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2.1 Bedrock Geology
and Topography

1 INTRODUCTION

~ Concern over the potential impacts of logging on sockeye salmon

(Oncorhynchus nerka) in the Stuart-Takla watersheds has led to the
initiation of a multi-agency project to study the effects of forest practices
on fish production and aquatic environments (Macdonald et al. 1992).
Results will assist in the development of fish/forestry guidelines for interior
areas of British Columbia. The effects of logging and road construction on
sediment input to streams are strongly influenced by the erodibility and
stability of the local surficial materials. Thus a terrain (surficial geology)
map is an essential part of the database for any fish/forestry project.

The objectives of the present project were to produce 1:20000 scale
terrain maps and sediment source maps for three watersheds (about 19 000
ha) where logging practices are to be monitored. This report describes
how these maps were prepared and provides additional information about
surficial materials and sediment sources. Some recommendations for land
management are included.

2 PHYSIOGRAPHY

The map area encompasses the adjacent watersheds of three -
northeastward-flowing creeks—Forfar, Gluskie, and O’Ne-ell—that are
right-bank tributaries of Middle River close to the southern end of Takla
Lake. The basin of Tsitsutl Creek, a major tributary of O’Ne-ell Creek, is
also part of the study area. These watersheds lie within the Middle River
Range (Armstrong 1949), the southernmost part of the Hogem Ranges of
the Omineca Mountains (Holland 1976) (Figure 1; Photos 1 and 2). The
Middle River Range is underlain by rocks of the Permian Cache Creek
Group (chert, argillite, limestone, greenstone), the granitic Goat Mountain
Stock of the Omineca Intrusions, and ultramafic rocks of the Trembleur
Intrusions (peridotite, dunite, pyroxenite, and serpentinite) (Armstrong
1949). The granitic stock extends from lower Gluskie Creek to upper
Tsitsutl Creek; several small ultramafic bodies underlie parts of the western
and southern upland areas, and a larger ultramafic intrusion occupies the
area south of O’Ne-ell Creek (Figure 2).

Elevations range from slightly below 700 m at Middle River to 2017 m
on Goat Mountain (Figure 1). Peaks along the main drainage divide of the
Middle River Range rise to about 1980 m (Photo 3). Middle River is
bordered by a low-lying, gently undulating plain (Middle River lowland},
which is 3—4 km wide and underlain by glaciolacustrine sediments. Along
the southwestern edge of the lowland, benches and ridges rise to 200 or
300 m above the river (Middle River foothills). To the southwest again,
the mountain slopes rise moderately steeply up to elevations of about 1400
m.

Gluskie, Forfar, Tsitsutl and O’Ne-ell creeks and their larger tributaries
drain from well-developed cirques (Photo 3; Figure 3) into U-shaped
valleys, and these troughs contain what will be referred to as the “upper
reaches” of the creeks (e.g., Photo 4). The troughs are hanging valleys with




respect to the great Takla trough, which is now occupied by Takla Lake
and Middle River. Consequently the “middle reach” of each creek, which
is the steepest reach, is a rock-walled canyon, formed where the creek
descends from its glacial trough to the Middle River lowlands. Gluskie
Creek descends only 100 m, although its bedrock gorge is well developed
(Photo 5). Forfar descends about 200 m, while Tsitsutl and O’Ne-ell creeks
(Photo 6) fall about 300 m. The canyons that typify these steep reaches
may well have originated as subglacial meltwater channels (Section 2.2).
Postglacial fluvial erosion has deepened them further. The lower reaches of
the creeks, which traverse the Middle River foothills and lowland, have
relatively low gradients.

Little previous work has been done on the surficial geology or
geomorphology of the Takla Lake region. Armstrong (1949) recorded the
generally eastward flow of ice across this area, and noted the former
presence of ice-dammed lakes. Terrain and soils mapping (1:50000) of the
Takla Lake area was carried out in 1975 and 1976 by Epp and Kenk (1985).
Regional mapping of surficial geology by A. Plouffe (Geological Survey of
Canada) is in progress. ‘
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FIGURE 1 Locations of the Stuart-Takla watersheds and field sites. The mapped area
lies entirely within the Middle River Range, part of the Hogem Ranges of the
Omineca Mountains.




FHOTO 1 View southwestward up Forfor Creek, Mote lowlond wnderigin by
glaciolecustrine sediments in the foreground, benches and rocky
ridges af the foothills in the middle distance, and the Middle River
RBange in the bockground.

FHOTD 2 Ugper Valley of Forfar Creek, looking westward to the peaks of the main
drainage divide. Gentle slapes in foreground are mantied with 1N, Ablsbion
il occupies pants of the shollow basin to the left of the distant meadows.
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Legend Mesorokc 3 Omineca Intrusions granodsorite, quanz dsorsite, diorite, minor granite,
syenite, gabbro, and pyroxenite.
Palacogoic 2 Tremblewr Intrusions: peridotite, dundie; minos pyroxenite and gablbro;
serpentinized and steatred eguivalents,
1 Cache Creek Groupe ribbon chent, argillsceous quarteite, anglline, slate,
greenstone, limestons; minor conglomerate and
metamorphased equivalents; small bodies of Trembleur Intrusions (4]

FIGURE 2 Bedrock gaslogy of the Middle River Range, fram Armitrong (1949),

FHOTO 3 View southward from stopes of Gogt Mountoin to alpine berrain ot the
heads of Teitsutf (for left) ond Forfar Creeks. Mote clngues, tolus slopes

with debrs fows, and the gently-sioping summits and ridge crests of the
upland safoce.
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PHOTS 4 Downstireom wiew of the middle reach of Forfar Creek, Nate bouidery
charmel with fog jams; narrow floodplein (hardly wiaible) bears mature
fovest,

PHOTO 5 View downstream near the heod of the middle reach of Gluskie Creek,
Creek is descending into a rocky conyon.




2.2 Evolution of
the Landscape

. T SURL ) g gl

PHOTO & Middle reoch of ONe-eff Cresk. MNate waterfolls in rocky campon.

The oldest element in the present-day landscape, and the only landform
that predates the glaciations, is the “upland surface.” This is an erosion
surface of Tertiary age that formerly extended across much of British
Columbia. It is a surface of low relief, but not flat, and in places displays
local relief of a few hundred metres. It resulted from a prolonged period
of erosion in mid to late Tertiary time, and was then elevated during the
late Tertiary. River downcutting that was triggered by the wplift resulted in
the development of deeply incised valleys prior to the onset of glaciation.
In the map area, the upland surface consists of gentle slopes and plateau-
like areas along interfluves at elevations above about 1500 m (Figure 3).
For example, remnants of the upland surface are well defined on the ridge
between Forfar and Tsitsut] creeks and northeast of Pyramid Peak. The
gentle southwestern slopes of peaks on the main drainage divide are also
remnants of the upland surface (Photo 3).

Most other landforms of the study area are the legacy of glaciation.
Large, erosional landforms, such as the cirques and troughs, evolved
during the repeated glacial phases of the Pleistocene Epoch. It is likely that
each glaciation had a similar history, and that cirques and troughs were
reoccupied by ice many times. Surficial materials in the study area date
from the last glaciation, which is known as Fraser Glaciation in British
Columbia, and from postglacial processes.

The history of Fraser Glacation that can be interpreted from the
landforms and surficial materials shown on the terrain maps {summarized
in Figure 3) is indicated on a series of sketch maps (Figure 4). The history
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FIGURE 4 Late Quaternary history of the Middie River Range.




Phase 1: Glacier Advance

At the start of Fraser Glaciation, about 30000 years ago, ice accumulated
on the northeast-facing slopes of the highest peaks in what was probably
already a series of well-defined cirques (Figure 4a). Small cirque glaciers
gradually expanded, with the greatest growth occurring from the highest
source areas. The extent of former valley glaciers along Forfar and Tsitsutl
valleys is marked by well-defined U-shaped troughs. The development
attained by other cirque glaciers is difficult to estimate due to lack of
related landforms, but it is likely that glaciers from smaller and lower
cirques were less extensive.

It is likely that glaciers from the Skeena Mountains, which are higher
and snowier than the local mountains, eventually advanced southeastward
into -this area and inundated the local valleys. The valleys of Gluskie and
O’Ne-ell creeks are relatively broad and shallow glacial troughs, without
cirques at their heads. They are transverse valleys, trending eastward across
the Middle River Range. Ice from sources to the northwest appears to
have flowed through these valleys during Fraser Glaciation (Figures 4a and
b). Also, a large glacier probably advanced down the valley of Takla Lake.
Thus local glaciers eventually merged with the regional ice flow (Plouffe
1991; Ryder and Maynard 1991).

Phase 2: Climax of Fraser Glaciation

Continued glacier expansion and thickening resulted in development of
the Cordilleran Ice Sheet. At the glacial maximum, about 15000 years ago,
the ice sheet may have covered even the highest peaks in the map area:
close examination of summits shows that they are rounded in detail, not
jagged, although ground observations would be required for confirmation.
Several of the highest peaks (e.g., Pyramid Peak, about 1965 m; Goat
Mountain, 2117 m) have prominent summits however, indicating that if
they were overridden by the ice, it had little erosional effect. Accordingly,
it is suggested that ice levels rose only slightly above these summits,
possibly to about 2100 m.

Glacial lineations in the study area (Figure 3) and in the vicinity of
Dan Miner Lake (Figure 1) indicate that ice flow was generally toward the
south-southeast, with perturbations in direction related to prominent
topographic features (Figure 4b). In the map area, lineations and valley
morphology suggest that ice flowed southward from upper Gluskie valley,
through a well-defined interconnecting trough, and into upper Forfar
valley. Further east, lineations show that ice flowed across the divide
between the Forfar and Tsitsutl valleys. The Takla Lake—Middle River
valley was occupied by a large trunk glacier. Valley glaciers in the study
area probably continued to flow toward the northeast, in accordance with
valley alignment, but then veered southeastward to join the main Takla
glacier. ‘

Phase 3: Thinning Ice

During deglaciation, ice-flow to the east-southeast probably continued for
some time after the ice began to thin, but flow was weakened where ice
was not replenished directly from local cirques or from regional ice-flow
(Figure 4c). This interpretation is based on the presence of landforms that




indicate subsequent ice stagnation (see Phase 4) in the valleys of O’Ne-ell
and upper Forfar creeks, while downvalley ice-flow continued elsewhere.

Phase 4: Ice Stagnation and Frontal Recession

Two styles of deglaciation—downwasting (stagnation) and frontal
retreat—have been recognized in British Columbia. The former is
characteristic of plateaus and lowlands, whereas the latter typically occurs
within mountainous regions. Interestingly, the landforms of this map area
seem to indicate that both these processes occurred here simultaneously in
adjacent valleys.

The presence of ice-contact glaciofluvial features (kames, kame terraces,
eskers), hummocky ablation till, and numerous kettles and meltwater
channels in upper Forfar and O’Ne-ell valleys and in the main Takla
trough (Figure 3) indicates that ice stagnation occurred here (cf., Fulton
1967). This happens when a large mass of ice is cut off from its source and
significant flow ceases. The stationary ice melts from the surface down
(downwasting) and becomes slowly buried by melted-out debris (ablation
till) and debris reworked by meltwater (ice-contact glaciofluvial deposits).
Meltwater channels form where meltwater runs alongside and underneath
the stationary ice. '

As the stagnant glacier was melting in the main Takla trough,
meltwater streams at first may have plunged beneath the ice, into
subglacial channels. The gorges of the tributary creeks, such as the one
near the old jade mine on O’Ne-ell Creek (Photo 6), and between 750 and
950 m on Bivouac Creek (Figures 1 and 3), probably originated as
subglacial meltwater channels. Later, sand and gravel transported by
meltwater streams accumulated against the ice, resulting in the
construction of numerous glaciofluvial (kame) terraces where creeks
emerge into the main valley. These terraces range in elevation from over
1000 m to about 750 m (elevations estimated from TRIM maps with 10 m
contour interval). The higher terraces are commonly kettled, indicating
that they formed in contact with the downwasting ice (Photo 7).

Stagnant ice landforms are absent, and glacial lineations and lateral
features (remnants of lateral moraines and erosional trimlines) are visible

_in Tsitsutl valley and upper Forfar valley (Figure 3), suggesting that active
ice flow was maintained here as glaciers melted back up-valley. Outwash
terraces are more or less continuous along Gluskie valley, again suggesting
frontal recession, in this case, of a glacier with its source area to the
northwest.

Phase 5: Glacial Lake Takla

The distribution of glacial lake sediments on the southwestern flank of the
Takla trough indicates that standing water began to accumulate along the
edge of the ice when it melted down below about 950 m (Figure 4e). At
the mouths of the creeks, deltas (mapped as glaciofluvial terraces) were
constructed into the narrow ice-marginal lake. At first, the lake was
sufficiently narrow that some deltas accumulated in contact with the ice
(kame deltas with kettles), but eventually, as the lake broadened, the
influence of the ice declined. Some lower terraces show no effects of local
ice, for example, the wide bench just north of Forfar Creek (Figure 3; Sites
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60 and 61 on Figure 1) is a fine example of a raised delta, The elevation of
this terrace—aboutl 830 m—indicates the water level at the time the delta

was prograding into the lake. This elevation is used for the lake shoreline

depicted in Figure 4e.

Mo consistent delia-terrace level was recognized from creek to creck. It
i5 likely that deltas formed at slightly different times into a lake with no
consistent water level due o fluctuations in the level of an ice dam
downstream. The higher terraces are generally located in the southern part
of the area, suggesting that ice recession may have proceeded from south
to north as lake level declined. Alternatively, the maps may not have
supplied accurate terrace elevations due to photogrammetric mapping
errors associated with forested terrain, (During field work, we measured
terrace elevations with pocket altimeters, but these observations are
inaccurate due to the great lengths of the traverses and lack of adequate
closure. )

"

rHOTO 7 Wiew southwestward toword the middle reach {comyon) of O'Ne-ell
Creek, Maote glociofuvial tarraces (8], kettle lokss and depression (L), and
gullies (V); foreground area is veneered with glacialocustrine sil,

Glacial lake sediments accumulated on the floor of the expanding lake.
These consist chiefly of silt that was transported as suspended sadiment in
mieltwater streams. Slow settling of silt particles from suspension in the
lake water resulted in accumulation of a widespread silty mantle on all
parts of the lake floor (Section 4.3). Veneers of silt were deposited on top
of rocky ridges and mounds of till, and thicker sediments accumulated on
the loswlands.

Lake sedimentation continued as the ice melted and as lake level fell.
Kettle lakes on the lowlands indicate that ice persisted until close to the
time that the lake eventually drained. All lakes on the lowlands bordering
Middle River are kettle lakes {except beaver ponds), and the irregular
shape of the Middle River channel itself suggests that even this water bady
may owe its characteristics to the melting of the last ice (Photo B).

i



Glacial lake sediments extend both north and south beyond the
boundaries of the present map area, although the limits of the glacial lake
have not been mapped. The lake will be referred to, informally, as Glacial
Lake Takla, On-going regional mapping of surficial geology by the
Geological Survey of Canada shows that Glacial Lake Takla was one arm
of a very large glacial lake that extended into the basins of Middle, Stuart,
Mechako, and Fraser rivers (A, Plouffe, personal communication 1994).

In the tributary valleys, ice continued to recede during this phase,
probably continuing the processes described for Phase 4.

5 =

....1

PHOTO 8§ View up Middle River from the mouth of O'Ne-eW Creek. Channel i oke-
fike; rounded embaprnents are kettles; prominent peninsilo in foreground
rmay be remnant of kettle im. Midale River lowlands and siopes of
foathills are visibie to the iR,

Phase 6: Postglacial Modification

There has been relatively little landscape modification, especially in areas
below treeline, since the disappearance of the ice about 10000 years ago.
Gravitational processes have resulted in rockfalls and the development of
talus slopes, and surface creep has led to the development of a colluvial
mantle on steeper slopes. Small colluvial fans have been deposited by
debris flows. Floodplains, narrow terraces, and a few alluvial fans have
resulted from stream action. Moderately steep slopes underlain by
glaciolacustrine sediments have been altered by gully erosion, and these
materials may have been completely stripped from steeper slopes.

12



3.1 Terrain
Mapping

3.2 Sediment
Source Maps

3.3 Reliability
of Mapping

3 METHODOLOGY

Preliminary terrain mapping was carried out by air photo interpretation of
1:15000 scale colour air photos (BCC goo and 901) by the writer. Terrain
mapping symbols conform to the B.C. system of terrain classification
(Howes and Kenk 1988).

Field checking was carried out during September 1993 by two field
crews for a total of 20 crew-days. The objectives of field work were to
check the air photo mapping, particularly the surficial material described
in each polygon, and to make observations of current sediment sources.
Ground traverses, with helicopter drop-off and pick-up, were conducted
on all days except one, when the aircraft was used continuously for
landings at a series of widely scattered sites that had not been reached on
foot. During each day’s normal ground traverse, each crew selected six to
eight representative sites for detailed description (surficial materials, soils,
local hydrologic conditions), and made additional informal observations in
all terrain polygons traversed. Data forms for about 150 observation sites
are on file, and the sites are shown on the terrain maps and Figure 1. Paul
Sanborn (Ministry of Forests) and the writer carried out a helicopter
reconnaissance of the main creeks, during which all visible small creek-
side landslides were mapped (shown on sediment source maps). Field
observations were also made along the logging road at Gluskie Creek and
along the road west of Middle River.

Following field work, mapping on the air photos was corrected and
checked for consistency. Polygon boundaries were transferred to 1:20000
scale TRIM maps by eye, using contour patterns (i.e., slope steepness and
breaks of slope), vegetation boundaries, streams, and other features for
placement. TRIM mapping was not available for upper Forfar Creek and
uppermost Gluskie Creek. Terrain mapping for these areas was completed
on the air photos.

Sediment source maps were prepared by interpretation of terrain map
information supplemented by observations made during the overview
flight of the four main creeks. Actual sediment sources are features such as
landslides and debris flows. Many of the small slide scars shown on the
sediment source maps were identified only from the air during low-level
helicopter traverses and are not visible on the air photos. Potential
sediment sources are polygons where sensitive (erosion-susceptible) surface
materials are indicated by a combination of conditions described on the
terrain map. Criteria for interpretation and rating of potential sediment
sources were developed from field observations and from the writer’s
experience with similar surficial materials elsewhere in interior British
Columbia.

The accuracy of terrain mapping, and hence the reliability of
interpretations, depends on numerous factors, such as skill and experience
of mappers, scale and quality of air photos used, type and density of
vegetation, field access and length of time spent in the field, quality of
base maps, type of terrain, and surficial materials present. Only the more
relevant of these factors are discussed here.
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For this project, air photo quality was excellent, but on large-scale,

~ colour photos, landform signatures (shape, topography) are commonly
masked by the dominant visual patterns of the foliage. Small-scale black
and white air photos (about 1:70000) proved invaluable for preliminary
identification of features such as kettled terraces, and for a general
overview of the area (Figure 3). All preliminary air photo interpretation,
and final consistency checking after field-based corrections, were carried
out by the writer. Field checking was done by enthusiastic crews who
willingly tackled sloughs full of devil’s club in order to determine the
limits of the glaciolacustrine sediments.

However, field access was restricted to foot traverses, and observation
of materials was essentially limited to hand-dug soil pits. Few streambank
sections were accessible from the ground, although some observations
were made from the overview flight. Field time was judged adequate for
the job, especially since we found that the distribution of materials is
similar for most tributary valleys. No time was lost due to bad weather.

Transfer of information to base maps by hand was judged to be as
accurate as warranted by the nature of the data. Where distinctive
landforms are present they are usually indicated clearly by the contours.
Where they are absent, boundaries are commonly gradational, and
polygon boundary lines are positioned only approximately on both air
photos and maps. Contour patterns, stream positions, and lakes were used
to fix points for transfer. )

One of the chief difficulties encountered in terrain mapping on the
steep mountainsides was the distinction of veneers of colluvium (Cv) from
those consisting of till (Mv). Natural exposures of these materials are not
common, and they cannot be easily separated by observations based on
soil pits because materials at shallow depths have been modified by
weathering. Also, the locally derived till on steep mountainsides is very
similar to colluvium, and both materials commonly occur in the same
polygons. Thus Mv terrain may well include a fair amount of Cv, and vice
versa. This mapping problem is not considered to be serious because of
the similarity of the materials. More generally, adequate description of
some surficial material characteristics (e.g., thickness, consolidation,
texture below surface concentrations of clasts) was not possible from soil
pits.

Veneers of glaciolacustrine sediment have no direct visual signature on
air photos. We attempted to map the upslope limit of this material by
direct field observations, and by establishing local lake levels from delta
terraces (thus providing an upper limit for lake sediments). Results were
not satisfactory, however, because no consistent upper limit to the silt or
consistent evidence of lake level was found.

Detailed planning for forest management (e.g., layout of road
alignments) will require ground checking in order to discover and flag
sites that may be particularly sensitive to disturbance. In other words, our
mapping does not show the local variability of terrain conditions in
sufficient detail for road alignment or block layout (see Section 7). It must
also be assumed that there will be much local variability of terrain
sensitivity due to variations in soil drainage, till texture, slope morphology,
distribution of glaciolacustrine sediments, and other factors.
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4.1 Till (M, M)

4 SURFICIAL MATERIALS

Each of the following sections begins with a general definition and
description of the material. Following paragraphs relate more specifically
to materials and conditions in the Stuart-Takla watersheds.

Till (morainal material) is defined as material deposited directly from
glacier ice. Basal till (M) was deposited subglacially by melting of ice at the
sole of an ice sheet or glacier. Typically, it is massive (non-stratified),
poorly sorted material, with clasts (particles >2 mm) supported in a fine-
grained matrix of sand, silt, and clay. It is usually the most highly
consolidated (densest) and strongest of all the surficial materials, and it is
highly cohesive. The permeability of basal till is generally low. Basal till
typically forms blankets and veneers with a smooth surface, although the
underlying bedrock substrate may be more irregular.

Ablation (supraglacial) till (M") consists of debris that melted out on
top of a glacier when the ice surface melted downward during
deglaciation. Topography on this type of till is typically irregular, with
numerous randomly arranged hillocks and hollows. The material is
relatively gravelly with little silt and no clay. Typically, it is non-
consolidated and loose, permeability is relatively rapid, and characteristics
such as clast size vary markedly over short distances. Ablation till
commonly contains pocKets of till that was reworked by debris flows as ice
melted (flow till), glaciofluvial sand and gravel, and fine-textured (fine
sand, silt, clay) glaciolacustrine sediments. Both basal and ablation tills
may be highly variable, with gradations in characteristics such as texture
and consolidation over short distances.

Till is the most widespread surficial material in the map area: it was
described at 69 of 150 field sites. Surface topography suggests that both
basal till and ablation till are present. In general, basal till forms a
widespread and continuous mantle (e.g., Mv, Mb) on gentle to moderately
sloping valleysides throughout the map area (Photo 9). On steeper slopes,
till is thinner and discontinuous, and may be buried by a veneer of
colluvium derived from rock outcrops upslope. On irregular slopes, it fills
depressions between rocky protuberances, and small pockets of till survive
even on precipitous slopes in such situations. Till will be relatively thin on
convex slopes and spurs and thicker in concavities. Ablation till occupies
large areas in middle Forfar valley (Photo 2) and along O’Ne-ell valley
above the canyon at the old jade mine (e.g., M'u, M'h).

Till thickness was not observed directly due to lack of exposures
(Photo 10), but it is likely that thickness is quite variable. On slopes
mapped as “Mb,” which is used to indicate areas where basal till appears
to be relatively thick (i.e., small irregularities and structural features of the
underlying bedrock are not visible, slopes are gentle to moderate), till
probably ranges in thickness from 1 or 2 m to several metres. On slopes
mapped as “Mv,” basal till is generally less than 1 or 2 m thick, its
thickness varies abruptly, rock outcrops may be common, and till may be
overlain, in places, by colluvium (Cv); see also Section 3.3. Ablation till
that forms ridges and hummocks (e.g., M'r) is probably relatively thick: its
thickness in these constructional landforms may be approximated by the
local range of relief.
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PHOTO 9 View down upper Tudtsull Creek shows hilfsides covered by stamy ()
{forested) and meadows where BTl underfies o veneer of peal.

-

PHOTO 10 Undercut bonk of fower O 'MNe-ell Creek revenls o cross-sechion through o
qlrciofluviel termoce: bowldery outwash grovels (BgPSt) overlie i, (This
is the largest exposure of surficiol materials that was found in the map
wrea.)




Till texture was described from shallow soil pits (Photo 1), and thus
maost observations refer to conditions in the B horizon of the soil and may
not be representative of unweathered till. The matrix of basal till is a
mixture of sand and silt, with little clay. Silty sand (equivalent to sandy
loam and loam}) was recorded at 40 of the 64 sites where matrix texture
was described (matrix was not observed at some bouldery sites), and sandy
silt {silty loam or loam) at the remainder. Sandy material may
predominate on coarse crystalline bedrock (e.g. 21 of 28 sites on the Goat
Mountain 5tock). Clasts in the basal till range in size from pebbles to
boulders, with much variation between sites. Clasts are subrounded and
subangular. The propartion (by volume) of clasts (defined for this project
as particles >8 mm) in the basal till is relatively high: over 60% at most
sites, and ranging up to &0%. (Basal tll typically has less than 50% clasts.)
There are several possible explanations for the apparent gravelly nature of
the basal till. It is possible that basal tills in the study area are capped by a
veneer of lag gravel, resulting from removal of surface fines by melbwater
or slope wash shortly after deglaciation. Alternatively, basal till may be
vencered by ablation till, or stones may have been concentrated near the
surface due to frost heave.

FHOTO 11 Soil pit af site 512 (upper Gluskie Creek) shows fypical G wilh sandy ¥
matrix and about 50 clogts,




4.2 Glaciofluvial
Materials (F¢)

Till texture is shown on the terrain maps only where particularly
bouldery or blocky till was found (e.g., xMu). Till matrix textures—silty
sand or sandy silt—cannot be mapped reliably however, as noted above,
although it is likely that sandy tills predominate on the coarse crystalline
rocks and silty tills elsewhere.

Ablation till was recorded at seven field sites, but this material, which is
typically loose and gravelly, is virtually indistinguishable from ice-contact
glaciofluvial gravels when only a shallow soil pit is available for
examination. Some sites designated as glaciofluvial material may, in fact,
be ablation till, and vice versa. Recorded textures range from sandy gravel
(sand) through silty sand (sandy loam) to gravelly sandy silt. Clasts make up

“over 50% of the material at most sites and range up to boulders in size.

Glaciofluvial sediments were deposited by glacial meltwater streams during
glacier recession at the end of the last glaciation (Section 2.2). Ice-contact
glaciofluvial deposits accumulated against or on top of melting glacier ice,
forming kames, kame terraces, eskers, and kame deltas. On air photos, ice-
contact glaciofluvial deposits were mapped where distinctly ridged and
hummocky topography was seen, and where terraces include kettle
depressions. Glaciofluvial outwash plains and deltas (now terraces) with
few kettles were deposited downstream from the glaciers. Glaciofluvial
materials consist predominantly of sands and gravels, and may contain a

“small proportion of silt. These materials are a good source of aggregate

(Section 7.3).

In the map area, glaciofluvial (outwash) terraces and adjacent areas
mapped as FGu extend along Forfar Creek from the western boundary of
the map area to the bedrock canyon. Small areas of ice-contact
glaciofluvial materials occur in upper Forfar Creek (not covered by the
terrain maps) and along O’Ne-ell Creek. Kame terraces, kame deltas, and
deltas are abundant at elevations between about 750 and 1000 m where the
creeks emerge from the mountains (Photos 7 and 10). (See also Section 2.2.)

Glaciofluvial materials were identified at 31 field sites. The most
common textures observed in soil pits were sandy gravel (including cobble
gravel) and gravelly sand (Photo 12). Silty gravels, described as sandy silty
gravel and silty sandy gravel, were also noted. Glaciofluvial outwash
terraces of bouldery gravel (bgFGt) were observed in Tsitsutl valley,
just above the canyon. These may record a major flood, possibly related to
the collapse of an ice dam, in upper Tsitsutl valley.

Ice-contact glaciofluvial materials may contain pockets of silt and clay
deposited in small ice-marginal ponds, and pockets of flow-till that slid or
flowed from adjacent ice. Like till, the ice-contact materials tend to be
highly variable with regard to characteristics such as texture. Deltaic
materials are typically well-bedded sandy gravels. (These characteristics are
typical of glaciofluvial materials, but were not observed in the map area
due to lack of exposures.) ‘

18



4.3 Glaclolacustrine
Materials (L)

FHOTO 12 Glaciofiuvial grovels exposed in o stream cwl af Site 528, upper Forfar
Cresk.

Glaciolacustrine materials consist of fine sediments that accumulated in
ice-dammed lakes. Fine sand, silt, and clay (“rock flour™} initially
produced by glacial abrasion, were transported to the lakes by meltwater
streams. Stream water that enters a lake may spread out at the lake surface
or sink to the level where its density matches that of the lake water, and
then spread out at an intermediate level. Fine sediment (silt and clay)
settles slowly from this plume of stream water, and is thereby distributed
across the lake floor. Slightly coarser sediments (fine sand) may be spread
across the lake floor from density flows generated by subaqueous slides on
a delta foreslope. Thus glaciolacustrine sediments typically consist of
interlayered silt, clay and fine sand. Dropstones from melting ice, ranging
up to boulders in size, may be embedded in the finer material,

In the study area, a belt of glaciolacustrine sediments, 1.5—1 km wide,
occupies the lowlands between Middle River and the steep northeastern
slopes of the Middle River Range. This belt consists of two zones, referred
to as Middle River lowland and foothills (Section 2.1). In the lowland,
which lies adjacent to Middle River between 7o0 and about 750 m a.sl.,
glaciolacustrine sediments appear to be relatively thick (at least a few
muetres, possibly tens of metres); they underlic a gently undulating
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4.5 Fluvial Materials
(F. F%)

A mantle of rubbly or blocky colluvium {Cv, Cb) is present on
moderately sloping to steep mountainsides where rock outcrops are
commeon, and on slopes below rock outcrops where weathered rock creeps
downhill (Photo 15). (See also Section 3.3.) In a few places, linear patches
(parallel to contours) of blocky colluvium-like material {mapped as
colluvium) high on the valley sides may, in fact, have onginated as lateral
moraines during the dosing phases of Fraser Glaciation (Figure 3 Photo 14).

PHOTO 15 Collvivm exposed i soll plt ot Site H2, Maberig! is the result of in-ploce
weothering of rocks of the Coche Creek Group.

Fluvial materials have been transported and deposited by water flowing in
channels, They underlie floodplains, river (fluvial) terraces, alluvial
(Muvial) fans, and modern deltas, and consist of loosely packed, non-
cohesive gravels and sands, and minor silt. The compasition of specific
landforms depends upon several factors, such as river gradient and source
of the fluvial sediments, Thus, for example, coarse gravels are typically
associated with steep creeks, especially in arcas of plutonic rock, while fine
sand and silt underlie the floodplains of low-energy meandering rivers.
Fluvial sands and gravels are porous and highly permeable, Typically, river
terraces provide sites that are dry and well drained. Drainage conditions
on floodplains, deltas, and fans are determined by the proximity of the
water table to the land surface.




4.6 Organic
Materials (0)

In the map area, fluvial sediments are restricted to the narrow
floodplains and low terraces of the major creeks. Along the upper (glacial
trough) reaches of the creeks, floodplains are narrow, no wider that 5o m,
and commonly much narrower (Photo 4). Where the creeks flow across
the Middle River lowland, floodplains are wider and bordered in places by
low fluvial terraces. Floodplains terminate downstream at well-defined
arcuate deltas that protrude into the lake-like Middle River. Fluvial
sediments become finer across the lowland, grading downstream from
gravels to sand.

Organic materials incluode peat and organic soil horizons thicker than
about 40 cm. In the study area, organic materials are most extensive in the
subalpine and upper montane zones where meadows are underlain by peat
that is 1 m or more in thickness (mapped as “Ov") (Photos ¢ and 16).
Small areas of organic soils are present in the Middle River lowland and
foothills where kettle depressions [incloding former lakes) and rock basins
have been infilled with peat, and organic materials have accumulated on
some poorly drained fluvial surfaces. Small rock basins and a few
meltwater channels on the upland surface also contain organic soil.

Organic soils are non-consolidated and highly susceptible to
compaction, puddling, and destruction due to repeated passage of
equipment and even foot traffic.

PHOTO 16 Keitle Lake in valey that interconmects weper Gluskle and Forfar valeys.
Meodows are underfaim by oganic weneer thot covers glackafiuval
gravels (foreground) and till (distant gentle slopes).
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4.7 Undifferentiated The symbol “U" describes polygons where several different types of drift
Materials (U} ocour together within a small area. In the map area, the symbol “Us" was
used where glaciolacustrine andfor glaciofluvial materials and till constitute
stream-side scarps.

4.8 Bedrock (R) Bedrock is mapped where it is exposed at the land surface and where it is
overlain by only a few centimetres of weathered rock or soil (Photo 17),
Bedrock types present in the study area are indicated on Figure 2 and
described in Section 2.1.

PHOTO 17 Smooth, glocioted bedrock on o ridpecrest in the foothills rone (Site 16),




5.1 Rapld
Mass Movement

(-R. -Rd, -Rb)

Rapid mass movement inclodes flows, falls, and rapid slides (sometimes
referred to as avalanches) of rock and debris {debris refers to any loose or
weathered material). On the terrain maps, rockfalls (-Rb) and debris flows
(-Rd) are differentiated where possible, otherwise all rapid slope processes
are grouped as “-R."

Rockfalls, minor rockslides, and rock avalanches are common on cliffs
in the alpine zone, such as cirque headwalls, and on the steepest side-
stopes of the glacial roughs. No major rock avalanches were mapped.
Recent debris flow tracks were noted on a few alpine slopes, and at
localized sites on the south slopes of Gluskie and Tsitsutl creeks (see
Sediment Sources Map and Section 6) (Photos 18a, b, and c).

g i Tl
F, kT L e L T
pHOTO 1Ba Sity B dn moss-covered heodscarp of a small debels siide and fow rear
upper Giuskie Creek, Sie 573,

]



FHOTO 18c Debnis plle at fower end of debiis fow track shown in Photo T8b. Most
couarie debrs was iropped by the standing frees, but muddy renall waler
probabdy entered the creak (just wisihle between the trees at right)




5.2 Slow Mass

(-F. Fg)

5.3 Snow
Avalanches (-A)

Slow mass movement includes all slope processes with imperceptibly slow
{to a casual observer) movement. Therefore it refers to slow slumps and
slides, soil creep, and rock creep.

In the map area, slow mass movement on drift-covered slopes was
mapped largely from evidence of disturbed vegetation, such as jackstraw
(tilted) trees noted on ground traverses and from the air (Photo 19), and
irregular small openings in the forest canopy on steep slopes, noted from
air photo interpretation. However, vegetation disturbance may not be due
solely 1o slope movement. Bending of poplar trees was observed to result
from snowfall during September 1992 (K. Green, personal communication,
1994), and gaps in the forest canopy can result from biological effects.
Consequently, the extent of slow mass movement may be somewhat less
than mapped. Slow mass movement (e.g. Mks-F) is occurring in a few
polygons on steep till and collovium-covered slopes alongside Forfar and
Tsitsutl creeks in the transition zone between their upper reaches (the
glacial troughs) and the bedrock canyons (Photo 19). In this zone,
steepening of creek gradients has led to undercutting and steepening of
adjacent slopes. Landslide scar symbols (see Sediment Sources Map) can
also be used, in addition to “-F,” to identify potentially unstable areas.

Slow failure of large masses of bedrock was recognized at a few
locations in the alpine zone.

FHOTD 15 jackstrow (Iited) trees fn deckduous patch, siggesting slape instability
{*-F*} at trensition hetween upper and middle reaches of Farfar Cresk

{ereak visthie of left)

Snow avalanches are rapid slides and flows of snow. Rocky debris and
wegetative material is commonly transported by the snow. Snow avalanches
were mapped where visible evidence of this process was noted, chiefly on
avalanche cones and avalanche debnis tongues in alpine arcas, Avalanche
tracks on forested hillsides are few.




5.4 Gully
Erosion (-V)

5.5 Surface
Seepage (-L)

5.6 Fluvial
Processes (-1)

5.7 Past Glacial
Processes (-E, -H)

5.8 Periglacial
Processes (-S, -N, -Z)

Gullies are small ravines, typically with a V-shaped cross profile, and usually
sufficiently small that they are not depicted by contours. They result from
erosion by flowing water, debris flows, falling rocks, and snow avalanches.
Gullying in glacial drift can be used as an index of its erodibility.

Gullies in the glaciolacustrine sediments of the Takla trough are of
surprisingly limited extent, given the high susceptibility of these materials to
erosion (Photo 7). Possibly this reflects the absence of steep slopes on much
of the glaciolacustrine terrain, and the generally thin nature of the silty
mantle on steeper slopes.

In the map area, relatively wet soils are widespread on slowly permeable .
materials (such as glaciolacustrine sediments, till, and thin surficial materials
over bedrock), and on lower slopes where shallow subsurface water is .
received from relatively large catchment areas further upslope. Such moist
sites appear to be indicated by the presence of deciduous vegetation (willow,
alder, devil’s club, thimbleberry). On the air photos, these communities
appear as irregular patches on toe-slopes and as linear stripes, running
directly downslope along seepage zones. This vegetation was used as a
criterion for air photo interpretation of the seepage zones and wet soils that
are indicated on the terrain map by “-L.” Such polygons were interpreted as
having relatively high sensitivity to disturbance and a high potential for
erosion, especially where “-L” occurs on glaciolacustrine sediments.

The morphology of alluvial streams (i.e., streams on floodplains), as
indicated by channel patterns, provides information about long-term river
behaviour, such as lateral instability, tendency to avulsion (sudden shifts of
channel position), and bank erosion. In the study area, most streams are
“irregularly sinuous” (e.g., gFAp-I), suggesting gravel beds and minor to
moderate lateral instability.

Glacial meltwater channels (-E) are indicated by this symbol where they are
too small and/or too numerous to show by on-site symbols. Meltwater
channels are sinuous in plan, and typically flat-floored and steep-sided in
cross-section. Floors are poorly drained, and commonly covered by organic
materials. Figure 3 shows the distribution of meltwater channels in the map
area.

Kettles (-H) developed where blocks of ice were buried by or
surrounded by glaciofluvial gravels, ablation till, and glaciolacustrine
sediments. The depressions that formed as the ice melted—Kkettles—are now
occupied by lakes or poorly drained soils. Steep-sided embayments on some
terrace scarps are partly formed kettles (e.g., “sFGut-H” polygon east of Ps
and north of lower Gluskie Creek, and Photo 20). Figure 3 shows the
location of large and some small kettles.

Periglacial processes result from the effects of frost (freezing and thawing)
and permafrost. Solifluction (-S) is slow (imperceptible) downslope
movement of soil and weathered material. Nivation (-N) refers to the
tendency for small depressions to develop at the sites of perennial
snowbanks. Cryoturbation (-C, but not mapped here) refers to the heaving
and churning of soils that results from repeated freezing and thawing.
Where all these processes occur together, as is commonly the case in the
alpine parts of the study area, they are mapped as “-Z.”
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PHOTD 20 Embayment (right centre) in steep tll slope on the north side of ONe-all
Creek (seen at lower left) near the ol fade rve. Note shrps of decidunis
vegetation marking seepage rones. Broad deciducws patch of lefl & due fo

g activity.

& SEDIMENT SOURCES

Sediment source maps show two kinds of information: actual sediment
sources (recent landslides), and sensitive terrain or potential sediment
SOUMCES.

6.1 Actual Sediment Actual sediment sources are point sources where sediment has been
Sources: Recent mobilized by landslides, chiefly debris slides and debris flows in tll,
Landslides glaciofluvial and glaciolacustrine sediments, and colluviom (Photos 10, 18,
21, and 22). These events are sufficiently recent that landslide scars at the
points of failure are still visible, They were identified by air photo
interpretation andfor by direct observation during a helicopter overview
flight at {and below) treetop-height. Only sediment sources that appear to
have delivered fine sediment to streams are shown on sediment source
maps. These include streambank sites and scars on slopes that drain
directly down to the creeks or to narrow floodplains. Scars classified as
“fresh/active™ have little wegetation; “old™ scars have some to much
regeneration. Most of the mapped sites are assumed to have been
significant sediment sources due to their proximity to a creek. Sites with
visible evidence of recent or current sediment input 1o a creek are
indicated by specific symbols (see map legend).
Slope failures in bedrock and debris flows in alpine aréas that
terminate on colluvial toe slopes (see Photo 3) are not shown on these
maps (but see terrain maps and symbols overlays).

Srmall debris slide scars are widespread along stream-side scarps. The
symbols indicate sites where slope failure has occurred, sites of stream
erosion, and bare paiches of earth of indeterminate origin (older slope
failure? surface erosion?) that were noted briefly when flying. Most slide






