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Abstract:
Eighteen forest soil pedons (boralfs and ochrepts) in the Bitterroot, Flathead and Kootenai National
Forests were characterized and 54 pedons evaluated for the existence of soil 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, Proctor test, 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 (control, moderate and severe) were established based on evidence of
surficial disturbance and the presence of vegetation. Infiltration, bulk density and soil 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 Kootenai
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 soils 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. 
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ABSTRACT

Eighteen forest soil pedons (boralfs and ochrepts) in the Bitter­
root, Flathead and Kootenai National Forests were characterized and 54 
pedons evaluated for the existence of soil 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, Proctor test, 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 
surficial disturbance and the presence of vegetation. Infiltration, 
bulk density and soil 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 Kootenai 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 
soils 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.



INTRODUCTION

Soil compaction is defined as the process of increasing soil bulk 

density as the result of applied loads or pressure (Saver et al.,.

1972). In the timberlands of western Montana, field soil scientists 

have observed that soil compaction may be inhibiting forest 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 

soil compaction in areas which have undergone ground-harvest operations 

and to characterize the physical and chemical properties of the soils

involved in compaction.



REVIEW OF LITERATURE

Successful establishment and maintenance of forest vegetation 

requires a root penetrable soil substrate capable of supplying aeration 

water and nutrients. 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 agricultural 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 similar conclusions with sunflowers. Roots did
3not penetrate soil with a bulk density of 1.9 g/cm or greater. The

3threshold densities for root penetration seemed to be about 1.75 g/cm 

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 (I.6-1.7 g/cm ) in clayey soils. In addition to visual 

root counts, Veihmeyer and Hendrickson used the inability to extract 

moisture from a soil as an indication of the absence of roots in 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."
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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. In soils with high bulk 

densities, 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 soil strength increases with increasing bulk density. Thus, for a

given 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/cm . Roots of western red

cedar and western hemlock could not penetrate soil of density 1.45 
3g/cm , but roots of red alder, Iodgepole pine and Douglas-fIr could
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3penetrate. No roots penetrated soil densities greater than 1.59 g/cm .

3Forristall and Gessel (1955) report that a density of 1.5 g/cm restricts 

red alder root growth in loam soils while Douglas-fir and western
3hemlock root growth was restricted at a bulk density of 1.25 g/cm 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 

(Saver, 1972). Infiltration is one of the most important phases of 

water movement in the hydrologic cycle of a forest environment. Hills 

(1971) states that infiltration data relate closely to overland flow 

development. It is well known that erosion potential increases with 

increasing overland flow (Saver et al., 1972). Trimble and Weitzman 

(1953) found soil 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 inducing slow water entry and poor aeration. Trimble and Weitzraan 

(1953) reported that it took 619 times longer for a given quantity of 

water to enter a forest soil skid road than a similar undisturbed soil.
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Steinbrenner (1955) reported that after four passes with a tractor, 

moist soil 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 soil 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%. In 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 is 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 Ashcroft, 1972).

Important microbiological processes depend on adequate aeration.

The microbial population is drastically affected by changes in soil 

aeration (Brady, 1974). Organic matter oxidation is reduced when 

sufficient oxygen is not present. Many microbial transformations are
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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, or CH^ 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 

soil are dependent largely on the porosity and pore size distribution.

Porosity is defined as the total soil volume not occupied by

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

e -1 -fir*100•
where e = total soil porosity, B.D. = bulk soil density and P.D. = 

particle density (Saver et al., 1972). 2.65 g/cm^ is the accepted

normal value of particle density in most soils. Thus, if 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.

(Saver, 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 soil 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 macroscopic 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 Available 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 soil between field capacity and the permanent 

wilting point (Taylor and Ashcroft, 1972). Ryder and Sneva (1956) 

found that compacting a sandy loam soil with a heavy roller improved 

available water holding capacity. Rashid and Khalid (1977) concluded
Othat compaction up to 1.51 g/cm bulk density can benefit wheat growth 

in areas with coarse-textured soils and where water is not available in 

sufficient quantities.

Factors Which Influence Susceptibility to Compaction

All soils are susceptible 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 
soil 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 
increased 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 soil 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
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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 soil under the load and loosen the soil 
on the sides. The total net reduction in voids is 
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 soil 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 soil 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. In 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 silt loam soils. Soils with a wide range of particle 

sizes can be reoriented so that small 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 soils can be partly attributed to the cohesive forces between soil 

particles (Brown, 1977). Because of this, the amount and type of clay 

present is important when evaluating soil strength. In a clay soil 

containing 55% clay, shear strength more than doubled between soil
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water tensions of -I 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 raontmorilIonite to illite 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 thercompaction of fine 

grained soil 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 92% as dense as a soil with no coarse fragments 

In explanation, Li notes that gravels, when grouped together, tend to 

form voids in the soil which may be empty or only partially filled 

with soil fines. As the gravel content increases, 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 soil 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 soil can be 

compacted and the subsequent effect on plant growth and water relations. 

Well aggregated soils generally have low bulk densities and good 

permeability. As a result of compaction, aggregates are crushed, 

interaggregate porosity reduced and permeability diminished (Lull,

1959; Baver et al., 1972). Intense rain storms can break down the 

structural units in a soil and form a dense, impervious crust in the 

soil surface. Crusting is a form of compaction 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 is 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
I '.

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 soil strength is optimized.
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Moisture Content

Much research has been done on the effect of moisture content on 

compaction. Engineering studies show that the most compaction for the 

least expense occurs when the soil is slightly below its plastic limit 

(Lull, 1959). Because the plastic limit varies with the soil texture 

and type of clay present (Grim, 1962), it follows that the optimum 

moisture 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 soil 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 is 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) points 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 can 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 soils 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 

stability and a subsequent increase in a soils's potential for compac­

tion. Howard et al. (1979) concluded that organic carbon was clearly 

the most important soil characteristic of California forest soils for 

predicting maximum soil densities 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 can be used to predict a soils compactibility. 

Working with four soils in New York, Free et al. (1947) concluded that 

soil samples containing the most organic matter would be compacted the 

least at given moisture contents and compactive efforts. Also, the



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).

15



RESEARCH METHODS

Site Selection

Study sites with a range of parent materials, soil properties and 

environmental conditions were selected in the Bitterroot, Flathead and 

Kootenai National Forests. These soils 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 Volcanic 

parent materials which are often overlain by a thin layer of silty 

material. Flathead and Kootenai 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 depicted in figure I.

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 effect of the variability of the natural soil landscape. 

Comparative soil profiles within each study site were chosen based on 

soil morphology and geomorphic setting. Every attempt was made to 

keep soil and geomorphic properties within a given study subsite
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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 severely disturbed areas, moderately 

disturbed areas and the controls or undisturbed areas. Undisturbed 

areas are obviously non-trafficked as evidenced by their location 

completely out of any harvesting unit or within a group of trees not 

scarred by logging equipment and close enough 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 traffic 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 upon the soil parent
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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 

till 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 soil pedons were sampled in an attempt to 

account for the spatial variability which normally exists within a 

given soil 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 soil pedon.

Undisturbed clod samples were collected from each soil pedon for 

laboratory determination of bulk density, soil moisture release charac­

teristics and hydraulic conductivity. In addition, infiltration 

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: cation exchange capacity, exchangeable cations, pH, clay

mineralogy, organic matter, organic carbon, sieve analysis, Atterberg 

limits, Proctor curves and particle density.

Infiltration rates were determined with a double ring infil- 

trometer (inner ring diameter = 15.2 centimeters; outer ring diameter 

= 35.6 centimeters) (Johnson, 1963) at each pedon. Three infiltrom- 

eters were used at each pedon to measure infiltration for 60 minutes.

Because pedons were chosen with morphological similarities, a 

compromise between sampling strictly by depth versus sampling strictly 

by horizon was possible. Samples were always 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 argillic horizons. Likewise in 

the glacial till soils, the 15 cm depth nearly always corresponded 

with 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 

statistical computer program was set up to sort so that only samples 

which met both specific 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.
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3In each horizon, saran.peds (approximately 75-200 cm in volume)

were taken for analysis of bulk density and soil water retention.
3Larger paraffin coated peds (approximately 350-1500 cm 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 characterize^ 

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 the 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 the flow of 

liquid through the clods. A constant head of .005N calcium 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 pressure chamber 

apparatus similar to that described by Richards (1972). The suction 

control "membrane" was a porous 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 pressure 

chamber apparatus on ground samples that passed a 2 mm sieve. A 

porous ceramic plate with sufficiently small pores to maintain imperme 

ability to air 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, NH^Ac 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 

calcium carbonate equivalent (Allison and Moodie, 1965). In order to 

verify the results of the extractable 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 technique 

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 

relative abundance of alumino-silicate minerals present in the clay 

fraction (<2 y). 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, yield 

results which are classified into ranges categorized as "high", 

"medium", "low", or "trace".

Calculations

Calculations used in this report are as follows:

. Porosity:

e = (I - !"P-") 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 acidity:

H+ (exch.) = CEC - [Ca++ + Mg++ + Na+ + K+](exch.), where 

CEC = cation exchange capacity,

H+ = exchange hydrogen,

Ca++ = exchange calcium,

Mg = exchange magnesium,
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[Ca++ + Mg++ + Na+ + K +] + CEC, where

K = exchange potassium (Peech, 1965) 

Percent Base Saturation:

%BS

% BS = percent base saturation. 

Hydraulic Conductivity:

K "'At * M  where
K = hydraulic conductivity (cm/sec),

Q = quantity of water (cm^),

A = estimated average cross sectional 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 material 

on the physical properties of the soils 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 I. 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 I. Schematic presentation of plot design.

Site .____________ Sub-Site _______Treatment___________ Replication
Sev. A B

I 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
I Mod. A B

Cont. A , B

Limestone Sev. A B
Till 2 Mod. A B

Cont. A B

Sev. A 1 B
3 . Mod. A B

Cont. A B

Sev. A B
I Mod. A B

Cont. A B

Quartzite Sev. A B
Till 2 Mod. A B

Cont. A B

Sev. A B
3 Mod. A B

Cont. A B .
* Sev. - Severe 
Mod. - Moderate 
Cont. - Control
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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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RESULTS AND DISCUSSION OF CHARACTERIZATION 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 I.

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 

consistence (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/cc. 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 

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



Table 2. Summary^ of properties of the surface horizons of the Bitterroot, Flathead, 
and Kootenai study sites and criteria used to define amorphous character.

Ratio 
of 15 

bar water 
content 
to % clay

Bulk
Density % Silt

Structural
grade Consistence

Bitterroot
National
Forest

Surface horizon

.87
[.52]

. 1.44 
[.16]

39.5 
[5.5] . moderate

soft-slightly 
hard, friable 
slightly sticky 
slightly plastic

Flathead and 
Kootenai 
National Forests 
Surface horizon

3.05
[1.73]

.72
[•27]

64.7
[4.25]

weak-
moderate

soft,
very friable,
npn-sticky,
non-plastic

Definition of 
amorphous 
character

!.Ot .SSgZcct . 60%+ weak+ soft, friable 
non-sticky 
non-plastic"

§ Data are means with standard deviations in brackets.

From Soil Taxonomy (1975). 

^From Ottersberg (1977).
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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,
3have bulk densities greater than 1.00 g/cm and a ratio of 15-bar 

water content to measured clay of less than 1.0 .

Texture .

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 horizon 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 (3-15% clay) of 

apparent volcanic origin.

Proctor Test

The Proctor test is an analysis originally devised by engineers 

to determine: I) 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 optimum 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 Tertiary 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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'iTable 3. Summary of optimum moisture content and maximum soil

density§ achieved using standard Proctor Test (Method C)t 
on major horizons in three parent materials.

Horizon
Optimum Moisture 

content Maximum Density
(% Wt .) (g/cm3)

Limestone Till
B2ir 25.6 [4.4] 1.36 [-10]
IIA2 12.7 [1.7] 1.89 [.05]
IIA+B/IIB+A 13.7 [1.9] 1.91 [.05]
IIB2t 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]
IIA2 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 soil’s consistence is its plastic 

limit. Plastic limit is the moisture content at which soils 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 

limit 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 is 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. In addition to means and standard deviations, the
I

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 Kootenai 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.

Plastic Limit Plastic Index

Limestone Till 
B2ir +NP NP; (100)
IIA2 21.4; t .1] 2 .8; [1.2]; (80)
'IIA+B/IIB+A 20.7; [1.5] . 3.6; [2.3]; (11)
IIB2t 20.8; [1.3] 6.8; [1.4]; (0)
IICca 19.4; [1.7] 3.2; [2.8]; (14)

Quartzite Till 
B2ir NP NP; (100)
IIA2 20.3; [3.6] 2 .1; [1.4]; (64)
IIA+B 19.9; [ .9] 7.5; [3.0]; (60)
H G 19.4; [1.6] 3.5; [1.5]; (25)

Tertiary Volcanics 
A2 23.6; [5.3] 3.0; [i.i]; (0)
B21t 29.7; [12.5] 31.6; [22.5]; (0)
B22t 25.8; [3.5] 43.7; [38.1]; (0)

Data are means followed by standard deviations in brackets with the 
percent of samples non-plastic in parentheses.

t NP = non-plastic.
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Clays are dominantly responsible for the cohesive forces in 

soils, 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 

sites 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 illite 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 Volcanic sites contained appreciable amounts of crystal­

line clays. Illite 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 I and 2 have clay minerals 

dominated by the smectite group. Lesser amounts of illite and kaolin­

ite are present. Four soil pedons (B3AC, B3AM, B3BM, B3AS) at subsite 

3 have mineralogies dominated by kaolinitic clays 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
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dominantly kaolinite mineralogy of the sample extracted from the 

IIB23t horizon in profile B3AC. Clay mineralogies are included in the 

family names of all soil 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 amounts of kaolinite and smectite are present. In 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 

soils are about equal and less than that of the Tertiary Volcanic 

subsoils. Under wet conditions, this ranking would be reversed.

Because of the presence of crystalline clays, the surface horizon 

on the Tertiary Volcanic sites is 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



37
are acid, 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 surface horizons than 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 is 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 •j*Summary of chemical data for major horizons of soils at limestone glacial till
sites.

1:1 Extract Exchangeable Cations
Base

Satura-
Horizon O.M. O.C. PH EC Ca Mg Na K tion CEC CaCO3

% Z (mmhos/cm —  meq/lOOg % meq/lOOg Z

B2ir 4.0
[-58]

2.3
[.33]

5.8
[.49]

.09
[.05]

2.10
[.79]

.48
[.24]

.09
[.03]

.28
[.18]

17.37
[4.51]

15.00
[6.01]

• 20.31 
[4.75]

—

IIA2 .7
[.25]

.4
[.21]

6.3
[.43]

.05
[.02]

4.00
[1.07]

■ .95 
[.82]

.07
[.06]

.15
[.05]

1.07
[.87]

80.37
[13.99]

6.39
[1.05]

—

IIA+B/
IIB+A

.5
[.19]

.4
[-17]

6.3
[-42]

.05
[.03]

6.04
[1.54]

1.11
[.35]

.10
[.06]

.18
[.04]

2.96
[1.19]

72.51
[7.88]

10.56
[2.26]

—

IIB2t .6
[.33]

.4
[.18]

6.7
[.31]

.12
[.06]

8.65
[2.76]

1.18 ' 
[.26]

.07
[.04]

.19
[.04]

1.42
[1.37]

86.34
[9.73]

11.34
[2.70]

—

IICca .4
[.16]

.2
[.09]

6.8
[.20]

.13
[.03]

26.82
[3.92]

1.26
[.61]

.09
' [.06]

.15
[.05]

0 100.00
[0]

5
S1-t 10.99

[2.22]

Data are means with standard deviations in brackets.

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



Table 6. Summary of chemical data for major horizons of soils at quartzite dominated
till sites.

1:1 Extract Exchangeable Cations
Base

Satura-
Horizon O.M. O.C. pH EC Ca Mg Na K fit tion CEC

% Z (mmhos/cm - meq/lOOg Z meq/lOOg Z

B2ir 3.4 1.2 6.0 .09 2.22 .70 .09 .34 13.72 20.18 17.07
[.92] [.51] [.71] [.03] [.78] [.39] [.01] [.10] [2.87] [7.53] [2.08]

IIA2 .6 .4 6.3 .04 1.78 .68 .07 .13 2.30 51.97 4.97 W
VO

[.30] [. 18j [.43] ' [-02] [1.23] [.51] [.04] [.02] [1.17] [16.67] [1.93]

IIA+B .6 .4 6.7 ■ .05 4.35 1.26 .07 • .15 2.97 63.92 8.79
[ .42] [.23] [.21] [.03] [2.61] [.48], [.03] [-05] [.72] [6.98] [3.74]

IIC .4 .2 6.9 .08 14.335 .95 .07 .13 1.56 5 74.04 6.07 4.125
[.18] [.11] [.15] [.05] [13.29] [.44] [.02] [.03] [1.91] [28.30] [1.71] [4.79]

+Data are means with standard,deviations in brackets.
■!■Exchangeable H calculated as follows: Htexch.] = CEC - (Ca + Mg + Na + K) [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.

1:1 Extract ■ Exchangeable Cations
Base

Satura-
Horizon O.M. O.C. pH EC Ca Mg Na K Ht tion CEC CaCO3

% % (mmhos/cm ■ meq/lOOg % meq/lOOg Z

A2
1.7
[.55]

1.1
[.26]

6.1
[.52]

.11
[.07]

4.94
[1.36]

1.63
[-56]

.09
[.03]

.40
[.20]

3.56
[.77]

65.03
[8.80]

10.66
[1.96] —

B21t
• .8 
[.43]

.5
[.25]

6.2
[.51]

.14
[.08]

12.93
[8.15]

6.99
[4.33]

.16
[.10]

.56
[.29]

8.45
[3.54]

67.74
[13.08]

28.77
[15.27] —

B22t
.9
[.47]

.4
[.38]

6.4
[.31]

.13
[.05]

14.48
[8.07]

8.26
[5.08]

.18
[.09]

.66
[.33]

8.93
[9.07]

69.52
[21.71]

32.49
[15.05] —

^ Data are means with standard deviations in brackets.

t Exchangeable H calculated as follows: H[exch.] - CEC - (Ca + M g  + N a +  K)[exch.].

I
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Figure 2. Particle size distribution and unified soil classification 

for major horizons of soils forming in: I) 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 generally higher coarse 

fragment contents throughout the profile (35-60% by weight) than in 

Tertiary Volcanic parent 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 density and total porosity are inversely related. Any 

changes 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
3

Montana soil samples was 1.56 g/cm . 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 soils 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.

Bulk density__________ Total porosity^
3g/cm % vol.

Limestone Till
BZir .53 (.25) 80%
IIAZ 1.56 (.20) 41%
IIA+B/IIB+A 1.46 (.17) 45%
IIBZt 1.46 (.13) 45%
IICca 1.63 (.07) 38%

Quartzite Till
BZir .76 (.27) 71%
IIAZ 1.77 (.13) 33%
IIA+B 1.75 (.16) 34%
IIC 1.76 (.11) 34%

Tertiary Volcanics

AZ 1.30 (.07) 51%
BZlt 1.67 (.11) 37%
BZZt 1.66 (.25) 37%

Data are means with standard deviations in parentheses.

^ 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.

BULK DENSITY (g/cc) TYPICAL HORIZON 
TV LT

A2

B2 It 

B22t

B3

.A 2 

B2ir

3EA2

JTA+B 

Z B + A  

Z B 2 I

ZCIco

ZC2co

ZC3co

SEQUENCE
QT

B2ir

Z A 2

Z A  + B

Z C I

TV - Tertiary volcanic parent material
LT - Limestone dominated glacial till parent material
QT - Quartzite dominated glacial till parent material
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Water Holding Characteristics

The water holding capacities of the major horizons of the soils 

involved in the study 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 Tertiary 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. In 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 available 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 

associated 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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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 A.W.H.C+

Limestone Till O
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
IIA2 24.9 [8.3] 7.3 [4.3] 17.6
IIA+B 29.0 [9.4] 7.6 [3.5] 21.4
IIC 25.7 [9.2] 7.7 [2.4] 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
B22t 54.1 [11.7] 24.2 [7.5] 29.9

Data are mean percent water by weight with standard deviations in 
brackets.

rft A.W.H.C. = available water holding capacity. x
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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 moisture contents are only for the 

compactive effort under which the standard Proctor analysis is con­

ducted. Each compactive force has its own optimum moisture content.

As the compactive effort is 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 involved 

in the study were investigated to determine if and in what manner soil 

compaction had occurred. Infiltration, bulk density and porosity, 

moisture retention and hydraulic conductivity measurements were made 

and statistically analyzed for soils of the three parent materials.

Infiltration

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 three determinations
1 . . 

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 also significantly 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 statistically significant differences in infiltration rates

could be attributed to differences in soil parent material or age

grouping.
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Table 10. •f*Summary of Infiltration data at the three parent 

material sites.

Control Moderate Severe
3cm

Limestone Till 7019.8
(38.5)

1516.2**,
(8.3)

1334.0**
(7.3)

Quartzite Till 6578.7
(36.1)

1626.7** 
. (8.9)

1358.3**
(7.4)

Tertiary Volcanics 5281.8
(29.0)

3068.8
(16.8)

■ *671.9
(3.7)

Data are the means of the median cumulative volume of water 
(cm; that infiltrated into soil 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

A = difference from control significant at P = .01 level
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Bulk Density

Mean bulk densities from the major horizons of the soils on the 

three parent 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 the 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 all study sites except the one on the quartzite till, which 

had non-statistically significant increases.

Analysis of subsoil bulk densities revealed no statistically 

significant increases due to treatment in any of the parent materials. 

Significant decreases were noted in the IIA2 horizon of the severely 

treated quartzite till study areas and in the moderate treatment of 

the IIA2 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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V

Table 11. Saran-clod
treatments
material.

rjrbulk densities 
on soils forming

of major horizons for 
in Tertiary Volcanic

three
parent

Horizon Depth Control Moderate Severe
• cm c/em^ -

* A A
Al 15 1.30 1.53 1.58

(.07) (.21) (.18)

B21t 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/cm^. 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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i

Table 12. Saran-clod bulk densities' of major horizons for three 
treatments on soils forming in limestone dominated 
glacial till. -

Horizon Depth Control Moderate Severe
cm —  g/cm3 —

01/B2ir 5 .61 .84** .97**
-5 cm (.24) C.Z4) (.28)

BZir 15 .53 **.97 .93**
-15 cm (.15) (.32) (.09)

I1A2 30 1.55 1.53 1.39# ..
-30 cm (.20) (.12) (.25)

IIAZ 45 1.59 1.54 • " 1.43
-45 cm (.10) (.07) (.09)

IIA+B - 1.46 1.52 1.42
(.17) (.11) ■■ (.07)

IIBZt - 1.46 1.50 1.49
(.13) (.10) (.07)

IIC - 1.63 1.81* 1.72
(.07) (.14) (.04)

^ Data are mean bulk densities in g/cm^. Numbers in parentheses
below means over standard deviations. •

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

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

~ = from center of horizon; depth variable.
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Table 13. Saran-clod bulk densities of major horizons for three

treatments on soil forming in quartzite dominated glacial 
till.

Horizon Depth Control ]Moderate Severe
, 3cm

01/B2ir 5 ■ .64 . 66 1.01**
(.27) (.25) • (.38)

B2ir 15 .76 .88 .92*
(.25) (.32) (.22)

IIA2 30 1.71 1.52* 1.75
(.13) (.51) (.18)

IIA2 45 1.83 1.74 1.88
(.07) (.17) (.22)

IIA+B ~ 1.75 1.66 1.78
(.16) (.15) (.17)

IIC ~ 1.76 1.81 1.72
(.11) (.14) (.21)

+ ■ 3 .Data are mean bulk densities in g/cm . Numbers in parentheses
below means are standardI deviations.

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

ft* = difference from control significant at P = .01 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 determined 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 occurred 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 

soil 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 

IIA+B, and moderately treated IIC horizons. Small increases in mean
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TTable 14. Water content . at .02 bars soil water potential of major 

horizons in soils forming in Tertiary Volcanic parent 
material.

Horizon Depth Control Moderate Severe r:cm

A2 15 33.1 28.2 27.8
(5.9) (4.6) (4.3) .

B21t 30 41.8 33.5 39.0
(9.7) (17.0) (13.2)

* *B22t 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
cm 5

A2 15 30.8 26.3 25.6
(5.8) (4.4) (4.6)

B21t 30 40.7 31.8 37.5
(9.4) (16.2) (12.7)

B22t 45 57.7 40.5** 42.7*
(15.7,) (10.4) (24.8)

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.

= difference from control significant at P = .01 level.
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Table 16. fWater content at 

horizons in soils 
material.

.33 bars 
forming

soil water potential 
in Tertiary Volcanic

of major 
parent

Horizon Depth Control Moderate Severe
cm

Al 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. **

** = difference from control significant at P = .01 level.
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Table 17. Water content at 

of major horizons 
glacial till.

.02 bars 
in soils

absolute soil water 
forming in limestone

potential
dominated

Horizon Depth Control Moderate Severe
cm

* **B2ir 15 82.9 65.3 59.7
(29.5) (18.7) (15.2)

IIA2 30 29.7 27.1 26.6
(3.0) (6.4) (4.9)

IIA2 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)

IIC - 33.4 31.2 28.9
(6 .0) (3.1) . (3.9)

^ 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.

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

~ = from center.of. horizon; depth variable.
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Table 18. Water content at 

horizons in.soils 
till.

.1 bar 
forming

soil water potential of 
in limestone dominated

major
glacial

Horizon Depth Control Moderate Severe
cm

B2ir 15 78.3 *62.03 55.28**
(26.8) (16.8) (18.2)

IIA2 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)

H G 29.8 28.6 27.0
(4.4) (2:0) (3.2)

+ Data are percent water by weight. Numbers in parentheses are
s tandare deviations.

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

= difference from control significant at P = 

= from center.of. horizon; depth variable.

.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

* **BZir 15 73.9 58.6 53.9
(26.7) (18.4) (17.5)

IIAZ 30 25.4 24.4 23.2
(3.3) (6.3) (4.4)

IIAZ 45 23.8 22.9 28.2
(3.9) (0) (0)

IIA+B 32.5 31.7 32.4
(13.7) (7.2) (4.0)

IIBZt 33.0 29.3 28.7
(1.6) (5.8) (2 .8)

H G 27.8 27.2, 25.3
(3.5) (2.4) (2.9)

f 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.

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

~ = from center of horizon; depth variable.

C
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Table 20. 4*Water content at 

horizons in soils 
till.

.02 bar 
forming

soil water potential of 
in quartzite dominated

major
glacial

Horizon Dep th Control Moderate Severe
cm

B2ir 15 57.6 43.1# 43.0#
(17.6) (23.8) (21.9)

IIA2 30 . 24.9 31.4 23.6
(4.0) (5.8) (2.9)

IIA2 45 30.6 29.6 30.0
(15.4) (8.4) (9.8) .

IIA+B ~ 30.4 . 33.6 25.8
(10.2) (7.5) (4.0)

H G - 34.8 33.2 33.4
(16.3) (13.7) . (15.0)

4* 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 21. tWater content at 

horizons in soils 
till.

.1 bar soil water potential of 
forming in quartzite dominated

major
glacial

Horizon Depth Control Moderate Severe
«/ i___cm

B2ir 15 50.9 ! #.38.6* . ,38.6*
(18.3) . ; . (25.6)

I
(23.1)

IIA2 30 24.1 ' 30.4 22.2
(3.8) , (5.6) (2.7)

IIA2 45 29.1 i 28.7 28.2
(14.2) ; (8.3) (8.8).

IIA+B C 29.4 32.2 24.7
(9.9) (7.1) (4.3)

IIC 27.6 28.8 26.2
' (10.2) (11.3) (8.1)

t Data are percent water by weight. Numbers in parentheses are
s tandard 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

B2ir 15 47.8 33.4* 30.9*
(17.4) (23.6) (23.6)

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

IIA2 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)

IIC . ~ 25.7 26.3 24.2 •
(9.2) (10.0) (7.1)

t _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.

= from center of horizon; depth variable.



soil water retention were observed in these horizons. Overall, ho 

significant changes in soil water retention were detected in the 

quartzite till subsoils. |

Mean water content for the three soil 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 Tertiary Volcanic 

sites at any time during the 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 

points of flow. Coarse fragments located at the point of inflow or

64
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outflow effectively plugged flow through the sample. In 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 of soil 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 soil conditions. This concept is a premise upon which 

much work in soil science is based (Jenny, 1941). Recent work 

(Billings, 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

librium with one another, any change which alters the equilibrium will 

result in a change of the factors that make up the equilibrium. For 

example, a significant change in soil conditions will precipitate a 

shift in the vegetation growing on the site. The new vegetation, in , 

turn, will alter the microclimate 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. It 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 significantly 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 was 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 soil 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 absolute soil water potential 

(less than 2-3 bars) is closely related to pore size distribution. 

When a compactiye effort is 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
, = 2acos8 

pgr (I),
where h = soil water potential in cm of water, a = surface tension of 

water, 0 = 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) list twelve plant physiological processes and 

parameters detrimentally affected by water stress. One of the most 

sensitive is growth by cell enlargement. When a plant is stressed by 

a water deficit, the following general sequence of events takes place. 

As soil water content declines, the absolute soil water potential 

increases. In order to extract water from the soil, the plant root 

must develop a greater 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
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potential is increased» the osmotic and matric potential must be 

increased in order to maintain cell turgor. This is 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.

Available Water Holding Capacity

Based on the soil water 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 water (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 26% reduction in the moderate treatment areas and a 34%
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Table 23. Available water^ in the loess cap of three treatments 
on quartzite and limestone glacial till sites.

Control Moderate Severe

B2ir-15cm 32.2 17.8 15.3
Quartzite till sites (45%) (53%)

B2ir-15 cm 59.2 43.8 39.1
Limestone till sites (26%) (34%)

t 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 in Appendices 2 to 4 show that most 

roots were found.in the BZir horizon. Thus, a substantial loss of 

water available for plant uptake has occurred.

After a soil is saturated, water is 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 treatment 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 cm depth in the limestone and 

quartzite dominated glacial till sites. 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 BZir (loess cap) horizon

on the till sites.
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As shown in the literature review, 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 disturbance 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. Because 

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 till 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-sectional 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 is reduced one-half. In the study soils, 

this means that the ability of gases such as CO^ and to move freely 

in and out of the soil has been substantially reduced. For example, 

the bulk density in the B2ir (15 cm) horizon of the limestone till 

sites increased 43% in the severe treatment areas. This is equivalent 

to a 19% reduction in pore space. If it is assumed that all of the 

pores are free pore space, a 34% 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 

movement of gas through a soil. In actuality, the aeration situation 

is further complicated 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 (I), and the air-filled pore space is reduced,

A reduction in gaseous diffusion results.
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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 documented in this study inhibit 

timber productivity, this inhibition will have existed for at least 

one-tenth of the rotation period.

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
I

to treatment effect were especially difficult to detect in the sub­

soils. Variability encountered in the study is attributed to the 

following:

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

Time

'i
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2) variable clay content and mineralogy in the Tertiary Volcanic 

soils.

3) possible differential glacial compaction of till sites.

4) subtle changes in parent material which occur in glaciated areas 

(different till types, outwash, fluvial deposits, etc.).

5) lack of profile homogeneity due to tree windthrow history, wild 

animal activity, cattle grazing history, etc.

6) 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.



SUMMARY AND CONCLUSION

This research characterized forest soils forming in three parent 

materials: Tertiary Volcanics, limestone glacial till, quartzite

dominated glacial till. In addition, field and laboratory data show 

that the physical properties of these soils have been significantly 

altered by the impacts of harvesting machinery. The literature review 

and discussion show that the physical changes observed are normally 

associated with soil conditions inhibiting to optimum plant growth and 

productivity.

Sites with a loess cap of strong amorphous character were found 

in Flathead and Kootenai 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 cm loamy surface horizon 

overlying clay rich sediments. Glay 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
3 3density (1.3 g/cm ) than the less permeable clay subsoil. (1.66 g/cm ).

Along with clay content, exchangeable cations, base saturation and

cation exchange capacity increase with depth in the Tertiary Volcanic

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 the Flathead and Kootenai 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/cm ) loess cap and the under- 

lying less permeable, denser (1.45-1.76 g/cm ) glacial till subsoils. 

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, base 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 follows:

1) Tertiary Volcanics

- 87% reduction in severe treatment areas,

2) Limestone dominated glacial till

- 78% reduction in moderate treatment areas,

- 81 % reduction in severe treatment areas.

Quartzite dominated glacial till3)
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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) 1

- 38% increase in moderate treatment areas,
- 59% increase in severe treatment areas.

Limestone dominated glacial till (15 cm)
- 83% 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% 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 IIA2 horizon in the moderately treated quartzite till
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study areas and in the severe treatment on the limestone till 

sites were found, These occurred at the lowest (P = .10) level 

of statistical confidence employed. Because of the variable 

nature of the glacial till and because the changes fit no trend 

in the data, the authors question the validity of these decreases. 

Significant reductions in soil water retention were found at 

three soil water potentials (.02, .10, .33 bars) in the loess cap 

horizon of the limestone and quartzite dominated glacial till sites. 

Significant reductions were also found in the B22t (45 cm) 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% reduction 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 expressed 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, soil water 

retention or bulk density. The effects of soil compaction were not 

ameliorated over the range of time investigated.



RECOMMENDATIONS
1) 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

harvest unit.

- To determine the feasibility of establishing alternative succes-

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

penetrate dense subsoils and subsequently aid in the ameliora­

tion of compaction.

2) 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 four-symbol code. The first symbol 

identifies the national forest that the pedon is located in. This 

is followed by a number designating the subsite, then by the letter A 

or B designating the replication, and finally 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 National Forest 

F = Flathead National Forest
I

K = Kootenai National Forest 

Subsite Code (second symbol)

1 = subsite I

2 = subsite 2

3 = subsite 3

Replication Code (third symbol)

A = replication A |

B = replication B

Treatment Code (fourth symbol)

C = control

M = moderate amount of disturbance

S = severe amount of disturbance



APPENDIX II

SOIL PROFILE DESCRIPTIONS

FOR PEDONS FORMING IN TERTIARY VOLCANIC PARENT MATERIAL
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BlAC

CLASSIFICATION: fine, montmorillonitic, frigid Eutric Glossoboralf
DATE DESCRIBED: 8-1-79
LOCATION: Bitterroot Nat. For., site Ij control, first replication;

NW%, Sec. 17, TlS, R22W 
ELEVATION: 1585 m
VEGETATION: DF/LIBO/SYAL
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 9% East to Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 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, slightly sticky, nonplastic; few 
fine, medium & coarse roots; slightly, acid (6.3 pH); abrupt- . 
smooth boundary.

B21t 29-102 cm 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 films 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 cohrse roots; neutral (7.0 pH).



96

BlBC

CLASSIFICATION: fine, montmorillonitic, frigid Typic Eutroboralf
DATE DESCRIBED: 8-3-79
LOCATION: Bitterroot Nat. For., site I; control, second replication;

NW^, Sec.17, T.1S, R22W 
ELEVATION: 1585 m
VEGETATION: DF/LIBO/SYAL
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 10% East
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 5-0 cm

A21 0-17 cm 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 acidic (6.5 pH).
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BlAM

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

replication; NW^, Sec.17, TlS, R22W 
ELEVATION: 1585 m
VEGETATION: DF/SYAL/CARV
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 9% Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 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.

B21t 15-41 cm 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 cm 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 cm Silty clay loam, brown (7.5YR 5/4) moist; moderate
medium subangular blocky structure; soft, very friable, 
slightly sticky, slightly plastic; common clay films on faces 
of peds; few fine roots; moderately alkaline (pH 8.0).
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BlBM

CLASSIFICATION: fine, montmorillonitic, frigid Typic Eutroboralf
DATE DESCRIBED: 8-4-79
LOCATION: Bitterroot Nat. For., site I, moderate disturbance, second

replication; NW%, Sec.17, TlS, R22W 
ELEVATION: 1585 m
VEGETATION: DF/SYAL/CARU
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 10% Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 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 cm Silty clay, dark yellowish brown (IOYR 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 cm Silty 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 cm Silty clay loam, brown (7.5YR 5/3) moist; 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).
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BIAS

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

replication; NWk, Sec.17, TlS, R22W .
ELEVATION: 1585 m
VEGETATION: DF/SYAL/CARU
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 6% Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 5-0 cm

A2 0-15 cm 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.

BZlt 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. .

B22t 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 pads; few 
fine roots; neutral (7.0 pH); clear wavy boundary.

90-140 cm Silty 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).

B3
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BIBS

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

replication; NW^, Sec.17, TlS, R22W 
ELEVATION: 1585 m
VEGETATION: DF/SYAL/CARU
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 5.5% Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 2-0 cm

A2 0-41 cm Pinkish white (5YR 8/2), silty clay loam, brown to
dark brown (7.5YR 4/4) moist; weak moderate subahgular 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.

B21t 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.

B22t 58-105 cm Silty clay, reddish brown (5YR 4/4) moist; 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.

B3 105-156 cm 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 (jpH 7.0).
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B 2 AC

CLASSIFICATION: fine loamy, montmorillonitic, Mollic Cryoboralf
DATE DESCRIBED: 8-19-80
LOCATION: Bitterroot Nat. For., site 2, control, first replication;

NWk, Sec.17, TlS, R22W 
ELEVATION: 1585 m
VEGETATION: AF/LIBO/VASC
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 8% Northeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 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 IOYR 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 strongly 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 B21t is 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 occupies 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;.

NW%, Sec.17, TlS, R22W 
ELEVATION: 1585 m
VEGETATION: DF/LIBO/SYAL
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 14% South
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 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 cm 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, montraorillonitic, frigid Typic Eutroboralf
DATE DESCRIBED: 8-3-79
LOCATION: Bitterroot Nat. For., site 2, moderate disturbance, second

replication; NN^, SeC.17, TlS, R22W 
ELEVATION: 1585 m
VEGETATION: DF/LIBO/SYAL
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 6% Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 21-0 cm

A2 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.

B21t 20-42 cm Silty clay, brown-dark brown (7.5YR 4/3) moist;
strong coarse columnar structure; firm, sticky, plastic; many 
thick clay films on face of pads; few fine roots; strongly acid 
(pH 5.5); clear, smooth boundary.

B22t 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.

B3 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, montmor11lonltIc, frigid Typlc Eutroboralf
DATE DESCRIBED: 8-2-79
LOCATION: Bitterroot Nat. For., site 2, moderate disturbance, second

replication; N0%, Sec.17, TlS, R22W 
ELEVATION: 1585 m
VEGETATION: DF/SYAL/CARU
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 10% South
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 14-0 cm

A2 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 (5YR 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 cm Silty clay, dark reddish brown (5YR 3/2) moist;
moderate medium angular blocky to sub-angular blocky structure; 
firm, very sticky, very plastic; strong, moderately thick clay 
films on face of peds; few fine roots; neutral (pH 7.0); clear 
smooth boundary.

B31 94-180 cm 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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B 2 AS

CLASSIFICATION: fine, montmorillonitic, Mollic Cfyoboralf
DATE DESCRIBED: 8-2-7 9
LOCATION: Bitterroot Nat. For., site 2, severe disturbance, first

replication; NW%, Sec.17, TlS, R22W 
ELEVATION: 1585 m
VEGETATION: AF/LIBO/VASC
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 9% Northeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 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 
structure; slightly hard, firm, slightly sticky, slightly 
plastic; few fine roots; very strongly 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.

B22t 44-97 cm 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 clay 
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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CLASSIFICATION: fine, montmorillonitic, frigid Mollic Eutroboralf
DATE DESCRIBED: 8-3-79
LOCATION: Bitterroot Nat. For., site 2, severe disturbance, second

replication; NW^, Sec.17, TlS, R22W
ELEVATION: 1585 m
VEGETATION: DF/SYAL/CARU
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 8% South
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

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

Al 0-3 cm 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.

A21 3-13 cm Dark grey (10YR 4/1) silt loam, very dark brown
(10YR 2/2) moist; strong, medium platy structure; hard, very 
firm; many very fine roots; clear smooth boundary.

A22 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.

B21t 27-52 cm Silty 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.

B22t 52-83cm 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.

B2BS .
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B2BS

B31t

B32t

Continued -

83-128 cm Silty clay, dark brown (IOYR 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 (IOYR 5/4) moist; weak very 
coarse prismatic to weak medium subangular blocky structure; 
very hard, sticky, very plastic.
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B 3 AC

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, TlS, R22W 
ELEVATION: 1780 m
VEGETATION: DF/VAGL/ARUV
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 2% Southwest
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 6-0 cm

A2 0-24 cm 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.

B21t 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.

B22t 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.

B23t 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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B3BG

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

NE%, NE%, Sec.29, T15, R22W 
ELEVATION: 1780 m
VEGETATION: DF/VkGL /ARUV
PARENT MATERIAL.: Tertiary Volcanic
SLOPE and ASPECT: 5% Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 5-0 cm

A21 0-8 cm Light grey to pale yellow (2.5Y 7/3) silty clay loam,
dark yellowish brown (10YR 3/4) moist; 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 cm 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 
sticky, 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 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.

IIB31 140-165 cm 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.

IIB32 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).

NOTE: Small black nodules uniformly disseminated throughout IIB31
horizon.
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B3AM

CLASSIFICATION: fine, kaollnltlc, frigid, Eutric Glossoboralf
DATE DESCRIBED: 8-3-79
LOCATION: Bitterroot Nat. For., site 3, moderate disturbance, first

replication; NEk, NEk, Sec.29, T25, R22W 
ELEVATION: 1780 m
VEGETATION: DF/VAGL/ARUV
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 2% Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 6—0 cm

A21 0-13 cm Pinkish grey to light brown (7.5YR 6/3) silty clay
loam, reddish brown (5YR 4/4) moist; 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 bldcky structure; 
slightly hard, friable, sticky, plastic; few fine, few coarse 
roots; strongly acid (pH 5.5); clear, smooth boundary.

B21 36-71 cm 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 (10YR 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

B3

Continued -

152-182 cm Red (2.5YR 5/8) silty clay, red (10YR 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).
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B3BM

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

replication; NEk, NEk, Sec.29, T25,R22W 
ELEVATION: 1780 m
VEGETATION: DF/VAGL/ARUV
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 10% Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Ol 7-0 cm

Al 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 strongly acid (pH
5.0) ; clear wavy boundary.

A2 14-24 cm 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.

B21t 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.

B22t 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.

B23t 79-127 cm 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.

x
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B3BM Continued -

B3 127-169 cm Gravelly silty clay, light yellowish brown
(2.5Y 6/4) moist; strong coarse subangular blocky structure; 
firm, very sticky; plastic; continuous thick clay films on face 
of peds; neutral acid (pH 7.0).
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B3AS

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

replication; NE%, NE%, Sec.29, T25, R22W 
ELEVATION: 1780 m
VEGETATION: DF/VAGL/ARUV
PARENT MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 0% Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

A2 0-18 cm Reddish yellow (7.5YR 6/6) silty clay loam, yellowish
red (5YR 4/8) moist; moderate medium angular blocky structure; 
slightly hard, friable, slightly sticky, slightly plastic; many 
fine, common medium, few coarse roots; very strongly acid (pH
5.0); abrupt, smooth boundary.

B21t 18-45 cm Reddish yellow (7.5YR 6/6) silty clay loam, yellowish 
red (5YR 4/8) moist; moderate medium angular and subangular 
blocky structure; slightly hard, friable, sticky, slightly 
plastic; common moderately thick clay films on face of peds and 
line pores; few fine, few medium roots; strongly acid (pH 5.5); 
clear smooth boundary.

B22t 45-79 cm Reddish yellow (5YR 6/6) silty clay, red (2.5YR 4/8) 
moist; moderate medium subangular blocky structure; slightly 
hard, friable, sticky, plastic; strong, moderately thick clay 
film on face of peds and lining pores; few fine roots; strongly 
acid (pH 5.5); clear smooth boundary.

B23t 79-158 cm Silty clay, red (2.5YR 5/8) moist; strong, medium 
subangular blocky structure; firm, very sticky, very plastic; 
continuous thick clay films on face of peds; few fine roots; 
slightly acid (pH 6.5); clear wavy boundary.

B24t 158-191 cm Red (2.5YR 4/8) silty clay, red (10YR 4/8) moist; 
moderate, medium subangular blocky structure; slightly hard, 
firm, very sticky, very plastic; continuous very thick clay 
films on face of peds; few fine roots; medium acid (pH 6.0); 
clear smooth boundary.
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B3 191-241 cm 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).

B3AS Continued -
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B3BS

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

replication; NEk, NEk, Sec.29, T25, R22W 
ELEVATION: 1780 m
VEGETATION: DF/VAGL/ARUV ,
PARENT.MATERIAL: Tertiary Volcanic
SLOPE and ASPECT: 9% Southeast
DRAINAGE: Moderately well drained

PROFILE DESCRIPTION

Al 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, 
slightly plastic; common fine, common medium roots; strongly 
acid (pH 5.5); clear wavy boundary.

A2 20-27 cm White (2.5Y 8/2) silty clay loam, brown (7.5YR 5/3)
moist; moderate medium subangular blocky and platy structure; 
hard, firm, slightly sticky, plastic; few fine roots; very 
strongly acid (pH 5.0); clear smooth boundary.

B21t 27-51 cm Silty clay, yellowish brown (IOYR 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.

B22t 51-78 cm Silty 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.

B23t 78-106 cm 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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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 cm 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).

Continued -
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FlAC

CLASSIFICATION; coarse loamy, mixed, cryic Paleboralf (propose 
andic subgroup)

DATE DESCRIBED: 8-22-79
LOCATION: Flathead Nat. For., site I, control replication; SE%, NW^,

Sec. 2, T31N, R26W 
ELEVATION: 1475 m
VEGETATION: AF/CLUN
PARENT MATERIAL:- Limestone dominated glacial till 
SLOPE and ASPECT: 16% North to northeast
DRAINAGE: Well drained

PROFILE DESCRIPTION

Ol 6-0 cm.

A2 0-7 cm 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, nonplastic; 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) moist; moderate medium subangular blocky to granu­
lar structure; loose, very friable, nonsticky, nonplastic; 20% 
cobbles, 5% stones; common fine, medium and coarse roots; 
medium acid (pH 6.0); gradual wavy boundary with tongues.

IIA2 26-46 cm Very pale brown (10YR 7/3) silt, olive yellow
(2.5Y 6/6) moist; moderate medium subangular blocky structure; 
slightly hard, friable nonsticky, nonplastic; 10% gravels, 5% 
cobbles; many fine roots; neutral (pH 7.0); gradual irregular 
boundary.

IIA&B 46-61 cm 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% 
IIB2.
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IIB&A 61-75 cm 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, 30% IIA2.

B21t 75-101 cm Clay loam, olive yellow (5Y 6/6) moist; moderate 
medium subangular blocky structure; friable, sticky, plastic; 
continuous thick clay films oh face of peds; 5% gravels, 5% 1 
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; moderate 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).

FlAC Continued -
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FlBC

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

SE%, NW%, Sec. 2, T31N, R26W 
ELEVATION: 1475 m
VEGETATION: AF/CLUN
PARENT MATERIAL: Limestone dominated gliacial till
SLOPE and ASPECT: 22.5% North to northeast
DRAINAGE: Well drained

PROFILE DESCRIPTION

Ol 5-0 cm.

A2 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, noii- 
sticky, nonplastic; many fine, medium and coarse roots; 
extremely acid (pH 4.3); clear wavy boundary.

B2ir 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.

IIA2 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 soil 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.

IIA&B 55-72 cm Silt 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 60% 
IIA2, 40% IIB2.
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IIB&A 72-92 cm Silt loam, olive yellow 2.5Y 6/6) moist; moderate
medium subangular blocky and angular blpcky 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% IIA.2.

IIB21t 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.

IIB22t 136-160 cm 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.

IIClca 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, 10% cobbles; strongly effervescent; 
moderately alkaline (pH 8.0).

FlBC Continued -
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FlAM

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf
DATE DESCRIBED: 8-22-79
LOCATION: Flathead Nat. For., site I, moderate disturbance, first

replication; SE%, 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

Ol 9-0 cm

A2 0-2 cm Very thin, broken.

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

IIA2 19-42 cm White (10YR 8/1 with mottles IOYR 7/6) gravelly silt, 
light olive brown (2.5Y 5/6) moist; moderate medium subangular 
blocky structure; slightly hard, friable, nonsticky, non- 
plastic; 10% gravels, trace cobbles, 20% boulders; few fine and 
medium roots; neutral (pH 7.0); gradual irregular boundary.

IIA&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; 20% gravels; few fine roots; neutral (pH 7.0); gradual 
wavy boundary; horizon 60% IIA2, 40% IIB2.

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% IIA2.
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IIB21t 87-116 cm Silty clay loam, light olive brown (2.5Y 5/6)
moist; strong coarse prismatic to subangular blocky structure; 
very firm, slightly sticky, slightly plastic; continuous thick 
. clay films on face of peds; 5% gravels, 5% boulders; neutral 
(pH 7.0); gradual wavy boundary.

IIB22t 116-131 cm 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).

FlAM Continued -
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FlBM

CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf
DATE DESCRIBED: 8-24-79
LOCATION: Flathead Nat. For., site I, moderate disturbance, second

replication; SE^, 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

Ol 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; 
neutra,! (pH 7.0); clear broken boundary.

IIA2 17-30 cm Pinkish white (7.5YR 8/2) gravelly silt, yellowish 
brown (10YR 5/4) moist; moderate medium subangular blocky and 
platy structure; friable, nonsticky, nonplastic; 20% gravels,
5% cobbles; many fine and few medium roots; neutral (pH 7.0); 
clear broken boundary.

IIA&B 30-40 cm Olive yellow (2.5Y 6/6) silt loam, very pale brown 
(10YR 7/3) moist; moderate medium subangular blocky structure; 
slightly 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 cm 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; 
mildly alkaline (pH 7.5); clear wavy boundary; horizon 70%
IIB2, 30% IIA2.
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IIBZlt 57-112 cm Silty clay, olive (5Y 5/6) moist; moderate medium 
subangular blocky structure; friable, sticky, plastic; 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.

IIB22t 112-138 cm Silty clay, 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).

FlBM Continued -
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FlAS

CLASSIFICATION: coarse loamy, mixed Typic Paleboralf (andic phase)
DATE DESCRIBED: 8-22-79
LOCATION: Flathead Nat. For., site I, severe disturbance, first

replication; SE%, 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

Ol 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 
sub angular blocky structure;, extremely hard, extremely firm, 
nonsticky, nonplastic; .5% gravels, .10% cobbJ.es, 10% stones; 
many fine and few medium roots; mildly alkaline (pH 7.5); clear 
wavy boundary.

IIA2 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.

IIA&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 fine 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% gravels, 5% cobbles; 
few fine roots; mildly alkaline (pH 7.5); gradual wavy bound­
ary; horizon 70% IIB2, 30% IIA2.
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IIBZlt 86-109 cm Gravelly silt loam, olive (5Y 5/6 with very few 
mottles IOYR 5/8) moist; moderate medium subangular blocky 
structure; friable, slightly sticky, slightly plastic; many 
moderately thick clay films on face of peds; 20% gravels, 5%

. cobbles; few fine roots; mildly alkaline (pH 7.5); gradual wavy 
boundary.

IIB22t 109-140 cm 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.

Clca 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) .

FlAS Continued -
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FIBS

CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf
DATE DESCRIBED: 8-22-79
LOCATION: Flathead Nat. For., site I, severe disturbance, second

replication; SE%, NW^, Sec. 2, T31N, R26W 
ELEVATION: 1475 m
VEGETATION: AF/CLUN
PARENT MATERIAL: Limestone dominated glacial till
SLOPE and ASPECT: 11% North to northeast
DRAINAGE: Well drained

PROFILE DESCRIPTION

Ol 4-0 cm.

A2 0-2 cm 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) moist; 
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.

IIA2 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; 25% gravels, 5% 
cobbles; few fine roots; medium acid (pH 6.0); gradual wavy 
boundary.

IIA&B 47-68 cm White to pale yellow (2.5Y 8/3) gravelly silt,
yellow (5Y 7/6) moist; 20% mottles (10YR 7/8); moderate medium 
subangular blocky structure; slightly hard, friable, nonsticky, 
nonplastic; very few clay films; 20% gravels, 5% cobbles; 
neutral (pH 7.0); gradual wavy boundary; horizon 60% IIA2, 40% 
IIB2.
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IIB&A 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% IIB2, 30% IIA2.

IIB21t 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% gravels, trace cobbles; neutral (pH 7.0); clear wavy 
boundary.

IIB22t 123-150 cm 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).

FlBS Continued -
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K 2 AC

CLASSIFICATION: coarse loamy skeletal, mixed Andeptic Cryoboralf
DATE DESCRIBED: 9-11-79
LOCATION: Kootenai Nat. For., site 2, control, first replication; SW%,

SVfo;, 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 DESCRIPTION
OI 8—0 cm

A2 0-6 cm Very pale brown (IOYR 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.

B2ir 6-20 cm Brownish yellow (IOYR 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.

IIA2 20-40 cm White (IOYR 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 cm 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.

IIB&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% IIB2, 40% IIA2.
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IIB3ca 75-85 cm Silt 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.

IIClca 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.

IIC2ca 115-150 cm 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% cobbles, 5% stones, 5% boulders; few fine roots; 
strongly effervescent; moderatley alkaline (pH 8.0); gradual 
wavy boundary.

IIC3ca 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).

K2AC Continued -
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K2BC

CLASSIFICATION: fine loamy, mixed Andeptic Cryoboralf
DATE DESCRIBED: 9-11-79
LOCATION: Kootenai Nat. For., site 2, control, second replication;

SW%, NW%, 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

Ol 10-0 cm

A2 0-6 cm Light grey (IOYR 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 (IOYR 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.

IIA2 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.

IIB2t 65-80 cm Silt loam, olive yellow (5Y 6/6) moist; moderate
medium subangular blocky; friable, slightly sticky, slightly
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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IIClca 80-120 cm Silt loam, olive yellow (5Y 6/6 with 30% of ped 
faces IOYR 4/4 and 5% 7.5, YR 7/8) moist; moderate medium 
subangular blocky to angular blocky structure; friable, 
slightly sticky, nonplastic; very few clay films; 5% gravels,
5% cobbles, trace stones; few fine arid medium roots; strongly 
effervescent; moderately alkaline (pH 8.0); gradual wavy bound­
ary.

IIC2ca 120-163 cm Silt loam, olive yellow (5Y 6/6 with 10% of ped , 
faces IOYR 4/4) moist; moderate medium subangular blocky to 
angular blocky structure; friable, slightly sticky, nonplastic; 
very few clay filmd; 5% gravels, 5% cobbles, 5% stones; 
strongly effervescent; moderately alkaline (pH 8.0); clear wavy 
boundary.

IIC3ca 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).

K2BC Continued -
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K 2 AM

CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf
DATE DESCRIBED: 9-11-79
LOCATION: Kootenai Nat. For., site 2, moderate disturbance, first

replication; SW%, SW%, 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

Ol 2-0 cm

B2ir 0-17 cm Light yellowish brown (IOYR 6/4) silt, yellowish brown 
(10YR 5/4) moist; 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.

IIA2 17-22 cm 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„

IIA&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 Silt 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, ' 
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 
IOYR 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 and medium roots; strongly effervescent; 
moderately alkaline (pH 8.0); gradual wavy boundary.

IICZca 90-220 cm Silt, loam, olive yellow (5Y 6/6 with 40% of ped
faces IOYR 4/4) moist; moderate medium subangular blocky struc 
ture; friable, slightly soluble, nonplastic; very few clay 
films; 5% gravels, 5% cobbles, 10% stones, 10% boulders; 
strongly effervescent; moderately alkaline (pH 8.0).

K2AM Continued -
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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; SWk, NWk, 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

Ol 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, nonsticky, nonplastic; 
common fine and few medium and coarse roots; strongly acid (pH
5.5); gradual wavy boundary.

IIA2 17-38 cm 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.

IIA&B 38-59 cm Silt 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% IIA2, 40% IIB2.

IIB2t 59-78 cm 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 boundary.



K2BM Continued -

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

IIC2ca 110-120 cm Silt loam, olive yellow (5Y 6/6 with 20% of ped 
faces IOYR 4/4) moist; moderate medium subangular blocky and 
angular blocky structure; friable, slightly sticky, nonplastic; 
very few clay films; 5% gravels, 5% cobbles, 10% stones, 10% 
boulders; strongly effervescent; moderately alkaline (pH 8.0).
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K2AS

CLASSIFICATION: coarse loamy, mixed Andeptlc Cryoboralf
DATE DESCRIBED: 9-11-79
LOCATION: Kootenai 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: 18% East to southeast
DRAINAGE: Well drained

PROFILE DESCRIPTION

Ol 4-0 cm

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

IIA2 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% gravels, 5% 
cobbles, trace stones; common fine and medium and few coarse 
roots; medium acid (pH 6.0); diffuse irregular boundary.

IIA&B 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% IIA2, 
40% IIB2.

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.

IIGlca 60-82 cm Silt loam, yellow (5Y 7/8 with 15-20% of ped faces 
IOYR 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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strongly effervescent; moderately alkaline (pH 8.0); gradual 
wavy boundary.

IIC2ca 82-120 cm Silt loam, olive yellow (5Y 6/6.with 20% of ped
faces IOYR 4/4) moist; moderate medium subangular blocky struc­
ture; friable, slightly sticky, nonplastic; very few clay 
films; 5% gravels, 5% cobbles, trace stones; strongly effer­
vescent; moderately alkaline (pH 8.0); gradual wavy boundary.

IIC3ca 120-190 cm Silt loam, olive yellow (2.5Y 6/6 with 50% of ped 
faces IOYR 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.

IIC4ca 190-200 cm 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).

K2AS Continued -



142

K2BS

CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf
DATE DESCRIBED: 9-11-79
LOCATION: Kootenai Nat. For., site 2, severe disturbance, second

replication; SW%, NW%, Sec. 22, T32N, R26W 
ELEVATION: 1356 m
VEGETATION: SAF/LIBO/CARU
PARENT MATERIAL: Limestone dominated glacial till
SLOPE and ASPECT: 20% East to southeast
DRAINAGE: Well drained

PROFILE DESCRIPTION

Ol 4-0 cm

B2ir 0-8 cm Yellowish brown (IOYR 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.

'i

IIA2 8-22 cm Silt 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.

IIA&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% IIA2, 40% IIB2.

IIB2t 32-47 cm Silt 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 
IOYR .4/4) moist; strong medium, and coarse subangular blocky and 
angular blocky structure; friable, slightly sticky, nonplastic;
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very few clay films; 5% gravels, 5% cobbles; few fine roots; 
strongly effervescent; moderately alkaline (pH 8.0); gradual 
wavy boundary.

IIC2ca 97-200 cm Silt, olive yellow (5Y 6/6 with less than 5% of ped 
faces IOYR 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).

K2BS Continued -
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K3AC

CLASSIFICATION: fine loamy, mixed Andeptic Cryoboralf
DATE DESCRIBED: 9-10-79
LOCATION: Kootenai Nat. For., site 3, control, first replication; NE^,

SW%, 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 8-0 cm

A2 0-5 cm White (IOYR 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.

B2ir 5-20 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.

IIA2 20-50 cm Very pale brown (10YR 8/3) silt, olive yellow
(2.5Y 6/6) moist; moderate 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.

IIA&B 50-73 cm 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% IIB2.1

IIB3ca 73-85 cm Silt 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, trace stones, trace boulders; few fine and medium 
roots; neutral (pH 6.8); gradual wavy boundary.
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IIClca 85-140 cm Silt loam, olive yellow (5Y 6/6 with 30% of ped
faces IOYR 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.

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

IIC3ca 160-220 cm Silt loam, olive yellow (5YR 6/8 with 20% of ped 
faces IOYR 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).

K3AC Continued -
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K3BC

CLASSIFICATION: coarse loamy, mixed Andeptlc Cryoboralf
DATE DESCRIBED: 9-10-79
LOCATION: Kootenai Nat. For., site 3, control, second replication;

SE%, NWk, 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

Ol 6-0 cm

A2 0-5 cm 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, nonsticky, nonplastic; trace cobbles, trace 
stones; many fine and common medium and coarse roots; strongly 
acid (pH 5.5); clear wavy boundary.

IIA2 23-42 cm Silt 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.

IIA&B 42-65 cm 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 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 80-120 cm Silt 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.

IICZca 120-175 cm Silt 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.

IIC3ca 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) .

K3BC Continued -
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K3AM

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

replication; NEk, SWk, 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

Ol 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.

IIA2 21-43 cm lSilt 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.

IIA&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% IIA2, 30% 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 (10YR 4/4); moderate medium 
subangular blocky structure; friable, slightly sticky* non­
plastic, very few clay films; 15% gravels, 5% cobbles, 5%
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stones; few fine roots; strongly effervescent; moderately 
alkaline (pH 8.0); gradual wavy boundary.

IIC2ca 125-230 cm Gravelley silt loam, olive yellow (5Y 6/6) moist; 
less than 5% of ped faces dark yellowish brown (IOYR 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).

K3AM Continued -
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K3BM

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

DATE DESCRIBED: 9-10-79
LOCATION: Kootenai Nat. For., site 3, moderate disturbance, second

replication; SE%, NW%, 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 cm

A2 0-2 cm Horizon very thin and discontinuous.

B2ir 2-23 cm Silt, yellowish brown (IOYR 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.

IIA2 23-56 cm Silt loam, light yellowish brown (2.5Y 6/4) moist; 
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.

IIA&B 56-85 cm Silt 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 60% IIA2, 40% IIB2.

IIB2t 85-125 cm Silt 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.

IIClca 125-160 cm Silt loam, light olive brown (2.5Y 5/4) moist; 60% 
of ped faces dark yellowish brown (10YR 4/4); moderate medium 
subangular blocky structure; firm, slightly sticky, slightly
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plastic; very few clay films; 5% gravels, 5% cobbles; strongly 
effervescent; moderately alkaline (pH 8.0); gradual wavy bound­
ary.

IIC2ca 160-230 cm Silt loam, olive (5Y 5/6) moist; 20% of ped faces 
dark yellowish brown (IOYR 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).

K3BM Continued -
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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; NE%, SW%, Sec. 11, T32N, R26W 
ELEVATION: 1530 m
VEGETATION: SAF/CLUN
PARENT MATERIAL: Limestone dominated glacial till
SLOPE and ASPECT: 10% East to southeast
DRAINAGE: Well drained

PROFILE DESCRIPTION

B2ir 0-25 cm Silt, yellowish brown (IOYR 5/8) moist; strong coarse 
subangular blocky and platy structure; friable, nonsticky, 
nonplastic; few fine, medium and coarse roots; strongly acid 
(pH 5.3).

IIA2 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),.

IIA&B 55-80 cm Silt 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% IIB2.

IIB2t 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).

IIClca 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, olive yellow (5Y 6/6) moist;
25% ped faces dark yellowish brown (IOYR 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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K3BS

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

tion; SE%, m h ,  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

Ol 5-0 cm

B2ir 0-20 cm Silt, yellowish brown (IOYR 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.

IIA&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.

IIB2t 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 (IOYR 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 Continued -

IICZca 110-140 cm Silt loam, olive yellow (5Y 6/6 with 60% of ped 
faces IOYR 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.

IIC3ca 140-200, cm Silt loam, olive (5Y 5/6) moist; 25% ped faces dark 
yellowish brown (10YR 4/4); moderate medium subangular blocky 
and angular blocky structure; firm, slightly sticky, slightly 
plastic;; 5% gravels, trace cobbles; strongly effervescent; 
moderately alkaline (pH 8.0).



APPENDIX IV

SOIL PROFILE DESCRIPTIONS FOR PEDONS 

FORMING IN QUARTZITE DOMINATED GLACIAL 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%,

NE%, 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

PROFILE DESCRIPTION

Ol 9-0 cm.

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

IIA2 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 cm Silt, reddish brown (5YR 5/3) moist; moderate medium 
subangular blocky structure; friable, nonsticky, nonplastic; 
many moderately thick clay films on face of peds; few fine and 
medium roots; strongly acid (pH 5.5); gradual wavy boundary; 
horizon 60% IIA2, 40% IIB2.

'

116-163 cm 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).

' /

IICl
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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;

SW%, 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

Ol 8-0 cm.

B2ir 0-20 cm Light brown to pinkish grey (7.5YR 6/3) silt loam,
dark yellowish brown (IOYR 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.

IIA2 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% IIB2.

IICl 113-150 cm 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).

j
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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, 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 0-12 cm Very pale brown (IOYR 7/3) silt loam, dark yellowish 
brown (10YR 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.

IIA2 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,

IIA&B 76-103 cm Silt 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% IIA2, 40% IIB2.

IICl 103-155 cm 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, NEk, 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 cm 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% IIB2.

IICl 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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F 2 AS

CLASSIFICATION: coarse loamy, mixed, Andeptic Cryoboralf
DATE DESCRIBED: 8-19-79
LOCATION:‘ Flathead Nat. For., site.2, severe disturbance, first 

replication; SW%, NEk, Sec. 16, T29N, R25W.
ELEVATION: 1402 m /
VEGETATION: AF/VACA
PARENT MATERIAL: Quartzite dominated glacial till
SLOPE and ASPECT: 87-10% East to southeast
DRAINAGE: Well drained

PROFILE DESCRIPTION

Ol 2-0 cm.

B21ir 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.

. IIA2 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.

IIA&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% IIA2, 40% IIB2.

IIC 121-168 cm 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). -
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F2BS

CLASSIFICATION; , coarse loamy, mixed Typic Cryochrept 
DATE DESCRIBED; 8-19-^79
LOCATION: Flathead Nat. For., site 2, severe disturbance, second

replication; SWk, NEk, 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.

IIA2 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. j

IIA&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% stories; medium acid (pH 6.0); clear smooth boundary; horizon 
60% IIA2, 40% IIB2.

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

IIC2 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 Andie Cryochrept
DATE DESCRIBED: 8-19.-79
LOCATION: Flathead Nat. For., site 3, control, first replication; NVflt,

SE%, Sec. 9, 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 4-0 cm.

A2 0-4 cm Pale brown (IOYR 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 cm 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 (IOYR 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.

IICl 130-200 cm Gravelly silt loam, yellowish brown (10YR 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;

NW%, SE%, 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

Ol 6-0 cm.

A2 0-3 cm Light grey (10YR 7/2) silt, very dark greyish brown
(10YR 3/2) moist; weak fine subangular blocky structure; soft, 
very friable; nonsticky, nonplastic; 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 (10YR 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; 5% 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% IIA2, 20% IIB2.

H G  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, 10% stories, 5% boulders; 
slightly acid (pH 6.5).
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F 3 AM

CLASSIFICATION: coarse loamy, mixed Andie Cryochrept
DATE DESCRIBED: 8-20-79
LOCATION: Flathead Nat. For., site 3, moderate disturbance,,first

replication; NW^, SEk, Sec. 9, T29N, R25W 
ELEVATION: 1463 m
VEGETATION: AF/VACA
PARENT MATERIAL: Quartzite dominated glacial till
SLOPE and ASPECT: 14% East to southeast
DRAINAGE: Well drained

PROFILE DESCRIPTION
Ol 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, nonplastic; many fine and common medium and coarse 
roots; very strongly acid (pH 5.0); clear smooth boundary.

B2ir 3-32 cm Yellowish brown (IOYR 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.

IIA2 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.

IIA&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.

IIC 124-176 cm Gravelly silt, olive (5Y 5/4) moist; moderate
medium angular blocky structure; friable, nonsticky, nonplas­
tic; 15% gravels, 5% cobbles, 5% stones, trace boulders; 
strongly acid (pH 5.5).
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F3BM

CLASSIFICATION: coarse loamy, mixed Andie Cryochrept
DATE DESCRIBED: 8-20^79

1 LOCATION: Flathead Nat. For., site 3, moderate disturbance, second
replication; NW%, 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

Ol 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.

IIA2 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.

IIA&B 75-125 cm 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 tpH 5.5); gradual wavy boundary; 
horizon 60% IIA2,, 40% IIB2.

IICl 125-140 cm 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, 10% cobbles, 5% stones, 5% boulders; 
strongly acid (pH 5.5); clear smooth boundary.

IIC2 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).

20% stones and boulders on surface.NOTE:
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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; NW%, SE%, 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

Ol 7-0 cm.

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

B2ir 3-16 cm Silt, 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.

IIA2 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% stones; few fine and 
medium roots; slightly acid (pH 6.3); clear wavy boundary.

IIA&B 92-135 cm 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.

IICl 135-150 cm 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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IIC2 150-192 cm Gravelly silt, pale olive (5Y 6/4) moist; moderate 
medium subangular blocky structure; friable, nonsticky, non­
plastic; very few clay films; 15% gravels, 5% cobbles; neutral 
(pH 7.0).
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■i

, F3BS
CLASSIFICATION: coarse loamy, mixed Aridic Cryochrept
DATE DESCRIBED: 8-20-79
LOCATION: Flathead Nat. For., site 3, severe disturbance, second

replication; NW%, SEk, Sec. 9, T29N, R25W 
ELEVATION: 1463 m
VEGETATION: AF/VACA
PARENT MATERIAL: Quartzite dominated glacial till
SLOPE and ASPECT: 14% East to southeast
DRAINAGE: Well drained

PROFILE DESCRIPTION

Ol 5-0 cm.

A2 0-2 cm Light grey ,(IOYR 7/2) silt, dark yellowish brown
(10YR 3/4) moist; mottles IOYR 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% stones; 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.

IICl 121-175 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; strongly acid (pH 5.5).
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KlAC

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf
DATE DESCRIBED: 9-9-79
LOCATION: Kootenai Nat. For., site I, control, first replication; SE%%, 

SWk, Sec.12, 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

Ol 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 (IOYR 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.

IIA2 30-58 cm White (10YR 8/2) silt, light yellowish brown
(10YR 6/4) moist; moderate medium subangular blocky structure; 
slightly hard, friable, nonsticky, nonplastic; 10% 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 loam, 
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
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films; 10% gravels, trace stones; few fine, medium and coarse 
roots; violently effervescent; moderately alkaline (pH 8.0); 
gradual wavy boundary.

IICZca 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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KlBC

CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf
DATE DESCRIBED: 9-9-79
LOCATION: Kootenai Nat. For., site I, control, second replication;

NW%, Sec. 13, T32N, R27W 
ELEVATION: 1402 m
VEGETATION: SAF/LIBO/XETE
PARENT MATERIAL: Quartzite dominated glacial till
SLOPE and ASPECT: 14% South to Southeast
DRAINAGE: Well drained

PROFILE DESCRIPTION

Ol 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 (IOYR 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, arid coarse roots; 
medium acid (pH 6.0) ; gradual wavy boundary.

IIA2 22-43 cm 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 arid few 
coarse roots; strongly acid (pH 5.5); gradual wavy boundary.

IIA&B 43-115 cm 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 Silt loam, olive yellow (2.5Y 6/6, with IOYR 5/6 on
50% of ped faces) moist; moderate medium subangular blocky and
angular blocky structure; friable, slightly sticky, slightly
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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.

IICZca 175-200 cm • Silt loam, olive yellow (2.5Y 6/6 with 20% of ped 
faces IOYR 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.

KlBC Continued -
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KlAM

CLASSIFICATION: coarse loamy, mixed Andie Cryochrept
DATE DESCRIBED: 9-9-79
LOCATION: Kootenai Nat. For., site I, moderate disturbance, first

replication; SEk, SWk, Sec. 12, T32N, R27W 
ELEVATION: 1402 m
VEGETATION: SAF/LIBO/XETE
PARENT MATERIAL: Quartzite dominated glacial till
SLOPE and ASPECT: 10% East to Southeast
DRAINAGE: Well drained

PROFILE DESCRIPTION

01 8-0 cm

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

IIA2 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; horizon 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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clay films; 5% gravels, 5% cobbles, 5% stones; strongly effer­
vescent; moderately alkaline (pH 8.0); gradual wavy boundary.

IIC2 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.

KlAM Continued -
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( .CLASSIFICATION: coarse loamy, mixed Andie Cryochrept
DATE DESCRIBED: 9-9-79
LOCATION: Kootenai Nat. For., site I, moderate disturbance, second

replication; E%, NW%, 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

OI 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, honplastic; many 
fine, medium and coarse roots; strongly acid (pH 5.5); gradual 
wavy boundary.

B2ir 6-21 cm Silt, yellowish brown (10YR 5/6) moist; moderate
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.

IIA2 21-40 cm Very pale brown (10YR 8/3) silt loam, light olive 
brown (2.5Y 5/6) moist; moderate medium subangular blocky 
structure; hard, firm, nonsticky, honplastic; 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% IIB2.

IIClca 115-165 cm Gravelly silt loam, olive yellow (5Y 6/8) with 20%
of ped faces 10YR 5/4) moist; moderate medium subangular blocky
and angular blocky structure; friable, slightly sticky, non-
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plastic; very few clay films; 15% gravels, 5% cobbles; strongly 
effervescent; moderately alkaline (pH 8.0); gradual wavy bound­
ary.

IIC2 165-200 cm Silt 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.

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

replication; SE%, SW%, 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

PROFILE DESCRIPTION

Ol 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 and granular 
structure; slightly hard, nonsticky, nonplastic; common fine, 
medium and coarse roots; very strongly acid (pH 4.5) ; clear 
wavy boundary.

B2ir 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.

IIA2 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% stones, trace boulders; few fine, medium, and 
coarse roots; medium acid (pH 6.0); gradual wavy boundary.

IIA&B 42-100 cm Silt 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% IIA2,
40% IIB2.

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

IIC2 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).

KlAS Continued -
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KlBS

CLASSIFICATION: coarse'loamy, mixed Andie Cryochrept
DATE DESCRIBED: 9-9-79
LOCATION: Kootenai Nat. For., site I, severe disturbance, second

replication; E^, NWjS, Sec. 13, 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 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; slightly 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
(IOYR 5/8) moist; strong coarse subangular blocky structure; 
slightly hard, friable, nonsticky, nonplastic; trace gravels,
5% cobbles, 5% stones; many fine, common medium, few coarse 
roots; medium acid (pH 6.0); gradual wavy boundary.

IIA2 18-40 cm Very pale brown (10YR 8/3) silt loam, olive yellow 
(2.5Y 6/6) moist; moderate medium subangular blocky structure; 
slightly hard friable, nonsticky, nonplastic; 10% gravels, 5% 
cobbles, 5% stones; few fine and medium roots; medium acid (pH 
6.0); diffuse irregular boundary.

IIA&B 40-110 cm Silt loam, yellow (5Y 7/6 with 10% 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 60% IIA2, 40% 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, nonplastic; very few clay films; 
5% gravels, 5% cobbles, 5% stones; strongly effervescent; 
moderately alkaline (pH 8.0).
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BlAC

Proctor Analysis

Horizon
Sample
depth

Particle 
Sand Silt

Size Analysis 
Clav <2 mm

Textural
class

Optimum
moisture
content

Maximum
density
achieved

Bulk
density

Plastic
limit

Liquid
limit

Plastic
index

cm — -- --- % — % Wt g/cc g/cc —  % —

AZ ■ 15 50 39 H 97.5 I 13.0 1.83 1.33 25.2 26.4 1.2
BZlt 30 Z6 30 44 97.0 C 17.3 1.97 1.82 61.6 74.0 12.4
BZZt 45 ZZ 3Z 46 97.0 C Z5.0 1.57 1.84 24.0 70.0 46.0
B3 H O 9 38 53 98.0 C Z6.3 1.57 ND 24.1 74.3 50.2

Horizon O.M. O.C.
1:1
pH

Extract
EC Ca

Exchangeable 
Mg Na

Cations
K H

Base
saturation CEC

Particle
density Porosity

% Wt Z  wt mmhos/cm — — meq/lOOg ----- Z meq/lOOg g/cc %
A2 2.0 1.2 6.1 0.07 5.81 1.98 0.11 0.57 3.06 73.5 11.53 2.57 48.2
BZlt 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
B22t 1.2 .7 6.6 ' 0.17 21.47 12.64 0.21 1.08 4.42 88.9 39.82 2.69 31.6
B3 1.6 .9 7.3 0.30 24.03 11.72 0.30 1.02 8.62 81.1 45.69 2.73 ND

Estimated Abundance

Horizon CaCO3
1/3 Bar 
water

15 Bar
water Kaolinite

Inter-
Illite Chlorite Vermiculite Smectite Amorphous stratification

% % Wt % Wt

A2 ND 18.3 7.2
BZlt ND 60.1 26.2
B22t ND 76.3 30.0
B3 ND ND 32.5
ND = not determined.
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BlBC

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

g/cczV wl
A21 15 45 35 20 92.0 i 14.0 1.89 1.23 23.7 25.0 1.3
A22 30 66 28 6 56.0 si 13.0 2.00 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
B22t 75 22 34 44 96.5 C 26.4 1.58 ND 28.7 60.7 32.0
B3 HO 32 28 40 97.0 cl 31.5' 1.48 ND 29.0 62.0 33.0

1:1 Extract Exchangeable Cations Base Particle
Horizon O.M. O.C. pH EC Ca Mg Na K H saturation CEC density Porosity

% Wt . Z wt nanhos/cm meq/100g ----- Z meq/lOOg g/cc %

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 0.5 .3 6.3 0.28 23.79 10.24 0.12 0.92 9.75 78.3 44.82 2.63 37.6
B22t 1.0. .6 6.8 0.10 21.91 11.59 0.10 0.86 4.05 89.5 38.51 2.68 ND
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

Horizon CaCO3
1/3 Bar 
water

15 Bar 
water

_ Estimated Abundance
Kaolinite Illite Chlorite Vermiculite Smectite

Inter-
Amorphous stratification

Z % Wt Z wt
AZl' ND 35.1 8.0
A22 ND 39.4 5.3 Lo Hi T
BZlt ND 49.0 32.0
B22t • ND ND 26.6 T T Hi
B3 ND ND 25.4
ND = Not determined.
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B2AC

Proctor Analysis 
Optimum Maximum

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

cm — — % ----- % Wt g/cc g/cc -------- ------ —

A2 15 57 38 5 99.8 sl 15.0 1.72 1.42 20.3 23.6 3.3
B21t 30 58 20 22 99.3 SC I 14.0 1.87 1.61 22.8 37.8 15.0
B21t 45 73 20 7 99.3 Sl 15.4 1.90 1.62 25.7 52.0 26.3
B22t 65 61 19 20 99.7 sl 15.5 1.90 ND 25.2 30.5 5.3

1:1 Extract ______ Exchangeable Cations______ Base Particle
Horizon O.M. O.C. PH EC Ca Mg Na K H saturation CEC density Porosity

% Wt Z wt ramhos/cm meq/lOOg ---- % ’ meq/lOOg g/cc %

A2 1.4 .8 5.3 0.25 5.87 1.68 0.09 0.71 3.40 71.1 11.75 2.53 43.9
B21t .9 .5 5.7 0.24 10.10 4.44 0.09 0.65 4.08 78.9 . 19.36 2.98 46.0
B21t .6 .3 5.8 0.15 7.68 3.31 0.10 0.42 4.81 70.5 16.32 2.65 38.9
B22t .6 .3 5.9 0.16 9.62 2.27 0.15 0.54 5.91 68.0 18.49 2.61 ND

Estimated Abundance
Horizon CaCO3

1/3 Bar 
water

15 Bar
water Kaolinite Illite Chlorite Vermiculite

Inter-
Smectite Amorphous stratification

% % Wt % .Wt

A2 ND 25.9 10.3
B21t ND 30.3 14.7
B21t .ND' 40.7. 9.6
B22t ND ' ND 12.6
ND = Not determined.
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BZBC

Proctor Analysis

Horizon
Sample
death

Particle 
Sand Silt

Size Analysis 
Clav <Z mm

Textural
class

Optimum
moisture
content

Maximum
density
achieved

Bulk
density

Plastic
limit

Liquid
limit

Plastic
index

g/ccVlU g/ vu
AZ 15 50 35 . 15 88.7 I 17.0 1.78 ' 1.30 Zl.Z Z4.7 3.5
BZlt 30 Z3 Z3 54 95.Z C Z7.Z 1.43 1.78 Z7.3 88.3 61.0
BZZt ■45 31 Z3 . 46 95.Z C Z3.5 1.47 1.49 31.5 140.0 108.5
63 ■ 75 38 31 31 95.7 cl 19.9 1.70 ND ■ 18.9 56.5 37.6
Cl 105 58 19 Z3 70.1 si ND ND ND ■ Z0.9 44.3 Z3.4

I;I Extract ______ Exchangeable Cations Base Particle
Horizon O.M. O.C. pH EC . Ca Mg Na K H . saturation CEC density Porosity m

% Wt % Wt nmihos/cm meq/100g ---- % meq/lOOg g/cc % COo\
AZ 1.4. .8 6.4 0.06 5.99 2.Z4 0.14 0.34 3.91 69.0 12.62 2.58 ■ 38.0
BZlt 1.7 1.0 6.1 0.13 ZZ.75 IZ .74 0.37 0.71 ■ 9.56 79.3 46.13 2.65 32.8
BZZt I.Z .7 6.4 0.18 Z0.87 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 .6 .3 7.1 0.07 10.34 6.Z9 0.20 0.32 4.61 78.8 21.76 2.57 ND

Horizon CaCO3
1/3 Bar 
water

15 Bar 
water

Estimated Abundance
Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter­
stratification

% % Wt % Wt

A2 ND - - 24.1 10.1 Lo Med Lo-Med
B21t ND 44.8 35.0
B22t ND 44.6 28.9 Lo Med Hi
B3 ND ND 18.1
Cl ND ND 11,1 LO Med Hi
ND = Not determined.
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B3AC

Proctor Analysis 
Optimum Maximum

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

% Wt g/cc g/ccLUI

A2 15 33 50 17 98.6 sil 18.0 1.75 1.29 20.7 23.6 2.9
B21t 30 36 44 20 99.4 I 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 99.6 I 20.7 1.80 ND 22.3 32.2 9.9
B23t 125 17 41 42 99.2 I 18.3 1.95 ND 22.3 36.4 14.1

Horizon O.M. O.C.
1:1
pH

Extract
EC Ca

Exchangeable 
Mg Na

Cations
K H

Base
saturation CEC

Particle
density Porosity

% Wt Z  wt mmhos/cm — meq/lOOg ----- Z meq/lOOg g/cc Z
A2 2.2 1.3 5.6 0.10 4.01 1.22 0.07 0.26 4.88 53.3 10.44 2.62 39.3
B21t 1.0 .6 5.5 0.03 2.65 1.45 0.09 0.19 5.85 42.8 10.23 2.76 38.0
B21t .9 .5 5.8 0.06 2.55 1.35 0.08 0.15 3.49 54.2 7.62 2.72 42.3
B22t • 2. .1 6.6 0.04 2.63 1.28 0.06 0.11 5.49 42.6 9.57 2.84 ND
B23t . .4 _ .2 5.9 0.03. . 2.31 1.42 0.30 0.07 4.60 47.1 8.70 2.77 ND

Horizon CaCO3
1/3 Bar 
water

Estimated Abundance
15 Bar
water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter-
stratification

Z Z wt Z wt
A2 ND 27.1 13.6
B21t ND 28.4 15.2
B21t ND 27.0 17.8
B22t ND ND ’ 17.6
B23t ND ND 19.2
ND 88 Not determined.
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B3BC

Proctor Analysis

Horizon
Sample
depth

Particle Size Analysis 
Sand Silt Clay <2 mm

Textural
class

Optimum
moisture
content

Maximum
density
achieved

Bulk
density

Plastic
limit

Liquid
limit

Plastic
index

% Wtcm 5/ ̂ &/<->-
A21 ' 8 37 40 23 98.3 I ND ND 1.24 33.8 38.3 4.5
t i l l 15 47 ' 40 13 91.4 I 15.7 1.87 1.26 20.6 24.1 3.5
EZlt 30 16 19 ' 65 98.1 C 25.4 1.53 1.49 27.3 89.0 61.7
BZlt 45 16 22 62 95.7 C 28.6 1.50 1.62 27.9. 69.2 41.3
BZZt 75 16 17 67 93.0 C 30.0 1.50 ND 23.3 84.0 60.7
B23t H O 17 18 65 95.5 C 26.2 1.53 ND 24.7 78.0 53.3
IIB31t 150 9 46 45 99.5 sic 21.3 1.72 ND 16.1 36.0 19.9
IIB32t 175 24 50 26 99.7 sil 16.0 1.92 ND 17.3 24.7 7.4

Horizon O.M. O.C.
•' 1:1 

pH
Extract

EC - Ca
Exchangeable Cations 
Mg Na K H

Base
saturation Cec

Particle
density Porosity

% Wt % Wt mmhos/cm meq/lOOg — .--- % meq/lOOg g/cc %
A21 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 5.36 1.91 0.07 0.30 3.46 68.8 11.10' 2.63 36.9
BZlt .3 .2 6.8 0.11 18.36 9.68 0.19 0.54 9.74 74.7 38.51 2.44 38.9
BZlt .4 .2 7.0 0.13 18.44 10.11 0.24 0.46 10.57 73.5 39.82 2.62 38.0
B22t 1.5 .9 6.4 0.13 10.36 10.40 0.25 0.59 27.36 44.1 48.96 2.64 ND
B23t .8 .5 6.5 0.18 23.98 13.76 0.31 0.42 11.14 77.5 49.61 2.65 ND
IIBSlt 1.5 .9 6.5 0.15 8.20 4.31 0.19 0.15 5.21 71.2 18.06 2.61 ND
IIB32t .4 .2 6.6 0.12 4.57 1.98 0.11 0.09 1.30 83.8 8.05 2.55 ND

Horizon CaCO3
1/3 Bar 
water

15 Bar 
water

Estimated Abundance
Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter-
stratification

% % Wt % Wt
A21 ND ND 11.7
A22 ND 22.4 12.9 Lo Lo-Med T
BZlt ND 42.2 31.2
BZlt ND 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

Horizon
Sample
depth

Particle Size Analysis 
Sand Silt . Clav <2 mm

Textural
class

Proctor Analysis 
Optimum Maximum 
moisture density 
content achieved

Bulk
density

Plastic
limit

Liquid 
limit .

Plastic
index

% Wt BI ̂

B2ir 15 ■31 65 4 72.7 sil 27.5 1.31 .49 NP NP NP
IIA2 30 23 ' 66 11 71.2 sil 15.8 1.88 1.60 21.3 23.3 2.0
IIA2 45 25 59 16 50.3 sil 15.0 1.93 1.72 21,4 25.1 3.7
11 A+B 54 44 50 6 69.4 i 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
IIB21t 88 26 52 22 76.6 sil 14.9 1.89 1.62 20.9 28.0 7.1
JlB22t HO 27 53 20 76.9 sil' 16.6 1.88 ND 21.1 26.9 5.8
IIClca 120 33 .48 19 70.3 I 12.7 2.00 ND 19.4 26.0 6.6

Horizon O.M. O.C.
1:1 

. pH
Extract

EC Ca
Exchangeable 
Mg Na

Cations
K H

Base
saturation CEC

Particle
density Porosity

% Wt X  wt - ramhos/cm meq/lOOg ----- % meq/lOOg g/cc %
B2ir 4.9 2.8 5.5 0.11 2.08 0.23 0.12 0.19 19.36 11.9 21.98 2.53 80.6
ILA2 .8 .5 6.4 0.07 4.95 0.82 0.05 0.15 1.65 78.3 7.62 2.79 42.6
IIA2 .8 .5 6.3 0.06 5.31 0.99 0.06 0.23 1.68 79.7 8.27 2.73 37.0
1IA+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
IIB+A .8 .5 6.7 0.11 7.20 1.32 0.17 0.15 • 3.34 72.6 ' 12.18 . 2.77 50.9
IIB21t 1.3 .7 6.8 0.07 7.40 1.38 0.06 0.19 1.20 88.3 10.23 2.62 38.2
IIB22t .5 .3 6.7 0.10 6.67 1.35 0.05 0.15 0.48 94.5 8.70 2.67 ND
-IIClca -.7 ..4 6.9 0.20 26.46 1.22 0.09 0.24 0.00 100.0 7.18 2.75 ND

________________________ Estimated Abundance_______________________________
1/3 Bar 15 Bar Inter-

Horizon CaCOg water water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous stratification
% % Wt % Wt

B2ir . ND 75.5 15.8
IIA2 ND 29.6 13.6
IIA2 ND 29.4 10.5
IIA+B • ND ND 15.4
IIB+A ND 28.8 14.2
IIB21t ND ' 32.4 12.4
IIB22t ND ND 12.7
IIClca 5.6 ND 11.6
ND = Not determined .
NP = Nonplastic.
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FlBC
Proctor Analysis

Horizon
Sample
depth

Particle Size Analysis 
Sand Silt Clav <2 mm

Textural
class

Optimum
•moisture
content

Maximum
density
achieved

Bulk
density

Plastic
limit

Liquid
limit

Plastic
index

% Wt

A2 3 27 54 19 ND sil ND ND ND ND ND ND
BZir 15 28 59 3 53.9 sil 19.7 1.44 .52 NP NP NP
IIAZ 30 43 52 5 47.1 sil 12.2 1.85, 1.56 NP NP NP
IIAZ 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
IIB+A 82 30 54 16 71.6 sil 15.3 1.84 1.42 21.2 25.6 4.4
IIBZlt 115 27 57 16 62.9 sil 11.8 1.96 1.46 20.1 28.3 8.2
IIBZZt 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

Horizon O.M. O.C.
1:1
pH

Extract
EC Ca'

Exchangeable Cations 
Mg Na K .H

Base
saturation CEC

Particle
density Porosity

% Wt % Wt mmhos/cm ■ .meq/100g----- % meq/lOOg g/cc %
A2 4.5 2.6 4.7 0.14 2.89 0.86 0.05 0.21 11.22 26.3 15.23 2.52 ND
BZir 3.4 1.9 5.7 0.05 0.72 0.16 0.06 0.23 16.89 6.5 18.06 2.37 78.1
IIA2 1.0 .6 5.9 0.03 5.45 0.56 0.05 0.13 0.34 94.8 6.53 2.65 41.1
IIA2 .4 .2 6.0 0.03 2.41 0.69 0.23 0.07 1.82 65.1 5.22 2.66 44.7
IIA+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
IIB+A .3 .2 5.7 0.07 7.02 1.28 0.16 0-.19 3.02 71.7 10.66 2.65 46.4
IIBZlt .2 .1 6.1 0.05 5.97 1.45 0.17 0.23 3.28 70.5 11.10 2.71 46.1
IIB22t .6 .3 6.7 0.08 5.93 1.09 0.02 0.15 1.73 80.6 8.92 2.73 41.8
IIClca .3 .2 6.5 0.16 27.66 ■ 1.74 0.06 0.24 0 100.0 6.09 2.71 ND

Horizon CaCO3
1/3 Bar 
water

15 Bar 
water

Estimated adunaance
Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter-"
stratification

% % Wt % Wt
A2 ND ND 11.5 T T Hi X**
BZir ND 93.9 14,8 Hi
IIAZ ND 28.5 5.95 '
IIA2 ND 28.2 2.3
IIA+B ND 29.2 12.7
IIB+A ND 32.2 13.9
IIBZlt ND ND 14.8
IIB22t ND 33.7 12.6 Lo Hi T Lo
IIClca 7.2 ND 13.2 Lo Hi T Lo T-Lo
ND = Not determined.
NP = Nonplastic.
** Vermlcullte-Chlorlte.
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K2A.C
Proctor Analysis

Horizon
Sampr^
depth

Particle Size Analysis 
Sand .Silt Clay <2 mm

Textural
class

Optimum
moisture
content

Maximum
density
achieved

Bulk
density

Plastic
limit

Liquid
limit

. Plastic 
index

% Wt

A2 3 29 61 10 90.0. sil ND ND .67 NP NP NP
B2ir 15 . 32 65 3 87.6 sil 30.1 1.28 .43 NP NP NP
IIA2 30 27 68 5 56.4 sil 11.3 1.90 1.43 NP NP NP
XIA+B 45 20 ■ 74 6 68.1 sil ■11.0 1.95 1.68 NP NP NP
IIBJ-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 1.91 . 1.20 19.1 28.2 9.1
IICica 100 42 52 6 42.2 sil 9.7 . 2.03 1.64 NP NP . NP
IIC2ca 133 47 44 9 47.9 I 10.0 2.07 ND NP NP NP
IICBca 175 41 50 9 45.2 sil 5.9 2.17 ND 17.3 17.6 0.3

Horizon O.M. O.C.
1:1
pH

Extract
EC Ca

Exchangeable 
Mg ■ Na

Cations
K H

Base
saturation CEC

Particle
density Porosity

% Wt % Wt mmhos/cm meq/lOOg ----- % meq/lOOg g/cc %
A2 5.5 3.2 5.3 0.18 2.57 0.82 0.10 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 21.80 12.9 25.02 2.95 85.4
IIA2 .5 .3 6.3 0.07 3.69 0.43 0.04 0.17 0.89 82.9 5.22 2.65 46.0
IIA+B .4 .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
IIB‘21t .8 .5 6.7 0.17 11.97 1.25 0.07 0.23 3.02 81.7 16.54 2.61 54.0
IIClca .3 .2 6.9 0.10 25.78, 0.56 0.04 0.06 0 100 4.13' 2.64 37.9
IIC2ca .2 .1 6.8 0.10 27.62 0.53 0.10 0.13 0 100 3.48 2.74 ND
IIC3ca .6 .3 6-9 0.10 25.78 0.56 0.04 0.07 0 100 4.13 2.68 . ND

Estimated Abundance
Horizon CaCO3

1/3 Bar 
water

15 Bar
water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter­
stratification

% % Wt % Wt

A2 ND ND 18.1 Hi
B2ir ND 78.7 16.7 Hi
IIA2 ND 22.6 4.8
IIA+B ND 28.9 4.5
IIBtA ND 29.2 11.3
IIB21t ND 33.5 14.2
IIClca 11.7 ND 4.5
IIC2ca 11.5 29.1 11.7
IICBca 11.4 ND 5.9 .
ND = Not determined.
NP = Nonplastic.
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K2BC
Proctor Analysis

Horizon
Sample
deoth

Particle 
Sand Silt

Size Analysis 
Clav <2 mm

Textural
class

Optimum
moisture
content

Maximum
density
achieved

Bulk
density

Plastic
limit

Liquid
limit

Plastic
index

% Wt

A Z 3 26 69 5 95.0 sil ND ND .53 NP NP NP
B2ir 15 31 66 3 93.4 sil 28.0 1.31 . .67 NP NP NP
IIA2 30 36 ■ 60 4 70.0 sil 11.0 1.84 1.59 NP NP NP
IIA2 45 32 57 11 . 60.8 sil 11.9 1.99 1.70 16.9 18.1 1.2
IIA+B 58 33 - 52 15 62.7 sil 13,5 1.96 1.53 18.7 20.1 1.4
riB21t 73 20 58 . 22 70.1 sil ■ 14.0 1.91 1.47 19.8 25.8 6.0
IIClca 100 28 61 11 69.2 sil 12.5 1.94 1.59 21.9 24.7 2.8
IIC2ca 141 26 57 17 71.7. sil 11.8 2.00 ND 22.3 22.5 0.2
,IICBca .197 .40 62 4 55.4 sil 10.5 2.11 ND 18.3 20.1 1.8

Horizon O.M. O.C.
1:1
pH

Extract
EC Ca

Exchangeable Cations 
Hg Na K H

Base
saturation CEC

Particle
density Porosity

% Wt % Vt mmhos/cm meq/lOOg ----- % meq/lOOg g/cc %
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 0.11 0.32 21.13 15.5 25.02 2.47 72.9
IIA2 .9 .5 6.2 0.06 3.19 0.53 0.06 0.15 1.51 72.2 5.44 2.58 ■ 38.4
IIA2 .2 .1 7.2 0.03 3.39 3.23 0.06 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 10.44 2.70 37.0
IIB2t .5 .3 7.1 0.21 10.74 1.32 0 ;05 0.26 1.56 88.8 13.93 2.64 44.3
IIClca .5 .3 7.0 ' 0.14 28.58 0.99 . 0.06 0.15 0 100 7.62 2.73 41.8
IIC2ca .2 .1 7.2 0.13 28.54 1.84 0.07 0.15 0 100 6.74 2.67 ND
IIC3ca .2 .1 6.6 0.12 27.42 1.91 0.09 0.11 0 100 6.96 2.69 ND

Estimated Abundance
Horizon CaCO3

1/3 Bar 
water

15 Bar 
water Kaolinite Iliite Chlorite Vermiculite Smectite Amorphous

Inter-
stratification

Z % Wt % Wt
A2 ND . ND 17.5 Hi
B2ir ND 57:3 14.8 T • T Hi T**
IIA2 ND 21.4 7.0
IIA2 ND 20.8 7.4
IIA+B ND 23.7 12.2 Lo Hi Lo
IIB2t ND 35.6 11.3 Lo Hi Lo Lo
IlClca 12.5 29.7 10,9
IIC2ca 12.5 ND 9.8 Lo . Hi Lo Lo
IIC3ca 11.2 ND 8.7
ND = Not determined.
NP = Nonplastic.
** Vermiculite Chlorite.
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K3A.C
Proctor Analysis

Horizon
Sample 
dep th

Particle Size Analysis 
Sand Silt Clay < 2  ran

Textural
class

Optimum
moisture
content

Maximum
density
achieved

' Bulk 
density

Plastic
limit

Liquid
limit

Plastic
index

cm. % Wt

BZir 15 32 60 8 69.1 sil 20.5 1.54 .72 NP NP NP
IIAZ 30 . 34 62 ' 4 62.6 sil 11.3 1.88 1.59 NP NP NP
IIAZ 45 30 62 8 61.0 sil . 12.0 1.91 1.60 NP NP NP
IIA+B 6Z 23 55 22 59.6 sil 13.0 1.97 1.18 18.2 24.3 6.1
IIBSca 69 29 57 14 59.2 sil 13.9 1.89 1.45 , 23.4 29.0 5.6
IIClca 113 X l  . 58 15 65.7 sil 12.3 2.00 1.72 18.0 22.3 4.3
TICZca 150 31 53 16 57.6 sil 8.3 2.09 ND 18.4 21.6 3.2
IICSca 190 23 60 17 58.8 sil 12.5 1.95 ND 16.8 25.2 8.4

Horizon • O.M. O.C.
1:1
pH

Extract
EC Ca

Exchangeable 
Mg Na

Cations
K H

Base
saturation CEC

Particle
density Porosity

X wt X wt mmhos/cm — — meq/lOOg ----- X meq/lOOg g/cc X
EZir 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
IIA2 .8 .5 5.8 0.04 2.79 0.56 0.06 0.19 2.27 61.3 5.87 2.63 39.5
IIA2 .5 .3 6.4 0.03 4.71 0.99 0.05 0.11 .01 99.8 5.87 2.62 38.9
IIA+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
IIB3ca .8 .5 7.1 0.14 28.02 0.89 0.06 0.17 0 100.0 11.75 2.70 46.3
IIClca .5 .3 7.0 0.12 28.30 0.79 0.07 0.15 0 100.0 7.18 2.70 36.3
IICZca .4 .2 . 6.9 0.12 28.95 2.04 0.28 0.16 0 100.0 7.72 2.63 ND
iiOSca /4 .2 .6.9 0.15 29.40 2.05 0.05 0.20 0 100.0 7.94 2.71 ND

Estimated Abundance
Horizon CaCO^

1/3 Bar 
water

15 Bar
water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter-
stratification

X % Wt % Wt
BZir ND 67.8 11.9
IIAZ ND 26.5 8.5
IIA2 ND 22.5 6.3
IIA+B ND 68.2 10.2
IIB3ca 4.7 31.1 14.1
IIClca 11.9 22.5 9.4
IICZca 12.3 ND 10.9
IIC3ca . 12.4 ND 12.7
ND = Not determined.
NP = Nonplastic.

194



K3BC
Proctor Analysis

Horizon
Sample
depth

Particle 
Sand Silt

Size Analysis 
Glav <2 mm

Textural
class

Optimum
moisture
content

Maximum
density
achieved

Bulk
density

Plastic
limit

liquid
limit

Plastic
index

A2 3 24 67 9 90.0 sil ND ND ND NP NP NP
BZir - is 31 66 3 79.4 sil 28.0 1.29 .36 NP NP NP
IIAZ 30 34 58 ■ 8 53.2 sil 14.5 1.88 1.61 NP NP NP
IIA+B 45 31 57 12 52.5 sil 12.9 1.93 1.64 21.5 24.1 . 2.6
IIBZlt 73 26 58 16 62.4 sil 17.9 1.85 1.47 21.0 26.1 5.1
IIClca 100 39 51 10 65.1 sil 11.5 2.01 1.59 19.0 19.2 0.2
IICZca 148 25 56 19 71.6 sil 12.6 2.00 ND 20.8 21.1 0.3
IIC3ca 203 21 53 26 56 .6 sil 13.4 1.98 ND 20.3 23.6 3.3

Horizon O.M. O.C.
1:1
pH

Extract
EC Ca

Exchangeable Cations 
Mg Na K H

Base
saturation CEC

Particle
density Porosity

% Wt % Wt rarahos/cm meq/lOOg ----- % meq/lOOg g/cc %
A2 7.1 4.1 5.4 0.25 J  7.54 0.63 0.09 0.46 15.87 35.5 24.59 2.27 ND
BZir 3.8 2.2 5.2 0.06 3.01 0.56 0.08 0.13 15.36 19.7 19.14 2.52 85.7
IIA2 .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 .4 7.1 0.03 5.49 0.76 0.04 0.19 3.53 64.7 10.01 2.72 39.7
IIBZt .5 .3 6.7 0.16 11.85 0.72 0.09 0.17 0 100.0 ■9.57 2.76 46.7
IIClca .4 .2 6.8 0.13 27.98 0.59 0.17 0.11 0 100.0 4.57 2.72 41.5
IICZca • .3 .2 6.5 0.14 13.83 1.02 0.06 0.15 0 100.0 6.09 2.68 ND
IIC3ca .2 ■ .1 6.7 0.14 29.22 1.78 0.06 0.19 0 100.0 9.79 2.21 ND

Horizon CaCO3
1/3 Bar 
water

15 Bar 
water

Estimated Abundance
Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter­
stratification

% % Wt % Wt
A2 ND ND 17.9 Hi
BZir ND 69.2 14.8 T T ' Hi
IIA2 ND 23.6 8.0
IIA+B ND 23.3 7.9
IIBZt 11.3 31.9 8.1 Lo Hi Lo-Med Lo
IIClca 11.3 29.7 7.6 . Lo Hi Med Lo
IICZca 11.8 ND 8.4 Lo ^ Hi Med Lo Lo-Med**
IIC3ca 11.8 ND 4.1 .
ND - Not determined.
NP = Nonplastic.
** Interstratlfied smectite, yermiculite and chlorite.
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APPENDIX VII

LABORATORY CHARACTERIZATION DATA FOR CONTROL SOIL PEDONS 

IN QUARTZITE DOMINATED GLACIAL TILL PARENT MATERIAL



F2AC

Proctor Analysis 
Optimum Maximum

Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic
Horizon depth Sarid Silt Clay <2 mm class_____content' ' achieved density limit limit . index

cm ---- ----- % — ----------- % wt g/cc g/cc ---------- % ------------
B2ir 15 19 66 15 65.9 sil . 19.5 1.63 .66 NP NP NP
ILA2 30 30 67 3 58.5 sil 11.5 1.98 1.64 NP NP NP
IIA2 45 28 71 I 52.6 sil 10.1 2.06 1.86 NP NP NP
TTA+T3 80 27 67 6 66.0 sil 11.3 1.96 1.65 NP NP NP
IICl_______120 26 70_____ 4 _ 58.7 sil . 9.5______ 2.04______U87______ NP_______ NP______ NE

1:1 Extract _______Exchangeable Cations______ Base Particle
Horizon O.M. O.C. pH____ EC ____Ca Mg_____Na_____K____________ saturation____ CEC_____density Porosity

% wt % wt mmhos/cm ----------- meq/lOOg-----------  % meq/lOOg g/cc %
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
IIA2 .4 .2 .6.6 0.02 0.56 0.16 0.05 0.09 1.32 39.5 2.18 1.96 16.3
IIA2 .4 .2 6.9 ■ 0.02 0.58 0.13 0.03 0.13 1.31 39.9 2.18 2.77 32.8
IIA+B .1 .1 6.6 0.03 2.04 0.69 0.05 0.13 2.31 55.7 5.22 2.74 39.8
IICl .2 ,1 6.8 0.02 1.68 " 0.46 0.08 0.09 ■ 1.82 55.9 . 4.13_______2.81 33.5

______________________________Estimated Abundance____ „________________
1/3 Bar 15 Bar Inter-

Horizon CaCO^ water water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous stratification
% .% wt % wt

B2ir ND. 33:2 14.8 Hi
IIA2 ND 25.2 3.3
IIA2 ND 22.5 3.2
IIA+B ND 21.5 6.4
IICl ND 19.0 '___  7.1..   ■ ______ __________________________________________
ND = Not determined.
NP = Nonplastic.
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F2BC

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

% Wt g/cc g/cc,0
BZir 15 11 76 13 67.3 sil Z3.8 1.56 .79 NP NP NP
IIAZ 30 15 79 . 6 55.8 sil 10.8 1.97 1.66 NP NP NP
IIAZ 45 ZO 76 4 58.6 ■ sil 10.0 1.99 1.90 NP NP NP •
IIA+B 80 ZO 64 jI 6 68.1 sil 10.5 Z.Z4 1,95 NP NP NP
IICl IZO 19 71 10 69.0 sil 11.1 Z .07 1.7Z 16.8 18.5 1.7

1:1 Extract ______ Exchangeable .Cations______ Base Particle
Horizon O.M. O.C. pH EC Ca Mg Na K H saturation CEC density Porosity

% Wt % Wt mmhos/cm meq/lOOg ---- Z meq/lOOg g/cc Z

BZir 2 . 1 1.6 5.5 0.10 Z.37 1.12 0.10 0.32 10.89 26.4 14.80 2.62 60.0
IIAZ .8 .5 5.5 0.04 0.98 0.30 0.17 -■0.15 2.10 43.2 3.70 2.67 37.6
IIAZ .5 .3 6.0 0.03 1.34 0.46 • 0.06 0.13 0.84 70.3 2.83 2.73 30.5
IIA+B .5 .3 6.9 0.03 3.05 1.45 0.10 0.21 3.02 ■ 61.4 7.83.. 2.72 28.2
IICl .7 .4 7.1 0.04 1.72 0.43 0.10 0.13 3.71 39.1 6.09 2.73 37.0

Estimated Abundance
Horizon CaCO3

1/3 Bar 
water

15 Bar 
water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter­
stratification

% % Wt % Wt

B2ir ND 49.3 13.3 T T Hi T**
IIA2 ND 29.6 5.0
IIA2 ND . 22.1 8.7
IIA+B ND 15.1 8.0 T Hi T
IICl ND 15.6 9.6 T Hi T
ND = Not determined.
NP = Nonplastic.

-Vemiculite-Chlorite.
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F 3 AC

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

% Wt g/cc g/ccUiU ,
B2ir 15 28 62 10 77.5 sil 24.0 1.35 .72 NP NP NP
IIA2 30 18 72 10 ■ 80.2 sil 12.7 1.99 1.74 NP NP NP
IIA2 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
IICl 165 26 70 4 62.5 sil 11.7 1.96 1.62 21.3 23.7 2.4

Horizon O.M. O.C.
1:1
pH

Extract
EC Ca

Exchangeable 
Mg Na

Cations
K H

Base
saturation CEC

Particle
density Porosity

% Wt % Wt mmhos/cm meq/lOOg ----- % meq/lOOg g/cc Z
B2ir 4.0 2.3 5.2 0.12 2.20 0.53 0.11 0.42 15.02 17.8 18.28 2.54 71.7
IIA 2 .6 .3 6.5 0.07 1.78 0.66 0.12 0.09 3.01 46.8 5.66 2.71 35.8
IIA2 .4 .2 6.0 0.03 1.78 0.66 0.06 0.13 2.16 . 54.9 4.79 2.72 30.5
IIA+B .5 .3 6.4 0.03 2.29 0.79 0.10 0.09 2.17 60.1 5.44 2.80 40.0
IICl .5 .3 6.9 0.06 2.49 0.92 0.10 0.11 4.87 42.6 8.49 2.83 42.6

Estimated Abundance
Horizon CaCO3

1/3 Bar 
water

15 Bar
water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter-
stratification

Z Z wt % Wt

B2ir ND 33.6 18.8 Hi
IIA2 ND 27.4 8.0
IIA2 ND - 49.6 4.2
IIA+B ND 34.8 4.0
IICi ND 36.5 ■ 5.0
ND = Not determined.
NP-= Nonplastic.
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F3BC

Proctor Analysis

Horizon
Sample
death

Particle Size Analysis 
Sand Silt Clay <2 nun

Textural
class

Optimum
moisture
content

Maximum
density
achieved

Bulk
density

Plastic
limit

Liquid
limit

Plastic
index

cm % Wt/0 B/ uu 6/ uu

A2 3 19 ' 75 6 94.0 sil ND ND ND NP NP NP
BZir 15 29 65 6 90.0 sil 30.5 1.35 .75 NP NP NP
IIAZ 30 12 62 26 75.3 sil 13.7 1.80 1.81 25.5 29.5 4.0
IIAZ 45 11 80 9 64.9 si 14.7 1.89 1.80 NP NP NP
IIA+B1 73 ND ND ND 8.1 ND ND ND 1.86 ND ND ND
IICl 120. ' 57 41 2 32.2 si ND ND 1.82 NP NP NP

Horizon 0.11. O.C.
1:1
pH

Extract 
' EC Ca

Exchangeable 
Mg Na

Cations
K H

Base
saturation CEC

Particle
density Porosity

% Wt % Wt mmhos/cm meq/lOOg ----- % meq/lOOg g/cc %

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
BZir 4.9 2.8 6.8 0.05 0.72 0.16 0.08 0.28 18.78 6.2 20.02 2.51 70.1
IIA2 1.4 .8 6.8 0.03 1.20 0.99 0.07 0.13 4.35 35.5 6.74 2.82 35.8
IIA2 0.7 .4 6.7 0.02 0.92 0.53 0.06 0.15 4.43 27.3 6.09 2.73 34.1
IIA+B ND ND ND ND ND ND ND ND ND ND ND ND ND
IICl 0.5 .3 6.8 .02 1.78 0.53 0.08 0.11 2.07 54.7 4.57 2.75 33.6

Horizon CaCO3
1/3 Bar 
water

15 Bar 
water

Estimated Abundance
Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter­
stratification

% % Wt % Wt
A2 ND ND 19.4 T T Hi T**
BZir ND 37.0 18.7 Hi
IIA2 . ND 23.5 18.9
IIA2 ND 19.7 8.1
IIA+B ND 41.6 ND
IICl ND 37.4 3.5 Lo Hi T-Lo
ND = Not determined.
NP = Nonplastic.
IIA.+B - 73 cm not enough <2 mm to conduct analyses. 
Vermiculite - Chlorite intergrade.
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KlAC

Proctor Analysis 
Optimum Maximum

Horizon
Sample
depth

Particle Size Analysis 
'Sand Silt Clay < 2  mm

Textural
class

moisture
content

density
achieved

Bulk
density

Plastic
limit

Liquid
limit

Plastic
index

cm % Wt* ' 5/ uu
AZ 3 Z4 68 8 ND sil ND ND .36 NP NP NP
BZir . 15 26 64 10 70.7 sil 20.1 1.54. .72 NP NP NP
IIAZ 30 29 62 9 68.2 sil 7.3 2.03 1.72 18.3 19.3 1.00
IIAZ 45 33 55 12 70.5 sil 12.7 1.98 1.77 20.2 21.2 1.00
IIA+B ■ 78 24 57 19 54.1 sil 14.9 1.88 1.63 20.6 26.0 5.4
IIClca 124 - 31 58 11 61.9 sil 12.1 1.98 . 1.82 19.1 23.8 4.7
IICZca 165 38 54 8 50.2 sil 11;7 2.10 ND 18.7 21.0 2.3

Horizon O.M. O.C.
1:1
pH

Extract
EC Ca

Exchangeable Cations 
Mg Na K H

Base
saturation CEC

Particle
density Porosity

% Wt % Wt ntmhos/cm meq/lOOg ----- % meq/lOOg g/cc %

A2 5.3 3.1 4.4 0.16 3.59 0.79 0.14 0.32 16.27 . 22.9 21.11 ■ 2.38 84.9
B2ir 2.7 1.6 5.5 0.12 2.55 0.66 0.08 0.28 11.66 , 23.4 15.23 2.57 69.3
IIA2 .9 .5 6.2 0.05 2.58 1.98 0.05 0.13 1.79 72.6 6.53 2.66 35.3
IIA2 .6 .3 6.1 0.06 4.39 0.86 0.02 0.15 1.98 73.2 7.40 2.84 37.7
IIA+B 1.2 .7 6.7 . .05 7.08 1.61 0.04 0.19 3.70 70.7 12.62 2.75 40.7 .
IIClca .4 .2 6.7 0.13 27.26 1.22 0.05 0il5 0 100 7.62 2.75 33.8
IIC2ca .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 ' CaCOg water • water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous stratification
% • % Wt % Wt

A2 ' ND 14.7
B2ir ND 78.1 12.7
IIA2 ND 17.0 8.2
IIA2. ND ' 20.8 7.7
IIA+B ND 32.1 6.4
IIClca 6.3 20.9 ' 8.2
IIC2ca 7.1 ND 10.9
ND = Not determined.
NP- .= Nonplastic . ■
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KlBC

Broctor Analysis

Horizon
Sample
depth

Particle Size Analysis 
Sand Silt Clav <2 mm

Textural
class

Optimum.
moisture
content

Maximum 
dens ity' 
achieved

Bulk
density

Plastic
limit

Liquid
limit

Plastic
index

cm 'o
AZ 3 ZO 70 10 ND sil ND ND .33 ND ND ND
BZir 15 31 63 6 59.1 s 11 19.0 1.55 .98 NP NP NP
IIAZ 30 28 61 11 51.6 sil 12.5 1.93 1.72 17.3 19.5 2.2
IIA+B 45 25 55 20 60.2 sil 14.5 1.94 1.56 19.3 . 28.9 9.6
IIClca 145 27 55 18 53.0 • sil 9.7 1.99 1.68 20.3 25.0 4.7
IICZca 183 33 51 16 48.8 sil 8.4 2.12 ND 20.0 25.0 5.0

Horizon O.M. O.C.
1:1
pH

Extract
EC Ca

Exchangeable Cations 
Mg Na K H

Base
saturation CEC

Particle
density Porosity

% W t % W t mmhos/cm meq/lOOg ----- % meq/lOOg g/cc %
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
BZir 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
IIAZ .5 .3 6.0 0.05 3.49 0.76 0.11 0.11 2.06 68.5 6.53 2.73 36.8
IIA+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
IIGlca .4 .2 7.0 0.13 27.30 1.65 0.04 0.19 0 100.0 5.87 2.77 39.1
IICZca .2 .1 6.8 0.12 27.30 1.19 0.06 0.13 0 100.0 7.62 2.70 ND.

Horizon CaCO3
1/3 Bar 
water

15 Bar 
water

Estimated Abundance
Kaolinite Illite Chlorite Vermiculite Smectite Amorphous

Inter-
stratification

% % W t % W t

A2 ' ND ND 13.1 Hi
BZir ND 55.5 15.5 T T Hi x**
IIAZ ND 21.4 7.5
IIA+B ND 24.7 13.3 . to Hi Lo-Med
IIClca 12.5 ND 8.5 Lo Hi Lo Lo
IICZca 7.0 ND 8.9
ND = Not determined. 
NE.= Nbnplastie.

Vermieulite-Chlorite interstratification.

202



APPENDIX VIII

SIEVE ANALYSIS RAW DATA FOR 

TERTIARY VOLCANIC CONTROL SOIL PEDONS



204

PEUON HORI- BEPIH BAMPLE ~ ~ ~ —-PERCENT (BY WT.> FINER THAN-

BiAC

ZON (CM) SIZE
<B>.

38.1
MM

19.0
MM

9.5
MM

4.75
MM

O«
1 .42

MM
A 2 11:5 525.0 100.0 100.0 100.0 99.4 99.0 97.6B2T 30 578.0 100.0 100.0 100.0 100.0 99.0 96.9B 22 T A S 780.0 100,0 IO 0.0 100.0 100.0 97.0 46.4B 3 H O 1382.0 100.0 100.0 100.0 100.0 97.0 30.9BiBC
A2i- IS 1188.7 . 100.0 95.2 94,8 94.4 92.0A 22 ■ 30 1450.3 80.6 6.1*6 38.6 58.0 56.0 36.5B2J.T A ' S A A  6*9 100.0 100.0 100.0 97.7 90.0 36. BB22T 75 1224.6 100.0 loo. O 1.00,0 99.9' 96,0 48.7

B 2 AC
B 3 n o 1006.1 100.0 .1.00,0 100.0 99.0 97,0 6 7 .5
A 2 15 1801.0 .1.0 0.0 100.0 .1.00.0 99.9 99.0 74.3B 2:1 T 30 . 047.3 100.0 .1.00,0 I O0.0 99.8 99.O 45.6
B2.L T 45 1204.0 100.0 .1. Ou»u 100.0 100.0 99.0 ■ A c >  * 4

B 2 BC
B22T 65 1492.O too. O 100.0 100.0 99.9 99.0 61,4
A 2 15 990.0 100.0 91.0. 90.7 90.3 88.0 60.8
B21 r 30 972.4 100.0 IU 0.0 IO 0.0 99.6 95.0 41.9B22T 'L 5 1304.5 100.0 100.0 99.9 99,7 95.0 43.0B 3 1 ' 75 1332.9 100.0 100.0 99.9 99.6 95.0 43.6

B 3 AC
CL 105 572.4 100.0 80.9 77.9 74,1 70. O 32.1
A 2 15 678.7 100.0 10U.0 99.0 99.0 98.0 56.0
BH IT 3o 657.0 100.0 100.0 100.0 99.9 99.0 54,7BZlT 45 927.5 100.0 L O 0,0 100.0 99.9 99,0 60.4B22T 75 752.7 100.0 100.0 100,0 100.0 99.0 56.9
H23 T 125 570.0 100.0 100.0 I OU , O 99.9 v 9.0' 58.2B 3 B r
m 2 I Iii 651.9 IO 0.0 10 0.0 99.7 v 9.6 Vii.U 73.0
m 2 Z .1.5 930.1' 100.0 92.5 92.. 5 92.3 91 . O 62,0B2.1T 30 743.3 100,0 I vu . O LoO, O 94.9 96. O 41.8BZlT 45 860.9 100,0 100.0 99.1 98 . 7 95.0 43.3BZZT . 75 676.2 100.0 97,8 97.6 96.9 93.0 40.8BH 3 T H O 837.5 100.0 98.5 98.3 98.1 95 . O 42.4j. I'B3i I 150 830.0 .- 100.0 100. O I OO. O i 00. O 99.0 51.2.I IB32T 175 775.8 100.0 100. U 100.0 100.0 99.0 65.4



APPENDIX IX

SIEVE ANALYSIS RAW DATA FOR 

LIMESTONE DOMINATED GLACIAL TILL CONTROL SOIL PEDONS

t
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G ' ZZ. O V G ' Z tOS G tZS O tVZ O tOOT O tCZOC EOC y S ES.TI
TV. E O tTZ O tSS E'trZ 8 * 96 O tOOT O tEZZT SVT . v o c s i r
T * Tt- 0 * G9 O tZZ V tH-I • V t it i - o • oo r O tGZTC OOT i-i s I s i r
t-VE 0 * C 9 E * EZ A tZZ T tCtI O tOOT O 1ZZOC EZ i i c n  i
t- '8E O tCG 8*99 G V Z T * 98 C * 9 Z O tOZVC GV St! V I I
0 * 8 E 0 * EG G V 9 t'' I/Z Z ' VS o • oo r O tZGGE OE - e v i l .
£ '  E9 O tZZ 9 V B C tCZ G V Z O tOOT O tVZOT GT ’ Mica

. 38E>I
G V C O tBG ' G tTS G tSS C tEZ O tOOT O tSGCC OZT VSESII
'/•SC O tZG T tOZ 6 ' 9 Z E tCS S tOZ O tGSCC OGT VSCSTI
C S C 0 * G9 C 9 Z 9 tTS E'98 O tOOT O * 9E0C ETT VSTSII
O V E 0 ’6G 6*89 V tEZ S tZZ Z ' EZ O tZTCC 69 VSESII
S ' 6Z O tZG T tCZ Z tSZ Z tVS V Z Z O tVETC C 9 ' a % v n
A V t O t T9 Z * 89 S tVZ C tCB Z tZS O tOTEC GV CVII
S tOG 0 * C9 E tTZ C tZZ T tZS O tZZ G • ZGOE OE CVII
6 ' CG 0 * 69 Z * 9 Z C t VS Z tTZ O tOOT O tCZEC GT Mica

' SVEM
tr ' OE 0 * GG C tOZ T tTS O ’ fill G V Z O V C V C ZZT VSESII
EVtr O tTZ z. • OS C tGB" 9 tOZ ■ V V Z O tZOEC TVT VSCSTI
C tGtr O tZ1A 9 V Z Z tTS Z ' 88 O tOOT O tZZCC OOT VSTSTT
tr * tr£ O tOZ Z tES S tOU TtTZ O tOOT O • EZEC EZ ' ITCSII
E tSE ' 0 * C 9 8 1CZ O 1SZ 9 'CS O tOOT O * ZGCC SG a n v n
9 tOG 0*09. S tOII G tZS ir cz O tOOT O tGEIC Gtr CVII
8 * 9 G O tOZ T tOS E tZS G tOZ O tOOT O tVSTC OE CVII
9 * SZ O tEZ C tZZ G tZZ O tOOT O tOOT O tZSOT GT Mica

SSOI
T'6C O tGt- Z * EG I:' T9 V '69 Z * CS G tOTGV GZT VSEOTl
C tEE O tZtr Z * ZG E * Z 9 Z tVZ V Z O O tOEVV EET VSCSII
G tTE O tCtT G tSt- T ' VG T '09 O tTS O tOTZV OOT VSTSTI
C'.ZE O tTZ 9 'ES S tZS t i ' OZ O tOOT OABZGT OS ITCSl I
C * 9 E O V O T ' CS G tZB I-ItEZ O tOOT 0 V 9 I C ZY v n a n
TVt- O t 89 Z t TB V tZS V tEZ 9 • GZ - O tEETV GV a n v n
T tGtr O V G C * 99 E * 9 Z 9 tEtI 9 tEZ O tOCGE OE ■ CVII
C t 69 0 1 Zti Z tTZ O * GZ O tOOT O tOOT O tESG GT Mica

SVCM
9 'GE O tCZ Z tZZ E tGS G * ZS V V Z O tEEGE OZT VSTSIT
trVE O t 89 B tEZ T tSZ 9 ' ES O tVZ O tZGZE B H ices i: i
T tEE 0 * C9 9 V 9 9 ’TZ Z ' 9 Z 9 * ZS O tSZTV GTT i T c a n
tr * Gtr O tTZ C V Z V tOS O ' SB O tOOT O * ZT9 CS vna-ii
Z tGtr 0 * G9 E * OZ G tVZ C tZZ O tOOT O ' V89 GY a n v i l
6 ' SC O tZE SVtr G tZG 6 * Z 9 G tI-TZ: O * EVZ GV CVII
Z ' GE O tZtr- t-'ZG T ’ OZ C ' CS C tOZ G tGSY OE CVII
G tOt- O tEG Z * C 9 Z t tz TA CS O tOOT O tZGY GI Mica

s a id
Z V E 0 • OZ tr' TB E tOZ C V Z O tOOT G tYZVC OCT VSTSII
O tEtr O V Z  . T tCS 9 V S T tTZ O tOOT C tCGST OfT i e e a n
tr * Ctr O V Z O * ES V tSS V tEZ- O tOOT T tEECC 88 ' i T c a n
E't-tr O tSZ S tGS 9 tTZ S V Z O tOOT O tVOYT TZ v n a n
O tTtr 0*69 G'9Z G tTS E * GS O tOOT G tYZGT VS a n v n
O tEE O tOG Z tIrG V • SG V C 9 6*89 TtOZZC GV CVII
T ' GG O t TZ O tZZ E tTS O * SS E tGZ I tGSYI OE CVII
T *09 0 * C Z ' Z'9Z Z tTB V S S O tOOT V S Z T T GT Mica

SVId
WW , WW WW WW WW WW (O)

Ctrt O tC G Z 'tr G tZ O tZT T tOE 3Zi:s (WS) NOZ
— -NVHl M3NI.-J < Ifl AU) INSOMBd- — 31dWVS H id  3 (I -IMOH NOSdd
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APPENDIX X

SIEVE ANALYSIS RAW DATA FOR 

QUARTZITE DOMINATED GLACIAL TILL CONTROL SOIL PEDONS



PE Li Oi'/ HORI­ DEPTH SAMPLE- — PERCENT (BY WT . ) FINER THAN-
ZON (CM) SIZE

(G)
38.1
MM

19.0 
MM

9.5 
MM

4.75
MM

2.0
MM

' .42 
MM

E2AC
B 2-1R IR 0328.O 85,2 72.2 70.5 68.7 65.0 39.3I TA2 30 5323.0 93.9 8 I.. Li 73.1 65.7 58.0 46.1
IIA 2 •45 5141.5 97,3 74.5 64.3 58.8 52.0 41.5
IIAXti do 3435.0 ' 96.2 85.0 77.8 72,2 65.0 42.0

F2BC
11C I 120 4762.0 86,6 /2.0 67.0 63.7 58.0 40.1

1(21R 15 3435.0 83.6 70, I 71.4 69.4 67.0 43.411A 2 30 ‘3440.0 84.9 76. L 60.4 6 1 ,8 55,0 45.2'
11A 2 4 Ii 3222.0 9 2 .5 8 L. 5 /2.7 66« L. 58.0 4 7>«ci.
IlAXli 00 5464.0 95.2 1(4,9 78.6 73.7 68,0 4 2 .7
IlCl 120 3291.O H S . 6 83,4 /8.9 7 4 .4 69.o <16.3

l-.JiAC
1(21R IlJ 2448.O 88.8 82.4 C O . 7 79.5 77.0 IJ 0.7
IlA 2 30 3165.0 93.4 88. / 84.4 82.7 80.0 S I . I
11 A 2 45 4892.5 89.1 71.5 65.7 6 -I»7) '62.0 49.2
IlAXB 105 5101.5 88.8 64 . v 1.75.9 4 7.3 42.0 29,7

fsm;
I ICl L 65 2810.3 100.0 77. .1 70.6 6 6 * 4 o Vi ♦ u -I ,.1.8

BiIR 15 1337.0 100.0 91;. 6 96.7 94.5 Er;. o •■i.'.i. V
I.LA 2 30 3022.O 8 9 . 7 82.0 ‘9.9 /Li. 2 35.2
11A 2 45 Os*S

Or<j 86.6 6 9.7 •-•)■/. 2 ' 66.3 n-f * O -L C l. 4
IlAXB /3 5778.O 77,3 06.7 69.7 2 8 . V 8 .0 4 ,8.1 I Cl 12 v 5.1.06.0 1(2.4 6 6.5 07,6 46.5 Z U  * O J 5.5

KlftLl
A 2 T 5 597.0 .0 .0 -. O . O ■ . O , O
B2.1 R ■ 15 3354 . IJ 92.9 78.5 '70.9 CiIJ. 4 -59.0 45.2
1:1,12 30 0194.0 95.5 8 6 » 4 82.0 76.3 68.0 48,4
11A 2 4 3 5058.5 93.7 Li o « O 02.9 79.5 7 0 .0 4 6.4
I LAXB /I' 2 0.1,5. O 93.9 1)9.2 0 4.7 77.. 7 3 4.0 2:1 ,5
IIClLA I 24 3IV0.0 91.4 84 . I 79.2 72.9 6.1. .0 .:>.:) . 4

I'!.Bi;
IIC2 CA 165 5:184.0 86.2 75.2 69.0 60,8 5 0 .0 28,7

B 2 IR 15 2102.0 100.0 8 'I»7 8 L . Li 7 7 .0 7 0 .0 S I. . 7
11A2 50 42.98.5' 85.6 7 0 .1 64,8 60.4 51,0 52.8
IIAXH ■'40 2905,0 100,0 91,3 80.4 78.4 6 O . u 2 2 .6
IJ (,.I CA .HO 4 8 6  7 , O 9 0 .5 79.4 7 2 .2 63.2 52.0 2 6 .5
I J C20A 103 4546.0 '88.8 70.4 71 . I 6 3 .1. 48.0 21.5
f
Analysis not performed.



APPENDIX XI

INFILTRATION RAW DATA FOR 

TERTIARY VOLCANIC STUDY SUBSITES
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P E D O N  '
'I(MEDIAN) ’

iE E P L I CAT IO N , , 
2 ' 3

A G E  G 140UP

D l A C 0 3 3 2 . 0 4 5 9 0 6 . 7 3 1 0 2 4 6 , 3 7 OLD
B l D C 5 6 7 0 , 1 5 3 7 7 4 , 0 2 ■ 6 2 0 7 , 0 3 • OL D  ■D l A M 1 1 1 2 . 1 5 2 0 7 8 . 4 6 16 5 ,11 OLD '
B IB M ' 6 9 0 9 , 9 4  ■ • 1 2 4 8 8 , 6 8 6 2 8 5 , 0 4 OLD
BIAS. 619,09- 3 8 2 , 8 6 2 0 4 1 , 9 8 O I... DB I D S 0 9 3 , 3 8 1 5 6 7 , 9 3  ■ ■ 7 2 9 , 2 8  ■ OLD
B 2 A C 3 9 3 , 9 1 4 4 9 0 , 0 8 5 1 7 2 , 3 7 O I... D
B 2 B C 3 4 8 4 0 7 . 6 2 3 5 , 3 6 1 0 7 5 , 6 9 OL D
D 2 A M  ' 3 3 2 , 5 9 9 6  6 » 2 6 - 4 3 3 9 , 2 1 OLD
D 2 B H 3 5 8 , 0 0 11 SO ,.38 .13030,09 OLD
B 2 A S  ■ 313,17' 2 1 8 7 . 8 6 • 4 5 5 , 8 0 OLD
B 2 B S  j 3 y 9 ,SB . ' 9 1 1 , 5 8  ' 0 9 3 . 3 9  '' OLD
B S A C  . 9 6 9 () , ii I • 2 2 0 5 5 , 7 2 • 8 7 5 5 , 0 6 Y O U N G
B 3 B C 7 2 5 6 , 3 4 5 0 8 6 , 7 3 .00 Y O U N G
B S A M A 0.1 1 ,02 5 8 8 8 , 9 4 1 0 9 3 . 9 2  • YOUNG"
D S D M .568 8 , 4 0  .' 4 5 5 , 8 0 7 0 3 7 , 5 4 ' Y O U N G  ' '
D S A S 1349., 16 ■ 4 O l i l O 3 1 1 7 , 6 7 . Y O U N G
B S B S  ■ 5 4 6 , 9 5  . 4 1 9 , 3 3 1 0 0 2 , 7 6 Y O U N G



INFILTRATION RAW DATA FOR 

LIMESTONE DOMINATED GLACIAL TILL STUDY SUBSITES

APPENDIX XII
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P H D O N ♦ <, **4 *»*** , R E P L I C A T I O N . ♦ x-» ♦ 4 * * » > A G E  G R O U P
I C M E D I A N ) 2 3 ,

F l A C  • 1 0 7 3 8 » 6 5 5 4 3 3 , 1 9 1 6 8 6 4 , 5 8 OLD7FlDC- ■ 4 8 8 8 , 9 4 3 3 7 2 , 9 2 13054< 09 O L D
F l A M ' 1 5 1 3 , 2 6 . 1 3 6 0 1 , 0 7  ■ 1 4 5 8 , 5 6 OLD
F l B M 2 6 9 8 , 3 3  - 1 2 2 0 , 9 2 . 3 0 2 6 , 5 2  ' OLD
F l A S ' 8 0 2 , 2 1 • 4 2 2 9 , 8 3 . ’ 7 1 9 . 2 8 OLD
F I B S 15 8 6 . 1 9  - 44 48 »10 • 1 14 8 , 6 1 O L D
K 2 A C 7 1 1 0 , 4 8  . . . 3 2 6 3 , 5 3 18 12 2 , o 4 M E D I U M  .
K 2D C 8 0 2 2 , 0 8  ■ 1064 7,51 5 4 2 9 , 5 1 . M E D I U M '
K 2 A M - 9 1 I »59 5 4 1 4 . 9 2 ■ 6 0 1 , 6 5 ■ M E D I U M  •
K 2 B M ' 8 0 2 , 2 0 7901. .26 2 5 5 , 2 4 M E D I U M
K 2 A S  . 1 8 2 3 . 1 9 - 6 2 1 7 , 1 6 1 0 7 5 . 6 7 M E D I U M
K 2 B S  ' ' 8 5 6 , 8 9 . 1 7 6 8 , 5 1 2 7 3 , 4 8 M E D I U MK3AC • 6 8 7 3 , 4 6 . 2 2 7 9 , 0 0 1 0 9 3 9 , 2 0 Y O U N G  '
K 3 B C  - . 4 4 8 5 . 0 8 ■ 2 4 9 7 » 7 9 • . 5 6 8 8 , 3 7 Y O U N G
K-3AM 2 9 5 2 . 9 6 9 2 9 . 8 4 308:1,20 Y O U N G  ■
K3DM 2 1 8 . 7 8 ■ 5 4 6 , 9 6 21 8 »77 ' Y O U N G  .
K 3 AS - 291,70 . 656,34.. . ■ 164,09 . Y U U N G  ..
K3BS. ■ ■ 2 6 4 3 , 6 5 ’' 8787,84 ■ vi 2 l -.iI 6 ■ YOUNG



APPENDIX XIII 

INFILTRATION RAW DATA FOR 

QUARTZITE DOMINATED GLACIAL TILL STUDY SUBSITES
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R E D O N , R E P L I C A T I O N , A G E  G R O U P
I (MEDIAN) 2 3 j . ■

F 2 A C 1 3 9 4 7 , 4 7  . 1 3 7 2 0 . 7 0 1 5 2 9 6 , 6 5 • M E D I U M
F 2 B C 2 6 2 5 , 4 0 2 1 3 3 , 1 6  ■ 3 5 1 8 , 7 9 M E D I U M
F 2 A M 1 5 4 4 , 0 9 .711,04■ ,00 M E D I U M
F 2 B M  - . 5 8 3 , 4 2  . 2 0 7 8 . 4 5 4 7 4 , 0 0 M E D I U M
F 2 A S 1 6 7 7 , 4 2 2 4 4 3 , 0 9 2 9 6 , 6 2 M E D I U M
F 2 B S 3 1 9 0 , 6 0 5 7 9 7 , 7 9 3 0 9 9 , 4 1 M E D I U M
F3 AC 2 8 8 0 , 6 6 8 0 7 6 , 8 6 2 / 3 4 ,80 Y O U N G  .
F 3 B C 8 8 7 8 , 9 8 . 5 3 6 0 . 2 1 1 5 2 2 3 , 7 2 Y O U N G
I-3 AM 9 9 6 , 2 8 7 6 5 , 7 4  ■ 1 3 4 9 , 1 7 Y O U N G  •
F 3 B M 3 1 3 5 , 9 0  ' 3 5 5 5 , 2 5 1 0 2 0 , 9 9 Y O U N G
F 3 A S 6 5 6 , 3 5 2 5 3 4 , 2 5 5 6 5 , 1 9 Y O U N G
F 3 BB 7 8 3 , 9 8 1 5 0 6 , 1 0  ■ . 7 4 7 , 5 2 Y O U N G
K l A C  . 4 3 0 2 , 7 5  . 7 1 8 3 , 3 9 ' 3 9 3 7 , 7 2 M E D I U M
K l B C 6 8 3 7 , 0 0 . 1 3 2 9 1 . 1 3 .4266,29 M E D I U M
Kl AM 1 6 7 7 , 3 3 7 8 6 6 . 0 4 1 1 8 5 , 0 7  ' M E D I U M  ■
K l B M  1 , 1 8 2 3 . 2 3 6 6 1 8 , 2 1 6 3 8 . 1 0 'M E D I U M
K l A S ■ 6 9 2 , 8 1  . 6 7 4 , 5 7 1 5 6 7 . 9 6 M E D I U M
K l B S .. 1 1 4 0 , 6 4 9 4 8 , 0 7  . 1 3 3 0 , 9 4  ’ ■ M E D I U M



APPENDIX XIV

BULK DENSITY RAW DATA FOR 

TERTIARY VOLCANIC STUDY SUBSITES
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P E D O N H O R I Z O N D E P T H BULK.
D E N S I T Y

AGE
G R O U P

CM G / C C
D l A C A 2 15 * O 1 . 3 7 ' O L D
B l A C , A 2 15*0. 1.30: O L D  '
B l A C B 2 1 T 3 0 . 0 . I . 7.7 ' O L D  '
B l A C ■ B 2 1 T 3 0 . 0 ; 1.87 OL D
B l A C B 2 2 T ' 4 5 . 0 I ■» 8 4 OL D
B l B C A2 •15.0 1.19 OL D
B l B C A 2 ■ 3 0 . 0 1,26 OLD
B l B C B 2 1 T • ' ' ' 4 5 . 0 I . 64 O L D
B l A M A 2 ' 1 5 . 0 1.26 O L D  ■
B l A M A 2 . 15.0 I « I 6 O L D
B I AM' B 2 1 T 3 0 . 0 1.72 ' OL D
B l A M B 2 2 1 .. 4 5 . 0  . ■ I ,'69 OL D
B l B M  ■ A 2 15.0 . 1 . 3 8 OLD.
B l B M  ■ : B 2 1 T 3 0 . 0 1,65 . O L D  .
B l B M B 2 2 T • 4 5 . 0 1*73 O L D  ‘ ■
BIAS; A 2." 20. O ■ I , 49 OLD
B I A S B 2 IT 3 0 . 0 .2.-28 - OL D
B I A S  • B 2.1 T 4 5 . 0 1.87 ' O L D  '
B I B S A 2 : 15.0 I <39 O L D  •'
B I B S A 2 ' 30.. 0 I .7:1 OLD
B I B S B 2 IT ■ 4 5 . 0 I »77 OLIi
B 2 A C  ' A 2 ' 15.0 I » 4 2 OLIi
B 2 A C B 2 1 T . ; 3 0 . 0 1 .6.1: OL D
B 2 i-i C : B21 T 45.0. :!.. 6 2 ■ O L D ' .
B 2 B C  . A 2 15.0 'I .30 . 'OLD '
B2B.C B 2 IT . 3 0 , 0 I . 7 8 -. . O U i  :
B 2 B C  ' B 2 2 T 4 5 . 0  ■ . 1 , 4 ? . OL D
B 2 A M A 2 15 . 0 ■1 ,74 ' ' OL D
B 2 AM • A 2 ■. 3 0 . 0 1,63 OLIi
B 2 A M B 22 T • 45.0' I * 28 ' OLii :
B 2 B M A 2 1 5 . 0  ■ I ,58 ' O L D
B 2 BM ■ .B2 1 T . ' 3 0 . 0 I . 73 O U i  .
B 2 Bii B22T ■ 45» O .. 1.59 ' OL D
P'2 A S ' A 2 .1.5 . 0 :l.. 6 4 OL D
B 2 A S  • B 2 1 T ■ 3 0 . 0 ■ 1.78 • OLD.
B 2 A B B 22 T 4 5 . 0  '■ 1.69. OL D
B 2 B S A 2 1 ■ ■ ■ :l. 5 . 0 .'I .31 . OLD;



P E D O N .H O k l Z O N D E P T H B U L K A G E i

CM
•DENSITY 

G/CC: ■
G R O U P

B 2 B S A 2 15,0. 1 .31 O I... D
B 2 B S B 2 1 T 3 0 , 0 1,77 O L D  !
B 2 B 9 B 22 T 4 5 , 0 I .58 O L D
B 3 A C A 2 1 5 . 0 1.29 Y O U N G
B 3 AC B21T. 3 0 . 0 .1.71 ■ Y O U N G
B 3 AC B 2 1 T . 4 5 . 0 ■ 1.67 YOUNG
B 3 B C  . A 2 15 ,0 1,26 - Y O U N G  -
B 3 B C  ■ B23.T 3 0 . 0 I »61 Y O U N G
B 3 B C  ' B 2 11 ' . 4 5 , 0 :!. ♦ 4 6 YOUNG'
B 3 A M A 2 ■ 15,0 . 1 , 6 8  ' Y O U N G
B 3 AM A 2 30,0.. 1,67 Y O U N G
B 3 A M ■. ■B21T 4 5 , 0 1,55 . Y O U N G
B 3 BM- A 2 .1.5 ,0 1,68 Y O U N G
B 3 B M B 2:1. T 3 0 , 0 .1.49 Y O U N G
B 3 B M B 2 2 T 4 5 . 0 1,62 Y O U N G
B 3 A S A 2 .1.5 ,0 1.78 YOUNG..
B3AS B 2 1T- . 3 0 . 0 I ,76 ■ Y O U N G
B 3 A S B 2 2 T 4 5 , 0 1.89 Y O U N G
B 3 B S A 2 1 5 .0 ■ 1 , 7 1 Y O U N G
B 3 B 9  ■ B 2 IT 3 0 . 0 1,62 ' Y O U N G  ■
B3BS B 2:1; T 4 5 , 0  ■ 1,63 ■ Y O U N G



. . APPENDIX XV

. BULK DENSITY RAW DATA FOR 

LIMESTONE DOMINATED GLACIAL TILL STUDY SUBSITES
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P E D O N  .. H O R I Z O N D E P T H

CM

B U L K  
D E N S I T Y  
6 / C C

A G E
G R O U P

F l A C B 2 1R 5, 0 ,44 OLD
F l A C B 2 1R 5,0 .57 O L D
F l A C . B 2 1R • 15,0 ,54 O I... DFlAC B 2 1R ■15,0 ,41 O L D
F I A C 1 1 A 2 30,0 1,62. O L D  ■
F l A C 1 1 A 2 3 0 , 0 I .59 O L D
F l A C IlAiiB 45,0 1.40 OL D
F I AC IIAiiB 4 5 , 0 1.42 OL D
F :i AC IIBiiA 7 1 ,0 1.27 OLD
F l A C IIBiiA 7 1 , 0 1,45 O L D
F l A C I I B 2 1 T 88.0 I , 64 OLD
F l A C 11 »21 'I 88.0 I ,60 OL D
F I DC B 2 1R 5,0 .48 OL D
F I B C B 2 1R 5,0 ,56 OLD
F l B C B 2 1R 15.0 .51 OL D
F I B C B 2 1R 1 5 , 0 ,54 OLD
F l B C 1 1 A 2 3 0 , 0 I .55 O L D
F l B C 1 1 A 2 30.0 1,57 OLD
F l B C I I A 2 45,0 1.45 O L D
F l D C IIA2 4 5 , 0 .1,50 O L D
F l D C I l A X B 6 5 , 0 1,42 O I... D
F l B C I I A X B 6 5 , 0 I ,51 • O L D
FlBC I l B X A 82.0 I ,35 O L D
I- IBC I I B X A 82,0 1 . 4 9  1 O L D
F l B C 1 1 B 2 1Y ■i 15 . O I . 47 OL D
F l B C I I B 2 1 T 1 15,0 I »46 OL D
FlBC 1 1 B 2 2 T 148,0 1,54 O I... D
FlBC 1 1 B 2 2 T 1 4 8 , 0 1.43 OL D
F I'AM B 2 1R . 5,0 I . 03 O I... D
F l A M B 2 IR • 5, 0 1.04 ■ OL D
FlAM B 2 1 R 15 , O .80 OL D
FlAM B 2 1R 15,0 »57 O I... D
FlAM 11A 2 3 0 , 0 I »56 O L D
F l A M 1 1 A2 3 0 , 0 1.33 O L D
F l A M I I AXD 4 5 , 0 1.32 ' • O L D
F l A M I IAXB 45.0 1.59 O L D  •
F l A M I I B 2 1 T 1 0 5 , 0  ' T »6.7 OL D
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P E D O N H O R I Z O N DEPTH- B U L K  . . .AGE ■
D E N S I T Y ; G R O U P

CM ' ’ G / C C
F l A M . I I B 2 1 T 105» 0' I . 67 O L D
FlAM.. 1 1 B 2 1 T 1 0 5 , 0 I . 62 O L D
F i B M  I B 2 I R 5 . 0 ,78 OL D
F l B M B 2 1 R . 5, 0  ' ,.55 OLD
F IBM ' B 2 1 R 15.0 ' .'36 OL D
F l B M B 2 1 R 15.0 .94 O I... D
F l B M 1 1 A2 3 0 . 0 I. , 52 OL D
F l B M 1 1 A2 30 »O 1.40 OLD
F l B M I I A S B 4 5 . 0 L »39 OLD
FlBM- I I A S B  : ■45.0 L .34 O L D
F l B M I I D 2 1 T  ' 8 5 , 0 L ,49' OLD
F l B M 1 1 B 2 11 ■ 8 5 , 0 1.49 O L D  .
F l A S  ■ • ■ B 2 1 R  . • 5.0 .87 . Oi.. D
F I A S B 2,1R 5,0 I-.21 O L D
F l A S I.IA2. 15.0 ,89 O L D  ' ■
F l A S 1 1 A 2 ... • 15.6 ,94 . OL D
F l A S . 1 1 A 2 3 0 , 0  . - L ,31 OL D
F l A S 1 1 A 2 . 3 0 , 0 I.,32 OL D
F l A S : I I A S B ' 4 5 . 0  ‘ I .32 . OL D
F l A S .. I I A S B 4 5 , 0  , 1.45 O L D  ■
F l A S I I B 2 1 I 9 7 , 0 1,43 OL D
F I AS .I I'B 2 1T 9 7 . 0 1,57 ■ OL D
F I B S  • ' B 2 1 R 8 . 0  ; .72 . OL D
F I D S 1 1 A 2 - 15,0 ■' I . 80 ' OLD
F I B S  ' 1 1 A 2 15.0 I. .58 O L D
FIBS. ' I I A S B 5 4 , 0  ■ I. .49 . O L D
F I B S  ' I I A S B ■ ■ 5 4 . 6 1,40' ' OLD
F I B S  ■ - 1 1 B 2 1 T I 1 0 . 0  ■' L .59 . OLD
K 2 A C  ; A 2 . 3.0 ' .55 : M E D I U M
K 2 A C ' ' A S  . 3. 0 , 79 M E D I U M
K 2 A C ■ B 2 1R 5 . 0 . . ,40 . M E D I U M
K 2 AC B 2.1, R . 5 , 0 ,27 M E D I U M
K 2 AC ' I I A 2 ■ 15.0 - ,89' M E D I U M
K 2 AC B 2 1R .1.5.0 ,43 ■ . M E D I U M
K 2 AC I IA 2 3 0 , 0  :L .71. MEDIUM.
K2AC" ' 1 1 A 2 . 3 0 , 0  :.,68 ■ M E D I U M
K 2 A C •. I I A S B : . 4 5 . 0  . :1.71 • MEDIUM'
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P E D G N H O R I Z O N D E P T H B U L K  • A G E
D E N S I T Y G R O U P

CM G/CC
K 2 A C I I A & B 45,0 1.71 M E D IUM
K 2 A C I I A X B  ' 45,0 1.65 M E D I U M
K 2 AG I I B S A 67,0 1.45 M E D I U M
K 2 A C 1 1 BS A 67,0 ' 1.41 M E D I U M
K 2 AC ■ 1 1 B 2 T 80,0 I * 27 M E D IUM
K 2 A C 1 1 B 2 1 8 0 , 0 I . 13 M E D I U M
K 2 A C 11 Cl I O O . O I . 6 1 M E D I U M
K2AC I ICl 100,0 1.67 M E D I U M
K 2 B C A 2 3.0 ,42 M E D I U M
K 2 B C A 2 3,0. .63 M E D I U M
K2BC B 2 I R 5*0 .56 M E D I U M
K2BC B 2 1 R1 5,0 ,62 M E D I U M
K 2 BC B 2 IR 15.0 .52 M E D I U M
■K 2 B C B 2 1R 15,0 .82 M E D I U M
K2BC 1 1 A 2 30.0 1.59 M E D I U M
K 2 BC 1 1 A 2 30,0 1.60 M E D I U M
K2BC IIA2 45,0 1,69 M E D I U M
K 2 B C  " 1 1 A 2 45,0 I , 7 1 M E D I U M
K2BC I I A & B 58.0 I * 6 1 'M E D I U M
K2BC . 1 1 A SB 58,0 1.44 M E D IUM
K 2 B C  - 1 1 B 2 T 73,0 I ♦ 44 M E D I U M
K 2 BC 1 1 B 2 T 73,0 1.51 MEDIUM-
K 2 B C  ■ . IlCl . 1 0 0 . 0 1.59 M E D I U M
K2BC !!Cl 100.0 I. ♦ 6 O M E D I U M
K 2 An B2IR- 5.0 1.13 M E D I U M
K2Ai1 B 2 1 R 5.0 I * O ti M E D I U M
K2Ail B 2 1R 15.0 1,29 M E D I U M
K 2 AM . . B 2 1R 15,0 1.42. M E D I U M
I\2AM 1 1 A 2 3 0 . 0 1,55 M E D I U M
K 2 AM 1 1 A 2 • 30,0 1,76 M E D I U M
K 2 AM. IIA&B 37.0 1,59 M E D I U M
K 2 A M 1 1 A SB' 37,0 ■ 1,65 M E D I U M
K 2 A M 1 1 A 2 4 5 . 0 I »6 4 M E D I U M
K 2 A M 1 1 A 2 45.0 1,47 M E D I U M
K 2 AM ■ 1 1 C 2 155.0 1.79 M E D I U M
K 2 AM ' ' I IC 2 . 155.0 ' 1.89 . M E D I U M
K 2 B M B 2 1R' 5.0 , 84 M E D I U M
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P E D O N ' H O R I Z O N D E P T H  . B U L K ' ■ AG E
.DENSITY G R O U P

CM, O / C C
K 2 B M B 2 1R , 04 M E D I U M
.K2DM B 2 1R • 5, 0 '. 99 M E D I U M
K 2 RH.. ■ B 2 1R . 15,0 ■ 1.45 M E D I U M
K 2 R H B 2 1R ■1 5 , 0 . ,87 M E D I U M
K 2 BH ' I I A 2 3 0 . 0 I , 6'4 M E D I U M
K 2 B M 1 1 A 2 3 0 , 0 1 , 6 2 M E D I U M
K 2 B M ■ IIAiiB 4 5 , 0 ’ I . 6 1 M E D I U H
K 2 BH IIAiiB ■ 4 5 , 0 1,54 M E D I U M
K 2 B M I' IB 2 T 6 9 , 0 I , 5 1 M E D I U M
K 2 B M 1 1 B2T 6 9 , 0 . 1.39 M E D I U H
K 2 B M I IC 2 1 6 0 . 0 1 .92 M E D I U M
K 2 B M 1 1 C 2 1.60,0 1,90 M E D  IUM
K 2 A S  • B 2 1R 5,0 »98 .MED I UM
K 2 A S B 2 1R ' 5,0 .98 M E D I U M
K 2 AS BE I R 15.0 .96 M E D I U M
K 2 A S . ■ . BE IR 15 ,0 »95 M E D I U M
K 2 A S . 1 1 A 2 3 0 ,0 1,64 M E D I U M
' K 2 AS IIAE ■ 30.0. I. . 3 1 M E D I U M
K 2 A S IIAE 4 5 . 0 1.45 M E D I U M
K 2 AS ' IIAE 4 5 . 0 1.52 M E D I U M
K 2 A S 11 BE T 5 4 , 0 .1,40 M E D I U M
K 2 A 3  • I I B E T 5 4 , 0 .1,42 . ’ M E D I U M
K 2 A S \ IICE 1 0 :i., O • 1.72 M E D I U M
K 2 A S  . 11 CE .1.0 1 , O • 1,70 M E D I UM
K 2 B S B E I R  . 4. 0 1.07 M E D I U M
' K 2 B . BE IR 4 .0 ,91 M E D I U M
K 2 R S I IAE 15 . 0 " 1,34 M E D IUM
K 2 B S IIAE . 15.0 I , 5.1 M E D I U M
K 2 BS . IIAiiB- 30.0 ■ 1,45 M E D I U M
K 2 B S IIAiiB ■ 3 0 , 0 1.45 ■ M E D I U M
K 2 B S  . IlAE 4 5 ,0 ;l. ♦ 2 8 M E D I U M
K 2 BS ' .1.1 A 2. 45,0. •1.45 ■ M E D I U M
K 2 B S •■ 11 CE . 1 4 0 . 0 1.69 M E D I U M
K2BS. I I C E 1 4 8 , 0 .'I , 6 8 M E D I U M
K 3 AC Ag. 3,0 1.09 

\96' .
Y O U N G "'

K3AC. A 2 ' 3.0 ■' YOUNG-
'K 3 A C ' B 2 1R ■ • 5. 0 ■ ,91 ' Y O U N G



P I::" H ON. HORIZON . HE: P TH BULK- a g e :
DENSITY GROUl

CM ' G/CC
K 3 AC • B 21R 5,0 " .91 YOUNG
K3AC. ' B 21R 5,0 . , 30 YOUNG
K 3 AC B 2 IR .15,O . ,53' ■ ' YOUNGK 3 AC B 2. IR. 15,0 ,91. YOUNG
K3AC 11A 2 30,0 1.62 ' YOUNG
K 3 AC 11A 2 30,0 I , 57 YOUNG
K 3. A C 11A 2 45.0 • 1.59 YOUNG
K3AC . 'I IA 2 • 45,0 ' I .62 YOUNG
K 3 AC ' 11A&B 62,0 ,95 'YOUNG
K3AC ' IIA&B 62,0 .. I , 41 YOUNG
K3AC ■ 11B 2 T 69,0 .I i 42. YOUNG-
K 3 AC I Ifi 2 T .69,0 . I »49 YOUNGK3AC 11CI; • 113,0 - 1.69 '. ' YOUNG
K 3 AC ■ I ICl 113, O I ,76 . YOUNG
K3BC B 2 IR 5,0 .58 YOUNG
K3BC • B 21R • 5.0 • .52 YOUNG
K3BC B2IR ■■ 15.0 . ,37 YOUNG
K3BG B 21R 15,0 ■ »35 ' YOUNG
K3BC . IIA 2 30,0 1,60 . YOUNG
K3BC' ' 11A2 "■ 30.6 1,62 YOUNG
K3BC IIA&B .45.0 . 1.67 . YOUNG.
K3BC -' IIA&B 45,0 1,62 YOUNG
K3BC 1IB2T 73,0. : 1,49: ' YOUNG
K3BC ., ..I.IB2T. • ' 73.0 I , 49. . YOUNG
K .3 B C ' IICI 100,0 '. 1,58 YOUNG
K3BC !!Cl 100,0 1,55 ■ YOUNG
K3AM B 21R ' ■ ". 5,0 . ■ ,89 - YOUNG
K3AM , • B 2 IR .. • 5.0 ,86. ' ■ Y O U N G
K 3 A M  1 B 2 1R . ■ . 15.0 ': I .Ol ■ .- Y O U N G
K 3 A M - ' -621R .. .15,0 I »02 ' Y O U N G
K 3 AM ' TI A 2 30,0 • 1 . 4 5 Y O U N G
K 3 AM I l A 2 . '30.0 I »50 Y O U N G
K 3A M  ' .TIAJiB 4 5 . 0  ' : I ,58 'Y O U N G
K 3 AM .’ I I A & B '45.O- 1,47 Y O U N G
K 3 A M  , ' 1 1 B 2 T ' 7810.. 1,39 ■ YOUNG.
K 3 A M . I I-B 2 T ' . 7 8 . 0 ..13 36'.: Y O U N G '
K 3AM ■ !!Cl 1 1.0.0 1.76 '• Y O U N G



224 :

V ' : / ' "

PEDON ■ HORIZON DEPTH BULK
DENSITY

AGE
GROUP

CM G/CC
K 3 AM H  Cl. 110 * O 1.76 YOUNG
K3AM HCl 110 , O 1.49 YOUNG
K3DM B 21R 5.0 .42 YOUNGK3DM B 2 IR ■ 5.0 .50 YOUNG
K 3 BM B 21R 1.5,0 .99 YOUNG •
K 3 BM B 21R ' 15.0 . ' .90 .. YOUNG
K3BM 11A 2 . 30.0 1.43 YOUNG
K 3 BM 11A2 I 30.0 • 1.58 YOUNG .. .
K 3 BM • II A2 45.0 1.54 .YOUNGK 3 BM XIA2 45.0 1.51 YOUNG ■
K3BM. IIAZB 71.0 1.59 ■ YOUNG
R3BM . IIAZB . . 71.0 1.58 YOUNG
K 3 JJ M :i:iB2T 105.0 1,57 YOUNG
K3BM, 11B 2 T 105.0 1,50 ■ YOUNG
K3BM 11 Cl" . 142; O 1,86 YOUNG
K 3 BM IICl 142.0 I . 86 YOUNG
K3aB ' ' B 21R 5.0 ,87 YOUNG .
K3AS B 21R . 5.0 . .,95 YOUNG
K 3 AS ■ B 21R 5.0 .87 YOUNG •
K3AS B 21R 5.0. ,95 YOUNG
K3AS ' . B2IR ■ 15.0 ' 1.11 YOUNGK 3 AS • B 21R • 15.0 . .91 YOUNG
K3AS 'I IA 2 ■ 30.0 1,53 YOUNG
K 3 AS 11A 2 30.0 ■ I . 4 4 YOUNG 'K 3 AS 11A 2 45.0 I , 42 ■ YOUNG
K 3 A S 11A 2 ■ 45.0 ' 1.51 YOUNG
K3AS ■■ • 11A SB 68.0 1.54 YOUNG
K 3 AS IIAZB 68.0 I , 36 YOUNG ■ ■
K3AS . IIB2T 95.0 .: 1.55 .YOUNG '
K3AB - ■ IIB2T • 95.0 . 1,56 YOUNG .
KSASii ■ ' !!Cl 1 2 5 . 0 1,74 Y O U N G
K 3 AS !!Cl . '125.0 1.78 Y O U N G
K 3 B S B 2 1R ■ 5 . 0 »44 Y O U N G  '
K 3 B S B 2 1R • ■ 15.0 .93 Y O U N G
K 3 B S D 2 I R 15.0 • .88 Y O U N G
K 3 B S 1IA2 30.0 I . 44 ■ Y O U N G  -
K 3 B B H A  2 ■ 3 0 . 0 1 . 4 7  ' Y O U N G ’.
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PEDON. HORIZON DEPTH ... BULK AGE
■ DENSITY GROUP 

CM . G/CO
K3BS H A2 30.0 1.47 YOUNG
K3B S ■ IIA%D 45.0 1.38 YOUNG
K3BB HATxB 45.0 . 1.34 YOUNGO B S  I.IB2T 70.0 1.43 YOUNG
K3BS IIB2T 70.0 1.50 YOUNG
K3BS I.IC2 ' 125.0 1.72 YOUNG
O B S  11C2 ■ .1.25.0 1.77 YOUNG

r



APPENDIX XVI

BULK DENSITY RAW DATA FOR 

QUARTZITE DOMINATED GLACIAL TILL STUDY SUBSITES
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PEDGN- H O R I Z O N BEI-TH B U L K ' AG E
. D E N S I T Y GROUP-

CM . b / C C
F 2 A C . B 2 1 R 5 , 0 - ,96 M E B I U M
F 2 A C  ■ .' B 2 IR ' 5,0 1.04 - -HEDIUvi '
F" 2 A C ■ • B 2 1 R .1.5,0 ' ,63 M E D I U M
F 2 AC ■ B 2 1R ■ 15,0 ,69 M E D I U M
F 2 A C "I IA2 - 30, O . 1.78 - M E D I U M
F2AC: ■ ■ 1 1 A 2 3 0 , 0 1,81 M E D I U M
F2AC ■’ 1 1 A 2 ' 4 5 , 0  ' 1,80 • M E D I U M
F 2 A C  ' I IA 2 ■ 4 5 , 0 1,92 M E D IUM
F 2 AC ' 1 1 A 2 80,0 I , 6 i) MEDIUM.
F2AC " 11 A'2 . 8 0 , 0 1.32 M E B I U M
F2AC 1 .1. C .I. .1.20,0. 1,88 M E D I U M
F2AC II Cl 120,0- 1,86 •MEDIUM
F 2 BC ■ B 2 1. R .. 5,0 .- .98 M E D I U M  - ' '•
F 2 BC B 2 1R 5,0 I ,23 M E D I U M
F 2BC ■ B 2 1 R ' 15,0 . 1,01 MEDIUM..
F2BC ' B 2 1 R - 15,0 , 57 HE'D IUM
F2.BC' 1 1 A 2. ' 3 0 , 0 1,71 ' M E D I U M
F2BC 11A  2 ’ 3 0 , 0 I-, 6 ..I. M E D I U M  -
F2BC 1 1 A 2 45,0 1.88 - • M E D I U M
F2BC. ' 1 1 A 2 ' ' 45,0. 1 . 9 2  :■ M E D I U M  .
F2BC I .!.AtiiB 8 0 , 0  ‘ 1,95 . M E D I U M  '
F 2 BC I I A a B ' 80,0. '■ 1 . 9 5  . M E D I U M
F2BC. ■ ' '.IICI 120,0 I', bij MnED I UM , ' '
i- B L IICI " 120,0 1,77 M E D I U M
F2AM B 2 1-R 5,0 • ,89 M E D I U M
F 2 AM • B 21' R ' 5,0 .88 . M E DIUM' . •
F 2 AM . B 2 1R • . ' j. 5 , O . I . Oi MEDM Uri ■ ■
F 2 AM ■ B 2 IR' ■ 1 5', '0 ''I .25 . MEDIUM" ■
F 2 A M . I I A 2 30:, 0 ■ I .48 ' M E D I U M
F 2 AM " 1 1 A 2 . 45,0-' 1,78 MEDIUM. •'
F2AM' • IIA 2 4 5,0 j. , 76 M E D I U M  .
.F 2 AM • I I A CD 90,0 'I , 3,6 - M E D I U M  . '■
F 2 A M . ■ . 1 1 AIB 90,0. 1,65 - M E D I U M  . ■
F 2 AM- " .IICI ' 1 3 0 , 0  - I . 60 1 M E D I U M :
F 2 A M ■ I'ICI- 130,0- . 1,55 - M E D I U M
F 2 BH B 2-IR -. : , 5 , o  - ' ;$9 - MED-ILlTi ''Y ■
F 2 B In ' B 2 1R 5 , 0  . - I .08 . M E D I U M  ' ■
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-i-U-H-

P E D O N  . H O R I Z O N . BEF1TF-I ■ B u l k A G E' D E N S I T Y G R GlJ P
CM G / O C  •

. F 2 BH- B 2 I R  ' S-* O .1,08 - M E D I U M
F 2 B M B 2 1R ‘ - 15 , 0 . 1.10 M E B I U n
• F 2 B M ' B 2 I R I !3,0 1,30 M E D I U M
F 2 B M  . H A 2  - 30 ♦ O ■ 1.84 M E D I U M
F 2 B M 1 1 A2 30.0 I ,85' ■ M E D I U M
F 2 B M 1 1 A 2, 30.0 ■ 1,95 ■ M E D I U M
F 2 B M ■ 1 1 A 2 30.0 1 , 8 5  - M E D I Ui-I
F 2 D M 1 1 A 2 4 3 . 0 ' I , 85 M E D IUM
F 2 B M :i:iA2 4 5 . 0 2 , 0 4 M E D I U M
F 2 B M .I I A & B 9 0 . 0 1.90 ' M E D I U M
F 2 B H  . I I A & B  ■ • 9 0 , 0 1,85 M E D I U M
F 2 B M  ■ I I B 2 T 1 3 0,0 1.90 M I::. .U .1. LI I'-'i
I" 2 B M I I B 2 T ' 1 3 0 , 0 I ,87 M E D I U M
F 2 A S B 2 1R ' 3,0 ' I .26 M E D I U M
F 2 AS ■ B 2 IR • 5.0 I ,20 M E D I U n
F 2 A 0 . B 2 1R I S , O . I , 15 H O  IUH
F 2 A S B 2.FR 15, v . 1,04 ME D  IUi-I
F 2 AS ' 1 1A 2 .30,0 I , 85 M E D I U H
F 2 A S 1 1 A 2 4 3 , 0 1,69 M E D  I Uii
F-2 AS ■ 1 1A 2 4 3 , 0 1,54 ■ 'M E D I U M
F-2 AS I IAiiB ' 1 0 0 . 0  ' . 1,72 M E D I U M
F 2 AS ' I .I. H & B 1 0 0 , 0 1 . 7 8  . M E D I U H
F 2 A S  . • - :i:j :a 2 ' 1 4 5 , 0  - I , 90 M E D I U M
F 2 AS 1 1 A 2 . ■ ' 1 4 5 , 0 , 1 ,88 M E D I U M
F 2 B S B 2 TR . 5,0 .. 1,28' M E D I U M
F2BS B 2 FR 5.0 1,06 ' M E D I U M
F2BS B 2 1R 10,0 I , 1 8 - M E D I U M
F 2 BS ■ B 2'IFI ■ 1 0 , 0  ■ 'I.,19 - ' M E D I U M
F2BS I I A 2 • ■ ' 30,0. 2,04 MEDIUM.
F2BS- - • 1 1 A 2 3 0 . 0 1.97 ' M E D I U M
F2BS 1 1 A 2 45.0. 1,92 M E D I U M
F 2 BS 1 1 A 2 4 5 . 0 2 . 0 2 • M E D I U M
F 2 BS II-AIic B • 9 0 , 0 ' I ,85 M E D I U M
F2BS- ■ -IIAiiB 90,0 1.99 M E D I U M
F 2 BS ..II02 1 3 0 , 0 -■ 1 ,87 MEDIUM.
F 2 B 3  - I I 02 130.0. 1 .86 M E D I U M
F S A C B 2 1 K ■ 5 , 0 .75 Y O U N G



229

P E D O N H O R I Z O N D E P T H

CM

B U L K  
D E N S I T Y  
■ B / C C

AU E
G R O U P

P S A C B 2 1R ' ' SCO *75 Y O U N G
F S A C B 2 IR 3* 0 * 70 Y O U N G
F S A C B 2:i: R 15,0 *77 Y O U N G
F S A C B 2 1R 1 5 , 0 * 6 S Y O U N G
F S A C I XA 2 30.0 1.72 . Y O U N G
F S A C XXA2 30.0 1.77 Y O U N G
F S A C XXA 2 • 45.0 1.93 Y O U N G
F S A C X I' A 2 45*0 1.85 Y O U N G
F S A C X XASB 1 0 5 , 0 I * C 4 Y O U N G
F S A C X X A X B ■ 1 0 5 , 0 I «64 Y O U N G
F S A C . XlOl * . 1 6 5 , 0 1*52 Y O U N G
F S A C IXCl 1 6 5 * 0 1*73 Y O U N G
F S D C B 2 X R 5, 0 .58 Y O U N G
F S B C B 2 X R 5, 0 *83 Y O U N G
F S B C B 2 X R 1 5 , 0 I . IS Y O U N G
F S B C ' B 2 X R 15,0 ,37 YOUNG'
FSBC XXA2 - 30*0 1,77 Y O U N G
FSBC 11A2 30.0 ■ I , 85 Y O U N G
FSBO ' XXA2 45:, O 1*81 Y O U N G
FSBC XIA2 • 4 5 , 0 1*80 Y O U N G
FSBC . X X A X B 7 3 , 0 ' ■1,91 Y O U N G
FSBC I X A X B 73,0 1*82 Y O U N G  .
FSBC XICl 1 2 0 , 0 1,84 Y O U N G
FSBC ' !!Cl 1 2 0 , 0 I , 8 1 Y O U N G
FSAH B 2 X R 5 * 0 *36 Y O U N G
FSAM B 2 I R 3,0 * 6 1 ■ Y O U N G
FS AM. B 2 X R 1 5 * 0 ,50 Y O U N G
FSAM I1A2 15 * O *27 Y O U N G
FSAM ' :i:x a 2 30*0 1*72 Y O U N G
FSAM :i:x a 2 4 5 , 0 1.74 Y O U N G
FSAM XIA2 4 5 * 0 1*47 Y O U N G
F.SAM X X A X D 90*0 1*65- Y O U N G
F S A M  . X XAXB 90*0 1*79 ’ Y O U N G
F S A M !QCl 1 3 0 * 0 1*80 . Y O U N G
F S B M  ' B.2XR . 5* 0  . *57, Y O U N G
I;| SBM B2X R 5* 0 *40 Y O U N G
F S B H B S X R  ‘ ' '15 * O ,40 , ■ Y O U N G
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PEDON HORIZON DEPTH B U I... K ' AGE
DENSITY GROUP

CM G/CCF 3 B M B 21R 15*0 *40 YOUNGF 3 BM B21R 15*0. ,29 YOUNG
F3BM 11A 2 30*0 ' I . 85 YOUNG
F3BM 11A 2 30.0 1.76 YOUNGF SB N 11A 2 45*6 I , 75 YOUNG
F3BM 11A 2 45*0 1*80 YOUNG
F SBM ■ 11A & B 100.0 1.72 YOUNG
FSBn IlCl 150*0 2*02 YOUNGFsbM !!Cl - 150*0 ■ I *66 YOUNG
FSAS ' B 21R 5*0 I , 63 YOUNG
FSAS B 21R 5,* O I ,51 YOUNGFSAS . B 21R ■ 15*0 *96 YOUNGFSAS B 21R ' 15*0 - ' 1.04 YOUNGFSAS I-I A 2 - SO * O 1,83 YOUNG
FSAS IIA 2 30*0 1,73 ‘ YOUNGFSAS 11A 2 45*0 2*36 YOUNG
FSAS ' 11A 2 45,0 I , 82 YOUNG
FSAS 11A SB 110 * O 1,82 YOUNGFSAS 11A SB I 'I 0. * O 1,85 YOUNGFSAS 11C 2 175.0 - 1*70 YOUNG
FSAS 11C 2 175*0 1,89 YOUNG
FSBS B 21R 5*0 *85 . YOUNG
FSBS B 21R ' 5,0 .77 YOUNG
FSBS D 2.1.R - 15 * O .77 YOUNG
F-SBS B 21R 15*0 *81 ■ YOUNGFSBS IIAl.: 30*0 = '1.81 YOUNG
FSBS 11A 2 30.0 I *77 YOUNG.FSBS 11A 2 ■ 45*0 1,75. YOUNGFSBS 11A 2 45*0 1,91 YOUNG
FSBS ■ IIASB 87*0 1*99' YOUNGFSBS IIASB 87*0 2*03 YOUNGF S B S. IICl- .148*0 1,20 YOUNG
KlAC ' Al? ' '3 * O ,39 MEDIUMKlAC ■ Al? S * O .34 MEDIUMKlAC B 21R 5*0 ,50 - 'MEDIUMKlAC B 21R 5,0 ' .97 MEDIUMKlAC ■ B 21R 15*0 . 88 MEDIUM
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PE-DGN H O R I Z O N D E P T H B U L K A G E
D E N S I T Y .GROUP

CM G / C C
K l A C B 2 1R' 15.0 .88 M E D I U M
K l A C B 2 1 R 15.0 .55 ■ M E D I U M
K l A C 1 1 A 2 3 0 . 0- 1.75 M E D I U MKlAC 11' A 2 3 0 . 0 1.69 M E D I U M
K l A C 1 1 A 2 4 5 . 0 L .82 M E D I U M
K I AC 1 1 A 2 45.0 L .72 M E D I U M
K l A C I I A K B 7 8 . 0 L .63 M E D I U M
K l A C I I A K B 7 8 . 0 I. » 64. M E D I U M
K l A C IICl 1 2 4 . 0  ■ L .79 M E D I U M
K l A C IICl 124.0 L .85 M E D I U M
K l B C A 2 3.0 .34 M E D I U M
K l B C A 2 3.0 .32 • M E D I U M
K l B C B 2 I R 5. 0 .36 M E D I U M
K l B C . B 2 1R 5. 0 .90 M E D I U M
K l B C  ' B 2 1R 15.0 .54 M E D I U M
K l B C B 21R 15.0 i 64 M E D I U M
K l B C 1 1 A 2 • 3 0 . 0 I. .83 M E D I U M
K I B C 1 1 A 2 3 0 . 0 I. . 6 2 M E D I U M
K l B C 1 1 A 2 ,45.0 I. .80 M E D I U M
K l B C 1 1 A2 4 5 . 0 L .74 ■ M E D I U M
K l B C I I A K B 8 3 . 0 L .55 M E D I U M
KlBC I I A K B 8 3 . 0 I. . 5 8 M E D I U M
K l B C  ■ IICl . 1 4 5 . 0 I. .71 M E D I U M
K l B C !!Cl 145.0 I. .65 M E D I U M
K l A M B 2 I R . ' 5 . 0 .53 M E D I U M
KlAM B 2 1R 5 . 0  - .47 M E D I U M
KlAM 11 AS- 15.0 .49 MEDIUil
KlAM B 2.IR 15.0 .98 M E D I U M
KlAM 1 1 A2 . 3 0 . 0 I. .59 M E D I U M
KlAM • 1 1 A2 30.0 I. .51 M E D I U M
KlAM 1 1 A 2 4 5 . 0  I .65 M E D I U M
KlAH 1 1 A2 4 5 . 0  ;]"S3 M E D I U M
K I AM I IAKB 9 0 . 0  1.56 M E D I U M
K l A M I I A K B 9 0 . O 1.60 M E D I U M
K l A M I ICl ■ 138.0. 1.92 ■ M E D I U M
K l A M IfCl . 1 3 S-.. O 1.81 M E D I U M
K l B M B 2 1R 5. 0 .74 M E D I U M
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P E D O W

K l B M  
K l B M  
K l B M  
K l B M  
K l B M  
K l B M  
K l B M  ■ 
K lB M  
K l B M  
K i B M  
K lA S  
Kl AS 
K I AS. 
K l A S  
KlAS . 
K I A S  
' K I AS 
K I AS 
K l A S  
K lA S  
K l B S  
K ID S  
K IBS 
KlBS . 
K l B S  
.KI BS 
K l B S  
K l B S  
K IBS'- 
K l B S  .

H O R I Z O N

B 2 1R 
B 2 1R 
B 2 1R 
B 2 I R  
1 1 A 2 
1 1 A2 
I IAiiiB 
I I A S B  
IICl 
I ICl 
B 2 1R 
B 2 I R  
B 2 1R 
B 2 1 R 
1 1 A 2 
1 1 A 2 
I I A S B  
I IASB 
!!Cl . 
IICl 
B 2 1R • 
B 2 1 R 
B 2 1 R 
B 2 1R 
I. IAZ 
11A 2 
I I A S B  
I I A S B  
IlCl 
11C I

D E P T H

CM
5 . 0
5 . 0

15.0 
15 »O 
3 U . O
3 0 . 0
45.0
45.0 

14 0 . O
140.0

5.0
5.0

15.0
15.0
3 0 . 0
3 0 . 0
4 5 . 0  

' 4 5 . 0  
.1,15 .0
1 15.0

5.0 
5 . O

15.0
1 5 . O , 
30.0' 
5 O . O 
45. O
4 5 . 0

1 2 3 . 0
1 2 3 . 0

BULK-
D E N S I T Y
G/"C C 
.74 
.83 

' .98 
.93 

1 .56 
1.40 
1.59 
I . 54 
1.85 
I . 90 
.60 
.55 
.53 
.59

1 . 6 9  . 
1.48 
1 . 5 2 '
I .54
1.70 
I ,69 
1 , 0 0
.47 
.94 
,86 ■ 

1,58.
I , 4 6 
I »6 6 
I.* ti4 
1.80 

• 1 ,77 ■

AGE
G R O U P

M E D I UN 
M E D I U M  
M E D I U M  
M EEDIUM 
M E D I U M  
M E D I U M  
M E D I UM 
M E D IUM 
M E D I UM 
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M  
M E D IUM 
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M  
M E B i U M  
M E D I U M  
M E D I U M  
M E D i U H  
M E D I U M  
'MED IUM 
M E D I Ui i 
MEDlUii 
M E D I U M



APPENDIX XVII

SOIL WATER RETENTION RAW DATA FOR 

TERTIARY VOLCANIC STUDY SUBSITES
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PEDfJN H O R I Z O N B Er'T H % W A T E R  BY Wl V ACE
.02 : .1.0 v Jl CRUiJR

CM B A R S B A R- B B M K S
BI A C A 2 . 15 . O 3:1. ,63 2 9 : 1 8 I 8 : 29 Cl.. B
B:!. A C B 2 IT ' 3 0 * 0 5 9 . 2 4 i:r "v/ * V.. 5 3 . 9 3 OLD
B l A C B 22 T 4 5 , 0 7 6 : 9 1 7 5 : 6 2 6 7 , 2 4 O l B
B l B C  . A 2 15:0 4 2 , 4 2 3 8 . 2 8 35: I V OL D
B l B C A 2 30. O 4 0 , 3 9 4 0 : 0 7 3 9 . 4  I OLD
B l B C B 2.1. T ■ 4 5 : 0 4 6 , 8 5 4 5 ,31 43:9.9 OLD
B l A M A 2 .1. 5 : O 2 6 , 3 8 2 3 : 2  1. 22:1 O OLD
B l A M B 2 1T 3 0 . 0 1 6 , 7 4 .1.5 < ■<}'/ 14 : 90 OL D
B l A H -B22T 4 3 : 0 2 8 , 2 5 25: 6 1 2 2 . 6 9 •OLD
B l B M A 2 • . ■ 15:0 3 3 , 8 8 B I : O ' f 2 8 : 1 3 u i... D
B l B M B 2.1.1 ' 3 0 : 0 5 6 . 0 3 52:57' 5 1 : 3 3 OLD
B l B M B 2 2 T 4 5 : 0  ■ 5 0 : 5 7 4 B , 6 3 4 0 : 7 9 OLD
B I A S A 2 2'0 : O 2 1 : 2 6 ■ .1. 6 : 4 I 3 : O O O l D
B I A S  . B 2 1 T • 3 0 : 0 2 4 : 3 1 B a"." : Cl 13 12 u L D
BI AS ' B 2 2 T 4 5 : O ' 3 2 : 5 0 3 I : 6 / 2 8 , 2  4 OLD
B I B S . A 2 I 5 : O 3 1 : 9 7 2 9 . 9 9 2 o . 7 5 OLD
B I B S A 2 ■ 3 0 : 0 2 8 . 4 9 *■.. V.J ♦ 5 2 2 . 8 8 OLD
B I B S B 2.1. T 4 5 : 0 5 .1. : I 7 4 9:6:' 46.3.9 OLD
B2 AC A 2 I 3 : O 2 8 , 0 6 A.', t i 6 6 2 5 . 9 2 OLD
B 2 A C B 2 11 30 : O 3 1 . 2 0 ' . 3 0 . 9 3 30:29. OLD
B 2 A C  • . B 2 1 'I 4 5 : 0 ■ 4 2 : 1 2 4 I : 4 8 4'.':67' OLD
B 2 B C A 2 I 5 : V 3 0 , 5 2 2 7 : 4 8 17:22 U L  D
D 2 B C B 2 2 T 3 0 : 0 4 7 , 5 3 4 6 : 0 7 4 4 . 8 2 OLD •
B2BC ■ I I B e 2 I' 4 5 : O 5 2 , 6 0 5 .1. : 4 4 4 .6 O - OLD
B 2 A M  ' A 2 : .1.3 , O 2 9 , 0 7 2 8 ,6 S 2 8 : 4 1 U L U
B 2 AM A 2 3 O : O 2 5 . 8 1 25:3.1. .6 2 : 5 3 OLD
B 2 A M . B 2 2 7 4 5 : IJ 5 4 , 4 5 5 3 : 2 9 5 2 .34 OLD
B 2 B M . A 2 :i 5 . U 3 5 . 0 1 3 2 , 2 8 2 2 : 8 2 OLD
B 2 B H B 2 1T SC': O 2 5 . 0 7 2 3 . 2 2 I 3 : .1. 5 ' O I... D
B 2 B M B 2 2 T . 45 : O 4 7 , 4 9 4 4 * 4 4 ■ 13.54' OLD •B 2 AS A 2 I. 3 : O 2 9 , 2 5 • n  y  i;v vJ .V., 2 5 . 1 6 OLD
B 2 A S  ■ B 2 1 T 3 0 : 0  • 3 3 , 9 0 3 1 : 9 8 31 : 13 O I..D
D 2 A S B 2 2 T . 4 3:0 4 0 , 8 3 3 9 . 3 6 6 8 : 0 2 OLD
B 2 B S A 2 15:0 3 3 . 5 8 ' -31:85' 2 3 . 5 2 O I... D
B 2 B S • B 2 1 I 3 0 : 0 4 9 , 6 8 4 6 . 9 8 3 8 . 4 2 OLD
B 2 B !:) B 2 2 1 45 : U 8 1 : 0 7 7 8 . 3 2 18:36- OLD
B 3 AC A 2 .1. 3 : O 3 0 : 4 1 2 8 , 4 5 2 7 , 1 3  - Y O U N G



P E D O N y • H O R I Z O N B E R T H ' % WA I ER k V Wl , ,,GE
,02 ■ - .1.0 ,33 •!."ROUP

CM ' B A R S .l-.< A R S B Ai i: 6 '•
B.3AC A 2 ' 13,0 3 Cu 4 1 - ■28<4 5 2 /, i.3 r'UU N G
B 3 A C B 2 1 T ' 3 0 , 0 .30,61 2 9 : 3 4 2 8 , 4 0 YLl UNt:)
B 3 A C B 2 1 T 4 5 , 0 . 2 9 . 2 2 . 2 8 . 1 0 2 6 . 9 9  ■ r UlJNG -
B 3 A C I I A S B • « 105,0' 4 :l. , 14 38, ti7- -iJ , i.-; Y O U N G
B 3 BC • A 2' 1 5, O 2 7 , 9 3 . . •25,94 :!.'!.).,59 - Y O U N G .
B 3 B C B 2 1 T 3 0 , 0 4 2 . 8 6 4 2 , o C1 ■ ---I , .1.9 Y O U N G
B 3 BG B 2 2 T  ' 4 5 , 0 4 2 , 6 5 4 2 < .1. 9 4 1 v 9 2 Y O U N G
B 3 BC B 2 2 T ' 4 5 , 0 5 2 , 4 0 - 5 1 , 4 3 5 0 , 1 .1 Y O U N G
B 3 AM A 2 .1.5,0 .27.-97 26 , OO 1 4 ,.23 'Y O U N G
B 3 AM A 2 3 0 , 0 2 6 . 2 8 ' .24,23 ■ . 14,3.7 Y O U N G
B 3 A M  • B 2.1. T 4 5 , 0 3 6 . 0 0 3 5 , 9 2 35,7:i Y O U N G
B 3 B M A 2 :!. 5 , 0 2 0 , 8 9 'I 9,.1.2 .Tl , 8 O Y O U N G
B 3 B M B 22 T • 3.0,0 . 3 8 . 5 2 . - 38,, 09 - 3 7 , 2 3 Y O U N G
B3B.M B 2 2 1 4 5 . 0 32..91 3 2 , 6 7 . ’ 26 <■ O 8 YOUNG
B 3 AS ' • A 2 ■ .1.5 , O ' 2 5 , 4 8 2 3 , 9 3 I 6 , 2  w Y O U N G
B 3 A S B 2 1 'i" 30,0' ' 2 1 , 0 5 20. /3' 2 0 . 3 2 YOUNG-
B 3 AS B 22 T- 4 5 , 0 2 2 , 0 0 '21,60 2 1 , 2 7 . Y O U N G '
B 3 B S A 2 1 5 , 0 2 4 . 4 4 - 22,3:1. I 4 , 4 9  - Y O U N G '
B 3 B S  . B 2 1T ' 3-0,0 '5 3 , 0 2 31 ,'9 0 -4 9,38- Y O U N G
B 3 B S B 2 1T '45,0 3 9 , 2 3 ... 30 * oo 3 8 , 2 3 Y O U N G  ■



APPENDIX XVIII

SOIL WATER RETENTION RAW DATA FOR 

LIMESTONE DOMINATED GLACIAL TILL STUDY SUBSITES
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REDON • HORIZON DEPTH % WATER DY W I , AG1E
,02 ,10 ,33-. GROUP

CM DARS BARS '' BARS
FlAC B 21R 5,0 34,72 33,97 33.45 GL D
FlAC ' B 21R ■ 15,0 30.63 21,00 17,48 OLD
FlAC ' 11A 2 30,0 34,08 31,42 . 29,60 OLDFlAC IIAKB ' 45,0 35,23 31.96 29,39 OLD ■
FlAC IIBKA 71,0 35,28 2 8 , 8 7 28,79 OLD
FlAC 11B211. 88,0 ■ 3 9 , 3 7 . 34,80 32,37 OLDFlBC B 2 IR • :!. 5 ,0 1,98 ' 94,94 93,88 OLD ' ■
FlBC ' 11A2 30,0 . 31,82 30,56 28.50 OLD
FlBC 11A 2 45,0 32,10 30,59 2 8 , 2 2 OLDFlBC ' IIAkB ■ 65,0 35,36 32.37 29.21 ' OLD .
FlBC • IIBkA ■ . .82,6 34,68 32,78 32,20 01... D
FlBC 11B 2 2 T - 148,0 37.83 35.12 33.66 OLD
F l A M  • B 2 I R 15,0 89,93 82,90 -82.09 OL D  •
F l A M 1 1 A 2 - 30 , O 3 3 . 0 4 31 .,77 31.12 . OLD
FlAM- . I I A K B . 4 5 , 0 4 1 . 2 5 4 0 , 4 1 39,25 OLD
F l A M 1 1 B 2 J. T 105 , O 20,76 20.16 1 9 , 7 3 OLD
F l B M  .. . B 2 I R  ' ■ 15,0 -74.00 70,68 68.77 O L D
F l B M •' 1 1 A 2 '. 30,0 1 5 , 6 5 1 3 , 6 5 1 3 , 1 5 OLD
F l B M I I A K B 4 5 , 0 4 1 , 1 8 39,03 3 9 , 5 6 O I... D
F l B M  . 1 1 B 2 1T- . 8.5 , O ■ 34,12 .33,23 3 2 , 2 4  - OLD
F l A S  - B 2 1R • 15,0 40,10 -30.69 ' 3 0 . 0 6 . (JL.li'
FlAS - I I A K B ■ 30,0 3 8 , 3 5 35,60 ■ 3 4 , 8 9 . OLD '-
F l A S I I A K B  - 4 5 , 0 . - 35,64 3 2 , 2 0 3 2 . 0 7  . OLD. .
F l A S  ■ I I A K B ■ 5 4 , 0 26,46 ' 2 5 . 3 0 ■ -24,51 - OL D
F l A S I I B 2 1 T ' 97,0. 28.18 2 7 , 1 5 26.34 OLD
F I B S 11 A 2 : - 15, O 2 0 , 5 3 19.68 19.,21 O L D  .
F I B S ' I-IA 2 ■ ' 3 0 , 0 33,04 . 31477 3 1 , 1 3 ' OLD
FIB'S . • 11 AS' ' - 4 5 , 0 2 2 , 7 9 2 1 , 7 9 " 2 0 , 7 5 OLD
F I B S  . ■ I l A K B ' 5 4 , 0 2 6 , 5 2 ' 2 5 . 3 0 24,5.1. OLD
F I B S I IB2.LT 1 1 0 , 0 ' 35,31 •32,-63 29,97 . O I... D
K 2 A C B 2 1R 15.0 86,53. - 85.7-7 78.66 M E D  LUH
K 2 AC- ITA2- 3 0 , -O 2 5 , 6 8 -' 2 3 , 4 4 22,61 . M E D I U M
K 2 A C I I AKB 4 5 , 0 3 1 . 4 1 30 »35 28,9.1. MLD j. UM
l:\2AC ' I IBKA 6 7 . '0 • 37.89 31.01 2 9 , 1 5  : ' MEDIUM'
K 2 A C I l B B T  . 80.0 39,86 3 6 . 7 5 3 3 , 4 9 M E D I U M
K 2 A C T l C l  - ■ 1 0 0,0 34,92 30,7.4 29.14 M E D I U M
K 2 B C D 2 T R '■ 15,0 71 , .17 68,'04 5 7 , 3 3 M E D I U M
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i
P E D O N H O R I Z O N D E P T H % W A T E R  DY 3

- ,02 .. 10 . ,33
CM B A R S B A R S B ii R' S

K 2 B C B 2 1R • 15,0 7 1 . 1 7 6 8 v O1 5 7 . 3 3
K 2 B C 1 1 A 2 3 0 , 0 2 8 . 4 0 2 4 . 3 2 2 1 , 4 0
K 2 B C 1 1 A 2 '45,0 2 4 . 8 7 2 2 , 2 3 2 0 . 7  8
K 2 BC ■ I I A S B  . . 5 8 , 0 2 8 . 4 5 2 5 , 3 7 23,7.1.
K 2 B C 1 1 B 2 1 ' .- / O ♦ V 3 8 . 9 3 3 6. 6  6 . 3 5 . 6 2
K 2 B C .1. .1. C I ■ 1 0 0 , 0 3 7 , 2 3 3 2 . 1 1 2 9 . 7 5
K 2 A M B 2 1R 15,0 5 5 , 4 3 5 3 , 9 6 4 7 , 7 0
K 2 AM • 1 1 A 2 3 0 , 0 2 4 . 0 4 2.3,14 2 2 , 3  8
K 2 A M I I A S B 3 7 . 0 2 5 , 4 8 .24,42 2 ,.-s»1.6
K 2 A M ■ 1 1 B 2 11 4 5 . 0 3 2 . 6 5 3.1.,01- 3 0 . 0 0
K 2 A M 1 1 C 2 1 5 5 . 0 3 5 , 2 5 3 1 . 4 4 3 0 , 5 1
K 2 BH B 2 1R-' 15,0 3 6 , 5 4 35.40■ ' «•«* •» ...
K 2 BM 1 1 A 2 3 0 . 0 27,6.1. 2 5 , 7 0 2 4 , 7 0
K 2 B M I I A S B 4 5 , 0 2 9 , 6 7 2 6 , 0 8 2 4 . 2 9
K 2 B M I IBDl - 6 9 , 0 4 2 , 0 6 3 8 . 3 3 3 4 * 9 8
K 2 B M 1 1 C 2 16 0 , 0 3 2 . 0 0 2 8 . 5 2 2 7 * 2 5
K 2 A S B 2 1R ■ 15,0 5 5 , 4 2 5 2 . 8 4 5 2 , 2 0
K 2 AS 11 AS 3 0 , 0 3 0 . 4 6 2 8 . 9 3 2 7 , 9 2
K 2 AS I I A S B 4 5 , 0 3 7 . 1 2 3 4 . 4 5 3 2 . 3 3
K 2 A S  • I I B S T 5 4 . 0 3 0 . 3 5 2 7 , 7 7 2 4 . 1 3
K 2 A S 11 CS 10 1 , 0 3 4 . 3 4 3 1 , 3 5 2 9 . 0 7
■K2BS 11 AS 15.0 2 9 . 5 9 2 5 . 3 7 ■23,52
K 2 B S  . I I A S B ■ 3 0 , 0 4 0 . 7 1 3 9 , 0  7 3 7 , 6 5
K 2 B S I I B S I ■ ' ' 4-5.0 3 8 . 2 7 3 5 , 2 0 3 1 . 11
K 2 B S .I I CS 1 4 8 . 0 2 8 . 1 4 2 6 . 8 3 . 2 5 . 2 5
K S A C  ■ B S I R . 15.0 7 3 , 0 1 7 1 , 7 3 6 7 , 8 3
K 3 A C IIAS 3 0 , 0 3 0 . 0 7 2 8 , 0 0 2 6 , 5 4
K 3 AC I I A S 4 5 , 0 2 7 . 6 0 2 5 . 7 3 2 2 . 4  7
K 3 A C I I A S B - 6 2 , 0 7 4 . 3 6 7 2 , 0 6 O 8 , 2 3
K 3 A C I IBST ' 6 9 . 0 -35,1 6 3 2 . 7 6 3 1 , I 3
K 3 AC IICI 1 1 3, 0  • 2 4 . 5 8 2 3 , 3 7 2 2 , 4 5
K 3 B C • BS IR- 1 5 . 0 8 2 . 0 0 7 2 . 3 5 6 9 . 2 0
K 3 B C H A S  • 3 0 , 0 2 7 . 9 6 ■ 2 5 . 4 5 2 3 . 5 7
K 3 B C I I A S B  -. ' 4 5 , 0 ■ 2 6 , 6 3 2 5 . 1 3 2 3 * 3 2
K 3 BC ' I I B S T  ■' .73.0' 3 7 . 0 4 3 4 . 9 6 . 3 1 . 9 2
K 3 B C IICI 1 0 0 . 0 3 6 . 8 3 - 33,18. 2 9 . 6 9
K 3 AM B S I R 15.0 ' 5 9 . 5 7 " 5 6 . 9 4 5 0 , 1 5

AG E
G R O U P

M E D I U M
M E D I U M
M E D I U M
M E D I U M
M E D I U M
M E D I U M
M E D I U M
M E D I U n
M E D I U M
M E D I U M
M E D I U M
M E D I U M
M E D I U M
M E D I U M
IiEDIUM
M E D I U M
ME D IUM
M E D I U M
M E D I U M
M E D I U M
M E D I U M
ME D  IUM
M E D I U M
M E D I U M
M E D I U M
Y O U N G
Y O U N U  '
Y O U N G
Y O U N b
Y O U N G
Y O U N G
Y O U N G
Y O U N G
Y O U N G
Y O U N G
Y O U N G  .
Y O U N G



P E D O N H O R I Z O N . D E P T H

CM
K 3 A M B 2 1R ■' 1 5 , 0
K 3 AN . 1 1 A 2 3 0 . 0
K 3 A M  - I IAXB . 4 5 , 0
K 3 A M ■ 1 1 B2T 7 8 . 0
K 3 AM. ■ IlCl H O ,  O
K 3 B M B 2 1R • :! 5 , 0
K3BM- 1 1 A2 . 3 0 . 0
K 3 B M  . 1 1 A 2 . 4 5 , 0
K 3 B M ' I I A k B 7 1 . 0
K 3 B M  . 1 1 B 2 T  . 105 , 0
K 3 B M .13. C I 1 4 2 . 0
K 3 AS B 2 1R . 15.0
K 3 A S H A S 3 0 . 0
K 3 A S 1 1 A 2 4 5 , 0
K 3 A S I I A k D  • 6 8 . 0
K3AS I IB2.T 9 5 . 0
K 3 A B !!Cl ■ 1 2 5 , 0
K3BS ' B 2 1 R 15 , O
K 3 BS . 1 3! A 2 . 3 0 . 0
K3BS • I I A k B .4.5,0
K3BS 1 1 B 2 T 7 0 , 0
K3BS 1 1 02 1 2 5 , 0

W A T E R  BY W T . . . AGE
, I o ■ , I) 3 G R O U P
.BARS. B A R i:>
56.94 50« 1.5 YUlJNG
3 0 ,41 2 9 . 2 4 t U U N G
3.7.44 3 4 , 6 1 Y O U N G36.18 3 3 , 8 0  . Y O U N G

. 2 7 , 4 6 2 5 , 5 7 Y O U N G
■ 7 2 . 3 3 7 0 , 9 0  • Y O U N G

2 7 , 5 0 2 5 . 6 2 Y O U N G
2 4 , 1 0 22,86 YOUNG.
3 0 , 6 5 29.18 Y O U N G■ 26,68 2 5 , 2 7 Y O U N G
2 6 . 8 5  . 2 5 , 4 1 Y O U N G  ‘
66.25 6 3 , 3 6 YOU N G28.69 2 6 , 9 1  . Y O U N G
29.43 28.1 8 Y O U N G
35,-60 3 3 , 5 4 Y O U N G
31.20. ' 2 9 , 9 7 Y O U N G

' 2 o ,35 24 , 7 1 . Y O U N G
71.36 69.90 Y O U N G
2 0 , 2 1 18.29 Y O U N G

' 32.70 31.48 Y O U N G
3 2 , 3 1 30.49 - Y O U N G
2 3 , 5 4 . 2 2 . 1 1 Y O U N G

239

%  I
,02
B A R S
59.57
31.99-
39.38
38.60
29.50
76.08
29.98
26.10
32.5428.33
28.22
70.41
30,38
30.67
39.84
32,80
28.40
73,09
22,09
35,87
35.73
24., 94



APPENDIX XIX

SOIL WATER RETENTION RAW DATA FOR 

QUARTZITE DOMINATED GLACIAL TILL STUDY SUBSITES
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PEDOiN El l.i El .1. U (N D E F  l I-I % U m TER Bi MT,
.02 , .1.0 ... 33

CM B A R S B A I": 8 B m RS .
I;'2 AG B 2 I R ■ 15,0 4 3 , 2 1 ' 5 2 ; / V 3 3 . 1 7
F 2 A C ■ 1 1 A 2 • 3 0 , 0 2 6 , 8 4 2 I .' , 86 2 5 , 1 6
F 2 AC . . • 1 1 A 2 4 5 , 0  -. 2 4 , 6 4 2 3 , 5 9 22,4.8
F 2 A G I I A S B  ■ B 0,0 2 4 , 8 3 2 3 , Oo 2 1 , 4 5
F 2 AC IICl 1.2 0 , 0 2 2 , 8 4 .20,37 1 V . 0 1'
F 2 B C  ' B 2 IR ■ 1 5 . O 6 1 , 3 4 5 1 .81 4 9 , 3 0
F 2 B C _ IIA2 4 5 , 0 2 5 , 7 6 2 4 , 2 9 2 2 , 0 8
F 2 B C  ' I IA SB 8 0 , O 16 , 0 9 '15,44 • 1 5 . 1 2
F 2 B C 1 .1. C I ■120,0 2 0 . 6 4 1 6 . 7 0 1 5 , 6 5
F 2 A M B 2 IR ' 15,0. 6 . 2 4 3,92. 3 , 11
F 2 A M 1 1 A 2 3 0 , 0 ■ 38,70. 3 6 , 9 0 3 5 , 3 4
F 2 A M 1 1 A 2 4 5 , 0 4 0 . 2 9 3 9 , 4 3 58 ; 30
F 2 A M IlA S B 9 0 , O 42.35' 4 1 , 2 5 4 0 , 1 7
l:: 2A M 1 1 C I 130 . O 2 o , 66 ) -y iAl, Al. ̂ t 'm' 2 1 , 2 8
,F2 DM . B 2 1R 15 > O 5 9 , 1 3 5 3 , 0 2 '3.2,05
F 2 B M .I I A 2 • ' 3 0 , 0 3 6 .70 3 5 , 7 7 3 4 , 4 8
F 2 D M . 1 1 A 2 4 5 , 0 2 2 , 7 9 2 1 , 7 5 2 0 , 7 5
F 2 B M I l A S D . 9 0 , 0 5:1.71 3 0 , 3 9 .2.9,05
F 2 B M .11 Cl ' 1 3 0 , 0 2 1 , 6 2 !I. 8 v ■•!:> 4 ’ J 7 , 3 9
F 2 A S B 2 IR. 15,.O 15 , 17 O . 55' 4 .. 2.1
F 2 A B 1 1 A 2 3 0 , 0  - 2 2 , 1 2 ' 2 0 , 6 9 ' .1.8 ,7 .1.
F 2 A S  . ■ I I A S B IO O , O 20,4:1. - 18 , 7 7 1.7 , 4 7
F 2 A S  - 1 1 C I • I 4 5 ,O ■ 2 5 , 0 5  ■ 2 0 , 0 6 . I: :J , 8
F 2 B S 1 1 A 2 3 0 , 0 1.8 ,4.1. 17,,4:2 14, 4  6
F 2 D S 1 1 A 2 45 , O 2 1 ,4 4 2 0 , 6 7 ' 1 9 , 8 2
F 2 B S I l A S B 90,0 2 1 . 0 1 2 0 , 6 7 .1 9 . 6 6
F 2 B B  . .1. .1. C .1. 1 3 0 , 0 ■ 2 1 . 4 5 1 9 , 1 6 .!./,79
F 3 AC; B 2 1 F '1.5 , 0 5 6 . 0 3 3 4 , 7 2 ' 3 3 , 5 7
F 3 A C  ■■ 1 1 A 2 • 30'; O 2 9 , 6 5 . 2 8 , 6 2 2 7 . 5 8
FaAC 1 1 A 2 • ■4 5,0 5 7 , 9 1 ;j 4,4 9 4-'7 , Mo
FU a C . IICl . 1 6 5 , 0 5 9 , 1 6 59 * 70 • / 6 , 5 2
F 3 B C B 2 1R 15,0. 6 0 . 5 3  . 4 5 . 2 7 '37,04
F 3 B C ■ 1 1 A 2 ■ 30,0 2 5 , 0 2 2.4,42 2 5 , 3 .1.
F 3 BC 1.1 A 2 ■ 4 5 , 0  1 2 1 , 2 0 20,6.1. . I 9,7 4
F3Bl„ 1 1 A S.B - /5,0 . 4 5 . 5 2 . 4 3,4.1. 4 I. ,55
F 3 B C ' ! ! C l ■ 1 2 0 , 0  . 51.,so ; 4 0 . 8 5 ' 5 7 , 4 0
F 3 AM •. B 2 1R • 15,0 3 5 . 8 8 ' 1.8,93 7 . 7 7

h GE
G R O U P

;nE OIUM 
M EU .1. Uii 
HEOIUii 
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M  
M E D IUM 
M E D I U M  
M E D I U M  
M E D I UM 
M E D I U M  
M E D I U M  
M E D I U M  
M E D I U M ■ 
M E D IUM 
M E D I U M  
M E D I U M  
M E D I U M  
H E D I U M  
IiED IUM 
Mli D I UM 
M E D I U M  
I UUiNG

' Y O U N G  
i UUrIG 
YuUNU.
O U N O 

Y O U N G ' 
Y O U N G  
Y U U N U  
YOiJiNO 
Y O U N G
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P E D O N IiOklZUN - D E P T H % IHA I'ER BY Wi . HGE '
.,02 . . i 0 ' : 53 G R O U P

CM B A R S  - B A R S - B A R S
F 3 AM ' B 2 I R 1 5,0. 3 5 , 6 8 J. 6 < v 3 /,77 Y u u N G
F 3 AM ■ Il A 2 4 5 , 0 3 6 . 8 9 I. ' , ,' Ci 3 I. ,76 Y O U N G
F 3 A M ■ 1 1 A&B V 0.0 2 8 , 9 / 2 6 , 9 7 Z 3 , c 3 TUOi-IG
F 3 AM ' 1 1 C I 150,0- 3 3 , 3 2 3 0 , 5  7 2 5 . 7 1  -■ Y O U N G
F 3 BM B 2 1 R . : 15.0 7 5 , 2 4 75 »23- 5 9 , 7 5 I OlJ N G '
F 3 B M 1 1 A 2 3 0 . 0 2 5 . 6 8 Am ) U/ • 2 2 , 5 0 Y O U N G
F 3 B M 1 1 A 2 ■ 4 5,0 2 a , 11 ■ 2 4 . 7 1 2 3 , 4 3 - rU U N G
F 3 B M -IIAiB •100.0 4 3 , 4v 4 0 , 5c, 2 9 . 7 6 Y O U N G
F 3 B M  ‘ IICl .. 1 5 0 , 0 5 9 . 2 7 4 9 , 2 4 4 4., 4 Z Y O U N G
F 3 A S B 2 IR 15,0 . 38,24' . 3 3 , 1 o 29 , .1 9 r W u N G
F 3 AS IIA 2 ' 3 0 . 0 2 4 , 4 3 2 3 , 1 c 2 1 , 7 0 Y O U N G
F 3 A 5 1 1 A 2 45 v 0 2 7 , 9 1 2 6 . 0 5 2 3 . 8 6 YOUNG. '
F 3 A S I IAlB i 10 , O 28 , I i. 2 7 , 0 7 Z o . 4 5 I G U N G  ■
F 3 A S 11C .1. 175 , U . ■ 3 1 , 3 2 2 5 , 7 9 2 3 , 9 7  . ' M E D I U M
F 3 BS B 2 1R 15,0 '5 7 , 7 1 5.6,0 7 4 0 , v c- I GLiNG
F 3 Bh H  A 2 . ‘ 3 0 , 0 2 4 , 8 2 . . 23,4 -I 2 1 , 7 2 UJ UN G
F 3 B S 1 1 A 2 '.45,0 4 Cj , 6 4 ' '3/,92 = 3 3 . 9 5 - rOui-IG
F 3 BS I I A l B  . ' B 7 <• 0 2 5 , 5 4 2-} ,75 2 3 , 8 0 I O U N G
F 3 B S 11C .1. 1 4 6 , 0 6 1 . j. 8 36 , Sc .I. fr a".. I I W J N O
K l A C B 2 1R 10,0 8 6 , 9 9 8,1, Z 'f 7 8 , 0 7 MiiBIUM
K I AC ■ T l  A 2 3 0 . 0  ' 1 8 , 9 2 1 8 ,39 . J 6 « V C::. IiFj.! I Un
K l A C  ■ 1 1 A 2 • 4 5 , 0 2 3 . 3 0 2 2 . 5 c 2 0 . 7 c Ti E jt IUM
K l A C  ■ • I IAlB ' 7 6 , 0 3 5 , 7 1 34,-80 3 2 , 1 1 H F D  i: UH
K I A C I I C I - 124 , 0 '25.56 22,25 ZO , i:l 6 M E D I U M
K l B C  . B 2 1R L 5,0 5 7 . 8 0 5c, he 5 5 . 4 v M E D IUM
K l B C 1 1 A 2 3 0 , 0 ■ 2 4 , 2 3 2 3 , 2 6 2 j. . 3 / i-ii-Bl UM
K l B C I I A a B  - 4 Vl , 0 2 6 , 3 6 2 5 , 7  7 2 4 , 6 2 HF B I.Uii
K l B C ■ I IAiB- 1 0 5 . 0 34 , Iu 5 C i 8 C 3 2 , 9 9 H I::. I.i I Uii
K l B C 11L .1. I 4 5 . 0 2 9 , 3 8 . 2 5 , 9 2 24,78 i'll::.B IUH
K I All B 2 1R j. 5.0 4 8 , 7 8 4 6 . 3 6 4.6,37 HF.Ii IUM
Kl AM 1 1 A 2 I 30,0. 26,32' ' 2/ ,65. 2 5 , 6 2 ITiIiFi UM
KlAii ■ IIAZ "  ' 45,0 22,00, ■2.|. , c 2 19.5:1 M E D I U M
K I AM I I A i B  ■ • 9 U , 0 3 0 . 0 7 z y , 4 / . Z 6 , 4 Mi:.B IUM
Kl AM !!Cl ■ ,1 3 6 , 0 23.84 20,2c. 1 9 . 2 6 ' H R D l U H
K l B M B 2 1R 15,0 3 3 . 1 0 32,10 31,65 .MEDIUM
K l B M ■ 1 1 A 2 3 0 , 0 27.83 2 7 . 1 7 2 5 . 8 0  - M E D I U M
K IBM ' I I A i B ■ 4 5 , 0 2 5 . 2 2 - 2 4 . 3 9 - 23.15 MEii I Uii
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PEDQN • HORIZON DEPTH ' % WATER DY WT » AGE •
.02 * I V .35 GROUP

CM BARS BARS BARSKlBM .IlASB 45.0 25.22 24.39 23.15 ■ MEDIUM
K l B M  • IICl 140.0 34.43 31.55 29.81 • MEDIUM
KI AS B 21R . 15 .0 71.23 ' 66.89, 65,32 MEDIUMKlAS ' 11A 2 30.0 26.54 25.64 24.04 • MEDIUM
KI AS. I I A S B 45.0 31.05 30.15 27 > 84 MEDIUMKlAS 11CI 115.0 22,82 19,92 . 18,97 MEDIUMKIDS B 2.1. R . 15,0 32.73 ■28.49 15.58 MEDIUM
KlBS • 11A 2 30.0 . 25,36. . 22.54 20.62 ■ MEDIUM'
KlBS IIASB 45,0 27.59 ' 26.85 25.86 MEDIUMKlBS IICl ' 123.0 38,45 35,46 34,47 MEDIUM
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