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NTRODUCT I

o

This guidebook provides backurcund information for a field excursion deal-
ing with problems of slope stability and mountain torrvents encountered in the
southern Coast Mountains and the adjacent urbanized Fraser Lowland of British
columbia. The south-to-north transect, spanning a distance of apnroximately
200 km from White Rock near the Canada-United States International Boundary to
Pemberton in the Lillooet Vailey, illustrates the diversity of mass movements
of the Coast-Insular Zone of western Canada. This zone, characterized by steep
granitic and volcanic bedrock slopes, Tocally mantied by surficial HPFCw;.b,
subject to intense precipitation and recurrent seismic activity. On the east,
some 150 km inland, the Coast-Insular Zone abuts against the Intermontane
Plateau Zone which has a dry climate and thevefore distinctly different siope
stability problems (Eisbacher, 1973).

S

The excursion follows Highway 99 (White Rock-VYancouver-Horseshoe Bal
Squamish-Whistler-Pemberton) and focuses on the entire range of mass movements
from small precipitation-triggered slumps in surficial deposits Lo nhuge earth-
quake-triggered rock avalanches. The guidebook also includes capsule accounts
of historical destructive mass movements along the transect, as reported in
newspapers filed at the Vancouver Public Library.

Figure 1 shows the route of the excursion with page numbers of the quide-
book where specific sites are discussed in detail. The description of the
sites proceeds from south to north d]tuough logistics may requive some sites Lo
be visited on the way north, others on the way south.

GEGDYNAMIC SETTING OF THt SOUTHERN COAST MOUNTAINS AND FRASER LOWLAND

The southern Coast Mountains of British Columbia are underlain mainly by
plutonic rocks of the Coast Plutonic Complex, comprising quart/ diorite, yrano-
diorite, and diorite; true granites are rare. K-Ar dates of plutonic rocks,
indicating in general times of cooling, range from Jurassic to Eocene.

these ages decrease from southwest to rortheast. However, along 2
zone that extends from Harrison Lake northwestwards along the Litlo
valley several high-level intrusions have yielded Miocene K-Ar datc
2 of Figure 2, with data from recconnaissance maps of Woodsworth, 1977, and
Roddick and Woodsworth, 1979).

The plutonic rocks intrude a variety of sedimentary and volcanic succes-
sions ranging in age from late Paleozoic to Tertiary. Remnants of the Sﬁf.
mentary-voicanic assemblages are preserved as metamorphic septa and roof pe
dants strung out between the intrusive complexes and }uxtapoced along major
northwest-trending fault zones. Metamorphic foliation in sedimentary, VP!Cdﬂ1£
and older intrusive rocks shows predominant northwesterly trends paralieling
the overall topographic grain of the Coast Mountains. Younger fracture <0c55
shear zones, and mafic dikes are parallel to, but also discordant with older
penetrative fabrics.

o Near Vdncouver, along the southwestern flank of the Coast Mountains, Late
Crotaceous to Eocene fluvial sediments onlap the deeply eroded Coast Plutonic



Figure 2 {opposite page) - Physiographic-neotectonic setting of the
southern Coast Mountains of British Columbia. Note the en echelon
arrangement of the Pleistocene velcanic complexes of Mt. Garibaldi,
Mt. Cayley, and Meager Mountain; the heavy lines suggest the northerly
trend of the principal eruptive centres in these complex.

HF indicates the Jocation of Holocene fault scarps. Circles are
first motion solutions for five recent earthquakes in the area;

P is the inferred compression axis, M is Richter magnitude (from
Rogers, 1979). Dots outline coastal zone and stipple pattern
delineates areas of thick surficial deposits.

Inset 1: Location of offshore ridge-transform faults of the Pacific
Occan (broken line) and related zones of notable seismic activity
(criss-cross pattern); Plio-Pleistocene volcanic centres are shown
as triangles and the orientation of the compressive crustal stress
regime is shown by bold arrows (from Sbar, 1982).

inset 2: K-AR ages of plutonic rocks in the southernmost Coast
Mountains, projected onte Tine A-B (data from Woedsworth, 1977,
Roddick and Woodsworth, 1979).
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Complex. Along the northeastern flank of the mountains an 0ligocene(?7) land
surface is capped by late Miocene basaltic lava flows that range in age from 6
to 10 Ma (Parrish, 1982). The present high position of these lavas and a young
cooling history revealed by fission track analysis of plutonic rocks suggest
that a low-lying gently rolling, mid-Cenozoic land surface in the area of the
present southern Coast Mountains was elevated 2-3 km in Plio-Pleistocene time,

implying an average rate of uplift of up to 0.75 km/Ma (Parrish, 1982).

During the fast 2 Ma several volcanic complexes along what is known as the
Garibaldi Volcanic Belt were superimposed onto the rising pedestal of the sou-
theyrn Coast Mountains; they are the Mt. Garibaldi, Mt. Cayley, and Meager Moun-
tain complexes (Mathews., 1958; Read, 1978; Souther, 1980). The eruptive centres
within each complex trend siightly west of north and appear to be controlled by
fracture zones separvating valleys from mountain ridges of possibly pre-Pleisto-
cene age {Fig. 2). The Garibaldi Volcanic Belt is part of a Pliocene-Recent
volcanic province that extends from British Columbia scuthwards into the north-
western United Stotes (see INSET 1 of Figure 2). The most recent eruptions in
the southern Coast Mountains occurred about 2350 and 2000 years ago in the
Meager Mountain area {Souther, 1977).

Neotectonic history and seismicity of the southern Coast Mountains are
broadly linked to an offshore ridge-transform system with predominant north-
directed right-lateral displacement of the Pacific plate (Milne et al., 1978;
Keen and Hyndman, 1979). As indicated on INSET 1 of Figure 2, most historic
seismicity has been otfshore. First motion analysis of a few earthquakes with
epicentres in the onshore area of southwestern British Columbia and northwest-
ern United States suggests that this part of the North American plate presently
is under north-scuth compressive stress (Rogers, 1979; Shar, 1982). The largest
onshore earthquake in recent history had its epicentre on central Vancouver
Island and occurred on June 23, 1946. Shaking related to this seismic event
caused numerous siope failures and extensive ground subsidence (Mathews, 1979;
Rogers, 1980). FEvidence presented in this guidebook indicates that Targe pre-
historic earthauakes occurred within the Coast Mountains, creating fault scarps
and possibly triggering large slope failures.

During Pleistocene time north-south compressive stresses may have favoured
extrusion of lava from magma chambers aligned on north-trending basement frac-
tures and accounted for part of the subsidence recorded in the extensive Pleis-
tocene deposits of the Lower Mainland of Vancouver.

PLEISTOCENE GLACIATION(S) AND RELATED SURFICIAL DEPOSITS

The Quaternary history of southwestern British Columbia has been summarized
recently by Clague {1981) and Clague and Luternauer (1982). For details and
further references the reader is advised to consult these two publications.

‘ Repeatedly during the Pleistocene, the mountains, lowlands, and parts of
the continental shelf of southwestern British Columbia were covered by glaciers.
At its full development the vast Cordilleran ice sheet extended more than 300
km south of the US-Canada border and reached an elevation of 2000 metres in the
southern Coast Mountains. Much of the unconsolidated deposits filling the val-
leys and lowlands of the region were laid down during the last major glaciation



(Fraser Glaciation) and during the immediately preceding nonglacial period
(Qlympia nonglacial interval). The Tow-lying areas southwest of the mountains
were sites of deposition for thick proglacial sand (Quadra Sand) between ahout
25,000 years and 18,000 years ago; they were subsequently covered by till and
gravelly ice-contact sediments (Vashon Drift). During recession of the ice,
between about 13,500 and 10,000 years ago complex successions of glaciomarine
diamictons, subaqueous outwash, sands, gravels, dropstone laminites, fan delta
deposits, and marine clays were laid down on coastal Towlands depressed by the
weight of the jce. Isostatic uplift, Tocally exceeding 200 metres > rapid
and essentially complete at Vancouver about 11,000 years ago. In the ¢
Mountains deglaciation was accompanied by resurgent volcanic activity, parti
vlarly in the Garibaldi area. Volcanic c}iffs that had formed hign above an
at the contact with the glacier ice became unstable escarpments, which reiveated
and continue to retreat by sporadic Targe scale mass movements {Read, 1977
Moore and Mathews, 1978; Clague and Souther, 1982). After retreat of the dla~
ciers and completion of isostatic adjustments, deltas, including that of the
Fraser River, prograded into the Strait of Georgia and narvow ficrds of the
mountainous Pacific coast.

Throughout postglacial time torrents have discharged theiv bedload from
steep catchment basins onto adjacent valley floors and into fiords. Sporadic
debris flows channeled down the torrent courses have been and continue to be a
significant mechanism for debris transport from the heights of the southersn
Coast Mountains to low-lying terrain. The ability of torrent systems to o
duce potentially destructive debris flows depends on the topographic-ge
parameters illustrated in Figure 3: steep catchment areas. voluminous b
sources (surficial deposits or unstable bedrock slopes), narrow gorges, and
depositional fans (or cones).

}J
Too

PRESENT CLIMATE AND VEGETATION

Moist air moving eastward from the Pacific Ocean and vising slong i
western stope of the Coast Mountains is generally responsibie for perivds of
heavy precipitation in coastal British Columbia. Most precipitation falls in
dutumn and winter. Mean annual precipitation ranges from approximately 1500
in Vancouver to 3500 mm in the high mountains. Superimposed on tha Strong re-
cipitation gradient from the Fraser Lowland to the Coast Mountains is the temp-
erature-sensitive control on the position of the winter snow line along slopes
facing the sea: winter snowpacks of 300 to 400 cm may accumulate aboye 1000
while no snow at all may remain on the rain-swept lowlands. Thus, sudden rises
in ambient air temperatures accompanied by heavy precipitation may lead to
rapid snowmelts enhancing torrential runoff. On such occasions thin-skinned
failure of saturated soil veneers and embankment erosion along torrent channels
may combine into potentially destructive mass movements.

In their natural state the lower mountainsides of the southern Coast Moun-
tains are covered by coast forest which is dominated by Douglas fir (Pseudot -
2Uda menziesii), western hemlock (Tsuga heterophylla), and western cedar (Thuja
plicata). Tocally, stands of pine (Pinus monticula and Pinus contorta) pre-
dominate on dry ground and rocky ledges. Flood plains, torrent embankments,
and snow avalanche tracks are commonly covered by thickets of alder (Alnus) and
maple (Acer). The coastal belt, which includes Vancouver Island and other
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sl ter istands, is the most productive and cconomically significant

o fores:
cegton in Canada,

Abcve alevations of approximately 800 to 1000 metres the cogs,

stal subalpine
forest zone succeeds the coastal forest. The subalpine forest zone is charact-
erized by Tirs (Abies amabilis and Abies lasiocarpa). and mountain hemloek

(Tsuga mertensiana).  Between elevations of 1800 and 2200 metres a generally

narrow belt of alpine weadows leads into tundra or bare bloc:y dobris Teft by

mountain giaciers during their reteeat frow their mid-19th century Neoglacial
torminal moraines.,

ABRIEE HISTORY OF DEVEL OPMINT

before tne 7irst white explorers, miners, scettiers, and loyggers SLruggled
up Lhe rivers of the southern Coast Mountains, valleys and fan deitae
mikabited by bands of the Sqlish people.  Durving and after Lho Fraser and
caribou golbd rushes in the mid-19th century trails were blazed acvoss the
denvely vegetated mountains Lo provide access to the interior reqion,  pate in
the 19th century colonization gradually extended across the Fraser Lowland ond
intu soie 0F the more hospitable mountain valley: {(e.g. Lillooet Vailey).

PSRN

I 1999 Anaconde Lopper began to exploit « rich polymetaliic CUpher iee

Loon Howe Sound, south of Squantish.  The comaumity of Critannia,buiis qv
the site of the mine,was serviced by boat until the mid=-1950s, ol thereat or
by voad.  [he pine eventually closed in 1974 and s now partly usad as g nining
nus e,

HUs

Stnce 1914 @ railroad has connected the town of Squamish ot ihe head of
Howe Sound with the town of Lillooet in the interior, Untii the mid-1950¢
Squamish used to be a point of transfer for resources from the norihern in-
terice outo ships or barges.

In 1920 Garibaldi Provincial Park was established along Lhe easterr -
Tands of the Cheakainus River valley to attract visitors to the FegrTon and o
protect the scenic volcanic peaks from the gradually expanding forest resayrce
dseand mining exploration.

I 1956 veoad and rail beds, carved from the steep bedrock ¢1ifis viying on
the east side of fowe sound, finally connected Squamish with Vancouver, A
hydioelectric installation (Cheakamus Dam) was constructed in Cheakamus Valley
~6on thereafter, and high-voltage transmission lines were installed in the va)-
ley to transfor power from other generating plants farther north to the rapidiy
deveioping urban centres of southwestern British Columbia.

In 1965 extension of Highway 99 from Squamish to Pemberton opened this
bart of the southern Coast Mountains to tourists. In 1966 ski lifts and other
facilities were built at Whistler Mountain serving the expanding recreational
eeds of Vapcoyver,

‘ In the 19705 both 1ogging and recreational activities advanced into
xlthgvtu haccess ible mountain valleys. Real estate development, continycd
I“UU‘”Q, a necd for more transmission line Space, and intensified tourisn nre-
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Figure 4 - Rainstorm-triggered mass movements in surficial deposits
of the greater Vancouver area. Bold barbed lines indicate upland
terrace rims with slope regression due to debris avalanching, sltump-
ing and qullying. Dates refer to year of mass movements (after
Eisbacher and Clague, 1981). ~




sently pose considerable challenges to resource managers ov the Snuamish-
Pemberton corridor,

WHITE ROCK-VANCOUVER

Urbanized Uplands

L

Metropclitan Vancouver spreads from the low-lying delta surface 0F the
Fraser River onto the bedrock slopes of the southern Coast Mountains. Much of
the development of Vancouver and its satellite comiunities has accurred on
gently rolling uplands rising to about 150 metres above the sea. These terrace-
Tike uplands consist of unconsolidated Pleistocene deposits which in general
are capped by a blanket of impermeable ti11 and stony clay. Along the sloping
fringes of the uplands, natural and artificial surface changes have led to his-
torical mass movements of considerable cumulative tmpact (Fig. 4), Deep gul-
lies connect the upland surface with colluvial aprons and debris fans at the
foot of well defined terrace escarpments. Throughout most of t

he year the gul-
Ties are either dry or carry insignificant trickles of water, However, during
major rainstorms the same channels carry runoff that collects on farge imper-
Y

meable upland surfaces, commonly paved and insufficiently drained by stovm
severs. As most gully walls and terrace rims are subject to stead

volving a layer of tree roots, soil, or landfill to deptns of
any dramatic increase in the degree of saturation Facilitates ‘
veneers ot debris that may end up blocking runoff aiong the nervo
the bottom of the guliies,

Since the turn of the century 28 storms have caused siunificant Masy move-
ments at the edges of the uplands within the area shown 11 Figure 4 ([ishacher
and Clague, 1881). These storms have been ~haracteri;ed by ra all an exces
of 50 mm/24 h and local intense squails of short duration. Hear Yoarl hove
cccurred between the months of October and March.

The most notable mass movements occurred on 30 January 1888 (Haney), on 29
Novermber 1809 (New Westminster), on 20-25 January 1935 (University of B.C.), on
14-17 December 1979 (Port Moody, North Vancouver), and in January and February
aj retrogressive
e toe the terrace

he mouth of gqul-

guilying which leads to undercutting of homesites Tocated cjos
rims, b) debris avalanches and flows, which strike houses at
ties or block transportation routes.

)
1982 (White Rock). Damage from mass movements s inflicted hy
-

, A study carried out after the serious storm of Decembar 1979 identified
the principal areas susceptible to mass movements (Fig. 4) and the critical
meteorological controls (Eisbacher and Clague, 198 ). This and subsequent
experience shows that slide~-triggering rainstorms occur when a proncunced at-
mospheric depression is lodged in the Gulf of Alaska causing strong south-
westerly gusts, rising air temperatures, and local storm celis. Failure of
gully walls and upland rims saturated with overland runoff tends to occur dur-
ng the final phase of such squalls of rain.



SOUTH S URRFY

?‘ WHITERGC K

1004
| = _Gluciomarine diai 0
j / til clay
z o /S TSand. sit i
- 1% 1
R S |
km

igure 5 ~ The urbanized edge of the White Rock upland. A schematic
ross section illustrates the geclogy of the rim. Major gullies are
shown as arrows. Built-over terrain is indicated by a criss-cross
pattern. Duprez Ravine and the gully directly to the east are
accessible from the road paralieling the rail track and beach in
White Rock.

.
f

~
[



A M
|
104 /""“‘
] /
10 G //
; WhiteRock
{ mass movements /
|
904" \\\ —
! . /
i
! \ ’/
80 v
I / /
! /
70{ Y
1 /
Lk i
South Surrey ”!
oV debris avelanche o1
\/ e ]‘
|
50-’
40 du“
I |
|
104 / 304
| /
J /
104 10 //
' / | s
/ | -
e [ H e e e et e
! B s M ) . i) 2 o ) R
———n JAN 2] —®w e JAN 74 e S e FEB N e e FEB 13— 2 FEB 14 <>

Figure 6 - Cumulative rainfall Surrey on January 23-January 24, 1982,
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nsupported. train crossing
box car were killed.

peviod of heavy snow fall, followed hy

a minor aully on the camopus of the

into a major ‘canyon'. A total voiume
uncontrolled runoff, partly due to col-

depl in surges towards the sea where o fon
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Y
J
I8

was byt

’fﬁ 1979, two separate squalls of rain tricoered
do,trrcr1ve debris flow along the terrace vims
xurin Vancouver, Several housas were demolished,
casualties {Eisbacher and Clague, 1981).
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White Rock-South Surrey

The conmunities

Fock and South Surrey are built on rolling and

seaward faring uplaid cscarpment bordering this upland along the scenic
semiahmoo fay offe unples of the type of mass movements that threaten
development ¢ wrwm%um sites in the Vancouver region {Fig. 5). In White
Rock~50nfh T everat gquilies dissect a partly built-over slope that rises
from *n( Sed {u am efﬂ tion of gbout 100 metres. Urbanizaticn has infringed
il $rims which here arve capped by an impermeable layer

‘*?ng of many trees indicates creep of the collu-
adic dncipient siumps along sand-clay escarp-
racks mt the foot of the up;nu Wﬂcf of

1 ict retrogressive ravines whose head-

o
TUN
I

White Rock-South Surrey area twice was subject
wed periocds of snowfall. On January 23, 1982,
within a period of 12 hours in Surrey (Fig

the storm a debris avalanche near Crescent

me.  Un February 13, 1982, after two days of snow,

Rock rose; during the following 48 hours a total

6) Near the end of the storm, on the night of

‘ inches and stumps broke away along steep gul-
The fal]ures involved natural surficial

ind trees.  Their volume ranced generally

600 m®., Some failures were triggered. by

:'\\L,g —
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oncentrated runoff from paved roads, parking lots (e.q, White Rock Arena),
fugged storm sewers, and inadequate drains. The foundat1ops of §evera2.homes
rere precariously undercut when headwalls of tributary gullies fa11ed‘ad3acent
0 or below the bui]diqgs. In Duprez Ravine (Fig. 5) a mass of Tandfill, mud
nd trees (about 150 n®) crashed inte and denolished the wing of a motel built
~cross the lower section of the qully. Fortunately the damaged part of the

tructure was unoccupied at the time of the mishap. West of White Rock several
ebris flows swept dacross the railroad tracks.

feceuse of its scenic setting, development of the White Rock-South surrey
pland wilt probably continue in the future: It seems that gully walls, ter-
ace rims, dnd Jandfill will have to be ulousily

re-enforced and runoff metic
mtrolied 3 danage during future storms is to be kept within tolerable 1imits.

VANCOUVER-SQU/MI S

The wmountains

north of Vancouver consist mainly of fractured or Mnassive
lartz diorite-granodiorite complexes intrusive into northwestmtrending folia-
d meta-aryitlites and volcanics., Howe Sound fiord extends 50 km inland, is

Lo 284 m deep, and is flanked by bedrock ridges rising steeply from the ses
elevaliony of abuul 1600 ma.s.|

At Lhe climax of the Fraser Glaciation tota] isostatic depression of the
astad Bringe of the southern Coa
}

: sU Mountains amounted to about 300 m (Claque,
SLYo During the period of rapid isostatic rebound ,which accompanied deglac-
Lion, the initial fan delta surfaces rose to 100-200 m above present sea

Ve, The elevated velict fans wepe deepiy entrenched

by mountain torrents
Fon continued to build new fan deltas into the sea (Fig. 7) The present-day
rents dervive much of their bedioad from embankments along these relict
wvin-deltaic deposits ('low-leve! source areas' in Figure 7) and from pockets
Pledstacene ice-contact debris and Holocene rock fall talus {'high-Teve]

e areas! i figure /) along the crest of steep catchment areas .

Alony Howe Sound ti

U
yes s genevally controlled by noritheast-
northwes

c-trending metamorphic foliation.

e orientation of imajor bedrock cl1ifts and torrent

Or north-trending fractyre zones

Alony

Lhoie Jower reaches, the Lorrent Jorges are covered hy dense forest,
the upper part of torrent basins,

tributary ravi

nes are commonly also well-
ured snow avalanche tracks. On north-facing slopes snow avalanche tracks
ch down to approximately 300 m a.s.l.:; in general, snow avalanches do not
ch Hig

ghway 9g

Recurrent destructive mass movements along the narrow s}

d include a) debris flows and debris floods from high-
SOUrce areas, p) submarine slope failures in
rock falis fron natural cliffs or artificial C

10re zone of Howa
and low-level deb-
unconsolidated deposits, and
uts.

jne sectiogn of Highway 99 connecting Vancouver and Squamish is divided
IO pavts with regard to the salient slope stability problems: West
-Ogver,.Horseshoe Bay-Brunswick Point, Brunswick Point-Porteay Cove, Porteay
TOMmISh, pulTouts and parking lots along this heavily travelled road may
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Figure 7 « Diagrammatic illustration of debris sources al

torrents discharing acress fan deltas into fiords of the
southern Coast Mountains.
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het be suitable Tor certain vehicles and disorefion shoy when
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crossing tne hidhway,

West Vancouver
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Ti
comprise
Capilae
fan oesta
Fau*1ar
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Several mountain torrents with gradients between 147 and 18% (11Y and 120)
cend from forest- coverpd boqror s]ope< that are mantied by enly thin  uncon-
idated sediments {generally till). Below the 200-petre contouy the torvant

25
)1
charinels are cut 1nto fate .1pl~tugpre fan delta deposits, During severe

storms unprotected channel embankments are subject to erosional scour. Rou]derj
debris from Tow-level sources may block culverts ard cause serioys floodi) ing on
uilt i

\
C-gver debris cones and shovreline flats below,  In addition terrace rims
are susceptible to shallow debris stides.

On July 12, 1972, a freak sumier rains orm dum“
onto the slopes of West Vancouver; several Lorcents :
ilized from a construction site was propelled down Porw

siderable erosional domage to roads and proper &

have since been built in West Vancouver to n@]vg

During the night of October 30/31, 1581, a regio
north shore mountains, One of the West Vancoy ey fy
ally undercur its bouldery embankments and piug a :
eroded along the embankments. Debris angd Ticod water itied over UL
culvert and onto the inconspicuous cone of ihe torrent wi is completely
bu1 t over. Damage from this debris flood was e- retween §500.0600

1,000,000,

In recent years there has been app )thubﬁﬁﬂ concerning osotential evrosion
and flood damage atong other creeks as well Effective st aufsasaflnn sf chan-
nel walls by revetments may be Wequ1red to prnteﬁ* propertias along tha norm-
ally tranquil mountain streams during phases of severe storm runoff,

Horseshoe Ray-Brunswick Point

X At Horseshoe Bay Highway 99 turns sharuly to the north and enters He
sourid (Fig, 9). This stretch illustrates the hazard from mass movements, <
_d‘ﬂﬂﬁ high-Tevel debris sources and Fhunﬂe]Pd through bedrock ravines on
small bedrock promontories, debris cones, and fan deftas which have been syh-
ided for residential davelopment., Torrent channels and d> ravines along

e mounta | i)]xc *~rw1~atn upwards in h‘APOLk cliffs or snow avala nche tracks,
j“dl? *ﬂufl Fig aily exceeds 159, Some of the ,;119 ng siopes vere
10gged ip o} arnanced debris movement resulting from these act ivitie
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Figure 8 - Sketch map of the steep eastern shore of Howe Sound
north of Horseshoe Bay. Profiles of five towrpwts with debris
flow potential are plotted on the left; inverted-cup symbol
above the torrent profiles indicates location of high-level
potential debris sources.
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been denonstrated py O'Loughtin (1972).

Hoo

-5 ki onorth ot Horseshoe B Vi a bedrock spur that

a
ound.  Tts yupper pPart is cove

[

nto by d conical rock avalanche

20510 consisting of angular quartz diorite slans. Since mature forest covers

- blocky lobe it is at Teast 300 years old. The total volume of the Jobe is
approximately 300,000 to 400,000 n?; qtg source is a frdcture-COntro]1ed cliff

1 elevation of 600 m a.s.1. Most of the surface of the bedrock spyr
ringe of the rock avalanche deposit have been subdivided and buiit
residential buildings.

[l
-
{
o N S

GVeY Wil

2 Creek (4 km north of Horsashoe Bay) e g high-gradient torrent
/%) whose hbriﬁg?ﬁ“tributary branch is & northeast-trending fracture-control-
ted rock fall chute at an elevation between 800 and 1000 m a.s.l. Mobilization
ot blocky debris from this rubble-filled ravine produces debris flows that gat-
fer momentum in the gorge below and subsequently burst onto the steep debris
cone bordering Howe Sound.

Chigr

Un September 18, 1969, during a loca] rainstorm, a boulder flow of several
thousand cubic metres swept away the highway bridge and dislodged the railroad
bridge across the torrent. Two cars plunged into the gaping hole in the high-
way, but the four occupants survived., One car and 1ts driver disappeared along
this stretch of road, and Presumably were carrie¢ t0 sea by the debris flow.
e winter of 1968/69 had been characterized by cycles of abnormal freeze-thaw
dutivity (see Porteay Cove); massive rock falls into the upland ravine of
Strachan-2 Creek may have provided an unstable source of granitic rubble which
was mbilized during the September storm. A strong steel concrete bridge was
constructed acrossg Strachan 2 Creek after the debris Tlow,

On December 4, 1981, a squall of rain {apgroximaieiy 2030 mm/5 h) coupled
WILh rapid snownelt at higher elevations mobilized some 30,000 to 40,000 m? of
lebris inciuding blocks with diameters of more than 2 metres, from the rubhle-
Phted Strachan-2 upland ravine, Fortunately, the Nighway bridge withstood the
; ure of [he slew-moving boulder tobe and diocked i« further advance onto
Lite debris cope where severa] residences had sPrung up in the 19705, Neverthe-
| ' Pperson was killed during the hasty evacuation. At present, four
CPOss the apex of the cone, providing some protectiaon to the houses
Ledow,

vy

Focatog

CLions Bay s 4 community built mainly on the shoulders of ap incised
‘szgt delta cone. However, some buildings also flank the only slightly in-
IS0 Channel on the recent fan delta.

Huring the storm of September 18, 1959, when several other torrents in the
4 sitlled bedload into the Sea, Harvey Creek (gradient 23%) was flowing at
drikiull stage and carrying a substantia) load of trees and boulders derived
POl G gi-leve point source in unconsolidated deposits. The peak of the
ebris r]ood, estimated at more than 100 m®/sec (Russell, 1972) damaged severa]
UHES Gn the delta cone. A large clearcut, stretching across most of the catch-

Ty f

SUedTedy may have intensified runoff that mobilized the main pulse of debris,

ortn of Lions Bay) is a high-gradient creek (gradient 48%),
/ation of abouyt 1300 m a.s.1. to a small fan delta on Howe
1981, near midnight, a smal] avalanche consisting of syr-
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FRACTURES INDUCED BY
fre—""" BLASTING

Figure 10 - View of the sheeted structure in weakly foliated
quartz diorite along Highway 99 at Porteau Cove. Note that

there are two sets of Jjoint sets, both roughly parallel to
the surface.
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oyt the centrad wooden support columns of the hignway brridge, slicing an 18-
qetre chasm across the road bed. Ar usoccupied residential building on the fan

N

delta was carri tn sea.  Seyoeral vehicles approaching the bridge in vain-
1
i

swept darkness plunged into the gap and disappeared in the debris streaming to-
wards the sca, The qccidents olaimed 9nlives. In 1982/83 a new free-span

steel-concrete Lridge was Leinag completed across the torrvent.

Branswick Point-Porteau Cove

Foy approximately 5 okm between Brunswick Point and Porteau Cove, Highway 99
passes through one of the most serious rock fall zones in southwestern British
Columbia. Fxcavation of the vailroad track and highway bed in the late 1950s
resulted in vortical cuts which tocally are more than 100 m high. The bedrock
consists of intensely fractured northwest-trending meta-argillite and volcani-
clastics in the Brunswick Foint area, and massive quartz dior@te,characterized
by a weak foliation and widely spaced, surface-parallel fractures ('sheeting')
north of Porteau Cove (Fig. 9).

!

The B:gp;y}ggvfgjp§>:etamarg111ite section has experienced repeated rock
falls ranging from individual small blocks Lo large wedge failures. The large
failures are generally preceded by breakout of smalier vock fragments along

pre-existing fracture zones.

d
|

On February 13, 1969, a fall of 6000 m? closed the highway; on August 25,
1976, a fall of 1500 m® ciosed the highway for two days and also caused the de-
railment of a train; on January 16, 1982, when heavy snowfalls brought traffic

on the road to a standstill a single block fell from one of the cliffs on a
stopped car, killing one person. In 1972 one of the most notorious cuts
through the meta-argillite was stabilized by the application of a blanket of
wiremesh and shotcrete 5 to 10 cm thick, Horizontal drains were drilled above
road level., Effective scaling of this and other meta-argiilite cuts has proven
to be extremely difficult.

_ .For 500 metres north of Porteau Cove the highway has undercut a quartz
diorite c1iff with widely spaced (1-5 metres) and surface-parallel joints that
dip approximately 507 to the west. Blasting during construction probably
ODened several incipient 'sheet' joints in the weakly foliated but otherwise
massive rock mass. The fact that the rock is internally stressed is well
illustrated by a set of blasting fractures at the bottom of the cliff at
Por@eau Cove (Fig. 10). The fractures are roughly perpendicular t0 the weak
foliation and parallel to the 'sheet' joints.

On November 26
Porteau Cove cut onto Highway
moving along the highway, ki

1";”'“« i .
20H ., DThRey p’} 3

. 1964 . several thousand cubic metres of rock stid from the

99; on February 9, 1969, a slab landed on a car
i1ing three peonle; on February 17 and March 4,

were triggered due to repeated freeze thaw cycles. On July
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Er **MHIKVMLUG used Lo exploit a polymetallic cepper de

O LAWeS b trending and S'Fﬁg}y Soutﬁw est-dipping shear zone

valcaniciastics, ]ne mine
M

i
1

wposit located in a
o composed mainly of
11

operated between 1905 and 1974- is presently the

site of the 3.C. Mining Museunm.

Fdays of H1uenq much of

ann gradient 17%), although
t

21 was housed on the

; { amps weve also scattered
ARSI noof this tovrent, Judging {rom contemporary photos
Ramsay Oralon of th Britaonnia (reek )Lowh had lost its
Orest slorat and development activities Xals

At aE
fiﬂerdj dnu debzvs from unstable enbankments clogged the

Un October 23, 1921, heavy rainfall created aven more serious blockage of
he channel near low- level debris sources. Uhen one of several jog-~debris Jjams
Uist, a deluge of botiidery debris and unpy aofﬂd trees fanned over Brit tannia,
rushed aany bui]i'ng»§ swept others inlo the sea, and claimed 37 casualties,

L 1s possible that during this event a small fa:iu:o atong the delta front
Jused relreat of the shore face near the mouth of the torrent. Several targe
IQ?KS deposited during the catastrophe are stijl scattered about in the vic-
ity of the fiighway b!qup Crossing Britannis Creek.

SLability of bedp ock slopes in the vicinity of mine adits also created

>t|)uJ_u oblems.  In 1914 tunneling may have contributed tn a progressive det-
Oration of an unstable b bedrock ridge approximately 300 metres above Jane
Wi, A near- vertical crack un the ridge crest above Jane Camp was observed

'S bnotagraphed before March 22, 1915 fRansa/, 1967, p. 34). 0On this day a
‘1*“? CTpossihiy more than 100,000 w® of rock and water-saturated snow failed
?‘v Dugned inte the bunkhauses of the . camp where 50 to 60 men, women, and
s perish Traces of the rock avalanche can stiil be seen near the old
S Bedinel o - -

“slones Lo the west of the abandoned camp also show signs of in-



cipient failure.

Woodfibre is a major pulp will located on the Holocene fan delta of Mili
Creek, along the west side of Howe Sound across from Britannia Mine. The plant
and related warehouse-wharve complex were constructed more than 60 years ago.
At that time measures were taken to contrel the channel of Mill Creek where it
flowed acvoss the delta fan and over the vears had built a reguiar delta front
composed of sand and gravel.

On August 22, 1955, a mejor slump @

t the shore face dislodged a warehouse
and dock about 30 wm seaward. At the head of the slump water depths increased
by about 10 m and the disturbed part of the delta front apparently extended to
about 150 m below sea level, The siump occurred during low tide, the fiord
waters experiencing tidal ranges up to 4 metres. In a classic paper on submar-
ine slope fTailures, Terzaghi (1956, p. 17-22) analysed this failure and con-
cluded that the subaquecus slide 'consisted in the descent of a body cof sedi-
ment which was perched on the slope and the seaward slope of this body must
have been very much steeper than the normal siope of the delta front'., The
normal slope of the delta front is between 279 and 280. Terzaghi (1956, p. 27)
conciuded that the abnormal slope had been created by the accumuiation of sus-
pended sediment swept backwards against the shore face from a promontory arti-
ficially created at the wouth of Miil Creek. Movre recently Prior et al. (1931)
carried out a side-scan sonar survey of the delta slope off Woodfibre; it re-
vealed chutes, hummocky topography, and scarps. It also indicated traces of
submarine mass movements beyond the area affected in 1955,

Five kilometres south of Squamish, a Viewpoint along Highway 99 affords a
magnificent panorama of the eroded edifice of Mt. Garibaldi (2670 m), which 1is
the source area of the torrential Cheekye River., Figure 11 is a sketch of the
view in case the excursion reaches this stop during a downpour or in fog. Be-
yond the viewpoint and just south of Squamish, Highway 99 skirts the foot of
Stawamus Chief (650 m), a sheer glacially scoured wall of massive granodiorite
fringed by Holocene blocky talus and late Pleistocene delfa gravels.

CHEEKYL RIVER

(2]
D

tting

~ Located 5 km north of Squamish, the torrential west-flowing Cheekye River
drains a basin of 58 km?, Its mean monthly discharge, based on two years of
measurements in the 1950s, ranges between 2 and 8 m®/sec. During Holocene time
numerous instabilities in the uplands of the basin have led to volumirous deb-

E%i transport towards the confluence of the Cheakamus and Sguamish rivers {(Fig.

The crest of the Cheekye basin is the rugged and partly glacier-covered
Mt. Garibaidi (2670 m), a complex of dacite tuff breccia and ash flows, mainly
of late Pleistocene age. The present Mt. Garibaldi-Diamond Head ridge is the
remnant of an explosive volcanic dome; its western part probably was built out
over Pleistocene glacier ice (Mathews, 1952a) and wasted away together with the
Cordilleran ice sheet. The preserved eastern part rests on a pedestal of
Quartz diorite., Between 1200 and 2400 m a.s.1. the unstable west-facing wall
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M Viewpoint 5 km south of Squamish.,
late Pleistocene Mt. Garibaldi erupting in contact
e Lordilleran ice sheet.

e

Flgure 11 - Relow-
(2670 m) as seen
Above: Cavtoon of
With remnants of +t

Panorama of the volcanic edifice of Mt, Garibaldi
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and snow-avalanche

f the volcanic pedifice s
;‘

racks. Open ¢ !ikKN tong roment attest to in-
Toc AT ¢ nf tk ;‘] - I

sipient instabilities and t s of the volcanic

Jiff. Below *n° iributar T and debris from

.
vasy ot

he uplands collect in a bedrock -y ary biockage of Yogs and volcanic

lebris along this gorge probahiy : oo i ot massive flows

o the fan.

. relict fan terrace, older than the
cyved between Cheekye River and Mashiter
Diock-strewn surtace nf this relict fan abuts
svation of 500 m a.s.!., at its outer nerip«

+
inst stagnating lave Pleistoceone valley ice.
Wa
1

At the mouth of the Checkys
ain Holocene Cheekye fan, is
reek (Fig. 12). The epex of
gainst the Cheekye ¢ovrge a4t an
ery this fan possibly aggraded &
isappearance of the glacier ice,
ebris caused the Cheekye River to
ontinues to this day. The unruly
osits along embankmencs up to 90 tres high. Downcutti
hannel alsc has exhumed several Dedrock knobs onm the va

tatic vebound, an: ing supply of
ise these ~11u“ de a process that

5 the glider fan de-
£
1
]

tle Lh@ﬂky

mouth of a short bedrock

ay 99. The Holocene fan
Sguarmish and Cheakamus vive
iradation history of

oy northwest of Brackendak
same area {(Figs. 12 and 13).

The apex of the Holocene Checkye fan is at the
orge at an elevation of 200 m a.=.1. east of Hic
xtends from this point west to the junction of
rs, and south to Brackendale (Fig. 12). Part
his fan is recorded in a cut-bank of tne
nd in a gravel pit near the railroad tracks

Cut-bank and Cravel Pit

Approximately 300 m south of i

s conf

t nfiuence with the Cheakamus River, the
quamish River has eroded the toe of the (! ce<yo fan. exposing a cut-bank of up
0 13 m of sediments d1pp1ng gently to the south (Fig. 13). The section re-
eals five units from the river level up:

1) 1-2 w of buff to rusty-weathering sandy gravel with abundant subrounded
volcanic boulders and lenses of laminated clayeyv-organic silt; organic
material in the silt layers yielded a C,,-date of 58904100 years B.P. (GSC
-3256; coli. by F.W. Raumann, G. Banks, R‘ Price).

™
[

2.5 m of grey, angular, volcanic blocks {up to 1.5 m diameter) and similar
smaller components arranged without obvious stratification and probably
debris flow deposits.

3) 2 M of buff, parallel-bedded sand and gravel with rounded volcanic and plu-
tonic cobbles.

2o R - . s . 5 .
4) 2.5 m of massive bouldery deposits containing volcanic stabs up to 1 m in
diameter, probably debris flow deposit.

rY‘r A . .. e
5) 3. f moof well-bedded to lenticular nnel gravels containing lenses of
trossoadded sand. Imbrication of cobbles indicates average paleofliow to
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Figure 13 - Squamish River cutbank exposing debris flow and
] ¢

qu
fluvial deposit
for Jocation).

10

0

S at the toe of the Cheekye fan (see Figure 17



the SSW (S 250 Wj. This unit is alsc exposed in gravel pits east of the
railroad track.

The section records two cycies of vapid cgoradation, ea
the emplacement of a m§531vevdebr1s Tlow (units 7 !
f fluvial deposition in braided channels {units
3f the fan is covered by well developed soil a?ds‘x
immediate vicinity of the Cheekye River channel.

h characterized by

a4 subseguent phase
he present surface
t, except in the

-

Recent Debris Flows

The channel of the Cheekye River hugs the northevrn flank of the fan,
juided Tocally by exhumed spurs of quartz diorite. The braided channel floor
is 10 to 20 m wide, and is flanked by erosional embankments 2 to 5 m high and

5y bouldery depositional ridges up to 3 m high.

In August 1958, 'following a sudden rainstorm. thousands of yards of tuff
sreccia debris and logs rushed down the Cheekye River and huilt a fifteen-foot
nigh dam across the Cheakamus River .... Eyewitnesses say that the mudf1ow
noved at 5 miles per hour near the mouth of the Cheekye, flowed for several
ninutes, and appeared to be about 10 feet high' (Jones, 1959). From these
scant data it is estimated that the debris Jjobe had a total volume of 50,000 to
100,000 m®. According to accounts by local inhabitants, an even larger flow
occurred 'about 30 years' prior to 1958 (Jones, 1058}, Thus debris flows with
volumes in the order of 100,000 m® probably sweep down Cheekye River more than
ance every 100 years, on the average.

Development

The Tower Cheekye fan hosts the expanding community of Brackendale, rail
tracks, an airstrip, and a large transformer station. Brackendale extends onto
the fioodplain of the Squamish River, but is protected by a flood dike. The
Jpper fan is still covered by mature forest. Highway 99 crosses the Cheekye
River below the apex of the fan; above the bridge the 15-metre wide channel is
incised only siightly into the apex of the cone. A debris flow of the same
nagnitude as that in 1958 probably would spiil over the natural embankments and
could seriously interfere with the highway and the Cheekye bridge.

In the past, parts of the Cheekye uplands have alsc been logged in Targe
clear cuts and Brohm ridge has been the site of an aborted ski development.
Most of the unstable volcanic bedrock slopes are inside Garibaldi Provincial
Jark and thus protected from major denudation by logging.

BROHM LAKE

) quth of the bridge across Cheekye River Highway 99 follows the western
2ank of Brohm River, climbing gradually above the Cheakamus canyon. At Brohm
-ake tne road approaches one of several NNW-trending fracture zones in quartz
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iorite which are parai1e? to Cheakamus Va]!gyi :Approximate?y 0.5 km north of
rohm Lake the highway skirts a shattered c]1fv {on thg east) and passes }
hrough rock fail deposits (on the west). Abundant talus east of the road is a
roduct of recurrent rock fall activity from the broken ledges of hedrock that
ake up the mountainside.

The highway also crosses an area which suffered extensively from forest
ires in 1961 and 1963; the stark bedrock slopes above Cheakamus Canyon are now
overed by a first succession of vegetation. 7o the west Toom the spectacular
ranitic peaks of the Tantalus Range (2600 m).

CULLITON CREEK

On approaching Culliton Creek, Highway 99 hugs a bedrock ledge partly
intled with Tate Pleistocene ice margin deposits. Culliton Creek originates
. the snout of Warren Glacier (1600 m), which is fronted by bouldery Neg-
acial moraines. From there the channel of the torrent drops into a twisting
rge that follows the unstable southern edge of the Culliton tava flow (Fig.
). The steep front of the flow below the gorge is an ice-contact face where
wva congealed against the late Pleistocene glacier in the Cheakamus Valley
lathews, 1952b). Below the lava front the torrent is bordered by a terrace
mposed of relict debris flow and rock fall deposits rising up to 50 m above
e channel floor. The lava gorge and the terrace embankment supply abundant
ocky debris to the channel of the torrent. Downstream from these debris
urces the torrent descends into a second gorge carved in quartz dicrite and
bouches onto the bench crossed by Highway 99. Culliton Creek Joins Cheakamus
ver after flowing across a steep debris cone west of and below the highway.

buring the intense rainstorm of December 26, 1980, (see Whistler Village)
veral thousand cubic metres of debris and 16gs were pushed against the up-
ream embankment of the highway by the swollen Culliton Creek. The culverts
ross the road were completely blocked and overflow carved a wide gash into
2 road bed. Judging from the stream gauge records of other torrents of sim-
ir size in this region (e.g. Mashiter Creek) maximum flood discharge of

ITiton Creek during this storm amounted to about 30 times the mean rate of
scharge for the month of December.

The highway is being relocated from the mouth of the gorge onto a bridge
‘eral tens of metres to the west.

RUBBLE CREEK

Approachin
k Tedge hi
Ctured
tern rj

g Rubble Creek from the south, Highway 99 descends from a bed-
gh above Cheakamus Canyon through a series of deep road cuts in
quartz diorite to the level of the Cheakamus River. Skirting the
ver bank and passing the former settlement of Garibaldi, the highway
MOS Tor three kilometres along the southern sector of the Rubble Creek fan

_cone), 1t crosses Rubble Creek along the axis of the large debris accumu-
0N Tilling the valley at this point.
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Mas< Movements along Rubble Creek

The Rubble Cr i 74 km?. 1t extends from
jce-coveved mountain o5 at 2500 m o a.s.1. to the Cheakamus River at Garibaldi
(340 m) fhe uplands is i underlain partly by quartz dicrite and
Mesozoic sedimentary v v the Pleistocene lava flows and tephra
cones of the Garibald e (Fig. 15). The younqes+ units of the
Garibaldi volcanic ¢ are two andesitic flews (Culliton and Rubble Creek
flows) which erunted wker Peak and whose fronts abutted against the late
Pleistocere Cheakamus Va / giacier which at that stage reached an elevation
of about }35” metres (M 1S 1952a} On its north side the Rubble Creek lobe
is flanked by 4eve,a} subsidi nquﬂved I to IV in Figure 15. These

ns now fiiled by three lakes:
dn~ {1381 ), and Barrier Lake

subsidiary lobes
Garibaldi Lake {14 9 m)g Lesser Garibz
(1377 m). Downstream from the lakes r
cier created a steep ice-conptact face alo the front of the lava lobes. In
the uplands bevond Garibaldi Lake all but vestiges of mountain g]ac%ers disap-
peared. However, following the postglaci al Altithermal period mcuntain gla-
ciers of the region exper X renewed growth. Sphinx and Sentnnex giaciers
overrode subalpine forests ad from 6170 to 5270 vears B.P. (Mokievsky-7ubok,
1973). At their most advanced Neoglacial positions (1600 and 1800 AD) these
two principal sources of Rubble Creek probably calved directly into Garibaldi
Lake.

t and downwasting of the valley gla-

HDD’”

Today the ice-contact lava face below Barvier Lake is known as The Barrier,
Barrier Lake drains mainly through, rather than over, the cliff because the lava
flows and interbedded volcanic rubble are intensely fractured and highly per-
meable. Novrmally, the springs at the foot of the Barrier (950 m a.s.1.) flow
at a rate between 2 and 7 m®/sec {Moore and Mathews, 1978). Only during flood
stage does Rubble Creek discharge over the Barrier at the lower ocutlet of
Barrier Lake.

Because of its ice-contact origin, the initial Barrier siope must have been
very unstable: north-northwest-tvending fractures subparallel to prominent re-
gional fracture zones and steeply inclined columnar joints probably opened and
penetrated to the base of the volcanics behind the ice-contact face, Given the
vagaries of its subterrancan drainage, the cliff probably failed repeatedly

erading blocky debris towards the Cheakamus River. Although much of the mat-

rial reaching the main valley may have been carrvied away by the Cheakamus
R1ver some of it accunulated as a composite debris cone that interfingered with
the alluvial and Tacustrine deposits on the valley bottom. This cone has a vil-
une Sn excess of 100 x 10°m* and in the area of the lower Rubble Creak is about
40 m thick (Hardy et al., 1978, their Fig. 20). A weathered surface older than
600 years defines the main prehistoric debris cone (Hardy et al., 1978); this

surface is stiil exposed Tocally near the mouth of Rubble Creek (Fig. 16).

During the winter of 1855/56, a major section of the Barrier failed along
9 near-vertical composite fracture zone, causing a stream of broken rock, 30 x
10°m? in volume, te hurtle down Rubble Creek (Moore and Mathewa, 1978; Hardy et
ai., 1978}, The climatic and hydrological conditions, seismicity, and precur-
SAry siope movements at the time of the Barrier collapse are qunown Its
Bl sbvious to the exp|orer Major Downie two years after the event; he
vantl expanse of blocky and barren debris fanning a]l the way
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— e
R 1000 m y Garibaldi
Cheokumus River The Barrier Lake

“igure 16 - The Rubble Creek basin and longitudinal profile of the
torrents wote the debris lobe of 1855-56 (triangles) which originated
by Tailure of The parrier (see text)

=



T9ADGR DBYLD SIDUDUBSBA BYL WOUS PIALADIP
WAOJUL UBU30  *pasodxs sue Saul| plog Aq payurw sedeidns ayy Apug -(g/61
PUBH S//6T “udady ‘gasT ‘tubezas]) ey ep snueyesyy ayy 4o siLsodap 4ayzo

DT A ey e
\MQQLL [

L9any 9Uy3 40 sdLysuotie|ad Jrudeabiieans QL3eWsYdS ~ g1 sunbiy

(e 399
163804 TItang, S3diaw

43099 53381 T CHBBUT) 91QANM

48009 1v3e’
S ONYE 698, ~3md

FTYSvE WV0 SNWYEVIND

18 88¥3, 007 POl
EMDO@ INIDOLSIFYE 3iv1 [1vSwe STIWL 3NIMATNVYE e

Sfle4 sumhpuerg YiioN



jcross the valley. 17
superelevation at bend

«
T Cn O @
Sy
jot)
— O < v ot O

SRR VeI o H

the mobile mass descends
S I s T
lapping scme &0 m onts €

jebris stream, ca»ryjng slabs
spread over the northern ha ,
sequent bouldery flows, composed
rom the toe of the Barrier, cove
“loods, launched by the overtoppi
Jver buried tracts of forest on
‘ately below 1ts Junction with Eubb
il1led by these fionds a

S .
f kamus River. Sub-
rock fall talus
Debris
impounded Cheakamus
ire Cheakamus River immed-
rooted stunps of trees
T Cheakamus River.

%
)

7

~ A
~e st

In the 130 years th HGE fovast gradually reconquered
he Rubble Creek fan. Howeveyr, sonie of the agaradaiional fterraces along the
hifting torrvent channcl nave romained bavren to this Rubble Creek has
roded as much as 10 m into the apex of the debris ation. Occasional
ock falls Trom the Hary e o he lower
alf of the imposi 1977, approximately
00,000 m® of rock i uppey - face, covering most
f the springs at ths foo he hus (Moore and ‘ 78). At present
he 200-metre lava c!ifT rises abore a 300 metre 510+

Between 1955 and 1957 British Columbia’
nd-rockfill dam across the Cheakamus River
1960) was deeply involved in the design and
hich used the Rubble Creek slide not only
butment of the dam but also incorporated fine grained matrix material of the
lide into the impervious section of the dem. Adjacent to the
ent of the dam which is founded in quartz diorite arve Crogs
1ich is older than 34,000 Cy. years (Green, 1977). o

During ¢

an earth-

s hydro authority buil
{Cheakamus Dam). Var] ferzaghi
construction phase of this project

as a substratum for the southeast

ai

novitneast abut-
. 5 { R .

va flow

ction of the
i

il

ey ovalley. 10

AN

H
il a zone of 'buried forest' (Fig. 16) encountered belmy "Pubble (reek wash
sed several challenges to the dam builders. Tho comr Patsy Lake reser-
Jir was connected by a tunnel to a powernouse in the Souamish
1o

t
nto the west of and 343 m 1

{ &1} 5
wer than the level of the reservoir.

In the mid-1960s, when Highway 99 was built inte the area a consicerahie
er of weekend retrcats and pertanent vesidential idings sprang up in the
mainity of Garibaldi 2Tang the banks of the Cheakamus River west of {he figh-
1y . noFebruary 1972,

_ the British Columbia Department of Highways, which is
Sponsible for jand use regulations in unincorporated arecas of the province,
iprpved the fivst stage of a new subdivision for 126 housing lots on the Rubble
eef fan east of Highway 99. However, having been alerted by private citizens
' the potential slide | rd on the Rubble Creek fan, the Department of High-
VEfgﬁed to apprave the second stage of development for the planned subdiv-
©o ‘e reasons given hy the Senior Approving Officer were danger of flood-
A0 the pessibility of another catastrophic siide from the Barrier. This
>IN was appealed in court oy the developer (Cleveland Holdings), but thre
ﬁiiiwas gjsmés§ed.by Justice T. Berger of the Supreme Court of British
I The principal reason for rejecting the appeal was 'that there is

o]
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sufficient possibility of a catastrophic slide during the 1ife of the community’
= - ot i e s i - : : o 3 SN
(Berger, 1973). The Judgment establishes an important prececent relating to

the planning and develeopment of permanent settlements in the mountsinous regicn

recommended that concentrated development in the Rubble Creek Yailey and the
adjacent Cheakamus River-Daisy Lake Reservoir area be severely Timited. In 157
a provincial Crder in Council under the timergency Program Act des1gnatedgthe
Rubble Creek area as being too hazardous for human habitation and set aside
14,000,000 dollars to buy out and/oy relocate the property owners in Garibaldi,
Warning signs pointing out the potential slide hazard have been posted recently
along Highway 99 and on adjacent tracts of land. In addition., the Daisy Lake
reservoir has been Towered by 2 metres.

of western Canada. In 1978 the Garibaldi Advisorv Panel (Hardy et al,. 1979)

WHEISTLER VILLAGE

The community of Whistier (700 m) is a growing ski resort and summer yec-
reation centre. Development extends along a series of lakes (Alta Lake, Green
Lake, etc.) that dot the divide betwecen the south-ftlowing Cheakamus River and
the north-flowing Green River (Fig. 17). Torvents entering the main valley in
this area flow from presently glaciated upland basins through gorges flanked hy
bedrock and late Pleistocenc surficial deposits onto well-entrenched relict
debris fans at the valley bottom. During extreme rainstorms and/or periods of
rapid snowmelt embankment failures and debris avalanches contribute abnormal
bedlcad to the channels of the torrents.

On December 26, 1980, a two-day rainsLorm(and rising air temperature)aiong
the snow-covered mountains was the trigger event for extensive debris floods in
the southern Coast Mountains. Near Whistler Village the freezing level rose t
about 2000 metres and snowmeit combined with more than 100 mm of rain (Fig. 18
to createsudden runoff which mobilized logs from clegged channel reaches along
many torrents (e.g. Nineteen Mile, Twentycne Mile, and Fitzsimmons creeks).
Although the impact of most of the debris washed down by the swollen torrents
was neutralized by dikes or deposited in natural or artificial depressions
along the lower reaches, some damage was done to roadworks and bridges,

GREEN RIVER VALLEY (WHISTLER VILLAGE-PEMBERTON)

The valley of the Green River changes its orientation at Green Lake (610 m
a.s.1.) and winds north-northeasterly down to its junction with the Lillooet
V§11ey near Pemberton (200 m a.s.1.). Bedrock stopes adjacent to the Green
River valley rise to elevations above 2000 metres; the lowermost portions of
these slopes are mantled by highly varied late Pleistocene surficial deposits
and relict alluvial fans.

The most interesting features in the area with respect to slope stability
a™e: a) rock avalanche and rock fall deposits mantling bedrock slopes on both
Sides of the valley (Mystery Creek rock avalanche, stepped rock fall aprons);

bedrock scarps on Mt., Currie; ¢) debris movement and erosion along the
tOPantiaT Rutherford Creek; and d) stability of road and railroad cuts in
OCKy rock fall moraine near Nairn Falls (Fig. 19).
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Figure 20 - View of the Holocene fault scarp northeast of
Mt. Currie as seen from an aircraft looking south.
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stresses (see Fig. 2), and failures resulting from the con-
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¢ ‘ ins, where a regional sivess pattern from
studies « i s of car fﬂﬁuak(s suggests ngLnuaquh compression (see
Fig. 2) stress field would enhance 'spalling' along north-trend-
ing bedrock valleys. In addition, isostatic rebound might have aided in the

General expansiocn of mountain ridges. The opening of north- trending extension
fractures along ridges under reqional and topoagraphic stresses could

explain the location of young volcanic vents on north-trending mourtain ridges
of the southern Coast Moyntains North-trending 'antisiope' scarps of very
recent origin hnvp also been dea(r”bed by Bovis {1982) from an area 70 km west
of Pembharton, althoy

Zange - 3

.

a ditferent explanation - topnling in the near-surface

aposed by hin,

‘ Jstertord Creek 15 @ major western trihutary of the Green River. Above
1S dunction with the Green River it is incised into a Targe relict alluvial

fan whose surface is strewn with farge blucks. 1ts channel is flanked by near-
vertical 10-m embankments composed of very coarse unconsolidated fan deposits.
UJY=”9 floods these embankments are undercut Tocally and blocky-bouldery debris
CC"%PSP% into the raging torrent, creating dramatic shifts of the channel and
59@31”9‘ the ~Lage for further undercutting. Like many other basins in the

are§9 the Rutherford Creek basin has recently bnen opened to logging operations.
Bedload iy rnﬁ torrent has increased markedly below a major embankment failure

of late Pleistocene ice-contact deposits approximately 4 km upstream from the
mouth of Rutherford Creek,

During the rainstorm of December 26, 1980, one abutment of the railroad
bridge acrgss Rutherford Creek was washed out, necessitating replacement of the
whole Slructure.  Doring the same storm there was a major shift of the braided
RUENGr €010 O channel between the bridge and Green River.
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Nairn Falls is the site of a PPQJQHCia} P;fk ﬁrd‘gampﬁroynﬁ located on a
|der-strevn terrace on the west side of the Green Rlver: The Is them-
res are carved into dioritic dirock sogth ot the campsite and can be

1y above the falls the highway and rail

QC
fal

hed by a trail frem there. ’ -~ |

have been excavated from a farge transverse ridee of crudely stratified

+ Pleistocene surficial deposits (moraine composed of vock fa1] material?),

e granitic-dioritic blocks are suspended 100521y in a Finer grained matriy.
ng rain storms and snowmelt blocks have tumbled #rom the cuts onto rail and
beds creating considerable maintenance problems Recently, large segments

he cut have been covered with shotcrote,
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