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ABSTRACT

A soil survey was conducted in the Coldstream and Vaseux Creek watersheds
for the purpose of identifying existing and potential areas of erosion.

Part 1 of the report describes the area encompassed by the Coldstream
Creek watershed and the soils located within its boundaries. The Coldstream
study area is located east of Vernon and covers 20 700 ha. Soil checks were
predominantly made along the many roads in the area, although a few traverses
were made by foot. A total of 38 sites and soil forms were completed. Twenty-
nine different soils and 5 land types were distinguished and briefly described.

The area and soils of Vaseux Creek watershed are described in Part Il of
the report. The Vaseux Creek watershed is located southwest of Okanagan Falls
and covers 29 900 ha. Soil checks were occasionally made by foot traverses
with the majority made along the roads. A total of 16 site and soil forms were
described for this area. Forty-two soils and 4 land types were described and

mapped.

Part II1 of the report describes how the soil erosion ratings were
determined using the Universal Soil Loss Equation. Six soil erosion maps were -
produced based on various land-use activities.



PREFACE

Early in 1980, the Okanagan Water Implementation Board requested that the
Terrestrial Studies and Aquatic Branches conduct a physical resource survey of
the Coldstream and Vaseux watersheds in the Okanagan system. The purpose of
the survey was to identify existing and potential areas of erosion which are or
could contribute to sources of sediment and nutrient loading, especially
phosphorous, entering into Okanagan and Kalamalka lakes.

To meet the objectives requested, the Terrestrial Studies Branch conducted
a soil and terrain survey of the two watersheds and produced (1) a terrain map;
(2) a soils map; (3) six erosion maps and; (4) this working report. The
Aquatics Studies Branch conducted a stream reach inventory and produced (1) an
aquatic biophysical map; (2) a stream channel stability evaluation map and;
(3) a separate report - Hawthorn, S. & E. Karanka. 1982. Analysis of Channel
Stability and Sediment Sources in Coldstream and Vaseux Creek Watersheds.
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PART 1
COLDSTREAM WATERSHED

1. GENERAL DESCRIPTION OF THE AREA

1.1 LOCATION

The Coldstream Watershed (Figure 1) is located east of Vernon in the

Coldstream Valley and covers 20 700 ha. It encompasses the upper reaches of
Coldstream Creek and its tributaries and their associated highlands.

Figure 1. Location of the Coldstream watershed



The land in the Coldstream Valley is primarily used for agricultural
endeavors as well as being occupied by sawmilling and industrial plants. As
with most streams 1in the Okanagan, the Coldstream Creek and many of its
tributaries are used for domestic water purposes. Logging occurs at the higher
elevations of the watershed on both sides of the Coldstream Valley. Cattle
grazing 1s prevalent throughout most of the area. Many of the lakes located in
the watershed, as well as being used for water storage, are used for camping

~and fishing.

1.2 PHYSIOGRAPHY

The Coldstream watershed occurs in two physiographic regions separated by
the Coldstream Valley. To the north, the area occurs in the Shuswap Highlands
physiographic region (Holland, 1964) and to the south, the Thompson Plateau.
Elevations range from a low to 390 m at the mouth of the Coldstream Creek at
Kalamalka Lake to about 1525 m near King Edward and Bear Lakes and 1645 m near

the Silver Star ski hill.

According to Jones (1960), the study area is underlain two major bedrock
groupings - acidic and basic bedrock. The acidic bedrock includes granitoid
gneiss, augen gneiss and mica - sillimanite - garnet schist while the basic
bedrock consists of basalfic and andesitic lava, argillite and limestone. The
topography of the northern portion of the study area consists of steeply
sloping terrain and 1s quite hilly. The soil mantle overlying bedrock is
.generally quité thin and usually does not exceed 10 m. The Coldstream Valley
area ‘consists of gently sloping terrain and generally the soil mantle {is quite
deep and most probably extends downward for over 50 m. The southern part of
the study area is characterized by a steeply sloping sidehill culminated by a
rolling plateau area. The soil mantle 1is quite thin with many bedrock

~ exposures evident.



2. METHODS

2.1 FIELD METHODS

Prior to the commencement of the field work, preliminary assessment of the
Jandscape and access was undertaken on 1:15 000 scale aerial photographs expos-
ed in 1974. The landscape was separated into segments by stereoscopically
exmaining the aerial photographs and delineating the various types of terrain
or surficial materials. These delineations were refined on the bases of infer-
red soil texture, soil genesis and slope. The bedrock geology (Jones,'1960)
was used to aid in estimating some of the soil characteristics such as texture,
soil reaction, carbonate content and soil development. The physiographic map
of Holland (1964) was used to divide the report area into its respective physi-
ographic regions and the vegetation zones were used to place the delineated

units into their respective forest zones and subzones.

The field survey was conductd during the 1980 summer field season with
about 20 700 ha being field checked. The soils of the Coldstream Valley
agricultural area were previously surveyed and reported on by Sprout and Kelley
(1960) and their information was used in this study. Their inventory was at a
survey intensity level 2 (MSWG, 1981) where the field traverses were by foot
and by surface vehicle and many of the soil boundaries and all the soil deline-
ations were checked in the field. The upland areas, newly surveyed for this
study, were mapped at an intensity level 3 where a few traverses were by foot
and the remainder by surface vehicle. Many of the soil delineations and some
of the soil boundaries were checked in the field. The actual map units identi-
fied in the field were checked against those pretyped, and mapping lines and
symbols were adjusted as necessary. Initially, many stops were made to check
the soils and vegetation but as familiarity with the terrain characteristics
increased, the number of examinations -or spot checks was reduced. The informa-
tion from the spot checks was put directly on the photograph in the form of a
terrain symbol, texture, sofl classification or other identifying characteris-
tics. Checks, in which the site was described in more detail, were recorded on



site and soil description forms and were identified by a number on the photo-
graph and subsequently on the map. At 38 check points, site and soil descrip-
tion forms were completed according to the Manual for Describing Ecosystems in
the Field (RAB, 1980) with parent material, soil horizons, depth, drainage,
slope, elevation, rockiness, aspect and other characteristics described and
noted. Twenty-one of these check points were along the lower reaches of the
Coldstream Creek and coincided with the aquatics investigation sites. Many of
“the terms used are defined in the Gossary of Terms in Soil Science (Canada
Department of Agriculture, 1976).  Soil samples were taken from selected
profiles and a particle size analysis (texture) was performed on the fraction

less than 2 mm.

2.2 MAPPING METHODS

Upon completion of pretyping the aerial photographys, field checking,
sampling and laboratory analyses, and adjusting the pretyped lines where neces-
sary, the terrain maps were developed. The map unit boundaries from the aerial
photographs were transferred to 1:20 000 scale map bases and the polygons (map
delineations) were symbolled according to the terrain legend (ELUCS, 1976).
Almost 100% of the map delineations in the Coldstream Valley agricultural area
and about 35% of the upland soil map delineations had at least one ground field
check. Although all map delineations were determined by air photo interpreta-
tion and extrapolation, the relative distictness and homogeneity of the terrain
allowed for an estimated mapping reliability of over 70% throughout the map

‘area.

Using the terrain maps as a base, the soil maps were produced following
" the construction of a soils legend (Table 1) which separated the various surfi-
cial deposits (soil parent materials) predominantly by vegetation zone, under-
lying bedrock soil profile development, soi1 texture and soil drainage.



TABLE 1: SOIL LEGEND FOR THE COLDSTREAM CREEK WATERSHED
Coarse Dominant*
Sof Fragments Sofl Vegetation**
Type Parent Material Texture (<2 mm) (<2 =sm) So{) Drainage Development Zone
C1 colluvium sandy loam 30-50% well 0.0Y8 11 DI SAeS-alF:a,c
c2 colluvium sandy loam 30-50% well 0.EB 11 DI 10:a
c3 colluvium loam 20-40% well BR.GL D1 10:a
ca colluvium Yoam over sandy loam | 30-50% well 0.8 11 DI iD:a
cs colluvium loam over sandy loam | 30-50% well 0.E8 11-0.DG-11| DI 1ID: a,b
cé coltuvium loam over sandy loam | 30-50% well 0.BL M D1 ID:b
c? colluvium sandy loam 30-50% well 0.EB 1§-0.DG-11] DI ID:a,b
cs ¢olluvium sandy loam 20-502 wel) 0.8L 19 0I 1D:b
c9 colluvium sandy loam 30-50% well 0.DYB 11 DI SAeS-alF:a,c
Fl fluvioglacial sandy loam over sand | 50-90% rapidly 0.DYB DI ID:a
F2 fluvial (floodplain) | sandy loam 20-50% moderately well | CU.R DI 1D:a
F3 fluvioglacial sandy loam over sand 0-90% rapidly 0.£8 01 10:b
Fé filuvioglacial sandy loam over sand 0-90% rapidly 0.8L DI 1G:b
F5 fluvial (fan) sandy loam 20-40% well 0.8L DI ID:b
F6 fluvial (fan) loam 0-10% moderately well | 0.BL DI 10:b
F7 fluvial (fan) loam 0-10% imperfectly GL.BL DI 10:b
F8 fluvial (floodplain) | loam over sand 20-40% moderately well | O.R DI ID:b
F9 fluvial (terrace) silt loam over sand 30-50% well 0.8L Dl 1D:b
Ll glaciolacustrine clay loam 0% moderately well j 0.BL DI iD:b
L2 glaciolacustrine clay loam 0% imperfectly GL.BL Di ID:b
L3 glaciolacustrine clay loam 0% moderately well | CA.BL DI 1D:b
M1 morainal silt loam over loam | 20-50% moderately well | BR.GL DI SAeS-alf:a,c |
M2 morainal silt loam over loam 20-50% imperfectly GLBR.GL DI SAeS-alf:a,c ;
M3 morainal silt loam over loam 20-40% moderately well { BR.GL DI iD:a '
M4 morainal silt loam over loam 20-40% imperfectly GLBR.GL DI ID:a
M5 morainal Toam 20-40% well 0.GL-0.0G DI 1D:a,b
M6 morainal loam 20-40% well 0.8L DI 1b:b
0l organic derived from mosses very poorly TY.M DI 1D:a
02 organic derived from mosses very poorly TY.M DI SAeS-alF:a,c
Land
Type
Al fluvioglacial sand 50-90% rapidly DI 1D:b ’
(gravel pits)
R1 bedrock granitoid gneiss DI SAeS-alF:a,c
and 1ID:a,b
R2 bedrock granitoid gneiss DI ID:b
R3 bedrock volcanic flow D1 ID:b
R4 talus volcanic flow 1007 DI SAeS-alF:a,c
and ID:a,b
RS bedrock volcanic flow DI SAeS-alF:a,c
and 1D:a,b i
*Dominant Soil Development **Yegetation Zone
0.0YB - Orthic Dystric Brunisol DI SAeS-alF:a Dry Interior Region; Subalpine
0.DYB 11 - Orthic Dystric Brunisol-1ithic phase Engelmann spruce - alpine fir
0.£8 - Orthic Eutric Brunisol zone: lodgepole pine subzone
0.08 11 -~ Orthic Eutric Brunisol-lithic phase
0.BL - QOrthic Black DI SAeS-alF:c Dry Interior Region; Subalpine
0.BL 11 Orthic Black-1ithic phase spruce - alpine fir zone: Rocky
CA.BL - Calcareous Black -Mountafn Douglas-fir ~ lodgepole
GL.BL - Gleyed Black pine subzone
0.D0G - OQOrthic Dark Gray
0.D6 1§ - Orthic Dark Gray-lithic phase DI ID:a Dry Interior Region; Interior
0.6L - Orthic Gray Luvisol Rocky Mountain Douglas-fir zone:
BR.GL - Brunisolic Gray Luvisol lodgepole pine subzone
GLBR.GL - Gleyed Brunisolic Gray Luvisol
TY.M - Typic Mesisol DI ID:b Dry Interior Region; Interior
0.R - Orthic Regosol Rocky Mountain Douglas-fir zone:
Cu.R - Cumulfc Regosol ponderosa pine subzone




3. CHARACTERISTICS OF THE SOILS OF THE STUDY AREA

To characterize the study are, the soils were separated according to the
surficfal geologic materials from which they were derived. These materials are
variable both in their composition and distribution. Their aerial distribution
is shown on both the Terrain and Soil maps for the Coldstream watershed.

Generally, the soils developed from the acidic bedrock are moderately
| coarse to coarse textured whereas the soils developed for the basic bedrock are
usually medium to moderately fine textured. The area had been blanketed with a
layer of medium textured windblown deposits (loess and volcanic ash). These
deposits are still present in the higher elevational areas having flatter topo-
grpahy but have been eroded away in the steeper areas.

3.1 SOILS OF COLLUVIAL ORIGIN

Soils of colluvial origin occupy a significant portion of the study area
outside of the Coldstream Valley agricultural area. They are composed of
materials which have undergone downslope movement and have reached their
present position due to gravity. Generally, they consist of massive, non-
sorted to poorly sorted materials which range in particle size from clay to
boulders and are related to the underlying or up-slope materials from which

they are derived.

The colluvial materials from which these soils have developed are predom-
inantly derived from the underlying bedrock. Soils Cl, €2, C7 and C8 are
derived from or associated with areas of acidic bedrock and generally have a
gravelly sandy loam texture. Soils C4, C5, C6 and C9 are derived from or asso-
ciated with areas of basic bedrock and generally have a gravelly loam solum
texture over‘]yi’ng a gravelly sandy loam substrata (parent- material) texture.
These soils are generally shallow and are less than one metre thick to the to
“the underlying bedrock. C3 soils have developed in deeper colluvial deposits
and are located in an area that had previously slumped. As most of these



colluvial soils are located in areas prone to erosion, they now show little
evidence of having any windblown deposits in their surface horizons.

C1 and C9 soils occur in well forested areas dominantly covered by
Engelmann spruce, alpine fir, lodgepole pine and occassionally Douglas-fir.
€2, C3 and C4 soils also occur in well forested areas, but the dominant tree
species are Douglas-fir, lodgepole pine and western larch. C5 and C7 soils
occur in parkland areas that have both open forests of trembling aspen,
ponderosa pine and/or Douglas-fir and edaphic grassland areas. C6 and C8 soils

occur in edaphic grassland areas.

These colluvial soils are generally well drained and usually have high
to moderate infiltration and percolation rate;. They are also moderately
pervious although this decreases abruptly at the contact with the underlying

bedrock.

3.2 SOILS OF FLUYIAL ORIGIN

Soils of fluvial origin are composed of materials transported and deposit-
ed by streams and are commonly well sorted. Depending on the type and size of
stream and its gradient, the deposits vary in texture, ranging from gravels to

silts.

The fluvial deposits in the study area have been subdivided into three
categories based on their texture and mode of deposition.

Soils developed in fluvioglacial deposits in the study area generally
consist of a sandy loam solum texture grading to a very gravelly sand and/or
sand substrata texture. Surface cobbles and stones are abundant in places
where the overlay is thin. F1 soils occur in well forested areas along the
stream channels of the upper reaches of the Coldstream Creek and its tributar-
fes. F3 soils generally occur in open forested areas along the Coldstream
valley sides and lower reaches of Coldstream Creek. F4 soils generally occur




in edaphic grassland areas and are cultivated. Soils designated as Al have
been distributed and are presently being used as gravel pits or as industrial

sites.

These glaciofluvial sofls are generally rapidly drained and usually have
high infiltration and perculation rates and are rapidly pervious.

Soils developed in fluvial fan deposits have, at the fan apex areas,
gravelly sandy loam textures in which surface gravels . and cobbles are abundant
(F5) and grade downslope into F6 and F7 soils which are generally free of
coarse fragments and have a loam texture. These soils are located in the
Coldstream agricultural area and are cultivated or used for pastures.

These fluvial fan soils vary in soil drainage from well (F5) to moderately
well (F6) to imperfectly drained (F7). They have moderate infiltration and
percolation rates and are moderately pervious.

Soils developed in fluvial floodplain deposits are located along the mar-
gins of the present day streams. These soils vary from gravelly sandy loam
textures (F2) in the upper stream reaches where steeper gradients occur to silt
loam or loam surface textures grading to gravelly sand at depth (F8 and F9) in
the lower stream reaches with low gradients. - These soils, under normal condi-
tions, are usually moderately well drained but do have high or fluctuating
water tables and are subject to occassional flooding. They are generally

rapidly to moderately pervious.

3.3 SOILS OF GLACIOLACUSTRINE ORIGIN

Soils of glaciolacustrine origin consist of sediments that have settled
from suspension in bodies_of standing fresh water or that have collected at
their margins through wave action. The sediments usually consist of stratified
sand, silt and clay deposited in former lake beds or moderately to well sorted
sand and coarser materials that are beach and other littoral sediments along

the margins of former glacial lakes.
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Soils developed in glaciolacustrine sediments have a substrata that is
stratified and often varved. The texture varies from clay loam at the surface
to stratified silts and fine sands at depth. These soils are in the Coldstream
agricultural area and are usually under cultivation.

These soils become very compact and hard when dry and very sticky when
wet. Surface water infiltation is moderately slow and internal percolation
rates are very slow. They are slowly pervious and moderately well drained (L1
and L3). A feature of the clays is to swell or expand on wetting and to shrink
and crack on drying. In some areas where seepage from higher areas accumulate,

the L2 soils are imperfeclty drained.

3.4 SOILS OF MORAINAL ORIGIN

Soils of morainal origin occupy a significant portion of the study area,
mainly at the higher elevations. Morainal deposits (often called glacial till)
consist of materials transported and deposited by glaciers. They generally
consist of well-compacted substrata materials that are non-stratified and
contain a heterogeneous mixture of particle sizes (ranging from gravel to
boulders) in a matrix of sand, silt and clay.

The soils developed in morainal materials have a loam texture containing a
variable amount of gravel, cobbles and boulders. The upland soils M1, M2, M3
and M4 also have a silt loam solum that was derived from eolian sediments. Ml
and MZ soils occur in well forested areas dominantly covered by Engelmann
spruce, alpine fir, lodgepole pine and occassionally Douglas-fir. M3 and M4
soils also occur in well forested areas, but the dominant tree species are
Douglas-fir, lodgepole pine and western larch. The M5 soils occur in parkland
areas that have both open forests of trembling aspen, ponderosa pine and/or
Douglas-fir and ‘edaphic grassland areas. Mg soils occur in edaphic grassland

areas.

These morainal soils are compact, calcareous and hard (when dry) below
depths of about one-half to one metre. Moisture infiltration through the
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surface is moderate while percolation rates decrease in the compact substrata.
These soils are well (M5 and M6) or moderately well (Ml and M3) drained and are
moderately pervious in the solum and slowly pervious in the substrata.. In
some areas where seepage or surface water accumulates, the M2 and M4 soils are

imperfeclty drained.

3.5 SOILS OF ORGANIC ORIGIN

Soils of organic origin occupy small and scattered areas mainly up on the
plateau south of Coldstream valley. They are composed of materials resulting
from vegetative growth, decay and accumulation in and around closed basins or
gentle slopes, where the rate of accumulation exceeds that of decay. General-
ly, they consist of peat, unstratified and locally containing minor amounts of

marl and inorganic detritus.

Soils developed in organic materials are very poorly drained'and composed
mainly of organic materials at an intermediate stage of decomposition. Ol
soils occur in open wetland areas surrounded by dense stands of Douglas-fir,
lodgepole pine and western larch. 02 soils also occur in open wetland areas
but are surrounded by dense stands of Engelmann spruée, alpine fir and

lodgepole pine. -

3.6 BEDROCK AREAS

Areas of bedrock outcrop or rock covered by less than 10 cm. of soil or
organic material are most prevalent south of the Coldstream Valley. The bed-
rock in Rl and R2 areas is predominantly composed of granitoid gnéiss, augen
gneiss and mica-sillimanite-garnet schist whereas R3, R4 and R5 areas are com-
posed mainly of basaltic and andesitic lava and argillite and to a lesser
extent limestone. R4 areas are rubbly-blocky talus areas located below basalt
cliffs and are generai]y free]ess.~'8edrock Rl and R5 areas are well forested
whereas R2 and R5 areas are located in the grasslands.
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PART 11
VASEUX WATERSHED

4. GENERAL DESCRIPTION OF THE AREA
4.1 LOCATION
The Vaseux watershed (Figure 2) is located southeast of Okanagan Falls and
covers 29 900 ha. The area is primarily forested with logging the primary

industry. Some recreation also occurs in the form of fishing at some of the
lakes and streams and skiing at Mount Baldy. Cattle grazing also occurs

throughout the forested area as well as on the open slopes. Minor amounts of
cultivation occur at the lower elevations in the main Okanagan valley.

NN
\\‘&" ’ o /D
@L

N

._.
‘ Q)

Figure 2. Location of the Vaseux watershed.
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4.2 PHYSIOGRAPHY

The Vaseux watershed is located in the Okangan Highlands with elevations
ranging from a lTow of 330 m at the mouth of Vaseux Creek to a high of 2300 m at

the top of Mount Baldy.

According to Little (1961) the bedrock of the study area is primarily
composed of granite, granodiorite and granitoid gneiss and to a lesser extent
andesite and cong1omerate; The topography of the study area consists offhilly
terrain dissected by the deeply, entrenched gorge created by Vaseux Creek. The
soil mantle for the study area is generally quite thin with bedrock exposures
mainly occcurring in the higher subalpine areas and along the Vaseux Creek

gorge.
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5. METHODS

§.1 FIELD METHODS

Prior to the commencement of the field work, preliminary assessment of the
landscape and access was undertaken on 1:15 000 scale aerial photographs expos-
ed in 1974. The landscape was separated into segments by stereoscopically

examining the aerial photographs and delineating the various types of terrain

or surficial materials. These delineations were refined on the bases of infer-

red soil texture, soil gneiss and slope. The bedrock geology (Little, 1961)
was used to aid in estimating some of the soil characteristics such as texture,
soil reaction, carbonate content and soil development. The physiographic map
of Holland (1964) was used to identify the physiographic region in which the
study area occurred and the vegetation 2zones were used to place the delineated
units into their respective forest zones and subzones.

The field survey was conducted during the 1980,summer field season with
about 29 000 ha being field checked. The soils of the lower Vaseux Creek fan
area were surveyed and reported on by Wittneben (in progress). These soils
were surveyed at an intensity level 1 (MSWG, 1981) where the field traverses
were by foot and surface vehicle and many of the soil boundaries and all the
soil delineations were checked in the field. The upland areas, newly surveyed
for this study, were surveyed at an intensity level 3 where a few traverses
were by foot and the remainder by surface vehicle. Many of the soil delinea-
tions and some of the soil boundaries were checked in the field. The actual
map units identified in the field were checked against those pretyped, and
mapping lines and symbols were adjusted as necessary. Initially, many stops
were made to check the soils and vegetation but as familiarity with the terrain
characteristics increased, the number of examinations or spot checks was
reduced. The information from the spot checks was put directly on the photo-
graph in the form of terrain symbol, texture, soil classification or other
identifying characteristics. Checks, in which the site was described in more
detail, were recorded on site and soil description forms and were identified by

a number on the photograph and subsequently on the map.



16

At 16 check points, site and soil description forms were completed accord-
ing to the Manual for Describing Ecosystems in the Field (RAB, 1980) with
~ parent material, soil horizons, depth, drainage, slope, elevation, rockiness,
aspect and other characteristics described and noted. Many of the terms used
are defined in the Glossary of Terms in Soil Science (Canada Department of
Agriculture, 1976). Soil samples were taken from selected profiles and a
particle size analysis (texture) was performed on the fraction less than 2 mm.

5.2 MAPPING METHODS

Upon completion of pretyping the aerial photographys, field checking,
sampling and laboratory analyses, and adjusting the pretyped lines where neces-
sary, the terrain maps were developed. The map unit boundaries from the aerial
photographs were transferred to 1:20 000 scale map bases, and the polygons (map
delineations) were symbolled according to the terrain legend (ELUCS, 1976).
Almost 100% of the map delineations in the lower Vaseux Creek fan area and
about 27% of the upland soil map delineations had at least one ground field
check. Although all map delineations were determined by air photo interpreta-
tion and extrapolation, the relative distinctness and homogeneity of the
terrain allowed for an estimated mapping reliability of about 70% in the map

area.

Using the terrain maps as a base, the soil maps were produced following
the construction of a soils legend (Table 2) which separated the various surfi-
cial deposits (soil parent materials) predominantly by vegetation zone, under-
1ying bedrock, soil profile development, soil texture and soil drainage. .
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TABLE 2: SOIL LEGEND FOR THE YASEUX CREEK WATERSHED
Coarse Doalnant®
tot! Fragaments sol |l Yegetation®®
Type Parent Materlel Texture (<2 aa) (€2 am) $oll Oraelnage Development Zone
c1 colluvium sendy loas J0-50% vell SM.HFP 11 Dl At
c2 colluviue sandy losm 30-508 vell O.HFP {1 Dl SAeS=-aiF:e
c3 colluvium sendy loem 30-50% well O.8L [1-0.HFP 1] DI SAeS~aiF:a
ce colluvivm sandy tloam 30-30% woll 0.0Y9 1 Dl SAeS-siF:s,c
(1] collyvive sandy loenm 30-50% well O.8L 11-0.0Y8 (1] ! SAeS=aiF:a,c
cé colliyvium sandy loem 30-50¢% vell €.68 11 0! 10:
c? coltyviga sandy lose 20-40% well E.EB D! Dz
ce coltuvium sandy losn J0=-508 woll E.EB 11-0.D0 11 D! I10:e
ce colluvivm sandy loam 30-508 well} E.E8 I o1 10:d
cro collyvivua sandy loess 20-40% wo!l €E.E8 01 10:d
cit colluvium sandy loas 30-50% well €.68 11-0.06 11 Dt 1D:b
c12 colluvium ssndy loam 30-50% well 0.BL 11 D! 10:d
L) fluvial (floodplain)| sandy 10em over sand 30-50% soderately wvell 0.R Ol SAeS-aiF:s,c
F2 fluviogisctal sandy losm over sand 30~50% rapldly O.HFP DI SAeS~aiF:a
F2 Tluviogiesctal sandy losm over slit 0-108% sodsrately well O .HFP Ol SAeS-aiF:a
loam, fine sandy 4
tosm or seand
[ X ] fluvioglecltal ssndy losm over sand 50-90% raplidly 0.0Y8 D1 SAeS-atf:a,c
FS fluvioglacial sandy loem over sand $0-90% leperfectily GL.OYB 0l SAeS-alf:s,c
Fé fluviogiaclal sandy loem over sitit 0-10% moderately well 0.0Y8 DIl SAeS-atF:e,c
\oam, fine sandy
loan or sand
F7 fluviai (floodplalin)| sandy loam over sand 30-50% moderately wvell 0.R DI 1D:e
Fe fiuvlial (fan, delta,| sandy loom over sand 50-90% rapldiy 0.07Y8 0l 1D:a
terrace)
fluvloglaciel sandy loem over sand 0-90% ropldly 0.0YB 01 iD:e
ftuvial (floodplain)] sandy toam over sand 50-90% rapidily 0.R DI 1D:b
tluviel (brealded sand 70-90% raploily 0.R 01 1D:d
floodnlaln)
fluviat (fan) sandy Joem 50-90% vell O.R Ol ID:b
fluvial (fan) sandy loam over sand 20-50% vell 0.8 Ol 10:b
fluvioglaclal sandy losm over sand 20-50% repldly €.EB D! §D:d
fluviogiaclal sendy loem over sand 50-90% rapidly E.EB-0.DG DI 1D:b
fluviogtectal tosm over sand 50-90% rapldly R.B 01 10:d
glaclolacustrine sandy loam cver sand 50-90% repldly 0.0YB D1 SAeS~alF:as,c
(beach rildges)
morslinat sandy floam 20-40% aoderately vel! O.HFP D1 SAeS~astif:e
morelral sandy loam 20-40% Imperfectly GL.HFP D! SAeS-alf:a
roralcral sandy losm 20-40% weli 0.BL-0.HFP Ol SAeS-alF:»
fcrainal sendy losm 20-40% moderately well BR.GL Ol SAeS-aif:e,c
woralnct sandy loam 20-40% Imperfectly GLBR.GL Dl SAeS-alifF:s,c
moralnel sandy loem 20-40% wvell BR.GL D! 1D:a
moralnal sandy loam 20-40% imporfectiy GLBR.GL Ol 1D:e
soralnal sandy loem 20-40% vell 0.6L-0.06 D! ID:e
mors!inal sandy loaa 20-40% vetl E.EB D! 1D:b
morsinal sandy loam 20-403 well 0.6L-0.06 01 1D:d
moralinal sandy loam 20-40% well 0.BL 0! 1D:b
organlc very poorly TY .M D! SAeS-sif:a,c
organle very poorly TYM 0t tD:e
dbedrock D! SAeS-alifF:a,c
tolus DI SAeS~asliF:a,
bedrock 1008 0! 1D:a,b
talus 1008 Ol ID:a,d
*Dominant Soill Development *%vVegetation Zone
- 0.0YB = Orthic Dystric Brunisol D1 AT Dry iInterlor Reglon; Subalpine
0.DYB=1l = Orthic Dystric Brualsol=1ithic phase . Engeimann spruce - sipine fir
GL.DYB - Glieyed Dystric Brunlsol zone: lodgepole pine subzone
€.EB = Eluviated Eutric Brunliso! :
E.EB=11 = Etuvlated Eutrlc Brunlisol=1lthlc phass D] SAeS-alf:e Dry Intertor Reglon; Subsiplne
0.6L -« Orthlec Gray Luvisol : Engetaann spruce - alplne fir
BR.GL - Brunisol Gray Luvisol 20ne: Rocky Mounteln Dougles=tir
GLBR.GL « Gleyed Brunlsolic Gray Luvisol « lodgepole plne subzone
0.8 = Orthlec Brown
R.B = Rego Brown D) 1D:a Dry Intertor Reglon; interlor
Q.80 ~ Orthlc Black Rocky Mountaln Douglas=fir zone:
d.80L~1{1 = Orthic Black = i1+hic phase todgepo!e pline subzone
0.06 - Orthic Dark Gray
0.0G-1}§ = Orthic Dark Gray = 11thlc phase DI 1D:d Dry Interlor Reglon; 1Interior
O.KHFP = Orthic Humo~Ferric Podzol Rocky Mountatn Douglas~fir zone:
O.HFP=1] <« Orthlc Humo~Ferrlic Podzol=Ilthic phese ponderosa plae subzone
GL .HFP - Gleyed Humo-Ferric Podzol
SM.HFP=11 =~ Soabric Humo=-Ferrlc Podzol=llthic phase
TY .M - Typlc Hosisol
0.R - Orthlc Regosol
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6. CHARACTERISTICS OF THE SOILS OF THE STUDY AREA

To characterize the study area, the soils were separated according to the
surficial geologic materials from which they were derived. These materials are
variable both in their composition and distribution. Their aerial distribution
is shown on both the Terrain and Soil maps for the Vaseux watershed.

6.1 SOILS OF COLLUYIAL ORIGIN

Soils of colluvial origin occupy a significant portion of the study area
and are found in combination with rock outcrops. They are composed of materi-
als which have undergone downslope movement and have reached their present
position due to gravity. Generally, they consist of massive, non-sorted to
poorly sorted materials which range in particle sizé from clay to boulders and
are related to the underlying or up-slope materials from which they are

derived.

Soils developed in colluvial materials, which have been derived from or
associated with areas of granite, granodiorite and granitoid gneiss and to a
lesser extent andesite and conglomerate bedrock, generally consist of a gravel-
ly sandy loam texture and are generally less than one metre thick overlying
bedrock. Cl soils occur in meadow areas of the alpine tundra. C2 and C4 soils
occur in well forested areas dominantly covered by Engelmann spruce, alpine
fir, lodgepole pine and occassionally Douglas-fir. C3 and C5 soils occur on:
steep, south and west facing subalpine slopes that for historical reasons are
- now partially non-treed and are grass covered. C6 soils occur in well forested
areas with the dominant tree species being Douglas-fir and lodgepole pine. C9
soils occur in lower elevation, open forests of Douglas-fir and ponderosa pine.
C7 and C10 soils have developed in deeper colluvial deposits and are the deep
cdunterpartsAof the shallow C6 and C9 soils. As with C3 and C5 sbi]s, C8 and
Cll1 soils occur in parkland areas that have both open forests and edaphic open
grassland areas. C12 soils occur in edaphic grassland areas.
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These colluvial soils are generally well drained and usually have high to
moderate infiltration and percolation rates. They are also moderately pervious
although this decreases abruptly at the contact with the underlying bedrock.

6.2 SOILS OF FLUVIAL ORIGIN

Soils of fluvial origin are composed of materials transported and deposit-
ed by streams and are commonly well sorted. Depending on the type and size of
stream and its gradient, the deposits vary in texture, ranging from gravels to

silts.

The fluvial deposits in the study area have been subdivided into three
categories based on their texture and mode of deposition.

Soils developed in fluvioglacial deposits generally consist of a sandy
loam solum texture grading to a very gravelly sand and/or sand substrata tex-
ture. Surface cobbles and stones are abundant where the overlay is thin. F2,
F4 and F5 soils occur in well forested areas dominated by Engelmann spruce,
alpine fir, lodgepole pine and occassionally Douglas-fir. F3 and F6 soils also
occur in the subalpine but have a substrata consisting of silt loam, fine sandy
loam or sand textured ponded materials. F9 soils occur in well forested areas
covered mainly by Douglas-fir and lodgepole pine. F14, F15 and F16 soils occur
in areas that grade from open forests of Douglas-fir and ponderosa pine (F14)
to parkland areas (F15) to grasslands (F16).

These fluvioglacial deposits are predominantly rapidly drained. Excep-
tions are the F3 and F6 soils, which are located along McIntyre Creek and along
Vaseux Creek above the point where McIntyre Creek joins Vaseux Creek, and are
moderately well drained and the F5 soils which are located along the present
stream channels and are imperfectly drained. Generally the fluvioglacial soils
have a high infiltration rate, a high to moderate preculation rate and are

rapidly to moderately pervious.
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Soils developed in fluvial fan deposits consist of very gravelly sandy
loam textures in which surface gravels and cobbles are abundant (F8 and F12)
and grade into areas where the gravelly soils have a sandy loam overlay.

These fluvial fan soils vary from rapidly to well drained, are rapidly
pervious and have rapid infiltration and percolation rates.

Soils developed in fluvial floodplain deposits are located along the mar-
gins of the present day streams. They generally have sandy loam surface tex-
tures grading to gravelly sand substrata textures (Fl, F7 and F10) excepf for
the braided stream F11 soils which have very gravelly sand textures and an

abundance of surface gravels and cobbles.

These soils, under normal conditions, are usually rapidly to moderately
well drained but do have high or fluctuating watertables and are subject to

annual flooding. They are rapidly pervious.

6.3 SOILS OF GLACIOLACUSTRINE ORIGIN

Soils of glaciolacustrine origin consist of sediments that have settled
from suspension in bodies of standing fresh water or that have collected at
their margins through wave action. The sediments usually consist of stratified
sand, silt and clay deposited in former lake beds or moderately to well sorted
sand and coarser materials that are beach and other littoral sediments along

the margins of former glacial lakes.

Soils interpreted to have developed in glaciolacustrine beach sediments
are located on the hillside on the west side of Solco Creek. These L1 soils
consist of a band of three parallel ridges, each successively lower in eleva-
tion than fits pre’decess'or. They are composed mainly of sand with varying
amounts of gravél. The soils are rapidly pervious and have rapid surface
{nfiltration and downward percolation rates. They are usually rapidly drained.
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6.4 SOILS OF MORAINAL ORIGIN

Soils of morainal origin occupy a significant portion of the study area.
Morainal deposits (often called glacial till) consist of materials transported
and deposited by glaciers. They generally consist of well-compacted substrata
materials that are non-stratified and contain a heterogeneous mixture of part-
icle sizes (ranging from gravel to boulders) in a matrix of sand, silt and

clay.

The soils developed in morainal materials have a sandy loam texture con-
taining a variable amount of gravel, cobbles and boulders. The high elevation
soils Ml, M2, M3, M4 and M5 occur in well forested areas of Engelmann spruce,
alpine fir, lodgepole pine and occassionally Douglas-fir. The mid-elevation
soils M6, M7 and M8 occur in well forested areas dominated by Douglas-fir and
lodgepole pine. The low elevation morainal soils, M9, MIO and Mll, occur in
areas that grade from open forests of Douglas-fir and ponderosa pine (M9) to
parkland areas (M10) to grassiands (Mll). As with their colluvial counter-
parts, M3, M8 and M10 soils occur in parkland areas where a portion of the area
is treed and the remainder is edaphic grasslands.

These morainal soils are compact and hard (when dry) below depth of about
one-half to one metre. Moisture infiltration through the surface is moderate
while percolation rates decrease in the compact substrata. These soils are
well (M3, M6, M8, M9, MI0 and Ml1l) drained or moderately well (Ml and M5)
drained and are moderately pervious. In some areas where seepage or surface
water accumulates, the M2, M5 and M7 soils are imperfectly drained. :

6.5 SOILS OF ORGANIC ORIGIN

Soils of organic origin wusually occupy areas along the present stream
channels. They are composed of materials resulting from vegetative growth,
decay and accumulation in and around closed basins or gentle slopes, where the -
rate of accumulation exceeds that of decay. Generally, they consist of peat,
unstratified and 1locally containing minor amounts of marl and inorganic

detritus.
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Sofls developed in organic materials are very poorly drained and composed
mainly of organic materials at an intermediate stage of decomposition. 01
sofls occur in open wetland areas surrounded by dense stands of Engelmann
spruce, alpine fir and lodgepole pine. 02 soils also occur in open wetland
areas but are surrounded by dense stands of Douglas-fir and lodgepole pine.

6.6 BEDROCK AREAS

The bedrock in the Vaseux Creek watershed is predominantly acidic and
composed of granite, granodiorite and granitoid gneiss; small areas of andesite
and conglomerate also occur. These areas of bedrock outcrop or rock covered by
less.than 10 an of soil or organic material are most prrominant along the side-
hills of the main Okanagan valley and in the Vaseux gorge area. R2 and R4
areas are rubbly-blocky talus areas located below exposed bedrock cliffs and
are generally treeless. Bedrock Rl areas occur in high elevation areas and R3

areas in mid and low elevation areas.
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PART III
SOIL EROSION RATINGS

7. INTRODUCTION

With concerns of decreased water quality in the Okanagan Lake system due
to the addition of sediment and nutrients. This study was conducted to identi-
fy existing and potential areas of erosion for various land-use activities.
The procedure followed in reaching this objective was to map the terrain and
soils of the Coldstream and Vaseux watersheds and then to apply the Universal
Soil Loss Equation to each of the mapped soil polygons, taking into account the

various land-use activities.

The Universal Soil Loss Equation (U.S.D.A., S.C.S. 1976) was used as a
guideline in obtaining the erosion factors for the Coldstream and Vaseux areas.
The land-use activity erosional impact groupings were based on the information
presented by Brown III, et al (1979). Interpretation of the climatic data as
to when the various types of weathering and erosional factors are most preval-
ent was taken from Rickert et al. (1978).

7.1 DEVELOPMENT OF THE SOIL EROSION RATINGS

The estimation of the soil erosion ratings for the various soils in the
study areas for various land-use activities are based on the Universal Soil
Loss Equation where A=RKLSCP. From the equation A is the predicted annual soil
loss in tons per acre, R is the rainfall factor, K is the soil erodibility
factor, LS is the slope length and steepness factor, C is the cover or cropping
factor and P is the erosion control practice factor. The following descrip-
tions exp1ain how the factors were developed for the Coldstream and Vaseux

study areas.
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7.2 RAINFALL FACTOR

- The rainfall factor (R) is expressed as a rainfall erosion index value and
can be defined as the erosive force of the rainfall. It reflects the turbu-
lence of runoff to dislodge and transport soil particles. The rainfall factor
is supposed to be based on the rainfall from a maximum 6 hour intensity storm.
As this type of information was not available for this study, the 24 hour rain-
fall intensity was used. The 24 hour rainfall intensities for each month for
Penticton Airport, Vernon Coldstream Ranch, Chute Lake and McCulloch, which are
the closest and most representative weather stations representing various ele-
vations, are recorded in Table 3. For each monthly rainfall intensity a rain-
fall factor was obtained from the graph in Figure 3. The rainfall factor for
each month was totalled for the year and then averaged. As a result, the
valley bottoms represented by the ponderosa pine vegetation subzone of the
Interior Rocky Mountain Douglas-fir zone was assigned a rainfall factor of 30,
the valley sides represented by the lodgepole pine subzone of the Interior
Rocky Mountain Douglas-fir zone, was assigned 35 and the high elevation plateau
represented by the Subalpine Engelmann spruce - alpine fir zone was assigned a
factor of 40.
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RAINFALL FACTORS FOR COLDSTREAM AND VASEUX CREEK WATERSHEDS

TABLE 3:

PENTICTON COLDSTREAM CHUTE LAKE McCULLOCH
24-Hour 24-Hour 24-Hour 24-Hour
Rainfall|{RainfalljRainfall{RainfalljRainfall|Rainfall|Rainfall|Rafnfall

Month |(inches)| Factor }{inches)| Factor |(inches)| Factor |(inches)| Factor
January 0.62 10.0 0.70 12.5 0.50 7.5 0.32 4.5
February 0.73 13.0 1.23 41.5 0.51 7.5 0.31 3.5
March 0.54 8.5 0.72 13.0 1.32 49.0 1.01 26.0
April 1.08 30.0 0.89 19.5 1.12 33.0 1.21 40.0
May 1.17 36.5 1.18 38.0 1.56 72.5 1.14 34.5
June 1.32 49.0 1.57 73.5 1.17 36.5 2.28 164.5 .
July 1.49 66.0 1.17 36.5 1.17 36.5 1.66 83.0
August 0.87 18.5 1.24 41.5 1.02 26f0 1.09 31.0
September| 0.75 14.0 1.40 57.0 1.35 52.0 1.19 38.5
October 1.75 93.5 0.81 16.0 1.73 91.5 0.99 25.0
[November 0.76 14.0 0.72 13.0 0.76 14.5 0.58 9.0
December 0.49 7.5 0.73 13.0 0.50 7.5 0.45 6.5
ITotal 360.0 375.0 434.0 466.0
Average 30.0 31.2 36.2 38.8
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7.3 ERODIBILITY FACTOR

The soil erodibility factor (K) is a measure of the rate at which a soil
will erode. The soil factors considered are the percent silt and very fine
sand, percent organic matter, soil structure and soil permeability. During the
field survey the textures of the soil horizons were estimated by hand texturing
and in many cases verified by laboratory analysis. Organic matter content was
also determined by laboratory analysis.

The organic matter content in soils analyzed from the study areas and
other soil surveys conducted in the Okanagan were studied and the average per-
centage was noted for the surface and substratum soil layers of the various
soil developments (Table 4). Table 5 was developed to assist in estimating the
soil erodibility factor for soils not sampled. The percentage of silt and
sand was taken from mid-point of each textural class located on the textural
triangle chart. The soil structure and permeability was estimated for each
organic matter percentage. The soil erodibility factor was then estimated from
the soil erodibility nomograph (Figure 4). Table 6 shows the percent silt,
sand/and organic matter determined by laboratory analysis of soils sampled in
the Coldstream and Vaseux areas. The soil structure and permeability were
estimated in the field. The soil erodibility factor was determined using the
soil erodibility nomography.

The soils of the Coldstream and Vaseux watershed were assigned a soil
erodibility factor by adveraging the factors from Table 6 for the various
soils. Soils not checked in the field were assigned soil erodibility factors
by using Table 5 in combination with the factors derived from field data.
Table 7 shows the soil erodibility factors for the surface layers and substra-
tun of the various soils in the Coldstream and Vaseux watersheds.



TABLE 4: AVERAGE ORGANIC MATTER CONTENT IN SOME OKANAGAN SOILS
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Soil Development

Percent Organic Matter

Surface
Layer

Subsoil
Layer

Substratum
Layer

Sombric‘Humo-Ferric Podzol
Orthic Black

Gleyed Black

Orthic Humo-Ferric Podzol
Gleyed Humo-Ferric Podzol
Gleyed Brunisolic Gray Luvisol
Brunisolic Gray Luvisol
Orthic Dystric Brunisol
Gleyed Dystric Brunisol
Orthic Brown

Rego Brown

Orthic Dark Brown

Orthic Dark Gray

Orthic Eutric Brunisol
Eluviated Eutric Brunisol
Orthic Gray Luvisol

Orthic Regosol

Cumulic Regosol
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TABLE 5: SOIL ERODIBILITY FACTORS FOR AVERAGE SOIL TEXTURES

Percent Sofl
Soil Percent | Percent | Organic Soil* Perme- Erodibility
Texture Silt Sand Matter Structure | ability** Factor K
clay 20 20 8 3 4 0.09
20 20 7 3 4 0.09
20 20 6 3 4 0.09
20 20 5 3 4 0.10
20 20 4 3 4 0.10
20 20 3 4 5 0.14
20 20 2 4 5 0.15
20 20 1 4 5 0.16
20 20 0 4 5 0.17
silty 47 7 8 3 4 0.09
clay 47 7 7 3 4 0.10
47 7 6 3 4 0.12
47 7 5 3 4 0.14
47 7 4 3 4 0.16
47 7 3 4 5 0.24
47 7 2 4 5 0.27
47 7 1 4 5 0.30
47 7 0 4 5 0.33
sandy 5 51 8 3 3 0.07
clay 5 51 7 3 3 0.07
5 51 6 3 3 0.07
5 51 5 3 3 0.07
5 51 4 3 3 0.07
5 51 3 4 4 0.10
5 51 2 4 4 0.10
5 51 1 4 4 0.10
5 51 0 4 4 0.10
silty 56 10 8 3 3 0.08
clay 56 10 7 3 3 0.10
loam 56 10 6 3 3 0.13
56 10 5 3 3 0.17
56 10 4 3 3 0.20
56 10 3 4 4 0.30
56 10 2 4 4 0.34
56 10 1 4 4 0.38
56 10 0 4 4 0.41
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TABLE 5: (CONTINUED)
Percent Soil
Soi1l Percent | Percent | Organic Soil* Perme- Erodibility
Texture Siit Sand Matter Structure | ability** Factor K
clay 35 32 8 3 3 0.07
Toam 35 32 7 3 3 0.08
35 32 6 3 3 0.09
35 32 5 3 3 0.10
35 32 4 3 3 0.13
35 32 3 4 4 0.21
35 32 2 4 4 0.23
35 32 1 4 4 0.26
35 32 0 4 4 0.28
sandy 15 60 8 3 3 0.07
clay 15 60 7 3 3 0.07
loam 15 60 6 3 3 0.07
15 60 5 3 3 0.07
15 60 4 3 3 0.08
15 60 3 4 3 0.08
15 60 2 4 3 0.09
15 60 1 4 -3 0.10
15 - 60 0 4 3 0.11
silt 87 6 8 3 3 0.12
87 6 7 3 3 0.19
87 6 6 3 3 0.24
87 6 5 3 3 0.32
87 6 4 3 3 0.38
87 6 3 4 3 0.49
87 6 2 4 3 0.55
87 6 1 4 3 0.61
87 6 0 4 3 0.68
silt 65 22 8 3 3 0.10"
loam 65 22 7 3 3 0.16
65 22 6 3 3 0.21
65 22 5 3. 3 0.27
65 22 4 3 3 0.32
65 22 3 4 3 0.41
65 22 2 4 3 0.47
65 22 ‘1 4 3 0.52
65 22 0 4 3 0.58
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Percent Soil
Sofl Percent | Percent | Organic Soil* Perme- Erodibility
Texture Si1t Sand Matter Structure | ability** Factor K
1oam 42 42 8 3 3 0.07
42 42 7 3 3 0.09
42 42 6 3 3 0.12
42 42 5 3 3 0.16
42 42 4 3 3 0.20
42 42 3 4 3 0.26
42 42 2 4 3 0.31
42 42 1 4 3 0.34
42 42 0 4 3 0.37
sandy 25 65 8 3 2 0.04
loam 25 65 7 3 2 0.05
25 65 6 3 2 0.06
25 65 5 3 2 0.08
25 65 4 3 2 0.10
25 65 3 4 2 0.15
25 65 2 4 2 0.18
25 65 1 4 2 0.20
25 65 0 4 2 0.22
1oamy 10 83 8 3 1 0.02
sand 10 83 7 3 1 0.02
10 83 6 3 1 0.02
10 83 5 3 1 0.02
10 83 4 3 1 0.03 -
10 83 3 3 1 0.03
10 83 2 3 1 0.04
10 83 1 3 1 0.04
10 83 0 3 1 0.05
sand 6 92 8 -3 1 0.02-
6 92 1 3 1 0.02
6 92 6 3 1 0.02
6 92 5 3 1 0.02
6 92 4 3 1 0.02
-6 92 3 3 1 0.02
6 92 2 3 1 0.03
6 92 1 3 1 0.03
6 92 0 3 1 0.03
*S0i1 Structure **Permeability
1 very fine granular 1 rapid 4 slow to moderate
2 fine granular 2 moderate to 5 slow
3 moderate or coarse granular rapid 6 very slow
4 blocky, platy or massive 3 moderate
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Figure 4. Soil erodibility momograph.
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TABLE 6: SOIL ERODIBILITY FACTORS DERIVED FROM FIELD DATA

3 Sofl
3 % |Organic} Soil Permea-{Erodibility
Number}Horizon{ Soil Texture |Silt]|Sand{Matter |Structure|bility Factor K
2604 Ckl {loam 434 | 45 2 3 3 0.30
2614 Ck silt loam 57 | 26 1 4 4 0.46
2616 Ck Toam 48 | 41 0 4 4 0.47
2619 Bm silt loam 57 { 37 4 3 3 0.33
c sandy loam 43 | 52 0 4 2 0.43
2621 Bm sandy loam 29 | 68 2 4 1 0.20
2623 Bml {sandy loam 271 71 2 4 1 0.19
2625 Bm silt loam 57 | 35 4 3 3 0.30
C 1o0am 45 | 39 1 4 3 0.36
2702 Bm silt loam 65 | 24 4 3 3 0.33
C silt Toam 61 | 23 1 4 4 0.42
2703 C Toam 46 | 43 1 4 3 0.39
2704 C3 silt loam 61 { 26 .0 4 1 0.48
2705 C sandy loam 34 | 54 0 4 3 0.32
2706 C2 silt loam 83 | 1 1 4 3 0.54
2708 Bm sandy loam 31 | 66 2 4 2 0.24
2709 Re2 |sandy loam 30 | 64 1 4 1 0.23
C sandy loam 48 | 49 0 4 3 0.47
2710 c silt loam 71 | 24 1 4 3 0.60
2711 C sandy loam 32 | 63 0 4 1 0.28
2712 Bm sandy loam 41 | 55 2 4 2 0.31
C loamy sand 21 1 77 0 4 1 0.19
2714 Bml |sandy loam 42 | 54 4 4 2 0.24
c loamy sand | 13 | 83 0 4 2 0.13
2715 C sandy loam 30 | 66 0 4 3 0.31
2716 B sandy loam 47 | 47 2 4 2 0.34
C loam 37 | 81 1 4 3 0.32
2717 B silt loam 51 | 42 4 3 3 0.27
¢ loam 39 | 50 1 4 3 0.33
2718 Bm sandy loam 45 | 51 2 4 3 0.37
c loam 41 | 49 1 4 3 0.35
2719 B sandy loam 32 | 60 2 4 3 0.26
C2 sand 6 | 92 0 4 1 0.06
2720 Ck loam 34 | 50 1 4 3 0.28
2721 Ck loam 39 | 50 1 4 3 0.33
1 C silt 81 | 16 1 4 3 0.62
2 c sandy clay 61 71 -1 4 3 0.09
loam
*Soi1l Structure **Permeability .
1 very fine granular 1 rapid 4 slow to moderate
2 fine granular 2 mnoderate to 5 slow
3 moderate or coarse granular rapid 6 very slow
4 blocky, platy or massive 3 moderate




36

TABLE 7: SOIL ERODIBIILTY FACTORS FOR COLDSTREAM AND VASEUX CREEK SOILS

Coldstream Soll Erodibility Factors Yasoux Soll Erodiblilty Factors
Soll Surface Substratum Soll Surface Substratum
Type Layers Layer Type Layers Layer

c1 0.10 0.22 () 0.04 0.22
c2 0.10 0.22 c2 0.15 0.22
c3 0.20 0.37 c3 0.10 0.22
c4 0.26 0.22 c4 0.18 0.22
c5 0.19 0.22 Cc5 0.15 0.22
cé 0.07 0.22 cé 0.18 0.22
c? 0.11 0.22 c7 0.18 0.32
cs 0.04 0.22 c8 0.14 0.22
c9o 0.10 0.22 c9 0.18 0.22
F10 0.10 0.03 c10 0.18 0.32
F2 0.20 0.22 cH 0.14 0.22
F3 0.15 0.03 c12 0.04 0.22
Fé 0,04 0.03 F 0.22 0.03
F5 0.04 0.22 F2 0.15 0.03
Fé6 0.07 0.37 F3 0.22 0.52
F7 0.07 0.37 F4 0.18 0.03
F8 0.34 - 0.03 F5 0.10 . 0.03
F9 0.10 0.03 F6 0.28 0.52
F10 0.03 0.03 F7 0.22 0.03
[ 0.07 0.26 F8 0.15 0.22
L2 0.07 0.26 F9 0.18 0.03
L3 0.07 0.26 Fi0 0.22 0.03
M1 0.30 0.43 F11 0.03 0.03
M2 0.16 0.43 F12 0.03 0.03
M3 0.30 0.43 F13 0.06 0.22
M4 0.16 0.43 F14 0.18 0.03
M5 0.19 0.43 Fi15 0.14 0.03
M6 0.07 0.43 F16 0.06 0.03
o1 .- .- L 0.15 0.03
02 - - M1 0.28 0.32
M2 0.16 0.32

Land Type M3 0.18 0.32
M4 0.28 0.32

Al 0.03 0.03 M5 0.16 0.32
R1 0.01 - M6 0028 0.32
R2 0.01 .- M7 0.16 0.32
R3 0.01 - "8 0023 0.32
R4 0.02 -- M9 0.28 0.32
RS 0.01 - ~M10 0.23 0.32
M1 0.12 0.32

" 02 - --

Land Type

R 0.01 .-

"R2 0.02 -

R3 0.01 --

R4 0.02 -
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7.4 SLOPE LENGTH AND SLOPE STEEPNESS FACTOR

The slope length factor (L) s the ratio of soil loss from a specific
slope length. The slope length {s defined as the distance from the point of
origin of overland flow to either the point where the slope decreases to the
extent that deposition begins or the point where runoff enters a well defined
channel. The slope steepness factor (S) is the ratio of soil loss from a speci-
fic percent slope. The L and S factors are treated in combination and are

determined from the following equations:

(1 )0.3(0.43 + 0.30s + 0.043s2)

For slopes <9% LS

72.6 6.613
For slopes >9% LS = ( 1 )0.3(3)1.3

72.6 9
1 = slope length
s = percent slope

In the Coldstream and Vaseux Creek watersheds, the average slope length
was estimated and recorded for each soil unit. The percent slope was obtained
from the soils map and was represented by a slope class or range of slope
classes. To calculate the LS factor, the mid-point of -each slope class was
used in the formula and the slope effect table (Table 8) was determined.

To obtain the LS factor for a soil unit having a single slope class, the
LS factor was read directly off of Table 8 matching the slope class and the
slope length. For example the LS factor for a slope class 6 and slope length
125 feet the LS factor is 4.44. To obtain the LS factor for a soil unit having
a range of slope classes Table 8 and Table 9 are used.



TABLE 8: SLOPE EFFECT TABLE (TOPOGRAPHIC FACTOR LS)

SLOPE - SLOPE LENGTH (FEET)

Cless|Mid £} 20 30 4 | 62.3] 80 90 | 100 | 129 | 130 [187,3] 200 | 229 | 230 | 273 | 300 {312.3 | 325 | 330 | 375 400 | 429 |437.9| 473 300
2 1 | 0.08] 0.09| 0.10] 01| 0.12} 0.12 0;!3 0.14] 0.13] 0.16] 0.16} 0.16] 0.17] 0.7 0.18f 0,18 | 0.18} 0.19] 0.19 | 0.20{ 0.20 | 0.20] 0.2t | 0.21
3 4 ] 0.24] 0.27] 0.29]| 0.33] 0.36] 0,37} 0.39] 0.41] 0.93] 0.46] 0.98]| 0.49; 0.30| 0.952| 0.53| 0.34 | 0.94] 0.36} 0.57 | 0.%38] 0.99 | 0.60{ 0.61 | 0.62
4 8 | 0.57] 0.63] 0.71] 0.81 0.87] 0.90] 0.93] 0.99] 1.05] 1.12] 1.14] 1.18) 1.22| 1.26] 1.29| 1.31 1.32] 1235 1.38 | 141 1.43 | 1.43) 1.98 | 1.9}
3 12 | 0.99] 1.1} 1.22] 139} 1.50] 1.95] 1.60] 1.7 1.81] 1.93] 1.97] 2.08] 2.10] 2.16} 2.22] 2.29 | 2.27] 2.33] 2.38 | 2.93| 2.47 | 2.49] 2.93 | 2.99
6 25 | 2.56] 2.90| 3.16] 3.61] 3.89| 4.03] 4,191 4.44] 4.69] 5.02] .11} 53.30] 5.97| 3.63] 9.78] 3.83 | 5.92] 6.0%| 6.18 | 6.30| 6.41 | 6.47| 6.63 | 6.73
7 40 | 4.72] 3.33] 5.81| 6.63] 7.16| 7.42] 7.69} B8.18] 8.64| 9.24| 9.42] 9.76]10.08110.37|10.64]10.77 [10.90/11.15}11.38 |11.60]11.81 |11.92}12.21 ]12.40
8 60 | 8.00] 9.04] 9.83[11.56]112.13]12.56}12.97]13.86]14.64]113.66]19.96116.54117.07|17.56[18.03{18.2% {18.47/19.88(19.20 [19.63]20.01 |20.19|20.69 |21.01
9 83 112.98[14.21]19.49]17.71119.07119.76]20.39|21.80123.03]24.62]2%.11]26.0126.84]27.62]26.3%128.70 }29.04|29.69{30.30 [30.91[31.47 |31.79]32.94 {33.0%
10 100 [19.54]17.93|19.14]21.88]25.96 ] 24. 01 23.19/26.93]28.49]30.42{31.01|32.13|33.16]34.12{3%.02|33.43 133.87|36.68]37.49 |38.18|30.87 |39.22{40.20 |40.12

SLOPE SLOPE LENGTH (FEET)

Class{Mid 525‘ 562.9} 600 | 623 | 630 [687.3| 700 | 725 | 790 | 800 |812.3| 873 | 900 [937.5[1000 [1062.3]1100 |1123 [1187.3]1230 |1312.9[1373 |1437.9}1500
2 1 0.?1 0.22] 0.22| 0.22} 0.23| 0.23] 0.23{ 0.23| 0.24| 0.24] 0.24] 0.23| 0.23] 0.25] 0.26| 0.26 | 0.26| 0.27 0.27 | 0.27| 0.28 | 0.28 0.29 | 0.29
3 4 | 0.63] 0.64] 0.63] 0.66] 0.67] 0.68] 0.69} 0.69| 0.70| 0.72] 0.72} 0.73] 0.74} 0.73} 0.76] 0.78 | 0.79} 0.79| 0.80 } 0.72] ©.83 | 0.84] 0.83 } 0.8¢
4 8 ] 193] 1.96] 1.39] 1.611 1.63| 1.66] 1.67] 1.68| 1.70} 1.73] 1.74| 1.78] 1.80]| 1.82] 1.89] 1.89 | 1.91| 1.92] 1.93 | 1.98] 2.01 | 2.04| 2.06 | 2.09
S 12 | 2.63] 2.69| 2.74} 2.77| 2.81| 2.8%} 2.87| 2.90| 2.93] 2.99 3.@ !.0.7 3.09] 3413] Je19] 3.2% | 3.29] 3.31) 3.36 | 3.41] 3.46 | 3.31| 3.96 | 3.61
[] 2% | 6.83| 6.98] 7.11] 7.20} 7.28} 7.91{ 7.43] 7.33] 7.60] 7.73] 7.79| 7.96| 8.03| 8.13| 8.29| 8.44 | 8.93] 8.59| 8.73 | 6.86| 8.99 | 9.12} 9.24 | 9.3
T 40 [12.99{12.89]13.10]13.26)13.42]13.63]13.72{13.87}14.01}14.208(14.35[14.67/14.80]14.98113.27{13.%% |13.71}13.82]|16.08 |16.33]|16.97 {16.80]17.03 |17.29
8 60 121.32{21.77]22.19]22.47]22.73123.12|23.24]23.49]23.73|24.20}24.31|24.85{25.07]|25.37(29.87[26.39 |26.62{26.80]/27.23 {27.66|28.07 |28.46]28.83 |29.22
9 83 |33.5434.24]34.91]35.34|35.73(36.36|36.56136.94]37.32|38.05)38.23/39.09]39.4239.91]40.69[41.93 141.88]42.15|42.84 {43.90|44.14 |44.76{43.37 [45.9%
10 100 {41.42{12.29|43.12]43.63[44.17144.91}45.16}43.63]146.10[47.00}47.22{48.20148.69]49.15]%0.25(91,18 |51.74]132.06|32.92 {33.74]/94.93 [93.30]{96.04 }96.76

8¢
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TABLE 9: SLOPE ADJUSTMENT CHART

EQUAL LENGTH SEGMENT FACTORS
SEGMENT Number of Slope Classes
NUMBER
2 3 4

1 0.81 0.72 0.66

2 1.91 1.05 0.96

3 1.23 1.13

4 ' 1.25

The LS factor is multiplied by the equal length segment factor (Table 9)
with the dominant slope class being multiplied by the higher factor. For
example, for a soil unit having a slope length of 125 feet and a slope class of
5-7, the LS factors for slope classes 5, 6 and 7 for the slope length of 125
feet are listed as 1.71, 4.44 and 8.18 respectively in Table 8. The equal
length segment factors from Table 9 for 3 slope classes are multiplied by the
LS factors, the totals of which are added and divided by 3 giving the corrected
LS factor of 4.22. The first listed slope class (in this case, slope class 5)
is multiplied by the highest equal length segment factor.

EXAMPLE:
; equal length weighted
slope class LS value segment factor LS
5 1.71 X 1.23 2.1033
6 4,44 X 1.05 4.6620
7 8.18 X 0.72 5.8896
12.6549

Corrected LS 4.22
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7.5 CROPPING MANAGEMENT FACTOR

The cover or cropping management factor (C) is the ratio of soil loss from
land cropped under specified conditions to the corresponding loss from the land
fn continuous fallow. Using the C factors in U.S.D.A., S.C.S. (1976) as a
guideline, the C factors for the Coldsream and Vaseux Creek areas for the soils
covered by natural vegetation before any land-use activities had occurred are
1isted in Table 10. These C factors have been increased to 0.10, 0.30, 0.50 or
0.60 in areas that are eroding naturally. The 0.001 C factor was used in areas
that are well forested, mainly high and mid-elevation forests. The 0.003 C
factor was used for soils covered by open forests whereas the 0.013 C factor
was used in areas covered by both grasslands and treed areas. The 0.028 C
factor was used in grassland areas. Therefore, depending on the land-use
activity and its affect on the vegetative cover and soil, the cover or cropping
management factor varies from 0.01, 0.05, 0.10, 0.20, 0.30, 0.40, 0.60 to 1.00.

TABLE 10: CROPPING MANAGEMENT FACTORS FOR COLDSTREAM AND VASEUX CREEK SOILS

/

COLDSTREAM = C FACTORS FOR VASEUX = C FACTORS FOR
NATURAL CONDITIONS NATURAL CONDITIONS
c c c c

Soll | Factor | Solt | Factor | Soll | Factor | Soll | Factor

C1 0.001 M1 0.001 (o] 0.001 F12 | 0.003
Cc2 0.001 M2 0.001 c2 0.001 F13 | 0.028
c3 0.001 (5] 0.001 c 0.013 F14 | 0.003
C4 0.001 M4 0.001 C4 0.001 § F15 | 0.013
(o] 0.003 M5 0.003 c5 0.013 F16 | 0.028
Cc6 0.028 M5 0.008 C6 0.001 (R 0.001
C7 0.003 ot 0.001 c? 0.001 M | 0.001
c8 0.028 02 0.001: c8 0.013 { M2 0.001
C9 | 0.001 | R? - 0,001 c9 0.003 | 0.013

M
F1 0.001 R2 0.003 c10 0.003 M4 0.001
F2 0.003 RS 0.003 (913 ] 0.013 MW 0.001
F3 0.003 R4 0.001 ci2 0.028 M6 0.001
F4 0.028 RS 0.001 F1 0.001 M7 0.001

F5 0.028 F2 0.001 { M8 0.013
F6 0.028 F3 0.001 M9 0.003
F7 0.028 F4 0.001 MI0 | 0.013
F8 . 0.002 F5 0.001 M1l | 0.028
F9 0.028 F6 0.001 (] 0.001
F10 0.028 F7 0.001 02 0.001
8 0.028 F8 0.001 R1 0.001
L2 0.028 F9 0.001 R2 0.001
L3 0.028 F10 0.003 R> 0.003 .
m 0.600 R4 0.003
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7.6 EROSION CONTROL PRACTICE FACTOR

The erosion control practice factor (P) is the ratio of soil loss from a
specified conservation practice to the sofl Tloss occurring from up-and-down-
hill tillage operations, when other conditions remain constant. Table 11 gives

the factors for erosion control practices.

TABLE 11: FACTORS FOR EROSION CONTROL PRACTICES

Up and Cross Slope Cross Slope
Down Farming Contour | Farming With Contour
Slope Hill Without Strips | Farming Strips Strip-cropping
200"7.0 1.0 0175 0.50 0037 0'25
7.1-12.0 1.0 0.80 0.60 0.60 0.30
1200"18-0 100 0090 0080 0-80 0.40
18.1-24.0 1.0 0.95 0.90 0.90 0.45

7.7 SOIL EROSION RATINGS

In order to determine the soil loss from each soil unit the various
pertinent land-use activities for the Coldstream and Vaseux areas were consid-
ered. The land-use activities were grouped by erosional-impact factors based
on the relative tendency of each activity to'disrupt the natural vegetation and
soil conditions. This information was obtained from Table 7 described in the
report by Brown III et al. (1979). Using the erosional-impact rating table in
the same report as a guide, the rating system for the Coldstream and Vaseux
Creek areas was determined and 1isted in Table 12.
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TABLE 12: SOIL EROSION RATINGS

Amount of Sediment Moved
Rating Tons/Acre/Year
VL | Very Low <10-2 less than 0.006
L Low 10-2-10-1 | 0.006 - 0.50
M | Moderate 100 0.51 - 5.00
H{ High 101 }'s.01 -s50.0
VH | Very High >101 greater than 50.0

The following examp1e shows how a soil unit has its soil erosion rating
change under various land-use activities: for example, a M3 soil unit occupy-
ing 55.3 ha. and having a slope class of 6-8, the soil erosion rating (A) would

be: —

R K LS C - P A- Rating
natural conditions (Map 1) 35 0.30 8.01 0.001 1.00 0.084 L
10-year forest (Map 2) 35 0.30 8.01 0.01 1.00 0.84 M
regrowth, etc.
cable logging, etc. (Map 3) 35 0.30 8.01 0.07 1.00 5.87 H
croplands, etc. (Map 4) 35 0.30 8.01 0.26 1.00 21.9 H
tight construction, etc. (Map 5) 35 0.30 8.01 0.60 1.00 50.5 VH
heavy construction, etc. (Map 6) 35 0.43 8.01 1.00 1.00 121 VH.

The P value in this case is 1.00 because of the steep slopes but on gentle
slopes it could reduce the erosion rating by one-half (see Table 11). The K
factor used for heavy construction is for the substratum whereas all other K

factors are based on the surface soils.

7.8 CLIMATE AND GEOMORPHIC PROCESSES

, In ordek to have some idea when the erosion can occur the c1imatié data
was evaluated. A graphical analysis of the climatic data and geomorphic thres-
holds is used to determine the monthly potentials for weathering and erosion.



43

The technique for classifying climate incorporates the use of the thermoh-
yet diagram developed by Strahler (1969). This diagram (Figure 5) graphically
integrates average monthly temperature and precipitation data against a
background grid which shows the ranges of these factors for the six climatic
zones of arid, semi-arid, equitorial, humid temperature, polar, and glacial
(Wilson, 1968). The diagram provides a quick, readily usable technique for
analyzing c¢limate, but of equal importance, it can be directly coupled with
geomorphic process diagrams modified from the work of Peltier (1950). As shown
in Figure 6, the modified Peltier diagrams classify areas in terms of potenti-
als for five broad geomorphic processes which are explained in Table 13.
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Figure 5. Example of Strahler thermohyet diagram. Diagram uses monthly means
of temperature and precipitation throughout the year. The super-
imposed climatic zonations were proposed by Wilson for differentiat-
ing areas of similar climatic regimes. (Diagram adopted from
Strahler, 1969; climatic zonation from Wilson, 1968).
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RELATIONSHIPS BETWEEN VARIOUS GEOMORPHIC PROCESSES AND CLIMATE! (as depicted in Figure 6)

PROCESS

DESCRIPTION

Mechanical
Weathering

Chemical
Weathering

Mass
Wasting

Fluvial
Erosion

Wind
Erosion

Most intensive mechanical weathering occurs via frost action and {s, therefore,
prevalent in cool, moderately moist areas subject to sultiple freeze-thaw cycles.
However, as seen in the upper left corner of Figure 6 - B, iIntensive mechanical
weathering can also occur in hot, dry climates as a result of pore water dessication
{even small amounts) and subsequent salt crystal growth. Mechanical weathering is
generally less intense where freezing or thawing rarely occur (warm or cold cli-
mates) or where rainfall {is heavy.

Two major premises are: chemical weathering must involve water as an active or
catalytic agent; and the rate of chemical reaction (limestone and quartzite solu-
tion befng exceptions) {increases with i{ncreasing temperature. Thus, chemical
weathering 1s most intensive in hot, humid regfons and least intensive in arid
regions. There s progressive varfations between these extremes. The presence of
dense vegetation tends to accelerate chemical weathering through the formation of
organic acids that attack the rock and soil minerals. : .

Mass movements are favored by the availability of subsurface moisture. Thus, most
intensive mass wasting is found in wet climates, particularly those that are either
hot or cool. These climates promote intense weathering (either mechanical or chemi-
cal) and, hence, promote accumulation of in place weathered debris. These deposits
are then prone to downslope mass movement. Concentrated rainstorms promote rapid
mass movements such as earthflows and debris avalanches. Gradual soil creep occurs
by virture of even, well distributed rains or freezing and thawing that cause expan-
sion and contraction of clay-laden soils.

Running water is the most important universal erosional agent and is often the most
powerful agent even in dry climates. In general, however, the erosional effective-
ness of overland flow depends upon the amount of water available. Despite this,
climates that produce dense vegetation (e.g. tropic and humid-temperate) do not
produce maximum fluvial erosion because vegetation acts to protect the land surface.
Hence, most intensive fluvial erosion occurs where runoff is high and vegetation is
sparse. Langbein and Schumm (1958) showed that maximum fluvial erosion occurs (U.S.
data only) where the mean temperatures is 10°C and average annual precipitation is
380 mm. These conditions would be found in areas of semi-arid or semi-humid
climates with possibly some extension into frost climates where vegetation is sparse
and seasonal runoff can be high due to melting of snow and ice. The latter climate
is found in many mountainous regions of Oregon above alt{tudes of 5000 ft.

Wind action is most effective where vegetation is sparse. Hence, wind erosion is
most important in arid regions, both hot and cold. It should be emphasized that in
many semi{-arid regions, wind erosion may not be as fmportant an erosional agent as
thunderstorm-induced fluvial erosion.

IFor more detafled discussion and definition of terms refer to:
and Miller (1964);

Peltier (1950); Leopole, Wilman

Tricart and Caflleux (1965); Wilson (1968, 1973); Debyshire (1973).
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Figures 7 and 8 show the thermohyet shapes for the 4 climatic stations
used in the Coldstream - Yaseux study. The thermohyet shapes for Penticton,
Coldstream, Chute Lake and McCulloch are overlayed on the morphoclimatic dia-
grams of Figure 6 resulting in Table 14 showing which months have minimum,
moderate or maximum amounts of weathering or erosion.

The major purpose of the Strahler - Peltier diagram overlay procedure is
to develope a conceptual tool for systematically examining the climatically
"controlled tendencies for particular types of erosional processes. For exam-
ple, thermohyets that are positioned mostly within the “"maximum mass wasting"
region of Figure 6 may indicate a strong tendency for activity such as soil
creep and landsliding; particularly if terrain conditions are susceptible to
mass wasting. In another example, suppose a particular area has a thermohyet
that falls within the "maximum fluvial erosion" region for another part of the
year. This suggests that the area will probably exhibit a wider array of ero-
sional features and problems than those areas whose thermohyets are small in
size and enclosed solely within one of the "moderate regions” of Figure 6.
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Figure 7. Thermohyet diagrams of monthly average precipitation and temperature
for Penticton and Coldstream. Numbered dots indicate month of year.
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WEATHERING AND EROSION OCCUR

CLIMATE STATIONS SHOWING THE MONTHS WHEN THE DIFFERENT DEGREES OF

PENTICTON AIRPORT

Minimum Moderate Maximum
Chemical Weathering 1-4, 9-12 5-8
Fluvial Erosion 1-3, 9 4-8, 10-12
Mass Wasting 2-11 1, 12
Mechanical Weathering 3-11 1, 2, 12
Wind Erosion 1-12

COLDSTREAM RANCH

Minimum Moderate Maximum
Chemical Weathering 1-4, 10, 11 5-9, 12
Fluvial Erosion 1-3 4-12
Mass Wasting 3-10 1, 2, 11, 12
Mechanical Weathering 4-10 1-3, 11, 12
Wind Erosion 1-12

CHUTE LAKE

Minimum Moderate Maximum
Chemical Weathering 3 1, 2, 4-12
Fluvial Erosion 1, 2, 12 3-11
Mass Wasting 5-10 1-4, 11, 12
Mechanical Weathering 5-10 1-4, 11, 12
Wind Erosion 5, 6 1-4, 7-12

McCULLOCH

Minimum Moderate Maximum
Chemical Weathering 1-12
Fluvial Erosion 1, 2, 12 3-11
Mass Wasting 5-10 1-4, 11, 12
Mechanical Weathering 5-10 1-4, 11, 12
Wind Erosion 5-7 1-4, 8-12




51

REFERENCES

Brown III, William M., Walter G. Hines, David A. Rickert, and Gary L. Beach,
1979. A Synoptic Approach for Analyzing Erosion As A Guide to Land-Use
Planning. U.S. Geological Survey Circylar 715-L. Reston, Virginia: U.S.
Geological Survey, (in press).

Canada Department of Agriculture. 1976. Glossary of Terms in Soil Science.
Canada Department of Agriculture, Information Division. Publication 1459.

-44 pPp.

Derbyshire, Edward, ed., 1973. Climatic Geomorphology. London: MacMillian
Press, 296 p. ‘

E.L.U.C. Secretariat. 1976. Terrain Classification System. .Victoria, British

Columbia, 54 pp.

Hawthorn, S. and E. Karanka. 1982. Analysis of Channel Stability and Sediment
Sources in Coldstream and Vaseux Creek Watersheds. Aquatic Studies
Branch, British Columbia Ministry of Environment, Victoria, British
Columbia. '

‘Holland, S. S. 1964. Landforms of British Columbia. A Physiographic Outline.
British Columbia Department of Mines and Petroleum Resources. Bulletin

No. 48. 138 pp.

Jones, A. G. 1960. Geology - Vernon, British Columbia. Map 1059A, Sheet 82L.
' Canada, Department of Mines and Technical Surveys, Geological Survey of

Canada.

Leopole, L. B., M. G. Wolman, and J. P. Miller, 1964; Fluvial Processes in
Geomorphology. San Francisco: - W. H. Freeman and Company, 522 p.



52

REFERENCES (CONTINUED)

Little, H. W. 1961. Geology - Kettle River (West Half), British Columbia.
Map 15-1961, Sheet 82E (West Half). Canada, Department of Mines and
Technical Surveys, Geological Survey of Canada.

MSWG, Mapping Systems Working Group. 1981. A Soil Mapping System for Canada.
Canada: Revised. Expert Commitee on Soil Survey, Land Resource Research
Institute, Contribution No. 142. Research Branch, Agriculture Canada,
Ottawa, Ontario. 94 pp.

Peltier, L. C., 1950. "The Geographic Cycle in Periglacial Regions as It is
Related to Climate Geomorphology®. Annals, Association of American

Geographers, Vol. 40, No. 3, p. 214-236.

RAB, Resource Analysis Branch. 1980. Describing Ecosyétems in the Field.
Edited by M. Walmsley, G. Utzig, T. VYold, D. Moon and J. van Barneveld.
RAB Technical Paper 2. British Columbia Ministry of Environment and
Ministry of Forests, Victoria, British Columbia. 226 pp.

Rickert, David A., Hank Hazen, John Jackson, David M. Anderson, Gary L. Beach,
Elizabeth Suwijn, and Eddie T. Benton, 1978. Oregon's State-wide
Assessment of Nonpoint Source Problems. Portland, Oregon: Department of
Environmental Quality, 71 p., 8 plates.

Sprout, P. N. and C. C. Kelley. 1960. Soil Survey of the North Okanagan
Valley. British Columbia Department of Agriculture, Kelowna, British
Columbia. 75 pp.

Strahler, Arthur N., 1969. Physical Geography. 3rd ed. New York: John Wiley
and Sons, Inc., 733 p.



53

REFERENCES (CONTINUED)

Tricart, Jean, and Andre Cailleux, 1971. Introduction to Climatic
Geomorphology. New York: St. Martin's Press, 795 p.

u.S. Department' of Agriculture, Soil Conservation Service, 1976. Universal
Soil Loss Equation: Oregon. Oregon Technical Release, Number 1.

Portland, Oregon: U.S. Soil Conservation Service, 87 p.

Wilson, Lee, 1968, "Morphogenetic Classification”. Encyclopedia of
Geomorphology. Rhodes W. Fairbridge, ed. New York: Reinhold Book
Corportion, p. 7160729. ‘ '

--------- 1973. "Relationships Between Geomorphic Processes, and Modern
Climates as a Method in Paleoclimatology". . Climatic Geomorphology.
Edward Derbyshire, ed. Longon: MacMillian Press; p.. 269-284.

Wittneben, U. (in progress). Soils of the Simi]kaﬁeen and Okanagan Valleys.
Surveys and Resource Mapping Branch, British Columbia Ministry of

Environment, Kelowna, British Columbia.



