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ABSTRACT

The management of wildlands for water catchment purposes
requires a realistic understanding of the importance of soils in the
hydrologic cycle. This necessitates the collection of data on soil in
terms of hydrologic parameters, which are then classified by way of a
soil's ability to store and transmit water.

This study was undertaken to describe, classify, and map wild-
land soils, to determine their hydrologic characteristics, and to inter-
pret this Iinformation for watershed management purposes.

Three experimental watershked basins in the uplands of south-
western Alberta were selected for this investigation. Detailed soil
surveys as well as physical, mineralogical, chemical, and micropedol-
ogical analyses were conducted in order to meet the needs of this study.

Detailed survey indicated that numerous soil types were present
in these watershed basins. The large number of soil types made it
impossible to delincate regions In which specific soil series occurred.
General reglons were delineated on the basis of Great Soil Group
dominance. Well-drained soils in Marmot Creek Basin reflected a verti-
cal zonation with Gray Luvisols (Gray Wooded soils) at the lower eleva-
tions and passing through Ferro-Humic Podzols and Dystric Brunisols to
Regosols at the higher elevations. The characteristics of the soils
from the alpine tundra region in this basin supported the contention that
the timberline in the Rocky Mountains reflects a climatic tension zone.
Black and Dark Gray Chernozemic soils were the dominant well-drained
soils in Streeter Creeck Basin, with Gray Luvisols, Eutric Brunisols,

and Regosols occupying lesser areas. Deer Crcek Basin had a uniform



soil distribution pattern consisting of Gréy Luvisolic soils.

A large proportion of the soils encountered met only in part
or not at all the requirements for classification into the Canadian
System of Soil Classification. Poorly-drained as well as imperfectly-
drained soils in Marmot and Streeter Creek Basins, which are normally
classified in the Gleysolic Order or the Gleysol Subgroups, did not
exhibit the required gleying and/or mottling. The drainage of such soils
was assigned on the basis of vegetative association, geomorphology, and/
or topographic position. 1In addition, many of the well-drained soils
in these watershed basins had properties which were not defined at the
higher levels of abstraction of the Canadian System of Soil Classifica-
tion. Such soils were classified into the respective Great Soil Groups
or Orders which accommodated or reflected their dominant morphological
and/or analytical characteristics. These observations prompted the
recommendation that the Canadian System of Soil Classification be
revised or amended to accommodate soils from mountainous areas.

Preparation of the soil maps was accomplished according to
conventional cartographic procedurcs and by a computer mapping technique.
Computer mapping was found to be of time-saving significance.

Analyses indicated that most soils in Marmot and Streeter Creek
Basins had a higher capacity to transmit water than the maximum storm -
rainfall intensity on record. TInterpretation of the soil survey infor-
mation and analytical results indicated that the soils in the three basins
are generally fairly to moderately suitable for water catchment. Es-
timated improvement of water yield resulting from conversion of forest

to grass vegetation, suggested an insignificant response.
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I. INTRODUCTION

The management of wildland areas is normally designated as
multiple use and includes such management aspects as forestry,
recreation, range, wildlife, and watershed. Theoretically, these
management aspects require equal consideration in any one region. In
practice, these aspects are normally scaled according to economic or
social importance. The East Slopes region of the Rocky Mountains in
south-western Alberta is an ecxample of such a stratification. Catch-
ment éf water is considered of much greater value than any other
management aspect, since the greater part of the water available for
the Canadian Prairies is derived from this region.

A lack of information prescntly exists with respect to the
role that soils play in the maintenance of stream run-off in Canadian
watersheds. 1In studies conducted elscwhere, determination of the
different kinds and the hydrologic properties of soil were found to be
an essential step in watershed management investigations. Such
investigations are normally conducted on small watershed basins which
are selected as representative of a given region. The watershed
management area in south-western Alberta has three such experimental
basins.

The purpose of this project is to determine whether or not a
careful stﬁdy of the soils in these experimental basins provides data
which may assist in establishing suitable management practices for
ensuring optimum yield and quality of water. To achieve this purpose

it is felt that the following objectives should be pursued:
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(1) to examine in detail and map the soils in the experimen-
tal watershed basins;

(2) to conduct chemical and physical studies in the field
and laboratory in order to characterize the mapping
units and establish their hydrologic significance;

(3) to cvaluate the soils in terms of utilization for
watershed management;

(4) to evaluate the present taxonomic and mapping units, as
sel up by the Canadian Soil Classification Committee,

for detailed watershed mapping.



II. LITERATURE REVIEW

Soil Forming Factors Effective in Mountain Regions

Mountainous landscapes usually support numerous soil types
as a result of rapid environmental changes within relatively short
distances. The soil pattern may be cxpected té be complex, depending
on the combination of soil-forming factors active in any specific
location.

In most instances mountainous regions are characterized by
very steep topography. This has two pedogenically important con-
sequences, related to the type of bedrock material. 1In the case of
hard rock, lateral leaching is of greater significance than vertical
leaching. When dealing with soft rock, erosion causes a constant
rcjuvenation of the soils. Rejuvenation of soils on slopes has a
significant influcnce on plant regeneration (Amen, 1966) and results
in fine material enrichment on local terraces. Mountain slopes are,
therefore, often characterized by soils ranging from weakly deveinped
to well developed. The well developed soils, the characteristics of
which more fully express the environmental conditions, are usually
located on the more gentle slopes (Duchaufour, 1965). This effect of
relief on soil formation was clearly dcemonstrated by Smith (1956) in
his study of Spitzbergen soils. Soil distribution was cxpressed as a
catenary association in which denudation played a very prominent role.
As a conscquence, variability among the more important soil '
characteristics was related to the degree of slope. The pH value and
pH range of the soils decreased, drainage became poorer, and textures

became finer with decrecase in slope.



The usually rugged topography of mountainous regions
results in a climate which is locally dependent on aspect and
altitude. 1In the temperate latitude of the northern hemisphere,
north-facing slopes have a cooler micro-climate (Shreve, 1924), more
humus (Sartz and Huttinger, 1950) and initially slower humus
decomposition (Duchaufour, 1965; Retzer, 1948) than south-facing
slopes. Soils are characteristically more acid on north-facing than
on south-facing slopes, although the reverse may occur at lower eleva-
tions as a result of dessication (Duchaufour, 1965).

An increase in altitude is generally accompanied by a
decrcase in temperature and an increase in precipitation. Alteration
of organic material and eluviation are greatly reduced above the tree-
line, so that the soil profile usually has a well-developed organic
horizon but thin and poorly differentiated mineral horizons (Duchaufour,
1965). As a consequence, the characteristics of mountain soils are more
uniform on an areal basis at the higher elevations. Alteration of
organic material is more intense with a decrease in elevation. Other
factors being favourable, podzolization may occur and the development
of eluvial and {lluvial horizons may be observed.

The climatic effect of altitude is subject to local or
regional modifications. The correlation between altitude and tempera-
ture may be modified by topography. Broad, flat mountain valleys having
poor air drainage arc often affected by temperature inversions on
wind-still nights (Baker, 1944)., Elevation and precipitation correla-
tions are greatly modified in mountainous areas by such factors as
approach effects, rain shadows, and canyon effects (Baker, 1944). To

these variations must also be added the characteristics of different
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climati~ secasons, including regionally prominent phenomena such as
chinook winds and degrce of snow sublimation. The formation of
structured soils in the vicinity of the nival ragge is the immedi-
ate result of soil disturbance by periodic occurrences of soil frost
(Troll, 1958).

Much of the influence of climate on soil formation is the
result of the control it exercises over vegetation. A prominent
feature in arcas of steep topography is the stratification of vegeta-
tion into horizontal zones. These zones reflect changes in climate;
the upper limit of cach vegetation zone being determined by tem-
perature (Griggs, 1946; Larsen, 1930). The growth and character of
the vegetation may further be influenced by wind (Holch, et al., 1941;
Warren Wilson, 1959), mist (Kerfoot, 1968), and other climatic condi-
tions (Holch, et al., 1941; Johnson and Billings, 1962). Timber-
lines in the Recky Mountains and in the Appalachians are true tension
zones determined by climate; in both cases, wind direction and
intensity being responsible (Griggs, 1946). 1In such tension zones the
dominance of climate over vegetation results in the formation of soils
with more development than normally associated with such vegetation.
Bliss and Woodwell (1965) have described a pscudo-alpine Podzol under
sedge-hcath vegetation necar the summit of Mount Katahdin, Maine.

Franz (1956) has described psecudo-alpine Rankers (Duchaufour, 1965,
classification) under forest vegetation in Europe.

In general, the kinds of plants native to any region play a
vital role in the types of soil which eventually evolves. The in-
fluence of vegetation on soil development is reflected by the organic

matter content of the surface soil (Retzer, 1948). Within a given
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vegetal-climatic zone, the microbial population and consequently the
character of the organic matter tends to remain similar (Brandsberg,
1967; Hintikka and Naykki, 1967; Taylor, 1928). This is of great
impoctance, since soil development is closely linked with the action
of diverse organic substances upoa the pareant material (Konanova, 1966).
Least developed soils are found under the alpine turf, which is
charactecized by shallow raoting (Holch, et al., 1941) and produces an
organic residue that mineralizes rapidly but that does not cause vast
alteration of the parent material (Duchaufour, 1965). Forest vegeta-
tions favour the formation of an incipient B horizon, chiefly because
of the very deep rooting and of the nature of the humus. Lower-eleva-
tion grass-lands are characterized by decep A horizons, rich in organic
matter, formed by deep rooting (Holch, et al., 1941) and a high degree
of humification of the organic residue (Duchaufour, 1965).

Mountainous regions are characterized by extreme variations
in parent material. Rocks of fgneous, metamorphic, and sedimentary
origin may all be present as well as recent alluvial, colluvial,
acolian, and t{l1 deposits. The parent material e¢ffect on soil
formation in mountainous regions usually appears to be of lesser
importance than topography, climate, and vegetation. Only when
conditions are favourable can one observe a di fference between acidic
and calcareous parent rock on soil evolution (Duchaufour, 1965). As a
consequence, soil analogs are the rule rather than the exception when
comparing arcas of different parent materials. Such profile analogies
are more complete and quicker attained at higher altitudes, because of
the increased cffect of climate on pedogenesis (Duchaufour, 1965).

Parent material variations do exert a strong influence on soil



~i

characteristics within any given bioclimatic zone. Soil
characteristics reflecting parent material influences include soil
textures, soil fertility, and erodibility. Soils developed on coarse-

textured biotite granites in the Ponderosa pine (Pinus ponderosa) zone

are usually shallow, infertile, acid and erodible while those
developed on basalt in the same zone are usually deep, fertile and
stable (Retzer, 1948). Limestones tend to produce calcareous soils
in the grassland and savanna zones and also in the alpine zone
(Bamberg and Major, 1968; Duchaufour, 1965; Ehrlich, Rice and Ellis,
1955). Soils from ferruginous limestone may have reddish colours,
while soils from rhyolite, in the same zonc, may give white, leached-
appearing profiles. Shales produce clay textures and sandstones-
produce sandy loams. Soils with high gravel and stone content are
very common and tend to favour moisture infiltration and transmission.
Glacial till deposits are highly valuable for water catchment because

of their rocky, porous nature (Retzer, 1948).

Soil Patterns in Mountainous Areas

Rapid change in the magnitude of the soil forming factors
within short distances makes it difficult to divide mountainous
areas into regions in which specific soil series or soil patterns of
specific series occur. It may be possible, however, to deliniate
general regions in such areas in which certain Great Soil Groups
predominate. Distribution patterns of Great Soil Groups may be
predicted relative to vertical Zzonation, type of vegetation, parent
material, or aspect. Such broad-distribution patterns would be, of

nccessity, only of regional significance.



Duchaufour (1965) equated zonal soils with parent material

and vertical zonation in Western Europe. In the Lower Montane zone,
kAcid Brown, Ochre Podzolic, and Podzol soils are associated with
siliceous parent material versus Rendzina with calcareous parent
material. Podzolic and Ranker soils are zonal soils developed from
siliceous parent material whereas Podzolic and Rendzina soils are
associated with calcarcous parent material in the Subalpine and Upper
Montane zone. Alpine humus soils are the zonal soils for the Alpine
region, regardless of parent material, |

Jeffrey et al. (1968) investigated the relationship between
soil, topography, elevation, and parent material in the Upper Oldman
River Basin, Alberta, Canada. Steeper slopes were found in areas of
calcareous parent material than in areas of non-calcareous parent
material. The zonal soils on calcareous parent material were Gray
Wooded at the lower basin elevations; Brown Wooded necar the mid-
slope elevations; and Mull Regosol at the higher elevations. On
non-calcarcous parent material, Podzol soils were found at the lower
elevations, Acid Brown Wooded soils at mid-slope elevations, and Mull
Regosols at the higher devations.

Johnson and Cline (1965) studied the relationship between
soils, elevations, and ecosystems in Colorado. 1In the Lower Montane
climax region, betwecen the 6,000 and 8,000 foot contours, the major
soils were Chestnut, Degraded Chernozem, Brown Forest and Gray Wooded.
The Upper Montane region, which extends from 8,000 feet to 9,300 feet
M.S.L., has as major soils: Grey Wooded, Bog Soil, Brown Forest,
Brunizem, Chestnut and Chernozem. In the Subalpine climax regions,

betwecen 9,300 feet and 11,400 feet M.S.L., the major soils included



Brown Podsolic, Podsol, Groundwater Podsol, Brown Forest, Grey Wooded,
and Bog Soil. The Alpine Tundra region, which extends up to 14,400
feet M.,S.L., has as major soils: Alpine Meadow, Alpine Turf, Bog
Soil, and Lithosols.

Soil-plant relationships and vertical zonation were studied
by Spilsbury and Tisdale (1944) inlthe southern Interior of British
Columbia. The Lower Grassland vegetation zone had Brown Chernozems,
the Middle Grassland zone had Dark Brown Chernozems, and the Upper
Grassland zone had Black Chernozems as major soils. Podzol soils were
found in the three forested zones which were located above the grass-
land zones. The authors recognized three types of Podzol soils, which
at that time could not be differentiated any further. It appears that
these Podzol soils presently would be classified as Grey Wooded, Podzol,
and Degraded Acid Brown Wooded., These soils were associated with the
Montane Forest, the Subalpine Forest, and the Upper Subalpine Forest
zone, respectively.

Relationships between soils and vegetation within the Upper
Columbia Valley were investigated by McLean and Holland (1958).
Precipitation appeared to be the principal factor governing both soil
formation and vegetative growfh. Zonal soils in the valley bottoms
were Dark Brown Chernozem formed under grass, With increase in
elevation and precipitation, zonal soils progressed to Brown Wooded,
Grey Vlooded, and eventually to Podzol. These soils were associated
with the Douglas Fir, the Cedar-Hemlock, and the Spruce-Fir zone,
respectively,

Crossley (1951) conducted investigations on the Kananaskis

Forest Experiment Station soils in south-western Alberta. He found
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that the zonal soils of the forested area were Chernozem, Rendzina,
Brown Wooded, Grey Wooded, and Podzol.

It is evident that mountainous regions can be delineated by
prcdominance of certain Great Soil Groups. Correlations between
Great Soil Group and parent material, topography, precipitation,
clevation and vertical zonation facilitate the prediction of Great
Soil Group distribution patterns. The considerable variation in the
nature of these correlations emphasizes that such distribution

patterns are only of regional significance.

The Significance of Soils in Watershed Management

A watershed is a social and economic unit encompassing
community development, conservation of water and soil, and protection
and use of timber and forage. As a consequence, watershed management
has as its objectives to control erosion and pollution, to reduce
sediments in streams, to exert maximum control of floods, and to
increase the yield of usable water. The premises on which watershed
management is based are twofold (Rowe and Colman, 1957); namely

1. plant cover, soil, and rock mantle function as a

reservoir to receive, store, and discharge water;

2. the behaviour of this recservoir and the stability of the

soil are subject to change under land use.

Soil as a reservoir to receive, store, and discharge water. According

to Hursh and Fletcher (1942), the soil profile behaves as a natural

reservoir having the following types of reservoir functions:
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1. permanent retention storage; resulting in a complete
loss of water to run-off.

2. groundwater detention storage; resulting in an equalizing
effect upon stream flow during non-storm periods (equivalent to water
in non-capillary pores).

3. stormwater detention storage. This storage is represented
by the moving gravitational water that reaches the stream in sufficient
time to contribute to the storm hydrograph. It may or may not proceed
to the normal watertable before being transmitted to the stream.

Underground water storage in many soils i{s subject, however,
to definite physical limitations (Hursh, 1943), particularly inherent
to shallow or eroded soil profiles. Because of limited soil depth, a
shallow soil may have 4 to 8 acre inches less total storage opportun-
ity than a deeper counterpart. Eroded soil profiles may have less
than one-third the macro-pore storage in the first 36 inches than is
found in comparable non-croded soils.

Morse (1946) observed some correlation between stream flow
behaviour and soil profile characteristics. 1In the four watersheds
selected, cach of which wag uniform with respect to the nature of
soil, he observed that a "lithosol' watershed had a large flow for at
least one percent of the time and was dry part of the year. A
"gravelly" watershed did not have a large flow for one percent of the
time and did not dry up during the season. A 'planosol" and a "half-
bog'" watershed were intermediate to the lithosol and the gravelly
watersheds, since they had a large flow for at lcast one percent of
the tiwe but they did not dry up during part of the year.

The stability of the soil and, indirectly, the reservoir
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function is greatly affected by vegetation. Different plant communi-
ties vary in the extent of their stabilizing ability. Turner and
Dortignac (1954) found that on sites with different grass cover-types,
Thurber fescue was the most efficient ground protgcgion in reducing
total erosion while ncedle grass was the least efficient. They also
observed that the high volume of surface run-off in bluegrass may
cause gullying and channel cutting on lower lying downstream land.
Kitt:edge (1954) found that for the same soil type, a dense stand of
pine allowed an average run-off of only 0.61 inches/year, while an
undisturbed grass cover allowed a total seasonal run-off of 3.79
inches. The computed erosion for the same run-off, however, was found
to be twice as great from pine as from grassland.

Plants have a profound bearing on soil structure and
porosity; not only because of their rooting habit, but also because
of litter production. Plant debris, in particular forest litter, as
a soil cover has been the subject of extensive investigation. Forest
litter or the L-H horizon is very important from the watershed
management point of view, as is evident from the following summarized
properties (Kittredge, 1948; Trimble and Lull, 1956; Youngberg,
1963):

1. It has a very high water holding capacity as compared
to the inorganic soil. v

2. It retards the date on which the underlying mincral
soil begins to freeze.

3. It reduces the depth to which the soil freezes.

4. It tends to keep frozen soil porous, loose, and

permeable during periods in which bare soil becomes solid and imperme-
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able.
5. It inhibits thawing of a soil.
6. It reduces evaporation.
7. It increases aggregation of the soil.
8. It protects the soil from rain impact and hence
a) prevents erosion and decreases surface run-off;

b) increases infiltration.

The effect of land use on the reservoir function and on soil stability.

In most instances, the water problem of a given region is primarily a
forest problem. Land use effects on the reservoir function and soil
stability are, therefore, chiefly related to such practices as logging,
recrecation, grazing, and to the incidence of fires. The advance of
civilization may also create water problems as a result of cultiva-
tion of steep or marginal lands (Munns, 1947) and as a result of
exploration practices (Wyldman, 1967).

Removal of forest vegetation generally results in a
reduction of transpiration and in an increase in water available for
run-off (Jeffrey, 1964). So long as the soil and its organic cover
are not disturbed, this does not alter the reservolr function or soil
stability. However, commercial logging for example, causes soil
disturbance in the form of soil compaction and the removal of the
organic soil horizon on the skid trails. Grazing and recreation also
result in soil compaction and litter removal. Fires have the same
cffect as cover removal by cutting. The effect of soil compaction

and litter removal on the reservolr functiom of the soil 1is to decrecase
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the water holding capacity and the Infiltration, while soil stability
is affected by the conscquential increase in surface run-off and
associated erosion.

Munns (1947) reported on the influence of logging in the
Coweeta catchment, North Carolina. Selective logging with no soil
disturbance resulted in marked increase in stream flow throughout the
year. At no time during the year was there a significant increase in
storm run-off or a change in water quality. Commercial logging, on
the other hand, resulted not only in changes in stream and storm flow
but also {n changes in the quality of the water.

Coltharp (1960) investigated the general effects of
commercial logging on soil characteristics in Michigan. There were no
pronounced indications of changes in soil texture, bulk density, poros-
ity, or permeability as mecasured for the first six years after logging.
There was an increase in soil organic matter but a decrease in litter
content. Sofl mofsture increased significanctly after one year and .
mean soil and air temperatures also increcased. The average and maximum
rates of run-off dropped slightly and {nfiltration increased slightly
after cutting. 1In general, there was no significant change in the
established hydrological characteristics of the watershed.

The effect of fire on watershed management has been studied
by Hoyt and Troxell (1934) in a southern California basin and by
Anderson, Duff;, and Yamamoto (1966) in Hawaii. Rapid changes in the
hydrograph and increased strecamflow resulted. Although these authors
did not investigate specific changes in soil characteristics, this can
be inferred from other fire studies. Beaton (19593; 1959b) observed

that fire resulted in decrcased total porosity and increased micro-
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pore space. The infiltration rate of burned soils was also decreased
as was the thickness of the litter. Most of the effects of fire upon
soil chemical properties appeared to be restricted to the surface
organic horizons.

Grazing on low-elevation grasslands and on forested range
has usually been found to affect soil compaction as evidenced from
bulk density measurements (Beke, 1961; Duvall and Linnartz, 1967;
Kucera, 1958; Linnartz, Hsu and Duvall, 1966). In general, the bulk
density of surface soil horizons increases and infiltration decreases,
heavy grazing being more damaging than moderate grazing. Soil
compaction resulting from grazing does not scem to impair forage
growth or to accelerate erosion (Duvall and Linnartz, 1967), but does
restrict water movement ecspecially during intense rainstorms. Timber
range tends to be more susceptible to grazing influences, because of
better surface soil structure as compared to pasture or old-field
soils (Broadfoot and Burke, 1958).

Bulk density studies on arid rangelands appear to be
inconclusive as a measure of soil compaction (Beke, 1961; Lodge,
1954; Orr, 1960)., This may be the result of variability in soil,
moisture, or other conditions. Laycock and Conrad (1967) investigated
the effect of grazing on soil compaction on a high elevation range in
Utah. Soils in exclosures and on the adjacent range were sampled to
determine the difference in compaction on grazed and ungrazed areas,
as mcasured by bulk density, and to determine the relation between
density and vérious soil characteristics. The sampling locations had
either seeded grass or sagebrush-grass vegetation. The soils were

developed on sedimentary rock of the Browns Park and Morgan formations
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and had a ioam to clay loam texture. These authors found no difference
in bulk density between grazed and ungrézed Plots in early summer before
grazing and in late summer after grazing. Increases in bulk density
during the summer on both areas were attributed to changes in soil
moisture. ' |

Recreational use affects the reservoir function and soil
stability by compaction of soil and removal of litter. An incidental
recreational effect is the higher proportion of forest fires. Dotzenko,
Papamichos and Romine (1967) investigated the effect of recreational
use on sofl in the Rocky Mountain National Park. They found that
intensive use resulted in a decrease in organic matter and moisture
content of soils, accompanied by an increase in bulk density,

A comparison of land treatments to develop concepts of land
management for water production was conducted by Harrold, et al.
(1962), at Coshocton, Ohio. Land treatments evaluated were for
scveral levels of crop production and for timber production. Higher
levels of management increased the infiltration potential when the
particular soil type was amenable to change. The infiltration was
largest on small watersheds converted from idle land to farm woodlots.,
Increased crop production and conversion to timber production resuled
in an increase in soil moisture utilization and, consequently, a

decrease in percolation potential.

Hydrologic Soil Characteristics

Water flow and erosion are controlled by certain properties
inherent. to the soil and to the rock beneath, A first approximation

of thesc parameters was given by Hursh and Hoover (1941). They
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recognized storage opportunity and transmission rate of water as the
two most essential soil profile characteristics pertinent to
hydrologic studies. The most recent and presently accepted concept
(Canadian National Committee for the International Hydrologic Decade,
1966) is a modification of this first approximation. The parameters
recognized are:

1. Storage capacity. This determines the extent to which
water flow conditions can be changed by land management practices,
such as for reduction of surface flow of storm water and for reduction
of evapotranspiration of soil water. Storage capacity may be sub-
divided into:

a) detention storage, which pertains to water that is
normally drained by gravity. This water is available
for evaporation when the water table is shallow, and
results in interflow, seepage, ground water recharge,
and ultimately strcamflow.

b) retentiocn storage, which pertains to water that is
retained in the soil by tension forces. This type
of water storage does not contribute significantly
to streamflow, but, 1s depleted by evaporation and
transpiration.

The storage capacity of a soil is a function of porosity,
and, hence, is affected by soil depth and the texture and structure
of the soil.horizons. A mecasure of éetention and of retention storage
capacity is provided by specific yield and specific retention
determinations, respectively. These determinations are obtained

through the measurement of porosity and 1/3 atmosphere moisture tension.
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2. Transmission capacity. This effects the watershed
management objective for erosion control by providing such information
as rate of surface run-off and rate of infiltration. The following
types of flow through the soil profile must be recognized:

a) infiltration, which pertains to water entering the

soil;

b) unsaturated flow, which is relatively slow flow and

may occur in any direction in response to tension
gradients;

c) saturated flow, which is flow occurring laterally or

vertically in response to potential gradients
(pressure and elevation).

The transmission capacity of a soil is a function of its tex-
ture and position in the profile. It is affected by vegetative cover,
surface litter, soil structure, texture, moisture content, depth, and
state (e.g. frozen). A measure of the different types of flow is

provided by infiltration rate and hydraulic conductivity determinations.

Interpretive Soil Classification for Watershed Management

Measurements of the hydrologic soil characteristics are
normally too time consuming and too costly to be carried out on a large
scale. 1In order to keep such measurcments to a minimum, it is essential
that they be equated to land areas. 1In general, soil series or soil
survey mapping units are used for aréal representation. This
facilitatcs-extrapolation of results to surveyed areas outside the
watershed research area. Rescarch has indicated that certain.morpholog-

ical soil features providc an estimate of hydrologic soil properties

and, therefore, nced to be emphasized in future soil surveys.
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Morphological soil features, that require emphasis in hydrologic soil
surveys include:

1. nature and depth of the L-H horizon and ground vegetation
in forested areas (Kittredge, 1948; Trimble and Lull, 1956) or the
vegetation type on rangelands (Turner and Dortignac, 1954);

2. amount and shape of coarse skeleton within the soil
matrix (Epstein, Grant and Struchtemeyer, 1966);

3. nature and degree of compaction of the parent material
(Hanks, 1965; Holtan and Creitz, 1967);

4. depth to bedrock (Munms, 1947).

The detail of hydrologic soil surveys depends on various
factors, such as time, financial support, and complexity of the area.
When dealing with relatively uniform arecas, reconnaissance surveys
have been found satisfactory, although mapping at the series level is
dcemed mandatory (Leven and Williams, 1967; Rowe and Colman, 1957).
watershed arecas located in climatic tension zones may require a more
~ detailed level of survey, chiefly because of greater soil complexity.

The preparation of the interpretive or technical soil map
involvcs the grouping of soils with similar hydrologic characteristics.
Ideally this should involve all hydrologic soil parameters, but, in
practice, normally one parameter is selected for this purpose. The
method presently employed in the United States (Soil Conservation
Service, 1964) involves the grouping of soils on the basis of
minimum infiltration rates for bare soil after prolonged wetting. This
criterion simultancously provides an estimate of the permeability of
the impeding stratum, provided that the least pervious horizon is not

at the soil surface (Baver, 1956; Schmid, 1967). Your soil groups
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are recognized in this system which are designated as A, B, C, and D.
Soils in group A have the highest infiltration and permeability rates
and lowest surface run-off while soils in group D have the lowest
{nfiltration rates and highest surface run-off. The selection of
minimum infiltration rates appears to be the most logical basis for
hydrologic soil grouping since it would be least affected by man-
agement practices. These soil groups are subsequently used in the
estimation of potential maximum retention storage for predicting
water yields. The equation cmployed (Soil Conservation Service, 1964)
gives reliable results in the case of wet soil conditions.

Major difficulty has been encountered in obtaining
reliable parameters as a basis for estimating infiltration rates.
Since watershed retention is estimated as a volume, Holtan (1965) has
proposed the use of volumes of soll moisture capacity rather than
{nfiltration rates for use in calculating watershed retention. Such
volumes are finite and would place a ceiling on errors inherent in
estimated infiltration rates. Holtan, England and Allen (1967) have
presented moisture storage volumes for a number of soils in the north-
castern United States. Although these results are inconclusive for
purposes of hydrologic soil grouping, they do provide a finite measure
of water storage.

A serious objection to Holtan's proposal is his assumption
that hygroscopic moisture is not considered as part of soil water
storage. The separation of potential storage into gravitational and
plant-available-water may also be criticized. Hewlett and Hibbert
(1963) have shown that unsaturated conditions in mountain soils contri-

bute to base flow and may constitute the chief aquifer for stored water
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between rains. The accepted lower limit of gravitational soil water,
1/3 atmosphere tension, is thercfore not applicable in hilly and
mountainous terrain.

Interpretation of soil survey information for watershed
management has been attempted by Leven and Williams (1967) in Arizona.
The object of their hydrologic survey was to outline areas with
greater water-yicld potentials. The hydrologic soil properties
characterized were hydraulic conductivity of the least permeable
horizon, plant available water, and aggregate dispersion. These
properties were found to be directly related to the soil-forming
parent material. Soil depth, slope, and geologic type were used as

water-yield improvement criteria related to vegetation conversion.

Summary of Literature Review

The combination of soil forming factors active in moun-
tainous regions has been shown to change rapidly within relatively
short distances. As a consequence, mountainous landscapes usually
support numerous soil types. Soil profile analogies become more
complete and are quicker attained with increase in altitude, because
of a corresponding increase in the influence of climate on soil
formation.

The large numbers of soll types makes it impossible to
divide mountainous areas into rcgiong in which specific soil series
occur, or in which patterns of specific series can be predicted,
General regions can be delineated, however, on the basis of Great Soil
Group dominance. Distribution patterns of Great Soil Groups can be

predicted relative to parent material, topography, precipitation,
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elevation, and vertical zonation. The results of various investigators
indicate that such distribution patterns are of regional significance
only.

Soils have been shown to function as a natural reservoir by
their ability to store and transmit water. Watersheds, which differ
in soil type and parent material, vary in their reservoir behaviour.
Profile features, such as limited soil depth and soil erosion,
adversely affect the storage and/or transmission capacity of soils,
while deep forest litter and moderate stoniness are beneficial profile
characteristics. Combined results of varfous investigators indicate
that soils under forest have a greater infiltration capacity and soil-
moisture utilization than corresponding soils under grass. However,
grassland soils are less erodible than forested soils.

Some land-use practices tend to cause compaction and erosion
of soil, thereby adversely affecting soil stability and the reservoir
function of soil. Studies have shown that commercial logging and
. intense recrecational use create mostly localized conditions of soil
compaction and erosion, which are confined to skid trails and camp-
grounds, respectively. Fires and heavy grazing tend to produce
similar but more general cffects, although different intensities of
compaction and erosion occur within a given area. Higher levels of
management for forest and crop production improve tle infiltration
potential and increase soil-moisture consumption.

The combined results of hydrologic investigations have
indicated that interpretation of soil survey information for watershed
management requires consideration of all hydrologic soil parameters.

Exact details of these parameters for interpretation are still in
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doubt. Empirical attempts have used minimum infiltration or limiting
permeability as the sole hydrologic parameter. Limiting permeability,
plant available water, aggregate dispersion, soil depth, slope, and
geologic type were employed as paramecters in an interpretive study
designed to estimate potential improvment in water yleld.

In conclusion, the importance of soil interpretation for
watershed management has received considerable attention in recent
years. Most of this attention has been directed to studies vwhich
employ only one hydrologic soil parameter for hydrologic soil inter-
pretations, although some progress has been made concerning multi-
parameter interpretations. The hydrologic soil parameters to be used
for interpretation remain unsolved. Diversity of soil types in

watershed management arecas complicates this problem.
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III. DESCRIPTION OF THE AREA

The Watershed Management Areca

The Saskatchewan River headwaters (Fig. 1) constitute the
Alberta wildland area in which watershed management is of principal
‘importance. The headwaters are located in the extreme west of the
Province of Alberta (Jeffrey, 1965) and extend from latitude 49° 00°'
N to 53° 02°' N, signifying a length of 290 miles. Their longitudin-
al boundaries are the Alberta - British Columbia border and the
4,000 M.S.L. contour to the cast thercof. Variations in width range
from 25 to 120 miles. The total headwaters area comprises approx-
imately 15,400 square miles.

The management area is characterized by rugged topography and
is steeply sloping. Elevations vary from 4,000 feet M.S.L. to about
12,000 feet M.S.L. Two distinct physiographical regions occur within
this area which are known as the Upper Foothills and the Cordilleran
region. The Upper Foothills region extends from 4,000 fecet M.S.L. to
about 6,000 feet M.S.L. It is characterized by high, rounded hills
and deep valleys with coniferous forest at the higher elevations
grading through mixed wood stands to grasslands and shrub at the
lower elevations. The Cordilleran region of the management area
encompasses all wildlands above the 6,000 foot contour and is
characterized.by stecp slopes and dcgp valleys. Vegetative cover
ranges from subalpine coniferous forests at the lower elevations to
alpine tundra; the tree line approximately coinciding with the 8,000

foot contour.
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The climate in the management area is highly variable, and
furthermore, information is relatively sparse. Recorded mean annual
precipitation varies from 10 inches in the foothills and intermontane
valleys to 45 inches at the higher elevations where precipitation is
mainly in the form of winter snowfall (McKay, Curry and Mann, 1963).
The winters are cold and long, with warm chinook (fghn) winds causing
occasional interruptions. The average frost-free period is generally
less than 60 days (Bowser, 1967). Streamflow records, which provide
an estimate of the precipitation falling within a watershed, have
been analyzed by Davis and Coulson (1967). Seven hydrologic zones are
recognized within the management area which are considered to be
basically climatic zones (Fig. 2).

The Foothills region of the area is primarily underlain by
Mesozoic rock. Devonian - Carboniferous rocks in the Front Ranges and
Proterozoic - Cambrian rock in the Main Ranges constitute the geology
of the Cordilleran region. The area has been heavily glaciated
(lleusser, 1956) so that till deposits are common. Soils of the area
are chiefly Podzolic and Brunisolic under coniferous forest, except
for the peats and organic soils of the bog forests. Chernozemic soils

are found under grassland vegetation.

The Experimental Watershed Research Basins

Marmot Creek Basin. The basin is located in the stcep-walled Kananaskis

River Valley about fifty miles west of Calgary, Alberta, in Tp 23, R9,
W5. Total area of the basin is approximately 3.6 square miles. The
basin is divided into three sub-basins, having arcas of 0.8, 1.1, and

1.0 square miles, respectively (Fig. 3). Elevations in the basin
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range from 5,200 feet M.S.L. to 9,200 feet M.S.L. Mean elevation per
basin area is at approximately 6,930 feet. The general aspect of the
basin is casterly. Topography is steeply sloping, averaging 39 per
cent for the basin asa whole.

The collection of hydrometeorological data has been in
progress since the basin was selected for study in August 1962
(W.S.C., 1966-a). Precipitation data presented by Storr (1967) show
that the average summer rainfall varies from 9.8 inches at the 5,200
foot contour to about 13 inches at the 8,000 foot contour. Average
total annual precipitation over this same elevation range varies from
26 to about 40 inches. As a consequence, rainfall constitutes approxi-
mately 30 per cent of the annual precipitation, the remainder being in
the form of snow and sleet. Summer rainfall appears to be the more
effective form of precipitation in the basin, since a large part of
the snow and sleet is lost by sublimation (Harlan, 1969). Most of the
gsummer precipitation occurs in June and early July. The maximum
~rainfall intensity measured for the recording period was 1.00 in./hour
on September 10th, 1963.

The minimum temperature recorded in the lower basin was
-329F. in January 1963, '64, and '65; the maximum of 86°F. was in
August 1965, Summer temperatures are somewhat lower at higher cleva-
tions. During August 1966, the mean monthly maximum temperature at
5,700 fcet M.S.L. was 57.5°F. and at 7,100 feet M,S.L. 56.3°F.
Corresponding mean monthly minima were 39.5°F. and 41.1°F., and
monthly means 49.5°F. and 48.7°F., respectively. Nightly tempera-

ture inversions occur occasionally in the basin, as indicated by

relative humidity and minimum temperature data for the basin and by
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relative humidity meésurcments of the Kananaskis Valley (MacHattie,
1966) as a whole.

Soil temperatures at 72 inches depth ranged from 30 to 43°F.
throughout the year, regardless of aspect and elevation. The soil-
humus interface had a much larger range in temperatures which appéared
to be influenced by thickness of humus and by aspect (Hillman, 1967).
Under an uncut, mature spruce-fir stand, the soil-humus interface on
a south-facing slope had a yearly maximum temperature in 1966 of
54°F. as compared to 44°F. on a north-facing slope at about the same
elevation. Corresponding yearly minima were 28°F. and 259F., respective-
ly. The respective yearly means were 33.5°F. and 36.5°F. at the soil-
humus interface and 35.5°F. and 34.5°F. at 72 inches depth. The maximum
soil depth at which temperature fluctuations were directly noticeable
was 24 inches,

Mean daily stream discharge and monthly flow at the stream
gauge control in the lower basin tend to be lowest in March and
highest in June (W.S.C., 1966-a). Bed load measurements, conducted
in weir pools, indicate that the stream channels are well stabilized;
sedimentation being very low. Suspended sediment content in water
samples taken at the lower weir is very low; the highest concentration
recorded was .124 grams per litre in November, 1963. Calcium and
magnesium bicarbonates are the main surface water constituents. Alkali
salts are very low and the heavy metals are almost absent in these
waters. At‘tﬁe lower weir, total hafdness in 1966 varied from 212 ppm.
in April to 113 in early July. Measurements of pH at this location in
1966 showed variations ranging from 7.7 to 8.5.

The bedrock geology of Marmot Creck Basin as shown in
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Figure 3, comprises five formational units, ranging in age from late
Paleozoic to early Cretaccous (Crockford, 1949). A resistant
quartzite member of the Rocky Mountain Formation, Late Paleozoic age,
crosses the lower portion of the basin, and outcrops at the base of
the confluence area. Marmot Creck has cut a deep gorge through this
bench just outside the basin boundary. The Spray River Formation of
Lower Triassic age underlies most of the confluence area and consists
predominantly of thin bedded siltstones. It outcrops along Marmot
Creek and along the lower recach of Cabin Crcek. The Fernie Formation
of Jurassic age consists primarily of dark gray to black shale which
reflects on the relatively smooth slope of the terrain. A more rapid
{ncrease in slope ncar the midline and the upper limit of the Fernie
Formation is the result of the more resistant Pigeon Creck Sandstone
Member and the Upper Fernie Sandstone ''Passage Beds", respectively.
Overlying the Fernie Group is the Kootenay Formation of Upper Jurassic
to Early Cretacecous age, which is the thickest rock unit in the basin.
It consists of interbedded sandstones and shales, with a number of
coal scams near the base. The formation is mainly exposed above tree-
line but some scattered outcrops are present along stream channels.
The Kootenay Formation is cappea by Cadomin Conglomerate of Lower
Cretaceous age, which is the basal member of the Blairmore Formation.

Pleistocene and Recent deposits of varying thickness overlie
in the bedrock (W.S.C., 1966-a; Stevenson, 1967). Glacial till is the
most common surficial deposit in the basin and has an average thickness
of 20 to 40 feet. The greater part of the till was deposited by the
Kananaskis Valley Glacier. The upper limit of this till is at approx-

imately the 7,200 foot M.S.L. contour. Kananaskis Valley till is a
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light brownish grey, silty, calcareous till, containing a large amount
of dolomitic limestone, sandstone, and quartzite rock fragments. Local,
Mount Allan till occurs at the higher elevations. It is generally
neutral to weakly acid in reaction, and contains a large percentage of
platy and flaggy rock fragments. Geomorphic processes, inclusive of
slumping and sheet flow, have resulted in thicker surficial deposits
along the stream bottoms and in downvalley positions. Continuing
processes of solifluction and cryoturbation are evident in the alpine
area. In general, the surficial deposits tend to smooth out the humps
and hollows of the underlying bedrock.

In general, groundwater in the basin is delineated by water
table éonditions. Groundwater recharge occurs in the spring and early
summer by infiltration from snowmelt and rainfall. Depletion takes
place gradually during late fall and winter to supply stream baseflow.
The steeply-dipping water table is a subdued replica of the basin sur-
face, with Marmot Creek and its tributaries acting as V-shaped drains.
Contact springs and boggy areas have usually developed where the slope
of the water table decreaces more rapidly than the slope of the
topographic surface.

A reconnaissance soil survey by Lindsay and Peters (1964)
indicated the presence of five distinct soil types in Marmot Creek
Basin: Biscqua Gray Wooded, Podzol, Regosol, Alpine Black and Organic.
The well-dra;ned soils follow a vertical zonation with Bisequa Gray
Wooded at the lower elevations, passing through Podzols, to Regosols
at the higher elevations.

The basin vegetation (Ogilvie, 1963) consists of mature,

subalpine forest and alpine tundra with the tree line at about 7,500
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feet M.S.L. Engelmann spruce (Picea engelmannii) and alpine fir

(Abies lasiocarpa) are the dominant tree species in the forested area

with lodgepole pine kPinus contorta var. latifolia) a frequent and

abundant concomitant. A fire, in 1936, destroyed the mature spruce-
fir forest in the lower recaches of the basin. Since then, a dense:
young stand of lodgepole pine has become established. Near timberline
the forest becomes more open and has a high admixture of whitebark

pine (Pinus albicaulus) and alpine larch (Larix lyallii). The alpine

tundra vegetation comprises a large number of sedges, grasses and
forbs, of which Kobresia spp., Elymus spp., and Dryas spp. are the

most noteworthy.

Streeter Creeck Basin. The basin is located in the Porcupine Hills

about 70 miks S.S.W. of Calgary, Alberta, in Tp 13, R 1, W 5. Total
area of the basin is 2.31 square miles. There are three sub-basins
(Fig. 4) having areas of 0.2, 0.35, and 0.53 square miles, respec-
tively. Elevations in the basin range from 4,300 feet M.S.L. to 5,450
feet M.S.L. The mean elevation per basin area is at 4,805 fcet. The
basin has a northerly aspect and the overall topography is moderately
sloping. Variations in slopes range from 5 - 50 per cent.

The basin was sclected in November, 1963, Instrumentation
for colleétion of hydrometcorological data commenced in 1964 (W.S.C.,
1966-b). The aQerage annual precipitation is approximately 20 inches.
Precipitation in late spring and early summer accounts for 50 to 75
per cent of the total annual precipitation. The maximum rainfall
intensity was 0.91 in./hour on June 9th, 1967.

The minimum temperature on record is -29°F. which occurred



34

5200 ft.

4200 ft.
A B
(
I
J
7/
'
[
|
!
4
]
|
\

.J'\.fluf\_ﬁ—a”l-

b
\/

Figure 4. Strceter Creck Basin,

7/



35

in January, 1966. A maximum temperature of 85°F. was measured on
August 24th, 1966. The mean yearly maximum and minimum temperature
during 1966 was 47.8°F. and 26.2°F., respectively. The frost-free
RgﬁiOd during 1966 was over 60 days. Nightly temperature inversions
app;ar to be of common occurrence in the basin, as indicated by
minimum temperature and relative humidity data. For instance, the
mean 1966 minimum temperature at a valley-bottom meteorological station,
elevation about 4,500 feet M.S.L., was 24.0°F. as conpared to 29.4°F.
at a ridge-top station being at an elevation of about 4,750 feet
M.S.L. Corresponding mean 1966 relative humidity for these locations
were 67 and 57 per cent, respectively.

Soil temperature measurements arc obtained by thermisters,
The thermister sites have either a grass or forest vegetation cover and
are situated in pairs on an ¢ast and a west aspect at approximately
4,500 feet. The 1966 results (W.S.C., 1966-b) show that the mean yearly
temperature under grassland vegetation at 72 inches depth was 41.2°P.
on a west-facing slope and 41.7°F. on an cast-facing slope. Correspond-
ing soil temperatures under aspen vegetation were 40.1°F. and 40.6°F.,
respectively. Temperature variations at the soil-humus interface were
more pronounced than those at 72 inches depth. The west-facing slope
under grass had a mecan yearly interface temperature of 44 .2°F. as com-
pared to 46.0°F. for the cast-facing slope. Corresponding inter face
temperatures under aspen forest were 41.7°F. and 40.89F., respectively.
The 1966 maximum and minimum temperature at the soil-humus inter face
under grass vegetation werc 70.4°F. and 16.7°F. at the west-facing

location and 81.0°F. and 20.8°F. at the cast-facing location. A
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maximum of 65.8°F. was recorded under aspen forest at both the west
and the cast-facing location. The 1966 minimum temperature at the
west-facing location was 22.3°F. and at the cast-facing location 19.4°F.
Mcasurement of mean daily stream discharge and monthly flow
at the main stem stream gauge control did not commence until July,
1966. The 1966 data of the sub-basin controls showed that mean daily
discharge aqd monthly flow was highest during June and lowest in
January and February. Middle Streeter Creek has a slightly higher
mean monthly discharge than East Streeter Creek. The West Streeter
Creek has a much lower mean monthly discharge thar either Middle or
East Strceter Creck and is dry for the greater part of the year.
Mcasurements of spring discharge showed that the mean daily discharge
and monthly flow followed a trend similar to that of the tributaries.
Middle Spring, located on an east-facing slope in the Middle sub-basin,
had more than twice the discharge of either East Spring or West
Spring, which are located, respectively, on a west-facing slope in the
East sub-basin and on an east-facing slope in the West sub-basin.
Sugspended sediment content in water samples taken at the
main stem and tributary controls was very low. Date of occurrence of
maximum suspended sediment content does not scem to coincide for the
measuring stations. Maximum content at the main weir was .008 gm/1.
on August 10th, 1966, at a discharge of 6.34 c.f.8. The surface
waters have an appreciable mineral content, most of which is due to
the hardness salts, calcium and magnesium bicarbonates. Average total
hardness in the main creek during July and August, 1966, was 261 ppm.

and pH values ranged from 8.0 to 8.3 during this period.
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The bedrock geology of Streeter Creek Basin consists of
scdimentary rocks of Early Tertiary age, belonging to the Porcupine
Hills formation (Douglas, 1950). This formation consists of fine to
coarse-grained, flaggy to massive, crossbedded, argillaceous sandstone
and has a shallow easterly dip. The dip is between 10° and 15° east
and the strike is north 10° west. A well-developed set of near vertical
joints strike NNW and ENE. Bedrock outcrops are common, particularly
at the higher basin elevations.

Surficial deposits of Recent and Pleistocene age usually
overlie the bedrock (W.S.C., 1966-b). Glacial tills are the most
common surficial deposits. This material ranges in thickness from
less than 20 feet at the ridge-tops to approximately 100 feet at the
base of Streeter basin. Both Laurentide and Cordilleran ice have
glaciated the area, as is evident from the presence of small granite
and limestone erratics, respectively. Stalker (1957) states that
Laurentide glaciers covered the whole area, up to points 5,400 feet
above seca-level, and that Laurentide drift covers Cordilleran drift
throughout the basin.

Groundwater conditions in the basin appear to be affected by
the open bedrock fractures, the east-dip of the bedrock, and the depth
of valley-incision into the bedrock. The existence of open bedrock in
the upper parts of the basin and the grcat number of springs originating
in bedrock exposures and occurring down the slopes indicate that the
bedrock is actively involved in the storage and conductance of ground-
water. Deceper incision into the cast-dipping Porcupine Hills Formation

by the West Strecter Creck may have resulted in greater groundwater

under flow and conscquently less stream flow as compared to the Middle
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and East Streeter Crceks.
Vegetative cover consists of forests and grasslands, each of
which is divisible into several sub-types. The forest cover sub-types

recognized are trembling aspen (Populus tremuloides), black poplar

(Populus trichocarpa), Douglas fir (Pseudotsuga taxifolia variety

glauca), and willow-birch (Salix spp. - Betula occidentalis). Trembling

aspen is the dominant forest cover sub-type, having Calamagrostis

canadensis as the dominant understory component. Associations of

trembling aspen and rose (Rosa acicularis), trembling aspen and fire-

weed (Epilobium angustifolium), and trembling aspen and pinegrass

(Calamagrostis canadensis) are deliniated in the basin (Johnson, 1964) .

In general, the aspen cover is less than 50 feet in height and has no
commercial value for wood products.
Grasslands are divisible into three sub-types. The first of

these is dominated by fescue (Festuca idahoensis) and oatgrass

(Danthonia parryi). It occurs primarily on the upper slopes and

ridge-crests. The second sub-type is dominated by timothy (Phleum
pratense) and is confined to valley bottoms. The third sub-type is

composed chiefly of ﬂcrbs, notably Monarda fistulose, Rosa acicularis,

Galium boreale, Achillea mille-folium, Stipa columbiana, and

Agropyron subsecundum. This sub-type appears to be restricted to

slopes.

Deer Creek Basin. The basin is located in the Red Deer River Valley

about 60 miles N.W., of Calgary, Alberta, in Tp 31, R 8 and 9, W 5.

There are three sub-basins, as shown in Figure 5. The total experiment-
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al area is approximately 2.5 square miles. Elevations in the basin
range from about 4,500 feet M.S.L. to approximately 5,600 feet M.S.L.
" The basin has a southerly aspect and is moderately sloping.

The basin was tentatively accepted in early 1966, pending
the results of a preliminary assessment in the ensuing year.
Instrumentation and collection of meteorological data commenced in
June, 1966. Average total annual precipitation was 21.6 inches in
1967 and 24.7 inches in 1968. The average total summer rainfall was
5.7 inches in 1967 and 11.9 inches in 1968. Total summer rainfall in
1968 varied from 11.3 inches near the 4,600 foot contour to about
12.4 inches at the 5,400 foot contour.

The minimum temperature recorded in the basin was -44°F.
and occurred on December 27th, 1968. A maximum of 89°F. was recorded
on July 9th, 1968. Summer tempcratures are somewhat lower and winter
temperatures tend to be higher at higher elevations. The mean monthly
maximum temperature for July, 1968, was 69.0°F. at the 4,600 foot
contour and 63.5°F. at the 5,400 foot contour. Corresponding mean
monthly maxima for January, 1968, were 18.9°F. and 21.3°F., respectively.
Mecan yearly maxima and minima were 39.7°F. and 18.5°F. at the 4,600
foot contour and 43.5°F. and 24.4°F. at the 5,400 foot contour. The
higher mean monthly minima throughout the year at the upper elevation
indicate that temperature inversions are of common occurrence.

Hydrometric data are lacking for the basin. Instrumentation
commenced in the fall of 1968. 1Installation of a groundwater
instrumentation network is also in progress.

The basin is underlain by the Paskapoo Formation of Early

Cenozoic age (Ollerenshaw, 1966). This formation is composed of
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massive, greenish-gray and gray, brown weathering sandstone; green

and gray siltstone; rubbly green and gray mudstone; fine-grained gray
calcarcous sandstone; minor silty shale; and minor conglomerate
lenses. A dominantly-sandstone zone of the Paskapoo Formation under-
lies the upper part of the basin, and a dominantly-shale zone underlies
the lower half of the basin. The basin is located at the west rim of

a syncline and the bedrock is dipping ecast.

Surficial materials, chiefly of Pleistocene age, cover the
greater part of the basin (Stevenson, 1969). Laurentide glacial till
is the most common surficial deposit and is generally less than 10
feet thick. Glacio-fluvial and glacio-lacustrine deposits are present
to a limited extent in the lower part of the basin.

Vegetative cover consists primarily of lodgepole pine

(Pinus contorta) forest. Lesser arecas may be dominated by white

spruce (Picea glauca), poplar (Populus spp.), or sedge (Carex spp.),

or a brome - wheatgrass - oatgrass (Bromus/Agropyron/Avena hookeri)

association (MacKenzie - Grieve, 1968). The forest understory may
consist of shrubs, forbs, grasses, mosses, or a combination of these,
Dominant understory components include alder (Alnus spp.), buffalo

berry (Shepherdia spp.), small-bush cranberry (Vaccinium vitis-idea),

blueberry (Vaccinjum scoparium), feather moss (lylocomium spp.),

willow (Salix spp.), and rye-grass (Elymus spp.). Understory cover
dominancy has recsulted in the delinjation of 7 lodgepole pine, 2

poplar, and 2 white spruce associations.
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IV, METHODS

Soil Surve

Detailed soil surveys were conducted on the three
experimental Watershed Basins located in southwestern Alberta,
These surveys were carried out on a grid basis, with soil descrip-
tions made at intervals of 10 chains. In Marmot Creek and Deer
Crecek Basin, the grid surveys were made to coincide with a grid-
system that was previously established for forest-inventory purposes.

Colour: Munsell Soil Color Charts (1954) were used as a
guide in describing the colours of the soils.

Classification: The soils were classified according to the

Canadian System of Soil Classification (N.S.S.C., 1968).

Soil Mapping

Field mapping: The soils were mapped in the field on the

basis of soil series, type, or phase. Soil boundary lines were
determined along the grid traverse lines and projected between the
lines of traverse with the use of aerial photographs.

Computer mapping: The computer program described by

Kirby and Chow (1969) was used for computer mapping. The program was
modified to accommodate a larger number of codes and was adapted to

- 0.S./360 FORTRAN H compilation.

Sampling

A number of soil profiles, representative of mapping units,

were sampled in each of these basins for chemical and physical
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characterization. Pits were excavated at the sampling sites which
exposed an area larger than the dimensions of the pedon. The soils
were sampled according to horizon sequence within the pedon.

Some of the profiles sampled in cach basin were selected as
being representative of the soil pattern. These profiles were investi-
gated in greater detail than the profiles which are representative of
mapping units.

The collected samples were air-dried and then oven-dried
at 60°C. for 12 hours. The soil peds were then crushed in a steel-
roller mill to pass a 2 mm. sieve and stored in non-sealing screw top

containers,

Physical Analyses

Mechanical analysis: The pipette method described by

Toogood and Peters (1953) was used for mechanical analysis. Salts
were removed from the soil with repeated washing; organic matter
with H;05; and calcium carbonate with the addition of 0.1 N HCL.
Fine clay content was determined by evaporating an aliquot separated
from the total clay fraction by centrifugation as outlined by Baver
(1959). The method was modified, in some instances, to include
sodium-citrate extraction prior to pipette analysis for size
distribution detcrmination of the silt and clay fractions.

Specific gravity: The air-comparison pycnometer method was

used for specific gravity determinations.

Bulk density: Bulk density measurements were obtained

according to the method described by Bradfield and modified by Lutz

(1947) . The cores used had an inside diameter of 2 inches. The bulk



44
density values reported are representative of the less than 2 mm soil
fraction which was achieved as follows. After the samples were oven-
dried and weighed, the material was ground and subsequently passed through
a 2 mm sieve. The coarse skeleton fraction thus scparated was weighed
and this value was subtracted from the weight of the soil minus that of
the core. The volume of the coarse skeleton was then determined by dis-
placement of water in a graduated cylinder. Volume of coarse skeleton
was subtracted from the volume of the core. Bulk density was then cal-
culated using the weight and volume values obtained after subtraction
of the respective coarse skeleton values.

Infiltration rate: The inundation method described by Kohnke

(1938) was used for infiltration rate determination. The sixteen-
compartment infiltration apparatus was modified to maintain a constant
hydraulic head and steady water supply. A two-hole rubber stopper was
placed on each measuring burctte to accommodate insertion of 1/4 in. 1.D.
plastic tubing. One piece of tubing was directed along the outside of
the burette into the infiltration compartment. Plastic tubing from the
second stopper-hole led to a 10 gallon storage tank situated on top of
the infiltrometer frame. 1In the case of the four measuring burecttes,

the water supply line was equipped with a clamp to facillitate measure-
ment of the amount of infiltrated water.

Dispersion ratio: The gusceptibility of the upper mineral soil

hor izon to water crosion was determined according to Middleton's (1930)
dispersion ratio method.

Soil moisture analyses:

(a) Hygroscopic moisture was determined by oven drying samples

overnight at 105°C.
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(b) 15 bars moisture was determined by the method of

Richards (U.S. Salinity Laboratory Staff, 1954) using a pressure
membrane apparatus with cellulose casing membrane. Soil that was
passed through a 2 mm. sieve was placed in rubber retaining rings,
1 cm. in height and about 6 cm. in diameter.

(c) 1/3 bars moisture was obtained with the method of

Richards (U.S. Salinity Laboratory Staff, 1954) which employs a
pressure plate apparatus. The sieved soil was placed in rubber re-
taining rings having a height of 1 cm. and a diameter of about 6 cm.

(d) Saturation capacity was determined on soil that was

passed through a 2 mm. sieve. The sample was placed in an aluminum
foil dish and saturated to a paste. Saturation capacity was considered
to be the loss in weight of the sample after drying to a constant

weight at a temperature of 105°C.

Chemical Analyses

Soil reaction: pH values were determined on a saturated

soil paste as outlined by Doughty (1941) using a Beckman model
zeromatic pH meter equipped with a glass and a calomel electrode.

Total carbon: A Leco, model 577-100 carbon analyzer was

used for the determination of total carbon. The samples were ground
to pass a 60-mesh sicve before being placed in the induction furnace.

Total nitropen: The Kjeldahl-Wilfarth-Gunning method (A.O.

A.C., 1955) was used for the determination of total nitrogen. The
catalyst used was HgO (0.41 g), CuSO, (0.08 g) and K504 (9.9 g)
packaged in a polycthylene bag and sold commercially as Kel-pak. The

amnonia was collected in a 47% 13BO4 solution as suggested by Meeker
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and Wagner (1933) and titrated against standardized Hz50,.

Calcium carbonate equivalent: A modification of the proced-

ure described in A.0.A.C. (1955) was used to determine carbonate
carbon. The CO» cvolved by treating the sample with H»S0, and FeSOy
was absorbed in ascarite and determined gravimetrically.

Exchangeable cations and exchange capacity: Exchangeable

cations were extracted from the sample with 1 N ammonium acetate
adjusted to pH 7.0 as outlined in A.0.A.C. (1955). Exchangeable
potassium and sodium were determined with the Perkin Elmer model 303
Atomic Absorption Spectrophotometer. Calcium and magnesium were
determined titrametrically using standardized E.D.T.A. The cation
exchange capacity was determined by extraction of adsorbed ammonia
with 1 N NaCl and distillation of the extract was carried out accord-
ing to the method outlined in A.0.A.C. (1955).

Exchange acidity: Exchange acidity was determined by

leaching the soil with 0.5 N barium acetate adjusted to pH 7.0. The
leachate was titrated with standardized sodium hydroxide as suggested
by Brown (1943).

pH-dependent cation exchange capacity: The pH-dependent

cation exchange capacity was obtained by taking the di fference be-
tween the C.E.C. value determined with ammonium acetate and the sum
of the cations extracted with 2 N NaCl (Clark, 1965). The results
were expressed as per cent NaCl-extractable cations on the exchange
complex.

Free iron and aluminum:

(a) The oxalate extraction method outlined by McKeague and

Day (1966) was uscd for removal of amorphous iron and aluminum oxides.
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Iron and aluminum in the extracts were determined colorimetrically.

(b) The dithionite-citrate-bicarbonate extraction method

described by Jackson (1956) was used for the removal of both amorphous
and crystalline material. Iron and aluminum in the extracts were
determined colorimetrically using ortho-phenanthroline and ammonium
aurin tricarboxylate (aluminon), respectively.

Total iron and aluminum: The method outlined by Pawluk

(1966), involving Hf - HCl dissolution and spectrophotometric analysis,
was used for determination of total iron and aluminum in clay

fraction samples.

Amorphous material analysis: Clay fraction samples were

treated by the sodfum hydroxide method outlined by Hashimoto and
Jackson (1960). Amorphous silica was determined by the colorimetric
method described by Kilmar (1965) and amorphous aluminum was deter-

mined according to Hsu's (1963) method.

Mineralogical Analyses

Preparation of clay samples: Clay separation was carried

out using the method outlined by Jackson (1956). Following fraction-
ation, the clay samples were flocculated with CaCls,; freeze-dried
and stored in vials.

X-ray analysig of clay minerals: The clay samples were

prepared for X-ray analysis according to the method of Kittrick (1961).
A few drops of K-saturated or Mg-saturated clay suspension were placed
on a glass slide, and allowed to dry by standing overnight. Ethylene

glycol treatment of the air-dried mounted suspension was carried out
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by placing the prepared slides in a saturated atmosphere of ethylene
glycol. The glycolated slides of the K-saturated samples were then
heated to 550°C. for 2 hours and stored in a desiccator prior to X-ray
analysis. Additional analyses were performed on a number of K-saturated
samples consisting of non-glycolation, and glycolation plus heat
treatment at 100°C. and 300°C., respectively.

A Philips X-ray diffractometer with a high angle gonimeter
was used for identification of the clay minerals present. The x-ray
generator was operated at 40 k.v. and 20 m.a., using CuKec radiation
with a nickel filter. Scanning sp ced was one degree 26 per minute.
and chart speed 1 cm. per minute. Recorder settings were 200 cps.,

8 tc., and 0 zs. for all diffractograms other than those of some
Mg-saturated samples. A recorder setting of 400 cps., 8 tc., and O
zs. was used for all Mg-saturated fine clay samples and for (Mg)
samples which show a distinct break in their diffraction pattern as

indicated by a linc normal to the pattern line.

Micropcdological Analyses

Microscopic investigations: A number of samples were in-

vestigated with the aid of a microscope to determine the geologic
origin of the surficial deposit. A dilute IHCl solution was used to
remove free iron and aluminum oxides prior to analysis. The sample

was then suspended in olive oil, refractive index 1.46, and investigat-
ed with the aid of a microscope.

Thin sections:

(a) Undisturbed samples were obtained by spading out a

large mass of soil followed by trimming to a size that would fit into
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a padded 400 cc. cardboard container. The sample was allowed to air
dry in the containers after which clods of 30 to 35 cc. were removed
by knife trimming. Each small clod was placed in a 50 cc. crucible
with the natural orientation being maintained.

(b) Impregnation and preparation were carried out according

to the method of Acton and modified by Dumanski (1964).

(c) Photography of the thin sections was carried out with

a Carl Zeiss model 51871 photomicroscope. Kodak High Speed Ekta-
chrome type B film was used in the camera. Two D 50 gray filters
were used over the artificial light source. Film speed setting

was kept at 7 for said film and light settings varied between VII and
X depending on the field illumination. The auxillary ring lens was
set at 1.25 X, the occular lens at 3.2 X, and 6.3 X and 3.2 X ob-

jective lenses were cmployed.
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V. RESULTS AND DISCUSSION

Land Characteristics and Patterns

A: Marmot Creck Basin

Land. Marmot Creek Basin is characterized by very steep topography,
subalpine and alpine vegetation, relatively low precipitation, and the
presence of Quaternary surficial deposits. Glacial till is the domi-
nant surficial depogié and is derived from different source areas. Till
deposited by the Kananaskis Valley Glacier has as an approximate, upper
boundary the 7,200 foot contour, while Mount Allan till is normally
found above this contour line. Postglacial colluvium deposits are of
common occurrence throughout the basin. These deposits vary in thick-
ness from a few inches to several feet, depending on degrece of slope and
source material. A postglacial volcanic ash deposit occurs throughout
the greater part of the basin and is normally found as a band between

the colluvium and the till deposits,

Kananaskis Valley till deposits were observed to be separable

on the basis of degree of compaction and soil reaction. A compacted
and a non-compacted phase of this till were recognized in the basin
(Appendix I-A). The compacted till phase is found primarily in the
lower reaches of the basin and is characterized by neutral to alkaline

pH values, Gray Luvisol soils, and lodgepole pine (Pinus contorta)

vegetation. TIllite is the dominant clay mineral present with kaolinite
occurring in minor amounts (Fig. 10, p. 76),

The non-compacted phase of the Kananaskis Valley till is
usually found at higher elevations than the compacted phase. It is

characterized by acid pll values, presence of Podzolic and Brunisolic
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soils, and supports a forest vegetation in which Engelmann spruce

(Picea engelmannii) and alpine fir (Abies lasiocarpa) are the dominant

tree species. This till-phase tends to become less compacted with
{ncrease in elevation as is evident from the photomicrographs (Plate 1,
Sites M9, M33 and M5). Both till phases contain a large admixture of
organic material. Dominant clay minerals in the non-compacted phase
of the Kananaskis Valley till are a vermiculite-like clay which does
not expand upon K-saturation and illite (Fig. 11, p. 81).

Local, Mount Allan till 1is characterized by an acid to necut-

ral pll and a high admixture of channery rock fragments. Vegetation
types associated with this till are alpine larch forest below tree

linc and alpine tundra above tree line. Corresponding soil associations
are, respectively, Dystric Brunisols and Humic Gleysols. Kaolinite,
illite and a vermiculite-like clay that does not expand upon K-satura-
tion are the dominant clay minerals in this till (Fig. 16, p. 98).

The dominance of kaolinite and illite clay minerals in this till is
supported by thelr presence in the source material (Carrigy and Mellon,
1964). Mount Allan till is quite loose and contains large amounts of
organic plasmic material (Plate 1, Site M25).

Postglacial volcanic ash deposits were found at varying

depths within the soil profiles. These deposits vary in thickness,
normally not exceeding 4 inches, and are of common occurrence through-
out most of the basin (Fig. 6). Their thicknesses and positions in the
profiles at a number of sampling sites are reported in Table 1. The
results show that, in well-drained soils, the ash layer occupies the
upper B horizon position in the solum, which agrees with observations

from elsewherc (Smith, Okazaki, aud Aarstad, 1968). Analyses for deter-
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DESCRIPTION OF PLATIE 1

The photomicrographs of the C horizons depict the presence
-of & klﬁds of fabric (Kubiena, 1938; Brewer, 1964). The IIC horigon.
at site 3 has a very dense matrix. A blocky microstructure {is
delineated by the small vertical pores and the smaller, discontinuous,
horizontal pores. Skeleton grains are small and uniformly diotribuicd.
Some concentration of plasma is evident along the pore channels. The
site 9 IVBC horizon, the site 33 IIIC horizo# and the site 5 C horizon
are comparable in the density of their nacrix.‘ Organic material is a
prominent constituent of the plasma and is randomly distributed through-
out the matrix. Skeleton grains are completely enclosed by the plasma.
The small size and uniform distribution of the skeleton grain and the
inclusion of more organic material distinguishes the site 5 C horizon

‘'material from that at sites 9 and 33.

The photomicrograph of the site 25 C horizon depicts a rather
loose soil matrix containing large amounts of organic plasmic material.
Skeleton grains are small and uniformly distributed throughout the
matrix., Some of these grains exist as separate entities but most are
intimately associated uith plasmic material. Decomposed organic
plasmic material ;éndn to be concentrated along the voids.

The photomicrograph of the IIC horizon at site 36 shows a
banded type fabric. Concentration of plasma in bands near the top of
the plates is evident, Skeleton grains are small in size and are
uni formly éistributed. These grains do not occur as separate entities,

although the skeleton fraction of the plates is not very dense.
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mination of the volcanic ash source have shown it to be Mazama in origin
(Smith and Westgate, 1969).

Volcanic ash deposits are most readily identified by the
presence of glass shards and pumice fragments (Powers and Wilcox,
1964). Ash deposits in the basin are characterized, furthermore, by &
concentration of medium, silt-size material (r;g. 7, 8 and 9) and by
the relative absence of clay minerals in apparently-unaltered volcanic
ash C horizons (Fig. 12, p.83; Fig. 13, p. 84). The observed platy
macro-structure of such ash layers is substantiated by the banded-type
of fabric evident on the photonicroggaph of the IIC horizon at site M36

(Plate 1) and on those of ash-derived Bf horizons (Platé 2, p. 66.

Postglacial colluvisl deposits were observed to be separable

on the basis of source materisl. Colluvium derived from till, residuum,
and volcanic ash deposits were recognized in the basin as well as mixed
seolian and till colluvium (Appendix I-A). Residual colluvial deposits
are common above timber line and occur on very steep slopes below rock
outcrops in the forested region of the basin. Deposits comprised of
ash and till colluvium are generally found in strongly sloping, imper-
fectly drained locations. Till and ash derived colluvium have analyti-
cal characteristics similar to their source material. Till colluvium
is generally looser than the till deposits and has fewer and smaller
sized coarse skeleton material (Appendix I-B). Ash colluvium is
characterized by a varied appearance resulting from iron concentration,
the presence of minor amounts of coarse skeleton and pronounced sorting.
Deposits consisting of a mixture of till and ash colluvium generally
have the characteristics of the till component. 'Residual colluvium 1is

characterized byllarge amounts of channery, slope-oriented rock frag-
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ments where the deposit is close to the source location. Deposits at
a distance from the source tend to be sorted. Ksolinite, non-expandible-
K vermiculite, and illite are the dominant clay nlnerli. in residual
colluvial deposits (Fig. 15, p.94). In general, such deposits are
very loose as is evident on the photomicrograph of the site M6, Ah2
horizon (Plate 3, p. 68).

Alluvial deposits are limited in extent and occur along the
stream channels. These deposits are generally moderately sorted and can
be separated on the basis of particle size distribution. Two types of
such deposits were recognized in the basin, the one consisting donin-‘
antly of sand and silt sized material and the other consisting domin-
antly of gravel and stones which is characterisic of lag deposits.
Mappable areas of the sandy alluvium are found in the lower reaches of
the basin. Lag deposits are found at the bottom of very steep slopes
along Middle and Cabin Creeku. Elevations at which these lag deposits
occur are approximately the 6,500 ft. contour for Cabin Creek and the

6,200 ft. contour for Middle Creek.

Lacustrine deposits vere encountered in two locations in the

basin; ﬁamcly, in the cirque, which is the headwaters area of Middle
Creek, and easterly of the Middle and Twin Creeks confluence area,
These lacustrine deposits are relatively thin, dark in colour, com-
pact, and high {n clay content (Appendix I-B, sites 26 and 33). The
lacustrine deposit in the cirque is less than one inch thick and 1is
'found overlying till but buried under more than one foot of postglacial
colluvium. The deposit easterly from the tributaries confluence area
is about 5 inches thick and occurs as a band between Kananaskis Valley

till and Mazama ash.
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Weathered shale was found to be the parent material of some

soils in the lower part of the basin. This material is of pedogenic
significance only when the topography is noderately sloping. It is
characterized by strong macro-structure and is highly compact. The
photomicrograph of the IIC horizon at site M3 (Plate 1) substantiates

this high degree of compaction.

Soils. The enclosed soil msp of Marmot Creek Basin presents an outline
of the soils occurring in the survey area., Soil 3rou§1nga are accord-
ing to Subgroup or Subgroup-CIai- classification, except for soils be-
longing to the Gleysolic Order. Gleysolic soils are d?lineated on the
basis of their Great Group classification. A total of 19 such soil
groupings are outlined on the map, ranging from Lithosol to Orthic
Ferro-Humic Podzol. Location of the soil sampling sites in the survey
area are shown on Figure 6. Detailed morphological descriptions and
analytical results for each of the sampled profiles sre presented in
Appendix I-B.

The soil map shows that the well-drained soils follow a verti-
cal zonation. Well-drained soils in the lower reaches of the basin
belong to the Gray Luvisol Great Group. With an increase in elevatiom,
the Gray Luvisol soil zone gives way, progressively, to a Ferro-Humic
Podzol zone, a Dystric Brunisol zone and finally to a Regosol soil
zone. The zonation of these well-drained soils corresponds closely to
the pattern on non-calcareous parent m:terial described by Jeffrey,

et al. (1968).

The Gray Luvisol soil zone is dominated by Brunisolic Gray

Luvisols; Orthic Gray Luvisols being of minor significance. Poorly-
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drained positions within this soil zone are occupied by Rego Gleysol
soils. .

Mini Ferro-Humic Podzols are the dominant well-drained soils
within the Ferro-Humic Podzol soil zone. Minor areas of Orthic FPerro-
Humic Podzols are also outlined in this soil zone; although, where
present, they normally occur as th§ dominant nelb;r of soil complexes.
Orthic Eutric Brunliolo are found in the imperfectly-drained positions
of the Ferro-Humic Podzol zone, while Terric Pibrisols occur in the .
poorly-drained locations.

The Dystric Brunisol soil zone 1is the largest soil zone in
the basin. Two subgroups of this Great Soil Group have been delineated
on the soil map, each of which was further separated into two classes.
Soils belonging to the Degraded D&ltric Brunisol Subgroup are found
immediately above the Ferro-Humic Podzol zone. Class A of this Subgroup
refers to soils having a well expressed profile morphology and distinct
accumulation of free Fe and Al in the B horizon as opposed to the Class
B soils. The latter soils tend to approach the characteristics of soils
known as Cryptopodzolic Rankers in Europe (Carbiener, 1963). Soils
belonging to Alpine Dystric Brunisol Subgroup occur in the vicinity
of the tree-iine. They are characterized by the presence of a chernozul;
like Ah horizon and are delineated into Subgroup Classes on the basis
of vegetative association., CIgss A occurs under forest in which alpine
larch (Larix lyallii) is the dominant tree speciés, while Class B
occurs under alpine tundra vegetation. Degraded Eutric Brunisols
occupy minor areas in the Dystric Brunisol soil zone. These soils
are confined to the steep slopes of the drainage pathways and are

distinguished by the lack or weak development of the Bm horizon.
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The Regosol soil zone contains soils belonging to the Orthic

and the Cumulic Subgroups. Cumulic Regosols occur on steep slopes

under grass vegetation (Elymus spp.) and are characterized by deep, non-
chernozemic Ah horizons which are usually over 3 feet thick. Solls
belonging to the Orthic Regosol Subgroup have been separated inte
Classes on the basis of presence or absence of a non-chernozemic Ah
bhorizon. Orthic Regosols which have a non-chernozemic Ah horizon were
formerly classified in the Deorcic Regosol Subgroup (N.8.S.C., 196S).
Soil complexes are common in the Regosol soil zone. Poorly drained
positions in this soil zone have soils which belong to the Humic Gleysol
Great Group.

In general, 1npcrfecé1y or poorly drained soils in the basin ,
cannot be classified properly by the Canadian System of Soil Classifi-
cation (N.S.8.C., 1968). Mottling and/or gleying are absent in such
soils in the basin (Appendix I-B), thereby preventing their classifica-
tion at either the (Gleyed) Subgroup or the (Gleysolic) Order Level.

. It 1is suggested, therefore, the drainage notations for soils of mountain-
ous areas be established on the basis of their occurrence in poten-
tial ground water discharge or recharge areas. Such areas can be
delineated on the basis of vegetative ;onociationl, geomorphology, and/
or topographic conditions.

 Morphological descriptions of well-drained soils in the basin
(Appendix I-B) show a progressive decrease in degree of profile expres-
sion from the Ferro-Humic Podzol zﬁne to the Regosol zone at the higher
elevations. This decrease in profile development with increase in

elevation is also reflected in the analytical soil characteristics

(Appendix I-B). Horizon pH values are more uniform throughout the pro-
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file at the higher than at the lower elevations. In gemeral, the total
carbon content in the L-H horizon decrease; while total nitfogen con-
tent and total exchange capacity increase with elevation. Weathering
of clay minerals decreases with increase in elevation as is indicated
by the degree of expression of the 14 R and the continuous 10 - 14 '
reflection on the Ae horizon diffrattograms. These reflections are
more complex on the diffractograms of the Ferro-Humic Podzol Ae horizon
(Fig. 11, p. 81) as compared to the Alpine D&ntric Brunisol Aeh horizon
(rig. 16, p. 98).

Decrease in morphological expression vith increase in elevation
is also evident from analytical and micropedological characteristics of
the B horizons. The pH values of B horizons generally decrease while
total carbon contents increase with elevation. I1luviation of colloidal
material decreases with 1ncreise in elevation, as is evident from ex-
tractable iron and aluminum contents and from X-ray diffraction results.
Accumulation of oxalate-extractable iron and aluminum is well expressed
{n Ferro-Humic Podzol soils and is less evident in Dystric Brunisols
(Appendix I-B). Illuviaiion of clay into the B horizons is indicated
on the diffraction patterns by the behavior of the 14 & and the continu-
ous 10 to 14 g reflection. The 14 4 peak is indicative of vermiculite
clays while the 10 to 14 % reflection is indicative of interstratified
10 and 14 '{ clay minerals (Brown, 1961; Jackson, 1956). Expansion of
the 14 g reflection upon K-saturation and glycolation was only observed
for the uppér B horizon of each soil profile, except in the case of the
Degraded Dystric Brunisol (Ranker) profilé: The diffractograms of the

K-saturated and glycoldted samples have not been presented since they
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gener@lly did not contribute to the interpretation of clay distributions.
Photomicrographs of B horizons (Plate 2) show that these horizons become
less dense and contain more organic plasmic material with increase in
elevation. COncentratlon'of plasma near voids or around skeleton
grains is minimal in the Ferro-Humic Podzol soil and is poorly defined
at higher elevations.

Morphological descriptions fndicate that organic matter accumu-
lation 19 a prominent soil feature at the hfgber basin elevations (Appen-
dix 1-B). Increase in organic matter content with increase in
elevation is evident from the total carbon and nitrogen contents rcpon
ted for the A horizons (Appendix I-B). The total exchange capacities
of the A horizons follow a similar trend. Photomicrographs of Ah
horizons from an Orthic Regosol, a Cumulic Regosol, and from both Classes
of Alpine Dystric Brunisol provide visible evidence of organic matter
accumulation (Plate 3). This soil humus is of the moder-type (Xubiena,
1938). |

The decrease in variation of soil profile characteristics
vith increase in basin elevation agreés with results reported elsewvhere
for mountain soils (Duchaufour, 1965). Other characteristics of mountain
soils include organic matter ;ccumu}ation with increase in elevation
and a moder-type of soil humus in soils from the alpine region. However,,
the occurrence of a colour Bm horizon in a number of soils located
above the tree-line (Appeﬂdix 1-B) is contrary to expectations. The
presence of a Bm horizon in these soil profiles supports Griggs (1946)
contention that the timberline in the Rocky Mountains is a climatic
tension zone reflecting wind intensit$ and direction. As a consequence,

these soils should be distinguished from those soils that are
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DESCRIPTION OF PLATE 2

The thin sections of the B horizéns are cheracterized by
the yellowish colour of the plasmic material. The photomicrographs
of the ITIBfl horizon at site 9 and the Bfl at the site 34 have a
banded type of fabric. Concentration of plasma in bands near the
top of the plates {s evident. ?he skeletal fraction of the plates
is rather loose and consists predominantly of opaque material as is
evident from the micrograph taken under polarized light. There 1is
little evidence of a banded type of fabric in the Bm horizon at site
33.

The photomicrographs of the Bfh horizon at site 5 and Bf}
horizon at site 25 show a generally loose soil matrix in which the
larger skeleton grains are not bound to the plasmic material. The
large amount of organic plasmic material is conspicuous for these

two sites,
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DESCRIPTION OF PLATE 3 \
The prepared thin sections of Ah or Aeh horizons (plate 3)
show a micro-structure consisting of individual spherical granulus
of plasmic material. In additfon, the skeleton grains-age loosely
bound or unbound to each other and to the plasmic Qaterial. The
mineral grains show little or no association with the plasmic organic
granules, 8161031c31 activity is 1nd1cated'by the ragged edges of .

the spherical organic granules.
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characteristic of the alpine region by including the term “paeudo-
alpine” in their classification. A similar terminology has been
used for such soils by Duchaufour (1965) and Bliss and Woodwell (1965).

Application of this mode of classification to the basin soils
could then be used to indicate the presence of pseudo-alpine Orthic
Regosols and pseudo-alpiné Alpine Dystric Brunisols. This suggests that
there is no proper pedogenic evidence for separatiné the Alpine Dystric
Bruniaol into a Class A and a Class B. The hse-of the term "pseudo-
alpine" within the Canadian soil classification scheme (N.5.8.C., 1968)
does exemplify the rather unfbrtupate choice of termigology for the
Alpine Dystric Brunisol at the Subgroup level. The ecological connota-
tion of the term "alpine" is very misleading for this soil Subgroup.

A more plausible adjective would be "montane" or preferably "dark". If
the latter adjective were accepted, then the '"Dark" Dystric Brunisol
Subgroup would have a connotation somewhat analogous to that of the Dark
Gray Luvisol Subgroup.

The sampling sites selected as representative of the soil
pattern are sites 5, 6, 9, 19, 21, 25 and 27 (Fig. 6). The soils at
these sites, when arranged according to soil zonation sequence are:
Brunisolic Gray Luvisol (site 19), Orthic Ferro-Humic Podzol (site-9),
Degraded Dystric Brunisol (site 5), Degraded Dystric Brunisol, Class B
(site 21), Alpine Dystric Brunisol, Class A (site 25), Alpine Dystric
Brunisol, Class B (site 27), and Cumulic Regosol (site 6). The Degrad-
ed Dystric Brunisol at site 5 is representative of the average Degraded
Dystric Brunisol soil in the basin, while the one at site 21 is typical

for the Class B Subﬁroup.
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Plate 4. Photographs of soil profiles from Marmot Creck Basin.

Luvisol (site M19) Orthic Ferro-Humic Podzol
(site M9)

Brunicnlic Grav

1
-

Degraded Dystric Brunisol (zite M5) Degraded Dystric Brunisol
(Ranker) (site M21)



72

Plate 5. Photographé of soil profiles from Marmot Creek Basin.

.

Alpine Dystric Brunisol (Class A) Alpine Dystric Brunisol (Class B)
(site M25) ' (site M27)
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The morphological description and analytical results for the

Brunisolic Gray Luvisol soil are presented in Tables II and III. This

soil is characterized by high base saturation and neutral pﬁ values.
Calcium is the dominant cation on the exchange complex of each horizon
in the profile. The B horizons are the most acid horizons of the
solum. ' Organic matter and clay content are higher in the IIBt than in
the ITAe horizons. Accumulation of clay in the IIBt horizons is due
chiefly to fine clay movement., Similar resuita have been reported for
'Gray Luvisols, formerly classified as Gray Wooded soils, developed in
Laurentide till deposits (Beke, 1964; Harpstead and Rust, 1964;
Pawluk, 1961; St. Arnaud and Whiteside, 1964).

Accumulation of extractable sesquioxides is évident in the
solum of this soil. Highest quantities of both aluminum and iron occur
in the (Bf) and IIAe horizons. This indicates that in situ release
due to weathering of minerals i{s active and suggests that some trans-
location as well as transformation of these constituents is taking
place in the upper soil horizons. The lower extractable iron and
aluminum content in the IIBt horizons as compared to the IIAe and IIC
horizons is contrary to expectations (Beke, 1964; St. Arnaud and White-
side, 1964).

X-ray diffraction patterns of the total clay fraction from
the horizons in the solum (Fig. 10) show that illite, vermiculite and
kaolinite are the dominant clay minerals throughout the profile. Illite
is recognizea by its permanent 10 % reflection while kaolinite is dis-
tinguished by its 7 g reflection which disappears upon heating to 550°,

Vermiculite 1s distinguished by its expansion to 14 2 upon glycolation
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Figure 10, X-ray diffraction patterns of the total clay fraction from
the horizons of the Brunisolic Gray Luvisol profile.
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(Brown, 1961; Jackson, 1956). K-saturated samples generally did not
expand to 14 L upon glycolation, except in the case of upper B horizons
and the (Aeh) horizon samples of this Brunisolic Gray Luvisol soil.
The significance of this was not 1n§estigated. ‘

Weathering and translocation of colloidal clays in this Bruni-
solic Gray Luvisol profile is evident from the 14 X vermiculite and a
15.5 X mixed-layer clay reflection on the diffractograms. The (Aeh)
horizon contains a lesser amount of these cohstifuents than the under-
lying (Bf) horizon. A similar trend is evident when comparing the dif-
fraction patterns of the IIAe horizon to those of the IIBt horizoms.

Comparison of the IIAe, IIBt, and IIC horizons on the
basis of extractable sesquioxide content, fine clay content, and clay
mineral composition suggests that this part of the solum never did
attainvfull development. The untimely deposition of postglacial surfi-
cial material must have slowed down or stopped the developmental process
in these horizons. Extractable sesquioxide, total carbon, and total -
nitrogen contents in the IIAe horizon indicate that this‘horizon is in
the procéss of transformation to a Bf ﬁorizon. Accumulation of these
constituents may either result from vertical translocation or fro;
horizéntal translocation as a result of lateral movement of ground water.

The parent materials of the Brunisolic Gray Luvisol as 1dent1-
fied in the field, are substantiated by analytical and X-ray diffrac-
tion results, Horizons developed in the compacted phase of the
Kananaskis Valley till are characterized by a specific gravity of about
-2.68, a mechanical compoéition which consists of about 28 per cent clay,
and illite, vermiculite and kaolinite clay minerals. The postglacial

till-colluvium parent material of the (Aeh) and (Bf) horizons is charac-
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terized by a specific gravity of about 2.53, and a total clay content
of about 23 per cent, Vermiculite is the dominant clay mineral in
these horizons while kaolinite and illite are present in minor amounts.

Characteristics of the Orthic Ferro-Humic Podzol include

strong morphological differentiation (Table IV), high exchange acidity
and very strongly to itrongly acid pH values of the upper solum (Table V).
The pH values generally increase with profile depth and reflect the
increase in percentage exchangeable calcium, which is the dominant

basic cation on the exchange complex, Total carbon, total nitrogen, as
well as exchangeable aluminum and iron contents are highest in the

upper Bf horizons. The high total exchange capacity of the IIBfh hori-
zon reflects the higher content of col}oidal material present. These
results compare well with results for similar soils described elsewhere
(McKeague and Day, 1966; Clark, McKeague and Nichol, 1966).

Certain anomalies evident in the results appear to reflect
stratification of pareqt materials within this profile. Examples of
anomalies include the lower total exchange capacityﬁof the'IIIB£1
horizon as compared to the Ae horizon and the range of specific gravity
values in the solum. The observed t1ll-colluvium parent material of
the Ae horizon is substantiated by the similarity in the X-ray diffrac-
tion patterns from this horizon and those from the IVB£2, IVBC, and IVC
horizons (Fig. 11). The parent material of the IIBfh horizon appeared
to be a mixture of volcanic ash and till colluvium. Microscopic
investigations substantiated the presence of the volcanic ash, component
in this parent material. X-ray diffraction patterns indicate that the
characteristics of this parent material ére determined chiefly by the

till-colluvium component. The observed volcanic ash parent material of



79

€/9 ¥X o1 2/t ¥ 01
o1qeray snoydaous TFS  UA0IQ 03 umolxq Yxep £ea8 3yByy +€9-0¢ OAT
€/9-£/S ¥X 01 Z/L ¥X 01
°1qeya; snoqdacme TF§ unoxq oTed 03 umoxq £va8 3y8y7 0S-0Yy 08AI
Lxyd01q €/L-2/% ¥ o1
. Jein8ueqns /9 XX ¢°¢ unoxq ated Lxaa .
°1qeray wNIpowm NwIn TS £ea8 ysyyuyd 03 £ea8 3ysyy 0Y-81 TIGAI
9/L-%/L ¥& 01
£3e1d 8/9 X §°¢ aoyrak o3
91qwIxy A19A 28aw0od Suoxis TS aol19£f ysyppaax unoxq ated Lxaa 8I-8 1IGIII
£3e1d 8/ 94X ¢ /9 ¥X 01
- -91quTay 981800 jwaa TS P31 ysyaoy1a4 umoxq ysymoyyak IysTY 8-  wIgIx
£3e1d 0/L-0/9 X §°Z 0/8 X §°2 :
91qerxy 9sawod Suoays TS Aea8 3yBr1 03 Lwas 23TYym $-0 Iy
0-{(1 H-1
()
"30UIISFEUOYH 2In3IMa3g 2INIXS Y 3ISTOR 2070) £1q 20109 yydeq wuozyaog
*33 0985 :uoyIwARTY 102p0q JTWNH-0113J OTYIIQ :UOTIVOTITSSEID

NISVE AFIW IOWNVKH - 6 LIS J0 NOIIJI¥DSHA FTWA0NI ‘Al J79VL



80

T° 9 T°'T T°C 21T T°'C H°T T°'9 T1°9G°ST €9y T9'ZT 9%l 6 1T 8S IT 0O +59-0S OAX
0° T I'T l'T T L° €1 S€t Ll'1gY €'EY €9°Z 6%°'1T G 81 %9 8T % 06-0% O8AT
1° € 8°T 9°% 6 €°I €°CT 6°S L°96°1T 2T°TS 89°T 82'T S 8T 6§ € 6 O%-81 r25:7. N8
I° % 61 6€ S %71 0°C €S 811L% 2°9% %€°T 92°'1T S Ol 69 12 O 81-8 13€III-
o° 0 2° 9 1° T ¢ ! U 81 1°1L 6£°Z 69° 6 SZ 6 02 9 8-y q3daIl
0 0 2° 9° 6 €T T1I'l 8T #'19°¢ 'zl 8Y'T 69 L 61 19 0Z ¢ 4-0 av
.‘.g .v.a .v.n .v.: .v.u Qvog .v.: .v.g .v.a .v.“ .v.g Ovon Ov.atvogovoﬂovcgov.glvoa o-hﬂ m - .H
‘ug ‘W *‘ug ‘md ‘ay ‘my  °‘uy ‘m ‘ug ‘wo N 00\& ﬂ % b 4 b 4 by mo
*ISTOR'IBAH  °O°M'YV sxeg g1 saeqg ¢/1 °deD °3Ieg ‘a3 °sud@ 93 O IS S 9
.ﬂ.hﬁ.g 9INJSION *soxog .oonm AINY nwuhﬁwﬁ< T1e9TURyO3IN numﬂn WOZTIOH
S0’ <y €0° O1° 'p'u 101 €t oL ¢ ¢ ot *P'U ‘PU 2T 86 +59-0S DAL
€1° 90°T 20° 60° ‘°p°'u %°01 21 89 r4 8 11 ‘p*u *p*u 0°Z 0°9 0S-0Y% OHAY
I1° 66° €0° 91° °p°u 6 9 9L € z €1 ‘p'u *p*u €°1 6°S O0Y-81 TIEAI
T1° %% 80°1 42° ‘p'u S 9 S €y L r4 €y %2 L0° 2T 1°9 81-8 1IGIIX
91° 10°T1 €8° %  °p°u 6°SZ L % S 1 vs 12 €1° 8T %S 8- 9341l
G0° 82° %0° %0° ‘p°'u €°61 01 (14 4 1 19 e 10" 9°2 €% -0 av
‘p°u °p*u  €0° €0° °p°u 2°68 21 79 L 1 L€ 09 1TL° 9°TH % 041 H -1
% y 3 2 2 % suB 001/%w y 3 % y 3 p 3 y 3 % % w
v aa v 93 *2°3°D . *PIOV
9393331) a3wTex0° puadeq o B Sk A 8K ®) A N °Ydxg oOF3ey N 0
t0Ze3 2013 -Hd sysi1euy aBuwyoxy N/D *301 °310] Hd uyadeg UOZTIOH

6 21IS IV 102A0d OIWNH-OWYAd DIHINO FHI JO SOILSIVALOVIVHD TVOILXTVNV

‘A ITEVY



81

T T
*GLYCOLATED HEATED %(550*'0)
' Ae ‘

Isth

A

Msc .
- ‘ f} W
R i L1 L1
7

|
7 0 142 190 10 142 190
" 4" Spacing (R) :
Pigure 11, ' X-ray diffraction patterns of the total clay fraction from
the horizons of the Orthic Ferro-Humic Podzol profile.
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S

the IIIBfl horizon and the Kananaskis Valley till, non-compacted phase,
parent material of the IVBf2, IVBC, and IVC horizons have characterist-
ics as outlined previously for these deposits.

Non-conformity of parent materials in the solum and low
effective annual precipitation in the basin prompted investigation of
the pedogenic significance of the volcg&ic ash layer in the Orthic
Perro-Humic Podzol soil. Three supposedly unaltered volcanic ash C
horizons vwere included in thiy study for reasons of comparison. These
C horizons were from the Peaty Carbonated Rego Gleysol at site 1, the
Terric Fibrisol at site 31, and the Cumulic Regosol at site 36, re-
spectivey.

The nature of the volcanic ash in the IIIBfl horizon of the
Orthic Ferro-Humic Podzol is similar to that in the three C horizons.
This is evident from source analysis (Smith and Westgate, 1969),
presence of glass shards and pumice fragments, partkcle size distribue
tion (Fig. 8, p. 58; Fig. 9, p. 59), thin section (Plate 1, p. 52;
Plate 2, p. 66), and X-ray diffraction analysis (Fig. 12 and 13).
Variations amongst these supposedly-unaltered C horizons in X-ray
diffraction pattern and in specific gravity values (Appendix I-B)
imply ;hat the ash in these horizons has been subjected to pedogenic
development since time of depositioﬁ; |

Pedogenic development in the ITIBfl horizon of the Orthic
Ferro-ﬂﬁmic Podzol consists of accumulation of oxalate-soluble aluminum
and iron and citrate-soluble iron (Table V) when compared to the volcan-
fc ash C horizons (Appendix I-B). The distinct accumulation of oxalate-

extractable sesquioxides in the ITIBfl horizon conforms to Podzol B
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Figure 12. X-ray diffraction patterns of the coarse (2- .2pM clay frac-
tion from the selected volcanic ash C horizons and the hori-
zons of the Orthic Ferro-Humic Podzol.
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Figure 13, X-ray diffraction patterns of the fine (< .2 M) clay fraction

from the selected volcanic ash C horizons and the horizons of
the Orthic Ferro-Humic Podzol.
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horizon characteristics (McKeague and Day, 1966); However, accumula-
tion of these constituents is not readily évident from the :esults for
total (Table VI) and citrate-extractable sesquioxides content. This
suggests that in situ weathering of heavy mineral constituents of the
volcanic ash (Westgate and Dreimanis, 1967) is largely responsible for
the accumulation of oxalate-extractable sesquioxides in this horizon.
Since.the accretion of these constituents cannot be attributed primarily
to illuviation, this horizon cannot be classified as a Bf horizon
(N.S5.5.C., 1968). |

. The non-podzolic nature of the IIIBfl horizon {is su;stan-
tiated by the X-ray diffraction results (Figs. 12 and 13) and by the
results for allophanic material content (Table VI). There is no evi-
dence of accuﬁulation of allophanic material in the clay fraction or
translocation of clay minerals (Figs. 12 and 13) when comparing the
ITIBf1l horizon to the ash C horizons. The banded fabric of all
volcanic ash horizons (Plate 1, p. 52; Plate 2, p. 66) provides further
evidence for the limited pedogenic development of the IIIBfl horizon
in the Orthic FPerro-Humic Podzol soil. This type of fabric is
apparently the result of the mode of deposition of the material, rather
than eluviation (Dumanski and St. Arnaud, 1966).' These results indicate
that the morphological expression of the IIIBfl horizon reflects the
lithology of the Mazama ash parent material rather than podzolic develop-‘
ment, As.a consequence, this Orthic Ferro-Humic Podzol soil should be
classified as a Degraded Dystric Brunisol (N.S.8.C., 1968).

| iimited effective depth of podzolic development in this pro-
file is also evident from the properties of the horizons underlying the -

IIIBfl horizon, The p}operties of the IVBf2 horizon vary from those of
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the IVBC and IVC horizons primarily by a slight increase in allophanic
material content and by the slight change in the clay mineral composi-
tion. These pedogenic differences are likely due to soil development
prior to ash deposition rather than to recent‘qoii formation. The |
Mount Mazama eruption occurred over 3,000 years after the dwindling of
the Late Wisconsin-Cordilleran Complex, which was placed by Heusser
(1956) at about 10,000 years-B.P. This should have been sufficient
time for the development of a Eutric Brunisol soil, vhich conforms to
the properties of the profile from the IVBf2 horizon downward. Ac-
cretion of allophanic material in the clay fraction of the IVB£f2
horizon may then be ascribed to further development and depth extension
of the current profile.

The morphological description and analytical results for the
Degraded Dystric Brunisol profile are shown in Tables VII and VIII,
respectively. This particular soil is considered to be representative
of the average Degraded Dystric Brunisol in the basin. It is charac-
terized by very strongly acid pH values and high exchange acidity.
The L-H horizon is the most acid and contains the highest percentage
of exchangeable acidity in the solum. Exchangeable acidity generally
ldecteases and pH values increase with depth in the profile. Calcium is
generally the dominant basic cation on the exchange complex of the
horizons. Accumulation of extractable sesquioxides 1is evident but is
less pronounced than in podzolic soils (McKeague and Day, 1966; Schwert-
mann, 1964). Eluviation of colloidal clay is limited in this soil, -
although the diffraction patterns of the horizons (Fig. 14) show that
some vermiculite clay has accumulated in the Bfhj horizon. Similar

results have been reported by Pawluk and Lindsay (1964) for a Degraded
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Figure 14. X-ray diffraction patterns of the total clay fraction from

the horizons of the Degraded Dystric Brunisol profile.
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Acid Brown Wooded soil (N.S.S.C., 1963) developed in Laurentide drift
in northern Alberta.

The characteristics of this Degraded Dystric Brunisol soil
meet most of the criteria delineated for Sols podzoliques by Duchaufgur
(1965) in the French classification system. The criteria in coommon
afe an ABC type of profile, mor humus, a distinct but weakly coloured
Ae horizon, a B horizon having reddish or yellowish colours, and pH
values in the order of 4 to 6. The Degraded Dystric Brunisol does not
meet the criterion of the presence of a thin Ah horiz;n as outlined
for the modal Sol podzolique (Duchaufour, 1965).

The morphological and analytical characteristics for the
Degraded Dystric Brunisol (Class B) profile (Tables IX and X) include
poor morphological development and relatively undifferentiated analyti-
cal characteristics throughout the solum. The upper part of the solum
has an extremely to strongly acid pH; the Ae horizon being the most acid
horizon in the solum. The pH values generally increase with profile
depth and show an abrupt increase at the interface of the two parent
materials from which this soil developed. Calcium is the dominant
basic cation on the exchange complex of all horizons. The Aej horizon
has the highest total carbon and total nitrogen content of the minéral
horizons in the profile.

Extractable sesquioxides generally decre;se with increase in
depth of the profile. However, eluviation of colloidal clay is evident
from the X-ray diffraction patterns (Fig. 15). Degradation of clay in
the Aej horizon is indicated by the presence of the continuous 10 to
14 R reflection, which is represenfative of interstratified 10 and 14_2 |

clay minerals., Illuvhtion of clay into the Bfj horizon is evident
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Pigure 15. X-ray diffraction patterns of the total clay fraction from
the horizons of the Degraded Dystric Brunisol (Class B)
profile.
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from the 14 & vermiculite peak when compared to that of the other hori-
zons in the solum. Similar characteristics have been reported by Car-
biener (1963) for Cryptopodzolic Ranker soils of France.

The morphological description and analytical result for the

Alpine Dystric Brunisol (Class A) soil are presented in Tables XI and

XII. Characteristics of the profile include a poorly expressed eluvi-
ated horizon and a otrongly coloured B horizon. The solum has strongly
to very strongly acid pH values which is lowest in the Aeh horizonm.
Bgchangeable acidity i{s highest in the Bfj horizon. Total carbon and
total nitrogen content decrease progressively with increase in grofilc
dépth. The high amount of organic matter and the moder-type of soil
humus (Plate 3, p. 68) are characteristic of well-drained soils de- .
veloped under larch (Larix spp.) forests (Tikhonov, 1963).

Accumulation of extractable iron and aluminum is evident in
this solum. The increase of these constituents in the Bfj horizon as
compéred to the Aéh horizon suggests that translocation and transforma-
* tion of’sesquioxides are taking place. X-ray diffraction patterns of
the total clay fractions show a distinct increase of 14 R vermiculite
clay in the Bfj horizon of this profile while degradation of clay in
the Aeh horizon appears minimal (Pig. 16). This, together with other
analytical results suggests that the process of podzolization is
operative in this soil. .

The characteristics of this profile are generally similar to
those described by Tedrow, et al. (1958) for Arctic Brown soils in
Alaska developed under conifeérous forest vegetation. The Alpine Dystric

‘Brunisol soil also meets most of the criteria delineated for Brown
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Figure 16. X-ray diffraction patterns of the total clay fraction from )
the horizons of the Alpine Dystric Brunisol (Class A) profile.




99
Podzolic soils in Great Britain (Ball, 1966) and for Sols ochres ou
bruns podzoliques developed under decidous forest in continental
Europe (Duchaufour, 1965; Kubiena, 1953; Valenti and Sanesi, 1967).
The criteria in common with the Ochric or Brown Podzolic soils of
Europe include an ABC type of profile, moder humus, a weakly developed
Ae horizon, a strongly coloured B horizon having poor structure, and
pR values in the order of 4 to 5. This Alpine Dystric Brunisol does
not have the very low base saturation as reported forhitl counterparts
in Italy (Vaienti and Sanesi, 1967).

The morphological characteristics of the Alpine Dystric Bruni-

sol (Class B) profile include distinct horizon differentiation and the

presence of a well-developed Ah horizon (Table XIII). Analytical results
generally reflect the morphological characteriaﬁica of this solum

(Table XIV). The Ah horizon has a very high total carbon and total
nitrogen content when compared to the Bm horizon. Photomdérographs of
thin sections (Plate 3, p. 68) show that the soil humus present is of
the moder type. The Ah horizon has the highest exchangeable acidity and
the lowest pH in the solum. Accumulation of oxalate-extractable sesqui-
oxides in the Bm horizon 1s not evident and the accumulation of citrate-
extractable sesquioxides 1s very limited.

The characteristics of this profile are generally cﬁmparable
to that of the Alpine Dystric Brunisol (Class A). These profiles differ
from e;ch other in the nature of the A and B horizons. The CIaés B soil
has a distinct Ah horizon while that of the Class A soil shows evidence
of eluviation. A chernozemic type of B horizon is present in the Class
B soil versus a brunisolic B in the Class A soil. These differences

likely reflect the nature of the vegetation occurring at these locations.
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The Class A Alpine Dystric Brunisol has developed under larch forest
while the Class B soil has developed under alpine sedge (Kobresia spp.)
vegetation. The foregoing differences between these two soil profiles
eliminate the Class B soil from being classified as an analog of the
Sols ochres podzoliques in Europe (Duchaufour, 1965).
The morphological descripti;ns and analytical reaulto.ibr

the Cumulic Regosol profile are shown in Tables XV and XVI. This soil

is characterized by a very deep Ah horizon overlying a thin C horizon
on top of bedrock. The solum has a slightly acid to neutral pH which
increases progressively with increase in profile depth. Calcium is the
dominant catfon on the exchange complex of all horizons. Total carbon
and total nitrogen contents of the A horizons are high but vary amongst
horizons. C:N ratios are generally of the order of 20 to 30. Photo-
micrographs of thin sections (Plate 3, p. 68) indicate that the soil
humus in the Ah horizons is of the moder type.

The characﬁeristics of this soil are similar to those of the
Atlantic Rankers described by Pranz (1956) and of the Rankers subalpines
ou cryptﬁpodzoliques as classified by'Duchaufour (1965). These similar-
ities include a poorly differentiated A C type of profile, moder

humus, and an Ah horizon depth greater than 8 inches.

B: Streeter Creek Basin

Land. Streeter Creek Basin 1is characterized by steep topography,
savanna vegetation, relatively low precipitétion, and the presence of

Quaternary surficial deposits. Glacial till is the dominant surficial
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deposit and was deposited by Laurentide as ueil as Cordilleran Ice
Sheets. Tills d;rived from these tﬁo sources are locally intermixed in
the basin. The occurrence or evidence of glacio-lacustrine deﬁosits

is attributed to the generally north-facing aspect of the basin which
caused the development of glacial lakes at times of retreat or of
stagnation in the advance of the ice mass. Postglacial colluvial
deposits occur throughout the basin while alluvial deposits are found
along the stream channels.

Laurentide till deposits occur above the mid-slope position

in the northern half of the basin (Fig. 17). These deposits are charac-
terized by neutral to alkaline pH, the presence of Orthic Black soils
having thin sola, and by a grassland vegetation dominated by fescue

(Festuca idahoensis) and oatgrass (Danthonia parryi). Smectite is the

dominant clay mineral present with illite and kaolinite occurring in
minor amounts (Pig. 18, p.120). This till is very compact (Plate 6,
site S14) and contains a high percentage of coarse skeleton.

Mixed Till I was the term used to designate till deposits

containing a mixture of Cordilleran and/or Laurentide till and glacio-
Igcustrine materials. These deposits are the most common parent
materials in the basin. They are found south of the Laurentide t111
region and extend almost up to the ridge which marks the south-boundary
of the pasin (Fig. 17). This till 1s characterized by neutral to weakly
acid pH‘valués, a high degree of compaction (Plat; 6, site S15), a
relatively qmail amount of coarse skeieton, and soils having deep sola
with strong, columnar»macro-structure. The coafse skeleton fraction

contains chiefly Cordilleran till erratics, i.e. Mississippian 1ime-
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DESCRIPTION OF PLATE 6

The photomicrographs of the C horizons show that these
horizons have a dense matrix. The C horizon at site 14 and the IIIC
horizon at site 15 have similar kinds of fabric, as i{s evident from the
density of the matrices and the sizes and distributions of the lkelcton_
grains. The IIICg horizon at site 22 has an extremely dense matrix
containing many small skeleton grains.

The photomicrographs of tﬁ? Ah horizons depict three types
of fabric. The Ah horizon at site 14 has a relatively dense matrix in
which the skeleton grains are closely bound to the plasmic material.

In addition, the niner;l and organic components of the plasma are fairly
intimately associated with one another, which is indicative of a mull-
like moder tending to a mull type of soil humus. The Ah horizon at
site 19 has a loose matrix and has a micro-structure consisting of
individual granules of plasmic material. The skeleton greins are
relatively loosely bound to the plasmig material. Segregation of
mineral ind organic plélmic material is evident which suggests that
the humus in this horizon is of the mull-like moder type, tending to
the moder type.. The micropedological features of the Ah horizon at
site 28 are intermediate to those of the Ah horizon at sites 14 and
19. This Ah horizon has a loose soil matrix in which'the skeleton
grains are bound to the plasmic material. 'The nature of the associa-
tion ﬁetween the plasmic constituents is typic of a mull-like moder 

type of humus.
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stone fragments. Granite'erracicq reflecting Laurentide till are also
present. Smectite is the dominant clay mineral; kaolinite and illite
are present in minor to trace amounts (Pig. 22, p.136).

‘Mixed Till II was the term used to designate a mixture of till

;nd lacustrine deposits which contained a distinguishable amount of
local, ‘channery rock fragments. This soil forming parent material is
found at the higher elevations in northerly-facing topographic posi-
tions (Fig. 17). It is characterized by neutral pH values, extreme
compaction, the presence of sandstone fragments, and by deep soil sola.
The assumed upper limit of the degree of conpaction for this till
phase is shown on the photomicrograph of the IIICg horizon at site S22
(Plate 6). Dominant'clay minerals are smectite, vermiculite, 1llite
and kaolinite (Pig. 20, p.129; Fig. 21, p.133).

Glacio-lacustrine deposits generally appear to have becoue

incorporated into the till upon advancement of the glacier. Sandy
disconformities between till deposits were assumed to be representative
of former strand lines.

Postglacial colluvial deposits were observed to be separable

on the basis of source material. Colluvium derived from t{ll and from
residuum were recognized in the basin. Till-colluvial deposits a£e
normally thin while residual-colluvial deposits are quite thick. The
latter are usually found near rock outcfops and tend to’hav; a cumulic
type of soil profile development, Residual colluvium is distinguishable
from till colluvium by a more uniform particle size distribution and

the dominance of channery fragments in the coarse akeletoﬁ.

Residual deposits were encountered on the higher ridge crests
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of the basin. Mappable areas of sandstone and siltatone residuum were
found; shale residuum was of minor significance. These residual depo-
sits are associated with gently to moderately sloéing terrain and
generally support a grass vegetation dominated by fescue aqd oatgrass.
The sandstone residuum is characterized by ; sandy loam texture, the
presence of channery rock fragments, and prominence of kaolinite clay
(rig. 19, p.124). Siltstone residuum 1is charscterized by an uniform
silt loam texture, an alkaline reaction and the absence of coarse
skeleton. . |

Alluvial deposits were found chiefly in the lower reaches
of the basin along the drainage channels. These deposits usually

support a grass vegetation dominated by timothy (Phleum pratense) and

have soils belonging t; the Gleysolic and Chernozemic Order. The de-
posits are characterized by the presence of various strata exhibiting
variable degrees of sorting. Alluvial fan deposits were encountered
at the foot of steep erosion channels and were characterié;d by
neutral to alkaline pH values. Soils developed on alluvial deposits

are generally very deep, somet imes exceeding 4 feet.

Soils. The enclosed soil map of Streeter Creek basin presents an out-
line of the qoils occurring in the area. The soils are grouped accord-
ing to Subgroup or Subgroup Class classification. The Subgroup.classes
were not delineated as separate entities on the map but were coqsidered
as complexes on the basis of profile and/or classification similarities.
As a cdnaequence, Montane and Montane Eluviated Black soils are present-
ed by a single designation. Similar Subgroup Classvcombinations vere -

used for the Eroded and Thin Orthic Blacks, the Deep and Cumulic Orthic
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Blacks, the Cumulic Rego, ‘Carbonated Reg.o, and Carbonated Cumulic
Rego Blacks, and the Dark Gray maiogs of the Black soil groupings. A
total of 14 soil groupings are outlined on the map, ranging from :
Orthic Regosols to Orthic Gray Luvisols. The location of the tqli.ns
sites of the mapping units are shown in ?igute 17. Detailed morphologi-
cal descriptions and analytical resultc for each of the sampled profiles
are presented in Appendix II-B. i

The soil map shows that the soil pattern is very .cowlex in
this basin. There is no evidence of vertical zonation of soils; how-
ever, the distribution does reflect the biotic factor. Degraded |
Eutric Brunisols, Dark Gray Chernozems, Dark Gray Luvisols and Orthic
Gray Luvisols are always found under forest vegetation. All other
soils are generally found under grassland vegetation but may occur under
forest vegetation. Deep and Cumulic Black Chernozemic soils usually
occur below the mid-slope position while Thin, Eroded, Eluviated Mon-
tane, and Montane Orthic Blacks are encountered above the .ni.d-slope
position., Soils under forest ‘apparently have nc; distinct distribution
pattern.

Gray Luvisol (formerly Gray Wooded) soils in the basin belong

to the Or‘thic or Dark Subgroups. Soils of both Subgroups are generally
located in moderately to strongly sloping positions in the discharge
area of the regional groundwater system.' They are generally developed
in thin colluvial deposits overlying ‘mixed till" material. This
colluvial deposit is usually less than 6 in. thick in the Orthic Gray
Luvisols and may exceed 1 ft. in the Dark Gray Luvisols. Orthic Gray.
Luvisols are associated with black poplar (Populus trichocarpa) forest

vegetation and occupy an elevational position on the regional slope
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below that of the Dark Gray Luvisols.

Butric Brunisol soils in the survey area were all found to
belong to the Degraded Subgroup. These Degraded But ric Brunisols are
normally encountered above the mid-slope positions of the basin. They
are generally located in the moderately to strongly sloping, local ground-
water discharge areas which constitute part of the regional groundwater
recharge area. Degraded Eutric Brunisols which occupy these topographic
positions are characterized by a thin colluvial deposit overlying till-
derived material. These soils can be considered as topographic analogs
of the Orthic Gray Luvilol;.

Dark Gray Chernozemic soils in the basin are generally found

abové the basin mid-slope positions under trembling alpen'(Pogulhs
tremuloides) vegetation. These soils are developed from deep collu-
vial deposits overlying till or bedrock. The colluvial material is
usually derived from residuum which may be the reason for the grayish
brown colour of the Ah horizons. Thin Orthic Dark Gray soils are nor-
mally gncouhtered at the ridge crests while Deep Orthic Dark Gray
soils aré found downslope from the cre;tl. Cumulic Orthic and Rego

Dark Grays occur at the base of slopes near rock outcrops.

Black Chernozemic soils are the dominant soilp in the basin.
The Subgroup Classes recognized were Monﬁane Orthic, Montane Eluviated,
Thin, Eroded, Déep and Cumulic Orthic or Rego Black. Soils belonging
to the Montane, Eroded, and Thin Orthic Black Classes are usually found
above the mid-slope position. These soils are associated with fescue-
oatgrass grassland vegetation. The Montane Orthic Blacks were delineat-

ed on the basis of the "fluffy" consistence of the Ah horizon} Eroded
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Orthic Blacks were distinguished by the presence of an Ah horizon
less than 3 in. thick and Thin Orthic Blacks by an Ah horizon having a
thickness ranging from.3 to 6 inches. Deep and Cumulic Blacks are
generally found below the mid-slop? position. These soil; usually
support timothy grass in the valley bottoms and a mixture of grasses
and forbs on the slope positions. The separation of Deep from Cumulic
Blacks is arbitrarily based on Ah horizon thicknesses ranging from 6 -
12 1n.Aand greater than 12 inches, respectively. Most of the Deep Black
soils were found to have a cumulic Ah horizom.

Regosolic soils belong to the Orthic and Cumulic Subgroups.
The Orthic Regosols were separated into Classes on tﬁ; basis of pre-
esence 6r absence of a non-chernozemic Ah horizon. Those Orthic Regosols
which have a non-chernozemic Ah horizon were formerly classified in the .
Deorcic Regosols Subgroup (N.S.S.C., 1965). Orthic Regosols are
generally characterized by a thin solum overlying bedrock and occur
on steeply to very steeply sloping terrain which supports : sparse

stand of 1imber pine (Pinus flexilis). Cumulic Regosols occur on vefy

steep slope’ under trembling aspen vegetation. These soils are charac-
terized by deep, non-chernozemic Ah horizons which are usually over 1
foot thick. Bedrock is normally encouﬁteted within 36 inches of the
land surface.

Imper fectly and poorly drained soils in Streeter Creek Basin
could not be classified properly by the Canadian System of Soil Classi-
£1cation (N.S.8.C., 1968). Mottling and/or gleying are generally poor-
ly expressed in such soils (Appendix II-B). As a consequence, these
soils cannot be classified at either the (Gleyed) Subgroup or the

(Gleysolic) Order level. Analogous to the recommendation for soils in
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Marmot Creek Basin, it is suggested that soil drainage be deterqined
according to the position éf the ;oil in the groundwater system.

Analytical results for the Chernozemic soils in the basin
(Appendix II-B) show conuiderable variation in the characteristics of
the Ah horizonn amongst such soils. Thin Orthic Black soils generally
contain .core total carbon and have a higher cation exchange capacity in
their Ah bofizon than is present in the Ah horizon of the Montane,
Deep, and Cumulic Blacks. This can be explained by the residual or
colluvial nature of the parent material in which the Aﬁ horizon of the
latter soils developed. The total carbon contents and cation exchange
capacities of Deep and Cumulic Dark Gray soils are cvcﬁ lower than that
of their Black Chernozem counterparts. This can be accounted for by
the more attive deposition of colluvial matetial'in the Dak Gray soils
as compared to the Black Chernozems.

The variations in total carbon content of the chernozemic Ah
horizons are distinguishable in the field by differences in soil consis-
tence. A soft and "fluffy" consistence is associated with a lov total
carbon content, while a slightly hard to hard consistence is associated
with high amounts of total carbon. The soft and "fluffy" consistence
is most pronounced in the Montane Orthic Black soils and is evident to
a lesser degree in th; park Gray and Cumulic Black soils. Thin section
studies (Plate 6, p.107) suggest that the consistence of chernozemic Ah
horizons is indicative of the type of soil humus present. The soft and
"fluffy" consistence of the Ah horizon from the Montane Orthic Black
goil at site S19 reflects a mull-like moder type of humus which tends
towards moder humus. The slightly hard to hard consistence of the Ah

forizon from the Thin Orthic Black soil at site S14 reflects a mull-like
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moder type of humus which tends towards mull humus. A typic.mull-lik.
moder type of soil humus is present in the Ah horizon of the Cumulic
Orthic Black 361; at site S28. Density - fractionation of the organic
matter (Henin and Turc, 1950) from the afore-mentioned Ah horizons
{ndicates that soils with a "fluffy" consistence contain appreciable
amounts of unhumified organic material. This, as well as results .
reported by Dudas (1968), provide support for the mull-like moder
nature of the humus in the Ah horizom of Chernozemic soils from this
basin.

The morphological description of vell-draineé soils in the
basin (Appendix II-B) show a progressive increase in podzolization from
the Orthic Black Chernozem soils to the Orthic Gray Luvisol soils.

The transformations in morphology resemble those reported by Beke (1964)
and by St. Arnaud and Whiteside (1964). This increase in podzolization
is also reflected in the analytical soil characteristics (Appendix II-
B). The pH of the upper horizons in the solum and the organic matter
content of the A horizons decrease from the Orthic Black Chernozems to
the Orthic Gray Luvisols. This is accompanied by a progressive increase
in the total exchange capacity and in the extractable iron and aluminum
content of the B horizons. Similar results have been reported for
Chernozemic to Podzolic sequences of soil profiles from Sasfatchewan
(St. Arnaud and Mortland, 1963) and Manitoba (Beke, 1964). A detailed
study by Dormaar and Lutwick (1966) on selected soils of Streeter Creek
Basin supports the occurrence of progressive podzolization in these
soils. Changes in soil organic matter and gonstituent humic acids were

found to reflect the advent of podzolization more strikingly than other
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soil characteristics.

The soil sampling sites selected to represemnt the variation
{n soil development are sites 14, 15, 18, 19 and 22 (PFig. 17). The
soils at these sites, when arranged according.to ipcreasing degree of
podzolic degradation are: Thin Orthic Black (site 14), Montane Orthic
Black (site 19), Dark Gray Luvisol (site 22), Degraded Eutric Brunisol
(site 18), and Orthic Gray Luvisol (site 15).

The morphological description and analyéical results for the

Thin Orthic Black profile are presented in Tables XVII and XVIII, res-.

pectively. This soil is characterized by a truncated Ah horizon which
has an overall thickness of less than 6 inches. The solum 1is medium
acid to neutral in reaction with the Btl horizon being the most acid
horizon in the profile. Cation exchange capacities decrease with in-
crease in profile depth. Calcium is the dominant cation on the exchange
complex of all horizons. The Ah horizon contains a normal organic car-
bon content and has a C:N ratio which is characteristic for Chernozemic
soils (Russel, 1961). A distinct accumulgtion of clay and citrate-
extractable iron is evident in the Btl horizon.

Accumulation of extractable iron in the solum as compared to
the parent material suggests that in situ release due to weathering of
minerals is active in this soil. The higher extractable iron content
in the Ah horizon as compared to the Bt2 horizon indicates that trans-
location is'npt,taking place. There.is also no evidence of clay mineral. .
wéathering ‘from the diffraction pattérns (Pig. 18),,although the dif-
fractogram of the glycolated Ah horizon sample is distinctly different

from those of the othexr horizons in the solum., A broad shouldered 17 x
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Plate 7. Photographs of soil profiles from Streeter Creek Basin.

Thin Crthic Black {site S14) Degraded Eutric Brunisol (site
S18)

Dark Gray Luvisol (site $22) Orthic Gray hLuvisol (site S15)
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reflection is evident on the diffraction pattern of the glycolated
sample of the Ah horizon as compared to a sharp reflection in those of
the B an& C horizons. Brown (1961) has suggested ths this broad peak
may be caused by the presence of organic molecules in the interlattice
spacings of smectite while White (1950) has shown that veathered~£11£tc
could produce such a peak. The more likely explanatiog is that of
organic interlayering. The high proportion of smectite in the élay
frattion of the lower horizoms in the profile appears to be character-
{stic for soils developed in Laurentide till (Kodama Qnd Brydon, 1964).

Characteristics of the Montane Orthic Black profile include

uniform horizon thicknesses (Table XIX) and a medium Acid soil reaction
(Table XX). Total carbon and total nitrogen contents as well as cation
exchange capacities decrease progressively with increase .in depth with-
in the profile. Calcium js the dominant cation on the exchange complex;
although, the solum has an unusually high exchange acidity for a Cher-’
nozemic soil. The Btj horizon has the lowest pH and a slightly higher
clay content than the other horizons in the profile. Extractable sesqui- -
bxides‘remain practically constant in content throughout the profile.

The minor variations in the quantities of sesquioxides are
principally attributable to oxalate-extractable aluminum. Unlike
other Chernozemic soils (Beke, 1964; St. Arnaud and Whiteside, 1964),
aluminum is the major oxalate-extractable sesquioxide in this soil.
Degradation qf clay is not readily evident from the diffraction patterns
for this soil (Fig. 19). However, éiffraction patterns of the glycolated
samples show that the Ah horizon sample has a weak, broad 14 to 17 2

reflection as opposed to the strong, sharp peak on the diffractograms

of the other horizons, The broadness of the reflection is considered
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Figure 19, X-ray diffraction patterns of the total .clay fraction from
the horizons of the Montane Orthic Black profile.
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to indicate organic interlayering, while its weakness suggests that
breakdown of the smectite structure is taking place with the concurrent
release of aluminum. TheAdouinance of smectite clay in this profile
and the prominence of kaolinite clay reflect the clay mineral distri-
bution in the parent rock material (Carrigy and Mellon, 1964).

The characteristics of this profile meet the requirements of
an Orthic Black Chernozem as established by the National Soil Survey
Committee (1968). However, the "fluffy" consistence when dry and the
relatively high gxchangeable acidity are not characteristic for
Chernozemic soils (Beke, 1964; Dudas, 1968; St. Arn;pd and Whiteside,
1964). Considering the climatic conditions at the sampling locatiom,
this soil is likely to have develo}ed under cold climatic conditions |
representative of subalpine regions. However, the vegetation is not
characteristic of subalpine regions, 8o that this soil cannot be exclud-
ed from the Chernozemic Order on the basis of vegetation qnd perhaps of
climate.

The morphological description and- analytical results for the

Dark Gray Luvisol profile are shown in Tables XXI and XXII, respective-

ly. The upper solum has a medium to s}ightly acid pH and the soil is
characterized by the presence of a thick Ah horizon overlying an Ae
horizon. The pH values in the solum decrease progressively with increase
in profile depth up to and including‘the 11Bt1l horizon, whereupon they
become more basic. Calcium is the dominant cation on the excﬁange
complex of all horizons. The Ae horizon generally has less than half

the exchange capacity of the other horizens in the solum. Accumulation
of citrate-extractable iron is evident in the B horizonms. These results

agree with those reported for similar soils from Saskatchewan (St. Arnaud
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and Whiteside, 1964).

Degradation of the Ae horizon is suggested by'the low exchange
capacity, although other result s indicate that degradation of this
horizon is relatively weak. The higher citrate-extractable iron and
insignificant decrease in clay content of the Ae horizon as compared
to the Ah horizoe indicates that the low exchange capaeiey of the Ae
horizon is chiefly due to the lack of organic matter. Limited ueatper-
ing of the Ae horizon is also evident from X-ray diffraction results
(Pig. 20). The glycolated sample of the Ae horizon hes a broad, 14 to
20 & reflection on its diffraction pattern which i{s considered to
indicate 1nterltrat££1cetion of clay minerals (Jackeon, 1956) . . Corres-
pondingly, diffractograms of the Ah horizon, show broad 14 2 and 17 £
peaks indicative of organic interlayering as previously suggested.

The X-ray diffraction patterns of the major horizons of this
profile reflect the influence of the source material. Kaolinite clay
is very prominent in the Ah and Ae horizons which is characterietic
of the residual colluvium material 1n which these horizons developed.
Smectite and vermiculite are the dominant clay minerals in the IIBt2
horizon developed in mixed till II material. The weathered shale |
parent material of the IIIC horizon contains a similar clay mineeel
suite as the mixed till II, although the components are present in lower
quantities.

The characteristics of the Degraded Eutric Brunisol soil

fnclude a weakly expressed Aej horizon (Table XXIII) and a very strongly -
to strongly acid solum (Table XX1V). Upper horizons in this solum have
a relatively high exchange acidity and low total exchange capacity. The

soil is highly base saturated as determined by NaCl extractions, with
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Figure 20. X-ray diffraction patterns of the total clay fraction from
the major horizons of the Dark Gmy Luvisol profile.
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calcium being the dominant cation on the exchange complex. Total carbon
and oxalate-extractable sesquioxides generally'decraase with increase in
profile depth. Total clay content and exchange capacitiés increase with
depth in the profile. The clay content in the B horizon meets
the requirement for a Bt horizon.

Accumulation of clay and of citratq-extractable iron in the
B horizons indicates that eluviation processes have taken place. De-
gradation of the Aej horizon is suggested by the diffraction pattern
of the glycolated samples (gig. 21). The 17 R smectite peak on the
diffractogram of the Aej horizon is broad and shouldered and weakly
expressed as compared to that of the Bm2 horizon, indicating that
weathering has taken place. The distribution of smectite in the solum
suggest that illuvial clays are present in the B horizon. Presence
of illuvial clay, a diagnostic Bt horizon, and the strongly acid pH
of the solum excludes this soil from the Degraded Eutric Brunisol Sub-
group of the Brunisolic Order (N.S.S8.C., 1968) . Similar results were
reported by Pawluk, Peters and Carson (1967) for a Montane Dégraded
Brown soil of this physiographic regionl

The morphological description and analytical.results for the
Orthic Gray Lu§1301 profile are presented in Tables XXV and XXVI. This
soil is characterized by moderately acid pH values and a high base
saturation; Accumulation ;f clay and sesquioxides is evident in the
B horizons. Smectite clay is the dominant clay mineral in the solum
(Fig. 22). This soil meets the criteria for the Orthic Gray Luvisol
Subgroup within the Canadian System of So;l Classification (N.S.S5.C.,
1968). The characteristics of this soil are generally similar to fhose

of Orthic Gray Luvisols in the Great Plains region of the Prairie Pro-



133

' | | : i
- GLYCOLATED

Aej ‘ '
| Aej

HEATED

(550°C)

=

7 0 12 B0
" ¢" spacing

Pigure 21. X-ray diffracti
. the major horizons o

7
(R)

10

142 190

on on patterns of the total clay fraction from
£ the Degraded Eutric Brunisol profile.



134

. z/S ¥k 01 €/9 ¥X 01 - .
w1ty snoydaoume 10 unoxq ysyieasd unoxq a1ed +021-96 o111
£nd01q ‘Sueqns €/% & 01 v/9 ¥& 01
uxyy 9831800 AWIA 10%8’ unoxq unozq °* 113K Y817 96-%L OHIII
£yoo1q °Busqns z/v 9 01 v/9 ¥X 01
wiyy 9savod Buoxls 4 uaoxq YsyAex8 x}xep unoiq ° 1124 UBIT yL-LY €39I1
£xd01q ‘Buwqns 1/9 ¥& 01 z/s ¥X 01
w13y L19A 98IWOD Suoxls o) Ae18 Nxep unoxq YsTiead Ly=-T9 73911
£xdo1q °Buwqns Z/9 ¥& 01 4/9 ¥X 01 . :
w1p3 £19A 9831800 Suox3s o unoaq ysyLead yxep uaoxq 119K YBIL 90T 13911
© . Kyd01q *Busqns Z/9 ¥ 01 €/9 ¥X O1
w33 suyj 8Buoaas 10 Kex8 ysjumolq W8T1 unmoiq 3ted 02-01 qvil
¢/y 4& 01 €/9-2/9 ¥A 01
unoaq unoaq ated o3 .
21qv33} £3e1d ywon 1 jyxep 03 umO1q £ea8 - 112& UBIT 01-0 av
0-v H-1
(wo)
2OUISTHUOD 23IN30N33§ 2INIXIY 38JOR 010D Lig 30199 qideq UOZTIOH

*33 019% :uoFIWART

NISVE YEEYD BIIEMUIS - S1 911S 40 NOIJJI¥DS3A FIXI0¥d

1os1An] £e1d OTYII0

{uOTIBITITSSEID

*AXX TTEVL




135

‘p°u ‘p‘u °‘p°uU °‘p'U ‘pP°U ‘PTUP’U °pP°U ‘pP°W °pP°U  §°9E 09°Z ¥9°T 8 6T €y 8T 11 +0T1-96 o111
#° 0°1T %1 '€ €1 99L'c 6L £ 9811 90 6S°CT ST ST L€ 9y L1 € 96-%L ogIIl
¢ €1 T'1 T1°€E 2T £'CHE 98 6S ¥y 1 09°C €S°'T 61 9¢ €€ 1€ 0 %i-Ly €€l
1° € ¢ L S %18 1" ¢£°'1€°¢ 1°6h 66*T O%'1 9€ (9 8 S T Iy rAl:084
s 1’1t £°1T 1°C 0°92°€ L'L L9911 1Ty %°CT %1 Y2 9%y % 0 1 TYy0¢C 13411
1" ¢ 9 1T 9 ¢°1T2t 0€¢ L'1¢e°Y L°9% 1S'T LE°1 81 SE v 1T 9 0c-01 Vi1
| S & s° €1 €. 8 8° 1°C S'16°¢ €°9S H$6'T 91°T 9 L1 Ly 9t ¢ 01-0 awv

.v.c .v.n ‘voc .v.u .o.g Ivontvog .vlc .v.c .v.: .v.: .v.g Oﬂ.\lﬁ.‘lﬂ.v.a.vtaovogﬂvog °'¢ m - QH
Uy °mwd °uy ‘WO °‘uy °®W °"uy ‘WO ‘U WP % oo/w8 ¢ % % % %4 W

*ISTOR*IBAH  "O°M°Y savg g1 sxeg ¢/1 *ded "3eg ‘aw39 °‘suaq 24 O IS S 9
sysiisuy 9IN3ISTOR *goaog °deds AIng STsLTEUV TEITUBYIIN yadag UwozTaoH
ﬁO. nn. .v.u .v.a O‘Qg .v.u Ivoc .vlﬂ .v.g .v.g .v.a .v.g cv.a L] .n o.h 3“”'00 OHHH
*peruspru  °p°u ‘p‘u ‘p°a ¢ee 1 86 X 0 ‘p'u *p*u 90° 8°'1 T1°L 96-%1 ogIIl
‘peucpcu  ‘p°u °‘pru ‘peu [ Al X4 11 L € 1 8 ot 0° 9° 6°S %wL-LY 3411
%0 %6° ‘p'u ‘p°u ‘p°u 1°¢tt (A S 8L € 0 L 81 L0° €1 L°S I%-2Yy 23411
20° oL° ‘pru ‘pu ‘p*u L st 6 SL € 1 (A ¢l 80° 6 €°'S THh-0C 13411
*peu‘pcu  °p°u ‘p°u ‘p*u 9°Ll" 01 €L S 1 11 Z1 60° 6° 09 0¢-01 - EVI1
10° €£9%° ‘p'u ‘p°u ‘p'u gt o1 99 9 1 L1 1T €T 61T 29 01-0 av
‘peucpcu  ‘p°u °p‘u ‘peu s* 12t S 8 € 0 L *Pru 49°T T1°%t 8°9 0-v H-1
2 % % 2z % suBpQ1/om % % % y 4 r 3 2 % ) wo
v ¥4 1Iv 94 °D°%°D *PIOV N
9391310 ajeyexp °puadaq ‘0° 'L ) ®d A ©N “UYdxz orIny N 0
toZea vaxg . «gpd sjsi1euy aBueyoxyg N/O 303 °303 Hd yideg UOZTIIOH

¢1 21IS IV TOSIANT AVED DIHINO FHL 20 SOLISIYIIOVIVHD TVOIIRTVNV “IAXX IT4VL



136

| T . Y | | R
GLYCOLATED HEATED * (550°C)

p———— 4

Ae

ILBté |

W
|

{ i . 1
6 weep

d" spacing () )
Figure 22. X-ray diffraction patterns of the total clay fraction from
the major horizons of the Orthic Gray Luvisol profile.
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vinces (Beke, 1964; Pawluk, 1961; St. Arnaud and Whiteside, 1964).

C: Deer Creek Basin

Land. Deer Creek Basin is characterized by steep topography, low.
effective precipitation, lodgepole pine (Pinus contorta) vegetationm,

and the presence of Quaternary surficial deposits. These surficial
deposits are dominantly till and are derived from the Laurentide Ice
Sheet. A mappable, glacio-lacustrine deposit occurs in thc'louer
reaches of the basin. Postglacial deposits include both colluvial and
alluvial materials. Colluvial deposits occur throughout the basin while
alluvial deposits are encountered along the stream channels.

The Laurentide till deposits were found to be separabl.é into

three phases; namely, Till I, Till IX A, and Till II B. The term

Till I was used to indicate those deposits which are well comminuted.
Such deposits are normally found in the southern, lower half of the
basin along stream channels. Till II A désignates very compact deposits,
containing felatively few sfonea. It is generally.éssociaced wvith
imper fectly drained soils and an understory of alder (Alnus, spp).
vegetation. Till II B was the term used to distinguish less compact
deposits similar to Till II A Put containing a large amount of coarse
skeleton. The II B phase of the Laurentide till deposits is generally
found on slopes below bedrock highs. Both the II A and II B till phase
have a neutral to slightly acid pH and are normally less than 5 feet
thick above the midslope positions.

Glacio-lacustrine deposits are found near the lower boundary

of the basin under mixed aspen-pine tree vegetatioh. These deposits

are believed to be the result of the formation of a pro-glacial lake
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in the Red Deer River Valley which adjoins the basin. The lacustrine
deposits are generally stone free and have a strong to moderately acid

pH. Buried soil profiles are present in these deposits.

Postglacial colluvial deposits are generally less than 1
foot thick and occu; throughout the basin. Deep deposits were chiefly
encountered in the West Deer Creek sub-basin (Fig. 23) on very steep,
south- and east-facing slopes below rock outcrops. They are usually
associated with grass or aspen vegetation. Aléhough not delineated as
a separate entity, a well-sorted colluvial deposit was encountered on
the well-drained soils in the vicinity of the Main Stgm and West Deer
Creek confluence area. This material is ususally associated with the
comminuted till, which suggests that these two deposits reflect shallow
laking conditions at an earlier time.

Alluvial deposits are found in the drainage channels. These
deposits are characterized by sorted layers of coarse and finer sediments
and thg‘gresence of buried soil horizons. In general, they contain a
large amount of fine gravel.

Postglacial volcanic ash deposits were encountered in moder-

ately sloping positions, but were generally too limited in extent for
mapping purposes. Only one mappable area was present in the basin.

The relatively pure ash from this location is expected to'be of

Mazama 6rigin. Mixed ash and colluvial materials tend to be present in
the upper horizons of well-drained Bisequa and Brunisolic Gray Luv;sol
soils.

Weathered shale layers were found as parent material in some

{mper fectly-drained soils at the higher basin elevations. These layers

were underlain by slightly altered sandstone bedrock. Such shale layers



. ’ 139
v 1 ¥ - - ‘.-;..“ Vot ¥ .*.?‘., .
N * »~ -‘.:l ) L. ; ~ * : f .;? v‘,
—f"\o\. . c“- :‘ k"i .
/,J b‘\-’\\-\ .'r;.“"
{ PPN
] ~< .
1 ~——— .
| BN .
{ b}
|
|
N
”
{
‘ \
) ~
I 1
| |
J !
7 ' '
1
! \
I \
! )
KN - 1
N \ \J/ \ -~ .
”~ P
\ o
A\ ’
\ /
/J
LEGEND ‘ S 4
Y / !
x8 Sampling Location :\_ __.!.,'_‘:_
”~° ;
Lac Lacusirine h Liac
x
TI  Comminuted Till ¥ S
T Tl )
Cc Colluvium

Figure 23, Sampling sites and
Deer Creek Basin.

distribution of parent materials in



140
are characterized by the absence of coarse skeleton and the presence

of small shale fragments.

Soils. The distributions of soils in the basin are outlined on the
enclosed soil map. Delineation of the soils is at the Subgroup level
of abstraction according to the Canadian Soil Classification Scheme. A’
total of 18 soil subgroups are shown on the map, .ranging fr&m Terric
Fibrisol to Bisequa Gray Luvisol. Locations of the mapping unit sampl-
ing sites are shown in Figufe 23. Detailed morphological descriptions
and analytical results for each of the sampled profiles are presented
in Appendix III-B.

The soil map shows that bray’Luwisol soils are the principal
soils in this basin. There is no evidence of soil zonation in the

basin. Gray Luvisol (formerly Gray Wooded) soils in the basin are

found in the moderately well and imperfectly-drained positions under
lodgepole pine vegetation. Well-drained Brunisolic and Bisequa Gray
Luvisols tend to occur in moderately to strongly sloping positions either
at the tidge crests or near the valley bottoms. These soils are usually
associated with mixed gsh and colluvial deposits overlying the 'stony,
till phase (Till II B) material., Orthic Gray Luvisols are found in
locations where this mixed colluvial deposit is absent. Gleyed Orthic
and Brunisolic Gray Luvisols are generally encountered below the mid-
slope position. Dark Gray Luvisols were found on very steep, east-’
facing slopes. The presence of alder as dominant understory vegetation
appeared to be associated with moderately well-drained Gray Luvisols

on moderate slopes and with imperfectly drained Gray Luvisols on steep

or very steep slopes having a thin colluvial deposit over till.
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Butric Brunisols in the basin belong chiefly to the Degraded
Subgroup; The greater part of the Degraded Eutric Brunisols are wella-
drained and occur in the headwaters of the tributaries under mixed
aspen and pine forest vegetation. In general, these soils are assoc-
iated with steep to very steep slopes having relatively thick colluvial

deposits.

Dystric Brunisols belonging to the Degraded Subgroup are found

{n the lower reaches of the basin. These soils are characterized by
glacio lacustrine parent materials and moderate slopes, and occur under
mixed-aspen-pine forest vegetationm.

Black Chernozemic soils in the basin belong to the Rego

Subgroup. These soils usually hnée a cumulic Ah. horizon and are as-
gociated with grass vegetation. They are normally found near the drain-
age pathways on deep colluvial depositu.

Dark Gray Chernozems belonging to the Cumulic Rego Subgroup
are delineated in only one locatign in the basin. These soils charac-
teristically occur on steep southerly-facing slopes which have thick
colluvial deposits. They are associated with aspen vegetation.

Regosoiic soils encountered in the basin belong to the Orthic
and Cumulic Subgroups and are of minor significance. Cumulic Regosols
were encountered under aspen forest vegetation and appeared to occur
in positions similar to the Régo Dark Gray Chernozems. Orthic Rego-
golic soils were separated into two Subgroup classes based on the pre-
sence or absence of a non-chernozemic Ah horizon. Both Classes tend
to occur on the alluvial deposits in the drainage channels. They are

normally found under grass vegetation.
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Poorly drained soils present in the drainage pathways were
classified as Pibrisols and Humic Gleysols. Usually they occur as the
dominant member of a soil complex which {ncludes Gleyed Eutric Brunisols.
Soils belonging to the Terric Fibrisol Subgroup are characterized by
moss vegetation while the Orthic and Rego Humic Gleysols tend to be
associated with spruce (Picea glauca) forest vegetation.

The soil sampling sites selected to represent the variation
in soil development are sites 1, &4, 5 and 9 (Pig. 23)f The soils
at these sites are discussed according to increasing degree of dqvelop-
ment. Arrangement of the sites according to degree og soil development .
is as follows: Cumulic Regosol (site 5), Cumulic Rego Black (site &),
Degraded Dystric Brunisol (site 1), and Orthic Gray Luvisol (site 9).

The morphological description and analytical results for the

Cumulic Regosol profile are shown in Tables XXVII and XXVIII respectively.

This soil has a neutral pH and is highly base saturated. 'Calcium is

the dominant cation on the exchange complex. The mineral surface hori-
zon has an organic matter content, C:N ratio, and morphological features
that meet the requirements for a Chernozemic Ah; as defined by the
National Soil Survey Committee (19685. The morphological features of
this profile, together with the analytical characteristics, indicate
very weak pedogenic development. X-ray diffraction results suggests that
organic interlayering has taken place in the smectite clay of the Ahjl
horizon (Fig. 24). The X-ray diffraction results do not reflect the
observed lithological discoptinuity in the solum. This indicates that
the colluvial parent material is derived from déposits similar to the

till underlying the coliuvial material.
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' Plate 8. Photographs of soil profiles from Deer Creck Basin

Cumulic Rege Black (site DA4)

Degraded Dystric Brunisol (site D1) Orthic Gray Luvisol (site D9)
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Figure 24. X-ray diffraction patterns of the total clay fraction from
the major horizons of the Cumulic Regosol profile,



| 147

The .designation of this ioil as a Cumulic Regosol appears to.
be incorrect, although it is difficult to place in the Canadian System
of Soil Classification (N.8.8.C., 1968). Thé worphological features |
of this soil meet the requirements for a Rego Brown Chermozem. How-
ever, this soil is associated with montane mesophytic vegetative and
climatic conditions rather than with the xero-to mesophytic conditions
typical for Brown Chernozems of the Great Plains region. Similar soils
have been described by Duchaufour (1965) in Europe and are referred to
as Sols bruns jeunes. Such soils are found on_south-facing slopes in
montane physiographic regions and are developed under "pelouse for:t
mixte"” vegetation.

The characteristics of the Cumulic Rego Black soil include en

AC type of profile (Table XXIX) and high base saturation (Table XXX).
Bﬁlk density, exchange capacity, and C:N ratio values of the Ahl horizon
reflect its root-sod nature. Morphological and analytical results are
suggestive of weak pedogenic development. This 1is supported by the
X-ray diffraction results which indicate that organic interlayering has
taken place in the smectite clay of the Ah2 horizon (Fig. 25). The
similarity in the diffraction patterns of the major horizons support the
observed uniformity of parent material in this soil.

This soil is not readily accommodated in the Rego Black sub- .
‘group 6f the Canadian Soil Classification éystem, when considering the
characteristics of the Ahl horizon. This horizon should perhaps be
considered as part of the L-F hor;zon; in which case the soil would_meat‘
the criteria delineated for Rego Dﬁrk Brown Chernozems. However, the
morphological characteristics of the Ahl horizon are very similar to those

of the Ahl horizon in the Cumulic Regosol in Mérmot Creek Basin (p.102).
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Figuré 25, X-ray diffraction patterns of the total clay fraction from

the major horizons of the Cumulic Rego Black profile.
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This suggests tpc presence of a moder-type of humus, in which case ihilb
soil cannot be accommodated in the Chétnozemic Order ind is perhaps
better classified as a Cumulic Regosol. .

The Degraded Dystric Brunisol soil is characterized by weak

horizon differentiation (Table XXXI),'medium to strongly acid pH values,
and base unsaturation as determined by unbuffered salt extraction (Table
XXXII). Calcium is the dominant cation on the exchange complex 6! 111"
horizons. Accumulation of oxalate-extractable sesquioxides is evident
in the Btj horizon, but is insufficient to meet the requirenéntl'of a
Bf horizon (N.S.8.C., 1968). This, together with the lack of clay
accumulation suggests that the Btj horizon may best be dea;ribed as a
Bm horizon, despite its morphologic;l expression, |

The'ueak podzolic expression of this profile is supported by
the results for cation exchange capacities and oxalate-extractable iron
contents of the horizons in the solum. Oxalate-extraétable iron con-
tents are higher in the Aej and Btj horizons than in the C horizon.
This suggests an in situ release due to weathering of minerals. X-ray
diffraction results (Fig. 26) do not readily substantiate the observed
degradation of the Aej horizon, although broadéﬁing of its 17 X smectite |
peak is evident. -

In general, smectite is the dominant clay mineral in the solum.
Kaolinite clay is present in minor and illite in trace amounts. The
characteristics of this aoillgenerally meet the crigeria established
for Degraded Dystric Brunisols by the National Soil Survey Committee
(1968) .

The morpﬁological description and analytical resulté for the

Orthic Gray Luvisol profile are presehced in Tables XXXIII and XXXIV,
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Figure 26. X-ray diffraction patterns of the total clay fraction from
the horizons of the Degraded Dystric Brunisol profile.
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respectively. This soil is characterized Sy an extremely to very strong-
ly acid pH, and a high exchange acidity in the upper horizons of the solum,
Calcium is generally the dominant basic cation on the exchange‘comblex.
The soil is generally weakly base unsaturated when determined by neutral
salt extraction. Accumulation of sesquioxides and clay is evident in the
Bt horizons. Clay accumulation is largely the result of fine clay
movement .

The base unsaturation, together with the low pH values, sug-
gests that this soil has a high pH-dependent charge (Clark and Nichol,
1964). However, a high pH-dependent charge is characteristic. of podzolic
Bf horizons rather than the luvisolic Bt horizons (CIark, McKeague and
Nichol, 1966; N.S.S.C., 1968). Such Bf horizons by definition must
contain 0.8% more oxalate-extractable Fe + Al than the C horizon and be-
tween 0.5 and 5% organic matter. The Bt horizons of this Orthic Gray
Luvisol meet the organic matter requirement for a Bf horizon but not the
criterion for oxalate-extractable sesquioxide content. This 1ndicaces
that the high pH-dependent charge in this soil cannot be explained by
the presence of colloidal sesquioxide-ofganic matter complexes as is
typical of most podzolic soils. An investigation for the presence of
Mg-organic matter complexes may perhaps provide a better explanation.

The clay mineral composition of the Orthic Gray Luvisol soil
consists dominantly of smectite clays (Fig. 27). Kaolinite and illite
are present in minor amounts. Interstratification of 14 and 17 § clays
18 evident on the diffractograms of the glycolated samples frdm the Ae
horizon. This, together with the analytical results, reflects thé'pod-

zolic degradation evident in the Ae horizons.
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The morphological and analytical properties of this soil are
generally similar to those of Gray Luvisol soils from the Great Pllina
region (Beke, 1964; Pawluk, 1961; St;‘Arnaud and whiteside,'l96£).
However, this soil di ffers by the lack of organic matter accumulation in
the B horizon, the base unsaturation, and by the prominence of kaol-
inite in the solum. In general, this soil compares well with the Alcan

series described by Pawluk (1961).

Computer Mapping

Alpha-numeric symbols present on the enclosed soil maps de-
note the computer code for the mapping units. Mapping units are re-
presentative of soil series, types; phases, and complexes. These are -
delineated on the basis of slope, internal drainage, nature and depth-
of organic horizons, nature and depth of postglacial surficial deposit,
nature of parent material, and depth to bedrock. Descriptions of these
variables.according to mapping ?nit and computer code are presented in |

4Append£x I-A, Appendix II-A, and Appendix III-A, respectively for

Marmot Creek, Streeter Creek, and Deer éreek Basins. Computer compilation
of areas representing a single mapping unit are included in the computer
code description. Replicas of the computer maps of the basins are shown
in Pigures 28, 29, and 30.

The use of a computer mapping technique for compilation of
soil survey information has apparently not been attempted preyiously.

No attempt was made in this study to investigate the full potential of
the program. It is apparent, however, that the codes employed in the
three basins make it impossible to assbciate a particular code with

specific soil types that may occur in all three basins. This limita-
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tion is inherent to the coding method of the program. Modification
of the program could result in a coding system analogous to the soil
classification coding system. Such a program would then be applicable
to reconnaissance eoil survey use on a national basis.

Computer mapping of soil survey information was generally
found to. be more practical than conventional cartographic procedures.
Mapping by computer reduced the amount of time involved in the pre-
paration of the final soil map ;y several months as a result of the elim-
ination of preliminary maps. In addition, maps such as parent material
or slope maps can be prepared by the computer from the anut data.

Also of time-saving significance is the concurrent compilation of the
size of area representative of any Epecific mapping unit and of rat-
ings, when specified. However, considerable time can be lost as.a
result of compiler system modifications.

The usefulness of the program also includes the delineation
of any single mapping unit from the map-sheet as well as the option
to combine two maps of a particular area into one. The latter aspect
may prove very useful in interpretative soil classification. One of
the most important aspects of computer mapping is the ease with which
such a map caﬁ be up-dated., 1f, fpr instance, a forest fire causes altc;e
ation of soil characteristics over part of the map sheet, all that is
required is a iedefinition of the boundaries and codes of the area
affected. Another example with similar work input would be the incorp-

oration of a’completed detailed survey into a reconnaissance survey

map-sheet.
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Hydrologic Soil Characteristics and Interpretive Classifications

Evaluations of hydrologic soil characteristics were obtained
from site descriptions and from infiltration rate measurements, dis-
persion ratio, compressibility ratio, total storage capacity, and
available water capacity determinations. These analyses were conducted -
in the field and the laboratory on soils which are representative
of the mapping units. Compressibility ratios were obtained by divid-
ing the bulk density of the surface mineral horizon by that of éhe
source parent material. The presence of an impeding horizon within
the 30 in. céntrol section was designated on the basis of stratifica-
tions of the mechanical composition of the sola. |

A: Marmot Creek Basin

Hydrologic soil characteristics. The hydrologic soil characteristics

of the selected soils are presented in Table XXXV. Moisture capacity
results show a relationship that can be equated to depth of the im-
peding horizon. Most of the selected soils have an impeding stratum
within 12 inches of the mineral surface. The impeding stratum generally
reflects an increase in clay content as a result of pedogenaesis or of
parent material stratification within the solum.

Dispersion ratios of the selected soils are generally greater
than 10 per cent, which indicates that nearly all soils are erodible
(Anderson,.1951). These ratios tend to correlate with the Qoils as class-
ified at the Great Group level of abstraction within the classification
scheme. Gray Luvisol and Gleysol soils generally have the higher dis-
persiaon ratio while Ferro-Humic Podzols and Eutric and Dystric Brunisols

have the lower ratios.
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The results of the calculations for soil compressibility
show that most soil surface horizons are quite densely packed. There
are no apparent correlations between the compressibility ratios and
soil or site characteristics. However, high total carbon content to-
gether wiih coarse textures tend to be associated with the more com-
pressible horizons (Appendix I-B).

Mean minimum infiltration rates of the selected soils are
generally higher than the maximum storm rainfall intensity reported for
the basin (p.29). These rates appear to correlate with the nature of
the soil parent material rather than with slope charactgristics as
suggested by Linsley, Kohler and Paulhus (1949). Soils'aith very low
infiltration generally are associated with shale parent material or
fine textured surface horizons (Appendix I-B). Soils developed in
Till I parent material generally hﬁve a final infiltration rate be-
tveen 6 to 10 cm/hour. Uniformity in the mechanical composition of
the parent materials of theDystric Brunisol at site MS‘and the
Perro-Humic Podzol at site M12 explains their higher than average
rates. The infiltration rates at these sites approach that of the
Dystric Brunisol at site M25, where the soil has developed in Till II
material. ‘

Mean infiltration rates for a number of profiles are shown
in Figures 31 and 32, Soil saturation is generally attained within
30 minutes after the start of the experiment. Average initial
infiltration rates vary considerably between soils. Such values general-
ly serve as a poor baéis 6 r comparing soils in view of antecedent
soil moisture content variations at the start of the individual meaﬁure-

ments.,
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The replic@te 1nf11;rat1;n measurements performed at each
site were found to be extremely variable. On the basis of analysis
of pilot study results, Kramer (1968) outlined the magnitude of these
variations and suggested that a large number of replicates were
required in order to assign a representative infiltration rate to the
mapping.units. As a consequence, four replicate measurements were
commonly made per sampling site which resulted in 16 infiltration rate
curves per site. A preliminary multiple regression analysis, carried
out by Kramer (1968) on the data, indicated that the slope variable
was not significant for infiltration rates during the final hour of
measurement. This suggests that the slope effett is lost due to stabil-

ity of the subsurface flow which takes place on slopes.

Interpretive classifications. The hydrologic parameters selected for

interpretive use are minimum infiltration rate, depth to impeding soil
horizon, dispersion ratio, compressibility ratio, and slope. The range
of values encountered for each parameter (Table XXXV) are grouped into
four classes for rating purposes. Minimum infiltration rate classes
are assigned as follows: soils in class A have a rate greater than
15 cm/hr., class B - 10-15 cm/hr., class C - 5-10 cm/hr., and class D -
less than 5 cmf/hour. Classes for depth to impeding horizon are 18-30 in.
for claﬁs A, 12-18 in. for class B, 6-12 in. for class C, and 0-6 in. for
class D. Slope class 1imits are from 0-15% for class A, 15-30% for class
B, 30-60% fér class C, and over 60% for class D.

The classes established for the hydrologic parameters are
equated to the mapping units of the survey area. The suitability of

the soils for water catchment is determined from the interaction
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oé the minimum infiltration rate class and the depth to the impeding
horizon class. Thus, soils which are highly suitable for watershed
management have a high minimal infiltration rate and the impeding hori-
zon is at depth or entirely absent. The suitability map presented in
Figure 33 shows that Alpine and Degraded DystricBrunisols (Class B) soils
are highly suitable for water catchment. Regosolic ;oils are generally
moderately suitable. Gray Luvisols, Ferro-Humic Podzols and Degraded
Dystric Brunisols (Class A) as well as the Eutric Brunisols are general-
ly fairly suitable for watershed management.

Soil capability for water yield improvement is delineated on
the basis of depth to impeding horizon and slope class interactions.
The capab@%tty map presented in Piéure 34 indicates that the capability
of most soils in the upper forested region of the basin reflects their
present suitability for water catchment. Steep slopes are the limit-
ing factor for vegetation conversions on the ao;ls. Programs for
water yield improvement appear more fruitful for the lower half of the
basin where slbpea are less steep. No attempt was made to rate grass-
land soils for water yield improvement, because of insufficient informa-
tion avaiable on the suitability of different grass species for such

purposes.

B: Streeter Creek Basin

Hydrologic soil characteristics. The hydrologic characteristics to-

gether with certain site characteristics of the selected soils are
preszated in Table XXXVI. Results for total and for available mois-
ture storage capacity appeaf to relate well to the Great Soil Group

level of abstraction within the Canadian Sysiem of Soil Classification.
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Eutric Brunisols and Gray Luvisols generally have the lowest moisture
capacities as a result of impeding textural horizons (Appendix II-B)
close to the land surface. Thick and Cumulic Chernozemic soils gen-
erally have a very high moisture storage capacity due to the high
organic matter content and the absence of an impeding horizon within
the control section.

Four total storage and four available moisture capacity
classes can be delineated for grouping of soils in the basin. Classes
for total storage capacity are class A for soils having over 12 in.
total storage capacity, class B soils having 8-12 in., class C soils
having 4-8 in., and class D for soils having less than 4 in. total
storage capacity. Available moiet&ke capacity classes range from 0-1
in. for class D soils to more than 3.in. for solls in class A. These
classes are generally established on the basis of Soil Subgroup.
classification,vegetation type, and parent material type.

Dispersion ratio and compressibility ratio also appear to be
related to the Great Soil Group level of abstraction of the classifica-
tion system. In general, soils with an eluviated horizon are non-
erodible and highly compacted. Soils with organic matter accumulatfon
are usually highly erodible and less compacted. The soils can be
grouped into dispersion and compressibility classes according to soil
Subgroup classification, vegetation type and postglacial colluvium
deposit considerations. Soils groupings for erodibility correspond
to the following dispersion ratio classes: ‘class A has a very low
erosion probability of less than 6, class B from 6-12, class C from
12-18 and class D has a very high probability of over 18. 'Compressi-

bility ratio classes range from 1-,.85 for poorly compressible horizons
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to less than .65 for highly compressible horizons.

Mean minimum infiltration rates of the selected soils are
generally higher than the maximum strm rainfall intensity reported for
the basin (p.33). These rates are chiefly related to parent material
characteristics. Soils with very low minimum infiltration rates are
generally associated with thin colluvial deposits overlying (Lauren-
tide till on which grass vegetation is established. High rates are
associated with thick colluvial deposits and forest vegetation. The
ranges of the infiltration rate classes delineated for soils in the
basin are: class A, greater than 15 cm/br., class B, from 10 to 15
cm/hr., class C, from 5 to lb.cm/hr., and class D, has a rate of less
than 5 cm/hour.

The minimum infiltration rate data presented in Table XXXVI
were obtained from the results of a study by Singh (1969). The rates
reported represent the average rate of four replicate measurements by
the concentric ring method (Katchinsky, 1936). Duplicate measurements
were made at a few sites to compare these results with those obtained

by Kohnke's (1938) method of infiltration measurements (Pig. 35).
| Results obtained by both methods compare favourably at the class level
delineated for the infiltration rate parameter. It is also evident
from Figure 35 that the soils in the basin become saturated within 30

min. of the start of the experiment.

Interpretive classifications. The hydrologic parameters selected for

interpretive use in the basin are minimum infiltration rate, total
storage capacity, available moisture storage capacity, dispersion ratio

and compressibility ratio. These parameters are equated to the mapping
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units of the survey area according to the classes previously outlined.

The suitability of the soils for water catchment is deter-
mined from the interaction of the minimum infiltration rate class and
the total storage capacity class. The suitability map presented in
Figure 36 shows that the greater part of the basin contains soils
vhich are fairly suitablé for watershed management. Chernozemic soils
occurring under forest vegetation are generally better suited than
those under grass vegetation. Gray Luvisol soils are usually among
the least suitable soils of the basin for water catchment.

Soil capability fpr water yield improvement.lt delineated
on the basis of available moisture capacity class, slope class, and
depth to bedrock. Grassland soils are not rated becaul; of insuffi-
cient information available on grass species suitability for water
yield {improvement. The capability map (Fig. 37) indicates that most
soils under forest would not improve water yield on conversion of
vegetation. This result is rather startling when considering that
available water capacity rather than slope i{s usually the limiting
factor. It appears that available water capacity is an unfortunate
choice fo: use as an hydrologic parameter because of the dynamic
effect of continuous incorporation of organic matter on available water
capacity. Perhaps 'p;tential' availaple water capacity could be used
in place of available water capacity, by estimating the increase in
organic matter content which would resulé from vegetatién conversion.

"\e
C: Deer Creek Basin

Hydrologic soil characteristics, The hydrological and certain site

characteristics of the selected soils are shown in Table XXXVII.
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Minimum infiltration rates are highly variable and are not readily
related to any single site characteristic. The very low mean minimum
infiltration rate of the Regosol soil can be ascribed to the poor struc;
ture of the surface mineral horizon and to the presence of the imper-
vious horizon at the land surface (Appendix III-B). A high rate of
infiltration is evident in the Dystric Brunisol which appears to be
associated with the alluvial parent material. The minimum infiltration
rates in the Gray Luvisol soils tend to be associated with slope charac-
teristics, similar to that suggested by Linsley, Kohler and Paulhus
(1949). Gray Luvisols occurring on slopes of less than 15 percent

have a mean minimum infiltration rate of about 5 cm/hr; vhile those on
slopes greatér than 15 percent tend to be over 8 cm/hr. On the basis
of these results the soils have been grouped into four infiltration

rate classes. Soils in class A have a rate greater than 12 cm/hr.,
class B from 812 cm/hr., class C from 4-8 cm/hr., and soils in class

D have a rate less than 4 cm/hr.

The mean minimum infiltration rates used are obtained from
the mean infiltration curves presented in Figure 38, These curves
are compiled from the four replcates obtained by a single infiltration
experiment accordiﬁg to Kohnke's (1938) method. The results show
that soil saturation is generally attained within 30 minutes of the
start of the experiment.

Dispersion ratio values show that only two of the eelected
soils have a ratio less than 10 and, hence, are non-erodible (Anderson,
1951). The low ratio for the Regosol as well as for the Eutric Bruni-
sol is likely the result of the relatively high amount of clay in the

surface horizon (Appendix III-B). The very high erodibility of the
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Gray Luvisol at site 8 may be associated with the steep slope. Soil
groupings for erodibility correspond to the following dispersion ratio
classes: a ratio of less than 6% for soils in class A, 6-12% for those
in class B, 12-18% for those in class C, and a ratio greater than 18%
for soils in class D.

The results of the calculation of the compressibility ratio
fndicate that the Regosol and the Eutric and Dystric Brunisols are
highly compacted. The Rego Black soil is highly compressible which
may be ascribed to the "turfy" nature of the Ahl horizon. Soil group-
ings delineated on the basis of compressibility ratio classes are: a
ratio of 1-.85 for soils in class A, .85-.75 for soils in class B,
.75-.65 for soils in class C, and less than .65 for soils in class D.
All Gray Luvisol soils were assigned to ratio class C.

Total storage capacity results appear to be related to the
nature of the A horizon. Soils having an A horizon in which organic
matter has accumulated tend to have a total storage capacity greater
than 12 in. Soils with a brunisolic Ae horizon generally have a capa-
city less than 4 in. The classes of total storage capacity into whigh
the soils in the basin are grouped range then from over 12 in. for
soils in class A to less than 4 in. for soils in class D.

Results for available moisture capacity show that the sofls
can be delineated into groups on the basis of the depth to the imped-
ing horizon in the profile. The Gray Luvisol soils have an impeding
horizon close to the surface and, consequently, have a very low avail-
able water capacity. The four classes delineated for depth to the
impeding horizon and used for the grouping of soils in the basin have |

the following limits: class A greater than 18 in., class B from 12-18
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in., class C from 6-12 in., and in class D, the impeding horizom is at

less than 6 in. depth.

Interpretive classifications. The hydrologic parameters selected for

interpretive use in the basin are minimum infiltration rate, total stor-
age capacity, depth to impeding horizon, dispersion ratio and compressi-
bility ratio. The mapping units of the survey area are grouped into

the classes previously established for each of these parameters.

The suitability of the ‘soils for water catchment is determined
on the basis of the minimum infiltration rate class and the class for
total storage. The suitability map presented in Figure 39 shows that a
large proportion of the Gray Luviuél soils are poorly suited for water
catchment. Brunisolic soils are generally fairly suitable while
Chernozemic soils are highly suitable for water catchment. This
fmplies that Chernozemic soils have a high final infiltration rate and
a large total storage capacity.

Soil capability for water yield improvement is delineated on
the basis of depth to the impeding horizon and the slope. The
capability map (Fig. 40) shows that vegetation convergion would im-
prove the vater yield of most Gray Luvisol soils. However, it is
questionable whether or not the improved water yield would be of
economic signiéicance. The basic hydrologic limitation of Gray Luvisol
soils is the occurrence of an impervious horizon near the land surface.
This impeding horizon will likely be alteréd only slightly by the con-
version of the lodgepole pine forest to grass. As a consequence, to
make such conversions economically justified, the impeding horizon

would need to be broken up at the time of the conversion program.
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Figure 39. Suitability of the soils in Deer Creek Basin for water
catchment, e
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Soils that have a capability rating sinilar to their suitability rating
are poorly suited for vegetation conversion. Grassland soils are not
rated for water yield improvement because of insufficient information

available on the suitability of grass species for such purposes.
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VI. SUMMARY AND CONCLUSIONS

The three experimental watershed basins located in south-
western Alberta are highly variable with respect to the nature and
kinds of soils present. This complexity is related to rapd changes
in the effective combination of the soil forming factors within rela-
tively short distances. Such conditions are found to be characteristic
for mountainous areas (Duchaufour, 1965; Retzer, 1948).

Vertical zonation of soils is evident only in Marmot Creek
Basin. The well-drained soils in this basin range from Gray Luvisols
at the lower elevations and pass through Ferro-Humic Podzols and
Dystric Brunisols to Regosols at the higher elevations. The character-
istics of these soils become less pronounced with increase in elevation.
Soils from the alpine tundra region of the basin.support Griggs (1946)
contention that the timberline in the Rocky Mountains reflects a
climatic tension zone. ‘

Streeter Creek Basin is characterized by the dominance of
Black and Dark Gray Chernozemic-soils, with Regosqls, Eutric Brunisols
and Gray Luvisolé occupying lesser areas. These soils reflect a pro-
gressive 1nc;ease in podzolization when arranged in a sequence of increas-
ing soil degradation. The distribution pattern of the various Great
Soil Groups or Subgroups are not readily delineated and.reflect the
tension-zone conditions of the climate in the région.

Deer Creek Basin has the most uniform soil distribution
patéern of all the basins examined. Gray Luvisol soils are presant
throughout this basin and occupy by far the largest area. Only minor

areas of Regosols, Black and Dark Gray Chernozems, and Eutric and
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Dystric Brunisols are encountered. The upland soils in the basin are
generally moderately-well to imperfectly drained. Gleysolic and Organic
soils are present to a limited extent in all three basins. ‘

Examination of the data from this study indicates that the
Canadian System of Soil Classification (N.S.S.C., 1968) cannot readily
accommodate a large proportion of the mountain soils encountereé in
the three basins. The deficiencies of this classification system
appear to be associated with the rigidity of the system at the higher
levels of abstraction. This is clearly demonstrated by the criteria
established for the Gleysolic Order, which is supposed to accommodate.
the poorly-drained soils. However, the apparent lack of gleying and/
or mottling in poorly-drained soilé from mountainous areas excludes
them from being classified in the Gleysolic Order. Similar deficien-
cles are encountered for the classification of imper fectly-drained
soils into the Gleyed Subgroué of any one Order established for well-
drained soils. |

The rigidity and lack of scope of the Canadian System of Soil
Classificétion at the higher levels of ;bstraction is also evident
from its inability to accommodate soils that have properties which, in
part, meet the requirements of more than one Soil drder, Great Group,
or Subgroup. Soils that have properties which are not defined at these
levels of abstraction are also excluded from the classificﬁtion. A
large number of soils in the study areas fit into these categories,
Such soils are presently classified into that Great Soil Group or Order
which acc;mﬁodates or reflects their dominant morphological and/or
chemical characteristics. This mode of classification is ébntrary to

the principle of an orderly arrangement which is prerequisite for
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any classification system. It also limits the accuracy of soil sur-
vey interpretations, regardless of whether or not a phenotypic or geno-
typic system of classification is employed. These deficiencies of the
Canadian System of Soil Classification could be alleviated either by
decreasing the classification requirements with an increase in the
level of abstraction or by delineating criteria for soils from moun-
tainous areas at the higher levels of abstraction in the present clas- -
sification system.

The use of a computer mapping technique for the compilation
of soil survey information reduces the amount of time involved in the
preparation of the final soil map and in the calculation of the area
of mapping units. Computer mappiné facilitates rapid modifications of
existing maps as well as the delineation of any specific mapping unit
from a map-sheet. Modification of the program would make it applicable
for soil survey use on a national basis.

The hydrologic characteristics of the soils in the three ex-
perimental watershed basins are not readily associated with one parti-
cular environmental factor. The hydrologic parameters generally
selected for interpretive use are minimum infiltration rate, total
storage capacity, available water capacity and slope. Total storage
and available water capacities are represented by the depth to the
impervioué horizon, when applicable. The selected parameters are each
separated into classes and the mapping units are grouped accordingly.
In general, the minimum infiltration rate of the soils in Marmot and
Streeter Creek Basins are higher than the maximum storm-rainfall inten-

sity.
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The soils 1n‘Marmot and Streeter Creek Basins are generally
better suited for water catchment than those of Deer Creek Basin. The
anticipated effect of conversion of vegetation generally tesultsAin a
minimal improvement of water yields. Soils on moderate slopes tend
to be most responsive to such conversion programs. However, the soils
in these positions normally belong to the Gray Luvisol Great Soil Group
whiéh have a relatively impermeable horizon close to the land surface.
This implies that, in order to have economic justification for im-
plementing conversion of vegetation, the impeding horizon needs fo be

broken up at the time of the conversion program,




192

VII. BIBLIOGRAPHY

Amen, R. D. 1966. The extent and role of seed dormancy in alpine
plants. The Quafterly Rev. Biol. 41(3):271-281.

Anderson, H. W. 1951. Physical characteristics of soils ;elated to
erosion. J. Soil and Water Cons. 6:129-134.

Andersoa, H. W., P. D, Duffy and I. Yamamoto. 1966. Rainfall and
streamflow from small tree-covered and fern-covered and burmed
watersheds in Hawaii. U.S.D.A., For. Serv. Res. Paper PSW-34.

Association of Official Agricultural Chemists. 1955. Official
methods of analysis. 8th ed. Washington 4, D.C.

Baker, F. S. 1944, Mountain climates of the western United States.
Ecol. Monogr. 14:223-254.,

Ball, D. P. 1966. Brown Podzolic soils and their status in Great
Britain. J. Soil Sci. 17(1):148-158.

Bamberg, S. A. and J. Major. 1968. Ecology of the vegetation and
soils associated with calcareous parent materials in three
alpine regions of Montana. Ecol. Monog. 38:127-167.

Baver, L. D. 1959. Soil Physics. 3rd ed. John Wiley and Sons,
Inc., New York.

Beaton, J. D. 1959-a. The influence of burﬁing on the soil in the
timber range area of Lac‘le Jeune, B. C. I. Physical properties,
Can. J. Soil Sci. 39:1-5.

Beaton, J. D: 1959-b. The influence of burning on the soil in the
timber range area of Lac le Jeune, B. C. II. Chemical properties.
Can. J. Soil Sci. 39:6-11. |

Beke, G. J. 1961, The effects of heavy grazing on some soils and



193
their vegetation of the grasslands in the southern Interior of
British Columbia. B.S.A. Thesis, Univ. of B.C., Vancouver.

Beke, G. J. 1964. Chemical and mineralogical characterization and
comparison of an Orthic Black, and Orthic Dark Gray, and an
Orthic Gray Wooded soil. M. Sc. Thesis, Univ. of Manitoba.

Bliss, L. C. and G. M. Woodwell, 1965. An alpine podzol on Mount
Katahdin, Maine. Soil Sci. 100(4):274-280.

Bowser, W. E. 1967. Agro-climatic areas of Alberta. Can. Dept.
Agric., Soil Res., Instit., Research Branch.

Brandsberg, J. W. 1967. A study of fungi associated with decomposi-
tion of coniferous litter. Diss. Abstr. 27 B (9) (2959).
Brewer, R. 1964, Fabric and Mineral Analysis of Soil . John Wiley

and Sons, New York, N.Y.

Broadfoot, W. M. and H. D. Burke. 1958. Soil moisture constants
and their variation. U.S.D.A.,, Por. Serv., Southern For. Exp.
Stn., Occ. Paper 166.

Brown, G. ed. 1961. The X-ray identification and crystal structures
of clay minerals., Mineralogical Society, London, G. B.

Brown, J. C. 1943. A rapid method of determining exchangeable
hydrogen and total exchangeable bases of soils. Soil Sci. 56:
353-357. |

Canadian NQtional Committee for the International Hydrologic Decade.
1966. Guide lines for research basin studies. .Proc. Nat.
Workshop Sem., Ottawa, January 12-14,

Garbiéner, R: 1963. Remarques sur un type de sol encore peu étudié:
le "Ranker cryptopodzolique" de 1'&tage subalpin des massifs

hercyniens francais. Comptes Réndus, Séances Acad. Sci. 256:



194
977-979.

Carrigy, M. A. and G. B; Mellon. 1964. Authigenic clay mineral
cements in Cretaceous and Tertiary sandstones of Alberti. J.
Sedim. Petrol. 34(2):461-472.

Clark, J. S. 1965. The extraction of exchangeable cations from
soils. Can. J. Soil Sci. 45(2):311-323.

Clark, J. S., J. A. McKeague and W. E. Nichol. 1966. The use of pH-

| dependent cation-exchange capacity for characterizing the B
horizons of Brunisolic and Podzolic soils. Can. J. Soil Sci.
46:161-166.

Clark, J. S. and W, E. Nichol. 1964. The lime potential-percent
base saturation relations of acid surface horizons of mineral
and organic soils. Can. J. Soil Sci. 46:281-286.

Coltharp, G. B. 1960. Some effects of a commercial-type clearcut
on soil and soil and water relations in a small wooded watershed.
Diss. Abstr., 21:12.

Crockford, M. B. B. 1949. Geology of Ribbon Creek area, Alberta.
Res. Council Alta., Edmonton, Alta,

Crossley, D. I. 1951. The soils of the Kananaskis Forest Experiment
Station in the sub-alpine forest region in Alberta. Can. Dept.
Res. and Dev., For. Res. Div., Silv. Res. Note No. 100.

Davis, D. A. and A. Coulson. 1967. Hydrologic zones in the head-
waters of the Saskatchewan River. Can. Dept. Energy, Mines and
Res., Inland Water Branch.

Dormaar, J. F. and L., E. Lutwick. 1966. A biosequence of soils of
the rough fescue prairie - poplar fransitiop in southwestern

Alberta. Can. J. Earth Sci. 3:457-471.



195

Dotzenko, A. D., N. T. Papamichos and D. S. Romine. 1965. Effect
of recreational use on soil and moisture conditions in Rocky
Mountain National Park. J. Soil and Water Cons. 22(5):196-198.

Doughty, J. L. 1941. The advantages of soil paste for routine pH
determinations. Sci. Agric. 22:135 -158.

Douglas, R. J. W. 1950. Callum Creek, Langford Creek and Gap map
areas, Alberta. Geol. Surv. Can., Memoir 255,

Duchaufour, Ph. 1965. Précis de Pédologie. Masson et Cie,,
Editeurs, 120 boulevard Saint-Germain, Paris (VI), France.

Dudas, M. J. 1968. Clay-organo studies of selected Chernozems. M.
Thesis, Univ. of Alberta, 167 pp.

Dumanski, J. 1964. A micropedolégical study of eluviated horizons.
M. Sc. Thesis, Univ. of Saskatchewan, 1% pp.
Dumanski, J. and R. J. St. Arnaud. 1966. A micropedological study
of eluvial soil horizons. Can. J. Soil Sci. 46:287-292.
Duvall, V. L. and N. E. Linnartz. 1967. Influences of grazing and
fire on vegetation and soil of longleaf pine - bluestem range.
J. Range Manage. 20:241-247.

Ebrlich, W. A., H. M, Rice and J. H. Ellis. 1955. Influence of the
composition of parent materials on soil formqtion in Manitoba.

Can. J. Agric. Sci. 33:407-421.

Sc.

Epstein, E., W. J. Grant and R. A. Struchtemeyer. 1966. Effects of

stones on run-off, erosion, and soil moisture. Soil Sci. Soc.
Amer. Proc. 30:638-640.
'Franz, ﬁ. 1956. Drei Klimabedingte Ranker-Subtypen Europas. VI®

Congrzs intern. Sc. du Sol, Paris, V, 22, E:135-141.



196

Griggs, R. F. 1946. The timberlines of northern America and their
interpretation. Béology 27:275-289.

Hanks, R..J. 1965. Estimating infiltration from soil moisture
properties. J. Soil and Water Cons. 20(2):49-51.

Harlan, D. 1969. Personal communication.

Harpstead, M. and R. H. Rust. 1964. A pedological characterization
of five profiles in Gray Wooded soils area of Minnesota. Soil
Sci. Soc. Amer. Proc. 28:113-118.

Harrold, L. L., et al. 1962. Influence of land use and treatment
on the hydrology of small watersheds at Coshocton, Ohio, 1938-
1957. U.S.D.A. Tech. Bul. No. 1256.

Hashimoto, I. and M. L. Jackson. 1;60. Rapid dissolution of
allophane and kaolinite-halloysite after dehydration. Clays and
Clay Min., Proc. 7th Nat. Conf.

Henin, S. and L. Turc. 1950. ' Essais de fractionnement des matiéres
organiques du sol (1). 4th Int. Congr. Soil Sei. 1:152-154.,

Heusser, C. J. 1956. Postglacial environments in the Canadian Rocky
Mountains. Ecol. Monogr. 26:263-302.

Hewlett, J. D. and A. R. Hibbert. 1963. Moisture and energy conditions
within a sloping soil mass during drainage. J. Geophys. Res.
68(4):1081-1087.

Hillman, G. R. 1967. Influence of forest cover on soil temperature.
B.S.F. Thesis, Univ. of British Columbia. 71 pp. |

Hintikka, V. and O. Naykki. 1967. Notes on the effects of the
fungus Hydnellum ferrugineum (Fr.) Karst. on forest soil and

vegetation, For. Abstr. 29(1):25(43).



197
Holch, A. E., E. W. Hertel, W. O. Oakes and H. H. Whitwell, 1941,

Root habits of certain plants of the foothill and alpine belts
of Rocky Mountain National Park. Ecol. Monogr. 11:327-345.

Holtan, H. N. 1965. A model for computing watershed retention from
soii parameters. J. Soil and Water Cons, 50(3):91-94.

Holtan, H. N. and N. R. Creitz. 1967. Influence of soils, vegeta-
tion and geomorphology on elements of the flood hydrograph.
Proc. Sym. Floods and their Comput., Leningrad, Aug.

Holtan, H. N., C. B. England and W. H. Allen. 1967. Hydrologic
capacities of soils in watershed enéineering. Proc. Intern.
Hydrol. Symp., pp. 218-226, Fort Collins, Colo., Sept.

Hoyt, W. G. and H. 0. Troxell. 19?4. Forests and streamflow. Trans.
Amer. Soc. Civil Engrs. 99:1-30.

Hursh, C. R. and M. D. Hoover. 1941. Soil profile characteristics
pertinent to hydrologic studies in the southern Appalachians.
Soil Sci. Soc. Amer. Prod. 6:414-422.

Hursh, C. R. and P. W. Fletcher. 1942, The soil profile as a
naturél reservoir. Soil Sci. Soc. Amer. Proc. 7:480-487.

Hursh, C. R. 1943. Water storage 1imitations in forest soil
profiles. Soil Sci. Soc. Amer. Proc. 8:412-415.

Hsu, Pa Ho. 1963. Effect of initial pH, phosphate, and silicate on the
determination of aluminum with aluminon. Soil Sci. 96(4):230-238.

Jackson, M. L. 1956. Soil Chemical Analysis - Advanced Course.
Publisher: M. L. Jackson, Dept. of Soils, Univ. of Wisconsin,
Madison 6, Wisc.

Jeffrey, W. W. 1964, Vegetation, water and climate: Needs and pro-
blems in wildland hydrology and watershed research. Proc. Water

Stud. Instit. Symp., Univ. of Sask., Saskatoon, Nov. 13.



198

Jeffrey, W. W. 1965. E;perimental watersheds in the Rocky Ho#ntains,
Alberta, Canada. Intern. Assoc. Sci. Hydrol. Publ. No. 66
"Symposium of Budapest", Oct. '

Jeffrey, W. W., L. A. Bayrock, L. E. Lutwick and J. F. Dormaar. 1968.
Land-vegetation typology in the upper Oldman River Basin,
Alberta. Canada Dept. For. and Rural Dév., For. Branch Publ.
No. 1202.

Johnson, A. 1964. Report on vegetation of Streeter Basin. Can.
Dept..Agric., Lethbridge, Alta. '

Johnson, D. D. and A. J. Cline. 1965. Colorado mountain soils.

© Adv. Agron. 17:233-281. .

Johnson, P. L. and W. D. Billings. 1962. The alpine vegetation of
the Beartooth Plateau in relation to cryopedogenic processes and
patterns. Ecol. Mongr. 32(2):105-315.

Katchinsky, N. A. 1936. Einfluss der Form und der Grosse Gberflut-
barer Parzellen auf die wasserdurchlassigkeit des Bodens. .
Pedology 31:62-78.

Kerfoot, O. 1968. Mist precipitation on vegetation. For. Abstr.
29(1):8-20.

Kilmar, V. C. 1565. Silicon, 1In: Methods of Soil Analysis. Part 2.

Chemical and Microbiological Properties. Agron. 9:959-962.

Kirby, C. L. and W, Chow. 1969. An adaptation of "MIADS" for an
I.B.M. 360-30. Canada Dept. Fisheries and Forestry, Forestry
Branch, Unpubl. Manuscript. | '

Kittredge, J. 1948; Fofest Influences. McGraw-Hill Book Co., Inc.

New York, N.Y.



199

Kittredge, J. 1954. Influences of pine and grass on surface run-off
and erosion. J. Soil and Water Cons. Balt. 9:179-185.

Rittrick, J. A. 196l. A comparison of the moving liquid and glass
slide methods for preparation of oriented X-ray diffraction
specimen. Soil Sci. 92:155-160.

Kodama, H. and J. E. Brydon. 1964. Interstratified montmorillonite-
mica clays from subsoils of the prairie provinces, Western
Canada. Clays and Clay Min. Prod. 13th Nat. Conf., Madison,
Wisc.

Kohnke, H. 1938. A method for studying infiltration. Soil Sci.
Soc. Amer. Proc. 3:296-304.

Konanova, M. M. 1966. Soil Organic Matter. Its Nature and Role in
Soil Formation and Soil Fertility. Permagon Press.

Kramer, G. A. 1968. Infiltration on forest soils on Marmot Creek
Basin. B.S.P. Thesis, Univ. of British Columbia.

Krumbein, W. C. 1936. Application of logarithmic moments to size -
frequency distributions of sediments. J. Sediment. Petrol. |
6:35-47.

Kubiena, W. L. 1938. Micropedology. Collegiate Press Inc., Ames,
Iowa.

Kubiena, W. L. 1953. The Soils of Europe. Thomas Murby Co. London,
G. B.

Kucera, C. L. 1958. Some changes in the soil environment of a
grazed-prairie community in central Missouri. Ecol. 39(3):
538-540.

Larsen, J. A. 1930. Forest types of the northern Rocky Mountains



200

and their climatic controls. Ecology 11:631-672.

Laycock, W. A. and P. W. Conrad. 1967. Effect of grazing on soil
compaction as measured by bulk density on a high elevation
cattle range. J. Range ﬁanage. 20(3):136-140.

Leven, A. A. ané J. A. Williams. 1967. Hydrologic soil surveys for
wildland watersheds. J. Soil and Water Cons. 22(6):239-241.

Lindsay, J. D. and T. W. Peters. 1964. Soil survey of Marmot Creek
Basin. Alberta Soil Survey, typewritten report.

Linnartz, N. E., C. Y. Hsu and V. L. Duvall. 1966. Gra;;ng impairs
physical properties of a forest soil in central Loui#iana. J.
For. 64(4):239-243.

Linsley, R. K., M. A. Kohler and J..J. Paulhus. 1949. Applied
Hydrology. McGraw-Hill Book Co., New York, N.Y.

Lodge, R. W. 1954. Effects of grazing on the soils and forage of
mixed prairie in southwestern Saskatchewan. J. Range Mangge.
7:166-170. |

Lutz, J. F. 1947. Apparatus for collecting undistrubed soil
samples. Soil Sci. 64:399-401.

MacHattie, L. B. 1966. Relative humidity in Rocky Mountain Forests
of southe;n Alberta in summer. Can. Dept. of For., For. Fire
Res. Instit. Inform Rep. FF-X-2.

MacKenzie-Grieve, G. 1968. Ecological map of Deer Creek Watershed
Area. Dept. of Biol., Univ. of Calgary.

McKay, G. A., G. E. Curry and A. S. Mann. 1963, Climatic records

for the Saskatchewan River headwaters. Can. Dept. Agric.,

P.F.R.A., Eng. Branch, June.



201

McKeague, J. A. and J. H. Day. 1966. Dithionate- and oxalate-
extractable Fe and-Al as aids in differentiating various
classes of soils. Can. J. Soil Sci. 46:13-22.

McLean, A. and W. D. Holland. 1958. Vegetation zones and their
relationship to the soils and climate of the upper Columbia Valley.
Can. J. Plant Sci. 38:328-345.

Middleton, H. E. 1930. Properties of soils which influence soil
erosion. U.S. Dept. Agric. Tech. Bul. No. 178.

Morse, H. H. 1946. Soil profile characteristics and streamflow
behaviour. Soil Sci. Soc. Amer. Proc. 11:442-443.

Hunhs, E. N. 1947. Forest hydrology in ché Appalachians. J. Soil
and Water Cons. 2:71-77.

Munsell Soil Color Charts. 1954. Munsell Color Company, Inc.,
Baltimore, U.S.A.

National Soil Survey Committeé. 1963. The Canadian system of soil
classification. Report on the 5th meeting, Univ. of Manitoba,
w1nnipeg, Man., April.

NationaIISoil Survey Committee. 1965._ The Canadian System of soil
classification. Report on the 6th Meeting, Lava, Univ., Qué.,
October.

National Soil Sgrvey Committee. 1968. The Canadian System of Soil
Classification. Unpubl. report on tﬁe 7th Meeting, University
of Alberta, Edmonton, Alta., April.

ogilvie, R. T. 1963. Ecological map of Mﬁrmot Creek Watershed
Area. Can. Dept. For., For. Res. Branch, Calgari, Alta.

Ollerenshaw, N. C. 1966. Burnt Timber Creek geological map. Geol.

Surv. Can,



202

.Orr, H. K. 1960. Soil porosity and bulk density on grazed and
protected Kentucky.bluegrass range in the Black Hills. J.

Range Manage. 13(2):80-86.

Pawluk, S. 1961. Mineralogical composition of some Grey Wooded
soils developed from till., Can. J. Soil Sci. 41:228-240.

Pawluk, S. and J. D. Lindsay. 1964. Characteristics and genesis of
Brunisolic soils of northern Albérta. Can. J. Soil Sci. 44:292-303.

Pawluk, S. 1966. Soil analyses by atomic absorption spectrophoto-
metry. At. Abs. Newsletter 6(3):53-56.

Pawluk, S., T. W. Peters and J. Carson. L967. Soils of‘the Porcupine
Hills region of Alberta. Can. J. Soil Sci. 48:77-88.

Powers, H. A. and R. E, Wilcox. 1964. Volcanic ash from Mount
Mazama (Crater Lake) and from Glacier Peak. Sci. 144(3624):
1334-1336. |

Retzer, J. L. 1948. Soil development in the Rocky Mountains. Soil
Sci. Soc. Amer. Proc. 13:446-448.

Richards, L. A. and C. H. Wadleigh. 1952. Soil water and plant
growth. 1In: Agronomy II. Soil Physical Conditions and Plant
Growth. Shaw, B, T., Editor; Pgblisher: Academic Press.

Rowe, P, B, and E, A, Colman, 1957. Uses.of soil-vegetation survey
information in watershed management. Soil Sci. Soc. Amer. Proc.
21:112-115.

Russel, E. W. 1961. Soil Conditions and Plant Growth, 9th Ed.
Longmans, London, G. B,

Sartz, R. S. and W. D. Huttinger. 1950. Some factors affecting

humus development in the northeast. J. For. 48:341-344,



203

.Schmid. W. E. 1967. Field determination of permeability by the
infiltration test. In: Permeability and Capillarity of Soils.
Amer. Soc. Test. Mat., Special Tech. Pub. No. 417.

Schwertmann, U. 1964. Differenziefung der Eisenoxide des Bodens
durch Extraktion mit Ammoniumoxalat-Lgsung. Z. Pflanzenern.,
Dung., Bodenkunde 105:194-202.

Shreve, F. 1924. Soil temperature as influenced by altitude and
slope exposure. Ecol. 5(2):128-136.

Singh, T. 1969. Personal communication.

Soil Conservation Service. 1964. Hydrology, Part I - Watershed
Planning. U.S. Dept. Agric., Nat;'Bng. Hbk., S;c. 4,

Spillsbury, R. H. and E. W. Tisdale. 1944, Soil-plant relationships
and vertical zonation in the southern Interior of British
Columbia. Sci. Agric. 24:395-436.

Smith, D. and J. A. Westgate, 1969. Personal communication.

Smith, H. W., R. Okazaki and J. Aarstad. 1968. Recent volcanic ash
in soils of northeastern Washington and northern Idaho. North-
west Sci. 42(4):150-160.

Smith, J. 1956. Some moving soils in Spitzbergen. J. Soil Sci.
7(1):10-22. . .

Stalker, A. MacS. 1957, Surficial geology of the High River area. .
Geol. Surv. Can. Map 14,

St. Arnaud, R. J. and E. P. Whiteside. 1964. Morphology and genesis
of a Chernozemic to Podzolic sequence of soil profiles in
Saskatchewan. Can. J. Soil Sci. 44:88-100.

St. Arnaud, R. J., and M. M. Mortland. 1963. Characteristics of the

clay fractions in a Chernozemic to Podzolic sequence of soil



204
profiles in Saskatchewan. Can. J. Soil Sci. 43:336-349.

Stevenson, D. R. 1967. Geological and gtoundwater ianvestigations in
the Marmot Creek Experimental Basin of southwestern Alberta,
Canada. M. Sc. Thesis, Univ. of Alta.

Stevenson, D. R. 1969. Personal communication.

Storr, D. 1967. Precipitation variation in a small forested water-
shed. Proc. Western Snow Conf. Boise, Idaho, April, 8 pp.

Taylor, W. R. 1928. Alpine algal flora of the mountains of British
Coluﬁbia. Ecol. 9:343-348. .

Tedrow, J. C. F., et al. 1958. Major genetic soils of the arctic
slope of Alaska. J. Soil Sci. 9:33-46.

Tikhonov, V. I. 1963. The 1nf1uen;e of larch on the mountain
podzolic soils of the Urals, Soviet Soil Sci. (9):865-872.

Toogood, J. A. and T. W. Peters. 1953. Comparison of methods of
mechanical analysis of soils. Can, J. Agric. Sci. 33:159-171.

Trimble, G. R, and H. W. Lull. 1956. The role of forest humus in
watershed management in New England. U.S.D.A., For. Serv.,
Northeastern For. Exp. Stn., Paper No. 85.

Troll, C. 1958. Structure soils,‘solifluction, and frost climates
of the earth. U,S. Army Snow, Ice, and Permafrost Research
Estab., Wilmette, Ill., Translation 43:121 pp.

Turner, G. T. and E. J. Dortignac. 1954, ‘Infiltration, erosion and
herbage production of some mountain grasslands in western
Colorado. J. For. 52:858-860.

U. S. Salinity Laboratory Staff. 1954. Diagnosis and improvement

of saline and alkali soils. U. S, Dept. Agric., Agric. Hbk. 60.



205

Valenti, A. and G. Sanesi. 1967. Quelques aspects des Sols brums
acides et des Sols bruns podzoliques dés formations gréseusel
de la Toscane (Italie). Pédologie, XVII (1):33-59, Gand.

Warren Wilson, J. 1959. Notes on wind and its effects in arctic -
alpine vegetation. J. Bcol. 47:415-427.

Water Survey of Canada. 1966-a. Compilation of Hydrometeorological
Record. Vol. 2. Marmot Creek Basin. "Can. Dept. Ener. Mines
and Res., Inland Waters Branch, Calgary.

Water Survey of Canada. 1966-b. Compilation of Hydrometeorological
Record. Vol. 2, Streeter Creek Basin. Can. Dept. Ener. Mines
and Res., Inland Waters Branch, Calgary.

Westgate, J. A. and A. Dreimanis. 1567. Volcanic ash layers of
Recent age at Banff National Park, Alberta, Canada. Can. J.
Earth Sci. 4:155-161.

White, J. L. 1950. Transformation of {llite into montmorillonite.
Soil Sci. Soc. Amer. Proc. 15:129-133. |

Wyldman, E. C. 1967. Swan Hills watershed restoration projecc."
Alberta Watershed Res. Prog., Res. Co-ord. Comm. Meeting,
December 13-14, Edmonton, Algerta.

Youngberg, C. T. 1963. Forest-Soil Relationships of North America.

Oregon State Univ. Press, Corwallis.



APPENDIX I-A




207

Key to Abbreviations

Slope:

d - moderately sloping (6-9%)
e - strongly (10-15%) A N
f - steeply (16-30%)
g - very steeply (30-60%)
h - excessively (> 60%)

Internal Drainage:

- rapid

- well

moderately well

- imper fect

- poor

- very poor

AWV WN -
]

Depth and Nature of Organic Horizons:

peat

turf

5 em<L-H

2 5¢121/2 cm L-H
2121/2 cm L-H

0o prn
’

Nature of overlay:

TC - Till colluvium

RC - Residual colluvium

TCA - Till and aeolian colluvium mixxed
A - Aeolian

Al - Alluvium

Parent Material:

Tla - Till I non-compacted phase
T1lb - Till I compacted phase

T2 - Till 1I

RC - Residual colluvium

Res - Residuum

A - Aeolian

Al - Alluvium

TC - Till colluvium

TRC. - Till + Residual colluvium

Depth to bedrock:
30 ¢cm -~ less or equal to 30 cm

90 cm - greater than 30 and less or equal to 90 cm
blank - greater than 90 cm
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Key to Appendix I-B

The morphological descriptions and analytical results of the
soil profiles sampled in Marmgt Creek Basin are presented in order of
sampling site sequence. Explanation of abbreviations used are as
follows:

Ino. C - Inorganic CarboF

Org. C - Organic Carbon

Exch. Acid. - Exchange Acidity

pH Depend. C.E.C, - pH Depended Cation Exchange Capacity
G - Coarse skeleton (> 2 mm)

S§ - Sand (2 mm - 50)

S{ - Sile (S0m- 2 M)

C - Clay (2, - .2)

FC‘ - ,Fine clay (& .2)‘)

Bulk Dens. - Bulk Density

Por. - Porosity (calculated from bulk density and specific
gravity data)

Sat. Cap. - Saturation Capacity

(Theor.) - Theoretical Saturation Capacity (Richards
and Wadleigh, 1952)

Avail. Moist, - Available Moisture

Hygr. Moist., - Hygroscopic Moisture




SUD=BrOUP: eeeeocecccscacascosanass
Profile number: ....cccceceevcccnee
Iocation: ....ccveeecccerscccecscce
Vegetation: Tree canopy: ccececece

Understory: .ceceees--
Ground: ® 0900000000000

Parent mterial: s 0 0000000000000
Topography:.o.o...oo.oc.oooco..n..o
Elevation: 60 0P OeOPOSIOIOSIOISNIBOEOEOPIOSOSIPOTISIDS

Drainage: ® e 0000000000000 Ps0POOOGIS

Horizon Depth (cm)
L 25 - 22
F-H 22 - 8
H 8- 0

C 0 -18

I C 18 - 29
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Peaty Carbonated Rego Gleysol.

ML.
Near Forestry Plot #190.
Picea sp..

Salix sp., lLonicera sp., Potentilla

fruticosa.

Aster sp., Gramineae spp., Parnassia

sp., Equisetum sp., Thalictrum sp..
Colluvium/Colluvium/Acolian/Ti1l I.
Moderately sloping; aspect S.E.,
5840 ft. M.S.L..

Poorly drained.

Description
Matted, undecayed organic material.

Spongy, partially and fully decayed
organic material.

Dense, fully decayed organic material.
Very dark brown (10 YR 2/2) silt loam,
dark gray (10 YR 4/1) when dry; weak,
medium granular to amorphous; friable;
pH 7.4; slight effervescence; clear,
smooth boundary. |

Very dark grayish brown (10 YR 3/2)
silt loam, dark grayish brown to
grayish brown (10 YR 4/2-5/2) when
dry; single grained to amorphous;

very friable; pH 7.5; slight effer-



Horizon

ac

IOIAh

mc

IVAh

IVC

Depth (cm)

.18 - 29

29 - 31
31 -35

35 - 48

48 - 51

51 - 66 +
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" Description

vescence; moderately gravelly; abrupt,
smooth boundary.

Dense, altered organic material.

Dark reddish brown (5 YR 3/3) silt
loam, light gray (10 YR 7/2) when
dry; weak platy; very friable; pH 7. 6;
slight effervescence; clear, wavy
boundary.

Yellowish brown (10 YR 5/6-5/8) silt
loam, very pale brown (10 YR 7/3-8/4)
when dry; strong platy; very friable;
pH 7. 7; slight effervescence; abru?t
smooth boundary.

Black (10 YR 2/1) silty clay loam,
dark brown (10 YR 3/3) when dry;
weak, medium granular to amprphous;
friable; pH 7. 3; slight effervescence;
gradual, smooth boundary. |
Very dark grayish brown to dark brown
(10 YR 3/2-3/3) silt loam to loam,
dark gray to dark grayish brown (10
YR 4/1-4/2) when dry; single grained
to amorphous; friable; pH 7. 5; slight

effervescence,
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Sub~@rOUP: cevccseessesssessss Brunisolic Gray Luvisol.
Profile number:.....ocecees. . M2,
LoCAtion:. eceeececesessssqss. Between Forestry Plot #32-33.

Vegetation: Tree canopy:...... Pinus contorta, Picea sp..

Understory:.......Salix 8p., _R_ilﬁ sp. .
Ground:. cesecanans Epilobium sp., Aster sp., Vaccinium
8sp. .
Parent material: ....c.c...... Mixed Aeolian and Till Colluvium/
Till I, compacted phase.
Topography: ...cceececacnece. Very steeply sloping; aspect N. E..
Elevation: ....cececeecesesss.. 5680 ft. M. S. L..

Drainage: ....coeeeeeeeee.... Moderately well,

Horizon Depth (cm) ‘Description

L-H 1-0 Organic material in various stages of
decomposition.

(Ae) 0- 2 - Brown (10 YR 5/3) silt loam, very pale

brown (10 YR 7/3) when dry; weak, '
medium platy; very friable; pH 6. 5;
gradual, smooth boundary.
(B£) 2-15 Dark brown (7. 5 YR 4/4) silt loam,
light yellowish brown (10 YR 6/4)
when dry; weak, medium platy break-
ing to weak, fine granular; friable;
pH 6. 8; clear wavy boundary.
IIAe 15 - 21 Yellowish brown (10 YR 5/4) silt loam,
| very pale brown when drf; weak, coarse

platy; very friable; pH 6. 7; slightly



Horizon

I1Ae

IIBt

IIBC

IIC

Depth (cm)
15 - 21

21 - 37

37 - 47

47 - 150
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Deacriétion

gravelly; clear, wavy boundary.
Dark Brown (10 YR 4/3) clay loam,
brown (10 YR 5/3) when dry; strong,
medium subangular blocky; firm; pH
6.8; very cobbly; clear, wavy
boundary.
Very dark grayish brown (10 YR 3/2)
clay loam, dark grayish brown (10
YR 4/2) when dry; weak, medium suﬁ-
angular blocky; firm; pH 7.1; slight
effervescence; moderately gravelly to
cobbly; clear, wavy boundary.
Black (16 YR 2/1) loam, dark gray
(10 YR 4/1) when dry; amorphous;
friable; pH 7.5; strong effervescence;

moderately cobbly;



220

[20° Joo® Jlo° | 8 1408 0°6 | €T [g°02 pu Pu_| pu_ [nrjoe |Tth | 6E|0 | OSL-LiR OL1
o1’ 00° for: | Oc | T0O 0Tt | T'22 |E€-ot pu pu | pu_joc|€€ |€q | 42O Ly OgIT
qT” go’ fot* | e |OO TET | T°22 [2°6€E pu pu | pu fe2|6€ |on | 1210 IE-1c JGIL
10" 20° J6o°* | el J ol | 46 | 9°22 |G°EE Py pu_| pu {6 |o1 {29 | IT|O -Gl SVIT |
2T _Joot|te: | 9¢ €t | g Tr | 1€y Jo°as pu pu_ | pu 6 |61 |46 | w20 | ST-¢ (3€)
90° T0° _|S0° 5L 18 G°L €22 o't pu pu pu 12 129 | 410 =0 (5V)"
90°  [to° |%0° | ZZ [t"95 | 6°99 | 2'Tetjo‘egel Pu Pd_| bu_ jpujpu |pu | pulP 0-1 T1
| % | % | %3 |$n | $ran| $ran | $13n) §r0A | G [oofud P i | H ™
v
+ *38ToN [*3sTON | saeq | sxeq | °dep
o | 1v | 3 | "BAH|-tyeav | ST | €/t *38§ odf ‘o] 15} s| 9o
(°x03yy)
mmuﬂaxov *ded *suaq ‘STsAtsuy
0%y @9xd 8TsATBUY 9INISTON *38g | "I0d| XT°g T8O TUBYOSN gyideq | uozTIIOH
pu pu 12 124 P | DU pu pa pu pu P RFUZU (G (019 B AT o1l
pu T°qe g Ol Tl U pu PUu pu pu JAN T JATRYAY OEII
Pu__| 092 0'el |88 [t 26t 6°T 6T 20" |Eh' T pu 12 M FAXS EIT_ |
ou 2L P06 | ce|l Tl BT 22 | %0° |go't | vU LS I Te-Gtl SVII
™a m.ﬁ T [0 |8 cletl 21t | 02 [OL [g0c | Pu L2 [ R 36
pu c BCT [T Hl | O®RlG | 6°G fz_ | 60" |L6't | ©ou o 15" c-0 ?.«IT
P | 2F0L | B 02 |cgd [Oe|e | L9 | gt [eo |owe] Pu L o1 o1
s o
% | oot/em 1 % | % | % % $ | ¥ % % "
*0°3°0 "Pro® "Apnba
‘puadsp | O3l B | 8 | X | BN | "udxs | of3ed 0 0 €00
nd 87sATeuy ITUBYIXF N/O | N |31 | “oul ) | Hd| wadsq| uOZTIOH

‘SN °‘ON 9TRF0Id

TosTANT Lsayn ofroSTUMIG

tdnoa8-qng



221
Sub-8roup: .ccccecesccescscssecess Brunisolic Gray Luvisol (imperfectly
drained).
Profile number: ....cce00cc0ces0s M3,
Location:.ccececssscsssessseaaasss Near Forestry Plot # 31,

Vegetation: Tree canopy:......... Pinus contorta, Picea sp., Populus sp..

Understory: ......... Salix sp..

Ground: .....ccc000.. MoBS,
Parent material:................. Residual Colluvium/Residual Shale,
Topography: ..............;..;... Moderately sloping; aspect E..
Elevation: sccecececececscsvseass 5470 ft, M.S.L.

mainase: @0 00008 COOGEOIILIOLEOISOEPIONOSNOIPORES Imperfect.

Horizon Depth (cm) Desctigtion'

L-H 2 -3 Organic material in varfious stages of
decomposition.
(Ae) 0-3 Grayish brown (10 YR 5/2) silt loam,

light gray to very pale brown (10 YR
7/2-7/3) wvhen dry; strong, medium '
platy; very friable; pH 5.6; clear,
wavy boundary.

(B£j) 3-8 Reddish brown (5 YR 4/4) silt loam to
silty clay loam, pale brown (10 YR
6/3) when dry; weak, medium platy
breaking to strong, medium granular;
friable; pH 6.3; clear wévy boundary,

I1Ae 8 - 11 Yellowish brown (10 YR 5/4) silt loam,
very pale brown (10 YR 8/4) when dry;

strong, coarse platy; very friable;
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Horizon " Depth (cm) Description

IIAe 8 -11 pH 6.1; slightly angular gravelly;

gradual, smooth boundary.

I1AB 11 - 14 Grayish-brown to brown (10 YR 5/2-
5/3) silty clay, pale to very pale
brown (10 YR 6/3-7/3) when dry;
strong, coarse subangular blocky
breaking to strong, coarse platy;
friable; pH 5.8; slightly angular
gravelly; clear, smooth boundary.

IIBt 14 - 26 | Olive gray (5 Y 4/2) silty ciay,
brown (10 YR 5/3) when dry; strong,
coarse subangular blocky; firm; pH
5.9; slightly angular gravelly;
gradual, smooth boundary.

TIIBC 26 - 31 v _ Olive gray (5 Y 4/2) silty clay,
dark grayish brown to dark brown
(10 YR 4/2-4/3) when dry; strong,
medium granular to moderate, coarse
subangular blocky; firm; pH 6.5;
gradual, smooth boundary.

1IC1 31 - 62 Black to very dark brown (10 YR 2/1-
2/2) silty clay, dark brown (10 YR
4/3) when dry; pseudo platy; firm;
pH 7.5; strong effervescence; clear,

smooth boundary.



Horizon

IIC2

* Depth (cm)
62 - 68+

222-a

Description
Very dark brown to very dark grayish

brown (10 YR 2/2-3/2) silty clay loam,
light brownish gray (10 YR 6/2) when
dry; pseudo platy; firm; pH 7.5;

violent effervescence.
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Alpine Dystric Brunisol, (Class A)

Profile nUMber:eecceccscesssocene M4u

Location:....Q.....I.............

S chains West of Forestry Plot #508

Vegetation: Tree canopy:cecececcses Picea sp., Larix sp..

Understoryiececocscsees

Cround: .eeeceesssssss Arnica sp., Vaccinium sp., Pedicularis

sp..

Parent materfal:..cececccesesssss Residual colluvium/Rock.

TOPosfaphy:.-o.o....-..o.......o.
Elevation:secevceccsccceccsocssccce

Drainage:.........l.............'

Horizon
S0L oo

L-H

Aeh

Bfhj

Depth (cm)

4 -0

8 - 14

14 - 28

Extremely sloping; aspect E..
7110 ft. M.S.L.
Well.

Description
Organic material in various stages of
decompositign.
Very dark grayish brown (10 YR 3/2)
silty clay loam, gray (10 YR 5/1) when
dry; weak, medium platy; very friable;
pH 5.1; gradual, wavy boundary.
Dark grayish brown (10 YR 4/2) silty
clay loam, light brownish gray (10
YR 6/2) when dry; weak, medium platy;
very friable; pH 5.0; gradual, wavy
boundary. N
Very dark grayish brown (10 YR 3/2)
silty clay loam, grayish brown (10
YR 5/2) when dry; weak medium granu-
lar; very friable; pH 5.1; gradual

smooth boundary.



Horizon

B£j

Rock

56 - 85

85 +
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Description

park brown (10 YR 3/3) silty clay loam,
grayish brown (10 YR 5/2) when dry;
weak medium granular; friable; pH 5.1;
gradual, smooth boundary.

park gray to very dark gray (10 YR &4/1-
3/1) silt loam, grayish brown (10 YR
5/2) when dry; amorphous; very friable;

PH 5.1;
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Sub-8roup: secccecesccessscsccene
Profile number: ...cccececcccccer
Location: cececcececcsscccccscnces
Vegetation: Tree CaNOPY.essoscese

Understory:eecccccssce

Ground: ceccecoccocscs
Parent material:.ccececcecaccocee
Topog8raphy: cecescesccacesscasccce
Elevation:.cecececcocesccoccacens

Drainage:..........l...‘..........

Horizon Depth (cm)
L 4 - 3
F-H 3-0
Ae 0-10
Bfhj 10 - 17
Bf] 17 - 28
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Degraded Dystric Brunisol, (Class B)
M5.
Near Forestry Plot # 527.
Picea sp., Abies sp..
Abies sp..
Vaccinium scoparium, Moss.
Till I.
Moderately sloping; aspect S.S.W..
6770 ft, M.S.L..
Moderately well.

Description

Matted, undecayed organic material
Spongy, partially and fully decayed
organic material.
Gray (10 YR 5/1-6/1) silt loam, light
gray (10 YR 7/1) when dry; strong
coasrse platy; friable; pH 4.5; mo-
derately angular cobbly; clear, wavy
boundary.
Reddish brown (5 YR 4/3-4/4) clay
loam, pink (10 YR 7/3) when dry;
strong, medium granular; - friable;
pH 4.9; moderately angular cobbly;
gradual, wavy boundary.
Brown (7.5 YR 5/2-4/2) silt loam,
very pale brown to light yellowish

brown (10 YR 7/3-6/4) when dry:



Horizon

Bfj

Depth (cm)
17 - 28

28 - 42

42 - 60 +
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Description

veak, coarse subangular blocky breaking
to strong, medium granular; friable;
pH 5.0; moderately to very angular
cobbly; gradual smooth boundary.
Very dark grayish browm (10 YR 3/2)
silt loam, grayish brown to brown (10
YR 5/2-5/3) when dry; weak, coarse
granular; friable; pH 5.0; moderately
to very angular cobbly; gradual, smooth
boundary.
Very dark brown (10 YR 2/2) silty
clay loam, dark gray to dark grayish
brown (10 YR 4/1-4/2) when dry;
amorphous; firm; pH 5.7; very angu-

lar gravelly.
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SUD-BrOUP: ecescecsesasssssssseses .Cumulic Regosol,
Profile number:..cceccecesscesces M6,
LOCAtION: cevocscssscessasssssssss 10 chains west of F.I. Plot # 492
Vegetation: Tree canopy:......... Picea sp..

Understory: c.eeeceee.s Salix sp., Potentilla fruticosa.

Cround:.esesecccessseo Grasses, Forbs.
Parent material:..cecessesscecsss Residual colluvium.
Topography: ccescscccsccenccccscse Extremely sloping; aspect S.E..
Elevation:.cececescccccscesssccsses 7260 ft. M.S.L..

Drainage:.......‘..‘....I...I...‘ "ell.

Horizon Depth (cm) : Description
Ahl 0 - 26 Black (10 YR 2/1) silt loam,

black (10 YR 2/1) when dry; weak,

fine granular; very friable; pH

6.3; slightly slaty; gradual, wavy
) boundary.

Ah2 26 - 63 Black (10 YR 2/1) silt loam, black -
(10 YR 2/1) when dry; weak, fine
granular; very friable; pH 6.5;
slightly slaty; cleaé, smooth
boundary.

Ah3 63 - 100 Black (10 YR 2/1) silt loam, black
(10 YR 2/1) when dry; weak, fine
granular; very friable; pH 6.7; mo-
derately slaty; gradual, smooth
boundary.

c 100 - 110 + Very dark brown (10 YR 2/2) silt



Horizon

c

Depth (cm)
100 - 110 +
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Description
loam, very dark gray to dark gray (10
YR 3/1-4/1) when dry; single grained;
very friable; pH 6.9; very to exceed-

ingly slaty.
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Sub-group:....'................-..

Profile number:

Location:.ceecssscoosccscsccccaccne
Vegetation: Tree caﬁopy..........

Understoryecccccessse

Ground:scecscsecoccee
Parent material:eccceecccccscescs
Topography:ecescesecosccssacsccces
Blevation:.................;.....

D‘l‘ainage:-................-......

Horizon

L-H

IIAhe]

IIAe}

Depth (cm)
11 -0

4 - 14

14 - 19
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Degraded Dystric Brunisol, (Class B)
M7.
Near Forestry Plot # 236.

Picea s8p..

Moss; Vaccinium scoparium.

Colluvium/Colluvium/Till I.
Extremely sloping; aspect E..
6500 ft., M.S.L..
Weli.

Description
Organic material in various stages
of decomposition.
Dark reddish brown (5 YR 3/2) silty
clay loam, light reddish brown (5
YR 6/3) when dry; weak, medium sub-
angular blocky; friable; pH 4.3;
abrupt, smooth to wavy boundar.
Very dark grayish brown (10 YR 3/2)
silty clay loam, dark gray to dark
grayish brown (10 YR 4/1-4/2) when
dry; weak, coarse subangular blocky;
friable; pH 4.7; clear, wavy boundary,
Reddish gray (5 YR 5/2) silt loam,
1ight brownish gray (10 YR 6/2) when
dry; weak, coarse subangular blocky
breaking to weak, coarse platy;

friable; pH 4.6; clear, wavy boundary.



Horizon

ITIB£)

ITIIBC

ITIC

Depth (cm)
19 - 34

54 - 80 +
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Description

Brown (10 YR 5/3-4/3) silty clay
loam, pale brown to light yellowish
brown (10 YR 6/3-6/4) when dry;
strong, coarse subangular blocky;
frisble; pH 5.1; gradual, smooth
boundary.
Very dark grayish brown (10 YR 3/2)
silty cley loam, grayish brown (10
YR 5/2) when dry; weak, medium sub-
angular blocky; friable; pH 5.8;
gradual, smooth boundary.
Very dark gray (10 YR 3/1) silty clay
loam, gray to grayish brown (10 YR
5/1-5/2) when dry; amorphous; pH

6.2; friable.
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SUD-BYOUP: eeecescccsssssecsssssss Degraded Eutric Brunisol.

Profile number:.................. Hao

LocBtioNn: ceecoccocssescoscscnssas Near Forestry Plot #79.

Vegetation: Tree canopye.ececscecoeee

Parent material:.cccceccesccococe
Topography:ceeceecccccsscoccccesscs
Elevation:.ccececceoccoccscocccce
Drainage: cecccecscccccccacsccccsns

Horizon

L-H

Aej

Bf)

I1IBC

IIC

ShrUb:.ooo.oooooco.oo

Gto‘md:..............

Depth (cm)
16 - 0

7-10

10 - 84 +

Picea sp..
Moss, Linnaea sp., Pyrola sp..
Colluvium/Till X,
Very steeply sloping; aspect N.
5800 ft. M.S.L..
Well,

Description
Organic material in various stages of
decomposition.
Brown (7.5 YR 4/2-4/4) silt loam,
pale brown (10 YR 6/3) when dry; weak,
coarse granular; friable; pH 6.3;
abrupt, smooth boundary.
Dark reddish brown (5 YR 3/4) silt
loam, brown (10 YR 5/3) when dry;
weak, medium granular; friable;
abrupt, broken boundary.
Dark grayish brown (10 YR 4/2) loam,
grayish brown to brown (10 YR 5/2-5/3)
when dry; weak, fine granular; friable;
pH 7.2; very angular gravelly; gradual,
smooth boundary.

Very dark grayish brown (10 YR 3/2)



Horizon

1IC

Depth (cm)
10 - 84 +
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Description
loam, gray to grayish brown (10 YR

5/1-5/2) when dry; amorphous; friable;
pH 7.6; strong effervescent; very
angular gravelly to exceedingly cob-

bly.
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Sub-group: oo;ooacooo.oooonooooco
Profile nmber: 'Y EEREEEERENENNE NN NN NN I
LOCation: ........................

Vegetation: Tree C8NOPY:escescoss

Parent mterial-:.C‘.....C.‘.....l

Topography:........O.'...........
Elevation:........I.........O...‘
Drainage:....................l...

Horizon

L-H

I1Bfh

IIIBfl

Understory:oooooooooo

Ground:-....,..-....-

Depth (cm)
17 -0

8 - 18
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Orthic Ferro-Humic Podzol.
M9.
Near Forestry Plot-# 204,
Picea sp..
Menziesia sp..
Moss, Pyrola sp. Cornus sp.,
Vaccinium sp..
Colluvium/Colluvium & Aeolian/
Aeolian/Ti1l 1.
Steeply sloping; aspect S.S.W..
5860 ft. M.S.L..
Moderately well,

Description

Oréanic material in various stages
of decomposition,
Gray to light gray (2.5 Y 6/0-7/0)
silt loam, white (2.5 Y 8/0) when
dry; strong coarse platy; friable;
pH 4.3; abrupt, wavy boundary.
Yellowish red (5 YR 4/8) silt loam,
1ight yellowish brown (10 YR 6/4)
when dry; weak, coarse platy break-
ing to strong, medium granular; fri-
able; pH 5.4; gradual, wavy boundary.
Reddish yellow (7.5 YR 6/8) silt
loam, very pale brown to yellow (10

YR 7/4-7/6) when dry; strong, coarse
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Horizon * Depth (cm) Description

IIIB£1 8 - 18 ' platy breaking to strong, medium

granular; friable; pH 6.1; abrupt,
smooth boundary.

IVBf2 18 - 40 Pinkish gray (7.5 YR 6/2) silt loam
light gray to very pale brown (10
YR 7/3-7/3) when dry; weak, medium
sub-angular blocky; friéble; pH
5.9; moderately angular flaggy;
abrupt, smooth boundary., R

IVBC 40 - 50 Brown to pale brown (10 YR 5/3-
6/3) silt loam, light gray (10
YR 7/2) when dry; amorphous;
friable; slightly angular gravel-
ly; pH 6.0; clear, smooth boundary.

IvC 50 - 85 + Dark brown to brown (10 YR 4/3) silt

. loam, light gray (10 YR 7/2) when

dry; amorphous; friable; pH 5.8;

moderately angular gravelly.
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SUb-BrOUP:seesecsasssssssssssssss Orthic Dystric Brunisol/Orthic Ferro-

Profile NUMbEr: cecccesscccscocsces
Location:o.oooooaoo-ooooooooooooo

Vegetation: Tree canopy:.eceescee

Parent material:.ccccecccsccecons
Topography: cecsececeoscccecsccasce
Elevation:..eccecsecccrocscsceces
Drainage: cecceevcecescscccssancense

Horizon

L-H

Bml

ITBm2

IITAeb

Understory:cscsccecees

Gro‘md:oqaoooaooooooo

Depth (cm)
8-0

0- 14

14 - 21

21 - 25

Humic Podzol.
M10,
Near Forestry Plot #170.
Picea sp., Abies sp..
Menziesia sp., Ribes sp., Lonicera
8p..
vaccinium sp., Linnaea sp., Moss.
Colluvium/Colluvium/Till I.
Steeply sloping; aspect E,S.E..
5850 ft. M.S.L..
Moderately well,

Description
Organic material in various stages of
decomposition,
Grayish brown to brown (10 YR 5/2-5/3)
silty clay loam, light brownish gray
to pale brown (10 YR 6/2-6/3) when dry;
weak, medium subangular blocky; fri-

able; pH 4.7; slightly angular gravelly;

. abrupt, wavy boundary.

Yellowish brown (10 YR 5/4) clay loam,
1ight brownish gray (10 YR 6/2) when
dry; weak, medium subangular blocky;
friable; pH 5.3; moderately angular
gravelly; abrupt, wavy boundary.

Pinkish gray to light reddish brown



Horizon

IIIAeb

I1IBfb

IIIBCD

ITIC

Depth (cm)
21 - 25

25 - 41

41 - 60

60 - 85 +
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Description
(5 YR 6/2-6/3) silt loam, very pale
brown (10 YR 7/3) when dry; weak,
medium subangular blocky breaking to
weak, coarse platy; f;iable; pH 5.0;
slightly angular gravelly; clear,
wavy boundary.
Yellowish red (5 YR 5/8) silty clay
loam, light yellowish brown to very
pale brown (10 YR 6/4-7/4) when dry;
strong, coarse granular; friable;
pH 6.4; slightly angular gravelly;
clear, wavy boundary.
Brown (10 YR 5/3) silt loam, very pale
brown (10 YR 7/3) when dry; weak,
medium subangular blocky; friable;
pH6.5; moderately angulaf gravelly;
gradual, wavy boundary.
Gray to grayish brown (10 YR 5/1-5/2)
silt loam, 1ight brownish gray (10
YR 6/2) when dry; amorphous, friable;

pH 6.6; moderately, angular gravelly.
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Sub-group:...a......;.......;.... Oorthic Gray Luvisol.
Profile nuUmber:.cecescssssscccsss M1,
LOCAtION: eeoecaccasssessscsssssss Near Forestry Plot # 23,

Vegetation: Tree canopy:eecececeecs Pinus contorta, Picea sp..

Understory:.eceesecses ROSE 8p..
Ground: «...ec0esese00 Festuca sp., Castillejo sp., Galium
sp., Fragaria sp..
Parent material:.ccessessscsesses Colluvium/Till I, compacted phase.
Topogr#phy:...................... Strongly sloping; aspect S.W..
Elevation:ceesesscscscsscsassssse 5775 fto. M.S.L.

Drainage:.......'..........V...... “ell.

Horizon Depth (cm) Description

L-H 1-0 Organic material in various stages

of decomposition.

Ah 0-3 Black (10 YR 2/1) silt loam, dark

| gray (10 YR 4/1) when dry; strong,
medium granular; friable; pH 7.1;
abrupt, wavy boundary.

Ae 3-12 ‘ Dark brown (7.5 YR 4/2) silty clay
loam, brown (10 YR 5/3) when dry;
weak, medium subangular blocky break-
ing to weak, coarse platy; friable;
pH 7.0; slightly angular cobbly;
élear, wavy boundary.

1IBt 12 - 25 Dark yellowish brown (10 ¥R 3/4-4/4)
silty clay, dark brown (10 YR 4/3)

when dry; strong, coarse subangular



Horizon

IIBt

I1BC

IIC

Depth (cm)
12 - 25

25 - 32

32 - 9% +
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Deécrigtion

blécky; firm, pH 7.1; moderately to
very angular cobbly; clear, smooth
boundary.
Dark brown (10 YR 3/3) silty clay
loam, very dark grayish brown to dark
brown, (10 YR 3/2-3/3) vhen dry; weak,
medium granular; firm; pH 7.7; mo-
derately to very angular cobbly;
clear, smooth boundary.
Dark gray to dark grayish brown (10
YR 4/1-4/3) silt loam, grayish brown
(10 YR 5/3) when dry; amorphous; '
friable; pH 7.9; strong efferves-

cence; moderately angular gravelly.
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SUb"group: ee0es0000 0000000000000 Mini FerrO‘“mc POdZO]..

Profile NUMDEr:ceccossccssoscsccssee le.

Location:.............u......... Near Forestry Plot # 309.

Vegetation: Tree CaNOPY:csocscoee Picea sp., Pinus contorta, Abies sp..

Understory:eeeesse... Menziesia sp..

GrOoUNd: cccescecscsesss Moss, Vaccinium scoparium,

Parent mterial: ee0s0000000008 0RO c°11w1mlAe°11an/T111 I.

TOpogl'aphy:..........-........... mderately Blopins; ”PCCC E..

Elevation:....................... 6200 ft. HOSUL..

Drainase:.......0..'.............

Horizon

L-H

IIBf1

I1IBf2

Depth (cm)
S -0

9 - 26

Well,

Description

Organic material in various stages

- of decomposition.

Gray to light brownish gray (10

YR 4/1-4/2) si}t loam, light gray

to white (10 YR 7/2-8/2) when dry;
strong, coarse platy; friable; pH 4.5;
abrupt, wavy‘boundary.

Yellowish red (5 YR 4/8) silt loam,

very pale brown to yellow (10 YR 7/4-

.7/6) when dry; strong, coarse platy

breaking to strong, medium granular;
friable; pH 5.7; slightly to moderately
angular gravelly; clear, wavy boundary.

Brown to light brown (7.5 YR 5/4-6/4)

. si1lt loam, light gray to very pale

brown (10 YR 7/2-7/3) when dry; strong,



Horizon

IIIBf2

IIIBC

IIIC

Depth (cm)
9 - 26

26 - 46

46 - 68 +
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Description

medium granular; friable; pH 5.3; mo-
derately to very angular gravelly;
gradual, smooth boundary.
Dark grayish brown (10 YR 4/2) loam,
pale brown to very pale brown (10 YR
6/3-7/3) wvhen dry; amorphoué to single
grained; friable; pH 5.5; exceed-
ingly angular gravelly; clear, smooth
boundary.
Very dark gray to dark gray (10 YR
3/1-4/1) loam, dark grayish brown
to grayish brown (10 YR 4/2-5/2)
vhen dry; amorphous; friable; pH

6.7; very angular gravelly,
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Sub-group: Brunisolic Gray Luvisol.
Profile number: .......cevevvvuee M 13.
Location: .....vecveeevnnnessee.. Near Forestry Plot #1l4k,

Vegetation: Tree Canopy: ....... Pinus contorta, Abies sp., Picea sp..

Understory: ........ Ledum sp..

Ground: ............ Vaccinium scoparium, moss, Cornus sp..

| Parent material: ................ Aeolian Colluvium/Till 1, compacted phase. .'\
o) lel"s J: 1) (' Strongly sloping; aspect S.. b
Elevation: .......... ceevenener.. 6095 £t. M.S.IL..

Drainage: .....c.eevevcennnnnnna, Well.

Horizon Depth (cm) Description
L -H 3-0 Organic material in various stages of
decomposition.
(Ae) 0 -4 Grayish brown (10 YR 5/2) silt loam,

light gray to white (10 YR 7/2-8/2)
when dry; weak, coarse platy; friable;
PH 5.1; slightly angular grave'lly;

. asbrupt, wavy boundary,

(Bf) bk -0 Yellowish red (5 YR 4/6-5/6) silt loam,
light yellowish brown (10 YR 6/4) when
dry; weak, coarse platy breaking to weak,
medium granular; friable; pH 5.4; mo-
derately angular gravelly; clear, wavy
bogndary.

ITAe 10 - 15 Light yellowish brown (10 YR 6/L4) silt’



Horizon

ITAe

IIAB

IIBt

IIBC

IIC

Depth (cm)
10 - 15
15 - 28
28 - 38
38 - 52
52 - 81 +

\
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Description
loam, very pale brown (10 YR 7/3) when

dry; weak, coarse platy; friable; pH 5.k4;
moderately angular gravelly; gradual, '
wavy boundary.

Light yellowish brown (10 YR 6/4) silt
loam, pale brown to light yellowish
brown (10 YR 6/3-6/4) when dry; weak,
medium subangular blocky; friable; pH
6.1; moderately angular gravelly; clear,
wavy boundary.

Yellowish brown (10 YR 5/k) silt loam,
brown (10 YR 5/3) when dry; weak, medium
subangular blocky; firm; pH 6.2; very
angular gravelly; clear, smooth boundary.
Dark grayish brown (10 YR 4/2) clay loam,
dark grayish brown to dark brown (10 YR
4/2-4/3) when dry; weak, medium subangular
blocky; firm; pH 6.6; moderately angular
gravelly; gradual, smooth bqunda.ry.

Very dark gray (10 YR 3/1) silt loam,
derk brown (10 YR 4/3) when dry; amor-
rhous; frisble; pH 7.6; strong efferves-
cence; very angular gravelly to angular
cobbly. |
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Sub'gl‘oup: ®ecseve0sr0ssvoosocnsse orthic Eutric BI'uniBOl.

‘ Profile number: .....ceoecoceeec. M 1k,

Location: ....ccceveeeceeresssss. Near Forestry Plot #101.

Vegetation:

Tree Canopy: ....... Picea sp., Abies sp..

Understory: ........

Ground: #0000 00 s00sse

P&rent material: 0000000000000

lbpopaplw: S0 0 0ss000 000000000000

Elevation:

Dr&inage: 00000 0er0 0000000000000

Horizon

L-H

IIAhb

IIBfhb

Depth (cm)
10 -0

0-15

15 - 23

23 ~ 36

Ledum sp., Ribes sp..

Moss, Linnaea sp., Equisetum sp..
Colluvium/Aeolian Colluvium/Till 1.
Strongly sloping; aspect ESE.

6080 ft. M.S.L..

Imperfect.

Description
Organic material in various stages of

decomposition.

Dark grayish brown (10 YR 4/2) silt loam,
brown (10 YR 5/3) when dry; strong, coarse
granular; friable; pH 6.8; moderately
angular gravelly; abrupt, smooth boundary.
Black (10 YR 2/1) silt loam, very dark
grayish brown (10 YR 3/2) when dry; weak,
medium prismatic breaking to strori'g, coarse
granular; friable; pH 6.9; moderately
angular gravelly; clear, wavy boundary.
Dark brown to dark yellowish brown (10 YR
3/3-3/4) silt loam, yellowish brown (10

YR 5/4) when dry; weak medium subangular



Horizon ' Depth (cm)
IIBfhdb 23 - 36
IIIBmb 36 - 44
IIIBCb Ly - 62
111C 62 - 86 +
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Description
blocky, friable; pH 7.3; moderately

angular gravelly; clear, smooth
boundary. .

Brown (10 YR 5/3) silt loam, yellowish
brown (10 YR 5/4) when dry; weak, medium
subangular blocky; friable; pH 7.2;
sngﬁf effervescence; moderately angular
gravelly; clear, smooth boundary.

Dark brown to brown (10 YR 4/3) loam,
grayish brown (10 YR 5/2) when dry;
moderate, coarse granular; friable; pH
7.3; slight effervescence; moderately
angular gravelly; clear, wavy boundary.
Very dark gray (10 YR 3/1) silt loam,
brown (10 YR 4/2) when dry; amorphous;
friable; pH 7.6; strong effervescence;

moderately angular gravelly.



256

&0 |10° |80° [ €1 [0'¢l |9'8 |9°0¢ |9'sc PU_|T°8%| 6t 1|21 Ge | ¥S | 1¢ |€€| 98-29 0111
01" {o0"_Jo1° | Z'T_ [ T0T [0'01 |1'0¢ Pu 09 |9°19] €0°T1|SY L2 | 9% | Z¢ |SE€| ¢9-%% | QOEIIl
60" [00" (60" |91 "6 6'8 £'81 |£ 9¢ 69 [6°SS] SU T|ON 1¢ |eS|Ze [¢v]| w9-9¢ SUEIIL
[T 00" [SU” [ &€ [9'¢¢ (891 [9le |6'¢9 86 |0°8S| O00°T|9 61 |ZS|%C €1 | 9€-€¢ | Qqu3€il
T (T [T [9°L [0°¢% |96t [9°18 [L eel 101 [€°99] 99 |Slec |¢9 (9T |[Z | €¢ &L qQUVIL
AR 4 S YA S B M/ T°6C [l |6'¢¢ | 8°9% - 651 |7 6L] 0S |9 |61 [0S [1€ [8C| SI1-0 ug |
TO0" (00" (30" | ¢ ¢l | &Ly |[728 |9 %l ¢'¢c6e U PO | PU [P PU |PU [PU PG| 0-01 H - 1
| 5] 3 [5om [gm | gon| gan | gon| gron| g ooym o o o 3| f w ,
v
+ *3STOW |*38TOW | saeq | sXeq | °deD .
91 | tv | ®a | "xBAH|°TTeAY | G £/1 *388 odf o] ¥s] s| o
(°xoayy) .
mouﬁoxov : . *dep *susq stsAreuy
. toly seag sTsATeuy °9.anN3STON *qeg | °“Iod| XTnd TEOTUBYISN yideq| uOZTJIOH
pu 21 S PO | PO | PO | PU pU_ | PO | PU PO [ Pu [9°Z| 98°¢9 D111
pU 0°ST 0OBT(66L] 91| & pu pu PU | pu pu PU | €L 29-vy | qodilil
pu 91 06 ([E88 (| 9 1] I'1| pU T2 (T |91 ~ pu PU_|C° L[| Y9-9¢ qQugiil
pu 068 [ ©Z |06 ] L1 & pu 7 SRNN K AR W A Py Pa |6 L | 9¢-tC QI dLl
pu 5 LL 6 |[eB[ S |7 | 7% A S - M L M pu P |69 | ce-Gl qQUVIT |
pu 68C | g6t & (9 | ¢tL ST |¢° |0°¢ pu PU (89| G1-0 Lo
pu el | OO0t |99 77 | 90C gt (0L |1 68" pu PO |6°S 0-01 H=T |
S0
$ Joot/em | 3| % [% | %| 3% 2| % | 3 % "
‘0°a°0 : : "PIoR *ATnba
‘pusdap | DL M | 0 | X ]| eN| ‘woxe | oty 0 o €00 ,
-Hd sysA{euy dBusyOXy N/O | N |'8a0 | °oul v | Hd | uyadsq | uoOZTIOH

IR °*ON 917303d

1osTunag OFIINF OTYIX0 "m.aouw..a:m




Sub&youp: o.:.oo..co.ao. ..... L X1

Profile number:

Iocation: 0 @ 00 0800008 00000000000

Vegetation: Tree canopy: .......

Understbry:

Ground: 200000000000

Parent material:

Topography: ..cceececececcccccsss

Elevation: Se 00 000000000000 00000

Drain%e: @0 0000000000000 00000000

Horizon

L-H

IIBf1

I1IBf2

Depth (cm)
7-0

0-kL

L - 14

- 27

257
Mini Ferro-Humic Podzol.

M 15.

Between Forestry Plots #153 and #15kh.
Picea sp., Abies sp..

Menziesia sp..

Moss, Vaccinjum scoparium, Lycopodium sp..

Colluvium/Aeolian/Till 1.
Steeply sloping; aspect NNW.
6140 ft. M.S.L..

Well. ‘

Description
Organic material in various stages of

decomposition.

Light brownish gray (10 YR 6/2) silt loam,
light gray to white (10 YR 7/2-8/2) when
dry; strong, coarse platy; friable; pH
b.4; clear, smooth‘boundary.

Yellowish red (5 YR 4/6) silt loam, yel-
low when dry (10 YR 7/6), strong, coarse
platy breaking to strong medium granular;
friable; pH 5.5; clear, smooth boundary.
Light yellowish brown (10 YR 6/4) silt
loam, very pale brown (10 YR 7/3) when
dry; weak, coarse platy breaking to
strong, coarse granular; friable; pH 5.3;
moderately to véry angular cobbly;

gradual, wavy bpundary.



258

Horizon " Depth (cm) Description
IIIBC 27 - 42 Dark grayish brown (10 YR 4/2) silt

loam, light gray (10 YR 7/2) when
Vdry; weak, medium subangular blocky;
friable; pH 5.8; moderately to very
angular cobbly; gradual, wavy boun-
dary.

IIIC b2 -7 + Black to very dark gray (10 YR 2/1-3/1)

| 8ilt loam, gray (10 YR 5/1) when dry;

amorphous; friable; pH 6.5; moderately

to very angular cobdbly.
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Sub-gl‘oup: .o’t..o.ll.o.o.ocoo.ooo

PrOfile nlnnber: eec0c000 0000
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Mini Ferro-Humic Podzol.

Location: ......cccceeeeeeesess.. South of Forestry Plot #159.

Vegetation: Tree canopy: .......
Understory: ....

Grolmd: e0s0c000es e

Parent material:

Topography: ........

Elevation: e s e 0000080000000

Drainage: @00 ss 0000000000000 000e

Horizon

L-H

Ae

IIBfl

IIIBf2

Depth (cm)

12

L

-0

- 1k

Picea sp., Abies sp..
Menziesia sp..

Moss, Vaccinium sp., Cornus sp.,

Lycopodium sp..

. Colluvium/Aeolian/Till 1.

Strongly sloping; aspect ENE.
5850 ft. M.S.L..

Well.

Description

Organic material in various stages of
decomposition.

Pinkish gray (7.5 YR 6/2) silt loam, light

brownish gray (10 YR 6/2) when dry; strong

coarse platy; friable; pH 5.5; clear, wavy
boundary.

Yellowish red (5 YR 4/6-4/8) silt loam,
brown (10 YR 5/3) when dry; strong coarse
platy breaking to strongb medium granu-
lar; friable; pH 6.1; clear, wavy boundary.
Light brown (7.5 YR 6/4) silt loam, very
pale brown (10 YR 7/3) when dry; strong,
coarse granular; friable; pH 6.0; mo-

derately angular cobbly; gradual, smooth



Horizon

IIIBf2
IIIBC

IIIC

Depth (cm)
W - 25
25 - 38

38 - 66 +

261

Description
boundary.

Dark gray to very dark grayish brown
(10 YR 4/1 - 3/2) clay loam, grayish
brown to light brownish gray (10 YR
5/2 - 6/2) vhen dry; weak, medium
grz;.nular to amorphous; firm; pH 6.2;
moderately angular cobbly; gradual,
smooth boundary. _
Very dark gray (10 YR 3/1) clay loam

to silty clay loam, dark gray (10

YR L/1) when dry; &morphous; firm;

pH 7.6; strong effervescence; mo-

derately angular cobbly.
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Sub-group: ..:...................
Profile number: ...ccecevcccccces
Iocation: ....cccececeveccccccens
Vegetation: Tree canopy: .ccec..
Understory: ..ceeeee
Ground: .....cccc00e
Parent material: ......ccc0c0c00e

Topopaphy: @000 0000000500000 0000

Elevation:

Drainage: 0o 00 0060000000000

Horizon Depth (‘cm)
L -H 3«0
Ael 0o-8
Ae2 8 - 22

Btl 22 - 36
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Orthic Gray Luvisol.
M 17.
Near Forestry Plot #16,
Pinus sp., Picea sp..
Rosa sp..
Aster sp., Epilobrium sp..
Ti11 1/Colluvium,
Steeply sloping; aspect S.E..
5840 ft. M.S.L..
Well.

Description

Organic material in various stages of
decomposition, ’

Reddish brown (5 YR 5/3-5/4) silt loam,
pale brown (10 YR 6/3) when dry; weak,
medium platy; friable; pH 6.9; exceeding-
ly angular gravelly to cobbly; gradual,
wavy'boundary.

Brown (7.5 YR 5/4) silt loam, pale brown
to very pale brown (10 YR 6/3-7/3) when
dry; strong; coarse granular; friable;
pH 7.1; exceedingly angular gravelly to
cobbly; diffuse, wavy boundary.

Dark brown to brown (7.5 YR 4/h-5/L)
silty clay loam, light yellowish brown

(10 YR 6/4) when dry; strong, medium sub-



Horizon

Btl

Bt2

Depth (cm)

22 - 36
36 - 47
47 - 53
53 - 68 +
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Description
angular blocky; firm; pH 6.7; exceedingly
angular gravelly to cobbly; gradual,
wavy boundary.

Dark brown to brown (7.5 YR 4/4) silty
clay loam, yellowish brown (10 YR 5/4)
vhen dry; strong, medium subangular
blocky; firm; pH 6.8; exceedingly
angular gravelly to cobbly; clear,

wavy boundary.

Very dark grayish bfown to dark grayish
brown (10 YR 3/2-4/2) silt loam, dark
brown to brown (10 YR 4/3) when dry;
weak, medium subangular blocky; friable;
PH 7.7; exceedingly angular flaggy to
cobbly; gradual smooth boundary.

Dark gray to very dark grayish‘brown
(10 YR 4/1-3/2) silt loam, dark gray
(10 YR 4/1) when dry; amorphous; frisble;
pH 8.0; exceedingly angular gravelly to

cobbly.
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Sub-group: Carbonated Rego Gleysol.
Profile NUmber: ......c.ceceseess M 18,
LOCALION: oveveccesseessasssessss 3/8 mile North of Marmot Creek lower
Stream Gauge.
Vegetation: Tree canopy: .cc.cee Picea sp..

Understory: ........ Betula sp., Potentilla sp., Salix sp

Ground: ............ Carix sp., Juncus sp., Orchidaceae sp..
Parent materifl: .....ocosseee0.. Colluvium.
Topography: ccecececcssscscccccas Moderately to strongly sloping; aspect
ESE.
E1levation: .cccecesecececccsccsss 9290 ft. M.8.L..

Drainage: ...c.ceceeseececcesssas Very poor.

Horizon Depth (cm) Description
L-H 6 -0 Organic material in various stages of
decomposition.
AC 0-12 " Gray (5 YR 5/1) clay, white (10 YR 8/1)

when dry; amorphous; very sticky; pH
7.0; clear, smooth boundary.

Cca ‘12 - 26 Light olive gray to pale yellow (5 YR 6/2-
7/3) clay, white (10 YR 8/1) when dry;
amorphous; very sticky; pH 7.7; abrupt,
smooth boundary. )

c 26 - 10 . Olive gray (5 YR 5/2) silty clay loam,
gray to light gray (10 YR 6/1-7/1) when
dry; amorphous; sticky; pH 7.7; abrupt,

smooth boundary.



Horizon

II(F-H)b

IIC

II(F-H)b

IIIHb

IIIC

Depth (cm)

Lo - 58
58 - 68
68 - 81
81 - 90

90 +

267
Description
Reddish-brown, partially and fully

decayed organic material. )

Light reddish brown (5 YR 6/3) clay,
light gray (10 YR 7/2) when dry; amor-
phous; sticky; pH 7.8; abrupt, smooth
boundary.

Dark brown, partially and fully decayed
organic material.

Humus, altered organic material.
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sub-youp: rooo...l‘..o..........

PrOfile n‘mber: PR R R AN SRR

Iocation: .l..'....'.‘..'.....ll..

Vegetation:

Tree Ca&NOPY: oscscsos
Understory: cceeceees

Gromxd: LI BB B

Parent m&teri&l: es o0 e0c0s0000 s

Topography: .cccecccescosscsccscss

Elevation: Geoe0s 0000 c0 00 r0p G000

Drain%e: .........l.l’l...‘....li

Horizon

L -H

(Aeh)

(Bf)

Depth (cm)
2-0

0-3
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Brunisolic Gray Luvisol,
M 19.

Near Forestry Plot #40.
Pinus sp., Picea sp..
Salix sp..

Linnaea sp., Calamagrostis sp..

Aeolian Colluvium/Till I, compacted phase.
S&ongly sloping; aspect N.E..'
5595 ft. M.S.L..

Well.

Description
Organic material in various stages of

decomposition.

Grayish brown to light brownish gray
(10 YR 5/2-6/2) silt loam, light gray
to very pale brown (10 YR 7/2-8/3) when
dry; weak, coarse platy breaking to mo-
derate, medium granular; very friable;

pH 6.8; sbrupt, smooth boundary.

" Yellowish red (5 YR 4/8) silt loam,

brownish yellow to yellow (10 YR 6/8-

7/6) when dry; strong, coarse platy break-
ing to strong, coarse granular; friable;
pH 6.6; slightly gravelly to slightly

chennery; clear, smooth to wavy boundary.



Horizon . Depth (cm)
ITAe 6 -0
IIBtl 10 - 15
IIBt2 15 - 28
Ic 28 - 62 +
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Description
Brown to yellowish brown (10 YR 5/3-5/k)

8ilt loam, light gray to very pale brown
(10 YR 7/2-9/3) when dry; weak, medium
platy; friable; pH 6.8; slightly chan-
nery; gradual, smooth boundary.

Dark brown to brown (10 YR 4/3-5/3) clay
loam, light yellowish brown to very pale
brown (10 YR 6/4-2/3) when dry; strong,
medium subangular blocky; firm; pH 6.6;
slightly gravelly to slightly coi:bly;
gradual, smooth boundary.

Dark yellowish brown (10 YR 4/L) clay
loam, yellowish brown (10 YR 5/4) when
dry; strong, medium subangular blocky;
firm; pH 6.6; moderately gravelly to
moderately cobbly; clear, smooth boundary.
Very dark gray (10 YR 3/5) clay loam,
dark gray (10 YR 4/1) when dry; amor-
phous; firm; pH 7.7; strong effervescence;

moderately gravelly to moderately channery.
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Sub-group: . Orthic Gray Luvisol.
Profile number: ....ccececeeeeses M 20,
L0CAtION: +evsevserecseseesesss.. Near Forestry Plot #2lL.
Vegetation: Tree canopy: ....... Picea sp., Pinus sp., Abies sp..
Understory: ........ Menziesia sp..

Ground: ,........... Moss, Linnaea sp., Cornus sp.,

Vaceinium sp., Pyrola sp..
Parent material: .........cc.cc.. Till Colluvium/Till I.

Topography: .ecececcerecseceessss Strongly sloping; aspect N.E..
E]-evation: ® 9 & 0 08 058 080000 00N SN I saw ft. MQSDLIO

Drainage: .....ccevce. ceesesscsss Well,
Horizon Depth (cm) Description
L-H 2 - 0 Organic material in various stages

of decomposition,

Ae 0 - 10 Light brown (7.5 YR 6/4) silt loam
light gray to very pale brown (10 R
7/2-7/3) when dry; wesk, coars.e platy
breaking to strong, coarse granular;
frisble; pH 5.6; moderately to very
angular gravelly; clear, wavy boundm.

Bt 10 - 22 Yellowish brown (10 YR 5/4) silt loam,
pale brown to light yellowish brown
610 YR 6/3-6/4) when dry; strong,
medium subangular blocky; firm; pH 5.9;
very angular cobbly; clear, smooth

boundary.



Horizon

BC

IIC

Depth (cm)
22 - 36

36 - 65 +
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Description
Dark grayish brown (10 YR 4/2) silty clay

loam, yellowish brown (10 YR 5/4) when
dry; amorphous; pH 6.7; very angular
cobbly; gradual, smooth boundary

Very dark gray (10 YR 3/1) silt loam,
gray (10 YR 5/1) when dry; pH 7.4; emor-

phous; friable; very stony.
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Sub-group: Degraded Dystric Brunisol, (Class B)
Profile numbér: sesecsesssssccses M2L, |
LOCAEION: vevvvevesesseceseessos. Near Forestry Plot #247.
Vegetation: Tree Canopy: ....... Picea sp..

Understory: ........ Menziesia sp..

Ground: ......c..... MOSS.
Parent material: ......... veseess Colluvium/Colluvium,
Topography: .c..... eesesscnsvens . Extremely sloping; aspect ENE.
Elevation: ....c.ceeececcocencens 6600 ft. M.S.L..

- Dr&in&ge: 00 0000000000008 00 0000 well.

Horizon Depth (cm) ~ Description
L 8- 7 Matted, undecayed organic material.
F -H 7- 0 Spongy, partially and fully decayed

organic material.

Aej o- 8 Grayish brown (10 YR 5/2) loam, light
brownish gray to light gray (10 YR 6/2-.
7/2) when dry; strong, medium platy;
very friable; pH L.3; gradual; wavy
boundary.

Bfj 8 - 33 Reddish brown (5 YR 4/3) loam, grayish
brown to light brownish gray (10 YR

 5/2-6/2) when dry; week, coarse platy

breaking to stroug, mediwp granular;
very frieble; pH 5.2; slightly channery;

clear, smooth boundary.



Horizon' " Depth (cm)
BC 33 - 57

TTACb 57 - 63
IIC 63 - 90 +
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Description |
Dark reddish brown to dark reddish
gray (5 YR 3/2-4/2) loam to silt
loam, light brownish gray (10 YR 6/2)
when dry; strong, medium granular;
very friable; pH 5.0; slightly channery;
abrupt, smooth boundary.
Very dark gray (10 YR 3/5) sandy loam,
gray to grayish brown (10 YR 5/1-5/2)
when dry; weak, medium granular; very
friable; pH 6.0; moderately gravelly;
abrupt, smooth boundary.
Dark gray (10 YR 4/1) loam, light
brownish gray (10 YR 6/2) when dry; ‘
amorphous; very friable; pH 6.2;

moderately gravel]&.
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Sub-group: .. Mini Ferro-Humic Podzol.

Profile number: .cececcecececee.. M 22,

LOCALION: +vevevecesasesssssess.. Near Forestry Plot #329.

Vegetation: Tree Canopy: ....... Abies sp., Picea sp..
Understory: .....c..

Ground: ...cecece... Vaccinium scoparium, moss.

Parent materi8l: ................ Colluvium/Aeolian/Till 1.
TOPOGraphY: ececeeveccccccsccecsss VETY steeply sloping, aspect NE.
Elevation: 9 00 0060600060000 0080 000000 7020 ft. MOSOLO.

Dr&inage: e P00 0GOS OGCEOLOIOOOGIOGOEOSIOEPROSIBSITOOS well.

Horizon Depth (cm) Description
L-H 6- 0 Organic material in various stages of
decomposition.
Ae ' 0-10 Grayish brown (10 YR 5/2) silt loam, gray

to 1ight gray (10 YR 6/1) when dry; strong,
medium platy; very friable; pH L.3; abrupt,
wavy boundary.

IIBf1 10 -22 Yellowish red (5 YR 5/8) silt loam, light
reddish brown to reddish yellow (10 YR 6/h-
6/6 when dry; weak, coarse platy breaking
to strong, medium granular; very friable;

_ pH 5.5; abrupt, wavy boundary.

IIIBf2 22 - 48 ﬁeddish gray to reddish brown (5 YR 5/2-
5/3) silt loam, very pale brown (10 YR
7/4) when dry; strong, medium granular;

very friable; pH 5.4; very angular cobbly;



Horizon
ITIIBf2
IIIBC

IIIC

Depth (cm)
22 - 48
48 - 68

68 - 75 +
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Description
gradual, smooth boundary.

Brown (7.5 YR 5/2) loam, pale brown
(10 YR 6/3) when dry; weak, medium

granular; very friable; pH 5.9; very

. angular cobbly; clear, smooth boundary.

Dark gray (10 YR 4/1) silt loam, dark
grayish brown to brown (10 YR 4/2-14/3)
when dry; single grained; very friable;

pH 6.3; very angular cobbly.

Y
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Sub-group: .
Profile number: ..ccececescceccee
Location: c.ececocessccsccccvccne
Vegetation: Tree canopy: e.c.....

Understory: ececscee

Ground: ss0 000000

Parent material: .ccceccecccescens
Topog‘aphy: .O.....‘O..I....ll..l
Elevation: ...’l....ll'.’......'.

Drainage: MR EE R I I A I A

Horizon Depth (cm)
L ~-H 5= 0
Aeh 0o~-18

c 18 - ko

281
Rego Humic Gleysol.
M 23,

Near Forestry Plot #333.

Carex sp., Salix sp., Dryas sp.,
Castilleja sp..
Colluvium/Rock.
Very steeply sloping; aspect N.
7010 ft. M.S.L..

Very poor.

Description

Organic material in various stages of
decomposition.

Very dark grayish brown (10 YR 3/2)
loam, dark grayish brown (10 YR L/2)
when dry; moderate, medium granular;
very frisble; pH 6.4; exceedingly shaly;
clear, smooth boundary.

Very dark gray (10 YR 3/1) loam, very
dark gray (10 YR 3/1) when dry; single
grained; very friable; pH 6.7; exceed-
ingly shaly.
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) . 283
SUD=ErOUP: secescesccscconssnsocse Orthic Humic Gleysol.

Profile NWEDEr: eovececssscscsses M 2W,
LoCAtION: c.vesseeccrscsscsssssss Cirque near snowstation,
Vegetation: Tree canopy: «.ccecece Picea sp..
U.nderstory: eeseesse Salix sp..
Ground: ...s........ Juncus sp., Carex sp., Senecio sp.,
Pedicularis sp..
Parent material: ....eccecececcce Alluvium/Colluvium/Lacustrine/Ti1l II.
Topography: .eoececesccscesccccces Moderately to strongly sloping; aspect ESE.

Elev&tion: PR EE R I I A 72% ftc M.S.L..

Draingge: ..ccceeccescoccssscccce Poor.

Horizon Depth (cm) Description
L 20 - 16 Matted, undecayed orgenic material.
F 16 - 13 Fermented organic material.
Hl 13- 5 Humus; altered organic material.
H2 5=- 0 ‘ ' Humus; altered organic material. '
Ah : 0-13 Black to dark brown (10 YR 2/1-3/3)

clay; dark gray to very dark gray and

very ciark grayish brown (10 YR 4/1 and
3/1-3/2) vhen dry; strong, medium gra-
nular; frisble; pH 6.3; moderately
channery; abrupt, smooth boundary.

IIB 13 - 35 Dark gray to very dark grayish brown
(10 YR 4/1-3/2) loam, very dark grayish
brown to dark brown (10 YR 3/2-3/3)

when dry; strong, fine granular to sirge



Horizon

IIB

IIIAhb

ve

Depth (cm)
13 - 35

35 - 38

38 - 50 +

284

Description
grained; very friable; pH 6.5; very
channery; abrupt, smooth boundary.
Very dark gray (10 YR 3/1) clay, dark
gray to very dark grayish brown (10
YR 4/5-3/2) when dry; strong, fine
blocky; firm; pH 6.4; abrupt, wavy
boundary.
Da.i-k gray to very dark grayish brown
(10 R 4/1-3/2) loam, dark gray (10
YR 4/1) when dry; amorphous; very fri-

able; pH 6.7; very channery.
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sub-goup: L) : L]

Profile number:

e co0poessses o

mcation: 000 coeROGO OO OS SO OINOEOES

Vegetation: Tree Canopy: «cceces

Understory: .c.ceees

Ground: eec v o0 s 00 ss0

Parent material:

Topog:aphy: eees

Elevation: ..ces..

Drainage: .......

Horizon

L -H

Aeh

BfJ

IIBC

Depth (cm)
3-0

8 - 18

18 - k2

286
Alpine Dystric Brunisol, (Class A)
M 25.
5 chains north of Cirque Pit.
Larix sp..
Picea sp..

Vaccinium scoparium, Glycorrhiza sp.,

Antennaria sp., Aquilegia sp..

Colluvium/T411 II.

Steeply sloping; aspect SSE.
72& ft. M.S.L.D

Well.

Description

Organic material in various stages of
decomposition.

Very dark grayish brown (10 YR 3/2)
loam, grayish brown (10 YR 5/2) when
dry; strong, fine granular; very fri-
able; pH 4.7; abrupt, wavy boundary.
Dark reddish brown (5 YR 3/3) loam,
yellowish brown to light yellowish
browvn (10 YR 5/4-6/U4) when dry; strong,
medium granular; very friable; pH 4.9;
abrupt, wavy boundary.

Brown (10 YR 5/3) loam, light yellowish
brown (10 YR 6/4) when dry; single grained;

very friasble; pH 5.0; very channery;



Horizon

IIBC

IIC

Depth (cm)
18 - 42
42 - 70 +

287

Description
clear, smooth boundary.

Very dark grayish brown (10 YR 3/2)
loam, light brownish gray (10 YR 6/2)

when dry; single grained; very friable;

‘pH 5.5; very channery.
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Sub-group: .;:................... Orthic Regosol (formerly Deorcic Regosol).
Profile number: ...cecececcccsccs M 26,
Location: ....ceccecaceseccsnssss Grassy slope north of Cirque.
Vegetation: Tree canopy: ccceecee
Understory: ccceccee

G!'Ound: s0eseo0ccssee Elyms Bpa’ c&rex spc, Juncu»s spo, fOI‘bS.

Parent material: .......cc.cc.... Colluvium/Colluvium.
TOPOEraPNY: ecccesecsessssessssss Extremely sloping; aspect SSE.
Elevation: .........I.........-... 73’*0 ft. MOS.L..

mume: ®0 0000 s00 0000000000000 weno

Horizon Depth (cm) Description
L ~-F 5- 0 Root mat, containing humus in various

stages of decomposition and some
inorganic material.

Ahj 0- 6 Very dark grayish brown (10 YR 3/2) loam,

. very dark grayish brown (10 YR 3/2) when
dry; strong, medium granular; very fri-
able; pH 4.9; very shaly, clear, wavy
boundary.

Bmnj 6 - 22 Dark brown (10 YR 3/3) silt loam, brown
to yellowish brown (10 YR 4/3-5/4) when
dry; strong, coarse granular to strong,
fine subangular blocky; very friable; pH
5.4; very shaly; grandual, wavy boundary.

BC 22 - Y42 Very dark brown (10 YR 2/2) loam, dark

brown (10 YR 3/3) when dry; strong, fine



Horizon

BC

ITAnb

Depth (cm)
22 - 42

k2 - 65 +

290
» Description
granular; véry frisble; pH 5.8; very
shaly; abrupt, smooth boundary.
Black (10 YR 2/1) loam, very dark gray
(10 YR 3/1) when dry; strong, medium
granular; very friable; pH 6.0; very

to exceedingly shaly.
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Sub-golxp: .l:tnocaool-ooocoooo..

Profi]-e nmer: ® 60000000000 00000

Iocation: @8 & 00 0000006000000 009000

Vegetation:

Tree Canopy: eceecee
Understory: ...cee..

Ground: opse000000se

P&rent matel’i&l: ¢ec 0000006000000

Topogaphy: 0000 soesosss e s

Elevation:

Drainage: PO s s 0000000000000 0000 00

Hori'zon
L -F

Ah

Depth (cm)
5- 0

0-1

12 - 25

25 - Lo

292
Alpine Dystric Brunisol, (Class B)

M 27.

North of Forestry Plot #482.

Kobresia sp., Carex sp., Agoseros sp..
Colluvium/Rock.

Extremely sloping; aspect SSE.
7410 ft. M.S.L..

Well.

Description

Root mat,

Very dark brown to very dark gray (10
YR 2/2-3/1) clay loam, very dark gray
to very dark grayish brown (10 YR 3/1-
3/2) when dry; strong, medium granular;
friable; pH 5.2; very shaly; clear,
smooth boundary.

Dark yellowish brown (10 YR 3/4) loam,
brown to dark brown (10 YR 4/3) when
dry; weak, medium subangular blocky;.
very friable; pH 5.5; very shaly; clear,

wavy boundary.

~ Very dark brown (10 YR 2/2) loam, dark

grayish brown (10 YR 4/2) when dry;
single grained, very friable; pH 5.8;

exceedingly shaly.
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SUD-EroUP: cecececcccccccosocncses
Profile number: ..........
Location: ....ccccevecceveccncsss
Vegetation: Tree canopy: .......

Understory: ........

Ground: @0 0000000000

Parent material: .....ccccceceeee

Topoyap}wz o0 0000000 ss 00000000

Elevation: .

Dl'ainage: o0 00000 s00 0000000

Depth (cm)

294
Cumulic Regosol.
M 28.

Grassy slope S. E., of anemometer.

Elymus sp., Kobresia sp., Carex sp.,
‘forbs.

Colluvium,

Extremely sloping; aspect SE.

7360 ft. M.S.L..

Well,

Desérigtion

Root mat, containing humus in various
stages of decomposition and also some
inorganic material.

Black (10 YR 2/1) loam to silt loam,
black (10 YR 2/1) when dry; strong, fine
granular; very friable; pH 6.7; slightly
shaly; abrupt, smooth boundary.

Very dark brown (10 YR 2/2) loam, very
dark gray to very dark brown (10 YR 3/1-
2/2) when dry; strong, medium granular;
very friable; pH 6.8; very shaly; clear,
smooth boundary.

Black (10 YR 2/1) sandy clay loaﬁ, very

dark gray (10 YR 3/1) when dry; strong



‘294 -a

Horizon ‘ Depth (cm) . Description

An3 6 - 8 + medium granular; very friable; pH 7.0;

very shaly.
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Sub-group: . Degraded Dystric Brunisol, (Class B)
Profile number: ...c.ccccceeseesse M 29,
LOCALtION: c.vsvecsssacssssoesssss. Near Forestry Plot #398.
Vegetation: Tree canopy: ....... Picea sp., Abies sp., Larix sp..
Understory: .cceeeee

Ground: ............ Mo8s, Vaccinium scoparium.

Parent material: ......o.eeee.... Colluvium/Till IT.

TOPOET8BPHY: eceeeececessesssesssss Very steeply sloping; aspect SE.

Elevation: @000 POOEOISGEIEOIOEOEOEOSIOSIOEOSNPOSDS mfto Mas.L..

Drainage: ....cceceeeeccrcscsasss Well.

Horizon i)_ep_t_g (cm) Description
L-H 6-0 Organic material in various stages of
decomposition.
AeJ 0-10 Brown to grayish brown (10 YR 4/3-5/2)

loam, pale brown (10 YR 6/3) when dry;
weak, coarse platy; very friable; pH
5.3; moderately gravelly; clear, smooth
boundary.

AB 10 - 18 . Dark brown to brown (7.5 YR L4/i) loam,
very pale brown (10 YR 7/4) when dry;
weak, coarse platy breaking to strong,
medium granular; very friable; pH 5.0;
moderately gravelly; clear, wavy boundary.

 Bfjl 18 - 30 Dark brown to brown (7.5 YR 4/4) loam,
pale brown to light yellowish brown

(10 YR 6/3-6/4) when dry; weak, medium



Horizon

Bfjl

IIBfj2

IIBC

IIC

Depth (cm)

18 - 30

k2 - 55

55 +

297

Description
granular; friable; pH 5.0; moderately
gravelly; abrupt, wavy boundary. .
Brown to yellowish brown (10 YR 5/3-5/4)
loam, very pale brown (10 YR 2/3) when
dry; weak, fine granular; very friable;
pH 5.2; excessively gravelly; abrupt,
smooth boundary.
Yellowish brown (10 YR 5/4) loam, light
gray (10 YR 7/2) when dry; weak, medium
granular; very frisble; pH 5.1; very to
exceedingly gravelly; abrupt, smooth
boundary.
Yellowish brown to very dark grayish
brown (10 YR 5/4-3/2) loam, light
brownish gray to pale brown (10 YR 6/2-
6/3) when dry; amorphous; very friable;

pH 5.3; exceedingly gravelly.
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Sub-group: ©v i iuieveeesseesesss. Degraded Dystric Brunisol, (Class B)
Profile number: «.cccooecececcsssees M 30,
LOCBLION: wvveeveesesssseensessss Near Forestry Plot #430.
Vegetation: Tree canopy: ....... Picea sp., Abies sp., Larix sp..

Understory: ........ Menziesia sp..

Ground: ............ Lycopodium sp., Moss. Vaccinium scoparium.
Parent material: ......oe........ Acolian colluvium/Till I.
Topography: ..ccceeecccesccsccass VETY steeply sloping; aspect ENE.
E1evation: .ccceveeceacesccecccess 6990 £t. M.S.L..

Drainage: G0 0 s O POGOEROEOIEGEOEOSOSOOEOBSOSTOSPOS wello

Horizon Depth (cm) Description
L -H 5- 0 Organic material in various stages of
decomposition.
Ae] 0- 7 Grayish brown to light brownish gray

(10 YR 5/2-6/2) silt loam, light brown-
ish gray to light gray (10 YR 6/2-7/1)
when dry; strong, medium platy; very
friable; pH L4.3; slightly gravelly;
abrupt, smooth boundary.

Bf1 7 - 27 Reddish brown to yellowish red (5 YR U/L-
4/6) silt loam, light yellowish brown to
brownish yellow (10 YR 6/4-6/6) when dry;
weak, coarse platy breaking to strong,
medium grenular; very frisble; pH 5.4;
moderately gravelly; abrupt, broken

boundary.



Horizon

IIBf2

IIC

Depth (cm)
27 - L8

48 - 72 +

300
Description.

Brown to yellowish brown (10 YR 4/3-
5/4) loam, light yellowish brown (10
YR 6/4) when dry; strong, medium gra-
nular; friable; pH 5.1; exceedingly .
gravelly; abrupt, smooth boundary.
Very dark gray (10 YR 3/1) loam, grayish
brown (10 YR 5/2) when dry; amorphous
to single grained; friable; pH 7.4;

exceedingly gravelly.




301

A W T S°L__|8°9 €91 16°9Z | ¢z 6-99 | 68° |9 o1 |7¢ 7% lev |zi-gy oI
XA A I A £’9 11'8 1891 [6°¢c | 19 9°19] 10°1 |o1]0Z |8€ |2v |eS | 8%-£2 | e3smil
8| o9s" | ¢e | 8'91 [9°6 %592 16°9€ | 66 e il 2L |s |et fes |62 |6€ | te-¢ 138
R 0| %0° L°81 |e°€1 [ z°z2¢ |€°16 | 68 0°89] £L° 16 f12 Jocfwz [oT | /-0 fsv
PO TPUTPU10'8 [ '8¢ 16'911 | 9°<wijc 88y]| pu pu | pu  [pujpu Jpu |pu [pu| ¢-¢ H-T
| %] % BoIn | I %I | gaal $eroa | g foo/uB [ g gl ¢l gl ¢ 9w SR
137
+ *3ISTON |"38TON | saeq | sxeq | -dep .
o | Ty | 4 | ~aBAH|-TreAav | 6T | €/t | ims od] o] 1s] s| o
(°xo3yL) .
mopﬂcév . . *dep *suaq stsAteuy
. toly esay 8TsATeuy 2MIsSTON " *3eg | ‘04| XIng T80 TUeyOS) uideq| wuwoziaoy
pa T 2T 87|76 |8 [PU [ DU |~ pu | PU PO | pu | 0°S | v L] F2L89 L1
pu A% TCIUCTS (PO 78| 9¢ce [ 1" | &1 pu PU"T°¢c| 8%-i2 | e3a11
pU 198 4 ST |TST [OL[OY| 98| % [ I | ¢ PU_| U | %G| el 138
PU 1914 CTITIT T 5[ 928 | 061 (1" [ &¢ pu PU | €°9] (-0 tay
pu M (44 (39 1°| 9'¢s | pu_ | 1'T| ¢ iw]| U PU_1 %% 0-¢ H=1
sy
% | oot/em Pl % (% | ¥ ¥ | % ¥ ¥ w
*0°3°D ‘pPro® *Apnbs
‘puadep | daL’ 3 ] 8 | % |eN] ‘uoxe | or3ma > | o €00 ‘
-ud 8TsATsuy edusyoxy N/O | N |*8x0 | our 80 | Hd.| wyidsq| wuozTIoH

OE€H °ON @1TF30xg

(v sse1d) 1ostunxg oﬂuuumnvvuvmumon :dnoa8-qng




302

SUb‘gI'OuP: 0.0000.000000..0000.:.-Terric Fib!‘iBO]..

Proﬁle n‘lmber: ooo...col........M3l'

IOCation: ® @ 00 0000000008000 0000 Neu Foreswpht #m3.

Vegetation:

Pm‘ent mteria]-: Seeeov0e0ecos s
Topoyapw: 0000000000000 0000se
El-evation: o0 s 0000000000000 000000

Dr&inﬂ-gez ®s 000000000000 00800006000

Horizon
H1
H2

IIAhb

Tree canopy: ....... Picea sp., Pinus sp..

Understory: ........ Menziesia sp., Potentilla fruticosa,

Gl.ound: ®oeoesecscsore

Depth (cm)

ho - 20
20 - 0
0o- 6

6 - 16

16 - 19

Salix sp..

Carex sp., Arnica sp..
Aeolian/Till 1/Rock.
Strongly sloping; aspect ENE.
6150 ft. M.S.L.

Very poor.

Description
Humus; altered organic material.

Humus; altered organic material.

Black to dark brown (10 YR 2/1-2/3)

8ilt loam, grayish brown (10 YR 5/2) when
dry; strong, fine granular;.very frisble;
pH 6.8; abrupt, wavy boundary. .
Yellowish brown (10 YR 5/4) silt loam,
very dark gray (10 YR 3/1) when dry;
strong, medium granular; firm; pH 6.5;
abrupt, wavy boundary.

Black (10 YR 2/1) silty clay loam, very
dark gray (10 YR 3/1) when dry; strong,
medium granular; firm; pH 6.5; abrupt,

wavy boundary.



Horizon

IIC

Depth (cm)
19 - 30

0 +

303
Description
Dark gray (5 YR U4/1) loam, gray (10
YR 5/1) when dry; amorphous; friable;
PH 6.9; moderately to very angular
gravelly.
Rock.
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Sub-youp: ®G0000 0000000000000 000e

Profile number:

Iocation: @S O0000000’ 0000000000000

Vegetation: Tree canopy: .......

Understory: ........

Grmlnd:o.........o.o

Parent material:

Topoyapw: P POCOOVLIOIOOGEOLIOIOIOGIOCEOIOPIEOGEOILOIES

Elevation: .....

Drainage: ......

Horizon

L-H

Ae

BfJjl

Bfj2

Depth (cm)
6-0

6 - 20

20 - 39

305
Degraded Dystric Brunisol, {Ciass B)

M 32,
Near Forestry Plot #2L5.

Picea sp., Abies sp., Pinus contorta.

Moss, Lichen.
Colluvium/Till 1.

Steeply sloping; aspect S.

6380 ft. M.S.L..
Well.

Description
Organic material in various stages of

decomposition.

Light brownish gray to pale brown (10 YR
6/2-6/3) loam, 1ight gray (10 YR 7/2) when
dry; mottled; weak, medium plgty; very
friable; pH L.8; moderately gravelly;
clear wavy boundary.

Brown to reddish yellow (7.5 YR 5/4-k4.6)
loam, very pale brown (10 YR 7/3-7/4) when
dry; strong, medium granular; friable;

PH 5.3; very ch‘annery; clear, smooth
boundary.

Dark brown to brown (7.5 YR U/4-5/4) loam
to clay loam, very pale brown (10 YR 7/4)

when dry; weak, medium granular; friable;
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Horizon Depth (cm) A ' - Description
Bfj2e 20 - 39 very channery; clear, wavy boundary.
1IBC 39 - 55 Dark brown to brown (10 YR 4/3) loam

to clay loam, pale brown (10 YR 6/3)
when dry; weak, fine granular; friable;
pH 6.0; very angular cobbly; abrupt,
smooth boandary.

IIC 55 - 62 + . Very dark grayish brown to dark brown
(10 YR 3/2-3/3) silt loam to silty clay
loam, grayish brown to brown (10 YR 5/2-
5/3) when dry; smorphous; friable; pH

6.3; very angular cobbly.

......
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Sub-group: .... Orthic Eutric Brunisol.
Profile number: ....cccccececeeee M 33.
Location: .....cccccecveceeees... Near Forestry Plot #68.
Vegetation: Tree canopy: ........ Picea sp., Abies sp..
Understory: ......... Lonicera sp., Ledum sp..
Ground: ............. Moss,
Parent material: ................ Aeolian colluvium/Lacustrine/Till 1.
Topography: eccceccees eessssessss Strongly sloping; aspect NE.
Elevation: ........ceevvevenee... 5940 ft. M.S.L..

Drainage: ........cccc00000.0.... Imperfect to poor.

Horizon Depth (cm) Description
L-F i - 6 Non and partially decomposed organic
material.
H 6- 0 Humus; altered organic material.
Bf 0- 8 . Black and dark reddish brown (10 YR 2/1-

5 YR 3/4) silt loam, brown to dark gray-
ish grown (10 YR 5/3-4/2) when dry; weak;
coarse platy breaking to strong, coarse
granular; friable; pH 7.5; abrupt, smooth
boundary. '

IIBC 8 -25 Very dark grayish brown to dark brown (10
YR 3/2-3/3) silty clay loam, grayish brown
(10 YR 5/2) when dry; strong, coarse granu-
lar to strong, fine subgngula.r blocky; firm;
pH 7.2; slightly gravelly; clear, smooth

boundary.



Horizon

IIIC

Depth (cm)
25 - 60 +

309
Description
Very dark grayish brown (10 YR 3/2)

clay loam, gray (10 YR 5/1) when dry;
amorphous; firm; pH 7.4; moderately

gravelly.
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Sub-group:

Profile nlmber: @0 000 s s0000 0000

Location: .

Vegetation:

e es 0000000000000 00 00

Tree canopy: ccc.c.ce..
Understory: cecceceee.

Ground: oo s s ene s

P&rent mterial: -..olol.-OOOOOOOO

Topography:
Elevation:

Drainage: .

Horizon

L -H

Bfl

IIBf2

Depth (cm)
13- 0

12 - 25

311
Orthic Eutric Brunisol.

M 34,
Near Forestry Plot #251.
Picea sp., Abies sp..

Ledum sp..

Feather moss; Linnaea borealis.

Aeolian colluvium/Colluvium.
Moderately sloping; aspect SSE.
6180 ft. M.S.L..

Imperfect.

Description
Organic material in various stages of

decomposition.

Dark brown to brown (7.5 YR 4/4) silt
loam, yellowish brown (10 YR 5/4) when
dry; weg.k, coarse platy breaking to
strong, medium granular; friable; pH
T7.7; abrupt, smooth boundary.

Dark brown to brown (7.5 YR 4/l) silt
loam, grayish brown to pale brown (10
YR 5/2-6/3) when dry; strong, medium
granular; frisble; pH 7.6; moderately
cobbly to slightly to moderately.channery;

clear, smooth boundary.



Horizon

IIBC

IIC

Depth (cm)
25 - 33

3 -5 +
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Desé.ription
Very dark grayish brown to dark brown

(10 YR 3/2-3/3) silt loam, grayish
brown (10 YR 5/2) when dry; strong,
medium granular to weak coarse pseudo
platy; friable; pH 7.6; slight effer-
vescence; moderately cobbly to moder-
ately channery; clear, wavy boundary. .
Very dark grayish brown (10 YR 3/2) silt
loam, gray to grayish brown (10 YR 5/1-
5/2) when dry; amorphous to moderate
coarse pseudo platy; friable; pH 7.8;
strong effervescence; very gravelly to

channery.
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Sub-group: Brunisolic Gray Luvisol.
Profile NUMbEr: .esececoceccssscess M 35,
LOCBEION: wevscereessensesneessss SnOW course #6.
Vegetation: Tree canopy: ....... Picea sp., Abies sp..

Understory: ........ Menziesia sp..

Ground: ...%e....... Vaccinium sp., Moss.
Parent material: Colluvium/Aeolian/Till I.
TOPOGraPhY: eecessseceecessaessss Moderately sloping; aspect NE.
Elevation: eeceeecececccccesacsecss 5820 £t. M.B.L.. |

Drainage: 0O 0000 P0G 00 S0 000000 000 well.

Horizon Depth (cm) Description
L -H 15- O | Organic material in various stages of
decomposition.
(&e) 0- 3 Reddish brown (5 YR 5/L) silt loam,

pale brown to light gray (10 YR 6/3-
7/2) when dry; weak, coarse platy; very
friable; pH 5.7; abrupt, broken boun-
dary. '

1I(Bf) 3-13 Yellowish brown to brownish yellow (10

YR 5/8-6/6) silt loam, yellow (10 YR

8/6) when dry; wesk, coarse platy break-

ing to strong, medium granular; very
friable; pH 6.5; abrupt, smooth to bro-

ken boundary.



Horizon

IIIAe

IIIBt

IIIBC

IIIC

Depth (cm)

13 - 20
20 - 29
29 - Lo
ho-lloo+

315
Description
Grayish brown to brown (10 YR 5/2-5/3)
8ilt loam, light gray to very pale brown
(10 YR 7/2-7/3) when dry; weak, medium

‘platy; friable; pH 5.9; slightly gravelly;

clear, smooth boundary.

Dark brown to brown (10 YR 4/3) silty
clay loam, light brownish gray to pale
brown (10 YR 6/2-6/3) when dry; strong,
medium subangular blocky; firm; pH 6.1;
moderately angular cobbly; clear, smooth
boundary.

Very dark gray to very dark grayish brown
(10 YR 3/1-3/2) silt loam, grayish brown
(10 YR 5/2) when dry; weak, medium granu-
lar to amorphous; friable; pH 6.8; slight-
ly angular gravelly; clear, smooth boun-
dary.

Very dark gray (10 YR 3/1) loam, dark
grayish brown to gray (10 YR 4/2-5/1)
when dry; amorphous; firm; pH 7.6; strong
effervescence; very angular gravelly to

moderately angular cobbly.
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SUD-EIrOUP: .cecevcsssessssessssss Cumulic Regosol.
Profile number: .M 36. .'
LOCREION: vevveecccccossesssesess LAate-snow-melt basin near head of Cirque.
Vegetation: Ground: ....cccceees Kobreﬁia sp., Carex sp..
Parent material: .......oceeoes.. Colluvium/Aeolian colluvium.
Topography: Steeply sloping; aspect NE.
Elevation: ...coeeecececcscescsess T600 £t. M.S.L..

Drainage: 00600 0600000000000 00000 Imperfect.

Horizon Depth (cm) - Description
L - F l1-0 Organic material in early stages of
decomposition.
Ahl 0 -22 Very dark grayish brown to dark brown

(10 YR 3/2-3/3) sandy loam, gray to
1ight gray (10 YR 6/1-7/2) aggregates
and brown (10 YR 5/3) crushed when dry;
strong, medium granular; very friable;
pH 4.7; clear, smooth boundary.

An2 22 - 48 Very dark grayish brown to dark brown
(10 YR 3/2-3/3) loam, gray to light
gray (10 YR 6/1-7/2) aggregates and

“ brown to pale brown (10 YR 5/3-6/3)
crushed when dry; weak, coa.;'se platy
breaking to strong, medium granular;
frieble; pH 5.1; abrupt, smooth boundary.

IICL 48 -~ 63 Brownish yellow (10 YR 6/6) silt loan;,

very pale brown to yellow (10 YR 8/4-8/6)



Horizon

IIC1

IIC2

IIC3

IICh
1IC5
1I1C6

I1C7
I1C8

Dep.th(cm)
48 - 63
63 - 66
66 - 68
68 - 71
n-173
73 - 84
84 - 90
90 - 100 +
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Description
when dry; platy; very frisble; pH 5.6;
filamentous iron concretions between
the lower plates; charcoal fragments
scattered throughout; sbrupt, smooth
boundary.
Brownish yellow (10 YR 6/6) silt loam,
very pale brown to yellow (10 YR 8/l-
8/6) when dry; platy; very friable; pH
5.6; filamentous iron concretions between
the plates at the lower bounda.ry; abrupt,
smooth boundary.
Brownish yellow (10 YR 6/6) silt loam,
very pale brown (10 YR 8/4) when dry;
platy; very friable; pH 5.6; filamen-
tous iron concretions between the plates
at the lower boundary; sbrupt, smooth
boundary.
Idem, except (10 YR 8/3) when dry; pH ‘5.7.
Idem, except (10 YR 8/3) when dry; pH 5.9.
Idem, except (10 YR 8/3) when dry; pH 6.1.
Idem, except (10 YR 8/3) when dry; pH 5.9.
Brownish yellow (10 YR 6/6) silt loam,
very pale brown (10 YR 8/3) when dry;

platy; very friable; pH 5.9;
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SUD-ErOUP: eecesesseessesceessss. Orthic Regosol (formerly Deorcic Regosol)

Profile number: ...ccccecccecescee M 37.

LOCALION: +evvvrenneereenccnnnons 0.5 chain S of soil pit #36 near head of

Vegetation:

Puentmterial: o0 0000000000008

Topography: ...cccceccecccceccccss

E]-evation: LI IS B S BB R B A B B R R

Drainage: .-...oo.Aoccoanoooocnct.

Horizon

Ah

AC

0 -

&ound: oee0ssssosce

Depth (cm)
6

Cirque.

Dryas sp., Carex sp., Festuca sp.,
Polemonium sp., Potentilla sp..
Colluvium/Till II,

Steeply sloping; aspect NE.

7605 ft. M.S.L..

Well.

Description
Black to very dark brown (10 YR 2/1-2/2)

loam, dark grayish brown to gray (10 YR
4/2-5/1) aggregates and dark grayish
brown (10 YR 4/2) crushed when dry;
strong, medium granular; friable; pH' 5.8;
slightly angular gravelly; clear, wavy
boundary.

Very dark grayish brown (10 YR 3/2) silt
loam, gray to light brownish gray (10 YR
6/1-6/2) aggregates and grayish brown
(10 YR 6/2) crushed when dry; strong,

coarse granular; very friable; pH 5.3;

slightly angular gravelly; clear, smooth

boundary.
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Horizon " Depth (cm) Description
IIC 32 - 48 + Dark brown to dark grayish brown (10 YR

3/3-4/2) loam, gray to light gray (10
YR 6/1) when dry; single grained, fri-
able; pH 5.5; exceedingly angular gra-
velly.



Sub-poup: 0000 e0cores0000000000
Profile nmer:..................
mcation: 0 000000000 00000000 N0e

Vegetation: Ground: ....ccseeeee

Parent material: ..cccocovcccccce
TopographY: ceeeccevcecvsccocccenne
E]oevation: ® 0 © & 050 0008000 000008000

Drainage: oS0 es 0000000000000

Horizon Depth (cm)
L 17 - 14
F-H i - 0
Ahj 0- 7
c - 7 - 20

320
Orthic Regosol.
M 38. _
About 1 chain SSE of soil pit #37..
Salix sp., Carex sp., Juncus sp., Moss,
Achillea sp., Polemonium sp..
Colluvium/Colluyium.‘
Steeply sloping; aspect NE.
7620 ft. M.S.L..

Imperfect to poor.

Description
Unaltered organic material.

' Organic material in various stages of

decomposition,

Very dark grayish brown (10 YR 3/2)
loam, gray to light gray (10 YR 5/1-
6/1) aggregates and gray to grayish
brown (10 YR 5/1-5/2) crushed when dry;
strong, medium granular; frisble; pH
6.8; slightly angular gravelly; clear,
wavy boundary.

Dark brown to dark grayish brown (10 YR
3/3-4/2) silt loam, grayish brown to
gray (10 YR 5/2-6/1) when dry; pseudo-
platy; frisble; pH 6.5; moderately angu-

lar 'gra.velly; abrupt, smooth boundary.



Horizon Depth (cm)

I1Ahjb 2 - 24
I11C 24 - 27

IITAhjb ‘ 27 - 33
IIIC - 33 - 38
Ive 38 - 50 +
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Description
Very dark grayish brown (10 YR 3/2) loam,
gray to light gray (10 YR 5/1-6/1) aggre-
gates and gray to grayish brown (10 YR
6/1-5/2) crushed when dry; weak, medium
granular; friasble; pH 6.4; moderately
angular gravelly; abrupt, wavy boundary.
Dark brown to dark grayish brown (10 YR
3/3-4/2) silt loam, grayish brown to gray
(10 YR 5/2-6/1) when dry; pseudo-platy;
friable; pH 6.4; moderately angular
gravelly; abrupt, wavy boundary.
Very dark grayish brown (10 YR 3/2) loam,
gray to light gray (10 YR 6/1-6/1) ag-
gregates and gray to grayish brown (10
YR 5/1-5/2) crushed when dry; weak, me-
dium granular; friable; modera.fe]y aﬁgu-
lar gravelly; abrupt, wavy bouhdary.
Dark brown to dark grayish brown (10 YR
3/3-4/2) silt loam, grayish brown to
gray (10 YR 5/2-6/1) when dry; pseudo-
platy; friable; moderately angular
gravelly; clear, wavy boundary.
Very dark grayish brown (10 YR 3/2) loam,
grayish brown (10 YR 5/2) when dry; sin-

gle grained; friable; strongly angular

gravelly.
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Slope:
d - moderately sloping (6 - 9%2)
e - strongly sloping (10 - 15%)
f - steeply sloping (16 - 30%)
g - very steeply sloping (31 - 60%)
h - excessively sloping (> 60%)
Internal Drainage:
1 - rapid
2 - well
3 - moderately well
4 - imperfect
5 - poor
6 - very poor

Key to Abbreviations

Depth and Nature of Organic Horizons:

(- I
]

peat

turf

L-H €5 cm

L-H 25 cm €121/2 cm
L-H 2 121/2 cm

Nature of Overlay:

C - colluvium
RC ~ residual colluvium
Al - alluvium

Parent Matérial:

T -
MTI -
MTII1
C -
RC -
Sh -
Res -
R -
Al -
Lac -

till

mixed till I
mixed till IX
colluvium
residual colluvium
shale

residual

rock

alluvium
lacustrine

323
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APPENDIX II-B
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Key to Appendix II-B

The morphological descriptions and analytical results of
the soil profiles sampled in Streeter Creek Basin are presented in
order of sampling site sequence. Explanation of abbreviations used
are as follows:
Ino. C. - Inorsan;c Carbon
Org. C. - Organic parbon
Exch. Acid. - Exchange Acidity _ .

pH Depend. C.E.C. - pH Dependend Cation Exchange
Capacity

G - Coarse skeléton (> 2 mm)
S - Sand (2 mm - 50/;)

Si - Silt (50m- 2 u)

C - Clay (2/1- .2);)

FC - Fine clay (< .2,;)

Bulk Dens. - Bulk Density

Por. - Porosity (calculated from bulk density and
specific gravity data)

Sat. Cap. - Saturation Capacity

(Theor.) - Theoretical Saturation Capacity (Richards
and Wadleigh, 1952)

Avail, Moist. - Available Moisture

Hygr. Moist. - Hygroscopic Moisture



Sub-group: teveseesessacsesasases
Profile number: c.ccececccscocese
Location: ..
Vegetation: Tree: .

shrub: .....O.....OQI

Parent m&terial: PRI AN AN NN
Topography: MEEEEE RN NN AN B BN
Elevation: 000000 000000000000 0000

Drainage: YRR I B AN AR A B L 4

Horizon Depth (cm)
L -F 2- 0
Ah 0 -20
BA 20 - 26

333

Orthic Black.
S 1.

Near Survey Plot #152.

Rosa sp., Amelanchier sp., Symphori-
carpus sp..

m sp., Stipa sp., Aster sp., Achillea
sp., Potentilla sp., Lupinus sp..
Colluvium/Mixed Till 1/Till.

Steeply sloping; aspect ENE.

4590 ft. M.S.L..

Moderately well.

Description

Organic material in various stages of
decomposition. '
Black (10 YR 2/1) clay loam, very dark
grayish brown (10 YR 3/2) when dry;
strong coarse prismatic; friable; pH
6.2; gradual, wavy boundery.

Very dark grayish brown (10 YR 3/2) clay

loam, dark greyish brown (10 YR 4/2) when

dry; strong, coarse prismatic breaking
to strong, coarse subangular blocky; firm;
pH 6.1; moderately angular cobbly; clear,

smooth boundary.



Horizon

IIBm

IIBC

IIC

IIIC

Degth (cm)
26 - 55
55 - 63
63 - 96
96 - 150

334

Description
Brown to dark brown (10 YR 4/3) clay loam,

brown to dark brown (10 YR L4/3) when dry;
strong, coarse prismatic breaking to
strong, coarse subangular blocky; firm;
pH 6.6; slightly to moderately angular

.cobbly; diffuse, wavy boundary.

Dark grayish brown (10 YR 4/2) clay loam,
light brownish gray to pale brown (10 YR
6/2-6/3) when dry; strong, coarse sub-

angular blocky; friable to firm; pH 7.5;

‘8light effervescence; slightly to mo-

derately angular cobbly; gradual, wavy
boundary.

Dark grayish brown to grayish brown (10
YR L4/2-5/2) clay, light gray (10 YR 7/2)
when dry; amorphous; friable to firm;
pH 7.5; strong effervescence; slightly
angular cobbly; clear, wavy boundary.
Brown to grayish brown (10 YR 5/3-5/2)
clay loam, light gray to white (10 YR
8/1-7/2) when dry; emorphous; friasble;
pH 7.6; strong effervescence; slightly

angular cobbly.



335

—pu | pu| PV |el°¢ [&9°€ |S6°L1 | 9°12 16°LS vE < Ly 8c° 1 |it] ¢c| ee] SE| S [+0ST1-96 OI11
Pu | PU| PR |25°C | 811 | 201 | 0°2C [7°€e Tty |1°es|ec T PU| 19| 9¢] €T v | 96-¢€9 DI |
—pu 1T BU| pY |77¢ | L°L | €el [0 oz e Te €9 1e°29]86° 91| Ze| o€} Le| et €9-SS DHIl |
_Idﬂll.oqlmal.ﬂ..ml_lﬁdﬁl 5721 1 "¢ [1°0¢ | <9 [c 19|66 [1] le| ce] 1e] S | 65°9¢ wgll |
—po U PU ¢ | L'8 | S el | ¢ 1t |77t Tl 5106 —O%| 1| 66] ¢ | 9¢-0¢ LA
—pu— PO PO (162 | ' ¢l | 8'¢t | 0°9¢ U &Y — 16 |0°89_ St| 6¢) 6E| 1 | 0¢-0 W
I e B R k) 0 A 8 A 2 e N A0 R
g| | 9 |g3n|g3n | gan| gan | $an $TOA $ [|oo/uB % g| 4 w | .
v
+ . *38TOoN |*38TOW | B8I8q | 8IEq *de) _ .
og | v | oa | Bultreav | ¢St | €/t *388 ofl o} vs| s| 9
(*xo3uy) .
movnaaxov . . *de) *suq sysATsuy
. oty ey 8TSATeUY 9INIBFOH *qeg | °Jod| Xng TeOTUBOIN yadsq| uoZTJIOH
—pU_— pu_| pd puU [ Pu |pu pu pu_jpu | pu pu Pu_ | 9°L|+0S1-96 OII1
—pu pu_| pu PU | PG | PU pu pud__jpu | PY pu pu | 6° L] 96-€9 011
pu pu_| pu pua | pu | pu pu pu_|pu | pu pu pu_ | ¢ L] €9-SS o811
pu T92 1 9°¢i | 0°84] 0°€| # | 0°€ [0St Js1° |€'¢c | PY pu_ | 9°9| 66-92 wgIl
~——s0 1 3"12 [ 0°11 | 6°2Z] 66| % | ¢ 11| 1°01 Pc° | 1°¢ pu PU_ | 1°9] 92-02 ve
— p% 0% | S6ell 77| £°| 71t | 021l RY _|1°S pu pu_| 2'9| 0¢-0 qv
Po_ nﬁﬁ T IT 1 L]l 791 & | ¢'¥% | ¢ 11 pPr°t} v°et}| P°u pu_ | £°'9] 0-2 H-1
g lootem | | % |% | %| | $ | % | % % w
‘0°3°D : 4 *pEo® *AT0bS
‘puadep | D3I o | w0 | % | en | ‘uoxe | oraex 2 0 too
-ud 8TsATeuy 25uUsyOXy — | N/O | N |81 | -oul ey | Hd.| uids@| UOZTJIOH

1S °ON °17130xd , , . o 3oe1d 9T4320 :dnoa8-qus




S\Ib-gl'oup: .'c‘.oc..;oloooouo-aooo

Profile number:

Iﬂcation: .....'.....q.....'l.ll.
Vegetation: Tree:
Shrub: ® 60 000000080

Ground: eeossov oo

Parent material:

Topopapw: R EEEEREE NI I N AR A A
Elevation: 000 0O OGCOOCEILSBOLOIONOSIOESINSENBSNOEILYS

Drainage: @6 060 0008 000 000000000000

Horizon

L-H

Ahl

Ah2

Depth (cm)
L - 0

0o -28

28 - 47

47 - 7h
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Orthic Black,

S 2.
Thermisters near Survey Plot #151.

Populus tremuloides.

Rosa sp., Symphoricarpus sp., Ribes sp..

grasses, Aster sp..
Colluvium/Mixed Till 1,

Very steeply sloping; aspect ENE.
4520 ft. M.S.L..

Moderately well.

Description
Organic material in various stages of

decomposition.

Black (10 YR 2/1) clay loam, black (10
YR 2/1) when dry; strong, coarse pris-
matic breaking to strong, coarse sub-
angular blocky; friable; pH 6.1; gradual,
wavy boundary.

Black (10 YR 2/1) clay loam, very dark
gray to black (10 YR 3/1-2/1) when dry;
strong, coarse subangular blocky; fri-
gble; pH 6.6; clear, smooth boundary.
Dark brown to brown (10 YR L/3) clay
loam, brown (10 YR 5/3) when dry; strong,

medium subangular blocky; firm; pH 6.7;



Horizon

Bm

IIBC

IIC

Depth (cm)
47 - 74

™ - 90

90 - 150 +
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Description
slightly angular gravelly; gradual,
smooth boundary.

Brown to dark grayish brown (10 YR 4/3-
4/2) clay loam, pale brown to brown (10
YR 6/3-5/3) when dry; weak, medium sub-
angular blocky to amorphous; friable to
firm; pH 7.5; slight effervescence; |
slightly angular cobbly; gradual, smooth
boundary.

Pale brown to brown (10 YR 6/3-5/3) clay
loam to clay, light gray to white (10
YR 7/2-8/1) when dry; amorphous; friable '
to firm; pH 7.6; strong efférvescence;
slightly to moderately angular cobbly to

stony.




338

Py | PU 0 T8 | 1°01 | 881 |9°8¢| 17 __ P16 [Ze 1 [9noy]ielee ]y HOST-06 oI1_
pU PO | PO |1H"C BIT [1°01 |6°1¢ J1°¢c | 8% 766 |61°1 ey 9€(8€E (92 |1 06-%L g1l
pu PO | PO 7L ¢ [ 4 ¢ H6 |81t jegecloviLe |l 9l-1% ug
pu pPo PO [9T°E 50T (991 |5 2¢ ¢St LTS Y23 |[90°1 |1 [9E | S¢C | € {9-8¢ v |
pu P PT [ETE g S B ML A O AL 174 *Z5 (68" dm A WA 8¢-0 Tav
P P PC T |7 LY g 18 | Yl pu pe | PY [PU | PU | BU 0-% H-"1_
g 9| 9 |dn |9 | gan] g | g $rT0A | P [oo/0D _ ¥ By ™ .
v
+ *38ToW [*38TOW | sxeq | sxeq | -deD .
o | tv | o | ~xBAu|-treAv | - ST £/ *388 odl ol ¥s|] S O
A.uoonav .
939TeX0) . . . *de) . *suag sEsATsuy
0%y 99Xl sTsATeUY 9MISTOH *98§8 *J0d| Tng T8O FUBYOSN yadsg| uoziIoH
PU PT | PO “PU | PY | PV Pu pu 'y pu LA PO 191 [ +0S1-06 oLl
pa Pa pu Pa AT B ] pu pu pu pu pa pu §°L 06-%L otdlil
P —=gtT vIT| U L9[0L | L 5T.1 £ 6-1¢L L L pu pu1L%9 i-LY ug
pu 0t e Y2 A A1 L N R 09 I8¢ [¢°¢C pu PT {9°9 1%-8¢ KA
i 0“9t ST "8 Z9[0°S | ¢t 1 98 °} T¢ [95 1|8 9 pu P [1'9 8¢-0 Tqv
pu 243 UST [ CUZ[TE | € 0T [ 09V (6 115 ¢ | PY Pa_(G'9 0-% H-"1
G
% oot /ew % $ | ¥ P % - % % y "m
*0°q°D *pIO® *ATnba
‘puadep | 031 S | %0 | X | eN | ‘woxs | oriex o) ) too , ,
-Hd STSATeUY @5ULPRXI N/o | N |'3x |'°oul w9 | Hd | uadsq| UOZTIOH

7S °ON 21F30xd

" yoeld 9FuY3IX0 :dnoi8-qus



339

Sub-group: 000 00 PO OIGOPEIOEOEOIOIEOSIOSIDSLSOEPOSIOSEO orthic BlaCk.

Profile number: ..ccceececccecoss

Vegetation: Tree: c.eccececccnes
sh.r‘lb: 00 00 00000 O e

Ground: LI NI B RN B N

Parent material:

Topography: 000000 00OCCESSIEGEOINOOSIOEPINOITISIES
Elevation: S0 e 0 e 00t osse 0PN RBRsOS

Drainage: S @es 000000000 PEOONIOGINGELDS

Horizon

L -F

Ahl

V Location: S0 00 e PO sOOsRBOOOGEOIOLIIDINIDS

Depth (cm)

3-0

0 -25

25 - 59

59 - 76

S 3.
Near Survey Plot #47.

Salix sp..

Phleum sp., Stipa sp., Geranium sp..
Colluvium/Colluvium,

Strongly sloping; aspect W..

4530 ft. M.8.L..

Moderately well.

Description
Organic material in early stages of

decomposition.

Black (10 YR 2/1) clay, black (10 YR 2/1)
when dry; strong, very coarse prismatic;
firm; pH 6.9; clear, smooth boundary.
Black (10 YR 2/1) clay, very dark éray
(10 YR 3/1) when dry; strong, very coarse
prismatic to moderate, coarse subangular
blocky; firm; pH 6.5; clear, smooth
boundary.

Black (10 YR 2/1) clay loam, dark grayish
brown (10 YR 1;/2) when dry; strong, coarse
subengular blocky; firm; pH 6.6; abrupt,

smooth boundary.



Horizon

Bn

IIBC

IIC

Depth (cm)
76 - 88

99 - 120 +
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Description
Very dark grayish brown (10 YR 3/2)

‘loam to clay loam, grayish brown (10

YR 5/2) when dry; strong, very coarse
subangular blocky; friable; pH 6.9;
clear, smooth boundary.

Dark brown (10 YR 3/3) loam, brown (10
YR 5/3) when dry; week, coarse subangular
blocky to amorphous; friable; pH 7.3;
slight effervescence; moderately chan-
nery; gradual, smooth boundary.

Very dark grayish brown (10 YR 3/2)
loam, light gray to gray (10 YR 6/1)
when dry; amorphous; friable; pH 7.8;
strong effervescence; moderately chan-

nery.
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SUD=ErOUP: seseecsssscscescssssss Orthic Black.

Profile NUMDEr: .ceesececccesscss S U,

LOCALION: vovveveecesceeassasssss Near Survey Plot #200.

Vegetation: .......,.........;... Bromus sp., Koeleria sp., Festuca sp.,

Lupinus sp., Geranium sp., Aster sp.,
Glycorrhiza sp..
Parent materil: se..eceoeeeses.. Colluvium/Mixed Till I/Till.
TOPORraPhY: eecceececccccsesssss. Steeply sloping; aspect E,
Elevation: ....ccececceccecccasss 3020 ft. M.8.L..

Dr&inm;_._m.-oo.v.........o... well.

Horizon Depth (cm) Description
L-~-F l-0 Organic material in early stages of
decomposition.
Ah 0-25 Black (10 YR 2/1) clay loam, very dark

gray (10 YR 3/1) when dry; strong,
coarse prismatic; friable; pH 6.1;
clear, wavy boundary.
AB 25 - 33 Very dark grayish brown (10 YR 3/2)

clay loam, brown to dark brown (10 YR
4/3) when dry; strong, medium prismatic;
frisble; pH 5.7; gradual, wavy boundary.

IIBml 33 - 56 Brown to dark brown (10 YR 4/3) clay to
‘silty clay, brown (10 YR 5/3) when dry;
weak, coarse prismatic breeking to

strong, medium subangular blocky; firm;



Horizon . Depth (cm)
IIBml 33 - 56
IIBm2 56 - 75
IIBC1 75 - 87

IIIBC2 87 - 101

I1IC . 101+

343
Description

pH 5.8; gradual, wavy boundary.
Brown to dark brown (10 YR 4/3) silty
clay, yellowish brown to light yellow-
ish brown (10 YR 5/4-6/4) when dry;
strong, medium subangular blocky; firm;
pH 5.7; gradual, wavy boundary.
Grayish brown (10 YR 5/2) silty clay,
light yellowish brown (10 YR 6/4) when
dry; strong, fine subangular blocky;
firm; pH 5.9; clear, wavy boundary.
Grayish brown (10 YR 5/2) silty clay
loam, light yellowish brown to very
pale brown (10 YR 4/4-7/3) when dry;
amorphous; friable; pH 6.1 .

Not sampled.
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Sub-roup: ..eececescecssssesss.. Degraded Butric Brunisol.
Profile NUMDEr: .ccceececcccccccs S 9
LOCAtION: vvvveecccesesssasssssss Near Survey Plot #201.

Vegetation: Tree: .......c...... POpulus tremloides.

Ground: ............ Bromus sp., Poa sp., Festuca sp., Aster

sp., Geranium sp., Thalictrum sp..
Parent materidl: ................ Colluvium/Ti11/Residual/Rock.

Topography: ..eccccescssssses.o.. Moderately sloping; aspect SE.
Elevation: 0 0 © 0000000 S0 OPSOSSOPSOS %% ﬁ. M.S.L‘

munwe: ® 8 0 9 00000000000 PIS LSS L] well.
Horizon Depth (cm) . Description
L -H 2- 0 Organic ma.ter:la.l in various stages of
decomposition.
Aeh 0 -1 Very dark gray to dark gray (10 YR 3/1-

4/1) loam to clay loam, dark brown to
brown (10 YR 4/3-5/3) when dry; strong,
medium prismatic; firm; pH 5.7; clear,
wavy boundary.

IIBml 10 - 29 Dark brown to brown (10 YR 3/3-l4 3) clay
loam, brown to yellowish brown (10 YR
5/3-5/4) when dry; strong, medium sub-
angular blocky; firm; pH 5.5; gradual,
wavy boundary.

I1IBm2 29 - U9 Grayish brown to brown (10 YR 5/2-4/3)
clay loam, yellowish brown (10 YR 5/4)

when dry; strong, medium subangular



Horizon

IIBm2

IIBC

Inc

Rock

Depth (cm)
29 - U9

49 - 62

0 +
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Description
blocky; firm; pH 5.8; gradual, wavy
boundary.
Grayish brown to brown (10 YR 5/2-5/3)
clay loam, light yellowish brown (10'
YR 6/4) when dry; strong, fine subangu-
lar blocky; firm; pH 6.8; clear, wavy
boundary.
Gray to grayish brown (10 YR 5/1-5/2)
loam, very pale brown (10 YR 7/3-7/u4)
when dry; amorphous; friable; pH 7.5;
strong effervescence; diffuse, broken

boundary.
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Sub-poup: no..lo...a‘.c...o.l.o.o
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Degraded Eutric Brunisol (with Overlay).

PrOfile n‘mber: ..000.!.0.0..-000860

LOCBLION: sessvsvocessecsasssssss Near Survey Plot #205.

Vegetation:

P&rent mterial: G000 000080000000
Topog‘aptly: P EEEEE I I A B N
Elevation: 000000000000 00000 0000

Drainage: MY EREEEE RN I B A A

Horizon

L -H

Aeh

IIBC

SW: e 000 00 0

Grolmd: .ll"..'.l...

Depth (cm)
8- 0

0 ~-13

13 - 27

27 - 13

Tl.ee: PR R R I B A POE\ll\lB Bp..

Rubus sp., Salix sp., Symphoricarpus sp..

Epilobium sp., Delphinium sp., Viola sp.,

Vicia sp., Calamagrostis sp..
Residual Colluvium/Residual/Rock.

Steeply sloping; aspect ESE.
5100 ft. M.S.L..

Well.

Description

. Organic material in various stages of

decomposition.

Black to dark brown (10 YR 4/3-2/1)
loam, very dark gray to dark grayish
brown (16 YR 3/1-4/2) when dry; weak,
fine subangular blocky; friable; pH

5.6; clear, wavy boundary.

Dark brown to brown (10 YR 4/3-5/3)
sandy clay loam, yellowish brown (10 YR
5/h) when dry; strong, coarse subangular
blocky; firm; pH 5.4; gradual, irregular
boundary.

Yellowish brown (10 YR 5/4) sandy loam,

pale brown to light yellowish brown (10
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Horizon ' Depth (cm) Description
IIBC 27 - 43 YR 6/3-6/4) when dry; single grained;

very frisble; pH 5.5; diffuse, broken
boundary.
R 43 +
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SUD-EIOUD: oeeoveveseasnsasssssss Orthic Dark Gray (with Overlay).
Profile number: ...ceceececccccce 8 To
LOCAtION: veveeeesesvennnsnnsess. Near Survey Plot #189.

Vegetation: Tree: ....cc........ POpulus tremloides.

Shrub: ...cec0ee.... Salix sp., Betula sp..
Ground: ............ Epilobium sp., Geranium sp., Aster sp.,
_ Calamagrostis sp.. ’
Parent materifl: ..eceeseessos... Colluvium/Colluvium/Residual/Rock.
TOPOETaAPhY: cceececesssssesssssqs Steeply sloping; aspect S.

Elevation: ®0 e 0000000000000 00 00 m ft. MOSOLOO

Drainage: ® 0 00 0 000000 SO0 PSePOR well.
Horizon Depth (cm) Description
L-F 2- 0 Organic material in early stages of
decomposition.
Anl . 0- & Very dark brown (10 YR 2/2) loam, very

dark brown to very dark gray (10 YR 2/2-
3/1) when dry; strong, medium granular;
friable; pH 6.1; slightly channery;
abrupt, smooth boundary.

IIAh2 4 - 15 Very dark brown (10 YR 2/2) loam, dark
grayish brown (10 YR 4/2) when dry;
strong, medium prismatic; friable; pH
6.0; slightly channery; clear, wavy
boundary,

IIAB 15 - ko Dark brown (10 YR 3/3) loam, brown to

pne brown (10 YR 5/3-6/3) when dry;



Horizon

JIAB

IIIBm

IIIC

Depth (cm)
15 - ko

8 +
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Description
strong, medium prismatic; friable; pH
5.9; slightly to moderately channery;
clear, irregular boundary.
Brown to yellowish brown (10 YR 4/3-5/4)
sandy loam, yellowish brown to light
yellowish brown (10 YR 5/L4-6/L4) when
dry; strong, medium subangular blocky;
very friable; pH 6.0; moderately chan-
nery; clear, 1r1;egula.r boundary.
Brown to dark brown (10 YR 4/3) sandy
loam, yellowish brown (10 YR 5/4) when
dry; amorphous; very friable; pH 6.0;
very to exceedingly channery; abrupt,

broken boundary,
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Sub-group: Degraded Eutric Brunisol.
Profile number: ....cceeeceeeeeee S 8.
Location: ...icecveeesaseescssss. Near Survey Plot #139.

Vegetation: Tree: cceceecccesss. Populus tremloides.

Shrub: .....cc0..0.. Salix sp., Rosa sp..
Ground: ............ Aster sp., Epilobium sp., Thalictrum sp.,

Vicia sp., Fragaria sp..
Parent material: .......c.e...... Colluvium/Till/Rock.

Topography: ccccececssscccecessssss Steeply sloping; aspect N.
Elevation: L N B B BN BN BN BN BY BN BN BE BN BN BN BN BN BN BN BN N B ) h739 :t. M.S.L..

Drainqe: o0 0000000000000 000s000 well.

Horizon Depth (cm) ) Description
L 7- 6 Undecayed organic material.
F-H 6-0 Partially and fully decayed organic
materially.
Ah 0- 4 Black (10 YR 2/1) loam, very dark gray

(10 YR 3/1) when dry; ;tea.k, fine pris-
matic breaking to strong, coarse granu-
lar; friable; pH 6.0; abrupt, wavy
boundary.

Aej b - 212 Brown to dark brown (10 YR 4/3) sandy
loam to loam, brownish gray to very
pale brown (10 YR 6/2-7/3) when dry;
weak, coarse platy to strong, fine
subangular' blocky; very friable; pH 6.0;

‘ slightly to moderately channery; clear,

wavy boundary.
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Horizon Depth (cm) Description
Bm 12 - 44 Brown to dark yellowish brown (10 YR

4/3-4/4) sandy loam, light yellowish
brown (10 YR 6/4) when dry; strong,
medium, subangular blocky; very fri-
able; pH 6.0; slightly to moderately
channery; clear, smooth boundary.
IIACb LYy - 65 Dark gray to grayish brown (10 YR 4/1-
5/2) cl:y loam, light brownish gray to
pale brown (10 YR 6/2-6/3) when dry;
strong, coarse subangular blocky; firm;
pH 7.0; moderately angular gravelly to
angular cobbly; clear, smooth boundary.
IIC 65 - 80 Grayish brown to brown (20 YR 5/2-5/3)
clay loam, grayish brown to light
" brownish gray (10 YR 5/2-6/2) when dry;
amorphous; firm; pH 7.5; strong effer-
vescence; moderately angular gravelly
to angular cobbly; abrupt, broken

boundary.
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Sub-group: ..:.......‘............ Orthic Dark Gray with Overlay.
Profile number: .....cccceeeeeeee S 9.
Location: .....ceecessecssesscsses Near Survey Plot #153.
Vegetation: Tree: . Populus tremuloides.
Shrub: ............. Salix sp., Ehnela.hchier sp., Betula sp.,
Rosa sp..

Ground: ............ Epilobium sp., Aster sp., Calamagrostis sp..

Parent material: ................ Colluvium/Colluvium/Mixed Till 1.

TopOgraphy: .eccecescccesecesesess Steeply sloping; aspect SSE.

Elevation: ....... cesescsnciaas .. 4575 £t.
Drainage: .c.ccceces cecesssoscsss Moderately well.
Horizon Depth (cm) Description
. L-H 6-0 Organic material in various stages of
decqmposition.
Any 0- 6 Very dark grayish brown (10 YR 3/2) loam,

dark gray (10 YR 4/1) when dry; strong,
medium prismatic; friable; pH 6.1; clear,
wavy boundary.

IIAh 6 - 20 Very dark gray (10 YR 3/1) loam, dark
grayish brown (10 YR 4/2) when dry;
strong, medium prismatic; friable; pH
6.0; clear, irregular boundary.

I1Bml 20 - k2 Dark brown to brown (10 YR 3/3-4/3) clay
| . loam, brown to pale brown (10 YR 5/3-6/3)
whén dry; .st‘rong, fi;le prismatic to

moderate, medium subangular blocky; firm;



Horizon

IIBml

IIIBm2

ITIBC

IIIC

Degth(cm)
20 - k2
42 - 64
64 - 86
86 - 96 +
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Description
pol:t 5.7;. gradual, wavy boundary.
Brown to dark brown (10 YR L4/3) clay
loam, yellowish brown (10 YR 5/4) when
dry; slightly angular gravelly; strong
medium subangular blocky; firm; pH 5.6;
gradual, wavy boundary.
Grayish brown to brown (10 YR 5/2-4/3)
clay loam, light brownish gray to pale
brown (10 YR 6/2-6/3) when dry; strong,
medium subangular blocky; firm; pH 6.2;
moderately angular cobbly to angular
gravelly; clear, smooth boundary.
Dark grayish brown to grayish brown (10
YR 4/2-5/2) silty clay loam, grayish
brown to light brownish gray (10 YR 5/2-
6/2) when dry; amorphous; firm; pH 7.&;
strong effervescence; moderately angular

cobbly to angular gravelly.
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Sub-group: ..:.................,. Dark Gray Luvisol.
Profile number: .ceeccceccccscsse 8 10,
LOCAtION: .vevecesessssnseeassssss Near Survey Plot #137.
Vegetation: Tree: ....ccc....... Populus sp., Pseudotsuga sp..
Shrub: ............. Betula sp., Spiraea sp., _llg_a;sp., Betula
8p..
Ground: ............ Aster sp., Fragaria sp., Epilobium sp.,

Calamagrostis sp.. _
Parent material: oe..ceeeeseses.. Colluvium/Mixed Till II/Residual/Rock.

TOPOGraphY: cccescesssssacesessss Very steeply sloping; aspect NE.
Elevation: o 0 05 0 00 00 008 0SSO O OIS h?m ﬁ. M.S.L..

Drainage: . o 000 00 ® O 0 00 5 8000800 o e "ell.
Horizon Depth (cm) Description
L -H 5- 0 Organic material in various stages of
decomposition.
Ahe 0- 9 Very dark grayish brown (10 YR 3/2) clay-

loam, dark gray to dark grayiéh brown
(10 YR 4/1-4/2) when dﬁ; weak, coarse
prismatic breaking to strong, medium
grenular; frisble; pH 5.8; abrupt, wavy
~ boundary.

Ae : 9 - 14 Dark brown to brown (10 YR 4/3) loam,
1ight yellowish brown (10 YR 6/4) when
dry; weak, coarse platy; friable; pH

5.7; clear, wavy boundary.



Horizon ~  Depth (cm)
TIAB W - 22
TIBt 22 - 38
IIBC 38 - 57
e 57 - 66

Rock 66 +
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. Description
Yellowish brown (10 YR 5/4) clay loam,

yellowish brown (10 YR 5/4) when dry;
strong, coarse subangular blocky; firm;
pH 5.8; slightly channery; clear, wavy
boundary.

Yellowish brown (10 YR 5/4) clay loam

to clay, yellowish brown to light yellow-
ish brown (10 YR 5/4-6/4) when dry;
strong, coarse subangular blocky; firm;
pH 5.5; moderately channery; clear, wavy
boundary.

Brown (10 YR 5/3)clay, yellowish brown to
light yellowigh brown (10 YR 5/4-6/4) when
dry; strong, coarse subangular blocky;
firm; pH 6.0; very channery; abrupt,
smooth boundary.

Dark brown to brown (10 YR 4/3) sandy
loam, pale brown (10 YR 6/3) when dry;
sing]:e grained; very friable; pH 7.6;
slight effervescence; very to exceedingly

channery; abrupt, irregular boundary.
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SUb-GrouUpP: +eveeseecesssasscssss. Carbonated Orthic Dark Gray (with Overlay).
Profile NUmDEr: .....eeeeeeen.... S 1.
Location: ....ceeeeevvesecsse.... Near Survey Plot #10.
Vegetation: Tree: .....c¢c...... Populus tremuloides.

Shrub: ............. Symphoricarpus sp., Rosa sp..

Ground: .......... .. Calamagrostis sp., Aster sp., Disporum sp...
Parent material: ........ ceseeses CO11/Til11/Mixed Till II.

Topography: ..cccccccecsecesseess. Steeply sloping; aspect N.

Elevation: ......... cecossesssess HT80 £t. M.S.L..
Drainage: ......cccev0eececee.ee. Well,
Horizon Depth (cm) | Description
L-H 2- 0 Organic material in various stages of
decomposition.
Ahl . 0- 7 Dark brown (10 YR 3/3) loam, grayish

brown (10 YR 5/2) when dry; strong,’
medium subangular dblocky; friable; pH
7.6; strong effervescence; abrupt,

. smooth boundary.

IIAh2 7 - 24 Dark grayish brown (10 YR 4/2) clay
loam, grayish dbrown (10 YR 5/2) when
dry; strong, medium to coarse prismatic;
friable; pH 7.7; strong effervescence;
sl:lgh"cly angular gravelly; clear, wavy
boyndary.

IIPm o 24 - 15 * Brewn to yellowish brown (10 YR 5/3-5/u4)

clay loam, yellowish brown (10 YR 5/h)
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Horizon Depth (cm) Description
IIFm 24 - 45 when dry; strong, medium subangular

blocky; firm; pH 7.7; slight efferves-
éence; moderately gravelly; abrupt,
wavy boundary.

IIBC 45 - 58 Grayish brown (10 YR 5/2) clay loam,
light brownish gray to pale brown (10
YR 6/2-6/3) when dry; strong, medium
subangular blocky; firm; pH 7.9; strong
effervescence; v'ery a.ngula.f cobbly;
ai)rupt, wavy boundary.

1IC 58 - 76 Brown to pale brown (10 YR 5/3-6/3) clay
loam to silty clay loam, very pale brown
(10 YR 8/3-8/L) when dry; amorphous;
firm; pH 8.0; strong effervescence;
moderately channery; abrupt, smooth
boundary.

IIIC 76 -~ 100 + Light yellowish to very pale brown (10
YR 6/4-7/4) silty clay loam, very pale
brown (10 YR 8/4) when dry; amorphous;

friable; pH 8.2; strong effervescence.
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sllb-yolxp: o..o.l_..‘...o.l.....;.

Profile number: ...cccececovevese

Incation: S0 00 ev00eveso000GOGOORES

Vegetation:

Tree: ®0es000cs000e0
shr‘m: Se 0000000 vo0e
GI'Ound: ®ees000000000

P&rent mterial: 0000 eevs 000000

Topoyapw: ®o s ess00000v00000000o0e

E]-evation: --.olo....ooc.o.?.l..l

Drainage: 00000 s0r0os0s0ss000seoe

Horizon Depth (cm)
L -H 6-0
Ae 0-14
IIAB i - 24
IIBt1 2k - si

365
Orthic Gray Luvisol. |
8 12.

Between Survey Plots #62 and #77.

Populus sp..
Spiraea sp., Rosa sp..

Calamagrostis sp., Epilobium sp., Aster

8p..
Colluvium/Mixed Till I/Sandy Lacustrine.
Steeply sloping; aspect E.

4610 ft. M.S.L..

Well.

Description
Organic material in various stages of

decomposition. .
Yellowish brown (10 YR 5/l4) silt loam
to loam, yellowish brown to pa;e brown
(10 YR 5/4-6/3) when dry; weak, coarse
platy; friable; pH 5.4; clear, ‘wavy
boundary.

Pale brown (10 YR 6/3) loam, light yel-
lowish brown (10 YR 6/1}) when dry; strong,
medium subangular blocky; firm; pH 5.3;
moderately gravelly; clear, smooth
boundary.

Yellowish brown (10 YR 5/b) clay loam,

yellowish brown (10 YR 5/4) when dry;



Horizon

IIBtl

IIBt2

IIIC

Depth (cm)
24 - sh

71 - 100 +

366

Description
strong, medium to coarse subangular

blocky; firm; pH 5.2; very gravelly;
clear, smooth boundary.

Grayish brown to brown (10 YR 5/2-4/3)
clay l.oah to clay, grayish brown to
light brownish gray (10 YR 5/2-6/2) when

dry; strong, medium subangular blocky;

" £irm; pH 5.6; very gravelly; abrupt,

smooth boundary.

Dark brown to brown (10 YR 4/3) sandy
loam to sandy clay loam, grayish brown
(10 YR 5/2) when dry; amorphous; fri-
able; pH 6.4; slightly gravelly.
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sub-poup: ® 0 00 0 800 0000 OB OIS OSSO cmnc Reso Bla&‘
Proﬁ]-e nmer: ® 00000 0000000 s 13.
Location: ......ccceevseeeeese... Near Survey Plot #133.

Vegetation: Tree: ...ceeeececess

Shrub: ............. Rosa sp., Symphoricarpus sp..

Ground: ............ Calamagrostis sp., Geranium sp..

Parent material: ................ Alluvium/Colluvium,

Topography: ........cc00ve....... Steeply sloping; aspect E..
Elevation: ® 6 0 0 08 80 000 06006 000000000 !"’510 ﬁ. M.SUL..

Drainage: .......cvce00e00000.... Moderately well,

368

Horizon Depth (cm) Description
L-F 3- 0 " Organic material in early stages of
decomposition.
. Ahej . 0 -1k Black (10 YR 2/1) clay loam, very dark

gray (10 YR 3/1) when dry; strong, coarse

prismatic breaking to fine, subangular

blocky; friable; pH 6.7; slightly gravelly;

clear, smooth boundary.

Ah2 ‘ L}

50 Very dark grayish brown (10 YR 3/2) clay

loam, dark gray (10 YR 4/1) when dry;

strong, very coarse prismatic bresking to

medium, subangular blocky; friable; pH

6.7; slight effervescence; slightly

gravelly; gradual, smooth boundary.

An3 50 - 7h Very. dark grayish brown to dark grayish
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Horizon Depth (cm) Description
Ah3 50 - Th brown (10 YR 3/2-4/2) clay loam, dark

gray (10 YR 4/1) when dry; strong very
coarse.prismatic breaking to medium, sub-
angular blocky; firm; pH 7.3; slight ef- -
fervescence; slightly gravelly; clear,
smooth boundary. _

AC 7% - 8 Dark brown to dark grayish brown (10 YR
3/3-4/2) clay loam, dark gray to dark
grayish brown (10 YR.h/l-k/z) when dry;
strong, coarse prismatic breaking to fine,
subangular blocky; firm; pH 7.7; slight
effervescence; moderately gravelly; clear,
smooth boundary.

IICcal 8 -91 Dark brown to brown (10 YR 4/3) loam, pale
brown (10 YR 6/3) when dry; pseudo sub-
angular blocky to amorphous; friable; pH
7.8; strong effervescence; very gravelly;
clear, smooth boundary.

IICca2 91 - 112 Grayish brown to brown (10 YR 5/2-5/3)
loam, very pale brown (10 YR 7/3) when dry;
pseudo subangular blocky to amorphous; fri-
eble; pH 7.9; strong effervescence; moder-

' ately channery; clear, smooth boundary.

1IC 112 - 120 + Dark gray to grayish brown (10 YR 4/2-5/2)
loam, light brownish gray (10 YR 6/2) when
dry; qmorphous; friable; pH 7.9; strong

effervescence; slightly channery.
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kYD
Sub-group: .. Orthic Black.
Profile number: ...cceececesescss S 1k,
10cation: .....e.eeeeescceecses.. Near Survey Plot #132,
Vegetation: Tree: ..ccccocceceee
Shrub: ...ecceecesse
Ground: ...ec¢e...... Danthonia sp., Festuca sp., Koeleria sp.,

Stipa sp., Lupinus sp., Oxytropus sp.,

Lithospermum sp., Geum sp..

Pueht material: ® O 0O 00060000000 00 Till.
TOPORraPNY: .ocecececocssssecesesss Steeply sloping; aspect E..
Elevation: ® O 0 0 00 000 0900000 0e o hs3o ft. M.S.L. L]

Drainage: 00 cs000 000000000000 0p0e0e well.

Horizon Depth (cm) Description
L-F 2- 0 Organic material in early stages of
decomposition.
Ah o- 8  Black (10 YR 2/1) clay loam, very dark

gray (10 YR 3/1) when dry; strong, medium
prismatic breaking to fine, subangular
blocky; friable; pH 6.4; slightly angular
gravelly; abrupt, irregular boundary.

Btl 8 - 26 Dark grayish brown to brown (10 YR 4/2-4/3)
clay, yellowish brown (10 YR 5/4) when dry;
strong, medium prismatic breaking to strong;
medium subangulaer blocky; firm; pH 5.8;
slightly angular gravelly; gradual irregular

boundary.
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Horizon Depth (cm) Description

Bt2 26 - 57 Brown to dark brown (10 YR 4/3) clay loam,

yellowish brown to light yellowish brown
(10 YR 5/4-6/4) when dry; strong, medium
subangular blocky; firm; pH 6.0; mo-
derately angular gravelly; abrupt,
smooth boundary.

Cca ST - 100 + Grayish brown to light brownish gray (10
YR 5/2-6/2) clay loam, light gray to
very pale brown (10 YR 7/2-7/3) when dry;
amorphous; firm; pH 7.8; strong effer-

vescence; exceedingly gravelly.
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SUb-group: ....icecevecccsccnnces
Profile number: ......cecceevvvs.
Location: ......ccceeeececenccess
Vegetation: Tree: ......cceecveee

Shrub: .............

Ground: ......ccc...

Parent mterial: .oo.o.’.o.o-..o..

Topograpﬁy: cecesansea

Elevation: #0200 0000000000000 00000

Drainage: .......cccvveevvnnnnces

Horizon Depth (cm)
L-H b - o0
Ae 0 -10

1IAB 10 - 20 -
IIBtl1 | 20 - L2

37
Orthic Gray Luvisol.
S 15.

Near Survey Plot #38.

Populus sp..
Salix sp., Spiraea sp..

Calamagrostis sp., Aster sp., Geranium

sp., Fragaria sp..
Colluvium/Mixed Till 1/Till.

Very steeply sloping; aspect N.
4610 £t. M.S.L..
Moderately well.

Description

Organic material in various stages of
decomposition.

Brown to dark brown (10 YR 4/3) loam,

light brownish gray to pale brown (10 YR
6/2-6/2) when dry; weak, medium platy;
friable; pH 6.2; slightly angular gravelly;
abrupt, smooth boundary.

Gray to light brownish gray (10 YR 5/1-6/2)
clay loam, pale to very pale brown (10 YR
6/3-7/4) when dry; strong, fine subangular
blocky; firm; pH 6.0; slightly angular
cobbly; abrupt, smooth boundary.

Dark gray to dark grayish brown (10 YR
4/1-4/2) clay, light yellowish brown



Horizon

IIBtl

IIBt2

IIBt3

IIIBC

IIIC

Depth (cm)
20 - k2

b2 - 47

b7 - 7h

™ - 96

196 - 120 +

375

Description
(10 YR 6/4) when dry; strong, coarse

subangular blocky breaking to strong,

fine subangular blocky; very firm; pH 5.3;
slightly angular cobbly; abrupt, smooth
boundary.

Dark gray (10 YR 4/1) clay, grayish brown
(10 YR 5/2) when dry; strong, coarse sub-
angular blocky breaking to fine subangular
blocky; very fii'm; pH 5.7; abrupt, wavy
boundary. .

Dark gray to dark grayish brown (10 YR 4/1-
4/2) clay loam, 1ight yellowish brown (10
YR 6/4) when dry; weak, coarse subangular
blocky to amorphous; fim; pH 7.1; slight
effervescence; moderately angular gravelly
to angular cobbly; abrupt, smooth boundary.
Brown to yellowish brown (10 YR 4/3-5/h4)
silty clay loam, light yellowish brown (10
YR 6/h4) when dry; weak, coarse subangular
blocky to amorphous; firm; pH 7.1; slight
effervescence; moderately 'a.ngula.r gravelly
to angular cobbly; abrupt, smooth boundary.
Grayish brown to brown (10 YR 5/2-5/3) clay
loam, pale to very pale brown (10 YR 6/3-
7/3) when dry; amorphous; firm; pH 7.6;
strong effervescence; moderately angular

cobbly.



376

pu pu | pu Jo'1 9°01 |€°0ot | 6°02 ko€ 92 6°9€] #9° 1 62 ev] 8z | 11{+021-96 0111
pu pu | pu [0°¢ S°0T | 1°¢t [9°€r P se X3 vonl2s°1 kil Le]9ov] L1l € 9691 08I11
pu PU| PU |2°C 6" L G°C1 | %°02 Dp°se %4 2°1yjes't bijocleel 1€l 0 Yyl-1Y €411
pu PU | pu [S'% €01 [o0°0C Jc'oe b 9% 13 1°csy0%°1_bel 9f8els [¢ L9-2Y Z3911
pu PU | PU [9°¢E %°6 S*91 | 6°€C J6°SE 62 1°2o[ 91 belowlwel ozl Zy-02 13911
— po PUT PU [ 6°2 6°01 | 6°01T [8°12 E°'ic (3 L°9y[ L£°1 Brl sel ool 12]9 02-01 avil
pu PU | PU [E€°1 €11 | 1°L %81 E°'¢€e LY e 9sl91°1 |9l 21| vl oclz 01-0 oy
pu PU | PU [8°11 0°€e [0°%0T | 0°ZET D°292 pu _puji pu pujpulpuj pulpu 0-% H-T
Pl %] B (P [ | P FIm | $M| $TOA| § [O/uB | Y P P H W .
v
+ *3}8TON [*38TOW | sxeq | sxeq | °de) .
o3| 1y | a1 | xBAH|‘TyeavY | ST | €/1 ‘388 od]f of 1s] s| o
(°xo3uy,) ‘
mouﬂuxov . . *dep *susq stsAtsuy
0%y ed3xg ST8ATBUY SaNM3STOW ‘g | °"I04| Mg TedTueydsj y3daq| wuoztaoH
pu pu pU PT | PU | pu pu pu pu | pu pu 691 | 9°L| +021-96 0111
pa- rAR44 6" 9 L6[¢i| ¢ [ PY J90° (8L pu "G 1°L 96-%¢ 08111
pU YA X4 Sy U LL[9e¢e| o '8 01 |Z0° |9 pu pu 6 S 9l-LY €3411
—pu Ttt A M IR ER A A (3] 8T |07 (T 1 pu pu i3 LY-TY FAT-3 81
pu Al 14 06 [0'sL |5 | S | 0°¢t A S 1 D pu pu s ¢9-0¢| 13411
pu Mo A I B O T B A 1M & ¢ r4 S O M U pu 0'9 0€-01 Vil
pU A A 66 | 8BS ]| 6 T 1 T [EU (ST | PpU Pd_ | ¢'9 01-0 oy
U nu-mﬂ Y [em|9e] & | 91¢ PU_ YO Y L9C | .PW. PU__|8'9 0-% H-1
% 0ot /su % | % % % % y % % w
*0°2°D *pPIo® *apnba
‘puedep | OFL o | e | X | eN | ‘uoxe | or3ux o ) €00 _ .
i 8TBATSUY S2usyoxy N/O | N |'3x0 | ‘our 5o} Hi | wudsq| wuozTIOH

SIS °ON ®]F30ag

1os7AnT LexH 9TY3I0 :dnoas-qng



sub-youp: CSeo0 0 s ecc00r0s 00PN

PrOﬁle nme-r: o0 0000000 e

mc&tion: 000000000 0000000000000

Vegetation: Tree: ..cccceecccecee

smb: 00000000800

Ground: Seeoo0 00000000

Parent material:

Topogapw: ®o o8 ss00s0000e0000000

Elevation:.o‘ooll-.-.oooo.o'o.50-0

Drainage: ......

Horizon

L-F

Ahj

IIH
ITAeJ

IIBmg

377
Degraded Eutric Brunisol (with Overlay).

8 16.A

Between Survey Plots #130 and #147.

Arctostaphylos uvi-ursi,

Calamagrostis sp., Festuca scabrella,

Lulpinus sp..
Residual colluvium/Residual.

Strongly sloping; aspect NNE.
5350 ft. M.S.L..

Moderately well,

Description

Organic material in various stages of

- decomposition.

Depth (cm)
l1-0
0- &
b - 5
5~ 12
12 - 24

Grayish brown (10 YR 5/2) sandy loam,
brown (10 YR 5/3) when dry; weak, medium
platy; very friable; pH 5.9; slightly
gravelly. |

Humus; altered organic material.

Brown to pale brown (10 YR 5/3-6/3) sandy
loam, yellowish brown (10 YR 5/4) when
dry; weak, medium platy; very friable;

pH 5.8; slightly channery; abrupt, smooth
boundary.

Yellowish brown (10 YR 5/4) sandy loam,



Horizon

IIBatj

Rock

Depth (cm)
12 - 24

2L +

377-a

_ Description
light yellowish brown (10 YR 6/4) when dry;

strong, medium subangular blocky; friable;
PH 5.4; exceedingly channery to cobbly;
abrupt, broken boundary.

Sandstone.
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Sub-group: teeecesesessessssesess Dark Gray Luvisol.
Profile NUMDEr: .....eeeeeencsss. S 17, .
Location: .......ccev0vveveeess... Between Survey Plots #89 and #90.

Vegetation: Tree: ......cce..... Populus tremuloides.

Shrub: .c.cececccees Amelanchier' sp., Rosa sp..

Ground: ............ Aster sp., Fragaria sp., Calamagrostis sp..

Parent material: ................ Colluvium/Mixed Till 1.
Topography: .....cececeeeveeessss Steeply sloping; aspect NE.
Elevation: ® 0000000000000 00s 00000 h%s rt. M'S.L..

Drainage: 00000000 r 000000 er0rv000 well.

Horizon Depth (cm)’ Description
L-H 3-0 Organic material in various' stages of
decomposition.
Ahe 0- 7 Black (10 YR 2/1) loam, very dark to dark

gray (10 YR 3/1-4/1) when dry; weak,
coarse prismatic breaking to strong, me-
dium granular; friable; pH 6.0; slightly
gravelly; abrupt, wavy boundary.

Ae 7 - 13 Very dark grayish brown (10 YR 3/2) loam,
grayish to pale brown (10 YR 5/2-6/3) when
dry; weak, coarse platy; friable; pH 5.8;
moderately gravelly; clear, wavy boundary.

IIBtl 13 - 38 Dark brown to dark grayish brown (10 YR

3/3-4/2) clay loam, 1izht yellowish brown
(10 YR 6/U4) when dry; strong, medium sub- |

angular blocky; firm; pH 5.4; moderately



¥ e

Horizon

IIBt1
IIBt2

.11BC

11C

Depth (cm)
13 - 38
38 - 66
66 - 86
86 - 98 +

380

Description
gravelly; clear, smooth boundary.

Dark grayish brown to brown (10 YR L/2-
4/3) clay loam, pale brown (10 YR 6/3)
when drﬁ; strong, medium to coarse sub-
angular i:locky; firm; pH 4.9; slightly
gra.vélly; clear, smooth boundary.

Dark grayish brown to grayish brown ("10 YR
k/2-5/2) clay loam, pale to very pale brown
(10 YR 6/3-7/k) when dry; strong, coarse
subangular blocky; firm; pH 5.2; very
gravelly; clear, smooth boundary.

Dark brown to brown (10 YR 4/3) clay

loam, light gray to very pale brown (10

YR 7/2-7/3) when dry; amorphous;' firm;

pH 6.2; moderately channery to gravelly.
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sub-poup: o060 00000 IO OONIBRIOEOSIOIOEONCSCCDS

PrOfile nmer: ®o00 000000 s 000000

Location:

Vegetation: Tree: ..ececcceceses

Shrub: eoso 000t s s

Ground: ooo‘.....o.oo

Pm‘ent mterial: oo 0000000000000

Topography: .ccceececccccsscscces

Elevation: o0 ses s 00 s 00O PG OGN

Drainage:

Horizon

L-H

Ae]

Depth (cm)
5- 0

10 - 23

23 - 52

382"

Degraded Dystric Brunisol.

S 18.
Near Survey Plot #100.

Populus tremuloides.

Salix sp., Betula sp..

Epilobium sp., Aster sp..
Residual Colluvium/Mixed Till II.
Strongly sloping; aspect NE.

5260 ft. M.S.L..

Moderately well.

Description

Organic material in various stages of
decomposition.

Grayish brown (10 YR 5/2) sandy loam,
1light brownish gray to pale brown (10
YR 6/2-6/3) when dry; weak, coarse platy;
very friable; pH S.4; moderately angular
gravelly; clear, wavy boundary.

Brown (10 YR 4/3-5/3) loam to clay loam,
brown to pale brown (10 YR 5/3-6/3) when
dry; strong, medium subangular blocky;
friable; pH 5.0; very angular gravelly;
gradual, wavy boundary.

Brown to dark brown (10 YR 4/3) loam to
sandy clay loam, yellowish brown (10 YR
5/4) when dry; strong, medium suba,ngulaz"

blocky; frieble; pH 5.0; moderately to



Horizon

IIBC

IIC

Depth (cm)
23 - 52

52 - 73

73 -85+

383

Description
very angular gravelly; clear, smooth
boundary.
Dark grayish brown to brown (10 YR L/2-
4/3) clay loam, pale brown (10 YR 6/3)
when dry; strong, medium subangular blocky;
firm; pH S.1; very cobbly to channery;
abrupt, smooth boundary.
Dark gray (10 YR 4/1) silty clay loam,
gray to grayish ‘brown (10 YR 6/2-5/2) when
dry; amorphous; firm; pH 7.1; slight
effervescence; moderately angula.r gravelly

to channery.
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sub-youp: ® G060 0005000008800 00000 mntme orthic Bh&.

PrOfile nmer: .c-ot....loooocooo 819.

Iocation: .aocoooo-oooooao.o-ooac.a Ne&r smey Pl.ot #%o

Vegetation: Tree: ....ccoccevece

smb: e 08 00000000 Potentilla mtimsa.

Ground: ............ Festuca sp., Danthonia sp., Poa sp.,

Parent material:

Topoyaplw: @00000000000000000000

Elevation: o0 000000000000 08000000

Drainage: o0 e eev 0000600000000 000000

Horizon

L-F

BtJ

Depth (cm)

2- 0

0 - 17

17 - 36

Koeleria sp., Anemone sp., Geum sp.,

Heuchera sp., Antennaria sp..
Residual/Rock.

Moderately sloping; aspect NE.
5255 ft. M.S.L..

Moderately well.

Description
Organic material in early stages of

decomposition.

_ Black (10 YR 2/1) loam, very dark grayish

brown (10 YR 3/2) when dry; strong, medium
prismatic breaking to strong, coarse angular;
very friaeble; pH 5.9; slightly gravelly;
clear, wavy boundary.

Dark brown to brown ‘(10 YR 3/3-4/3) 1oam,

yellowish brown (10 YR 5/4) when dry; weak,

medium prismatic breaking to strong, fine

subangular blocky; friable; pH 5.5; slightly

gravelly; clear, smooth boundary.



Horizon

c

Rock

Depth (cm)
36 - 55

5t

386
Description »
Brown to grayish brown (10 YR 4/3-5/2) loam,
grayish brown to brown (10 YR 5/3) when
dry; weak, medium granular to amorphous;
very friable; pH 5.7; very channery;
abrupt, .broken boundt'a.ry.

Sandstone..
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Sub-group: ...cccceccecccccssecs.. Montane Eluviated Black.

Profile numer: 00000-000000000008200
Iocation: ®e0 0000000000000 0c0PeBS Neu. survey Plot #85.

vegetation: Tree: Se s s 000000000 Polulus tl'emlOideB. (]

Shrub: ............. Rosa sp., Spiraea sp..
Ground: ............ Calamagrostis sp., Epilobium sp..

Parent material: ................ Residual colluvium/Rock.

Topography: ...cccccecevsceesssss Very steeply sloping; aspect NNE.
Elevation: LB B BN BN BN BN BN BN BN BN BE BN BN BN BN BN BN BN BN B AN ) sam ft. M.S.L..

Drain%e: #0000 0000000000000 000 well.

Horizon Depth (cm) Description
L-H ' L - 0 Organic material in various stages of
decomposition.

Ah 0-9 Black (10 YR 2/1) sandy loam to loam, very
© dark graylsh brown (10 YR 3/2) when dry;

strong, medium prismatic; very friable;
pH 5.9; abrupt, irregular boundary.

Aej 9 - 13 Dark grayish brown to brown (10 YR 4/2-4/3)
sandy loam, pale brown (10 YR 6/3) when dry;
weak, coarse platy; very friable; pH 5.8;
abrupt, irregular boundary.

Bm 13 - 37 Brown to dark brown (10 YR 4/3) sandy loam,
yellowish brown (10 YR 5/4) when dry; weak,
fine subangular blocky; very friable; pH
5.7s very to exceedingly channery; abrupt,
broken boundary.

Rock .37 + Sandsjcone.
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Sub-group: .....cccec000000000... Cumlic Rego Dark Gray.
Profile number: .......e00000.... S 21,
Location: .......cecc0vvveves.... Near Survey Plot #70.
Vegetation: Tree: .............. Populus sp..

Shrub: ............. Spiraea sp..

Ground: ............ Heracleum sp., Aster sp., Calamagrostis sp..

Parent material: ................ Residual colluvium/Res:dual/Rock.
Topography: Very steeply sloping; aspect NNE.
Elevation: ® 00 0 0000000000000 00 000 Sew ﬁ. M.S.Ll.

Drain%e: @06 0000000600000 00 0000000 welli

Horizon Depth (cm) Description
L -H 4y - o Organic material in various stages of
decomposition.
Ahl 0 - 28 Dark gray to very dark grayish brown (10

YR 4/1-3/2) sandy loam, dark gray to dark
grayish brown (10 YR 4/1-4/2) when dry;
strong, medium granular; very friable;
pH 6.2,

Ah2 28 - 56 Very dark grayish brown (10 YR 3/2) sandy
loam, dark gray (10 YR 4/1) when dry;
strong, medium granular; very friable;
pH 6.2,

Ah3 56 - 84 . Very dark grayish brown to dark brown (10

| YR 3/2-3/3) sandy loam, dark gray to dark
grayich brown (10 YR 4/1-4/2) when dry;

strong, medium granular; very friable; pH 5.8,



Horizon

Ank

IIC

Rock

Depth (cm)
84 - 105

105 - 118

118 +

391

Description
Very dark grayish brown to dark brown (10 YR

3/2-3/3) sandy loam, dark gray to dark gray-
ish brown (10 YR 4/2-4/2) when dry; strong,
medium granular; very friable; pH 5.5;
é.brupt, smooth boundary.

Yellowish brown to light yellowish br‘own

(10 YR 5/4-6/4) sandy loam, very pale

brown (10 YR 7/3) when dry; single grained;
friable; pH 5.3;' exceedingly channery;
Abrupt, broken boundary,

Sé.ndstone.
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Sub-group:

Profile nmer: ®e0000s00000000rsoe

Iocation: @0 000000000 s000 P00

Vegetation:

Tree: oo oesecscssveese
Shl'“b: 60 eo0s 00000000
Grouxld: oo vesevsvonoe

Parent mteri&l: @o o0 000000000000

Topography:
Elevation:

Drainage: .

Horizon

L-H

IIBtl

o0 00 evevos0rssessocen
o000 vso0v0s00r0000000me

00000000 s0sPe0ss0e e

Depth (cm)
8- 0

-0 -16

16 - 27

27 - 5k

393
Dark Gray Luvisol,
8 22.

Near Survey Plot #71.

Salix sp., Betula sp., Spiraea sp..

Calamagrostis sp., Carex sp., Aster sp..
Residual colluvium/Mixed Till II/

Disintegrated shale.
Steeply sloping; aspect NNE.
52ko f£t. M.S.L.

Moderately well.

Description

Organic material in various stages of
decomposition.

Very dark grayish brown (10 YR 3/2) loam,
grayish brown (10 YR 5/2) when dry;
strong, medium prismatic; friable; pH

6.3; abrupt, smooth boundary.

Brown to yellowish brown (10 YR 4/3-5/4)
8ilt loam, light yellowish brown to very .
pale brown (10 YR 6/4-7/3) when dry; strong,
medium platy; very friable; pH 6.0; clear,
smooth boundary.

Dark grayish brown to brown (10 YR 4/2-
4/3) silty clay loam, pale brown (10 YR

6/3)‘ when dry; strong, medium subangular



Horizon

IIBtl

IIBt2

IIIBCg

IIICg

Depth (cm)
27 - sk
s - T7
77 - 109
109 - 114 +

394
Description

blocky; very firm; pH 5.6; slightly to
moderately angular gravelly; clear, smooth
boundary.
Dark gray and yellowish brown (10 YR 4/1-
5/4) silty clay, brown to pale brown (10
YR 5/3-6/3) when dry; strong, medium sub-
angular blocky; very firm; pH 5.9; slightly
to moderately angular gravelly; clear,
smooth bounday.. .
Gray (10 YR 5/1) silty clay, gray to light
gray (10 YR 6/1) when dry; strong, fine
subangular ﬁlocky; firm; pH 7.7; strong
effervescence; moderately shaly; clear,
smooth boundary.
¢ray (5 Y 5/1) silty clay, gray to light
gray (10 YR 6/1) when dry; pseudo-platy
to amorphous; firm; pH 7.8; strong

effervescence; moderately shaly.
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sw-poup: ® e 000806000000 0¢000080ss08 (Eroded) Cubonated Black.

PrOfile number: s0ee 0000000000000 S 230

Location: .....cees00s0esess..0... Ten chains East of Survey Plot #3.

vegetation: hee: ®® 0 868000 0000l

Shrub: ............. Potentilla fruticosa, Rosa sp..

Ground: ............ Danthonia sp., Festuca sp., Anemone sp.,

Parent material:

Topography: ®es 000000000000 000000

Elevation: o000 s 0000000000000 000

Drain%e: ® O 0 0 0 0 0 0000000000 O PSS PNE
Horizon Depth (cm)
L -F l1-0
Ahk 0- 3
IIBmk 3 ~-18

4
o8 0000000000000

Antennaria sp..
Colluvium/Till.
Moderately sloping; aspect SW.
Lgoo ft. M.S.L..

Well,

Description
Organic material in early stages of

decomposition,

Black to very dark gray (10 YR 2/1-3/1)
clay loam, dark gray to very dark grayish
brown (10 YR 4/1-3/2) when dry; strong,
fine granular; friable; pH 7.5; slight
effervescence; moderately angular gravelly;
abrupt, smooth boundary.

Brown to dark brown (10 YR 4/3) loem,
light yellowish brown (10 YR 6/U4) when
dry; strong, medium subangular blocky;
friable; pH'7.h; very angular gravelly;

abrupt s srﬁooth boundary.
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Horizon . Depth (cm) Description
IICca 18 - 49 Pale brown (10 YR 6/3) loam, light gray

to very pale brown (10 YR 7/2-7/3) when
dry; amorphous; friable; pH 7.9; strong
effervescence; exceedingly angular gravel-
ly to cobbly; abrupt, smooth boundary.

IIC1 L9 - 82 Grayish brown to brown (10 YR 5/2-5/3)
loam, light gray to very pale brown (10
YR 7/2-7/3) when dry; amorphous; friable;
PH 7.9; strong effervescence; moderately
angular gravelly; abrupt, smooth boundary.

IIC2 8 - 90 Grayish brown (10 YR 5/2) silt loam, light
gray to very pale brown (10 YR 7/2-7/3)
when dry; amorphous; friable; pH 8.0;
strong effervescence; moderately angular
gravelly to channery; abrupt, smooth
boundary.

I1C3 90 - 95 + Light brownish gray to grayish brown (10
YR 6/2-5/2) silty clay loam to clay loam,
light gray to very pale brown (10 YR 7/2-7/3)
when dry; amorphous; friable; pH 8.1; mo-

derately angular gravelly to channery.
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Sub-group: Orthic Black.,
Profile number: ......cce0000ee.. S 2k,
Location:...ccceeeccecessseceesss 5 chains off East rim road on beanch
opposite cabin.
Vegetation: Tree: ..
Shrub: ...cccevecsee
Ground: ............ Danthonia sp., Festuca sp., Koeleria sp.,
Lupinus sp., Geum sp., Heuchera sp..
Parent material: ................ Colluvium/Till. |
Topography: .......ccevveveesess. Strongly sloping; aspect W,
Elevation: ..........c.c00000.... 4B4O Ft. M.S.L..

Drain&ge: oaoooo'..la.lnoo..c....wello

Horizon Depth (cm) Description
L-F 2- 0 Organic material in early stages of
decomposition.
Ah | 0-12 Black to very dark brown (10 YR 2/1-2/2)

clay loam, very dark gray (10 YR 3/1)
when dry; strong, medium to coarse pris-
matic; friable; pH 6.6; moderately an-
gular gravelly; abrupt, smooth boundary.
Bm 12 - 29 Dark brown (10 YR 3/3) clay loam, brown
to yellowish brown (10 YR 4/3-5/4) when
: .‘ dry; strohg, fine to medium subangular
blocky; firm; pH 6.5; moderately to very

angular gravelly; clear, smooth boundary.



Horizon

JIBC

IICca

IIC

Depth (cm)
29 - b5

h5-69'

69 - 83 +

.400
Description

Grayish brown to brown (10 YR 5/2-5/3)
silty clay loam, light brownish gray to
pale brown (10 YR 6/2-6/3) when dry;
strong, fine subangular blocky; firm;
PH 7.5; strong effervescence; moderately
angular gravelly; abrupt, smooth
boundary. ‘
Light yellowish brown (10 YR 6/4) silty
clay loam, light gray to very pale brown
(10 YR 7/2-7/3) when dry; amrpht;us;
firm; pH 7.9; strong effervescence; very
angular gravelly to angular cobbly;
abrupt, smooth boundary.
Pale brown (10 YR 6/3) silty clay loam,
very pale brown (10 YR 7/3) when dry;
amorphous; firm; pH 8.0; strong effer-
vescence; moderately to very subangular

gravelly.
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Sub-group: (Eroded) Carbonated Black.
Profile number:......ccec000000.. 8 25,

Location: .......ccvv0vvveuve... Near Survey Plot #13.
Vegetation: Tree: ...ccevvvvvene

Shrub: ............. Potentilla fruticosa, Rosa sp., Festuca
8p., Agropyron sp., Koeleria sp., Lupinus
sp., Agoserus sp..

Parent material: ................ Residual/Rock.

Topography: ceeeeecececconcaccnse Moderately sloping; aspect SW.
E]-evation: 0.'.'.0..0....."..0.. h% ft. MOSOL"

Drainage: AL L B A I I B A K B B A B RN Y wella

Horizon Depth (cm) Description
L-F 3-0 Organic material in early stages of
demmposition.
Ahk 0- 5 Black (10 YR 2/1) clay loam, dark grayish

brown (10 YR L4/2) when dry; strong, fine

prismatic; friable; pH 7.4; slight ef-

fervescence; moderately angular gravelly;
‘ abrupt, smooth boundary,

Bmk 5« 7 Dark brown (10 YR 3/3) silty clay lvam,
yellowish brown (10 YR 5/4) when dry;
strong, medium subangula.f blocky; friable;
PH 7.6; slight effervescence; moderately
channery to gravelly; ai)rupt, broken

boundary.




Horizon

c

Rock

Depth (cm)
7 - 42

42 +

403

Description
Yellowish dbrown (10 YR 5/4) silty clay

loam, light brownish gray to pale brown
(10 YR 6/2-6/3) when dry; amorphous;
friable; pH 7.9; strong effervescence;
very channery to gravelly; abrupt,
broken boundary,
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Sl‘b-goup: o0 o0 0O OGOOGOIOIOEOISIOGIOGROIOOIPOOIPTS &muuc Rego B].QCk.

PrOﬁle n‘mer: oo o000 ssP o0 8260

Iocation: ...‘....-....O.'....l... Neu smeypht #3&.

Vegetation:

Tree: e0o o0 o000 000000
Shr\)b: oo vecsssoe s ROB& Bp..

Ground: ....c.cc.... Phleum sp., Stipa sp., Geranium sp..

Parent material: ......... eesesss Alluvium/Alluvium,

Topography: ....ccccceeseceesss.. Gently sloping; aspect NKRE.

Elevation: .c.eeoceccsscsssscscsss W60 £t. M.S.L..

Drainage: .

Horizon

L-F

Anl

............. ® o oo 0008 Merately well.
Depth (cm) Description
l1-0 Organic material in early stages of
decomposition.
0-14 Black (10 YR 2/1) loam, very dark gray

(10 YR 3/1) when dry; weak, coarse pris-
matic breaking to strong, fine graunular;
friable; pH 6.8; clear, wavy boundary.

W - 52 Black (10 YR 2/1) loam, very dark gray to
very dark grayish brown (10 YR 3/1-3/2) wken
dry; strong, coarse prismatic; friable;

pH 6.5; abrupt, smooth boundary.

Q

- 52 Very dark grayish brown (10 YR 3/2) sandy
loam, dark grayish brown (10 YR L4/2) when
dry; single grained to pseudo granular;

frieble; pH 6.4; moderately cobbly to ex-

ceedingly gravelly; clear, smooth boundary.



Horizon

IIAhlb

IIAh2D

IICca

IiC1

IIC2

Depth (cm)
62 - 80
80 - 104

104 - 124
124 - 14
141 - 144

406

Description
Very dark gray to dark gray (10 YR 3/1-
4/1) loam, brown to dark brown (10 YR 4/3)
when dry; weak, coarse prismatic; very
friable; pH 6.4; clear, smooth boundary.
Very dark grayish brown (10 YR 3/2) loam,
dark grayish brown (10 YR 4/2) when dry;
weak, coarse prismatic; friable; pH 6.8;
abrupt, smooth boundary.
Dark gray to dark grayish brown (10 YR 4/1-
i/2) loam, white and grayish bro;m (10 YR
8/1-5/2) when dry; emorphous; friable; pH
7.9; strong effervescence; abrupt, smooth
boundary.,
Dark gray (10 YR 4/1) loam, grayish brown
(10 YR 5/2) when dry; amorphous; friable;
pH 8.1; slight effervescence.’
Very dark gray to dark gray (10 YR 3/1-
4/1) loam, dark gray (10 YR L4/1) when dry;

friable; pH 8.0; strong effervescence.



407

pu | pu [pu | #2 9°L L°o1 |e°8t |L°s€ 11 0°161S2°t Jit]ce JZ€ [ty |T POpi-IwL| <OIX
pu | pu |pu [2°¢ £'8 9°01_|6°81 |S°%E LE 0°6%|6c°1 Jo1j0z |6€ [1¥ [0 [ I%1-%21 1011
pu_[pu {pu |¢°2 6°11 [€°11 [z°'ez l9°1¢2] &% €°eSl61°1 |6 |cc |0y [8E |0 [ %21-%01] ®3DI1
pu pu [pu J.°T 9°6 |L°6 €61 |c°8€ LY °96191°T |6 |€C |8€ |6€ [0 | #O1-08 | Qeuvil |.
pu pu [ pu [8°1 8°L [%°8 A TR A 1% 9-16|Sc' T [6 ] 2¢ |1€ |Zv |€ 08-¢9 | QIuvIl
pu_ | pu [pu [8° 6°L le'Y 2°¢l (v'6¢ 73 €°99 [98" 7 | Z1 |82 | SS |eT1| ¢9-¢S )
pu PU | PU [9°¢C 9°81 |¢°€1 |8°IE |6°0S S¢S 0°ZS|70°T [21|G¢ 1€ |97 | T 2%-91 7V
PU | PU | PU | %°€ 8°6 |¢'0c |0OE |1°€9 19 1709 |06" A AN IEER 1-0 TV
[Tp8_[Pu_[PU [0'C pu pu pPU_| pU pu P | PU__ (PUPU [PU {PU [PU | O-1 =T
g % | % |%3n |33 | $am| $an | $an| PT0a| § [oofuB | H P P H W .
137
+ *3STON [*3ISTOW | sIeq | sIeq *dep .
o1 | 1v | o1 | *xBAH|°TreAY | 6T £/t ‘38§ odf o] ¥s] s| D
(- xoa3yy)
movdacxov . . *dey *sus(q sysATsuy
. . tofy seag 8TSATBUY 3.MISTOW *qeg |°xod| Xtng T8O TUBYOSH yadeq| uozTJoH
pua \..mml 0 '86 - D ~pu pu POl pU a 9 0°% Fovi-191 A )W
pu 2 61 TOT [{" 68 | ¢ pu pu pUl— P | PU i 4 T8 [ 191-%¢1 ToIT
pu S 91 0 66 8 FAd pu pa puU pu pu ¢ L 6L | 9¢I-0T | o301l |
pyu 0°0¢ 0° 8°té6 9'1| 0 'y |9 ¢t T U ¢l pu pu 89 [ 701-08 | 4dcqvil
pu LU | €1 0°L8 (MANCN T°6 |1 ¢t 91°| L 1] pU pu ak) 08-¢9 | QIuvIil
— % | 601 | 0 .¢€s8 | 0¢] "it| pu_ 90| £ ¢ | PV PO (99 | &9-¢% )
pu 97 [ o' &8 T 8 |09 | %] 15] PY | PT (59| ee-9t TV
pu 0 7t | 0'l8 | 8'¢t| € B89 [8 ¢l | €S| 89| pU by (3) 910 Tav
pu awm pu pu puj pu pu pu c8°| €°L]| PU PU  18°9 0-1 -1
% oot /°m % % | % 4 % % 2 4 % "
*0°3°0 *proO® *ATnb?
‘pusdep | 03I 2 | w0 | X | eN | ‘woxe | or3ex 0 ) €00 |
-Hd sTsATeuy dZueyoXy N/O | N |Bap | ‘our 80 | Hd.| wuideq@| uOZTIOH

9ZS °ON @1t130xd

soe1g o8y SF[nmny :dnoas-qns .



408

Sub-youp: IR R RN NI NN I N orthic Gl‘&y LUViSO]..
Proﬁle numer: 00 0000000800000 s 27.
LOCALION: +vveeveecccscesessssss Between Survey Plots #118 and #119.

Vegetation: Tree: .....ccce..... POpulus tremloides.

Shrub: ®0 0600000 s000coe sal—ix sp.o

Ground: ............ Calamagrostis sp., Aster sp., Epilobium sp..

Parent materifl: .........ce..... Colluvium/Mixed Till 1/Ti1l.

TOPOGLraPNY: +eceeescssrecssssssss Steeply sloping; aspect NW,
Elevation: P8 O 0006000 00080 OSSO0 m"&ft. ﬁ.s.Lll

Drainage: S0 s00e0e0 s s00ssssOIe mderatelywell.’

Horizon Depth. (cm) Description

L-H h - 0 Organic material in various stages of
decomposition.
Ael 0- & Brown to dark brown (10 YR 4/3) loam,

grayish brown (10 YR 5/2) when dry;
strong, medium platy; very friable; pH
5.6; abrupt, smooth boundary.

Ae2 4 - 19 Dark brown (10 YR 3/3) loam, dark grayish
brown to brown (10 YR 4/2-4/3) when dry;
strong, coarse platy; friable; pH 6.0;
clear, smooth boundary.

1IAB 19 - 26 Dark yellowish brown (10 YR 4/l) clay loam
to silty clay loam,‘ yellowish brown (10
YR 5/4) when dry; strong, fine subangular
blocky; firm; pH 5.8; slightly to moderately

angular gravelly; abrupt, wavy boundary.



Horizon  Depth (em)
1IBt 26 - 52
IIIBC 52 - 75 |

IIiCca 75 - 99
IIIC 99 - 110 +
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Description
Dark yellowish brown to yellowish brown

(10 YR 4/4-5/6) clay loam, yellowish brown
to light yellowish brown (10 YR 5/4-6/4)
when dry; weak, coarse subangular blocky
breakiné to strong, fine subangular blodqr;
firm; pH 6.3; very channery; abrupt, smooth
boundary.

Brown to grayish brown (10 YR 4/3-5/2) clay
loam, pale brown (10 YR 6/3) when dry;
strong coarse subangular blocky;.very firm;
pH 7.4; strong effervescence; very to ex-
ceedingly angular gravelly to cobbly;
abrupt, smooth boundary.

Grayish brown to gray or light gray (10

YR 5/2-6/1) clay loam, light brownish gray
to pale brown (10 YR 6/2-6/3) when dry;
amorphous; firm; pH 7.6; strong efferves-
cence; very cobbly; abrupt, smooth boun-
dary. .
Grayish brown to light brownish gray (10
YR 5/2-6/2) clay loam, light gray (10 YR
7/2) when dry; ’a.morphous; very firm; pH -

7.6; strong effervescence.
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Sub-group: Cumlic Orthic Black.
Profile number: .........eco..... S 28.
' Location: ........eeeeeiennn..... Between Survey Plots #48 and #6k.
Vegetation: Shrub: ............. Rosa sp..

-Ground: ............ Phleun sp., Stipa sp., Geranium 8p.,

Monarda sp..

Parent material: ................ Colluvium/Mixed Till 1.
o) <TeT-e -1 o)\ - Very steeply sloping; aspect WNW.
Elevation: ............0000vvue.. U570 ££. M.S.L..

Drainage: ®0 00 00cs0000000000000000 Meratelywello

Horizon Depth (cm) Description
L -F 2 -0 Organic material in early stages of
decomposition.
Anl 0 -19 Black (10 YR 2/1) clay loam, very dark gray

(10 YR 3/1) when dry; weak, coarse pris-
matic breaking to strong, medium granular;
friable; pH 6.2; abrupt, irregular boundary.

Ah2 19 - 47 Black to very dark brown (10 YR 2/1-2/2)
;:lay loam, very dark gray to dark gray (10
YR 3/1-4/1) when dry; strong, coarse pris-
matic breaking to weak, medium subangular
blocky; firm; pH 6.2; abrupt, irregular
boundary., | |

AB k7 - 63 Very dark grayish brown (10 YR 3/2) clay
loam, grayich brown (10 YR 5/2) when dry;

strong, coarse prismatic breaking to weak,
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Horizon Depth (cm) Description

AB W7 - 63 medium subangular blocky; firm; pH 6.2; very

angnl.ar. gravelly to moderately angular cob-
bly; abrupt, wavy boundary. |

IIBml 63 - 78 Brown to yellowish brown (10 YR 4/3-5/b)
clay loam, yellowish brown to light yel-
lowish brown (10 YR 5/4-6/L) when dry;
strong, coarse subangular blocky breaking
to weak, fine subangular blocky; very firm;
pH 6.3; slightly to moderately chaunnery;
clear, smooth boundary.

I1Bm2 78 - 99 Dark brown (10 YR 3/3) clay loam, yellow-
ish brown (10 YR 5/4-6/4) when dry; strong,
coarse prismatic breaking to strong, medium
subangular blocky; very firm; pH 6.U4;
slightly angular gravelly; clear, smooth
boundary.

IIBm3 99 - 115 Brown (10 YR 5/3) clay loam, grayish brown
to pale brown (10 YR 5/2-6/3) when dry;
strong, coarse prismatic breeking to medium
subangular blocky; firm; pH 6.9; slightly
angular gravelly; clear, smooth boundary.

IIBC | 115 - 123 + Grayish brown to brown (10 YR 5/2-5/3) clay

' loam, light gray (10 YR 7/2) when dry; weak,
medium subangular blocky to amorphous; fri-
eble; pH 7.5; strong effervescence; slightly

angular gravelly.
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SIXb-g!'Oup: oevoe
Profile number:

Location: .....

®0000000000000000

Vegetation: Tree: ....cccceceves

Shr\Ib: do0000vo0cosvee

Ground: @0 osevsvecveoe

Parent material: ......ccecececee

Elevation: ....

Drainage: .....

Horizon

L-F

®oev0000e LI B B Y
®o 0000 s0000000000s

Depth (cm)
2- 0

0- 3}

3% - 51

oL -T2
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Orthic Black.

8 29.
Near Survey Plot #i6.

Phleum sp., Geranium sp..
Colluvium/Ti11.

Moderately sloping; aspect WNW.
4480 ft. M.8.L..

Moderately well.

Description
Organic material in early stages of

decomposition.

Black (10 YR 2/1) clay loam to silty clay
loam, very dark gray to dark gray (10 YR
3/1-l4/1) when dry; strong, coarse pris-
matic breaxing to fine granular; friable;
pH 6.5; abrupt, wavy boundary.

Very dark grayish brown to brown (10 YR
3/2-4/3) silty clay loam, gray (10 YR 5/1)
when dry; strong, coarse prismatic break-
ing to medium subangular blocky; firm; pH
6.4; slightly channery; sbrupt, wavy
boundary.

Brown to dark brown (10 YR‘h/3) clay loam,

Yellowish brown to light yellowish brown




Horizon

B

IIBC

IICca

Depth (cm)
51 -T2

90 - 108 +
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Description
(10 YR 5/k-6/4) when dry; strong, medium

subangular blocky; firm; pH 6.6; moder-
ately channery to cobbly; abrupt, smooth
boundary.

Brown (io YR 5/3) loam, pale brown (10

YR 6/3) when dry; strong, fine to medium
subangular blocky; friable; pH 7.5;

strong effervescence; exceedingly angular
gravelly to a.ngixla.r cobbly; abrupt, smooth
boundary. .

Grayish brown (10 YR 5/2) clay loam, light
gray (10 YR 7/2) when dry; amorphous;
friable; pH 7.7; strong effervescence;

exceedingly angular cobbly.



416

* pu pul pul 0°1 L°8 2L 1°91 /14 LE 9°6t YE°T W11 621 2€1 65| 9114807-06 BI0I1
pu pu | pu | 2°1 0°6 | S°L | S°91 ‘k°ce g€  19°9vo%°1 Rl czlgel LE] 9T 06-2¢ 2611
pu_ | pu| pu | g°¢ %6 | 9°01 | 8°61 B°82 8¢ 0°05]0€°T Pp1} 62| w9l 2219 | 2L*16 wg
pu puj pu | 9°2 _ 66 | L°€T | 2°¢Z Dp°2E 6% L Z1°1 wﬁ gEl 691 BTl 1 16-%¢ v
pu pu| pu | 6°¢t 0°6 | €°TIZ | £°0€ E°6Y 09 S° 86| £6° TT) 1€| 6%] 0C] I 7£-0 qv
pu.| pu] pul 6°% 9°L 1€°€9 | 6°0L T.mﬁr pu pu| pu " pul puj puj puj puj U=¢ a=1

g| | % [%3n [$wm | $am]| ] g groa| ¢ [oofuB [ H P $ H W .
v
+ *38TON |°3ISTOW | sTeq | sJeq *de) A
of | 1v | o4 | ~aBAH|-tyeav | ST | €/t *388 odl o] ts{ s| 9
(*xo03ug) .
moucaexov : . *deD *suaq STSATeuy
0%y @914 sysAreuy 9IMISTON *38g |°Iod| Xtnd TeO TUsSYOSH gyydeq| uOZTJIOH
PC U ¢t U 596 |9 t pu pu PU pu [ PU g 81 T f80T-06 | ©90IL |
pPu ¥l U 86 [C L | 7 pu U T g1 | PC T Il T L] 06-¢L 11
puU G 6l S| Tl [ C |9 TS 98- | g~ | pU pu 99| ¢I-1% Wy
pPu |1 98 T4 It S8l [¢cc |7 (| L U0l |¢ g1 | P& pu - 1G-%E av
pu Tt T8 ee |0 | E | €O ol |5 ‘A T LA pu T 9| v£-0 qv
pu S 80 ' M 777w |8t | O 8 L1 d 81l ¢CYL| P Py - $°9 0-¢ J-1
sus
$ foot/em | 3 % [% [ %] % | % | % ¥ w
*0°d°0 : *PIo® *Apubs
*‘puadsep 3L 3 | ® X | eN | ‘uoxe | oTyex o) 0 €00
-Hd sysATeuy SsUSYOXI N/O | N |°Bag |'cour ) | pd.| uyydeq| uozTIOH

62S °"ON @17301d

"3o®1E OTYIL0

+dnoag-qng



Sub-group: ceececcscsscccccscsces
Profile number: ..cccccecveccsces
Location: ...ccevecececccscecccns
Tree: cceeccoccccces

Vegetation:

Shrub: ®o0o 00000000
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Carbonated Rego Humic Gleysol.
S 30.
Near Survey Plot #72.

-

Ground: ............ Carex sp., Phleum sp..

Parent material:

LI B A U BB BN Y N

Topography: ...cccoceeococssccccas

Elevation:

Drainage: 00000000 OOOGOOROC O

Depth (cm)

Alluvium,
Gently sloping; aspect NE.
4375 £t. M.S.L..

Poor.

Description
Organic material in early stages of

decomposition.

Black (10 YR 2/1) silty clay loam,

very dark gray (10 YR 3.1) when dry; weak,
medium prismati‘c to strong, medium granu-
lar; friable; pH 7.1; abrupt, wavy boun-
dary.

Black to very dark gray (10 YR 2/1-3/1)
silty clsy loam, dark gray (10 YR 4/1)
when dry; weak, medium subangular blocky
breaking to strong, medium granular; firm;
pH 7.6; slight effervescence; abrupt,
smooth boundary. |

Dark gray to gray (5 Y 4/1-5/1) silty
clay loam, 1light gray (10 YR 7/1) when

dry; weak, medium subangular blocky



Horizon

ACg

Cgl

Cg2

IIAhgb

IIICg

1V Ahgh

Depth (cm)
52 - 68

83 - 11k

114 - 121

121 - 130 +
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Description

breaking to strong, fine granula.r;. firm;
pH 8.1; strong effervescence; clear,
smooth boundary.
Grayish brown (10 YR 5/2) silt loam, light
gray to very pale brown (10 YR 7/2-7/3)
when dry; pseudo-platy to amorphous; fri-
able; pH 8.2; strong effervescence; abrupt,
smooth boundary.
Grayish brown to pale brown (10 YR 5/2-
6/3) silt loam, light gray to very pale
brown (10 YR 7/2-8/3) when dry; pseudo-
platy to amorphous; friable; pH 8.4;
strong effervescence; abrupt, smooth
boundary.
Dark gray (5 Y U4/1) silty clay loam,
gray to light gray (10 YR 6/1) when dry;
strong, medium subangular blocky; firm;
pH 8.3; strong effervescence;‘ abrupt,
smooth boundary.
Grayish brown and yellowish red (10 YR
5/2 + 5 YR 5/6) loam, light gray to light
brownish gray (10 YR 6/1-6/2) when dry;
pseudo-platy to amorphous; very friable;

pH 8.2; strong effefvescence; sbrupt,

~ smooth boundary.

Dark brown (10 YR 3/3) silt loam to silty
clay loam, gray to grayish brown (10YR 5/1

~5/2) when dry; amorphous: firm: pH 7.9 .
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Key to Abbreviations

Slope:

d - moderately sloping

e - strongly sloping

f - steeply sloping

g - very steeply sloping

h - excessively sloping
Internal Drainage:

1 - rapid

2 - well

3 - moderately well

4 - imperfect

5 - poor

6 - very poor

Depth and Nature of Organic Horizons:

P - peat

T - turf

a-L-H<S5cm
b-L-H25 cm €121/2 em
¢ - L-H 2121/2 em

Nature of Overlay:

C - colluvium

sort. C - sorted colluvium
R.C. - residual colluvium
A - aeolian

All - alluvium

Lac - lacustrine

Parent Material:

TI - comminuted till
TIIB - stony till

(6 - 9%)
(10 - 15%)
(16 = 30%)
(31 - 60%)

(> 60%)

TIIA - stone-free till, highly compacted

C - colluvium

R.C. - residual colluvium
Sh - shale

Res - residual

R - rock

All - alluvium

Lac - lacustrine
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Key to Appendix III-B

The mﬁrpholégical descriptions and analytical results of the

soil profiles sampled in Deer Creek Basin are presented in order of

sampling site sequence. Explanation of abbreviations used are as

follows:
Ino. C - Inorganic Carbon
0rg. C - Organic Carbon
Exch. Acid. - Exchange Acidity
pH Depend. C.E.C. - pH Dependend Cation Exchange Capacity
G - Coarse skeleton (> 2 mm)

S

Sand (2 mm - 50u)

S1 - Silt (S0u- 24)
C - Clay (2p- .2u)

FC

Fine clay (< 2p)
Bulk Dens. - Bulk Density

Por. - Porosity (calculated from bulk density and specific
gravity data

Sat. Cap. - Saturation Capacity

(Theor.) - Theoretical Saturation Capacity (Richards
and Wadleigh, 1952)

Avail, Moist. - Available Moisture

Hygr. Moist., - Hygroscopic Moisture
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SUD-EroupP: .ceccececsscsseeassssss. Degraded Dystric Brunisol.
Profile number: Dl oy
LocBtiON: .....eeeeseeeesessess.. Near Forestry Plot #12.

Vegetation: Tree canopy: ....... Populus tremuloides, Pinus contorta.

Understory: ........ Shepherdia sp., Juniperus sp..
Ground: ............ Elymus sp., Aster sp..
Parent material: Lacustrine/Lacustrine/Till 1.
Topography: ...cccceesesessssss.. Moderately sloping; aspect SSE.
Elevation: ........c0.. ceeseseees 4510 £t. M.S.L..

Drainge: c..cecececccsccasscsss. Well,

Horizon Depth (cm) ‘ Description
L -H 5-0 Organic material in various stages of
| decomposition.
Aej o-8 Dark brown to brown (10 YR 2/3-U 3) silt

loam, pale brown to light yellowish brown
(10 YR 6/3-6/4) when dry; weak, coarse
platy; friable; pH 5.5; clear, wavy
boundary. ‘
Bt 8 - 17 Dark yellowish brown (10 YR 3/4) loam,
brown to dark brown (10 YR 4/3) when dry;
weak, medium subangular blocky breaking
to stroné, medium granular; friable;
" pH 5.4; gradual, wavy boundary.

c .17 - 62 Very dark grayish brown (10 YR 3/2) clay
loam, dark brown to dark grayish brown
(10 YR 3/3-4/2) when dry; strong, coarse

granular; firm; pH 5.6; abrupt, smooth



Horizon

c

IIAh

IIC

IIIAh

IIIC

Depth (cm)
17 - 62
62 - 67
67 - 73
73 - 92
92 - gl
94 - 110 +
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Description
boundary.
Black (10 YR 2/1) clay loam, very dark
grayish brown (10 YR 3/2) when dry;
strong, medium subangular blocky; fri-
able; pH 5.8; clear, wavy boundary.
Very dark grayish brown (10 YR 3/2) clay
loam to silty clay loam, dark grayish
brown (10 YR 4/2) when dry; amorphous;
friable; pH 5.9; cleé.r, wavy boundary.
Dgrk grayish brown to grayish brown (10
YR 4/2-5/2) loam, grayish brown to brown
(10 YR 5/2-5/3) when dry; amorphous;
friable; pH 7.2; slight effervescence;
abrupt, smooth boundary.
Black (10 YR 2/1) clay loam, very dark
grayish brown (10 YR 3/2) when.dry;
amorphous; friable; strong effervescence;
abrupt, wavy boundary.
Grayish brown (10 YR 5/2) silty clay loam,
light brownish gray to light gray (10 YR
6/2-7/1) when dry; aﬁorphous; friable;
gtrong effervescence; moderately angular

gravelly.
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SUb-Eroup: .ceccecescscscssncrccce
Profile number: ....ccececicesass
Location: .....ccccecevsecncccese
Vegetation: Tree canopy:
Understory: ........

Gro‘lnd: eeoc0s 00000

Parent material:

Topoyapw: e o sss00 00000000 ens e

Elevation:

Drainage: o.oo‘conoaa

soeev00 000000

Depth (cm)

431

Orth;i.c Gray Luvisol.

D 2.

Near Forestry Plot #39.
Pinus sp., Picea sp..

Shepherdia sp., Rosa sp., Juniperus sp..
Vaccinum vitis-idea, Hylocomium sp., N

Linaea sp..

Colluvium/Till 1.

Strongly sloping; aspect W..
4620 ft. M.S.L..

Well.

Description

Organic material in various stages of
decomposition.

Dark grayish brown (10 YR 4/2) silt loam,
light brownish gray to pale brown (10 YR
6/2-6/3) when dry; strong, coarse platy;
pH 5.3; abrupt, wavy boundary.

Dark yellowish brown to yellowish brown
(10 YR 4/4-5/4) clay loam, brown to
yellowish brown (10 YR 5/3-5/4) when dry;
strong, medium subangular blocky; firm;
pH 5.3; slightly to moderately angular
cobbly; gradual, smooth boundary.

Brown to dark brown (10 YR 4/3) clay loam,

brown (10 YR 5/3) when dry; strong, coarse



Horizon

IIBt2

IIBC

IIC

- Depth (cm)

28 - i

432
Description

subangular blocky; firm; pH 5.3; slj.ghtly
to moderately angular cobbly; clear,
smooth boundary. ‘
Dark brown to brown (10 YR 2/3-4/3) loam,
brown (10 YR 5/3) when dry; weak, coarse
subangular blocky to strong, medium
granular; friable; pH 5.3; slightly to
moderately angular cobbly; gradﬁal,

wavy boundary.

Dark grayish brown to brown (10 YR 4/2-4/3)
8ilt loam, brown to light brownish gray
(10 YR 5/3-6/2) when dry; pseudo-platy to
amorphous; friable; pH 5.4; slightly to
moderately angular cobbly.
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sl‘b-mup: e 0 e00 0000800000000 000

Pmﬁle n‘me-r: e000eGOGC OB OSSISOSISS

Iﬂc&tion: ecsesecsscosesvosPOOOSEDS

Vegetation: Tree canopy: .

Understory: .

se0cooe

Parent material: .....cccc000ccc.

Topography: R RCLITAITRILRLLE

Elevation: ...cccccecee cocace ceaoe
Drainage: ...ccccccececee cccaanes
Horizon Depth (cm)
L 4 - 12
F 12 -6
H 6 -0
BfJ 0-15
BC 15 - 37
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Gleyed Eutric Brunisol.

D 3.

Between Forestry Plots #172 and #171.
Picea sp.. |

Salix sp., Rosa sp..

Mnium sp;, Carex sp..

Till 1.

Moderately sloping; aspect WNW..
4800 ft. M.S.L..

Imperfect.

Description
Matted, undecayed organic material.

Fermented organic material.

Humis; altered o;ganic material.

Dark reddish brown (5 YR 3/L4) clay loam,
brown (10 YR 5/3) when dry;‘ strong,
medium granular; firm; pH 7.1; slight
effervescence; slightly to moderately
angular gravelly; clear, wavy boundary.
Brown to grayish brown (10 YR 4/3-5/2)
loam to clay loam, light brownish gray

to pale brown (10 YR 6/2-6/3) when dry;

"strong, medium granular; frieble; pH

7.2; slight effervescence; slightly to
moderately angular gravelly; gradual,

wavy boundary.
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Horizon Depth (cm) Description
 Cg 37-78+ Grayish brown to light brownish gray

(10 YR 5/2-6/2) 1oam, pale brown to

" light gray (10 YR 6/3-7/2) when dry;
amorphous; friable; pH 7.3; strong
efferves;:ence; moderately angular gra-

velly.
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SUD-BIOUD: +eveeuersesensensss.. Cumulic Rego Black.
Profile number: ......cece00000.. Dk,

Location: ........ccvvc0ueevs.... Near Forestry Plot #226.
Vegety.tion: Tree canopy: ....... Populus sp., Pinus sp..

Understory: ........

Ground: ............ Elyms sp., Aster sp., Delphinium sp..
Parent material: ......... ecoeees Colluvium,
TOPOgraphy: ..cceeerecorencconses 8trongly sloping; aspect SE..

Elevation: 600000000000 0000s0000 hB% fto MOSOL.I

Drainage: @G oo0osvveco0r00000000000 well0

Horizon Depth (cm) Description
L ~-F 2-0 Organic material in early stages of
decomposition.
Ahl 0-9 Black (10 YR 2/1) silt loam, black (10

YR 2/1) when dry; strong, fine granular;
" very friable; pH 6.8; clear, wavy boun-
dary.

Ah2 9 - 33 Black to very dark brown (10 YR 2/1-
2/2) silty clay loem, very dark grayish
brown (10 YR 3/2) when dry; strong, coarse
prismatic; friable; pH 7.0; slightly

' channery; é,brupt, smooth boundary.
ACl 33 -~ 54 Very dark grayish brown to dark brown
' | (10 YR 3/2-3/3) silt loam, brown (10 YR
5/3) when dry; weak, coarse prismatic

breaking to strong, coarse subangular
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Horizon . Depth (cm) Description
AC1 33 - 54 blocky; friable; pH 6.8; slightly to

moderately channery; gradual, smooth
boundary.
AC2 5k - 78 + Dark brown to dark grayish brown (10 R
3/3-4/2) silt loam, pale brown (10 YR
6/3) when dry; strong, fine subangular
blocky; firm; pH 7.3; strong efferves-

cence; slightly channery.
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SUb-ErouP: cecceccccscssscsscscns
Profile number: .c.ceecceccccvcse
Tocation: ....ccecevcecrccsceccns
Vegetation: Tree canopy: .c.....

Understory: e.ccecee.

Ground: ...cccccecee
Parent material: ....cceveccccece

Topoyaphy: .0..0..00.'00.0:.0.0.

Elevation: S 000000000080 000000008

. 440

Cumulic Regosol.
D 50
Between Forestry Plots #155 and #173.

Populus tremuloides, Populus sp..

Rosa sp..

Elymus sé., Aster sp..
Colluvium/Till II A..
Strongly sloping; aspect S..
4750 ft. M.S.L..

Well.

Description

Organic material in various stages of
dqeomposition.
Very dark grayish brown to dark brown

(10 YR 3/2-3/3) silty clay loam, brown

- (10 YR 5/3) when dry; strong, medium

Drainage: ...... ereene
Horizon Depth (cm)

L -H 2-0

Ajhl 0 -3

Anj2 30 - 60

subangular blocky; friable; pH 6.6;
slightly angular cobbly; gradual smooth
boundary.

Dark brown (10 YR 3/3) silt loam, brown
to pale brown (10 YR 5/3-6/3) when dry;
weak, coa.rée prismatic breaking to
strong, fine subangular blocky; frieble;
pH 6.9; slightly angular cobbly; clear,

smooth boundary.
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Horizon " Depth (cm) Description
IIBC 60 - 78 Dark brown to dark grayish brown (10 YR

3/3-4/2) loam, light brownish gray (10
YR 6/2) when dry; weak, medium subangular
blocky; friable; pH 6.9; moderately to
very a.ngula.r cobbly to channery; gradual,
smooth boundary.

IIC ‘ 78 - 90 + Dafk grayish brown to dark brown (10 YR

| 4/2-3/3) loam to clay loam, pale brown

to 1light gray (10 YR 6/3-7/2) when dry;
pseudo platy to amorphous; friabie; pH
7.2; strong effervescence; m&erately

to very angular cobbly to channery.
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SUD-ETOUP: +eeeeeeevnncasssansess Orthic Gray Iuvisol.
Profile number: .....cccceceessse D 6,
Location: .....ccceccessees0..... Near Forestry Plot #280.

Vegetation: Tree canopy: ....... Pinus contorta, Picea sp..

Understory: ........ Alnus sp..

Ground: .....ccc00.0 Cal_alaﬂ‘ stis sp., Aster sp.,
Hylocomium sp..

Parent material: ......cceeee.... Colluvium/Till II B.

TOPOGrapPhY: ccceccesceccsesessess Very steeply sloping; aspect SSI..
E]-evation: ® 0 O 0000080000000 0000900 Slm rt. MOSOLOC.

Drainge: ®v e 0000000000000 0000000 well.

Horizon Depth (cm) Descrigtion'
L -H 4 -0 Oi;ganic material in various stages of
decomposition.
Ae 0 -13 Grayish brown (10 YR 5/2) silt loam,

light brownish gray to pale brown (10

YR 6/2-6/3) when dry; strong, coarse

platy; very friable; pH 5.4; moderately
to very channery; clear, wavy boundary.

AB 13 - 18 Brown to pale brown (10 YR 5/3-6/3) loam,

pale brown to 1light yellowish brown (10
YR 6/3-6/4) when dry; weak; coarse sub-
angular blocky; friable; pH 5.3; moder-
ately to very channery; gradual, smoo‘th

boundary.



Horizon

IIBt

IIC

50 - 80 +
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Desé¢ription
Yellowish brown to light yellowish brown

(10 YR 5/4-6/1) 8ilt loam to silty clay

~ loam, light yellowish brown to very pale

brown (10 YR 6/4-7/3) when dry; strong,
mediun subangular blocky; firm; pH 5.5;
very angular cobbly; clear, smooth
boundary.

Brovn (10 YR 5/3) silty clay loam, pale
brown (10 YR 6/3) when dry; strong, me-
dium subangular blocky; firm; pH 5.7; mo-
derately to very angular cobbly; clear,
spooth boundary. |

Dark barown to dark grayish brown (i0

YR 3/3-4/2) silty clay loam, light brown-
ish gray to pale brown (10 YR 6/2-6/3)
when dry; pseudo blocky to amorphous;
firm; pH 6.2; moderately to very angular
cobbly.
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Sub-aoup: ..‘..l.l.'.‘l‘...'...‘.
Profile number:

mc&tion: @0 00000 0 s 00000 PLBOLISLS

Vegetation:

Pu‘entmterial: @esvseveseensesccscse

Topography: ..cceceeeeee
. Elevation: ® © 0 00000000 00O OO PSS OeS

Dr&ime: oo ess00 000

Horizon
L

F-H

IIF - H

IIC

Depth (cm)

10
8

20

Tree CANOPY: ceceeee
Understory: .ceceese

Ground: LR BRI B

es 00 s 0000

-8

-0

- 20.

446
Carbonated Rego Gleysol.
b7.
Between Forestry Plots #130 and #131.
Picea sp., Pinus contorta. |
Salix sp., Betula sp., Rosa sp..
gxlocomimn sp., Equisetum sp..
Alluvium.
Strongly sloping; aspect E..
4900 f£t. M.8.L.. '

Poor.

Description
Matter, undecayed organic material.
Spongy, pertielly and fully decayed
organic material.

Very dark gray (10 YR 3/1) silty clay,
dark gray to grayish brown (10 YR 4/1-
5/2) when dry; amorphous; f£irm; pH 7.5;
strong effervescence; abrupt, smooth
boundary.

Spongy, partially and fully decayed
organic material, ‘

Very dark gray to dark gray (10 YR 3/1-
4/1) silty clay loam to silty clay, grey
(10 YR 5/1) when dry; amorphous; friable;
fH 7.4; strong effervescence; slightly

channery; abrupt, smooth boundary.
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Horizon " Depth (cm) Description
IIIH 4s - 47 Humus; altered organic material.
IIIC 47 - 80 + Very dark gray to dark gray (10 YR

3/1fh/1) silty clay loam to silty clay,
gray (10 YR 5/1) when dry; emorphous;

~ friable; strong effervescence; slightly
channery.
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Sub-~group:

.
M .
P00 00000 oPoes s 0

Profile number: ..ccecescessccecs

Iocation: .0‘.00.0'..‘000000000000

Vegetation:

Tree CANOPY: scesoes
Understory: ..eceece

Gromld: oo doossese e

Pm‘ent mterial: @G ecs0neesroBese

Topography:
Elevation:

0000000000000 PP

Drdnage: ®eco0000 s s0sjapsebsr s

Horizon

L-H

IIBtl

Depth (cm)
3-0

5~ 16

16 - 29

449
Gleyed Gray Luvisol.

D 8.
Near Forestry Plot #120.

Pinus contorta; picea sp..

Alnus sp., Shepherdia.. 8p..

Aster sp., Hylocomium sp..
Colluvium/Till IIA/Residua.l/Ro.ck.
Steeply sloping; aspect SW..
4900 ft. M.8.L..

Imperfect to poor.

Description

Organic material in various stages of
decomposition,

Brown to grayish brown (10 YR 4/3-5/2)
silt loam, light gray (10 YR 7/2) when
dry; strong, coarse platy; very friable;
pH 5.k4; abrupt, wavy boundary.

Brown (10 YR 5/3) silt loam to silty clay
loam, very pale brown (10 YR 7/3) when
dry; weak, medium subangular blocky
breaking to strong, coarse platy; fria-
ble; pH 5.5; slightly gravelly; clear,
smooth boundary.

Grayish brown (10 YR 5/2) silty clay to
clay, light brownish gray to pale brown

(10 YR 6/2-6/3) when dry; strong, coarse



Horizon ~ Depth (em)
IIBtl1 16 - 29
IIBt2 29 - ki

IIBC 4y - 58
IIC 58 - 76
IIIC 76 - 98

Rock 98 -

450

Description
columnar breaking to strong, coarse sub-
angular blocky; very firm; pH 5.1;
slightly gravelly to cobbly; clear, wavy
boundary.
Dark yelimdsh brown (10 YR 4/4) silty
clay, light yellowish brown (10 YR 2/4)
when dry; strong, medium subangular
blocky; very firm; pH 5.2; slightly to
moderately channery; gradual, smooth
boundary.
Dark grayish brown (10 YR 4/2) clay,
light brownish gray (10 YR 6/2) when
dry; amorphous; very firm; pH 5.k;
slightly gravelly; gradual, smooth
boundary.
Dark brown to dark grayish brown (10 YR
3/3-4/2) silty clay loam, grayish brown
to brown (10 YR 5/2-5/3) when dry; pseudo-
platy to amorphous; firm; pH 5.l; slightly
gravelly; clear, smooth boundary.
Dark brown (10 YR 3/3) loam, grayish
brown to brown (10 YR 6/3-6/4) when dry;

amorphous to single grained, friable;

_ pH 6.6; exceedingly channery; abrupt,

broken boundary.

Sandstone.
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Sub-group:

Profile nlmber: ®eo 0000000000000

Location: .

Vegetation:

Tree Canopy: ececeee
Understory: ........
Gro‘md: ..I'.I...Q.l.

Parent mterial: So000000cas000000

Topography:
Elevation:

Drainage: .

Horizon

L-H

IIBt1

Depth (cm)
5-0

12 - 29

452
Orthic Gray Luvisol.
Do,
Between Forestry Plots #586 and #585.

Pinus contorta, Picea sp..

Alnus sp..

Hylocomium sp..

Colluvium/Ti11 IIa/Shale/Residual/Rock.
Moderately sloping; aspect S..

5500 £t. M.S.L..

Imperfect.

Description
Organic material in va.r:loué stages of

decomposition.

Light brownish gray to pale brown (20
YR 6/2-6/3) silt loam, light gray (10
YR 7/1-7/2) when dry; strong, coarse
platy; very friable; pH L.S5; ﬁ:odere.tely
gravelly; clear, wavy boundary.

Pale brown (io YR 6/3) loam, light.gray
to very pale dbrown (10 YR 7/2-7/3) when
dry; weak, coarse platy breaking to
coarse, subangular blocky;v friable; pH
4.8; moderately gra.velljr; clear, wavy
boundary.

Yellowish brown to light yellowish brown

(10 YR 5/4-6/4) silty clay loam, pale



453

Hori-on " Depth (cm) Description
IIBt1 12 - 29 brown to very pale brown (10 YR 6/3-7/3)

wvhen dry; strong, medium subangular
blocky; firm; pH 4k.4; clear, wavy boun-
dary.

Bt2 ' 29 - 39 Dark yellowish brown to yellowish brown
(10 YR 4/4-5/4) clay, light yellowish
brown (10 YR 6/4) when dry; strong, fine
to medium subangular blocky; .firm; pH

- 4.3; clear, smooth boundary.
IIIBC 39 - U8 Dark gray to grayish brown (10 YR 4/1-
5/2) clay, gray to light brownish gray
(10 YR 5/1-6/2) when dry; weak, medium
subangular blocky; very firm; oH 5.0;
gradual, smooth boundary.
- ITIC 48 - 62 Dark gray (10 YR /1) clay, gray (10 YR
5/1) when dry; smorphous; very firm; pH
5.2; clear, smooth boundary..
Ive 62 - 6l Brown (10 YR 5/3) silt loam, pale brown
| to light yellowish brown (10 YR 6/3-6/k)
wﬁen dry; emorphous; friable; pH 6.4; mo-
derately channery; abrupt, smooth boundary.
ve 64 - 68 Dark brown (10 YR 3/3) loam, grayish brown
to brown (10 YR 5/2-5/2) when dry; amor-
'phous to single grained; very friable; pH

6.9; exceedingly channery, sbrupt, bro-
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Horizon . Depth (cm) Description
ken boundary.
Rock 68 + Sandstone.
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Sub"gro‘m: oo..ooooc-oo.oooccooo.o
Profile number: ....ccccceececcee

Ioc&tion: es 00000 SOPROISOEOSENOIOEOIPOPEPOETTS

Vegetation:

Parent mterial: o000 s00vs00 00 0.

Topopapw: oS00 0000 00O OR OGNS SIS

Elevation:

Dr&ina-ge: Poeo0eeecoovsoonsoscss e

Horizon

L-H

IIC

Tree cAUNOPYS: ccecose

Understory: ccceeeee

455

Degraded Butric Brunisol.
D 10.
Near Forestry Plot #388.

Pinus contorta.

Alnus sp., Ribes sp., Picea sp..

Ground: ............ Elymus sp., Aster sp..

Depth (cm)

8-0

12 - 17

Colluvium/Aeolian Colluvium/Till II B.
Moderately sloping; aspect SE..
5000 ft. M.8.L..

Impei'fe ct.

Desa;iption
Organic material in various stages of

decomposition.

Black (10 YR 2/1) silt loam, very dark

. gray (10 YR 3/1) when dry; weak, medium

granular; friable; pH 6.5; abrupt, smooth
boundary. |

Very dark to dark grayish brown (10 YR
3/2-4/2) silt loam, brown to yellowish
brown (10 YR 5/3-5/4) when dry; strong,
medium granular; friable; pH 6.7; sbrupt,
smooth boundary.

Dark yellowish brown (10 YR 4/h) silt,
1ight yellowish brown (10 YR 6/k) when
dry; platy; very frieble; afbrupt, smooth

boundary.



Horizon

IIIC

Depth (em)
17 - 50 +

456

Description
Dark gray to dark grayish brown (10 YR

4/1-4/2) silty clay loam, grayish brown
to brown (10 YR 5/2-5/3) when dry;
amorphous; firm; pH 6.6; very channery
to cobbdbly.
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