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Abstract

Landslide modes inthe Canadian
Cordillera are regionalized into eight
zones according to the dominance of
specific types of failure and mass
transport. The Coast-Insular Zone is
dominated by rock falls, rock ava-
lanches, debris and earth flows; the St.
Elias Zone by rock slumps and debris
flows:; the Plateau Zone by earth flows
and rock slumps; the Skeena Zone by
rock slumps; the Yukon-Selwyn Basin
Zone by rock slumps; the Cassiar-
Columbia Zone by deep-seated slope-
sagging and gravitational spreading: the
Eastern Carbonate Zone by rock ava-
lanches and debris flows; the Foothills
Zone by soft-rock slumps and earth
flows. Landslide abundance inthe
Canadian Cordillera is related to the
complex interaction of local geology on
the one hand and regional factors such
as relief, intensity of precipitation, and
seismicity on the other. The landslide
hazard deserves special attention inthe
recreational hinterland of Vancouver
and Calgary.

Introduction

It is widely recognized that landslides
occur in areas of high rainfall, seismic
activity and strong relief. A large and
rapidly growing literature identifiesthese

as the three most important parameters
contributing to landslide hazard (Zaruba
and Mencl, 1970; Radbruch-Hall and
Varnes, 1976; Voight, 1978). However, it
is also being realised that the type of
failure found in any region is strongly
controlled by the local geology, and that
specific geologic conditions such as
permafrost or sensitive clays, if dis-
turbed, can create serious landslide
problems anywhere. The art of dealing
with the special geologic conditions has
recently led to the notion of landslide
‘behaviour belts' (see Cotecchia, 1978,
for an excellent review of the state of the
art). This notion is based on the intuitive
feeling that a certain geology expresses
itself in very special types of slope
failure. As an example, it may be helpful
to recall that the old Swiss term ‘flysch’,
which is now widely accepted as a
geological facies term, originally meant
no more than that rock slopes in this
geological formation ‘flowed'. Landslide
behaviour can be defined as the inter-
play between the internal fabric of
bedrock slopes, the erosional history of
unconsolidated drift deposits, and gravi-
ty during Holocene time. Mapping of
landslide behaviour is most useful on
large-scale maps (1:50,000 and larger).
However, a first-order characterization
of landslides can often be carried out for
regions larger than those covered by
maps of the indicated scale. For exam-
ple,Mollard(1977) hasrecently present-
ed an overview of the principal landslide
types found in Canada, providing a most
stimulating introduction to the problems
encountered in this country.

In the Canadian Cordillera, economic
considerations, environmental aware-
ness and court litigations have created a
growing demand for landslide informa-
tion (Farquharson, 1976). In general, this
information cannot be extracted from
existing geological reconnaissance
maps and the bewildering complexities
of physiography and geology have, so
far, precluded meaningful generaliza-
tions concerning the distribution of
landslide types in the mountainous part
of western Canada. During the last ten
years, while engaged in geological work
inthe Canadian Cordillera, the author
has been impressed by how much the
regional geologic framework influences
landslide behaviour. Figure 1 attemptsto
illustrate this geologic-physiographic
control. The first-order distribution of
landslide behaviour in eight zones
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obviously cannot differentiate between
areas of high and low landslide inci-
dence and is not suitable for local
planning decisions. It can, however,
serve as a guide to the dominant slide
types within broad belts, and, more
importantly, help to focus further work.
For example, the techniques for apprais-
ing earth flows in the Plateau Zone differ
greatly fromthoserequiredto assessthe
hazard of deep-seated slope saggingin
the Cassiar-Columbia zone, and thus
specialized knowledge can be utilised
accordingtothe landslide zones. Transi-
tions from one zone to another do not
always coincide with physiographic
boundaries proposed for the Canadian
Cordillera by Bostock (1948) and Hol-
land (1964) although physiography and
geology are the most important regional
parameters affecting the distribution

of landslides.

In practical terms, landslides are dealt
with on two scales: large, deep-seated
slides (sagging rock slopes, rock ava-
lanches, and rock slumps) when known
to be athreat to permanent structures
such as mine sites, settlements, dams
andreservoirs may justify large expendi-
tures in order to assure safety within a
relatively small area; small, shallow
slides (debris flows, earth flows, rock
falls) when known to be common along a
planned transportation corridor or log-
ging zone may justify a detailed regional
map from which the cumulative cost of
maintenance or environmental impact
can be estimated.

No area in the Canadian Cordillera
can be considered entirely free of the
landslide hazard although in many
places itis very low. The principle that
early recognition may avoid costly later
treatment is probably the most worth-
while point to remember, although (as in
medical practice!) much credit will
always go to the spectacular, last
minute cures.

In the following sections landslide
characteristics of the eight zones will be
described using historical and pre-
historical examples where available.
The landslide terms applied in this
review are illustrated in Figure 2. A
subsequent section attempts to delimit
broad regions in the Cordillera where
external factors such as precipitation,
relief and seismicity favour land-
slide activity.
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Coast-Insular Zone

This zone comprises high granitic
massifs and more subdued volcanic-
metamorphic complexes, overlain by
younger volcanics and glacial deposits
Surface-parallel jointing in massive
granitic rocks and shear zones in
metamorphic terrain are the most
important discontinuities with respect to
bedrock slides. Locally. flatlying lavas or
Pleistocene drift resting on glacially
polished bedrock create potentially
unstable situations. A dense mantle of
vegetation has hampered study of rock
falls, rock avalanches, debris flows and
earth flows which contribute ta the great
variety of landslides found in the Coast-
Insular Zone.

Rock falls are a hazard along high
bedrock slopes, particularly those which
are undercut by roads or railroad tracks
(Fig. 3). Historically rock falls have
contributed considerably to the cost of
highway and railroad maintenance
along the lower Fraser River and other
transportation routes in the Coast-
Insular Zone.

Inthe Fraser Canyon an early spec-
tacular rock fall, caused by excavation
for the Canadian National Railroad
(1913-14) at Hells Gate. blocked the
Fraser River and prevented the up-
stream migration of Pacific salmon. In
spite of the subsequent installation of
fishladders over thefallenrock massthe
salmon runs have notregained their pre-
slide magnitude (Barker, 1977, Fig 81).
Rock falls inthe Fraser Canyon have
continued since then, and their inci-
dence s generally highest during the
wet autumn and winter months (Piteau,
1977). Some rock falls are preceded by
slow movement or creep of the rock
mass during the wet season (October to
March) thus permitting a timely recogni-
tion of the hazard and application of
remedial measures (Peckover and Kerr,
1977). Seismicity is also a factor in
triggering rock falls: for example numer-
ous rock falls occurred during the 1946

Figure 1

Map showing the eight first-order landside
behaviour zones of the Canachan Cordiltera
proposedin this review. Each zone is
characterized by the predominance of speci-
fic, geologically controlled, slide character-
1stics seernin historical and pre-historical
examples of slope fallures
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Simplified landslide terminology used in this
paper. Rock fall is the free or tumbling motion
of bedrock fragments, rock avalanche (or
sturzstrom) is the extremely rapid downhill
motion of large internally disintegrating rock
masses; rock slump is the rotational failure of
rock slopes ( - if outward translation is
dominant the term lateral spread /s used);
slope sagging is the deep-seated slow
movement involving high slopes of internally

broken rock masses; gravitational spreading
is expressed by enigmatic uphill-facing
scarplets in bedrock; earth flow /s the
predominantly translational movement of
farge quantities of unconsolidated deposits;
debris flow is the rapid movement of poorly
sorted water-salurated materials. There are
numerous landslide types transitional be-
tween those illustrated above, but limitations
on space prohibit further subdivision for the
present purpose.
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Vancouver Island earthquake
(Mathews, 1979).

Rock avalanches in this zone are
found near glacially oversteepened
valley walls which display prominent
discontinuities dipping towards the
valley floors (Fig. 4). Slides may be
triggered by seismic shaking or exces-
sive piezometric pressures inthe rock
slopes. If the rock avalanche incorpo-
rates water-saturated sediments, snow
or ice, aninitially dry rock avalanche
may change into a debris flow of great
destructive power.

Four major historical rock avalanches,
some associated with debris flows, have
been documented, and in addition a
number of prehistoric rock avalanche
deposits are known from the Coast-
Insular Zone. The historical slides are
the Rubble Creek Slide in 1855-56
(Moore and Mathews, 1978), the Hope
Slide in 1965 (Mathews and McTaggart,
1969 and1978), Devastation Glacier
Slide in 1975 (Mokievsky-Zubok, 1977,
Patton, 1976; Read, 1977), and the
failure of a cliff near the Britannia Mine

Figure 3

A high rock slope in granitic rocks north of
Vancouver which has been undercut by a
transportation route. Many joints are parallel
to the original surface and individual blocks
occasionally break loose in rock falls.

Figure 4

View of the composite discontinuity which
served as a rupture surface for the 1965 rock
avalanche near Hope, B.C. inthe Coast-
Insular Zone.
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(Jane Camp) in 1915 (Ramsey, 1967, p.
39-44). The Jane Camp Slide is particu-
larly interesting because only two days
before the disaster occurred open
cracks inthe mountainside above were
inspected by company geologists and
the mountain ‘appeared to be solid to
these experts’ (Ramsey, 1967, p. 34).
Shortly thereafter about 60 people lost
their lives when a rock avalanche mixed
with snow buried Jane Camp.

Debris flows inthe Coast-Insular Zone
are common along steep slopes and
gullies. Although fundamentally related
to high seasonal rainfall they oftentend
to be triggered by logging activity inthe
uplands (O'Loughlin, 1972; Alley and
Thomson, 1978; Clague, 1978). Debris
flows seriously damaged the town of
Port Alice (northern Vancouver Island)
after excessive rainstormsin 1973
and 1975.

Earth flows inthis zone are associated
with subaerial bluffs and submarine
slopes composed of fine-grained un-
consolidated deposits. Several earth
flows have been caused by excavation
activity in glaciomarine surficial deposits
in the greater Vancouver area (Arm-
strong, 1957 andin press), and a large
destructive flow of similar materials
occurred near Terrace in 1962 (Clague,
1978). Submarine earthflows inflicted
considerable damage to an industrial
installation in Howe Sound near Van-
couver in 1955 (Skermer, 1976) and
caused a damaging seawave in Douglas
Channel near Kitimat in 1975 (Lutern-
auer and Swan, 1978).

Inthe Coast-Insular Zone the scena-
rio for serious landslide activity would
embody a period of high-intensity rainfall
(or meltwater runoff) combined with
occurrence of a strong earthquake.

St. Elias Zone
The St. Elias Mountains consist of a
greal variety of sedimentary and igne-
ous rocks which, in the course of
geological history, have been intensely
faulted and fractured. The granitic
massifs ot the western St. Elias Zonerise
above largeicefields and glaciers which
cover most of the land surface. Land-
slides are ubiquitous inthe nonglaciated
eastern part ofthe zone and include rock
slumps, rock avalanches, gravitational
spreading, and debris flows.

Mixed rock-earth slumps are common
along erosional plateau rims composed
of flat-lying sedimentary and volcanic

rocks. Active slumps commonly force
vigorous mountain streams against
opposite valley walls where erosional
undercutting generally initiates other
slumps. Such continued undercutting
and progressive failure can be observed
along most narrow creeks transecting
fractured bedrock or unconsolidated
drift deposits of the eastern St. Elias
Mountains.

Debris flows can be a direct outcome
of the slumping process when slides
form temporary dams across steep
creek beds and, in a sudden burst,
discharge the stored water onto soft
materials below the breached dam
Other debris flows originate by rapid
discharge of glacial lakes. The numer-
ous alluvial fans in the St. Elias Zone are
the depositional record of debris flow
activity (Broscoe and Thomson, 1969).

Rock avalanche deposits of pre-
historic age have been reported from
several places (Rampton, in press).
During and after the great 1964 Alaska
earthquake many rock and ice ava-
lanches were dislodged along high cliffs
above glaciatedterrainin Alaska, a short
distance west of the Canadian St. Elias
Mountains (Post, 1967). The high seis-
micity of the whole region would indicate
that rock avalanches are also a potential
hazard along the high cliffs of the
glaciated portion of the St. Elias Zone.

Gravitational spreading of mountain
sides (Fig. 5), possibly related to pre-
historic earthquakes along the Denali
Fault, is common near the northeastern
boundary of the St. Elias Zone (Clague,
1979). Individual uphill-facing scarplets
are generally less than six kilometres
long. At present, it is not clear whether
the scarps are due to shaking and
sinking of a shattered mountain core or
whether they are due to extension and
minor normal faulting within a broad
zone of tectonic shear.

The area encompassed by the St
Elias Zone isrelatively small but is one of
the geologically most hazardousregions
in Canada.

Plateau Zone
The Plateau Zone is characterized by
intensely fractured and faulted bedrock
formations which are commonly over-
lain by flat-lying volcanic strata and
glacial drift (e.g., lacustrine silts). Rivers
flow in deep, glacially modified valleys
cut into the rolling uplands. The two
dominant landslide types in the Plateau
Zone are earth flows and rock slumps
Rapid earth flows occur where large
amounts of water penetrate the benches
of lacustrine silt which are perched
against many of the valley sides in this
zone. In a dry state, these ‘white’ silts
stand in vertical walls, and natural

Figure 5

Uphill-facing scarplet in bedrock south of

Granite Creek, eastern St. Elias Zone. The
bedrock here is offsel by about 1.5 melres.
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surface runoff creates only deeply
incised gullies and 'pipes’ (Evans and
Buchanan, 1976). However, irrigation
water (in the dry south) or excessive
rainfall (farther northwest) may cause
liquefaction which converts initially
stable siltbanks into earth flows whose
consistence has been likened to thick
pea soup.

Historically, the most important earth
flows occurred in the Thompson River
valley. Inthe 1870s, after the excitement
of the Caribou gold rush had subsided
somewhat, farmers moved into the dry
Thompson valley where they began to
work small plots of bench land which
they irrigated with water diverted from
upland creeks and lakes. As a result
several of the silt benches failed,
generally three to six years after irriga-
tion had been initiated. The largest of
these earth flows occurred in 1881 south
of Ashcroft, where a slide about 600
metres wide blocked the Thompson
River and formed a lake 18 kilometres
long. After afew daysthis dam broke and
the water rushing through the gap
“caused a terrific flood in the valley
below"” (Stanton, 1898). The Canadian
Pacific Railroad laid its track over
deposits of this slide but the company
was plagued by new earth movements
of the same nature which shifted the
tracks relentlessly towards the river. At
one point atrain-load of tea was said to
have derailed and disappearedintothe
river - a great setback to the march of
civilization on the prairies! A thorough
study by Stanton (1898) recognized the
causal relationship between irrigation
and earth flows (Fig. 6) and a court
injunction was granted in 1899 which
stopped irrigation along the benches
above the railroad track. However, only
six years later (1905) another rapid earth
flow, also caused by irrigation, killed 15
people near Spences Bridge (Drysdale,
1912, p. 126-127). This slide happened
in a place where a previous earth flow
had overridden the local Indian
burial grounds.

Slow earth flows are known from
various parts of the Plateau Zone. One of
them crosses the Transcanada High-
way near Drynock and therefore has a
long history of investigation. Prior to
stabilization attempts movement rates
exceeding 50 cm/year were registered
(VanDine, 1974). More recently, small
segments of the densely populated silt
banks in Kamloops have been set in
slow motion by garden sprinklers!

Earth flows similar to those along the
benches of the Thompson River are also
known from the Fraser and Chilcotin
drainage systems.

Rock siumps are found along the
steep walls of valleys cut into the upland
plateaus. They are especially conspicu-
ous where flat-lying lava flows rest on
less resistant strata. Commonly, the
lower slopes show the ominous signs of
outward bulging. These rim-slumps can
exceed 100 x 106m2in volume. Inthe dry
southern Plateau Zone most of the
incipient rock slumps are not moving at
present and are relicts of a wetter past,
but slight changes inthe hydrology of the
slopes probably would re-initiate
movement.
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In the northern segment of the Plateau
Zone (upper Stikine region) fresh head
scarps and debris lobes indicate current
movement of rock slumps alongthe
edge of volcanic and sedimentary
plateaus, (e.g. Souther, 1971, p.5).

Skeena Zone
The Skeena Zone covers a mountainous
terrain composed of folded and faulted
Mesozoic sandstone, shale, conglomer-
ate, and volcanics. Within a large part of
the Skeena Mountains clastic strata
strike northwesterly and dip to the
southwest. Landslide hazard exists in
the form of rock slumps, (Alley and
Young, 1978).

Large rock slumps are common in
high slopes of conglomerate,sandstone
and volcanics. Failure begins generally
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Figure 6

This illustration is a reproduction of the
original documentation by Stanton (1898) of
the relationship between irrigation on silt-
benches above the C.P.R. railway tracks (oval
plots suffixed with A) and the resulting earth

flows below (plain numerals) south of Ash-
croft, B.C. This convincing cartographic
presentation led to the subsequent court
order which prevented further irrigation of the
land plots directly above the C.P.R. track.
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with slow rotational movement but can
develop into rapid avalanching along
inclined bedding planes (Eisbacher,
1971). Southwest facing dip-slopes are
most prone to rock slides. Recognition of
landslide problems in thisregion is
difficult on account of dense vegetation
in the low valleys and solifluction at
higher elevations. Undercutting of rock
benches along the deeply incised rivers
poses a continuing problem of slumping.
Probably the earliest known historical
slide inthe Cordillera was of this type.
Morice (1904) relates how at the
beginning of the nineteenth century the
Kitksan (Tsimshian) and Western Ba-
bine tribes supported themselves from
the abundant salmon runs on the
Skeena River and Bulkley River, respec-
tively. Life seems to have been peace-
ful” ... untilthe year 1820, or there-
abouts, when a large piece of rocky cliff
overhanging the same river (Bulkley) at
the place now called Ackwilgate
having fallen acrossthe stream, barred it
so completely that it formed a cataract of
sufficient height to prevent the fish from
getting up to the Moricetown falls.
Threatened with starvation the Western
Babines went in a body, armed cap-a-
pie, and forcibly took the new terminus
from its owners of Tsimshian parentage
In the course of time, the rock, which
was to give a name to the new place -
Rocher Deboule - wore awaytosuchan
extent that salmon could return to their
former haunts up the river .. ."(Marice,
1904, p. 8). The Kitksans, however, did
not regain their ancient fishing grounds

Yukon-Selwyn Basin Zone

This zone includes a large area of
subdued relief. A variety of igneous and
sedimentary rocks are exposedin
upland plateaus whichrise above broad,
drift covered river valleys. However,
where granitic plutons pierce soft shale
and sandstone along the southwestern
margin of the Selwyn Basin consider-
able local relief exists. Rock slumps are
the principal slide type particularly inthe
deformed sedimentary strata of the
Selwyn Basin but, because of extensive
surficial solitluction lobes, slumped
bedrock terrain is often difficult to
recognize. Rock falls are common along
steep granitic bedrock walls, and minor

Cassiar-Columbia Zone

This zone is underlain mainly by meta-
morphic rocks. Smooth densely vege-
tated slopes are commonly parallel to
gently dipping foliation or schistosity in
the bedrock. Deep longitudinal valleys
such as the Rocky Mountain Trench are
filled with glacial drift which has been
sculptured into terraces by Holocene
fluviatile erosion. The principal landslide
hazards in the Columbia-Cassiar Zone
are deep-seated slope sagging and
gravitational spreading.

Deep-seated slope sagging inthis
zone is poorly understood but seems to
occur preferably in areas wherefoliation
and shear-zones in the metamorphic
bedrock dip towards the axis of the
adjacent valleys (Fig. 2). Under such
circumstances it is possible that thick
broken slabs and veneers of rock (up to
2.000 x 106m?) move slowly downslope,
leaving a distinct scarp at the head of the
slope which stands out on air photo-
graphs (Mollard, 1977). A basal slide
surface is generally difficult to define
because movement occurs along num-
erous internal zones of dislocation akin
to those in the tongue of a glacier. In
most instances it is likely that movement
began thousands of years ago and has
been maintained by fluvial undercutting
of the toe and by the annual downward

Figure 7

percolation of water during the spring
melt. The rate of down-slope movement
rarely exceeds a few centimetres

per year.

The Downie Slide (Fig. 7) along the
Columbia River, north of Revelstoke,
B.C. hasrecently received intensive
study (Piteau et al, 1978; Gardner et &/,
1976) andis adramatic example of large
scale slope sagging. Many other slopes
in the Columbia-Cassiar Zone exhibit
sagging although generally on a smaller
scale than that of Downie. Sagging
slopes have been studied widely inthe
Central Austrian Alps in conjunction with
engineering projects. There the terms
“Sackung” (= sag), "Bergzerreissung”
(= mountain rupture) and “Talzuschub”
(- valley closure) have been applied to
the slow and deep disintegration of
mountain slopes (Ampferer, 1939.
Zischinsky, 1969 a. b)

The central and tantalizing question
concerning large sagging rock slopes is
whether or not the slow creeping motion
can change intorapid and theretore
potentially catastrophic rock ava-
lanches. Rock avalanche deposits are
known from some steep-walled valleys
of the Columbia Mountains and a minor
rock avalanche fell into Upper Arrow
Lake in 1903 (Brock, 1904), but it is not
known whether these rockslides were

earth slumps occur on drift covered
valley bottoms.

indicates the headscarp of the sagging slope.
The sagging involves about 2000 x 106m3 of
metamorphic rocks

The Downie Slide in the Columbia River valley
(Cassiar-Columbia Zone). The snow covered
band which runs across the mountainside
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preceded by long continued slope
sagging.

Gravitational spreading of mountain
slopes is another poorly understood
phenomenon of the Cassiar-Columbia
Zone. It is indicated by rock scarps
facing up-slope and trending parallel to
the valleys. A general discussion of this
phenomenon has recently been given
by Radbruch-Hall et al. (1976) and
Radbruch-Hall (1978). Scarplets such
as those observed on Nagle Mountain
along the Columbia River may have
originated by expansion of mountain
massifs following deglaciation (Mollard,
1977). Inthe northern part of the
Cassiar-Columbia Zone up-hill scarps
are parallel with faults which follow the
northern Rocky Mountain Trench.

Parts of the Cassiar-Columbia Zone
are also subject to debris flows (e.g.,
Nasmith, 1972, p. 20-21). Settings with
active debris flows are characterized by
sparsely vegetated alluvial fans at the
mouth of steep gullies. Siltbanks along
the major rivers and lakes of this zone
tend to fail in small slumps.

Eastern Carbonate Zone

This zone includes high ranges com-
posed of southwestward dipping strata
of massive limestone, dolomite and
quartzite in the Rocky Mountains, Mac-

kenzie mountains, Wernecke Mountains,

and Ogilvie Mountains. These bedded
formations of Proterozoic and Paleozoic
age are broken by southwest-dipping
thrust faults which are commaonly hidden
along the bottom of tforest covered
valleys. The white carbonate cliffs
soaring above have invoked images of
fortresses, castles, steamboats and
cathedrals. The principal landslide types
are rock avalanches and debris flows.
Rock avalanches (or ‘sturzstroms’) in
the Eastern Carbonate Zone have left
deposits of angular debris on many
valley tloors. They bear witnessto
extensive post-glacial cliff failure along
the whole length of the zone. Rock
avalanches are especially common in
the southern Rocky Mountains and the
Mackenzie Mountains (Fig. 8A). There,
all major rock avalanches originated by
failure of carbonate and quartzite forma-
tions which dip towards the adjacent
valley floors (Cruden, 1976; Eisbacher,
1977 andin press). In the Rocky
Mountains bedding-plane failure affect-
ed slopes with strata dipping more than
25°. Inthe Mackenzie and Wernecke

Mountains, which are located within a
significant intra-plate earthquake belt,
seismically-induced collapse also oc-
curred above bedding planes dipping
less than 15°. Failure of as much as 400
to 500 x 106m3 of rock can be docu-
mented locally (Cruden, 1976; Eisbach-
er, 1977). The shape of the runout zone
of these most dangerous landslides
depends on the topography of the

Figure 8

A) Pre-histaric rock avalanche deposits of
about 100 x 106m?* of carbonate rock near
Bonnet Plume Lake, Yukon Territory. Failure
occurred on a wedge defined by a bedding
plane and a fracture surface. The Bonnet
Plume River has cut a canyon 50 m deep
through the slide material. B) View of a pre-
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adjacent valley floor (Eisbacher, 1978
andin press). If impeded in their course,
rock avalanches can climb slopes
several hundreds of metres high
(Fig. 8B), and no man-made structure
could withstand the force of direct
impact.

The most disastrous historical rock
avalanche in western Canada, probably
triggered by coal mining, resulted from

historic rock avalanche lobe near the head-
waters of Besa River, B.C. The frontal part of
the avalanche surged to a height of 250
melres above the bottom of the tributary
valley, the remainder of the material con-
tinued to stream several kilometres down the
main valley. The dip of the rupture surfacein
the foreground is 29°
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the failure of a carbonate cliff on Turtle
Mountain above the town of Frank,
Alberta, in 1903 (McConnell and Brock,
1904; Daly et al, 1911; Cruden and
Krahn, 1973). It is interesting to specu-
late on whether the name Turtle Moun-
tain implied only the shape of the
mountain behind the town-site or whe-
ther it also signified slow movement of
the ridge top, possibly noticed by the
locals long before the catastrophy!

Another manifestation of a large rock
avalanche in the Eastern Carbonate
Zone may be the enigmatic Foothills
Erratics Train. This regionally extensive
band of angular rock slabs of Rocky
Mountain lithology in the outer Foothills
of Alberta has fired the imagination of
many a geological visitor. The blocks are
now thought to have originated by alate-
Pleistocene rock avalanche onto a
glacier in the central Rocky Mountains
from wherethey were transported piggy-
back on the surface of the piedmont ice
sheet as far as 600 kilometres to the
southeast (Stalker, 1972).

Debris flows of the Eastern Carbonate
Zone arerelated to excessive autumn
rains, springtime runoff, or glacial melt-
water. The large input of water neces-
sary to initiate debris flows often origi-
nates step-by-step from temporary
ponds and saturated ground, and a
growing plug of wet debris, incorporating
Icose material in its path canreachthe
lower part of its course with devastating
force (Fig. 9). Historical debris flows are
known along all major transportation
routes through the Carbonate Zone (e.g.,
near Field B.C. and Muncho Lake, B.C.).

Foothills Zone

The Foothills Zone is thetransitional belt
between the strongly-titled formations of
the Eastern Carbonate Zone and the
flatlying strata of the Interior Platform.
There is no sharp boundary of the
Foothills Zone in either direction. In
general, the geology of the Foothills
Zone is dominated by gently dipping
Mesozoic and Tertiary sandstone, mud-
stone, shale, coal and bentonitic clays.
The most important landslides are rock
slumps in the south and earth flows in
permafrost terrain of the north.

Rock slumps occur mostly along high
river banks made up of the fine-grained
and poorly cemented mudstone, silt-
stone and shale (Fig. 10). They are
commonly triggered by high piezometric
pressures during spring runoff and

occur preferably on slopes whose
microclimate favours accumulation and
retention of snow (Beaty, 1972). Slope
stability is greatly influenced by the low
residual shearing resistance of clay-rich
stratigraphic horizons and the swelling
properties of bentonite beds. Many
riverbanks in this zone show retrogres-
sive slump scars and overlapping slide

deposits of variable age and size. Asin
the Interior Plains region (Scott and
Brooker, 1968; Thomson and Morgen-
stern, 1977; Mollard, 1977, p. 38-46)
many failures are translational towards
the rivers and slide surfaces are distinct-
ly non-circular (e.g., Thomson and
Hayley, 1975). Where strata are folded
and better indurated the slide surfaces

Figure 9
Track of a recent debris flow near Field, B.C.,

in the Eastern Carbonate Zone. This area has

been subject to repeated historical debris
flow activity probably related to build-up of
water in the glaciated upland area.

Figure 10

Soft-rock slump along the banks of Peace
River, B.C. A strong translational shding
component forced the toe of the slide across

theriver. The mounds, seen in the foreground,
suggest forceful injection of water trapped
below the slide mass.
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tend to be even more controlled by
bedding planes. The rotational compo-
nent of failure may be small comparedto
that of outward translation. The term
‘lateral spreads’ is then applied tothese
slope failures (Locat and Cruden, 1978,
p. 188-191).

Earth flows occur along silt and clay
slopes especially in the region of
discontinuous permafrost. If frozen silt,
clay or shale are exposed to seasonal
thawing, retrogressive flow slides or
active-layer detachment is a common
mode of slope failure along the northern
river banks (Rutter et al., 1973).

Precipitation, Relief, and Seismicity
Total annual precipitation, intensity of
precipitation, local relief, and seismic
risk inthe Canadian Cordillera are
unevenly distributed andtherefore affect
the intensity of landsliding differently
from zoneto zone. In Figure 11 a,b, ¢
annual precipitation, local relief, and
seismic risk respectively have been
subdivided into three somewhat arbi-
trary classes. Unfortunately, information
on duration and intensity of precipitation
is not available for most of the
Cordillera.

Total precipitation (Fig. 11 a) is shown
for areas with more than 1600 mm per
year (Class 1), more than 800 mm but
less than 1600 mm per year (Class 2),
and less than 800 mm per year (Class 3).

Local relief (Fig. 11 b) is generalized
into areas with relief exceeding locally
1000 m (Class 1), areas with relief
exceeding locally 500 m but not 1000 m
(Class 2), and areas with relief of
generally less than 500 m (Class 3).

Seismicity (Fig. 11 ¢) is shown by the
three seismic risk zones discussed in
Whitham (1975). They are based on
three classes of annual seismic acceler-
ation probabilities.

The areas of Class 1 for precipitation,
relief, and seismic risk have been
superimposed on one map (Fig. 12) to
convey afeeling fortherelative landslide
intensity that might be expected if
intrinsic local geology isignored. The
map suggests that natural landslide
hazard should be high in the Coast-
Insular Zone, St. Elias Zone and some
areas of the southern Cassiar-Columbia
Zone and the Eastern Carbonate Zone.
Observational material at hand does
indeed bear out that most of these areas
are characterized by high natural land-
slide activity. In particular, the narrow
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Figure 11

A) Three classes of total annual precipitation
inthe Canadian Cordillera, B) three classes of
local relief, C) three zones of relative seismic
risk. See text for discussion.

Figure 12

Superimposition of the areas of relative high
precipitation, relief and seismic risk on a map
of the Canadian Cordillera. It illustrates thal,
ignoring geological detail, high natural fand-
slide activity is to be expected in the Coasl-
Insular Zone, the St. Elias Zone, and along
several bands in the southeastern Cordillera.
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valleys in the vicinity of Vancouver and
steep slopes along a broad bell near the
B.C.-Alberta border are notable for their
abundant landslides. The map (Fig. 12),
however, cannot account for special
geological conditions such as those of
the Foathills Zone., or tor the impact of
regional hydrologic and climatic change
(e.g.. reservoirs).

Outlook

To date, approximately 160to 170
people have lost their lives inlandslide-
related accidents inthe Cordilleran
region. Total damage 10 structures,
roadbeds, fisheries, etc. probably ex-
ceods 100 million dollars. This may not
seern much compared to death damage
resulting from traffic accidents. How-
ever, two points must be considered.
first, most of the deaths resuited from
slides that probably were triggered by
man's aclivity (Frank - 70. Britannia
Mining Camp - 60. Spences Bridge -
15) secondly, human activity inthe
Cordillera, sofar, has been largely
restnicted to landslide-safe’ areas.

The high cest of building and main-
taining large reservoirs and roadbeds
more remote parts ¢f the Cordillera and
the increasing use of landslide-prone
terrain in the recreational hinterland of
Calgary and Vancouver certainly require
that landslide hazard be appraised
promptly during planning of transporta-
tion routes, dam sites, and recreational
developments. Geotechnical praclice.
with a good track record in overcorning
troubte, can always be improved by
avording trouble,
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