium roots; strongly effervescent;
moderately alkaline (pH 8.0); gradual wavy boundary.

IIC2ca 90-220 cm Silt loam, olive yellow (5Y 6/6 with 40% of ped
faces 10YR 4/4) moist; moderate medfum subangular blocky struc-—
ture; friable, slightly soluble, nonplastic; very few clay
films; 5% gravelsg, 5% cobblea, 10%Z stones, 10% boulders;
strongly effervescent; moderately alkaline (pH 8.0).
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K2BM
CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf
DATE DESCRIBED: 9-11-79
LOCATION: Kootenai Nat, For., site 2, moderate disturbance, second
replication; SWx, NWY, Sec. 22, T32N, R26W
ELEVATION: 1356 m

VEGETATION: SAF/LIBO/CARU

PARENT MATERIAL: Limestone dominated glacial till
SLOPE and ASPECT: 18% South to southeast
DRAINAGE: Well drained

PROFILE DESCRIPTION
01 2-0 cm

A2 0-2 cm White (10YR 8/2) silt, yellowish brown (10YR 5/4)
moist; moderate medium platy and subangular blocky structure;
slightly hard, friable, nonsticky, nonplastic; many fine and
few medium and coarse roots; strongly acid (pH 5.5); clear
smooth boundary; horizon mixed with organic material and B2ir.

B2ir 2-17 cm Brownish yellow (10YR 6/8) silt, yellowish brown
(10YR 5/8) moist; moderate medium platy to subangular blocky
structure; slightly hard, friable, nonmsticky, nonplastic;
common fine and few medium and coarse roots; strongly acid (pH
5.5); gradual wavy boundary.

IIA2 17-38 ecm Light gray-pale yellow (2.5Y 7/3) silt loam, light
yellowish brown (2.5Y 6/4) moist; moderate medium subangular
blocky structure; slightly hard, friable, nonsticky, non-
plastic; 5% gravels, 5% cobbles; few fine medium and coarse
roots; slightly acid (pH 6.5); clear wavy boundary.

ITA&B 318-59 cm S1ilt loam, yellow (5Y 7/8) moist; moderate fine and
medium subangular blocky structure; friable, nonsticky, non-
plastic; very few clay films; 5% gravels, 5% cobbles; few fine,
medium and coarse roots; slightly acid (pH 6.5); gradual wavy
boundary; horizon 60%Z IIA2, 40% IIB2,

IIB2t  59-78 ecm Heavy silt loam, light olive brown (2.5Y 5/6) moist;
moderate medium subangular blocky structure; friable, slightly
sticky, slightly plastic; very few clay films; trace gravels,
5% cobbles; few fine, medium and coarse roots; neutral (pH
7.0); gradual wavy bhoundary.
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IIClca

11C2ca

78-110 cm S1ilt loam, olive yelldw (5Y 6/6 with 25% of ped
faces 10YR 4/4) moist; moderate medium subangular blocky and
angular blocky structure; friable, slightly sticky, nonplastic;
very few clay films; trace gravels, 52 cobbles, 5% stones, 5%
boulders; strongly effervescent; moderately alkaline (pH 8.0);
gradual wavy.

110-120 cm S$1ilt loam, olive yellow (5Y 6/6 with 20% of ped
faces 10YR 4/4) moist; moderate medium subangular blocky and
angular blocky structure; friable, slightly sticky, nonplastic;
very few clay films; 5% gravelsg, 5% cobbles, 10% stones, 10%
boulders; strongly effetvescegt; moderately alkaline (pH 8.0).

W
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K2AS

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf

DATE DESCRIBED: 9-11-79

LOCATION: Kootenail Nat. For., site 2, severe disturbance, first
replication; SW%, SW%, Sec. 15, T32N, R26W

ELEVATION: 1356 m

VEGETATION: SAF/CLUN

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 187 East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 4-0 cm

B2ir 0-18 em Brownish yellow (10YR 6/6) silt, vellowish brown
(10YR 5/8) moist; moderate medium subangular blocky and platy
structure; soft, very friable, nonsticky, nonplastic; many
fine, common medium and few coarse roots; slightly acid (pH
6.3); gradual wavy boundary.

I1A2 18~34 cm White (2.5Y 8/2) silt loam, light yellowish brown
(2.5Y 6/4) moist; moderate medium subangular blocky structure;
slightly hard, firm, nonsticky, nonplastic; 10%Z gravels, 5%
cobblesg, trace stones; common fine and medium and few coarse
roots; medium acid (pH 6.0); diffuse irregular boundary.

ITASB  34~48 cm Very pale brown (10YR 8/3) silt loam, olive yellow
2.5Y 6/6) moist; moderate medium subangular blocky structure;
slightly hard, firm, slightly sticky, nonplastic; very few clay
films; 10% gravels, 5% cobbles; few fine and medium roots;
neutral (pH 7.0); diffuse irregular boundary; horizon 60% I1IAZ,
40% 11B2.

IIB2t  48-60 cm Silt loam, olive yellow (5Y 6/6) moist; strong
coarse subangular blocky structure; friable, slightly sticky,
slightly plastic; very few clay films; trace gravels, 5%
cobbles; few fine roots; neutral (pH 7.0); gradual wavy bound-
ary.,

IIClca 60-82 cm Silt loam, yellow (5Y 7/8 with 15-20% of ped faces
10YR 4/4) moist; moderate medium subangular blocky structure;
friable, slightly sticky, nonplastic; very few clay films; 5%
gravels, 5% cobbles, 5% stones; few fine and medium roots:
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IIC2ca

IIC3ca

IIChca

strongly effervescent; moderately alkaline (pH 8.0); gradual
wavy boundary,

82-120 e¢m Silt loam, olive yellow (5Y 6/6 with 20% of ped
faces 10YR 4/4) moist; moderate medium subangular blocky struc-
ture; friable, slightly sticky, nonplastic; very few clay
films; 5% gravels, 5% cobbles, trace stones; stroungly effer-
vescent; moderately alkaline (pH 8.0); gradual wavy boundary.

120-190 cm S1ilt loam, olive yellow (2.5Y 6/6 with 50% of ped
faces 10YR 4/4) moist; moderate fine and medium subangular
blocky and angular blocky structure; friable, slightly sticky,
nonplastic; very few clay films; 5% gravels, 5% cobbles, trace
stones; strongly effervescent; moderately alkaline (pH 8.0);
indistinct wavy boundary.

190-200 em Fine sand or silt, olive (5Y 5/6) moist; moderate
medium subangular blocky structure; friable, nonsticky, non-
plastic; very few clay films; strongly effervescent; moderately
alkaline (pH 8.0). ‘
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K2BS

CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf

DATE DESCRIBED: 9-11-79

LOCATION: Kootenail Nat. For,, site 2, severe disturbance, second
replication; SW%, NWk, Sec. 22, T32N, R26W

ELEVATION: 1356 m

VEGETATION: SAF/LIBO/CARU

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 20X East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 4-0 cm

B21ir 0-8 em Yellowish brown (10YR 5/6) silt, yellowish brown (10YR
5/8) moist; moderate medium platy and subangular blocky struc-
ture; slightly hard, friable, nonsticky, nonplastic; common
fine and few medium roots; medium acid (pH 6.0); gradual wavy
boundary,

TIA2 8-22 cm §S1ilt loam, light yellowish brown (2.5Y 6/4) moist;
moderate, medium subangular blocky structure; friable, non-
sticky, nonplastic; 5% gravels, 5% cobbles, trace stones; few
fine and medium roots; slightly acid (pH 6.5); gradual wavy
boundary.

- I1A&B  22-32 cm Silt loam, olive yellow (5Y 6/6) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
nonplastic; very few clay films; 5% gravels, 5% cobbles, trace
stones; few fine and medium roots; slightly acid (pH 6.5);
diffuse irregular boundary; horizon 60% ITAZ2, 40% IIB2.

1IB2t  32-47 ¢m S$ilt loam, olive yellow (5Y 6/6) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
slightly plastic; very few clay films; trace gravels, 5%
cobbles, 5% stones; few fine and medium roots; neutral (pH
7.0); gradual wavy boundary.

IIClca 47~97 cm Silt loam, olive yellow (5Y 6/6 with 15% of ped faces
10YR 4/4) moist; strong medium and coarse subangular blocky and
angular blocky structure; friable, slightly sticky, nonplastic;
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IIC2ca

very few clay films; 5% gravels, 5% cobbles; few fine roots;
strongly effervescent; moderately alkaline (pH 8.0); gradual
wavy boundary.

97-200 cm Silt, olive yellow (5Y 6/6 with less than 5% of ped

faces 10YR 4/4); moist; moderate medium subangular blocky and %
angular blocky structure; friable, nonsticky, nonplastic; very

few clay films; trace gravels, trace cobbles, trace stones;

strongly effervescent; moderately alkaline (pH 8.0).
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CATION: fine loamy, mixed Andeptic Cryoboralf
CRIBED: 9-10-79

LOCATION: Kootenai Nat. For., site 3, control, firet replication; NE%,
SW, Sec. 11, T32N, R26W
ELEVATION: 1530 m

VEGETATI

ON: SAF/CLUN

PARENT MATERIAL: Limestone dominated glacial till
SLOPE and ASPECT: 9% South to southwest
DRAINAGE: Well drained

01

A2

B2ir

1IA2

TIA&B

IIB3ca

PROFILE DESCRIPTION
8-0 cm

0-5 cm White (10YR 8/1) silt, dark yellowish brown (10YR 4/4)
mixed with organic material) moist; moderate fine and medium
subangular blocky structure; soft, very friable, nonsticky,
nonplastic; many fine, medium and coarse roots; medium acid (pH
5.8); abrupt wavy boundary.

5-20 c¢cm Brownish yellow (10YR 6/8) silt, yellowish brown

(10YR 5/8) moist; weak fine and medium subangular blocky struc~
ture; soft, very friable, nonsticky, nonplastic; trace gravel,
trace cobbles; common fine, medium and coarse roots; medium
acid (pH 6.0); clear wavy boundary.

20-50 cm Very pale brown (10YR 8/3) silt, olive yellow

(2.5Y 6/6) moist; mwoderate medium subangular blocky structure;
slightly hard, friable, nonsticky, nonplastic; 5% gravels,
trace cobbles, trace stones; few fine and medium roots;
slightly acid (pH 6.5); clear wavy boundary.

50~73 em Silt loam, light olive brown (2.5Y 5/4) moist;
moderate medium subangular blocky structure; firm, slightly
sticky, nonplastic; very few clay films; 5% gravels, 5%
cobbles; few fine roots; neutral (pH 6.7); gradual wavy bound—
ary; horizon 60% IIA2, 40% TIB2,

73-85 cm Silt loam, olive yellow (5Y 6/6) moist; moderate
medium subangular blocky structure; friable, slightly cticky,
slightly plastic; very few clay films; trace gravels, 5%
cobbles, trace stones, trace boulders; few fine and medium
roots; neutral (pH 6.8); gradual wavy boundary.
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IIClca

I1C2ca

IIC3ca

85-140 cm Silt loam, olive yellow (5Y 6/6 with 30% of ped
faces 10YR 4/4) moist; moderate medium subangular blocky and
angular blocky structure; friable, slightly sticky, nonplastic;
very few clay films; 5% gravels, 5% cobbles, 5% stones; few
fine roots; strongly effervescent; moderately alkaline (pH
8.0); gradual wavy boundary.

140-160 cm Silt loam, olive (5Y 5/6 with 50% of ped faces
10YR 4/4) moist; moderate medium subangular blocky and angular
blocky structure; friable, slightly sticky, nonplastic; very
few clay films; 5% gravels, 5% cobbles; trace stomes, trace
boulders; strongly effervescent; moderately alkaline (pH 8.0);
gradual wavy boundary.

160-220 cm Silt loam, olive yellow (5YR 6/8 with 20% of ped
faces 10YR 4/4) moist; moderate medium subangular blocky and
angular blocky structure; friable, slightly sticky, nonplastic;
very few clay films; 5% gravels, trace cobbles, 5% stones;
strongly effervescent; moderately alkaline (pH 8.0).
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K3BC

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf

DATE DESCRIBED: - 9-10-79

LOCATION: Kootenal Nat. For., site 3, control, second replication;
SE%, NW%, Sec. 11, T32N, R26W

ELEVATION: 1530 m

VEGETATION: SAF/CLUN

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 9% South to southwest

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 6~=0 cm

A2 0-5 em Light grey (10YR 7/2) silt, dark yellowish brown
(10YR 4/4) moist; moderate fine and medium subangular blocky
structure; soft, very friable, nonsticky, nonplastic; many
fine, medium and coarse roots; very strongly acid (pH 5.0);
clear smooth boundary.

B2ir 5~23cm Yellowish brown (10YR 5/8) silt, dark yellowish brown
(10YR 4/6) moist; weak medium subangular blocky structure;
soft, very friable, nounsticky, nonplastic; trace cobbles, trace
stones; many fine and common medium and coarse roots; strongly
acid (pH 5.5); clear wavy boundary.

11A2 23-42 em 511t loam, light yellowish brown (10YR 6/4) moist;
moderate medium subangular blocky structure; friable, non-
sticky, nonplastic; 5% gravels, 5% cobbles, 5% stones; few fine
and medium roots; slightly acid (pH 6.5); clear wavy boundary.

TIASB  42-65 e¢m Silt loam, olive yellow (2.5Y 6/6) moist; moderate
medium subangular blocky and angular blocky structure: friable,
slightly sticky, nonplastic; very few clay films; 5% gravels,
trace cobbles, trace stones; few fine and medium roots; neutral
(pH 7.0); gradual wavy boundary; horizon 60% IIA2, 40% IIB2.

IIB2t 65-80 c¢cm Silt loam, light olive brown (2.5Y 5/6) moist;
moderate medium subangular blocky structure; friable, slightly
sticky, nonplastic; very few clay films; 5% gravels, 5%
cobbles, trace stones; few fine roots; neutral (pH 7.0); grad-
ual wavy boundary.
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IIClca

I1IC2ca

I1C3ca

80~120 cm S$ilt loam, olive yellow (5Y 6/6) with 15% of ped
faces (10YR 4/4) moist; moderate fine and medium subangular
blocky structure; friable, slightly sticky, nonplastic; very
few clay films; 5% gravels, 5% cobbles, trace stones; few fine
roots; strongly effervescent; moderately alkaline (pH 8.0);
gradual wavy boundary.

120-175 cm S1ilt loam, olive yellow (5Y 6/8 with 50% of ped
faces 10YR 4/4 and 40% bands of weathered lime) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
nonplastic; very few clay films; 5% gravels, 5% cobbles; very
strongly effervescent, moderately alkaline (pH 8. 0); clear wavy
boundary

175-230 cm. Gravelly silt loam, olive yellow (5Y 6/8 with 50%
of ped faces 10YR 4/4) moist; strong medium and coarse sub-
angular blocky structure; very firm, slightly sticky, non-
plastic; very few clay films; 15% gravels, 5% cobbles, trace
stones; very strongly effervescent; moderately alkaline (pH
8.0).
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K3AM

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf

DATE DESCRIBED: 9-10-79

LOCATION: Kootenail Nat. For., site 3, moderate disturbance, first
replication; NE%, SW%, Sec. 11, T32N, R26W

ELEVATION: 1530 m

VEGETATION: SAF/CLUN

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 11% East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 2-0 cm

B2ir 0-21 cm Silt, yellowish brown (10YR 5/8) moist; moderate
medium and coarse subangular blocky structure; very friable,
nonsticky, nonplastic; many fine, medium and coarse roots;
strongly acid (pH 5.5); clear wavy boundary.

T1TA2 21-43 cm  S1lt loam, light yellowish brown (2.5Y 6/4) moist;
moderate medium subangular blocky structure; friable, non-
sticky, nonplastic; 5% gravels, 5% cobbles, trace stones;
common fine and few medium roots; medium acid (pH 6.0); gradual
wavy boundary.

ITA&B  43-70 cm Silt loam, light yellowish brown (2.5Y 6/4) moist;
moderate medium subangular blocky structure; friable, slightly
sticky, nonplastic; very few clay films; 10% gravels, 5%
cobbles; few fine roots; neutral (pH 7.0); gradual wavy bound-
ary; horizon 70% I1IA2, 307 IIB2.

IIB2t  70-95 cm Silt loam, olive yellow (5Y 6/6) moist; strong
medium and coarse subangular blocky structure; friable,
slightly sticky, slightly plastic; many moderately thick clay
films on face of peds; trace gravels, trace cobbles; few fine
and medium roots; mildly alkaline (pH 7.5); clear wavy bound-
ary.

IIClca 95-125 cm Gravelly silt loam, olive yellow (5Y 6/6) moist; 20%
of ped faces dark yellowish brown (1O0YR 4/4); moderate medium
subangular blocky structure; friable, slightly sticky, non-
plastic, very few clay films; 15% gravels, 5% cobbles, 5%




149
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IICan

stones; few fine rdots;‘sttongly;effervescent; moderately
alkaline (pH 8.0); gradual wavy boundary.

125-230 cm Gravelley silt loam, olive yellow (5Y 6/6) moist;
less than 5% of ped faces dark yellowish brown (1OYR 4/4);
moderately medium subangular blocky structure; friable,
slightly sticky, nonplastic; very few clay films; 15% gravels,
10% cobbles, 5% stones; strongly effervescent, moderately
alkaline (pH 8.0).
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K3BM

CLASSIFICATION: coarse loamy, mixed, cryic Typic Paleboralf (propose
Ardic subgroup)

DATE DESCRIBED: . 9-10~79

LOCATION: Kootenal Nat. For., site 3, moderate disturbance, second
replication; SEX%, Nwk%, Sec. 11, T32N, R26W

ELEVATION: 1530 .m

VEGETATION: SAF/CLUN

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 11% East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 20 cem
A2 0-2 cm Horizon very thin and discontinuous.

B2ir 2-23 cm 81ilt, yellowish brown (10YR 5/8) moist; moderate
medium subangular blocky structure; very friable, nonsticky,
nonplastic; trace gravels; many medium and coarse and common
fine roots; medium acid (pH 6.0); clear wavy boundary.

1IA2 23=56 cm Silt loam, light yellowish brown (2.5Y 6/4) molst;
moderate medium subangular blocky structure; friable, non- ;
sticky, nonplastic; 10% gravels, 5% cobbles, trace stones; few
fine and medium roots; slightly acid (pH 6.5); gradual wavy
boundary.

ITA&B  56-85 cm S1ilt loam, light yellowish brown (2.5Y 6/4) moist:
moderate medium subangular blocky structure; friable, non-
sticky, nonplastic; very few clay films; 10% gravels, trace
cobbles; few fine and medium roots; slightly acid (pH 6.5);
gradual wavy boundary; horizon 607 ITA2, 40% IIB2.

LIB2t  85-125 em S1iit loam, olive yellow (5Y 6/6) moist; moderate
medium subangular blocky and angular blocky structure; friable,
slightly sticky, slightly plastic; many moderately thick clay
films on. face of peds; 5% gravels, 5% cobbles; few fine and
medium roots; neutral (pH 6.7); diffuse irregular boundary.

1IClca 125-160 cm Silt loam, light olive brown (2.5Y 5/4) moist; 60%
of ped faces dark yellowish brown (10YR 4/4); moderatc medium
subangular blocky structure; firm, slightly sticky, slightly
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K3BM Continued -

1IC2ca

plastic; very few clay films; 5% gravels, 5% cobbles; strongly
effervescent; moderately alkaline (pH 8.0); gradual wavy bound-

ary.

160-230 cm Silt loam, olive (5Y 5/6) moist; 20% of ped faces
dark yellowlsh brown (10YR 4/4); moderate medium subangular
blocky structure; friable, slightly sticky, nonplastic; very
few clay films; 5% gravels, 5% cobbles; strongly effervescent;
moderately alkaline (pH 8.0).
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K3AS

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf
DATE DESCRIBED: 9-10-79
LOCATION: Kootenai Nat. For., site 3, severe disturbance, first

replication; NEY%, SW%, Sec. 11, T32N, R26W

ELEVATION: 1530 nm

VEGETATION: SAF/CLUN

PARENT MATERIAL: Limestone dominated glacial till
SLOPE and ASPECT:; 10% East to southeast

DRAINAGE: Well drained

B2ir

11A2

ITA&B

I1B2t

I11Clca

PROFILE DESCRIPTION

0-25 ecm Silt, yellowish brown (10YR 5/8) moist; strong coarse
subangular blocky and platy structure; friable, nonsticky,
nonplastic; few fine, medium and coarse roots; strongly acid
(pH 5.3).

25~55 cm White (2.5Y 8/2) silt loam, light yellowish brown
(2.5Y 6/4) moist; moderate medium subangular blocky structure;
soft, friable, nonsticky, nonplastic; 10% gravels, 5% cobbles;
few fine, medium and coarse roots; strongly acid (pH 5.5).

55-80 cm S1lt loam, light yellowish brown (2.5Y 6/4) moist;
moderate medium subangular blocky structure; friable, slightly
sticky, nonplastic; very few clay films; 5% gravels, 5%
cobbles; few fine and medium roots; medium acid (pH 6.0);
horizon 60% IIA2, 40% I1B2,

80-110 cm Silt loam, olive yellow (2.5Y 6/6) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
nonplastic; very few clay films; 5% gravels, 5% cobbles, trace
stones; few fine and medium roots; slightly acid (pH 6.5).

110-140 cm Silt loam, olive yellow (5Y 6/6); 70% ped faces
coated dark yellowish brown (10YR 4/4); moderate medium sub-
angular blocky and angular blocky structure; friable, slightly
sticky, nonplastic; very few clay films; 5% gravels, 5%
cobbles, 5% stones; strongly effervescent; neutral (pH 7.3).
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K3AS Continued -

IIC2ca 140-230 cm Gravelly silt loam, &live yellow (5Y 6/6) moist;
25% ped faces dark yellowish brown (10YR 4/4); moderate medium
subangular blocky structure; friable, slightly sticky, non-
plastic; very few clay films; 15% gravels, 10% cobbles, 5%
stones; strongly effervescent; mildly alkaline (pH 7.5).
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K388

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf

DATE DESCRIBED: = 9-10-79

LOCATION: Kootenal For., site 3, severe disturbance, second replica-
tion; SEY%, NWY%, Sec. 11, T32N, R26W

ELEVATION: 1530 m

VEGETATION: SAF/CLUN

PARENT MATERIAL: Limestone dominated glacial till

SLOPE and ASPECT: 11% East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 5-0 cm

B2ir 0~20 cm Silt, yellowish brown (10YR 5/8) moist; strong coarse
subangular blocky and platy structure; friable, nonsticky,
nonplastic; trace cobbles; common fine and many medium and
coarse roots; slightly acid (pH 6.5); clear wavy boundary.

IIA2 20-37 cm Silt loam, light olive brown (2.5Y 5/4) moist;
moderate medium subangular blocky structure; friable, non-
sticky, nonplastic; 5% gravels, 5% cobbles; few fine, medium
and coarse roots; neutral (pH 6.7); gradual wavy (broken)
boundary.

ITA&B  37-52 cm Silt loam, pale olive (5Y 6/4) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
nonplastic; very few clay films; trace gravels, 5% cobbles; few
fine and medium roots; mildly alkaline (pH 7.5); diffuse irreg-
ular boundary; horizon 60% IIA2, 40% IIB2,

1IB2t. 52-88 cm Heavy silt loam, light olive brown (2.5Y 5/6) moist;
moderate medium subangular blocky structure; friable, sticky,
slightly plastic; very few clay films; 5% gravels; few fine and
medium roots; mildly alkaline (pH 7.5); gradual wavy boundary.

IIClca 88~110 cm Heavy silt loam, olive yellow (5Y 6/6) moist; 10%
ped faces dark yellowish brown (10YR 4/4); moderate medium
subangular blocky structure; friable, slightly sticky, slightly
plastic; very few clay films; trace gravels, 5% cobbles;
strongly effervescent; moderately akaline (pH 8.0); clear wavy
boundary.
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K3BS Continded -

I1C2ca

IIC3ca

110~140 cm Silt loam, olive yellow (5Y 6/6 with 60% of ped
faces 10YR 4/4) moist; moderate fine and medium subangular
block and angular blocky structure; firm, slightly sticky,
slightly plastic; trace gravels, trace cobbles; strongly effer~
vescent; moderately alkaline (pH 8.0); clear wavy boundary.

140-200 em Silt loam, olive (5Y 5/6) moist; 25% ped faces dark
yellowish brown (10YR 4/4); moderate medium subarngular blocky
and angular blocky structure; firm, slightly sticky, slightly
plastie;; 5% gravels, trace cobbles; strongly effervescent;
moderately alkaline (pH 8.0).
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APPENDIX IV
SOIL PROFILE DESCRIPTIONS FOR PEDONS
FORMING IN QUARTZITE DOMINATED GLACTAL TILL

PARENT MATERIAL
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F2AC

CLASSIFICATION: coarse loamy, mixed, cryic Andeptic Cryoboralf

DATE DESCRIBED: 8-19-79

LOCATION: Flathead Nat, For., site 2, control, first replication; SW%,
NEY%, Sec. 16, T29N, R25E

ELEVATION: 1402 m

VEGETATION: AF/VACA

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT:; 8-10% East to southeast

DRAINAGE: Well drained

PROFILFE DESCRIPTION
01 9-0 cm.,

B2ir 0-29 em Silt loam, dark yellowish brown (10YR 3/4) moist;
moderate medium subangular blocky structure; soft friable,
nonsticky, nonplastic; 10% cobbles, 5% stones, 10Z boulders;
common fine, medium and coarse roots; very strongly acid (pH
4.7); clear smooth boundary.

TIA2 29-69 cm White (2.5Y 8/1) silt, pale olive (5Y 6/4) moist;
~ weak fine subangular blocky to granular structure; soft, fri-
able, nonsticky; 15% gravels, trace cobbles, trace stones; few
fine, medium and coarse roots; extremely acid (pH 4.5); gradual
irregular boundary.

IIA&B  69-116 ecm Silt, reddish brown (5YR 5/3) moist; moderate medium
subangular blocky structure; friable, nonsticky, nomplastic;
many moderately thick clay films on face of peds; few fine and
medium roots; strongly acid (pH 5.5); gradual wavy boundary;
horizon 60% 1IA2, 40% IIB2, '

TIC1 116-163 em Silt, greyish brown (10YR 5/2) moist; moderate
medium subangular blocky structure; friable, nonsticky, non-
plastic; many moderately thick clay films on face of peds and
line pores; neutral (pH 7.0).
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F2BC

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf

DATE DESCRIBED: 8-~18-79

LOCATION: Flathead Nat. For., site 2, control, second replication;
Swk, NEY%, Sec. 16, T29N, R25W

ELEVATION: 1402 m

VEGETATION: AF/VACA

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 8-10% East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION

B2ir 0~20 cm Light brown to pinkish grey (7.5YR 6/3) silt loam,
dark yellowish brown (10YR 4/4) moist; moderate medium subangu-
lar blocky structure; soft, very friable, nonsticky, non-
plastic; many fine and few medium and coarse roots; extremely
acid (pH 4.5); gradual wavy boundary,

TIA2 20-70 cm  White to pinkish white (7.5YR 8/1) cobbly silt loam,
pale olive (5Y 6/4) moist; weak fine subangular blocky to
granular structure; slightly hard, friable, nonsticky, non-
plastic; few fine and medium roots; slightly acid (pH 6.3);
gradual irregular boundary.

IIA&B  70-113 cm Gravelly silt loam, olive brown to dark greyish
brown (2.5Y 4/3) moist; moderate medium subangular blocky
structure; firm, slightly sticky, nonplastic; many moderately
thick clay films on face of peds and lining pores; few fine
roots; neutral (pH 7.0); gradual wavy boundary; horizon 60%
IIA2, 40% I1B2,

11Cl 113-150 em Silt loam, brown (7.5YR 5/3) moist; strong coarse
' subangular blocky structure; firm, slightly sticky, slightly
- plastic{ continuous thick clay films on face of peds; moder-
ately alkaline (pH 8.0). ‘
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F2AM

CLASSIFICATION: coarse loamy, mixed cryic Typic Paleboralf

DATE DESCRIBED: 8-18-79

LOCATION: Flathead Nat. For., site 2, moderate disturbance, first
replication; Swk, WE%, Sec. 16, T29N, R25W

ELEVATION: 1402 m '

VEGETATION: AF/VACA

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 8-10% East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 7-0 cm.

B2ir 0-12 cm Very pale brown (10YR 7/3) silt loam, dark yellowish
brown (1OYR 4/4) moist; moderate medium subangular blocky
structure; slightly hard, firm, slightly sticky, slightly
plastic; 10% gravels, 5% cobbles, 10% stones; many fine and
common medium and coarse roots; strongly acid (pH 5.3); clear
wavy boundary.

ITA2 12-76 cm White (2.5Y 8/1) gravelly silt loam, light brown to

pinkish grey (7.5YR 6/3) moist; weak fine subangular blocky to
granular structure; loose, friable, nonsticky, nonplastic; few
fine roots; medium acid (pH 6.0); diffuse irregular boundary.

IIAGB  76~103 em S1ilt loam, pale olive (5Y 6/4) moist; moderate
medium subangular blocky structure; friable, nonsticky, non-
plastic; common thin clay films on face of peds; neutral (pH
7.0); gradual wavy boundary; horizon 60% I1IA2, 40% IIB2.

11Cl 103-155 em Silt loam, pale olive (5Y 6/3) moist; strong
coarse subangular blocky structure; firm, nonsticky, nonplas-
tic; continuous thick clay films on face of peds; mildly
alkaline (pH 7.5).
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F2BM

CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf

DATE DESCRIBED: 8-18-79 ; :

LOCATION: Flathead Nat, For., site 2, moderate disturbance, second
replication; Swk, NE%, Sec. 16, T29N, R25W

ELEVATION: 1402 m

VEGETATION: " AF/VACA

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 8-10% East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 7-0 cm.

B2ir 0-15 cm Light brown (7.5YR 6/4) silt loam, brown to dark brown
(7.5YR 4/4) moist; moderate medium subangular blocky structure;
slightly hard, friable, nonsticky, nonplastic; common fine and
medium and few. coarse roots; strongly acid (pH 5.3); clear wavy
boundary.

IIA2 15-71 cm White (2.5Y 8/1) gravelly silt loam, light brown to
pinkish grey (7.5YR 6/3) moist; moderate medium subangular
blocky structure; slightly hard, friable, nonsticky, nonplas~
tic; some cobbles; few fine medium and coarse roots; strongly
acid (pH 5.5); gradual wavy boundary.

IIA&B  71-115 em Silt loam, brown (7.5YR 5/3) moist; moderate medium
subangular blocky structure; firm, slightly sticky, slightly
plastic; many moderately thick clay films on face of peds and
lining pores; neutral (pH 7.0); clear wavy boundary; horizon
60% IIA2, 40% 1IB2.

IIC1 115-157 cm  Silty clay, pale olive (5Y 6/3) moist; strong
medium subangular blocky structure; firm, sticky, slightly
plastic; continuous moderately thick clay films on face of
peds; mildly alkaline (pH 7.5).
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F2A8

CLASSIFICATION: coarse loamy, mixed, Andeptic Cryoboralf

DATE DESCRIBED: 8-19-79

LOCATION: Flathead Nat. For., site 2, severe disturbance, first
replication; SWk%, NE%, Sec. 16, T29N, R25W

ELEVATION: 1402 m

VEGETATION: AF/VACA

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 8-10% East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 2-0 cm.

B2lir 0-6 cm Pink to pinkish grey (7.5YR 7/3) silt loam, dark
yellowish brown (10YR 4/4) moist; weak medium platy and strong
coarse subangular blocky structure; soft, friable, nonsticky,
nonplastic; 10% cobbles; common fine and few medium and coarse
roots; extremely acid (pH 4.3); clear smooth boundary.

B22ir = 6-30 cm Brown (7.5YR 5/4) silt loam, yellowish brown
(10YR 5/4) moist; moderate medium subangular blocky and angular
blocky structure; slightly hard, firm, nonsticky, nonplastic;
10% gravels, 15% cobbles; common fine and few medium and coarse
roots; very strongly acid (pH 4.7); clear smooth boundary.

1IA2 30-78 cm White (2.5Y 8/1) gravelly silt, pale olive (5Y 6/3)
moist; moderate medium subangular blocky to granular structure;
slightly hard, friable, nonsticky, nonplastic; trace cobbles;
few fine, medium and coarse roots; very strongly acid (pH 5.0);
clear wavy boundary.

I1A&B  78-121 cm Gravelly silt, olive (5Y 5/3) moist; moderate
medium subangular blocky structure; friable, nonsticky; many
thin clay films on face of peds and line pores; strongly acid
(pH 5.5); clear wavy boundary; horizon 60% 11A2, 40% IIB2,

1IC 121-168 em Silt loam, brown (7.5YR 5/2) moist; strong medium
subangular blocky structure; friable, slightly sticky, slightly

plastic; many thin clay films on face of peds; medium acid (pH
6.0). -




162

F2BS

CLASSIFICATION: coarse loamy, mixed Typic Cryochrept

DATE DESCRIBED: 8-19-79

LOCATION: Flathead Nat, For., site 2, severe disturbance, second
replication; SWk, NE%, Sec. 16, T29N, R25W

ELEVATION: 1402 m

VEGETATION: AF/VACA

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 8-10% East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 2=0 cm,

B2ir 0-11 cm Light grey to pale yellow (2.5Y 7/3) silt loam, dark
yellowish brown (10YR 4/4) moist; moderate medium platy struc-
ture; slightly hard, firm, slight sticky, slightly plastic;
many fine and common medium roots; strongly acid (pH 5.5);
clear smooth boundary.

11A2 © 11-62 cm White (2.5Y 8/1) gravelly silt, pale olive (5Y 6/4)
moist; moderate medium subangular blocky structure; hard, firm,
nonsticky, nonplastic; 10% cobbles, trace stones, trace
boulders; few fine roots; very strongly acid (pH 4.7); diffuse
irregular boundary.

ITA&B  62-112 cm Gravelly silt, brown (7.5YR 5/3) moist; moderate
medium subangular blocky structure; friable, nonsticky, non-
plastic; common thin clay films of face of peds; 10% cobbles,
5% stones; medium acid (pH 6.0); clear smooth boundary; horizon
60% ITA2, 407 11B2.

1ICl 112~124 cm  Silt, light brownish gray (10YR 6/2) moist; weak
- medium angular blocky structure; friable, nonsticky, nonplag-
tic; neutral (pH 7.0); clear wavy boundarty.

1IC2 124~184 cm Silt, greyish brown (10YR 5/2) moist; strong coarse
subangular blocky structure; firm, nonsticky, nonplastic; many
thin clay films on face of peds; trace gravels, 5% cobbles, 5%
boulders; neutral (pH 7.0).
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F3AC

CLASSIFICATION: coarse loamy, mixed Andic Cryochrept

DATE DESCRIBED: 8-19-79 .

LOCATION: Flathead Nat., For., site 3, control, first replication; NWi,
SEX%, Sec. 9, T29N, R25W

ELEVATION: 1402 m

VEGETATION: AF/VACA

PARENT MATERTAL: Quartzite dominated glacial till

SLOPE and ASPECT: 8-107 East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 4-0 cm.

A2 0-4 cm Pale brown (10YR 6/3) silt, dark yellowish brown
(10YR 4/4) moist; weak fine subangular blocky to granular
structure; soft, very friable; nonsticky, nonplastic; many
fine, medium and coarse roots; very strongly acid; clear smooth
boundary.

B2ir 4-20 em Yellowish brown (10YR 5/8) silt, strong brown (7.5 YR
4/6) moist; moderate medium subangular blocky structure; soft,
very friable, nonsticky, nonplastic; trace cobbles; common
fine, medium and coarse roots; slightly acid (pH 6.5); clear
wavy boundary.

IIA2 20-80 cm White (10YR 8/1) gravelly silt loam, light yellowish
brown (10YR 6/4) moist; moderate medium subangular blocky
structure; slightly hard, friable, nonsticky, nonplastic; 15%
gravels, 5% cobbles; few fine and medium roots; very strongly
acid (pH 4.5) gradual irregular boundary.

IIA&B  80-130 cm Light grey (2.5Y 7/2) gravelly silt loam, light
olive brown (2.5Y 5/4) moist; moderate medium subangular
blocky structure; slightly hard, friable, slightly sticky,
nonplastic; very few clay films; 15% gravels, 5% cobbles, 5%
stones, 5% boulders; few fine and medium roots; medium acid (pH
6.0); gradual irregular boundary; horizon 80% IIA2, 20% IIB2.

1ICl 130-200 em Gravelly silt loam, yellowish brown (1OYR 5/4)
moist; moderate medium subangular blocky structure; friable,
slightly sticky; common moderately thick clay films on face of
peds; mildly alkaline (pH 7.5).
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F3BC

CLASSIFICATION: coarse loamy, mixed Dystric Cryochrept

DATE DESCRIBED: 8-19-79 ’

LOCATION: Flathead Nat. For., site 3, control, second replication;
NwY%, SEX%, Sec. 9, T29N, R25W

ELEVATION: 1463 m

VEGETATION: AF/VACA

PARENT -MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 15% East to northeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 6~0 cm.

A2 0-3 em Light grey (10YR 7/2) silt, very dark greyish brown
(10YR 3/2) moist; weak fine subangular blocky structure; soft,
very friable; nonsticky, nonplagticj many fine, medium and
coarse roots; very strongly acid (pH 5.0); clear smooth bound-
ary.

B2ir 3-15 cm Light yellowish brown (10YR 6/4) silt, dark yellowish
brown (lL0YR 4/4) moist; moderately fine subangular blocky
structure; soft, very friable, nonsticky, nonplastic; 10%
gravels; many fine, medium and coarse roots; medium acid (pH
6.0); clear smooth boundary.

IIA2 15-53 cm  White (2.5Y 8/2) silt loam, light yellowish brown
(2.5Y 6/4) moist: moderate fine angular blocky structure;
slightly hard, firm, sticky, slightly plastic; 5Z gravels, 5%
cobbles; few fine medium and coarse roots; very strongly acid
(pH 4.5); clear wavy boundary.

IIA&B  53-92 cm Very gravelly silt, olive (5Y 5/4) moist; weak very
fine subangular blocky to granular structure; friable, non-
sticky, nonplastic; 60% gravels, 15% cobbles, 5% stones; few
fine roots; slightly acid (pH 6.3); clear wavy boundary; hori-
zon 80% TTA2, 20% 11B2.

1IC 92-148 cm Very gravelly silt, pink to pinkish grey (7.5YR 7/3)
moist; weak fine granular structure; very friable, nonsticky,
nonplastic; 50% gravels, 15% cobbles, 102 stones, 5% boulders;
slightly acid (pH 6.5). ‘



1y

L]

165
F3AM

CLASSIFICATION: coarse loamy, mixed Andic Cryochrept

DATE DESCRIBED: 8-20-79

LOCATION: TFlathead Nat., For., site 3, moderate disturbance, first
replication; NWY%, SE)X, Sec. 9, T29N, RZ5W

ELEVATION: 1463 m

VEGETATION: AF/VACA

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 147 East to socutheast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 6-0 cm,

A2 0-3 cm. Pinkish white (7.5 YR 8/2) silt, dark brown (7.5YR 3/4)
moist; moderate coarse platy structure; soft, friable, non-
sticky, nonplagtic; many fine and common medium and coarse
roots; very strongly acid (pH 5.0); clear smooth boundary.

B2ir 3-32 cm Yellowish brown (10YR 5/6) silt, yellowish red
(5YR 4/6) moist; moderate medium subangular blocky structure;
loose, friable, nonsticky, nonplastic; 5% cobbles, 5% stones;
common fine and few medium and coarse roots; strongly acid (pH
5.5); clear smooth boundary.

ITA2 32-74 cm Gravelly silt, light brown to pinkish grey
(7.5YR 6/3) moist; moderate medium subangular blocky and angu-
lar blocky structure; friable, nonsticky, nonplastic; 20%
gravels, 10% cobbles, 5% stones; few fine, medium and coarse
roots; strongly acid (pH 5.5); gradual wavy boundary.

1TA&B  74-124 cm Gravelly silt, olive (5Y 5/4) moist; moderate
medium subangular blocky and angular blocky structure; firm,
nonsticky, nonplastic; 25% gravels, 5% cobbles, 5% stones; few
fine roots; strongly acid (pH 5.5); clear wavy boundary; hori-
zon 60% IIA2, 40% IIB2.

11C 124~176 cm Gravelly silt, olive (5Y 5/4) moilst; moderate
medium angular blocky structure; friable, nonsticky, nonrlas-
tic; 15% gravels, 5% cobbles, 3% stones, trace boulders;
strongly acid (pH 5.5).
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F3IBM

CLASSIFICATION: coarse loamy, mixed Andic Cryochrept

DATE DESCRIBED: 8-20-79

LOCATION: Flathead Nat, For., site 3, moderate disturbance, second
replication; NWY%, SE%, Sec. 9, T29N, R25W

ELEVATION: 1463 m

VEGETATION: AF/VACA

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 15% East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 . 3-0 cm

B2ir 0-30 cm Yellow (10YR 7/6) silt, olive brown (2.5Y 4/6) moist;
moderate medium subangular blocky structure; loose, very fri-
able, nonsticky, nonplastic; trace stones, trace boulders; many
fine and common medium and coarse roots; very strongly acid (pH
4.7); clear smooth boundary,

TIA2 30-75 cm Silt, pale olive (5Y 6/4) moist; moderate medium
subangular blocky structure; very hard, very firm, nonsticky;
partially rounded, 5% cobbles, trace stones; few fine and
medium roots; extremely acid (pH 4.3); clear wavy boundary.

TIA&B ~ 75~125 em Silt, light brown to pinkish grey (7.5YR 6/3) moist;
moderate medium subangular blocky structure; friable, non-
sticky, nonplastic; 10% gravels, 5% cobbles, 5% stones; few
fine roots; strongly acid (pH 5.5); gradual wavy boundary;
horizon 60% IIA2, 40% I1IB2.

I1IC1 125~140 em Gravelly silt loam, olive (5Y 5/4) moist; mottles
of 5YR 7/8; moderate medium subangular blocky structure; fri-
able, nonsticky, nonplastic; few thin clay films on face of
peds; 20% gravels, 107 cobbles, 5% stones, 5% boulders;
strongly acid (pH 5.5); clear smooth boundary.

1ICc2 140-165 cm Silt, olive (5Y 5/4) moist; weak medium subangular
blocky structure; very friable, nonsticky, nonplastic; very few
clay films; 5% gravels; slightly acid (pH 6.3).

NOTE: 20% stones and boulders on surface,
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F3AS

CLASSIFICATION: coarse loamy, mixed Dystric Cryochrept

DATE DESCRIBED: 8-20-79

LOCATION: Flathead Nat. For., site 3, severe disturbance, first
replication; NW4, SEY%, Sec. 9, T29N, R25W

ELEVATION: 1463 m

VEGETATION: AF/VACA

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 8% East to southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 7-0 cm.,

A2 0-3 cm Light grey (10YR 7/2) silt, dark yellowish brown
(10YR 3/4) moist; weak medium platy structure; very strongly
acid (pH 4.5).

B2ir 3-16 em S1ilt, dark yellowish brown (10YR 4/4) moist; moderate
medium subangular blocky structure; friable, nonsticky, non-
plastic; many fine and few medium and coarse roots; strongly
acid (pH 5.5); clear smooth boundary.

TIA2 16-92 cm White to pinkish white (7.5YR 8/1) gravelly silt,
pale olive (5Y 6/4) moist; moderate medium subangular blocky
and angular blocky structure; slightly hard, firm, nonsticky,
nonplastic; 15% gravels, 5% cobbles, 5% atones; few fine and
medium roots; slightly acid (pH 6.3); clear wavy boundary.

ITA&B  92-135 em Gravelly silt loam, olive (5Y 5/4) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
nonplastic; very few clay films; 15% gravels, 5% cobbles, 5%
stones; few fine roots; strongly acid (pH 5.5); clear wavy
boundary; horizon 60% IIA2, 40% IIB2,

11Cl 135-150 em Gravelly silt loam, pale olive (5Y 6/4) moist;
moderate medium subangular blocky and angular blocky structure;
friable, slightly sticky; very few clay films; trace gravels;
neutral (pH 7.0); clear smooth boundary.
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F3AS Continued -~

11C2 150-192 ecm - Gravelly silt, pale olive (5Y 6/4) moist; moderate
medium gubangular blocky structure; friable, nonsticky, non-
plastic; very few clay films; 15% gravels, 5% cobbles; neutral

(pH. 7.0).
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F3BS

CLASSIFICATION: coarse loamy, mixed Andic Cryochrept

DATE DESCRIBED: 8-20-79

LOCATION: Flathead Nat. For., site 3, severe disturbance, second
replication; NWk, SEX, Sec. 9, T29N, R25W

ELEVATION: 1463 m \

VEGETATION: AF/VACA

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 14% Kast to southeasgt

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 5-0 cm.

A2 0-2 em Light grey (10YR 7/2) silt, dark yellowish brown
(10YR 3/4) moist; mottles 10YR 5/6; moderate medium platy
structure; slightly hard, firm, nonsticky, nonplastic¢; many
fine, common medium and few coarse roots; very strongly acid
(pH 5.0); clear smooth boundary.

B2ir 2-29 cm Light brown (7.5 YR 6/4) silt, dark yellowish brown
(10YR 4/4) moist; moderate medium subangular blocky structure;
soft, friable, nonsticky, nonplastic; 5% gravels, 5% cobbles;
common fine and few medium and coarse roots; medium acid (pH
6.0); clear smooth boundary.

IIA2 29-62- cm White to pinkish white (7.5YR 8/1) gravelly silt,
olive (5Y 5/4) moist; weak fine angular blocky and subangular
blocky structure; soft, friable, nonsticky, nonplastic; 15%
gravels, 5% cobbles, 5% stomes; slightly acid (pH 6.2); clear
wavy boundary.

IIA&B  62-121 cm Gravelly silt, brown (7.5YR 5/3) moist; moderate
medium subangular blocky structure; friable, nonsticky, non-
plastic; very few clay films; 20% gravels, 5% cobbles, 5%
stones, 5% boulders; very strongly acid (pH 5.0); gradual wavy
boundary; horizon 60% IIA2, 40% IIB2,

II1Cl 121-175 em Gravelly silt, brown (7.5YR 5/3) moist; moderate
medium subangular blocky structure; friable, nonsticky, non-
plastic; very few clay films; 20X gravels, 5% cobbles, 5%
stones; strongly acid (pH 5.5).
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K1AC

CLASSIFICATION: coarse loamy, mixed Andéptic Cryoboralf

DATE DESCRIBED:  9-9-79

LOCATION: Kootenai Nat. For., site 1, control, first replication; SEX%,
SWH, See.l2, T32N, R27W

ELEVATION: 1402 m

VEGETATION: SAF/LIBO/XETE

" PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 5% South to Southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 10-0 cm

A2 0-5 cm Light gray (10YR 7/1) silt, grayish brown (10YR 5/2)
moist; weak fine subangular blocky and angular blocky struc-
ture; soft, very friable, nonsticky, nonplastic; many fine,
medium and coarse roots; very strongly acid (pH 4.5); clear
smooth boundary.

B2ir 5-30 cm Yellow (10YR 7/6) silt, brownish yellow (10YR 6/8)
moist; weak fine subangular blocky to granular structure;
loose, very friable, nonsticky, nonplastic; 5% gravels, 5%
cobbles; many fine, medium and common coarse roots; neutral (pH
6.8); clear smooth boundary,

I1A2 30-58 ¢cm White (1OYR 8/2) silt, light yellowish brown
(10YR 6/4) moist; moderate medium subangular blocky structure;
slightly hard, friable, nonsticky, nonplastic; 10X gravels, 5%
cobbles, 5% stones, 5% boulders; common fine and medium, few
coarse roots; slightly acid (pH 6.2); gradual wavy boundary.

IIA&B 58-98 cm Yellow (2.5Y 7/8 with 15-20% 7.5YR 7/8) silt loanm,
olive yellow (2.5Y 6/6) moist; moderate medium subangular
blocky structure; friable, slightly sticky, slightly plastic;
very few clay films; 5% gravels, 5% cobbles, 5% stones, 5%
boulders; few fine and medium roots; slightly acid (pH 6.5);
clear wavy boundary.

IIClca 98-150 cm Silt loam, olive yellow (2.5Y 6/6) moist; weak fine
subangular blocky and moderate medium subangular blocky struc-
ture; friable, slightly sticky, nonplastic; very few clay

I
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K1AC Continued -

1IC2ca

films; 10% gravels, trace stones; few fine, medium and coarse
roots; violently effervescent; moderately alkaline (pH 8.0);
gradual wavy boundary.

150-180 cm Silt loam, olive Yellow (5Y 6/6) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
nonplastic; very few clay films; 5% gravels, 5% cobbles, trace
stones; violently effervescent; moderately alkaline (pH 8.0);
clear wavy boundary. \
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K1BC

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf

DATE DESCRIBED: ' 9-9-79

LOCATION: Kootenal Nat., For., site 1, control, second replication;
NWk, Sec. 13, T32N, R27W

ELEVATION: 1402 m

VEGETATION: SAF/LIBO/XETE

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 14%Z South to Southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 6-0 cm

A2 0~5 cm Light grey (2.5Y 7/2) silt, dark yellowish brown
(10YR 4/4) moist; weak fine subangular blocky to granular
structure; soft, very friable, nonsticky, nonplastic; many
fine, medium, and coarse roots; very strongly acid (pH 5.0);
clear smooth boundary.

B2ir 5~22 cm Brownish yellow (10YR 6/6), silt, dark yellowish brown
(10YR 4/6) moist; weak fine subangular blocky to granular
structure; soft, very friable, nonsticky, nonplastic; trace
gravels, 5% cobbles; many fine, medium, and coarse roots;
medium acid (pH 6.0); gradual wavy boundary.

ITA2 22-43 e¢m  White (2.5Y 8/2) silt loam, very pale brown
(10YR 7/4) moist; moderate medium subangular blocky structure;
slightly hard, firm, nonsticky, nonplastic; 5% gravels, 5%
cobbles, 5% stones, 5% boulders; common fine and medium and few
coarse roots; strongly acid (pH 5.5); gradual wavy boundary.

IIA&B  43-115 em Yellow (2.5Y 7/6) silt loam, olive yellow (2.5Y 6/6)
moist; moderate medium subangular blocky structure; slightly
‘hard, firm, slightly sticky, slightly plastic; very few clay
films; 5% gravels, 5% cobbles, 5% stones, 5% boulders; common
fine and few medium roots; mildly alkaline (pH 7.5); diffuse
irregular boundary.

IIClca 115-175 cm S$1lt loam, olive yellow (2.5Y 6/6, with 10YR 5/6 on
50% of ped faces) molst; moderate medium subangular blocky and
angular blocky structure; friable, slightly sticky, slightly
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I1C2ca

plastic; very few clay films; trace gravels, 5% cobbles, 5%
stones, 5% boulders; few fine and medium roots; moderately
alkaline (pH 8.0); gradual wavy boundary.

175-200 c¢cm Silt loam, olive yellow (2.5Y 6/6 with 20% of ped
faces 10YR 5/6) moist; moderate medium subangular blocky and
angular blocky structure; friable, slightly sticky, slightly
plastic; very few clay films; trace gravel, 5% cobbles, 5%
stones; moderately alkaline (pH 8.0); indistinct wavy boundary.
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K1AM

CLASSIFICATION: 'coarse loamy, mixed Andic Cryochrept

DATE DESCRIBED: 9-9-79

LOCATION: Kootenal Nat. For., site 1, moderate disturbance, first
replication; SEk, SW, Sec. 12, T32N, R27W

ELEVATION: 1402 m

VEGETATION: SAF/LIBO/XETE ‘

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 10X East to Southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION

01 8-0 cm

A2 0~7 em Light gray (10YR 7/2) silt, brown (10YR 5/3) moist;
weak fine subangular blocky to platy stricture; soft, very
friable, nonsticky, nonplastic; very few clay films; many fine
and medium and few coarse roots; strongly acid (pH 5.5); grad-
uval wavy boundary. :

B2ir 7-22 cm  Yellowish brown (10YR 5/8) silt, dark yellowish brown
(10YR 4/6) moist; moderate medium subangular blocky to granular
structure; soft, very friable, nonsticky, nonplastic; very few
clay films; trace gravels, trace cobbles; many fine, common
medium and few coarse roots; medium acid (pH 6.0); gradual wavy
boundary,

TIA2 22-50 cm Very pale brown (10YR 8/3), gravelly silt loam, olive
\ yellow (2.5Y 6/6) moist; moderate medium subangular blocky
structure; slightly hard, friable, nonsticky, nonplastic; very
few clay films; 15% gravels, 5% cobbles; few fine and medium
roots; strongly acid (pH 5.5); gradual wavy boundary.

IIA&B 50-130 cm Silt loam, olive yellow (5Y 6/8) moist; strong fine
\ to medium subangular block structure; friable, slightly sticky,
nonplastic; very few clay films; 5% gravels, 5% cobbles, 5%
stones; few fine roots; neutral ‘(pH 7.0); diffuse wavy bound-
ary; horizonm 70% IIA2, 30% IIB2.

IICl  130-145 cm Silt loam, olive yellow (5Y 6/8 with 15% 10YR 5/4);
moist; moderate fine subangular blocky and angular blocky
structure; friable, slightly sticky, nonplastic; very few
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K1AM Continued -

IIC2

clay films; 5% gravels, 5% cobbles, 5% stones; strongly effer-
vescent; moderately alkaline (pH 8.0); gradual wavy boundary.

145-190 cm Silt loam, olive yellow .(5Y 6/8 with trace of brown
coatings) moist; moderate medium subangular blocky and angular
blocky structure; friable, slightly sticky, slightly plastic;
very few clay films; 5% gravels, 5% cobbles, trace stones;
strongly effervescent; moderately alkaline (pH 8.0); clear wavy
boundary.
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K1BM

CLASSIFICATION: coarse loamy, mixed Andic Cryochrept

DATE DESCRIBED: 9-9-79

LOCATION: Kootenai Nat. For., site 1, moderate disturbance, second
replication; E%, NWk%, Sec. 13, T32N, R27W

ELEVATION: 1402 m

VEGETATION: SAF/LIBO/XETE

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 7% East to Southeast

DRAINAGE: Well drained :

PROFILE DESCRIPTION
01 8-0 cm

A2 0-6 cm. White (2.5Y 8/2 with mixed organic material) silt,
brown (10YR 5/3) moist; moderate medium subangular blocky

structure; slightly hard, friable, nonsticky, nonplastic; many
fine, medium and coarse roots; strongly acid (pH 5.5); gradual

wavy boundary.

B2ir 6-21 em' S1ilt, yellowish brown (10YR 5/6) moist; woderate
medium subangular blocky and angular blocky structure; loose,
very friable, nonsticky, nonplastic; trace gravel, trace

cobbles; many fine and medium and common coarse roots; strongly

acid (pH 5.5); gradual wavy boundary.

ITA2 21-40 em Very pale brown (10YR 8/3) silt loam, light olive
brown (2.5Y 5/6) moist; moderate medium subangular blocky
structure; hard, firm, nonsticky, nonplastic; 10% gravels, 5%
cobbles, trace stones; common fine and few medium and fine
roots; neutral (pH 7.0); diffuse wavy boundary.

IIA&B  40-115 cm Silt loam, light olive brown (2.5Y 5/6) moist;
strong medium and coarse subangular blocky structure; friable,
slightly sticky, nonplastic; very few clay films; 5% gravels,
5% cobbles, 5% stones and boulders; few fine and medium roots;

neutral (pH 7.0); diffuse irregular boundary; horizon 60% IIA2,

40% 11B2.

I1Clca 115-165 cm Gravelly silt loam, olive yellow (5Y 6/8) with 202

~of ped faces 10YR 5/4) moist; moderate medium subangular blocky

and angular blocky structure; friable, slightly sticky, non-
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11C2

plastic; very few clay films; 15% gravels, 5% cobbles; strongly
effervescent; moderately alkaline (pH 8.0); gradual wavy bound-
ary. '

165-200 cm S1ilt loam, olive yellow (5Y 6/8) moist; moderate
medium subangular blocky and angular blocky structure; firm,
nonsticky, nonplastic; 10% gravels, 5% cobbles; moderately
alkaline (pH 8.0); gradual wavy boundary.
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K1AS

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf
DATE DESCRIBED: 9-9-79 ‘
LOCATION: Kootenal Nat. For., site 1, severe disturbance, first

replication; SEY%, SWk, Sec. 12, T32N, R27W

ELEVATION: 1402 m

VEGETATION: SAF/LIBO/XETE

PARENT MATERIAL:  Quartzite dominated glacial till
SLOPE and ASPECT: 15% South to Southeast
DRAINAGE: Well drained

01l

A2

B2ir

IIA2

IIA&B

I1C1

PROFILE DESCRIPTION
4-0. cm

0-2 cm Light grey (2.5Y 7/2) silt, dark yellowigh brown

(10YR 4/4) moist; weak very fine subangular blocky and granular
structure; slightly hard, nonsticky, nonplastic; common fine,
medium and coarse roots; very strongly acid (pH 4.5); clear
wavy boundary.

2-22 cm - Brownish yellow (10YR 6/8) silt, yellowish brown
(10YR 5/8) moist; strong coarse subangular blocky structure;
soft, very friable nonsticky, nonplastic; 5% cobbles, 5%
stones, 10% boulders; common few, medium, and coarse roots;
strongly acid (pH 5.5); clear wavy boundary.

22-42 cm Very pale brown (10YR 8/3) silt loam, yellow

(2.5Y 7/6); moderate medium subangular blocky structure;
slightly hard, friable, nonsticky, nonplastic; trace gravels,
5% cobbles, 5% stomnes, trace boulders; few fine, medium, and
coarge roots; medium acid (pH 6.0); gradual wavy boundary.

42-100 cm S1ilt loam, olive yellow (5Y 6/6) moist; moderate
medium subangular blocky structure; friable, slightly sticky,
slightly plastic; very few clay films; trace gravels, 5%
cobbles, 5% stones; few fine, medium, coarse roots; slightly
acid (pH 6.5); diffuse irregular boundary; horizon 60% 1IA2,
40% 11B2.

100-130 cm Silt loam, olive yellow (5Y 6/8 with 15% having
brown stain) moist; moderate fine and medium subangular blocky
structure; friable, slightly sticky, nonplastic; very few clay
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1IC2

films; 5% gravels, 5% cobbles, trace stones; strongly effer-
vescent; moderately alkaline (pH 8.0); gradual wavy boundary.

130-200 cm Silt loam, olive yellow (5Y 6/8 with 5% brown
coating) moist; moderate fine and medium subangular blocky
structure; friable, nonsticky, nonplastic; very few clay films;
5% gravels, 5% cobbles, 5% stones; strongly effervescent;
moderately alkaline (pH 8.0).
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K1BS

CLASSIFICATION: - coarse loamy, mixed Andic Cryochrept

DATE DESCRIBED: 9-9-79 ‘ '

LOCATION: Kootenai Nat. For,, site 1, severe disturbance, second
_ replication; E%, Nwk, Sec. 13, T32N, R27W

ELEVATION: 1402 m

VEGETATION: SAF/LIBO/XETE

PARENT MATERIAL: Quartzite dominated glacial till

SLOPE and ASPECT: 52 South to Southeast

DRAINAGE: Well drained

PROFILE DESCRIPTION
01 4=0 cm

A2 0-2 cm Light grey (2.5Y 7/2) silt, dark yellowish brown
: - (10YR 4/4) moist; weak very fine subangular blocky to granular
structure; alightly hard, nonsticky, nonplastic; many fine,
medium and coarse roots; strongly acid (pH 5.5); abrupt broken
boundary.

B2ir 2-18 cm Brownish yellow (10YR 6/8) silt, yellowish brown
(10YR 5/8) moist; strong coarse subangular blocky structure;
slightly hard, friable, nonsticky, nonplastic; trace gravels,
5% cobblesg, 57 stones; many fine, common medium, few coarse
roots; medium acid (pH 6.0); gradual wavy boundary,

CIIA2 . 18-40 cm Very pale brown (10YR 8/3) silt loam, olive yellow

: (2.5Y 6/6) molst; moderate medium subangular blocky structure;
slightly hard friable, nonsticky, nonplastic; 10Z gravels, 5%
cobbles, 5% stones; few fine and medium roots; medium acid (pH
6.0); diffuse irregular boundary.

ITIA&B  40-110 cm Silt loam, yellow (5Y 7/6 with 10%Z 7.5YR 7/8)
moist; moderate medium subangular blocky structure; friable,
slightly sticky, slightly plastic; no clay films; 5% gravels,
5% cobbles, 5% stones; few fine roots; neutral (pH 7.0);
diffuse irregular boundary; horizon 60Z IIA2, 407 IIB2.

IIClca 110-135 cm Silt loam, olive yellow (5Y 6/6 with 10-15% of ped
faces 7.5 YR 7/8)moist; strong medium subangular blocky struc-
ture; friable, slightly sticky, slightly plastic; very few clay
films; 5% gravels, 5% cobbles, 5% stones; strongly effer-
vescent; moderately alkaline (pH 8.0); gradual wavy boundary.
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IIC2ca 135-190 cm Silt loam, olive yellow (5Y 6/6 with less than 5%
ped faces 7.5YR 7/8) moist; moderate medium subangular blocky
structure; friable, nonsticky, nonmplastic; very few clay films;
5% gravels, 5% cobbles, 5% stones; strongly effervescent;

moderately alkaline (pH 8.0).
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APPENDIX V

LABORATORY CHARACTERLIZATION DATA FOR CONTROL SOIL

PEDONS IN TERTIARY VOLCANIC PARENT MATERIAL



BlAC
Proctor Analysis
Optimum Maximum

Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic
Horizon depth Sand Silt Clay <2 mm class content achleved density limit limit index

cm 2 % wt gice glec Z
A2 15 S0 39 11 %7.5 1 13.0 1.83 1.33 25.2 26 .4 1.2
B21t 30 26 30 44 97.0 c 17.3 1.97 1.82 61.6 4.0 12.4
B22t 45 22 32 46 97.0 c 25.0 1.57 1.84 24 .0 7G.0 46.0
B3 110 9 38 53 93.0 c 26.3 1.57 ND 24.1 74.3 50.2

i:1 Extract Exchangeable Cations Base Particle

Heorizon Q.M. 0.C. pH EC Ca Mg Na K H saturation CEC density  Porosity

iwt 2wt mmhosfcm = ———————————n meg/100g ——~——=——=—m I meq/100g gfce Z
A2 2.0 1.2 6.1 0.07 5.8t 1.98 0.11 0.57 3.06 73.5 11.53 2.57 48.2
B2it 1.1 .6 6.4 0.09 10.06 9.58 0.13 1.00 15.35 57.5 36.12 2.64 31.1
B22¢ 1.2 o7 6.6 0.17 21.47 12.64 0,21 1.08 4.42 88.9 39.82 2.69 3L.8
B3 1.6 .9 7.3 0.30 24.03 11.72 0.30 1.02 8.62 §1.1 45.69 2.73 KD

Estimated Abundance
1/3 Bar 15 Bar . _ Inter-
Horizon CaCO3 water water Kaolinite Iliite - Chlorite Vermiculite Smectite  Amorphous  stratificatios
z X wt X wt

a2 ND 18.3 7.2
B21t ND 60.1 26.2
B22¢t ND 76.3 30.0
33 KD KD 32.5

ND = pct determined.
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B1BC

Proctor Analysis
Optimam Maximum

Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic
Horizon _ depth Sand 5ilt Clay <2 mm . class content achieved density limit limit index
em 3 - gfee g/ce H
A2l 15 45 35 20 92.0 1 14.0 1.89 1.23 23.7 25.0 1.3
A22 30 66 28 6 56,0 sl 13.0 z2.00 1.27 20.5 22,5 2.0
B21t 45 17 29 54 90.5 c 30.8 1.46 1.64 32.4 83.6 51.2
B22¢ 75 22 34 44 96.5 c 26.4 1.58 ND 23.7 50.7 32,0
B3 110 32 28 40 97.0 cl 1.3 1.48 D 29.0 62.0 33.0
1l:1 Extract Exchangeable Cations Base . Particle
Horizom 0.M. 0.C. pH EC Ca Mg Na K H saturation CEC.. density Forosity
YT we %t mshosfem  ———--—————-- meq/100g ———————am-- H meq/100g gfce H
A21 1.7 1.00 5.4 0.08 6.39 1.02 0.10 0.34 1.07 88.0 8.92 2.66 56.4
A22 1.0 .6 6.7 0.05 2.59 0.72 0.06 0.19 2.67 54.5 6.53 2.57 50.8
B21t a.5 .3 6.3 0.28 23.79 10.24 0.12 Q.92 9.75 78.3 44 .82 2.63 37.6
B22t 1.0 .6 6.8 0,10 21.91 11.59 Q.10 0.86 4.05 89.5 38.51 2.68 N
B3 0.4 .2 6.2 0.11 22.91 10.11 0.13 0.69 6.19 84.5 40.03 2.52 ND
Estimated Abundance
1/3 Bar 15 Bar Inter-
Horizon CaCO3 water water Kaolinite Il1lite Chleorite Vermiculite Smectite  Amorphous stratification
x 2wt T wt
a2l ¥D 35.1 8.0
A22 Nb 39.4 5.3 Lo Ei T
B21t Np 49.0 32.0
B22t ND KD 26.6 T T Hi
B3 NO ND 25.4

ND = Hot determined.
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B2AC

Proctor Analysis
Optimum Maximum

Sample Particle Size Analysis Textural moisture density Bulk Plastic  Liquid Plastic
Horizon  depth Sand Silt Clay <2 mm  class content achieved density limit limit index
cm 3 X wt glee glec F
A2 15 57 a8 5 99.8 sl 15.¢ 1.72 1.42 20.3 23.6 3.3
B21t 30 58 20 22 99.3 scl 14.0 1.87 1.61 22.8 37.8 15.¢
B21t 45 73 20 7 99.3 sl 15.4 1.90 1.62 25.7 52.0 26.3
B22t 65 61 1% 20 99.7 sl 15.5 1.90 ND 25,2 30.5 5.3
1:1 Extract Exchangeable Cations Base Particle
Horizon 0.M, g.C. pH EC Ca Mg Na ¥ H saturation CEC density Porosity
Twt Zwut mmhos /cm =~ ————=———— -- meq/100g ——-—e—-m - % mneq/100g glece %
A2 1.4 .8 5.3 0.25 5.87 1.68 0.09 0.71 3.40 1.1 11.75 2,53 43.9
B21t .9 .5 5.7 .24 10.10  4.44 0.09 0.63 4.08 78.% 19.36 2.98 46.0
B2it .6 .3 5.8 G.15 7.68 3.31 0.10 0.42 4.81 70.5 16.32 2.65 38.9
B22t .6 .3 5.9 0.1%6 9.62  2.27 0.15 0.54 5.91 68.0 18.49 2.61 ND
Estimated Abundance
1/3 Bar 15 Bar Inter-
Horizon CaCO3 water water Kaolinite TIllite Chlorite Vermiculite Smectite Amorphous stratification
z Zw I wt
A2 ND 25.9 10.3
B2it ND 30.3 14.7
821t 1] 4G.7 9.6
B22t ND ND 12.6

ND = Not determined.
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B2BL

Proctor Analysis

Optimam Maximum

Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid  Plastic

Horizon  depth Sand 5ile Clay <2 mm ¢lass content achieved density limit limit index
cm % % wt gfcc gfce 3
A2 15 50 35 15 88.7 1 17.0 1.78 1.30 21.2 24.7 3.5
B2lt 3c 23 23 54 95.2 c 27,2 1.43 1.78 27.3 88.3 61.0
B22t 45 31 23 46 95.2 c 23.5 1.47 1.49 31.5 140.0 108.5
B3 75 38 31 31 95.7 el 19.9 1.70 ND 18.9 56.5 37.6
Ccl 105 58 19 23 70.1 sl ND ND ND 20.9 44.3 23.4
1:1 Extract Exchangeable Cations Base Particle.

Horizon  0.M. g.c. pE EC Ca Mgz Na K H saturation CEC density Porosity

ITwt Xwt mohos fem -- meq/100g ———————-— - meqg/100g gfce z
A2 1.4 N.) 6.4 0.06 5.99 2.24 0.14 0.34 3.91 69.0 12.62 2.58 38.0
B21t 1.7 1.0 6.1 0.13 22,75 12.74 0.37 0.71 9.56 79.3 46.13 2.65 32.8
B22t 1.2 7 6.4 0.18 20.87 11.36 0.28 0.75 6,34 84.0 39.60 2,66 44 .4
B3 1.4 .8 6.5 0.14 8.82 8.86 0.26 0.53 12.21 60.2 30.68 2.57 ND
cl K] .3 7.1 0.07 10,34 6.29 0,20 0,32 4.61 78.8 21.76 2.57 ND

Estimated Abundance
1/3 Bar 15 Bar Inter-
Horizon CaCO3 water water Kaclinite 1Illite Chlorite Vermiculite Smectite  Amorphous stratification
4 T wt T Wt

A2 "D 241 10.1 Lo Med Lo<Med
B21lt KD 44.8 35.0
B22t ND 44.6 28.9 Lo Med
B3 ND ND 18.1 :
Cl ND ND 11.1 0 Med

ND = Not determined.
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B3AC
Proctor Analysis
Optimuam Maximunm
Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic
Horizon depth Sand Silt Clay <2 mm class content achieved density limit limit index
cm 4 Z wt gfce glece x
A2 15 33 50 17 98.6 sil 18.0 1.75 1.29 20.7 23.6 2.9
821t 30 36 44 20 99.4 1 16.0 1.88 1.71 20.6 28.8 8.2
B21t 45 31 43 26 99.8 cl 20.0 1.73 1.67 21.5 29.3 7.8
B22t 75 41 33 26 99.5 i 20.7 1.80 ND 22.3 32.2 . 9.9
B23t 125 17 41 42 99.2 1 18.3 1.95 ¥D 22.3 36.4 15.1
1:1 Extract Exchangeable Cations Basge Particle
Horizon 0.4, g.c. pH EC Ca Mg Na K H saturation CEC density Porosity
Twt I wt muhos/cm  ———————————— meq/f100g ——————-——- H meq/100g gfcc Z
A2 2.2 1.3 5.6 G.10 4.01 1.22 0.0 0.26 4.88 53.3 10.44 2.62 39.3
B21t 1.0 .6 3.5 .03 2.65 1.45 0.09 0.19 5.85 42.8 10,23 2.76 33.0
B21t .9 .5 5.8 Q.06 2,55 1,35 ¢.08 0.15 31.49 54.2 7.62 2.72 42.3
B22¢ .2 .1 6.6 0.04 2.63 1.28 0.06 0.11 5.4% 42.6 9.57 2.84 ND
B23t Wb .2 5.9 0.03 2.31 1.42  0.30  0.07 4.60 47.1 8.70 2.77 ND
Estimated Abundance
1/3 Bar 15 Bar Inter-
Horizon CaCG3 water water Kaclinite Illite Chlorite Vermiculite Smectite Amorphous stratification
)4 T wt Zowt
A2 ND 27.1 13.6
B21t ND 28.4 15.2
B21t <o) 27.0 17.8
B22¢ KD ND 17.0
B23t ND ND 19.2

HD = Not determined.
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B3BC

Proctor Analysis
Optimum Maximum

Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic
Horizon depth Sand Silt Clay <2 mm class content achieved demsity limit limit index
cm 3 T wt glec glee %
A2l 8 37 40 23 98.3 1 ND ND 1.24 33.8 38.3 4.5
A22 15 47 40 13 91.4 1 15.7 1.87 1.26 20.6 241 3.5
B2lt 30 16 19 65 98.1 c 25.4 1.53 1.49 27.3 89.0 61.7
B21t 45 16 22 62 95,7 c 28.6 1.50 1.62 27.% 69.2 41.3
B22t 75 16 17 67 93.0 c 30.0 1.50 ND 23.3 84.0 60.7
B23t 110 17 18 65 95.5 c 26,2 1.53 ND 24,7 78.0 53.3
IIB31t 150 9 46 45 99.5 slc 21.3 1.72 ND 16.1 36.0 19.9
11832t 175 24 50 26 99.7 sil 16.0 1.92 ¥D 17.3 24 .7 7.4
1:1 Extract Exchangeable Cations Base Particle
Horizon  O.M. 0.C. pH EC Ca Mg Na 4 H saturation CEC density Porosity
Zwt Xt mrhos/cm  ——e—ee—————— meq f100g ==——=———-— 3 meq/100g gfce %
A2l 6.0 3.5 5.6 0.16 4.61 1.61 0,06 0.28 9.76 40.2 16 .32 2.44 32.8
A22 2.4 1.4 6.3 0.10 3.36 1.91 0,07 0.30 3,46 68.8 11.10 2.63 36.9
B21t 3 .2 6.8 .11 18.36 9.68 0.19 0.54 9.74 74.7 38.51 2.44 38.9
B21t 4 .2 7.0 0.13 18.44 10.11 0.2&4 0.46 10.57 73.5 39.82 2.62 38.0
B22¢ 1.5 .9 6.4 ¢.13 10,36 10,40 0.25 0.59 27.36 44.1 48.98 2,64 XD
B23t .8 .5 6.5 0.18 23.98 13.76 0.31 0.42 11.14 77.5 49.61 2.65 R
IIB31t 1.5 .9 6.5 Q.15 8.20 4.31 0.19 0.15 5.21 71.2 18.06 : 2.61 4]
11832t K .2 6.6 0.12 4,57 1.98 0,11 0.09 1.30 §3.8 8,05 2,55 ND
Estimated Abundance
1/3 Bar 15 Bar Inter-
Horizon CaCO3 water water Kaolinite Illite Chlorite Vermlculite Smectite Amorphous stratification
z Z wt T wt
A21 NO ND 11.7
422 ND 22.4 12.9 Lo Lo-Med T
B21t WD 42.2 3.2
B2lt XD 50.1 29.8
B22t ND ND 30.0 Lo Hi
B23t ND ND 30.2
IIB31t ND ND 17.1
IIB32t ND ND 14.1 Hi T

ND = Not determined.
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FlAC

Proctor Analysis

Cptioum Maximum
Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid ~ Plastic
Horizon depth  Sand 8ilt Clay <2 mm _ class content achieved dengity limit limit index
cm 2 % wt glce glee z
B2ir 15 a1 65 & 72.7 sil 27.5 1.31 49 NP NP NP
1142 30 23 66 11 71.2 sil 15.8 1.88 1.60 21.3 23.3 2.0
1142 45 25 59 16 50.3 sil 15.0 1.93 1.72 21.4 25.1 3.7
I1A+B 54 44 50 6 69 .4 1 16.5 1.87 1.41 21.3 27.3 6.0
IIB+A 71 21 58 21 78.5 sil 16.5 1.88 1.36 22.2 27.9 5.7
I1B21t 88 26 52 22 76.6 sil 14.9 1.8% 1.62 20.9 28.0 7.1
IIB22t 110 27 53 20 76.9 sil 16 .6 1.88 ND 21.1 26.9 5.8
IIClca 120 33 48 19 70.3 1 12.7 2.00 ND 19.4 26.0 6.6
1:1 Extract Exchangeable Cations Base Particle
Horizon 0.M c.C pd EC Ca Na K H saturation CEC density Porosity
Twt T wt mmhos fe® = ——c————————— meqf100g ~———=—=-=- 3 meq/100g glce 3
B2ir 4.9 2.8 5.5 .11 2.08 0.23 0.12 0.1% 19.36 11.9 21.98 2.53 80.6
IIA2 ] .5 6.4 0.07 4.95 0.82 0.05 0.15 1.65 78.3 7.62 2.79 42.6
I1A2 .8 .5 £.3 0.06 5.31 0.99 0.06 0.23 1.68 79.7 8.27 2.73 37.0
II1A+B 6 3 6.0 0.05 6,71 1.28 0.17 0.13 2.59 76.2 10.88 2.67 47.2
LIB+A .B .5 6.7 0.11 7.20 1.32 0.7 0.15 3.34 72.6 12.18 2.77 50.9
IIB21t 1.3 g 6.8 0.07 7.40 1.38 0.06 0.19 1.20 88.3 10.23 2.62 35.2
TIB22t 5 3 6.7 Q.10 6.67 1.35 08.05 06.15 0.48 94.5 8.70 2.67 N
IIClca 7 b 6.9 0.20 26,46 1.22 0.09 0.24 0.00 100.0 7.18 2.75 NG
Estimated Abundante
1/3 Bar 15 Bar Inter-
Horizon C3C03 water water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous stratification
Z Zwt Zwt
B2ir KD 75.5 15.8 Hi
I1A2 ND 29.6 13.6
1Is2 D 29.4 10.5
1IA+B ND ND 15.4
IIB+A ND 28.8 14.2
I1B21e ND 32.4 12.4
IIB22: ND ND 12.7
IIClca 5.6 ND 11.8

ND = Not determined.
NP = Nonplastic.
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F1BC

Proctor Analysis

Optimum Maximum
Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic
Horizon depth  Sand  Silt Clay €2 mm _ class content achieved density limjt limit index
cn Z wt gfec glcc F3
A2 3 27 34 19 ND sil ND o ND KD ND ND
B2ir 15 28 59 3 53.9 sil 19.7 1.44 .52 NP NP NP
11a2 30 43 52 5 47.1 sil 12.2 1.85 1.56 w fuyg NP
I11a2 45 37 57 6 37.8 sil 12.0 1.87 1.47 NP NP NP
IIA+B 65 28 58 14 65.5 sil 12.8 1.84 1.46 22.3 22.8 0.5
LIB+A 82 30 534 16 71.6 sil 15.3 1.84 1.42 21.2 25.6 4.4
I1IB21t 115 27 57 16 62.9 sil 11.8 1.96 1.46 20.1 28.3 8.2
I11B22t 148 31 52 17 68.2 sil 13.5 1.83 1.59 20,7 28.2 7.5
IIClca 170 24 56 20 72.4 sil 13.0 1.92 ND 20.2 26 .6 6.4
1:1 Extract Exchangeable Cations Base Particle
Horizon Q.M. 0O.C. pH EC Ca Mg Na ¥ B saturation CEC density Porosity
Twt Tt mmhosfem = —mwe—m—————= meq/100g ~————m———— z meq/100g glce z
A2 4.5 2.6 4.7 0.14 2.8¢ 0.86 0.05 0.21 11.22 26.3 15.23 2.52 ND
B2ir 3.4 1.8 5.7 0.05 ¢.72 0.6 0.06 0.23 16.89 6.5 18.06 2.37 78.1
I1IA2 1.0 .6 5.9 0.63 5.45 0.56 0.05 0.13 0.34 94.8 6.53 2.65 41.1
I1A2 4 .2 6.0 0.03 2.41 0,69 0.23 G.07 1.82 65.1 5.22 2.66 44,7
1IA+B .3 .2 5.9 .. 0.03 5.69 1.68 0.08 0.13 0.91 89.3 8.49 2.75 46.9
TIB+A 3 .2 5.7 0.07 7.02 1.28 Q.16 Q.19 31.02 71.7 10.66 2.65 46 .4
IIB21t .2 .1 6.1 0.05 5.97 1.45 Q.17 0.23 3.28 70.5 11.10 2.71 46,1
I1B22t .6 3 6.7 0.08 5.3 1.09 ¢.02 0.15 1.73 80.6 8.92 2.73 1.8
1IClca ] .2 6.5 G.16 27.66 1.74 0.06 0.24% 0 100.0 5.09 2.71 ND
Estimated abundance
1/3 Bar 15 Bar Inter-
Horizon CaCO3 water water Kaclinite Iilite Chlorite Vermiculite Smectite Amorphous stratification
4 oWt Twt
A2 ND KD 11.5 T T Hi Th%
B2ir No 93.% 4.8 Hi
TIA2 ND 28.5 5.95
1IA2 juu) 28.2 2.3
11A+B ND 29,2 12.7
IIB+A WD 32,2 13.9
IIB2!~ ND N 14.8
IIB22t ND 33.7 12.6 Lo Hi T Lo
LIClca 7.2 ND 13.2 Lo Hi T Lo T-Lo

ND = Not determined.

NP = Nonplastic.

** Vermiculite~Chlorite.
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KZAC

Proctor Analysis

Optimum Maximym
Samp e Particle Size Analysis Textural wmoisture density Bulk Plastic Liquid . Plastic
Horizon depth Saad  Silt Clay <2 mm class content achieved density limit Iimiz index
cm H % wt glec glee z
A2 3 29 61 10 90.0 sfl KD D .67 NP NP NE
B2ir 15 32 63 3 87.6 sil 30.1 1.28 43 NP N NP
I1A2 30 27 68 5 56..4 sit 11.3 1.90 1.43 NP NP NP
IIA+B 45 20 74 6 68.1 sil 11.0 1.95 1.68 NP NP NP
IIB+A 67 24 60 16 66.8 sil 12.0 1.91 1.43 20.5 23.7 3.2
IIB21t 80 22 61 17 71.7 sil 15.3 1.81 1.20 19,1 28,2 9.1
I1IC1lca 100 42 52 6 42.2 sil 9.7 2.03 1.64 NP NP NP
1IC2ca 133 47 44 9 47.9 1 10.0 2.07 ‘ND NP NP Ne
I1IC3ca 175 41 50 9 45.2 sil 3.9 2.17 ND 17.3 17.6 0.3
B 1:1 Extract Exchangeable Cations Base Particle
Horizon 0.M. 0.C. pH EC Ca’ _ Mg Na K H saturation CEC density Porosity
Twt ITowut mmhosfem  ———————————— meq/100g ———~—m——— X meq/100g gfce z
A2 3.5 3.2 5.3 0.18 2,57 G.82 0.1 0.19 14 .60 20.1 18,28 2,52 73.4
B2ir 3.5 2.0 5.8 0.17 2.00 0,53 0.06 0.63 21.30 12.% 25.02 2.95 85.4
11A2 .5 .3 6.3 0.07 3.69 0D.43 0.04 0.17 .89 82.9 5.22 2.65 46.0
1Ia+B Wb .2 6.3 0.03 3.47 0.49 0.06 0.19% 1.88 69.1 6.09 2.64 34.4
IIB+A .8 .5 6.3 0.04 7.00 0,95 0.06 0.21 5.05 61.9 13.27 2,67 46.4
IIBZ21t .8 .5 6.7 0.17 11,97 1.25 0.07 0.23 3.02 81.7 16 .54 2.61 54.0
1IClca .3 2 6.9 0.10 25.78 0.56 0.04 0©.06 o 100 4.13 2.64 37.%
IIC2ca .2 .1 6.8 0.10 27.62 0.53 0.0 0.13 0 100 3.48 2.74 ND-
1IC3ca .6 .3 6.9 0.10 25.78 0.56  0.04- 0,07 [4] 100 4,13 2.68 ND
Estimated Abundance
1/3 Bar 15 Bar Inter-
Horizon CaCO3 water water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous stratification
z X wt Z wt
A2 D ND 18.1 Hi
B2ir ND 78.7 16.7 Hi
11A2 D 21.6 4.8
ITA+B ND 28.9 4.5
IIB+A ND 29.2 11.3
I1B21t ND 33.5 14.2
1IClca 11.7 ND 4.5
1iC2ca 11.5 29,1 11.7
LIC3ca 11.4 ND 5.9

ND = Not determined.
NP = Nonmplastic.
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K2BC
Proctor analysis
Optioum Maximuom -
Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic
Horizon depth Sand Siit Clay <2 mm class content achieved density limit imit index
cm Z wt glce gice z
42 3 26 69 5 85.0 sil ND ND .53 NP NP NP
B2ir 15 31 66 3 93.4 sil 28.0 1.31 67 KP NP NP
1142 30 36 60 4 7¢.0 sil 11.0 1.84 1.59 NP NP NP
IIAZ 45 32 57 11 60.8 sil 11.9 1.99 1.70 16.9 18.1 1.2
LIA+B 58 33 52 15 62.7 sil 13.5 1.96 1.53 18.7 20.1 1.4
1IB21t 73 20 58 22 70.1 sil 14.C 1.91 1.47 19.8 25.8 6.0
IICica 100 28 61 11 69.2 sil 12.5 1.94 1.59 21.9 24,7 2.8
11C2ca 141 26 57 17 71.7 sil 11.8 2.00 WD 22.3 22.5 0.2
IIC3ca 197 40 62 4 55.4 sil 10.5 2.11 ND 18.3 20.1 1.8
1:1 Extract Exchangeable Cations Base Particle
Horizon GO.M. 0.Cc. pH EC Ca Mg Na K B saturation CEC density Porosity
Twt Twt mmhos/fcm  ———————————— meq/100g ——————-——o H meq/100g glec z
A2 6.0 3.5 5.1 0.17 1.84 0.63 0.10 0.34% 11.67 20.0 14 .58 2.39 77.8
B2ir 4.4 2.5 6.1 0.07 2.67 0.79 0.1t 0.32 21.13 15.5 25.02 2.47 72.%
1IA2 .9 .5 6.2 0.06 3.19 0G.53 0.06 0.15 1.51 72.2 5.44 2.58 38.4
I11A2 W2 .1 7.2 0.03 3.39 3.23 90.06 0.19 0 100 6.70 2.73 37.7
IIA+B .6 3 6.3 0.06 6.59 1.09 0.09 0.17 2.50 76.1 1G.44 2.710 37.0
IIB2t .5 .3 7.1 0.21 10.74 1,32 0.65 0.26 1.56 88.8 13.93 2.64 44,3
IIClca .5 3 7.0 0.14 28.58 0.9% 0.06 0.1I5 g 100 7.62 2.73 41.8
1IC2ca .2 .1 7.2 0.13 28.54 1.B4 0.07 0.15 0 100 6.74 2.67 ¥D
IIC3ca .2 .1 6.6 0.12 27.42 1.91 0.0 0.11 0 100 6.96 2.69 KD
Estimated Abundance
1/3 Bar 15 Bar Inter-
Herizon CaCO3 water water Kaolinite I1lite Chlorite Vermiculite Smectite  Amorphous stratification
Z I wt X wt
A2 KD ND 17.5 Hi
B24r ND 57.3 14.8 T T ai T**
II1A2 ND 21.4 7.0
11A2 WD 20.8 7.4
I1IA+B ND 23.7 12.2 Lo Hi Lo
1IB2t NDY 35.6 11.3 Le Hi Lo Lo
IICleca 12,5 29.7 10.9
IIC2ca 12,5 ND 9.8 Lo Hi - Lo Lo
IIC3ca 11.2 ND 8.7

KD = Not determined.

NP = Nonplastic.

** Yermiculite Chlo.ite.
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K3AC

Proctor Analysis

Optimum Maximum

Sample Particle Size Analysis Textural = moisture . density Bulk Plastic . Liquid Plastic
Horizon depth Sand 5ilt Clay <2 mm class conteat achieved density limit limit index

cm - 1wt glec glce z
82ir 15 32 60 8 69.1 sil 20.35 1.54 .72 NP NP NP
11A2 30 34 62 4 62.6 sil 11.3 1.88 1.59 214 WP NP
1142 45 30 62 . 8 61.0 sil 12.0 1.91 1.60 NP Np NP
1IA+B 62 23 55 22 59.6 sil 13.0 1.97 1.18 18.2 24.3 6.1
1IB3ca 69 29 57 14 59.2 sil 13.9 1.89 1.45 23.4 29.0 5.6
1IClca 113 27 58 157 85.7 sil 12.3 2,00 1.72 18.0 22.3 4.3
1IC2ca 150 31 53 16 57.6 sil 8.3 2.09 ND 18.4 21.6 3.2
1IC3ca 190 23 60 17 58.8 sil 12.5 1.95 ND 16.8° 25.2 8.4

1:1 Extract Exchangeable Cations Base Particle

Rorizon O.M. g.C. pH EC Ca Mg Ha K H saturation CEC density Porosity

Twt 2wt mmhos /cm emmm—am~ meq [100g ——m—smm———— 2 meq/100g glee Tz
B2ir 4.2 2.4 6.6 0.05 2.16 0.53 0.09 - 0.19 9.65 23.5 12.62 2.58 72.1
I1A2 .8 .5 5,8 0.04 2.79 0.5 0.06 .0.1% 2.27 61.3 5.87 2.63 39.5
I11a2 .5 .3 6.4 0.03 4.7 0.99 0.05 0.11 01 99.8 5.87 2.62 38.9
LIA+B .5 .3 6.3 0.07 7.86 1.12 0,04 0.24 3.79 71.0 13.05 2.62 55.0
1IB3ca .8 .5 7.1 0.14 28,02 0.89 0.06 0.1i7 0 190.0 11.75 2.70 46.3
IIC1ca .5 .3 7.0 0.12 28.30 0.79 0,07  0.15 0 100.0 7.18 2.70 36.3
I11C2ca N .2 6.9 .12 28.95 2.04 0.28 0.16 0 100.0 7.72 2.63 KD
1IC3ca R .2 6.9 0.15 29.40 2,05 0.05  0.20 o] 100.0 7.94 2.71 ND

) Estimated Abundance
1/3 Bar 15 Bar Inter—
Horizon CaCO3 water water FKaolinite Il11fte Chlorite Vermiculite Smectite  Amorphous stratification
3 T wt Tw

BZir WD 67.8 11.9 T T T Hi
I11A2 ND 26.5 8.5
I1A2 ND 22.5 6.3
1IA+B D 68.2 10.2
I11B3ca 4.7 31.1 C14.1
IIC1lca 11.9 22.5 9.4
1IC2ca 12.3 D 10.9
I1IC3ca 12.4 XD 12.7

RD = Not determined.

NP = Nonplastic.
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" L4
K3IEC
Proctor Analysis
Optimum Maximun
Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic
Horizon depth  Sand Silt Clay <2 mm class __content achieved density limit limit index
cm % Z wt gfece gfec ¥
A2 3 24 67 9 90.0 51t ND ND ND NP Np NP
B2ir 15 31 66 3 79 .4 sil 28.0 1.29 .36 - NP NP 3
I11A2 30 34 58 8 53.2 sil 14.5 1.88 1.61 NP 33 NP
IIA+B 45 31 57 12 32.5 sil 12.9 1.93 1.64 21.5 24.1 2.6
IIB21t 73 26 58 16 62 .4 sil 17.9 1.85 1.47 21.¢ 26,1 5.1
IiClea 100 39 51 10 65.1 sil 11.5 2.01 1.59 19.0 1.2 0.2
IIC2ca 148 25 56 19 71.6 sil 12.6 2.00 ND 20.8 21.1 0.3
11C3ca 203 21 53 26 56.6 sil 13.4 1.98 ND 20.3 23.6 3.3
1:1 Extrsct Exchangeable Cations Base Particle
Horizon o.M, z.C. pH EC Ca Mg Na K H saturation CEC density Porosity
Twt ITwt mthos/em  ——-—-————-—— meq/100g ——————-——- 4 meq/100g glec F
A2 7.1 4.1 5.4 0.25 7.54 0,63 0.09 0,46 15,87 35.5 24,59 2,27 ND
B2ir 3.8 2.2 5.2 .06 3.01 0.5% 0.08 0.13 15.36 19.7 19,14 2.52 85.7
I1A2 .8 .5 6.9 0.03 4,15 0.66 0,06 0.13 2.18 69 .6 7.18 2.74 41.2
IIA+B .6 N 7.1 0.03 5.49 0.76 0.04 D0.19 3.53 64.7 10,01 2.72 39.7
IIB2t .5 .3 6.7 0.16 11.85 0.72 0.09 0.17 0 100.0 9.57 2.76 46 .7
IiCleca b .2 6.8 0.13 27.98 0.59 0.17 ©0.11 0 100.0 5.57 2.72 41.5
IIC2ca 3 .2 6.5 0.14 13.83 1.02 0.06 0.15 0 100.0 6.0% 2.68 ND
IIC3ca .2 .1 6.7 0,14 29,22 1,78 0.06 0,19 o 100,90 9.79 2.21 WD
Estimated Abundance

1/3 Bar 15 Bar Inter-

Horizon CaC03 water water Kaclinite Itlite Chlorite Vermiculite Smectite Amorphous stratification
% Z wr % wt

A2 ND ND 17.9 Hi
B2ir ND 69.2 14.8 T T Hi
1IA2 ND 23.6 8.0
IIA+E D 23.3 7.9
IIB2t 11.3 1.9 8.1 Lo Hi Lo-Med Lo
IIClca 11.3 29.7 7.6 Lo Hi Med Lo
1IC2ca 11.8 ND 8.4 Lo Hi Med Lo Lo-Med**
IIC3ca 11.8 ND 4.1

WD = Not Jdetermined.
WP = Nonplastic.
** Interstratified smectite, vermiculite and chlorite.
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F2AC

Proctor Analysis

Optimum Maximum
Sample Particle Size Analysis Textural moisture  density Bulk Plastic Liquid Plastic
Horizon depth Sand Sile Clay <2 mm class content achieved density limit limit index
cm 4 I wt glcc glce z
B2ir 15 19 66 15 £5.9 sil 19.5 1.63 66 NP NP NP
I1A2 30 30 87 3 58.5 sil i1.5 1.38 1.64 NP NP NP
IIA2 45 28 71 1 52.6 sil 10.1 2.06 1.86 NP NP NP
LIA+D 30 27 57 & £6.0 sil 11.3 1.96 1.65 NP NP NP
I1IC1 120 26 70 4 38.7 sil 8.5 2.84 1.87 NP NP NP
1:1 Extract Exchangeable Cations Base Particle
Horizon 0.M. G.C. pH EC Ca Mg Na K H saturation CEC density Porosity
Twt Tt mehos/cm  —=——-—-—=--= meq/1l00g ——=meec-—x b3 weq/100g glcc 2 -
O
B2ir 3.6 2.1 6.7 0.07 2.95 1.19 0.09 0.48 13.57 25.8 18.28 2.63 60.3 ~!
II1A2 R .2 6.6 0.02 0.56 0.16 6.05 0.09 1.32 39.5 2,18 1.96 16.3
IIA2 R 2 6.9 0.02 0.58 0.13 0.03 0.13 1.31 39.9 2.18 2.77 32.8
LIA+B .1 .1 6.6 0.03 2.04 0.6% 0.05 0.13 2.31 55.7 5.22 2.74 39.8
1IC1 W2 .1 6.8 0.02 1.68 0.46 0.083 0,09 1.32 55.9 4.13 2.81 33.5
Estimated Abundance
1/3 Bar 15 Bar Inter-
Horizon CaCO3 water. water Kaclinite Itlite Chiorite Yermiculite Smactite Amarphous stratification
z zwt T wt
B21ir ND 33.2 14.8 Hi
ITA2 ND 25.2 3.3
112 D 22.5 3.2
LTA+B ND 21.5 6.4
IICl ND 15.0 7.1

ND = Not Jetermined.
NP = lonplastic.



F2BE

Proctor Analysis

Optimum Maximum
Sample Particle Size Analysis Textural woisture  density Bulk Plastic  Liquid Plastic
Horizon depth Sand Silt Clay <2 mm _ class content achieved density limit limit index
cm Z Z Wt glce glee H
B2ir 15 11 76 13 67.3 sil 23.8 1.56 .79 P NP ‘NP
I1a2 30 15 79 [ 55.8 sil 10.8 1.97 1.66 NP NP i
1142 45 20 76 4 58.6 sil 10.0 1.99 1.90 NP NP NP
LIA+B 80 20 64 16 68.1 sil 10.5 2.24 1.95 NP NP NP
1IC1 120 19 71 10 69.0 sil 11.1 2.07 1.72 16.8 18.5 1.7
1:1 Extract Exchangeable Cations Base Particle
Horizom O.M. 0.C. pH EC Ca Mg Na K H saturation CEC density  Porosity
2wt Towt mmhos /em = ——————————— meqf 100g ———=——-a— Z meq/100g gfce 2
B2ir 2.7 1.6 5.5 0.10 2,37 1.12 0.100 0.32 10.89 26 .4 14.80 2.62 60.0
I1A2 8 5 5.5 0.04 0.98 0,30 0.17 ..0.15 2.10 43.2 3.70 2.67 37.6
1142 5 .3 6.0 ¢.03 1.34 D.46 0.06 0.13 0.84 70.3 2.83 2.73 30.5
IIA+B .5 .3 6.9 ¢.03 3.05 1.45 0.10 0.2} 3.02 . 1.4 7.83 2.72 28.2
1IC1 .7 K 7.1 G.04 1.72  0.43 0.10 D0.13 3.71 39.1 6.09 2.73 37.0
Estimated Abundance
1/3 Bar 15 Bar Inter-
Horizon CaCO3 water water Kaolinite Iliite Chlorite Vermiculite Smectite amorphous stratification
3 I oWt % wt
*%
BZ2ir ND 49.3 13.3 T T Hi T
I1a2 KD 29.6 5.0
ITA2 WD 22.1 8.7
IIA+B ND 15.1 8.0 T Hi T
IIC1 ND 15.6 g.6 T Hi T

ND = Not determined.
NP = Nomplastic.

*k
Yermiculite-Chlorite.
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F3AC

Proctor Analysis
Optimum Maximim

Sample Particle Size Analysis Textural moisture density - Bulk Plastic Liquid Plastic
Horizon _ depth Sand Silt  Clay <2 mm class content achieved density limit 1limit index
cm 3 T wt gice gfcc z
B2ir 15 28 62 10 77.5 sil 24.0 1.35 32 joi4 i 4 NP
I1A2 30 18 72 10 80.2 sil 12.7 1.99 1.74 NP NP NP
L1A2 45 30 67 3 62.8 sil 12.4 2.00 1.89 NP NP NP
IIA+B 105 20 76 4 42.1 sil 9.0 2.00 1.68 NP NP NP
IICY 165 26 70 4 62.5 sil 11.7 1.96 1.62 21.3 23.7 2.4
1:1 Extract Exchangeable Cations Base Particle
Horizen O.M. 0O.C. pH EC Ca Mg Na K H saturation CEC density Porosity
Zwt Xt muhos/em © ——m————————— meq/100g ———————— H meq/100g gfce 4
B2ir 4.0 2.3 5.2 G.12 2,20 0.53 0.11° 0.42 15.02 17.8 18.28 2.54 7.7
I1Ia2 6 .3 6.5 Q.07 1.78 0.66 0.1z 0.09 3.01 46.8 5.65 2.7 35.8
IIA2 4 W2 6.0 0.03 1.78 0.66 0.06 0.13 2.1%6 . 54.9 4.79 2,72 30.5
ITA+B .5 .3 6.4 0.03 2.2¢ ©0.79 90.10 0.0% 2.17 60.1 5.44 2.80 40.90
1IC1 5 .3 6.9 0.06 2.4% 0.92 0.1¢6 .11 4.87 42 .6 8.49 2.83 42.6

Estimated Abundance

1/3 Bar 15 Bar Inter-
Horizon CaCO3 water water FKaclinite Illite Chlorite Vermiculite Smectite Amorphous stratification
F X wt z ot
B2ir ND 33.6 18.8 Hi
1TA2 ND 27.4 8.0
11A2 D 49.6 4.2
TIA+B ND 34.8 4.0
IICY ND 36.5 5.0

ND = Not determined .
WP = Nonplastic.

661




F3BC

Proctor Analysis
Optimum Maximum

Sample Particle Size Analysis Textural moisture density Bulk Plastic  Liquid Plastic
Horizen depth Sand Silt Clay <2 mm cliass content achieved density limit limit index

cm F3 % wt glce gice H
A2 3 19 © 75 6 94.0 sil ND ND NO NP NP NP
B2ir 15 29 65 6 9G.C sil 30.5 1.35 .75 NP NP NP
1142 30 12 62 26 75.3 sil 13.7 1.80 1.81 25.5 29.5 4.0
11IA2 1 45 11 80 g 64.9 si 14.7 1.89 1.80 NP Np NP
IIA+B 73 KD ND ND 8.1 HD ND ND 1.86 ND ND ¥D
1I1C1 120 57 41 2 32.2 sl ND ND 1.82 NP NP KNP

1:1 Extract Exchangeable Cations Base Particle

Herizon 0.M, 0.C. pH EC Ca Mg Na K H saturation CEC density Porosity

ITwt Zwt mrhos fem  —————sm—m—em — meq/100g —————————a Z meq/100g glce Z
a2 6.6 3.8 5.2 0.25 6.31 1,15  0.,10. 0.40 9.23 46.3 17.19 2.40 ND
B2ir 4.9 2.8 6.8 0.05 6.72 0.6 0.08 0.28 18.78 6.2 20.02 2.51 70.1
1142 1.4 .8 6.8 0.03 1.20 0,99 - 0.07 '0G.13 4.35 35.5 6.74 2.82 35.8
13a2 0.7 4 6.7 0.02 0.92 6.53 0.06 0,15 4.43 27.3 6.09 2.73 34.1
1IA+B ND ) ND ND RD ND ND ND ND ND KD ND ND
1I1C1 0.5 .3 5.8 02 1.78 0,53 0©0.08 0.1 2.07 54,7 4,57 2.75 33.6

Estimated Abundance

1/3 Bar 15 Bar Infer-
Korizon CaCU3 water water Kaolinite Illite Chlorite Vermiculite Smectite  Amorphous stratification
z Z wt T wt
A2 j21)] ND 19.4 T T ni Thx
B2ir WD 37.0 18.7 Hi
1142 ND 23.5 18.%
11a2 ND 19.7 8.1
FIA+3B KD 41 .6 ND
1IC1 ND 37.4 3.5 Lo Hi T~Lo

ND = Not determined.
NP = Nonplastic.

i I1A+E = 73 cm not enough <2 mm to conduct analyses.

*
Vermiculite - Chlorite intergrade.

002




K1AC
Proctor Analysis
Optimum Maximum
Sample Particle Size Analysis Textural moisture - density Bulk Plastic Liquid Plastic
Horizon depth Sand Silt Clay <2 wm class content achieved density limit limit index
cm z T wt gice glee x
A2 3 24 68 8 ND sil ND ND .36 NP NP NP
B2ir 15 26 64 10 70.7 sil 20.1 1.54 J2 NP NP NP
11A2 30 29 62 9 68.2 sil 7.3 2.03 1.72 18.3 13.3 1.00
I1Ia2 45 33 55 12 70.5 sil 12.7 1.98 1.77 20.2 21.2 1.00
IIA+B 78 24 57 1% 54.1 sil 14 .9 1.88 1.63 20.6 26.0 5.4
1ICleca 124 1 58 11 1.9 sil 12.1 1.98 1.82 19.1 23.8 4.7
1IC2ca 165 38 54 8 50.2 sil 11.7 2.10 ND 18.7 21.0 2.3
1:1 Extract Exchangeable Cations Base Farticle
. Horfzon O.M. 0.c. pH EC Ca Na K i saturation CEC density Porosity
Twt Tt mohos fcm  ————————sm—e meq/100g ———————aum z meq/100g gfcc b4
A2 5.3 3.1 4.4 0.16 1,59 0.79 0.14 0.32 16.27 22.9 21.11 2.38 84.9
B2ir 2.7 1.6 5.5 .12 2.55 0.66 0.08 0.28 11.66 23.4 15,23 2.57 69.3
11A2 .9 .5 £,2 .05 2.58 1.98 0.05 0.13 1.79 72.6 6.53 2.66 35.3
I1A2 .6 .3 6.1 G.06 4.39 0.86 0.02 Q.15 1.98 73.2 7.40 2.84 7.7
IIA+B 1.2 i 6.7 .05 7.08 1.61 0.04 0.15 3.70 70.7 12.62 2.75 40.7
1ICica W .2 6.7 0.13 27.26 1.22 Q.05 0.15 0 100 7.62 2.75 33.8
11C2ca .2 .1 7.1 0,11 25.10 1.22 0,05  0.11 0 100 4,13 2.72 ND
Estimated Abundance
1/3 Bar 15 Bar Inter—
Horizon CaCO3 water water Kaclinite Illite Chlorite Vermiculite Smectite  Amorphous stratification
H4 Z wt X wt
AZ HD 14.7 HL
BZir ND 78.1 12.7 Hi
I1TA2 D 17.0 8.2
TIA2 )s] 20.8 7.7
ITA+R ND 32.1 6.4 .
1I1Clea 6.3 20,9 8.2
1IC2ca 7.1 ND 10.9

ND = Not determined.
WP = Nonplastic.

102




K1BC

Proctor Analysis

Optimum Maximom -
Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic
Horizon depth Sand Silt Clay. <2 mm  class content achieved dengity limit limit index
cm Z wt glce glce F
A2 3 20 70 10 XD sil ND KD .33 WD ND ND
B2ir 15 31 63 6 59.1 sil 1%.0 1.55 .98 NP NP NP
1IA2 k{H 28 61 11 51.6 sil 12.5 1.93 1.72 17.3 19.5 2.2
11A+B 45 25 35 20 60.2 sil 14.5 1,94 1.56 19.3 28.9 9.6
1iClca 145 27 55 18 53.0 sil 9.7 1.99 1.68 20.3 25.0 4.7
I1C2ca 183 33 51 16 48.8 sil 8.4 2.12 ND 20,0 25.9 5.0
1:1 Extract Exchangeable Cations Base Particle
Horizon O.M. 0.C. pH EC Ca Mg Na K H saturation CEC density Porosity
Tw Xt mohosfem  ———- L T e —— 3 meq/100g glece H
A2 5.5 3.2 5.2 0.15 3.79 1.38 0.10 0,42 10.85 34.4 16.54 2.48 86.5
B2ir 2.6 1.5 6.5 0.05 2,55 0.56 0.07 0:23 12.41 21.5 15.82 2.56 66 .4
11A2 .5 .3 6.0 0.05 3.49 0,76 0,11 0.11 2.06 68.5 6.53 2.73 36.8
LIA+B .9 .5 6.9 0.10 7.28 1.74 0.06 0.13 3.63 71.7 12.84 2.69 42.0
IIClca A W2 7.0 0.13 27.30 1.65 0.04 0.19 ] 100.0 5.87 2. n 39.1
IIC2ca .2 .1 6.8 0.12 27.30 1.19 0.06 0.13 0 100.0 7.62 2.70 N
Estimated Abundance
173 Bar 15 Bar Inter-
Horizon CaCO3 water water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous stratification
1 Twt T wt
A2 ND ND 13,1 Hi
B2ir ND 55.5 15.5 T T Hi T*%
IIA2 NP 21.4 7.5
1IA+B ND 24.7 13.3 Lo Bi Lo-Med
IIC1ca 12.5 WD 8.5 Lo Ri Lo Lo
11C2ca 7.0 ND 8.9

ND = Not determined.
NP = Nonplastic.

[T
Vermiculite-Chlorite interstratification.
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APPENDIX VIII
SIEVE ANALYSIS RAW DATA FOR

TERTTARY VOLCANIC CONTROL SOIL PEDONS



PERON

BlaC

R1KC

Haag

B2RC

L3ag

RIEC

HORI-
ZUN

A2
k2T
H22T.
K3

AZL-
A2
B2L1T
B22T
B3

N

B21T
B217
e}

A2
B2LT
B22T
I3
ui

A
E21T
BE2LT

LIm34r
PIRA2T

REFTH
(CH)

1%
30
4%

110

1%
30
a5
79

110

1%
a9
AL

B

1%
Jo
A%
3N

LGS

1%
1)
45
5

2%

i
1Y
30
a4
75

"110
1%
17%

SAMPLE
S1ZE
(G),

G28.0
578.0
780.0
1382.0

1188.7

1450.3

444,.9
1224.6
10046.1

1801.0

847.3
1:04.0
14%2.0

990.0
F72.4
1304.5
1332.9
D724

G78.7
&7 40
P27.8

G52.7
H70.0

63149

238041 -

743.,3
a0 .9
6784
8H72.5
B30.0
275.8

204

38,1
MM

100.0
100.0
100.,0
100.0

100.9

80.68
100.0
100.0
100,06

100.0
100.0
100.v
100.,0

100.0
100.0
100.0
100,0
100.0

100.0
100.0
100.0
100.0
100.0

1000
100.0
100.v
100.0
100.0
100.v
100.0

~~~~~~~ FERCENT (BY WT.) FlNhR THAN- ===~
19.0 P.5 4,7 2.0 A2
MM MM MM MM MM

100.0 100.0 ?9.4 79,0 P76
100.,0 100.0 100.0 99,0 94,9
100.0 100.0 100.0 97.0 46.4
1000 100,0  100.0 740 I8,y
GH.2 ?4.8 ?4.4 P20 &1.4
bdleb 1Y) L840 S6.0 35,5
10,0 100.0 97.7 20.0 34.6
100,00 100.0 DT 74,0 48.7
Lo 10G.0 Py .8 @740 Y]
Lov.O 1000 Y.y YF 0 7443
106,00  100.0 KAL) P94 45,1
laovew 1G0,0. 100.0 P40 4644
100.,0  100.0 PF.P 7.0 al.4
2140 G0.7 PGS 88,0 &0, 8
100.0 100,06 FA AT P5.0 41,9
100.0 ?9.9 99,7 Y540 43,0
1600 W,y YV b PO Q4% o
21V Vs 7441 Tt Ja.1
100.0 EA AN Y e 23,0 H6.0
100,0 100,90 99,9 ?%2.0 S4.7
Lo0.0. 160,0 9.9 Y0 HO 4
1Oov. 0 1Gu.0 100,90 ¥P e Q) GH. 9
LOGL.O  Lu0.0 9.9 EE Y] G0
JEVTV I Vi 7 Py ees Yo 73,0
el L AN PA3E Yi.0 G20
ivvaw  1u0,0 GG FriL O 41 .8
100,00 - 99,1 Y87 a0 43,3
KAy P74t 6. Y 3.0 A0 1
98,3 8.3 8.1 V. 42,4
10040 LOV.O 10040 YA Sk 2
1000 190.0  1od,0 k&AL 54

10640

14




APPENDIX IX
SIEVE ANALYSIS RAW DATA FOR

LIMESTONE DOMINATED GLACIAL TILL CONTROL SOIL PEDONS



FEDON

FIAC

Figg

- K2A0

K2RC

KaAL

KIRC-

HORI-
ZON

R2IR
11a2
I1A2
IIARE
I1BEA
TIB21T
IIR22T
I1C1CA

B2IR
11A2
IIA2
ITA%R
ITEEA
Irg217
IIR22T
IIC1CA

BRIR
11a2
TIALR
LIB%A
TIp217
1IC1CA
1IC2CA
11C3CA

H2TR
Iraz
11A2
TIARR
TIB217T
1ICLCA
TYC20A
TIC3CA

E2IR
11A2
1A
TIABK

TIR3CA

IICiCA
TIC2CA
IXGC3CA

B2IR
IiA2
I1A&K
IIR217Y
TYICICA
TIC2CA
1IC3CA

DEPTH
(CMy

15
30
15
54
71
28
110
120

15
30
45
a%
B2

115

148

170

15
30
a5
67
80
100
133
17%

S 100

1ad
203

SAMPLE
SIZE
(6)

1198.4
1485.1
2901
157645
1604.0
2233.1
1852.2
24946.,5

aﬁ?.O
743.,0
684.,0
619.0
417800
3959,0
3333.0

583.0
3520,0
A4133.0
2147.0
1598, 0
4710,0
4430.0
451045

1089.0
2184.0
2135.,0
2257.0
2373.0
2279,0
2307.0
2424640

2392,0
3057.5
231040
0134,0
2219.,0
2036,0
2085, 0
2258, 0

1074.0
355740
24700
2077.0
2195.0
1973,0
2072.0

206

i = PERCENT

38.1
MM

100,0
95,3
48,9

100.0

100.0

100,0

100,0

100.0

100.0
702
78,5

100.0

100.0
87.6
?4.0
?6.4

100.0
?3.4
R 6

100.0

10040
1.0
69.4
H2.y

100.0
100.0
100.0
100.0
100,0
100.,0

‘94'4

96,5

100.0
97.0
89.7
99.4
?3.9

100,0
90.8

100.0

100.0
10040

P62
10G.0
100.0
100.0
100.0

19,0
MH

88,4
B8.0
62,4
85.3
76.8
?23.4
?1.1
PhH.2

82,1
B2
87.9
77.2
63,0
7649
83,4
89.5

100.0
?3.4
@3.8
P0.0
6041
74,9
674

100,0
P00
ye.8
B2.4
1.1
88,9
90“"
86.0

71,9
8741
H2,2
84.9
7%.8
86.3
82.3
93.2

P70
B4.9
B6.1
B2.1
th. 4
Yo.8
4.0

(BY WT.) FINER THAN

P

MM

81.7
B81.3
=11 )
B1.5
?1.6é
88.4
Ba.b
90.3

V1.9
70.1
G7.5
745
30.4
71.6
78.1
3h5.3

PU.0
4.3
B7.4
BY.5
847.8
Y4l
b&7.3
61.1

PP, 0
87.3
87.5
76,0
3.8
81.9

85,2

8l.1

84,2
79,2
74,8
78.7
73.4
Bi.4
74.9
88,5

2.2
7444
7705
aas:
B
Y43
B?.%5

4,75
M

7647
77.0
76.:5
85.8
83.0
682.1
Bi .4

627
U7.4
4464.8
70.3
76,2
6746
73.8
79.7

‘?1 I‘?
bb. 2
81.7
82,1
83.4
4845
57.7
H53.7

97,2
80,1
BO . b
72,8
B3.9
7644
80,7
70,2

7.7
71.3
6.9
7241

-1

762
7041
8t.%

8546
630G
56.8
VAL
/7.0
88.0
#0.9

2.0

MM

72,0
71.0
50.0
469.0
78.0
7640
76.0
70.0

53,0

37,0
6540
71,0
62.0
68.0
72.0

87.0
b0
68,0
0b.0
7140
42.0
4740
45.0

?3.0
70.0
60.0
62.0
70.0
690
71.0

55.0

6940

2.0
61,0
59.0
59.0
65.0
57.0

. a0

79,0
53,0
G520
62.0
65,0
7140
“56.0




i

APPENDIX X
SIEVE ANALYSIS RAW DATA FOR

QUARTZITE DOMINATED GLACTAL TILL CONTROL SOIL PEDONS




208

PEDON  HORI~  DEFTH SAMPLE * ~——=—~FERCENT (BY WT.) FINEK THAN=—===
: 20N (CHM) 512 381 19,0 9.5 475 2.0 .42
() MM WM MM M M4 MM

Faac
BRIR 1% 5328,0 85.2 PP 70.%5 68.7 b5, 0 39.3

I1Aa2 3G N3L3.0 3.9 B9 731 457 412 Y] 4641
TTaz 4% G141.5 973 74,5 b4.3 58.8 S2.0 41,8
IYARH 30 S435.0 Y&.2 8U.0 7748 7.2 S0 43,0
1IC1 120 476240 Lo b 2.0 &7 05 A£3.7 S0 A4G, )
F2BC )
n21R 15 343%.0 BU. b SO A4 G4 &7.0 A% . 4
TYA2 3¢ 3440,0 84,9 Jahad 3 &1 Y /5.2
TLa2 qi 22,0 92,5 L. ALY Gl S840 4446
IRNY AT 30 34464.0 ATV oL P IR Y ) FX7 32 RV] ar.7
et 130 3491.,0 B, 4 U349 8. 7444 69, 4603
F3nat ‘
EIR 1 S24483.0 gt .6 Hdes 793 270 w7
T1A2 30 3165.0 93.4 i, 7 ga. 7 20,0 Si.1
1Az 45 4E92,5 659,11 2143 &4 b a0 9.2
ITARR 105 S101.5 G8.4d 0w, O el 42.0 29,7
T L&s i816.3 100.0 Frl Ay 4} G2 WAoo bt
FAaRU
K2IR 15 100,0 Db Yéa.lt e ety Q7.0 e
i1a2 30 B9 7 82.0 Y.y i 200 S3.4
a2 A% B b A7 et bér i 61,0 i e 4
ITA&R s S778.,0 P73 e S 3 et Hails 9.8
ey 1w Hiud.O 2. 4 GHhel Ahe 3 S0 15.4
k1AL +
: s K DA L0 L0 o LU 0 ¥ L0
B2 15 B304 .G YA FE R Xy a4 G740 482
[ Y A0 H194.0 P té e 4 YNl 7643 &, 0 46,4
Tind A LOURLE V3.7 Boy e D as.y VAR FAVNY) 4b .4
TLA&h S VY R v3. 7 [ I Y7 9.0 P A
FLCIES 124 3400, 0 v1.4 e Fa s Sl al. QO RETE]
LIG2CA 1A% [RERCE IRV e PR alv. G HuL i LV INV] 2ebe 4
(S
JURN AN 15 20020 100.,0 a4, O1.8 7740 0.4
Lia2 40 4298 .57 85.6 70.1 LTI 60,4 91.0
LIAER Sl 2rhb.0 100.0 Yi.,3 Go.a ZH.4 LX)
fIlita Lt da s 0 YO ) SdLL G2 5240
it L RE S A%AH .0 3a.8 YRy 1l 65.1 S840

*Annlylia not performed.
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APPENDIX XI
INFILTRATION RAW DATA FOR

TERTIARY VOLCANIC STUDY SUBSITES



FETON

H1AL
R AW
B1eoM
AN TN
BHLGS
Bl
B2aC
H2RL
B2a4M
BARA

3

BAREC
BIAM
RIRM
B3AS
BARS

210

cvev e v et o s o BREFPLICATIOM v o v v v v en e

L CHER AN

SBaESE,. 04
0&EFQ LS
Tat2.01%
HROY ., P4
1Y 8Y
893,38
S83.921
34807
F32.59
S5 00
R S
309 .34
YhHYO .31
AAEE 34
4001, 82
aei, 40
L3491 &

T A

o)
G90&6. 78
37274.,02
2078486

12488.88

$H2.86
LO&7 .93
4890, 048
N ST Tt

FEELR26
L1130.38
2187.86
£11.58

A206G .73
086,73
5868.94

A5G .BO
401 .10

419,33

3

Lotas, 37

G287 .03

Lad 1
G285, 04
2041.,98

Paras it
LAY
1O75. 649
443920

13838.0%

45580
SR B A
Bra%5.86
+ 00
1093.92
J037.54
L1767
LOOZ. 78

AGE GROUP

QL
(LI
0.1
GL.I
CHL T
O
0L
i
.0
010
L f
oL
YOUMG
YOLNG
YOUNG
YOUNG
YOUNG
TOUNG




i»

APPENDIX XII
INFILTRATION RAW DATA FOR

LIMESTONE DOMINATED GLACIAL TILL STUDY SUBSITES

A,



FEDON

F1AC
F1RC
F 1AM
F 1R

Fias

FLRS
Ka2AC

K2R

I ’3(1?‘
R B
K3AY
K3RS

212

...........hfPII(ﬁTlUNo...o.ﬁ.oeao

LOMEDLAN)
10738, 465
ABEH, 94
1513.26
2698 33
BOE21
Lova . 1y
PLHO 4
8O, 08
Qllob?
SBOZL 20
1TH23, 19
854,89
U730 48
4405 .00
SRR v
218.78
2FL .20
2hHAR L85

)
H433,19
BR72.92
13601.07
L220.92
G2 .83
4448, 10
SHAECHF
10647 51
54'70VA
901,26
AP 16
L4685
2u79.00
HARR LIV
GV .89
WA WE
Ed e E4
BALT 84

:‘)

3
Lagdad, Hi

l e 20

STE] 5

YTy
Cil. 0
.1
[RIIRY]
UL
QL
MET UM
iE LT L
METOTLM
MELIUM
ME M
ME DT UM
YOHIMG
bASINERTE]
T OHIMG
TN NG
LM G
YOURG

(RO



APPENDIX XIIIL
INFILTRATION RAW DATA FOR

QUARTZITE DOMINATED GLACTIAL TILL STUDY SUBSITES



214

FELON et o0ssos sREFLICATION G o o o 0 o5 0 0¢s AGE BROUF
' LEMELIT AN 9 | 4
FRAL 13947 ,47 13728.70 152598, 6%

METDILUH

FR2RC
F26M
F2RM
Faas
FaRS
AL
Fare
F3aM
M3
F3ns
F3Rs
KiaC
K1RC
K1AM
K1 M
ALY
KBS

2E2E .40
1%44,09
H83%.40
1A77 .42
31LY0 A0
2880.66
8878.98
P& .28
SL35 .90
654635
785,98
4RO, 75
HEE7 00
1677.3%
1823.2%
&9 .8
Ll4s.64

2133,16
711404
2O7B A5
2443, 09
5797 . 79
BO76 .66
536021
765,74
Ak ') l‘:.'
34,25
566 .16
7183,39

13291.13

866,84
618,21
674 .57
FAH.07

S518.FY
L Q0

A7 00
2YH 62
3099, 41
2734.80
LR223.74
1349 .17
1020.99
HHG LY
FA7 .52
393772
4266 .29
L18%.,07
638,10
L1567 .96
1330.94

ME T UM
ME T UM
MELCTUM
MEDTUM
ME LT UM
YOUNG
YOUNG
YOUNG
YOUNG
YOUNG
YOUNG
MEDTUM
METVTUM
ME DT UM
METIT UM
ME T UM
METU UM




APPENDIX XIV
BULK DENSITY RAW DATA FOR

TERTIARY VOLCANIC STUDY SUBSITES



FEDON

B1AC
BlaC
B1AC
R1AC
BiAC
BLEC
B1RC
BLRC
BlAaM
Ed AN
BLAM
BLAaM
BLEM
B1BM
BiRM
BiAs
Blag
H1AS
B1iS
BLES
B1ES
Baa
B2AC
Bial
[E
BIRC
BB
R
B2 6M
B2AM
B2k
BoRM
Bk
BanG

Bakb

HORTZON

Az
a2
R217T
B21T
BH22T
H2
H2
B2LT
A2
AR
B21T
R2AT
Al
B2LT
22T
A
RALT
B2
i
il
BalT
faad
Ba2LT
BALT
A

B2

BT
e
faz
B227

fd

216

DEFTH

M
1840
1%5.0
B0, 0
3040
4%5.0
15,0
30,0
45,0
18,0
L%,0
30.0
G0
15.0
30.0
45,0
20,0
YV I V)
C Y]
15,0
KAV
45 .0
150
30,0
48,0
15,0
300
45,0
1540
30,0
45,0
15,0

3040
"":’ 'J ) 0
1540

BULK
LDENSITY
G/LC
1.37
1.30
177
1L.87
1.84
1.19
a6
Le64
Le22é
Lelé
Le72
L&Y
§e B8
1+65
173
Leay
2 th
Le87
L3y
1ol
Le?7
LedZ
etk
Ledz
1esd
178
1e4%
Leva
1+63
1.8
1.0
1.73
189
le&a
1,78
1+
Le3l

AGE
GROUP

O
QLI
UL
QLI
(il
01 L
QL.
L1
0L
QLI
L1
QLI
QLI
GL.I
WY
Iy
Ol
Gl 1
UL
LT
Ol
oL
QLD
(.1
LD
Gl
N
G
0L
Q1.1
(.0
Od. T
Gl
(LT
UL
(1.1
QLI

o




&

FEDON

B2RS
B2k
B2RS
BIAL
BEGT
B3al
B3R
BRARLE
E3RC
B3AM
BAAM
B34
BARHM
B3BM .
BAEM
BJ3AS
BZ4S
BEAY
RARS
BAES
BEBRS

HORY Z0ON

A2
B2aT
B22T
AR
B24T
R21T
A2
B21T
B21T
A2
e
B2LT
2
B21T
R22T
A
BT
B22T
(298]
BT
BE21T

217

DEFTH

(Y

15,0
3040
45.0
15.0
30,0
45.0
1540
0.0
45,0
15.G
30,0
45,0
150
30,0
4%5.0
15.0
3G, 0
4%.0
1540
3040
45,0

BULK
DENS LT
GO0
1e31
1,77

1 o f)
1.4%9
1.62
1,78
l. + / C’)
1.89
1271
Lebd
1.3

Ak
GROLE

0L
Ol

UL

YOUNG
Y OUNG
TOUNG
YOURG
YOUMNEG
¥ O G
YOURG
YOUNG
YOUNG
T OLNG
TOUNG
YOUNG
FOUNG
YOUMG
YOUNG
YOURNG
FOUMG
Y OUING



APPENDIX XV
BULK DENSITY RAW DATA FOR

LIMESTONE DOMINATED GLACIAL TILL STUDY SUBSITES



-

FETION

Ra2al
KA
KZ2A0
F2AL
K260
K2ZAT
K2at
Ka2ac
KRG
KRG
KaR
K2BRC
K2RC
K2RC
KEBE
KIZBG
K2BC
K280
K2BC

K2BC

RARE -

R2BC
K2RBC
KRG
KZaM
K20
[Reer =Ty
=Ty
Ko fr
NALATY
K2
N2ad
K2t
K2aM
KZam
KaaM -
KZ2Em

HORIZON

TIARE
I1A%E
TIREA
TIR&A
TIR2T
Tigay
T1ct
]
2

A2
B2IR
B2IR
B2IR
BEIR
TIa2
LT1A2
ITIA2
TiAaz
1Ia&k
LTimgR
TiRa2T
TIR2T
Iic1
TICL
R2Tw
R2IR
B2IR
BEIR
Lias
LTl
LTimgn
LIagn
Fiaz
Tink
1iCs
T2
BAIR

221

DEFTH

.M
45.0
4%.0
&7 . O
67.0
80.0
80.0
100.0
LO0.0
3.0
3.0
5.0
9.0
15,0
1440
B0 .0
3040
45,0
45,0
98,0
73.0
73,0
100.,0
1000
G40
.0
Lisw
13540
300
370
37.0
a4 .0
45 .0
1550
155.0
b0

I

RUL.K
ENGSLITY
G/CC
1.71
1.6%5
1.4%
1,41
1.27
1.13%

.1. oé).l.

1.67
P
'63
BT
62
2
B2

L5

1.60

Led?y

1 O?:l

1 H‘.)l

1.44

1:44

1.51

1,59

160G

Lo13

LeGa

Lo2%

1.42

1. 5%

1.76

Lesvy

L&l

I. 0({)4

1.47%

1.7%

1.89
+834

GROUE

MEDTUM
METT UM
MEDLTUM
METI T U
MEDIEUM
ME T UM
ME TN
MEDT U
ME L U
MEDTUM
MED T Ui
MED LU
MED UM
METITUM
MED T UM
METV UM
rb DL Ui
MEDT UM

MED UM
MED T U
ME DT Ui
FED L
MEDT UM
Pk It

i UM
MEDT U
tE T L LM
MEDTUM
MEDLUM
METT U
MEOT Ui
MEDT UM
MEDTUM
MEDIUM
P T T Ui




i

#

222

FEDON - HORIZON DEFPTH BUL K SYEY
R TENSTTY G G

Cri G

KZBM B2LR Hew + 34
3 F B2TR S0 D
W2 R BaTR 16,0 Leas
kM BEIR 180 W87
fo2 B 1ia2 30,0 iead
K2RM TIaz A0 1ot
KPR ITTAagR G500 L&l
K2 BM TIALR A5 1¢54
2 BH TIR2T 49 .0 Le&d
K2BHM TIR2T . hGY.0 1,39
KORM TICs L460.0 Levd
Ko g rrca Lé60, 0 L+ 90
M AS BRATR 5.0 ]
Kb B2IR 5.0 I8
KRS BR2IR 18,0 b
F2ns BR2IR 15,0 Y
KRG TIAZ 300 TLed4
LTinz 30.0 Le3l
LTIz 4%, 0 LeAS
1Az 45,0 1.8
TIR2Y S0 1.+40
TIg2T 94,0 Leoa2
rIGs LOL .0 172
KNG Tres 101.0 1o 20
ks B2im 4.0 (V4
Bt Bl 3,0 71
o A 1900 134
" ITIad L&, 0 L8l
TInmgl IO Leas .
TImak 20,0 Leab P T L Ui
ITiAz 45,0 128 METDTUM
TLaz 45,0 P 3 METHL Ui
Trca 148.0 1.69 MEDT UM
o] 1L48.0 1s68 METUT Ui
340 1.09 Y QUNG
.0 L6 Y OUNG

K30 2
Kang B2TH 3.0 W91 YOUNG



FEDON

K3n
K3A0
K3Al
K3Al
KIAL
AR
ETT M
KEAC
K3AE
TSI
KA
YT
K3a0C
K3IAC
K3RC
KIRE
K3RC
K3RC
RIRC
K3IRC
K3RC
KRIRC
RERC
FAREC

K3AM
K3AM
K3aM

F 3
K36M
K3AM
K3AM
K3AM
K3 AM

223

HORIZON DEFTH

B2IR
BATR
B2IR
BRITR
LTiAa2
i1ma2
L1a2
Tia2
ITagk
T1AgR
IIB2Y
LIR2T
11cl
TIct
R2IR
B2IR
RB2IR
BRLR
Iinz2
1Az

T1ask

LTIAZE
LIR2T
TIR2Y
el
Trel
BRIR
R2IR
H2TR
RZTR
Ila
Liag

TIALH

TIALR
LTIRSZY
TITR2Y
11061

LM
9.0
G9.0

15,0

1%5.0

30.0

30.0

4%.0

45,0

G240

6240

HY . O

ﬂ‘)()') + 0

113.0

113,0
G40

5.0

1540
15,0
30.0
3040
4540
45.0
T3.0G
73.0
100,0
100.0
a0
G40
15.0
30,0
30.0
4%5,0
45,0
78.0
78.0
11L0.0

RULK
CDENSITY
G/CC

L
+ 30
O3
91
1.62
LoB7
LS9
Le62
95
Clhe4i
1,42
1.49
L.a9
38

$ 52

37

v 35
1.60
1.62
1.67
1+.62
1.49
l- 4 49
1,58

AGE
GROLF

YOUNRG
YOUNG
YOUNG
YOUNG
YOUNG
YOURDG
YOUNG
YOUNG
YOUNG
YOLNG
YOUNG
YOUNG
YOUNG
YOUNG
YOUNG
YOUNG
YOUNG
YOUNG
YOUNG
YOUNG
YOUNG

YOUNG -

YOUNG
YOUNG
YOUNG
YOUNG
YOUUNG
TOUNG:
YOUNG
YOUNG
YOUNG
YEOUNG
YNNG
YOUNG
YOUNG
YOUNG
TOUNG




224

FEDON HORTZON DEFTH BULK AGE
DENSITY GROUF
M - B/LE
K3aM 1Icy 110.0 1.76 YOUNG
K3HHM LIy 110.0 1.49 YOUNG
K3BM R2IK 9.0 42 YOUNG
R3RM R2TK 5.0 + 50 Y OUNG
RKIERM B2IR 13.0 99 YUNG
KEEM B2TR 15.0 70 YOUNG
R3RM LIA2 30.0 1.43 YOURG
K3BM TIéa2 30.0 1.58 YOUNG
K3 Ei4 ITa2 4%5.0 1.54 YOUMG
K3 LM Tinz 4540 1.51 YOUNG
K3BM I TA&R 1.0 1.59 TOUNG
R3BM IIALR 1.0 1.58 YOUNG
K3BRM TrR2T 1060 157 YOUNG
K3BM LIR2T 105.0 1250 TOUNG
R3BM 11c) 42,0 1.86 YOUNG
FAEM LIc 142.0 1.84 TOUNG
KERE B2IR S0 «87 YOUNG
FaEng RITR .0 CW P0G YOUNG
K3ng BA2TR G50 87 0 YOUNG
K348 B2IR ERY) v 25 YOUNG
R3aG R2TR 15.0 Lol YOUNG
FAAG R21TR _ 13, 91 YOUNG
Kaas EIA2 30.0 1.353 YOUNG
NEETLRSS Iiag 30.0 1e44a YOUNG
K3hs TIm2 45.0 1.42 YOUNG
X5 Iiaz 4%, 0 1451 YOUNG
K3nE TIARE AL 0 L4 YOUNG
R34S TTAGR 68 .0 L+36 YOUNG
RKEag TIRa2y 5.0 1,55 YOUNG
K3 TIE2T 85,0 156 YUOUNG
A TETS el 12540 1.74 YOUNG
K35 rrcr 125.0 1.78 YOUNG
KEnS TR : 9.0 + 44 TOUNG
R3RS B2TR 15.0 93 YOUNG
N3RS BITH L3540 88 YOUNG
REES FIaz2 30,0 144 YOUNG
KERE Lia2 3040 le47 YOUNG




FEDON

KERS
K3RS

R3RY
KIRSG

R3RY
K3RS
K3RG

HORIZON

1142
1IAgk
TIARE
LIB2T
TIR2T
rIcz
Fice

225

LEFTH

G

30.0
45,0
45.0
70,0
70.0

1325, 0

EULK
DENSTTY
Gsee
1.47
1.38
1.34
1.43
1,50
Le72
Le?7

AGE

GROUP

YOUNG
TOUNG
YOUNG
TOUNG
YOUNG
YOUNG
YOUMG




APPENDIX XVI
BULK DENSITY RAW DATA FOR

QUARTZITE DOMINATED GLACIAL TILL STUDY SUBSITES



229

PEDON - HORIZON  DEPTH  BULR AE

DENSTTY  GROUE

oM G/ CL

F3AC e oA FOURG
Fan G V70 YOUNG
Fant B2 IR 1640 V7 TOUNG
CEAC 15,0 68 TOUNG
FAAC BOL0 .72 QUG
FEac 30,0 A FT YOUMG
F3ac 45,0 193 YUUNG
F3AL Tian 4500 L85 YU MG
Faac I16 sk 105,00 1.84 TOUNG
F3AE L1A&E 5.0 1,64 YOUNS
AL 110 165,011,572 Y OUNG
F3AL rict 165.0  1.73 Y GUING
F3RC B2 LK 500 V5B Y DUNG
F3RC B2TR 540 Vi TOUNG
FIRC B2 LR 15,0 113 YOUNG
F3RC BR2IK 15,0 JB Y OURG
E3RC iz 0.0 1.7 Y UG
F3RC 1IAZ 30,0 1,85 YUUNG
FIREC riaz 45,0 1.8l YOUNG

FEERE Tinz 45,0 1480 YOUNG
AL I1A%R 7E.0 0 Lavl Y OUNG
FEEG Tla%h Y30 1.82 Y OUNG
FRBC TIC 120.0  1.54 Y OUNG
R TICL 180,00 1.81 T OUNG
F b Bk ) 3 Y OUNG
F 3k BT 5 0 L6l YOUNG
F 3 AN BaLR 15,0 V50 Y OUNG
F 36 Iia2 150 Vo7 TOUNG
F3aM T1AD 3000 1,72 YOUNG
F A LIA 45.0 174 YOUNG
F 36 T1p% 45,0 1.47 Y OUNG
F3an T1A&E 0,0 1.6% YOUNG
F 3 LIALE QOO 1.7V 7OUNG
F3aM T1Cd 50,0 180 YOUNG
F3RM - BRIR %) V57 YOUNG
F3RM Bk 500 ‘40 YOURE
F 31 BTk 15,0 v40 YOUNG




FEDON

F3IBM
F3RM
F3BM
F3EM
F3ERM
F3RHM

F3LM -

F3Rit
FhM
F3AS
F3a8
F3Aa5
F3ns
FReg
Fins
F3A8
F3a%
F3as
F308
F3AS
F3a4
FIRs
F3ES
FaERG

IRG

F.

FIRS
F3Rs
FERE
FARS
F3HS8
FARS
F3Rs
KLaC
K1AaC
KLAG
KA1AG
R1AC

230

HORIZON

B2IR
B2IR
1142
IIA2
I1T1A2
LIA2
ITTARR
1Ic1
TIC1
B2TR
B2IR

B2IR

R2IR
Liad

L rIAR

Tin2
IIA2
TIA&E
ITA%E
Tiga
ez
B2IR
BZIR
B2IR
B2k
Tia
Tia2
TIa2
11az
Iipaxtk
IIhgR
Ict
fia

e
R2AIK
B2IR
BAIR

DEFTH

CH
1540

15.0.

3040
3().0
45,0
45,0
Q0.0
150.0
15000
S0
D0
15.0
1340
0.0
3040
4540
45.0
110,90
11G.0
17540
172%5.0

5.0

540
1540
150
30.0
X000
45,0
4540
B7.0
H7.0

148,00
30

340

5.0

540
15,0

BULK
DENSLITY
G/CC
+ 40
29
1.85
1.74
175
1.80
172
202
1i66
1+63
1%t
WKa
1.04
1.83
173
PR T
1.8
182
1.8%
1.70
1.89

N
tal
L+81
177
1a7%
1.91
1.9
2.03
1,20
+ 39
+ 34
Ty
7
» 88

AGE
GROUF

Y QUNG

Y OUNG
YOUNG
YOUNG
YOUNG
YOUNG
Y OUNG
¥ UG
TOUNG
YOUNG

YOUNG

YUOLNG
YOURNG
YOUNG
YOUNG
Y OUNG
¥ OGS
YOUNG
YOUNG
TOUNG
YOUMNG
YOUNG
YOUNG
TOUNG
TOUNG

YOG

TOUNG
¥ O G
TOUNG
YIUNG
YOUNG
YOUNG
MEDNT U
MEDT UM
MEDTUM
MEDTIUM
MEDTUM




o

FEDON

K1ac
K1AL
Kial
KiacC
KiacC
N1al
K1AC
Kiac
K1iAC
K1AL
K1BC
KI1ERC
K1RC
KIRC
KIRE
KI1RC
KLRC

KiBC

KIBEG
KiEBC
KiBE
KIRC
- KIRC
KiBC
KLaM
.Hlﬁﬁ
ML A
KAk
K1AM
Kilai
K1 éid
AT
1AM
K1 A
K1 i
KoL amM
KL

HORIZON

R2IR
B2TR
L1142
ITaz
ITm2
ITk2
Ilpgr
TIA&R
Y1y
TICH
A2

Y2
oy

RI1R
BR2TR
B2IR
BR2IRK
Tin2
IIns
TInz
LIén2
TIAgR
11C1
IICH
B2IRK
BalR
Tiag
B2IR

IIAZ

IIAz
I1A2
IIan
ITA&R
IIALK
IICL
1IC1
B2IF

231

DEFTH

CM

15,0

13540

30,0

3G.0
45,0
45,0
78,0
78.0
124,0
124.0

F.0

3.0

S0
YY)
1540
150
30.0
30,0
AE0
45,0
83,0
145, 0
L4%.0

95,0

5.0
15,0
15.9
0.0

30,0

45,0
45,0
F0.0
90,0
138, 0
138.0

.0

EULK
DENSBTTY
G/0C
]
¢ 33
1275
1.49
1.82
1.72
1463
Leda
1.79
1.8%
93‘4
v B2
36
eG4
+ é'{’
1.83
1ed2
1.80
L.74

. g b
Lowda)

AGE
GROLUF

MET T G
ME VT U g
ME DT UK
MET T Ui
METEY Ui
ME T L
ME DT UM

PEDT UM
METOL Ui
MEDT U
PEXT UM
METT U
ME TV UM
ME VIR
ME DL U
ME DT L4
METUTU 4
MiE DT UM
ME T T UM
MEDT UM
MELT UM
MEDNT U
METCT Ui
MED LU
FE T U
FE X T U
PE L UM
FET U
ME LT UM
ME DT Ui
ME 1T 4
ME DT L
FE DT UM




232

CUCFEDONT OHORIZON o DEFTH.  RULK AGE
L R e DENSITY - GROUP
) O ot BACE
O B2Ik ) T4 FEDY L
G RLBM O CBZIRC - TE00 0 o83 MEDT U
CORIERMO - CR2IR A0 9s MEDTUM
ORABMO BRIR LSv0 o wel3 0 WEDTUN
KRB T TAR L300 Rl EE HEDILUR
N0 B O CLUEGV0T 140 MED T UM
CORLEMOCTTAGE 45,00 L5 M D LU
KL EBM PENEA A5, 00 La54 MED UM
N4 BM TIet 1400 7 L. 8% ME L UM
Kikm  Lici 140,00 1,90 ME TV Ui
K1AS R2TR 5.0 e 60 ME LT UM
K1AS B2IR 5.0 55 PLELEIL Lk
KiAs R2TR 15,0 V5 ME LT U
Kiag B2IR 15.0 .59 ME DT UM
K1as LIA2 BOLO O Lebhy MEXCE Ui
K1ng 1Ip2 J0.0 - 1.4H FiE 0 UM
K1As.  TIALE 450 L.uE MEDNT Ui
Ring TIAER 45007 1,539 FE LT L
CKLAS TICl LSO 0 1,79
Kilag ety - LIS O L é¥
KRLBE - BRIk CBWO 1000
CKIEBS EaLR B0 47
NiRS: B2 LR L0 .94
KRS R2TR D P V86
KBS T CO30.0 L eEE
CRiRg LEsi RIVIY) Ledd
K1k6 IIagi AW L dd
K1Bg LIA&E 45,0 LeG4
KRS 1161 L2300 1.80
K1Rg ey L2340 1477 7 HEDTUM




APPENDIX XVII
SOIL WATER RETENTION RAW DATA FOR

TERTIARY VOLCANIC STUDY SUBSITES



234

FEROM HORTZOM MERTH AOWATER Y Wi AGE

BEl1al
El1AL
Blag
BLRC
R1LERC
BLEREC
B1AM
STy
Bl Al
Bl tid
B R
BlkH
Biag
Bilag
Hlﬂﬁ
lﬂ.li\)
HlBS
JESEE =TI
B2ZAL
RIAC -

CBRERG

B2aRBC
I‘qlﬁl.
l‘.h-.?l‘-‘l

LA
B2 fid
2R
B2EM -
B2AS
BanG

Baas
B2RS
BaRG
BAES
B3AC

A
B21T
r* )"')
ey
Az
BT
1

B21Y
I':" Y

Ay Kae

f-\l :3

i

e
BELT
i
B2LT
B2LT
¥

Baav

-Jluxﬁf

a5

i1

BaRY

B“lT
“"‘J J
A

€M

1540
IG.0
4% 0
1%.0
0.0

4850

45,0
1540
3040
45,0
20
30,0
4540
i5.0
39 .0

Y

1850
VRN

L8 s
LYY
L INT Y|
Lirow
IV IY
Y]
1w

B0

S8, 0
Lor s
3000
A48,
L.

IRV
NI VE

Lns V)

V02

BARS

AL.é4d
Be.24
Téa91L
G2, 42
40,39

C4bH .85

26438
1ée74
20,28
33.866
TR %
SO.57
dhas
2 ‘4 . i
32050
SLe¥7
28,49
Glely
28 .00
31.20

47,53
'\;Q 0:6\'}
29,07
LN

29,0
33.G0
40.95
49.u8
81,07
30,41

Y
ficai
BYeR7

JE .28
A0, 07
48,0l

ey

IRV
Ay Gl
:5 1. * (‘)'.
RS
48 e Ui
L t:.‘ * d‘* ""
PR CIY
.D Lebs
RN
B LEN
G4 5
LIS Tt
AQLYE
"‘} .L * ’('-‘ \..f
274

46,07

Gled4
28 64
sl

e T
e A

SLeus
16,98

'28 . 4{-;,

R
AR
Ve Y
L 93
OH7 24
KSRy
%)
A
2R
R

i’ ;'.'. + CI) ‘f .

I RN
Gy e AW
L3 esw
FRC I
wid e
RS
w2 B
At AY
EeF e
LV AL

Aah 00

»‘" OV e #t '-

e A"oul 5

PR
e B
15 Ln
45 G4
BB Lé

a1 3

\
\‘;H«O 4

ut -" + l \:5

GROUE

Gl 1o
Gl.
CHL. 10
Ok
1Y
Ci. L
Ol.i
Ol
i I
(NI Y
LT
(KN
TN
UL
.
(L. i
TRV
tid. 1
(.10
(.1
G I
G L
i, 18
(3.1
Wi
L
L
GG
Gil.o
(1.1
Ol 1
{i1.10
(i I
L
Cil. 1)
GHL 22
YOG

kil




i
]
i
i
1
i
i

FETION

BANLC
BAGLL
BEHC
BIAL
B3BC
AR
RARC
[
B3
B3AF
BEa
BIEM
[ER
BsRi
REHS
B3ENG
BEA
BRRS
By

RABY

HORTZUM

LT
B2t
ITiail

A
[y

B22T
B22T
]

e
ol

B2

BT

Y

IRV
300
40, 0

Lod. 0

o
e L)

300

180
RICPY]

A
e WY

235

G2 86

4 6

Y

Bkl

ot
EA IR

R
DA

{-‘\i l E
e

Firi

A, A

Fini
I R TNI

ERIRTR I
TLIPG
(LN
PG
LG
YO Ui
YOG
TOUNG
TOLING
YOUNG
YOG
O
YOG
YOG
LG
TG
TOLIMG
TOUNG
YOI
YO



APPENDIX XVIII
SO011, WATER RETENTION RAW DATA FOR

LIMESTONE DOMINATED GLACIAL TILL STUDY SUBSLTES



FETION

F1AC
FiacC
F1ag
Flat
F1ai
Flad
F1lEC
FLRC
F1BC
F1pC
FLlBC
FleC
F1aM
FLaM
F1av
F 1AM
F oL EM
F1BM
F 1 B
F1uM
Flasg.
F1AY
F1ias
FLAs
=1
RS
FAus
F1RE
FiRs
L RS
KAl
KIAC
Kaal
Kaas
Kaal
K240
K2R

HORITZON

B2IR
B2IR
1142
IIAgE
T1B&A
Timait
B2TR
IIa2
Iinz
IIAEw
TIR&EA
TIR22T
B2IR
ITag
LTIALH
TIR2LTY
BETR
Lia?
T1akRi
TIBR2LT
AN
TTALR
TIA%L
ITIAagl
TIR21LT
Timz
TIa2
LIAZ
TIAER
LTRELY
B2k

STEY
TTREA
PIBAT
101
2TR

R TH

UM
9.0
15,0
30,0
45.0
7140
88,0
1540
30,0
45,0
(()\'; + O
82,0
148.,0
18,0

CE0.0

A5 0
105,40
15,0
0.0
450
#8850
19,0
30.0
45,0
WL Y]
P70
1540
30,0
45,0
54 L0

TLa. o

L. 0
| RIVRNY.
450
GF e
fo, 0
(RSIVINY
AEHL0

237

AOWATER 1Y

402
BARS

34,72
30,63
34,08

35,23

35,28
39,37

1.98
31.82
32410

34460
37.83
$89.93
33,04
Al .25
20076
74400
1% e 63
41 .18
34.12
40.10
78.3"

Jé.Aé
28.18
20,53
33.04
'bh./V

L &8
CBle4l
37 B9
39,86
34,62
Pled7

V10
BARE

3E G
2140w
I P Y
31456
28,87
34460
24,94
304054
30,59
32,57
32,78
:5"0'..:‘

B2, 90

RS SV

40 .41
20416
7058
13.6%
S9.83
K32
L0 oY
39460

32,120

25,30
27405
19268
31727
2L.79
2H43¢
B b3
85477
23 a4
sﬁU Py -..3-.'
3l.ui
a7
LU T
68 * \)"’

W1
Eam s
33,44
17,48
29060
29,39
28,79
S2 X7
23,848
28,50
2. 208
H) ‘) l
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APPENDIX XIX
SOIL WATER RETENTION RAW DATA FOR

QUARTZITE DOMINATED GLACIAL TILL STUDY SUBSITES
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