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COVER PHOTO:

Atwell Peak (2650 m) in the core complex of the Mt. Garibaldi volcanic
edifice. Stratified pyroclastic breccia in the foreground was formed in a series
of explosive eruptions during the climax of the late-Pleistocene Fraser
Glaciation.

These uncemented granular deposits are the source of 300 to 500
million cubic metres of debris in a series of terraces and fans along the lower
Cheekeye River. A need for expansion of the community of Brackendale
prompted comprehensive study of natural hazards in the Cheekeye Basin
(Technical Tour 1). Photo by J. F. Psutka, 1991.
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Vancouver, B. C.
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Destruction resulting from
1983 Debris Torrent

Figure 6

200 YEAR FLOOD LEVEL ——

1 Vb
ald :rl

;//// \
’Fﬁx&& s o
xy,i /)‘”7; } 7\iV1\ e

BAYVIb vy K,

‘y "
\i,%.l{,/ ) “ ] k (Il\j; /’ ! \/’
FE *,' iﬂ = R

'l

7 %)

Proposed Channelization

Alberta Creek debris channel. (From a sketch drawing by Ker Priestman

Associates Ltd. Photo D.F. VanDine)
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Figure 7 Rockslide near Loggers Creek, north of Lions Bay. a) in 1987, b) following the
main slide in 1991. (Photos courtesy of Mr. H. Bartle, P.Eng. of B.C. Ministry
of Transportation and Highways.
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The 1964 rockfall at Porteau Bluffs (Drawing by N. Skermer).

Figure 8
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A near vertical face of quartz diorite shows well-developed sheet jointing striking parallel
to the highway. The rock dips westerly towards the road at approximately 50 degrees, which
is steeper than the angle of friction. These joints, with an average interval of 3 to 8 feet, are
cut by widely spaced, east-west trending joints which dip vertically. The two critical joint sets
are roughly parallel to the surface.

The slides are usually triggered by repeated freeze-thaw cycles during winter months,
sliding occurring on pre-existing planar surfaces. The wide spacing of the joints adds to the
severity of the slides, because large rock blocks are involved. South of this area, where the rock
is closely jointed volcanic or metasediments, the amount of rock that falls at any one time is
relatively small.

A major scaling and stabilization program was completed at Porteau Bluffs by the
Ministry of Transportation and Highways in 1991. The cliffs were cleared of vegetation and
thoroughly scaled. Some 3,000 metres of galvanized steel resin grouted threadbar anchors were
installed, some as long as 10 m. Permanent displacement prisms were attached for long term
monitoring. Figures 9 and 10 show scaling operations in progress on the cliffs.

Just north of Porteau in a rock cut, a minor rockfall occurred on Saturday 16th January,
1982. A large boulder fell from the high cliffs on the east side of the highway and struck a
stationary car on the northbound lane. The passenger was killed and the driver badly injured.
The car was in a line of traffic stalled by heavy wet snow on the road.

The boulder was pried off the rock face about 40 m above road level. A fir tree with
its roots in a crack between the intact face and the rock that fell, appears to have toppled under
the weight of heavy snow that was falling that morning. The tree prised two boulders loose.
Both fell onto a bench below, and one slid off crashing onto the car on the roadway. The other
boulder was later pushed off the bench by highway officials. The boulders would have been
about to fall for a long time, and critical conditions just happened to arise that particular
morning. The point from where the boulder fell is a natural rock face covered with clearly
defined glacial striae. The rockfall was the first from this particular segment of rock slope in
the time since deglaciation.

The highway cut in weaker argillite rock below is about 25 m high, and the face has been
treated with shotcrete. The boulder seems to have fallen from a point above the cut made for
the highway.

One of our tour guides (Skermer) gave evidence at the Coroner’s inquest regarding the
cause of the falling rock block, while our other guide (Hungr) analyzed the trajectory of the fall.

The analysis of the rockfall, summarized in Figure 11 uses impact parameters typical of
small fragments. This is justified not so much by the size of the block, as the limited velocities
developed in such a short path. A small initial drop is specified, to account for the velocity
gained in toppling failure. As would be expected, the path is dominated by the bouncing mode
and free flight. The simulation indicates that the boulder struck the car with a velocity of
approximately 28 m/s (100 km/hr).
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Figure 9

Porteau Bluffs during scaling operations
Transportation and Highways).

(Photo courtesy
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Figure 10

Rock bolting with a bencher drill on the Squamish Highway (Photo courtesy B.C.
Ministry of Transportation and Highways).
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Dynamic analysis of the trajectory of the 1982 rockfall accident north of Porteau.
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As a result of this accident the driver of the car sued the Ministry of Highways for
damages. The first action was brought in 1985 in the British Columbia Supreme Court, but was
dismissed by the judge on the grounds that the decision not to scale the slope above the cut was
a policy decision by the Ministry for which they cannot be held liable in a court of law. They
can only be held liable for operational functions if negligence is established. The policy decision
not the scale the loose blocks was said to involve ordering of priorities based on allocation,
province-wide, of limited resources. The decision was appealed to the Court of Appeal in 1986,
but was dismissed by all three appeal judges. They said that the danger of the rock becoming
dislodged was not apparent from the highway, and therefore the Ministry employees responsible
for inspection were not negligent. Finally, however, on appeal to the Supreme Court of Canada
a retrial was ordered on the grounds that the Ministry owed a duty of care to the plaintiff. The
B.C. Supreme Court concluded that the Ministry crew failed to meet the standard of care by not
conducting a climbing inspection. The Court ordered more than $1 million to the plaintiff in
November, 1991.

JANE CAMP ROCKSLIDES, BRITANNIA CREEK VALLEY

With 56 fatalities, the Jane Camp rockslide of 1915 is the second most destructive
landslide in Canadian history (after the Frank Slide of 1903). Unfortunately, very few details
exist concerning the technical aspects of this disaster. Even the site of the rockslide source no
longer exists, having been removed by open pit mining.

Jane Camp is the site of the original mine above Britannia Beach, where mining started
in 1905 (Ramsay, 1967). The camp was located on a bench in the south wall of the Britannia
Creek valley, at Elevation 1000m above the sea level. By 1915 there was a considerable number
of mine buildings as well as miners’ cottages, bunkhouses and a school located in the camp.
An aerial tramline connection was provided with the beach community.

The landslide struck at midnight, March 22, 1915. The anonymous composite
photograph kept in the B.C. Mining Museum at Britannia (Figure 12) does not show the source
area clearly. It appears to be several hundred metres above the camp, on the south-east side of
the large niche surrounding the camp bench. The initial path appears to have been not more
than 50m wide and very steep. The slide entered a gully leading towards the camp from its left
side, ran up the opposite wall of the gully to a height of about 30m, then descended towards the
camp on a slope of less than 30 degrees, incorporating talus and rock waste in its path. On
reaching the camp bench, the slide tongue widened to over 100 metres, destroying most
buildings on the bench. The maximum thickness of the debris was 15m (Ramsey, 1967) and the
overall volume is estimated at 100x100x10=100,000 m®.

The detachment mechanism is unknown, but sheared rock left in the area of failure after
mining has a schistosity dipping steeply into the mountain, suggesting that toppling may have
been involved. Cracks open tens of centimeters were observed in the crest area of the slide and
were inspected by company geologists two days prior to failure, but the danger was not
recognized.
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Figure 12

The 1915 rockslide at Jane Camp (photo courtesy B.C. Museum

of Mining).
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The mobility of the rockslide appears excessive, given its moderate magnitude and coarse
dry material. It may have been mobilized by snow accumulated in the gully leading towards the
camp.

The mountainside on the west side of the Jane Camp bench, opposite the source of the
1915 disaster is traversed by a series of large scarps and open cracks, suggesting displacements
of over 10 metres. These displacements are probably partly due to subsidence caused by ore
drawing operations underground some 50 years ago. However, given the steepness of the slopes
below the disturbed area, the posibility of a major rockslide must also be considered. The
disturbed area is presently being monitored by means of permanent survey prisms, observed
from a fixed instrument base in Jane Camp.

THE BRITANNIA BEACH FLOOD OF 1921

The Britannia polymetallic mine produced, over its active life from 1905 to 1974, in
excess of one billion pounds of copper as well as lead, zinc, gold and silver. The orebodies
extended in a zone 3 km long southeast of the mill on the Britannia shear zone, see Figure 2.
After the disaster of 1914, a new townsite was developed on the fan of Britannia Creek.

The Britannia Creek basin had lost most of its forest cover due to the initial mineral
exploration and development work. The creek is 8.5 km long with a drainage area of 28.5 km?
and gradients in the range of 3° to 11°. A sudden outburst debris flood occurred at 9:30 a.m.
on the evening of Friday, 28 October 1921. At first it was believed to be the result of the
collapse of natural dam of timber and soil debris that had slid from the banks of the creek and
temporarily ponded water. Later at the inquest civil engineers testified that, rather than a natural
dam, the cause lay in the collapse of a culverted fill that carried the mine’s railway across the
creek. The 2.5 m wooden culvert became plugged with debris, ponding 60,000 m*® of water
before it failed. When the fill collapsed the surge ("a wall of water 70 ft. wide by 3 to 5 ft.
high") destroyed 60 houses in the mining community built on the fan, see Figure 13 from the
Province newspaper at the time. Thirty-seven people perished. The flood occurred after days
of heavy rain culminating in a cloudburst that yielded an "unprecented” 146 mm in the 24-hour
period immediately prior to the flood. Conditions were made worse because "a warm Chinook
wind was blowing, which melted the snow in the mountains, adding their quota of water to the
already swollen stream." The coroner’s inquest found the mining company criminally negligent.
Further details are given in Skermer and Russell (1988).

The next incident in 1957 was a submarine landslide on the edge of Britannia Creek fan
when a portion of the newly constructed embankment slid out from beneath the B.C. Rail line
grade and left the rails hanging over a 50 m wide chasm.

When the beach community was destroyed in 1921, the company developed yet another
townsite at Mount Sheer, below Jane Camp. The townsite no longer exists. It is disturbing to
note, however, that a large debris avalanche swept over the townsite in 1990, knocking out the
abandoned basement walls of several miners’ cottages.



Figure 13

SRR

The 1921 flood damage on the fan of Britannia Creek (photo courtesy Vancouver
Public Library).
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The latest acts in the drama have been debris laden floods on Britannia Creek. The first
was a controlled flood in 1990 when an old concrete dam upstream was purposely breached for
safety reasons. The resulting flood swept a large volume of logs and boulders down the channel
into Howe Sound. The debris remained in the confines of the creek channel and little damage
occurred. An interesting video recording of this event was taken from a helicopter, and it is
available for viewing through the Ministry of Environment. A completely uncontrolled event,
however, occurred a year later, at the end of August, 1991, when unusually high summer
rainfall struck the Lower Mainland. The flood yielded large quantities of sand, gravel, cobble
and boulder debris and a large portion of the fan was overran. The highway plugged off with
debris, and the elevated railway embankment then acted as a dyke, with the result that the fan
was flooded with up to a metre or so of water. Much sand and silt settled out covering the
buildings yards, gardens and services areas and the highway.

STAWAMUS CHIEF

The Chief is a large batholith of quartz diorite rounded by glaciers into an imposing cliff,
standing 652 metres above the Squamish River estuary at the north end of Howe Sound. The
600m high massive, near vertical and partly overhanging west face of the mountain is favoured
with rock climbers.

Rockfall is not frquent on Stawamus Chief, due to the massive nature of the rock. The
occasional falls result from toppling or sliding of near-vertical slabs, separated from the cliffs
by sheeting joints. Professor W.H. Mathews was working on the Mamquam River fan on June
23, 1946 and heard a number of rockfalls on surrounding mountain slopes triggered by the
magnitude 7.2 Vancouver Island Earthquake. Fresh scars confirmed that blocks several metres
in diameter detached from the north-west face of the Chief during the quake.

As a result of low frequency of rockfalls, the talus deposits surrounding the mountain are
of modest size. It is interesting to note that the reach of falling fragments relative to the toe of
the slope is also very limited despite the phenomenal height of the source cliff. This is
illustrated in Figure 14, where the runout profile of the most mobile fragments from the highest
part of the west face of the Chief are compared with similar profiles measured elsewhere in
British Columbia (Hungr and Evans, 1987).

Another empirical rule proposed to predict the extreme runout of rockfall suggests that
the most mobile fragments reach as far as a line drawn at 32 degrees from the cliff top (Toppe,
1987). Were this applied to Stawamus Chief, the predicted runout hazard zone would be nearly
600 m wide and would cover large parts of the town of Squamish. This method obviously
cannot be applied here.

The limited horizontal reach of boulders from the Chief confirms that the initial
momentum of fragments falling from a vertical source is practically all lost in the first series of
impacts. Long horizontal reach is achieved only where fragments are able to build up sufficient
horizontal and rotational momentum by travelling over a long inclined segment of talus slope.
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STAWAMUS CHIEF 200 \\

metres

Figure 14 The limits of rockfall from the highest section of the west face of Stawamus
- Chief, compared with maximum runout profiles from other rockfall sites in B.C.
(after Hungr and Evans, 1987 and 1988). The profiles have been plotted with the
talus apex (cross) as the common point. Square: top of cliff, triangle: toe of talus
— deposits, circle: end of extreme boulder runout.
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MT. GARIBALDI, CHEEKYE FAN

Mount Garibaldi (2678 m) is the centre of a quarternary volcanic field covering an area
about 30km long and 15 wide, with nearly a dozen major vents (Figure 15). Deposits of lava,
pyroclastic breccias and tuffs ranging in thickness from a few metres to over 1 km result from
periods of volcanic activity spanning the last million years (Mathews, 1952, Green, 1990).
Exceptionally vigorous series of eruptions coincided with the last (Fraser) glacial advance,
26,000 to 11,000 years before the present.

Post-glacial erosion deeply incised the volcanic edifice. The head of the Cheekye Valley
in particular, advanced eastward to the centre of the main vent of the volcanic field, producing
a unique cross-sectional view of the volcano.

In Figure 16, the pyramid-shaped Atwell Peak on the right represents the centre of a
sequence of eruptions which coincided with the middle to later stage of the Fraser Glaciation.
Vertically structured lavas and pyroclastics of the central core of the vent form the steep cliffs
of the peak. The eruptions were of an explosive Pelean type, expelling flows of hot fragmented
material from the vent. Surrounding slopes are formed of a thick cone of faintly bedded
pyroclastic breccias concentric on the peak and dipping outward at 10 to 12 degrees. These
" Atwell breccias" are well exposed in the 800 m high gullied headwall sloping at 43 degrees to
the west and north beneath Diamond Head and Checkye Ridge.

The pyroclastic breccias are uncemented, dense and free-draining. They consist of a
poorly sorted mixture of angular dacitic lava fragments ranging from silt to blocks several
metres in diameter. Up to 60 percent by volume is sand and silt. It is this granular nature of
the volcanic deposits which is responsible for the rapid headward erosion of the Cheekye Valley.
Fragment fall, sheet erosion, gullying and shallow sliding are processes releasing quantities of
granular debris from the headwall into the Cheekye drainage.

The top surface of the Atwell breccia cone has never been glaciated, even at altitudes as
low as 1400 m asl., far below the local upper limits of glaciation (Figure 17). Brohm Ridge on
the opposite side of the Cheekye Valley, in contrast, is covered by glacial drift to at least
Elevation 1800 m. A few isolated glacial eratics and other signs of contact with Pleistocene ice,
exist at the distal edge of the breccia cone on Cheekye Ridge. This evidence places the time of
deposition of the uppermost breccias into the climax, or later part of the Fraser glacial period.

The contact between the Quarternary volcanics and the underlying Mesozoic metamorphic
and plutonic rocks is exposed on the walls of the Cheekye Valley, as shown on Figure 17. The
uneven topography of the contact, with the volcanics draping down the valley walls in several
places, shows that some deeply incised form of the valley existed already prior to the Atwell
eruptions. It follows, therefore, that a part of the cone of breccias deposited on top of glacial
ice which infilled the ancestral valley at the time of the eruptions. On retreat of Fraser ice, the
supraglacial deposits slumped into the Cheekye Valley (Mathews, 1952).

A persistent zone of alteration up to several tens of metres thick occurs in the basement
rocks immediately below the contact with the overlying volcanics. Its origin is suspected to be
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Figure 15
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Timing-and distribution of Pleistocene-Holocene volcanic rocks in the dominantly dacitic Mount
Garibaldi and andesitic Garibaldj Lake volcanic fields. Inset illustrates the configuration of the Juan.de Fuca
ridge system (JR), Queen Charlotte fault system (QC), and Juan de Fuca (J), Explorer (E), and Pacific (P)
plates along the continental margin of British Columbia (BC) and Washington (WA}, Stars show Quaternary
volcanic centres.

Map of the Garibaldi volcanic field (from Green 1991, courtesy of Geoscience
Canada).
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Figure 16 The west face of Atwell Peak (right) and Dalton Dome (left), taken from Cheekye
Ridge.

connected with the emplacement of the hot pyroclastics (Mathews, 1952). Should this hypothesis
be true, some of the lower units in the pyroclastic sequence must predate the Fraser period, as
the altered zone can be found as low as Elevation 800 m. The effect of the alteration is to
weaken the strong green parent metamorphics and produce a zone of orange and white -
coloured, highly fractured weak rock mass with thick joint infillings of silt and clay.

The rounded peak of Dalton Dome, screening the main summit of Mt. Garibaldi on the
left side of Figure 16, is another vent of volcanic activity, which produced a 150 m thick
sequence of massive lavas, welded tuffs and pyroclastic breccias. Its layers slope towards the
Cheekye Valley at about 32 degrees over a distance of more than a kilometer. Since they cover
the erosional scarp left by the slumping of the Atwell cone, they must date after the retreat of
ice from the valley. Windblown silt was deposited presumably under periglacial conditions on
the lower part of the ridge, indicating that this last eruption in the Cheekye Valley was complete
in late Pleistocene.

Mount Garibaldi is dormant at present. Studies by the Geological Survey of Canada
revealed no geothermal activity in the area. The region is transparent on maps of earthquake
epicentres.
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CHEEKYE FANS

A sequence of terraced fans formed at the outlet of the Cheekye Gorge, depositing over
and around glacially rounded bedrock knobs (Figure 17). The largest terrace (called "Upper
Fan" by F. Baumann, unpublished) extends along the foot of the Squamish River valley slope
just outside the mouth of the Cheekye Gorge. Its top surface is that of a gently sloping fan,
concentric on the gorge. Its western margin is a somewhat irregular linear scarp trending
parallel with the Squamish Valley. The Cheekye has cut a 100 m deep funnel-like breach in the
upper fan, separating it in two segments.

The Upper Fan deposits are mostly unsorted sands and gravels of volcanic origin with
varying proportion of boulders, similar to the pyroclastic breccias from which this debris
originated. The deposits are faintly bedded parallel with the upper surface of the fan. The
estimated volume of these deposits is 150 million m’.

Mathews (1952) identified the Upper Fan deposits as the accumulation of detritus from
the collapse of the supraglacial pyroclastic cone. The smooth sloping surface, faint but regular
bedding and lack of large block concentrations suggest that the material deposited in the form
of a long succession of debris flows, rather than a major dry rock or debris avalanche.

A band of irregular topography with relict channels, kettle lakes and hummocks extends
west of the Upper Fan. All of the hummocks in this "Middle Fan" are composed of bedrock.
The area between them is infilled by gravelly debris of volcanic origin, similar to the Upper Fan
- deposits. The present channel of the Cheekye River is bordered by a belt of relatively recent
debris flow deposits. In several places it is controlled by bedrock. A line of bedrock hills
defines the western margin of the Middle Fan.

The "Lower Fan" Is the present active fan of the Cheekye, extending radially from a
gap in the bedrock hills out to the braided channels of the Squamish and Cheakamus Rivers.
Its surface totals 7 square km and is relatively featureless, smooth, sloping radially at 4 to 6
degrees.

Much of the Lower Fan stratigraphy consists of stream gravels and cobbles similar to the
bedload of the present Cheekye channel. The fan sequence does, however, contain periodic
units of diamicton - an unsorted mixture of silty sand, gravel and boulders, similar to the Upper
Fan deposits. The most prominent diamicton unit was found by F. Baumann in 1990 directly
on the surface of the fan. At the Squamish refuse dump in the middle of the fan, the surficial
diamicton reaches over 5 metres in thickness and covers buried soil, large tree trunks and
upright stumps rooted in an underlying sand unit. The wood remains were radiocarbon dated
- at 1010 to 1390 years B.P. Other, shallower sections of the same diamicton were uncovered
by test pits over as much as 4 square km in the central part of the fan. This diamicton is
thought to have originated as one or several major debris flows from the Cheekye drainage.

Another major diamicton is found in the toe of an exposure at the bank of the Squamish
River, where it is about 2 metres thick. This was dated by the Geological Survey of Canada at
5890 B.P. (Eisbacher, 1983). Correlating the entire stratigraphic sequence, it appears that there
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are two clusters of diamictons each containing one major and one or two smaller debris flow
units, separated by a thick sequence of cobbly stream gravels.

A reconstructed depositional history of the Cheekye Fans is shown schematically in
Figure 18. At the end of the Pleistocene, the Upper Fan deposits were formed during a period
of extremely vigorous debris flow activity, occupying a narrow space between the kame terrace-
fringed valley wall and stagnant ice, standing in the centre of the Squamish Valley. The ice
tongue eventually retreated and the Upper Fan deposits slumped towards the west, forming the
marginal scarp and the ablation topography of the Middle Fan. Meltwater channels traversed
the fan. On final retreat of the ice, the Cheekye rapidly cut through the upper terraces and built
its present floodplain and the Lower Fan with alternating stream gravel and debris flow deposits.

Both ridges bordering the Checkye drainage have large fields of ancient cracks and
scarps, indicative of slope instability (Figures 19 and 20). The scarps stand at the angle of
repose (40 degrees) where formed in the pyroclastics or vertical in lava. They are generally 2
to 5 m high, with a few ranging as high as 20 metres. The major scarps have steep sides
dipping downslope, indicating normal displacements. Many of the smaller scarps indicate
reverse movement, often combining with the former to form grabens.

A test pit excavated at the foot of one of the normal scarps on Cheekye Ridge revealed
the existence of a near vertical shear plane (Thurber Eng. and Golder Assoc., 1992). A
colluvial wedge formed in front of the shear covers a pocket of peat, which presumably formed
at the foot of the scarp shortly after its formation. This was radiocarbon dated at 3220 years
B.P. .

Seismic refraction profiles and detailed geological mapping showed that the contact
between the volcanics and the basement with the underlying zone of alteration exists at a depth
of approximately 60 to 100 m. The contact dips towards the Cheekye Valley as a result of the
buried ancestral topography.

Our present interpretation of the Cheekye cracks is that they represent moderately shallow
translational sliding displacements seated in the altered zone. The translational geometry
explains the presence of reverse scarps and graben structures. The directions of the cracks are
controlled by the topography of the contact, more than the topography of the present ground
surface. The crack fields are at present dormant, but it is likely that detachments of debris from
their frontal edges occurred in'the past. A network of precise triangulation survey monuments
was installed on Cheekye Ridge in the summer of 1991 and will be monitored during subsequent
years.

The mechanism responsible for the emplacement of the Lower Fan diamicton units is not
known. It is, however, presumably analogous to large modern debris flows described from
similar geological environments at Mtns. Cayley and Meager to the north (Jordan 1992, Evans
and Jordan, 1991) and at a number of other volcanic centres in the Western American
Cordillera. The highly mobile debris flows begin as landslides high in the erosion-prone
headwaters of streams similar to the Cheekye. Saturation of the moving debris occurs by
entrainment of saturated detritus from the base of gullies (Gallino and Pierson, 1985),
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1. LATE PLEISTOCENE

2. RAPID ICE RETREAT

3. PRESENT TIME

Figure 18 Schematic evolution of the Cheekye Fans: A-Waning Fraser ice; B-Upper Fan
deposits; C-Bedrock knolls; D-Debris flow deposits; E-Lakes; and F-Lower Fan.
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DOMINANT FOLIATION
DIRECTION (POLAR PLOT)

w——— BROHM RIDGE

= CHEEKYE RIDGE

Figure 19

Distribution of scarps and cracks due to slope deformations on Cheekye and
Brohm Ridges. Tics show downward displacements.
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Figure 20 Linear scarps on Cheekye Ridge. The valley is to the left.

incorporation and melting of snow or ice (Cruden and Lu, 1991) or the formation and
subsequent breach of slide dams in the upper or middle reaches of the drainage.

All of these saturation mechanisms are rather limited in terms of total volume of liquefied
material produced. A few millions of cubic metres is considered a maximum magnitude for any
individual event of this type. Greater magnitudes could have been created in the past by outburst
of glacial lakes or subglacial water reservoirs. We have no evidence, however, of significant
recent glaciers in the Cheekye drainage.

CHEEKYE FAN TERRAIN HAZARD STUDY

The Howe Sound Region and the Coast Range valleys as far as Whistler are undergoing -

quite rapid development, resulting from their closeness to Vancouver and from the growth of
tourism. The Lower Fan of the Cheekye River is a large parcel of potential development land
in Crown ownership, which could serve for an expansion of the town of Brackendale.
Provincial government- sponsored plans for housing first appeared in the mid-seventies but were
cancelled, partly as a result of uncertainty concerning the risk of landslides and debris flows
affecting the fan.
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In 1991, a consortium of Provincial ministries led by Lands, Parks and Housing
commissioned a major study, to determine the geotechnical hazards on the Lower Fan and

- recommend feasible forms of development. The study, being completed by Thurber Engineering

in association with Golder Associates of Vancouver, is one of the largest projects ever
undertaken in B.C. in connection with assessment of natural hazards and their effects on housing
development.

The Terms of Reference set by the Government for the consultants required that the full
range of hazards be defined, from volcanic eruptions, lahars and rock avalanches to debris flows
and flooding. The potential hazards were to be quantitatively described in order to estimate their
reach and effects on the fan. The results are presented in probabilistic terms, using a procedure
similar to that described by Morgan et al. (1992):

1) The frequency-magnitude relationship is estimated by a combination of stability analyses
of slopes in the headwaters and a reconstruction of the depositional history of the fan.

2) With the help of runout analyses, zones of the fan exposed to various magnitudes of
flow-sliding or floods with their associated probabilities are defined.

3) A limited range of potential land use types (e.g. high or low density residential, parks,
golf courses, forest) are suggested by a professional planner.

4)  "Severity" of the natural hazards is expressed as the rate of death, injury or material
damage suffered by each alternative land use type due to each of the hazard categories.

5) The significance of the combination of risks expressed under 4) and probabilities
determined under 1) and 4) are assessed by comparison with criteria of risk acceptability
developed in connection with other types of hazards.

The above procedure is rationally structured, but many steps in it require subjective
judgement. For example, the interpretation of fan stratigraphy is difficult due to a lack of
natural exposures, except at the distal margins of the fan. Test pits and deep trenches were used
to provide exposures higher on the fan, but these are limited in depth (the deepest trench dug
was 13 metres). The use of boreholes was rejected, due to the difficulty of identification of
stratigraphic units. Even in the test pits and exposures, the complexity of the deposits and lack
of marker horizons made correlations difficult.

One surprising aspect of the investigation was the persistent lack of organic material in
the stratigraphic column, with the notable exception of large tree trunks under the thickest
surficial diamicton deposit at the refuse dump. In other locations, only rare and small fragments
of datable material were found. The most credible explanation for this is that the organic
material disintegrated completely under the aerobic conditions of the unsaturated granular
deposits. Even wood casts are, however, rare. In contrast, the recent gravel deposits forming
in the present bed of the Cheekye River, contain an abundance of wood fragments.
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A further element of uncertainty connected with the use of stratigraphic evidence is that
the glaciation of the upper basin may have changed over the last few centuries, due to neoglacial
retreat as observed elsewhere in B.C. Some of the large glaciers presently bordering the
Cheekye basin may have projected branches into the valley. Evidence of this may have been
obscured by the vigorous erosional activity. The presence of valley glaciers could have provided
conditions for triggering major flow slides and floods, which do not exist at present.

The development of magnitude-frequency relationships was therefore approached by
combining the stratigraphic evidence on the fan with an analysis of a range of failure scenarios
in the headwaters, based on detailed geological and geophysical investigations, stability analyses
and comparisons with precedent case histories of landslides in other locations.

RUBBLE CREEK SLIDE

During the late winter of 1855-56 about 25,000,000 cu m of volcanic rock slid from the
high cliff known as The Barrier, near Garibaldi, B.C. The debris travelled along Rubble Creek
Valley to its confluence with Cheakamus River about 6.5 km from the Barrier and about 1035
m lower (Figure 21). This description of the slide is based on the work of Moore (1976) and
the report by Hardy et al. (1978)

The source of the rockslide was the steep slope known as "The Barrier". This cliff was
originally formed during the late stages of glaciation when lava formed precipitous terminal faces
where it was ponded against ice remaining in the valleys below.

The mechanism that triggered the landslide is unknown, but blockage of a subsurface
drainage system, which drains the area behind the Barrier and escapes as springs at its toe, could
have raised groundwater pressures enough to trigger the slide. In addition, as the area is one
of recent volcanic activity a local earthquake may have occurred.

The material appears initially to have travelled as a high velocity tongue of debris, which
swept from one side of the valley to the other as the debris stream rounded curves eventually
to be deposited on Rubble Creek fan. Calculations indicate that the debris was moving about
30 m per sec. All of the trees in the path of this slide were uprooted and carried away. The
trees adjacent to the slide were scarred and bruised by moving debris.

The initial high velocity tongue was apparently followed by debris floods that deposited
large rounded boulders and poorly sorted, volcanic debris on an area of the fan not covered by
the initial slide. This material was apparently slow moving, as it piled up on the uphill side of
some trees that later died and fell on the surface of the debris.

The slide deposit is formed of angular poorly sorted volcanic casts from clay size up to
about 250 t. The slide debris can be distinguished from underlying fan deposits by the lack of
fine gravel and silt sized particles in the fan material.
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Large parts of the fan are covered by rounded boulders devoid of matrix. Beneath this
surface layer is poorly sorted mudflow material. These boulders either could have been
segregated to the surface of the mudflow during movement or the matrix could have been
removed by subsequent erosion.

The extreme efficiency with which the slide travelled can be seen in the runnout angle.
The angle between the top of the head scarp and the distal end of the debris is only 8%2° from
horizontal. The angle between the estimated position of the center of gravity of the slide mass
before the slide and after the slide is 10°. This is consistent with the motion of other rock
avalanches the courses of which were confined in narrow valleys.

The Rubble Creek landslide became a subject of controversy in 1972 after the second
phase of a proposed subdivision to be built on the fan was refused government approval,
because, in the opinion of the Senior Approving Officer, it would be against the public interest
to allow the development to proceed. Two reasons were given: first, that there was danger of
local flooding and second, that there was a danger of a catastrophic slide. As the first stage of
the development had been approved just a few months previously, the developer proceeded with
several hundred thousand dollars worth of work on the second phase prior to obtaining the
necessary approval. Subsequently the administrative decision was appealed to the Supreme
Court of British Columbia. During the court hearings evidence was given by expert witnesses
concerning the causes of the massive slide that had occurred in 1855 and the likelihood of a
repetition of such an event.

The Judge (Thomas Berger) sided with the Approving Officer to withhold approval. He
said there is a sufficient possibility of a catastrophic slide during the life of the community to
justify refusal to approve the subdivision.

After the law suit the government commissioned a major study of the slide area under
the direction of Drs Frank Patton, Bob Hardy and Norbert Morgenstern. The resulting study
became known as the Garibaldi Advisory Panel Report. It identified a number of earlier major
debris avalanche deposits off the Barrier. Following this work the government bought out the
existing community and moved them away from Geribaldi. It also imposed restrictions on the
recreational use of Daisy Lake behind Cheakamus Dam. B.C. Hydro later argued for relaxation
of these shoreline restrictions. Small rockfalls occur off the Barrier from time to time.

FITZSIMMONS CREEK

Our next stop is at Whistler, the year-round recreational resort. The village is built on
the alluvial fan formed by Fitzsimmons Creek, which drains the valley between the two major
ski areas of Whistler and Blackcomb. The village is protected by dykes on the left flank built
by the Ministry of Environment prior to the village construction. Uphill of the village the
drainage area of Fitzsimmons Creek is about 70 sq km. The creek has a flat gradient midsection
steepening to about 11°as it approaches the apex of the fan.

Of some concern has been a slide in glacial till on the Whistler flank of the creek about
2.5 km upstream. This has moved from time to time probably as a result of high pore pressures
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during wet times and aided by undercutting of the toe by the creek. There seems little real
danger, however, of the slide blocking the creek and leading to a washout flood.

A geotechnical study carried out for Whistler in 1987 identified debris laden floods as
being the most serious natural hazard posed by Fitzsimmons Creek. A major flood on Boxing
Day in 1980 moved large amounts of debris onto the fan, and a more serious repetition occurred
in the summer of 1991. This is described in morée detail in an article by Ward, Skermer and
LaCas (1991 and 1992). "About a quarter of million cubic metres of debris were transported
onto the fan, and the river shifted course at a number of locations. Most of the bridges were
either damaged or destroyed. Before and after photographs in the canyon just upstream of the
village, showed that during the flood Fitzsimmons Creek had rafted thicknesses of debris of
about 4 to 5 m down the water course. It subsequently cut down through these deposits,
although in a number of places the boulder and gravel bed is 3 or 4 m higher than it was prior
to the event. Obviously this is a source of material to be carried in future debris floods. Some
excavation of the material has been carried out to minimize the amount that can be transported
in future. In addition new dykes have been built on the fan to protect development on White
Gold Estates on the right bank of the creek.

GREEN RIVER ROCK AVALANCHE

Our final stop, if time permits, will be at the Green River Rock Avalanche about 12 km
north of Whistler. :

The prehistoric rock avalanche is the largest landslide in the Green River valley. The
surface of detachment of the rock avalanche is a fracture in diorite extending from 1200 m to
1600 m elevation. The rupture plan dips about 28° to 30° to the west, a few degrees less than
the inclination of the mountainside immediately south of the breakaway zone. After failure, the
disintegrating slab of diorite descended about 1000 m to the foot of the slope and crossed the
channel of the Green River. The front of the rubble stream climbed about 140 m up a bedrock
ridge in the centre of the valley, overtopped its crest, and swept down to the present location
of Highway 99 and just over into the Soo Valley (Figure 22). During its ascent of this ridge,
the stream of angular blocks left a 30-metre levee along its southern border. Blocks up to 15
m in size are found in this levee and on the surface of the main slide mass. The roadcut at the
front of the lobe suggests that the block size in the basal zone is possibly smaller.

The lateral block levee suggests that the inner part of the lobe was propelled forward
relative to the southern flank of the avalanche after the latter had come to a halt during it ascent
of the bedrock ridge in the valley. The rockslide shows up very well on airphotos. Assuming
an average thickness of about 20 to 30 metres for the landslide debris its approximate volume
is estimated at 30 to 40 million m?.

The age of the rock avalanche is less than 2,000 years (S.G. Evans, pers. comm.). The
presence of very large Douglas firs and cedars on the floodplain aggraded upstream from the
rock avalanche suggests that failure of the cliff -and blockage of the Green River channel
occurred at least a few hundred years ago. It may have been triggered by an earthquake.
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LIST OF STOPS (see Figure 1)

Horseshoe Bay, beachfront.

Newman Creek bridge.

Lions Bay, Harvey Creek structure.
Porteau.

Britannia Beach.

Stawamus Chief.

Cheekye Fan.

Rubble Creek.

Fitszimmons Creek, Whistler Village.
Green River slide.
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INTRODUCTION

The lower Fraser Valley is one of the most strategically important transportation
corridors in Canada. Almost all lifelines that sustain the conjoint economies of the Lower
Mainland and the resource-rich western provinces utilize it. This technical tour guidebook has

been prepared to afford first-hand exposure to natural hazards affecting the corridor, with-

emphasis on landslides. The specific objectives are:

- to show the variety of landslide types;

- to illustrate the vulnerability of the corridor to landslide hazards;

- to provide information on attendant risks; ,

- to outline some of the risk management strategies adopted by users of the corridor;
and,

- to form the basis of a one-day technical tour originating and ending in Vancouver.

The geological setting of the area is briefly outlined in the next sections. This is
followed by the road log with expanded descriptions for features of interest, several of which
are planned stops. Figure 1 is a map of the route with the features of interest located.
Acknowledgements and references are provided after the road log.

GEOLOGICAL SETTING
Physiography

Fraser Lowland forms the southwestern corner of the British Columbia mainland and the
adjoining northwestern corner of Washington state (Holland, 1964; Mathews, 1986). It is a
triangular-shaped area of about 3000 kmr bounded on the west by the Strait of Georgia and Puget
Sound, on the north by the Coast Mountains, and on the south and east by the north Cascade
Mountains. The Coast and Cascade Mountains are major mountain systems with many peaks
in excess of 2500 m in southwestern British Columbia and northwestern Washington. In
contrast, Fraser Lowland consists of flat-topped and gently rolling hills, most of which are below
150 m in elevation, separated by wide valleys. The largest of the valleys in Fraser Lowland is
occupied by Fraser River which drains most of the southern and central interior of British
Columbia and which terminates in a large delta prograding westward into the Strait of Georgia.

Geology

The Coast Mountains consist of Upper Cretaceous and lower Tertiary granitic rocks (100 -

to 45 Ma) and a variety of metasedimentary and metavolcanic rocks of subgreenschist to
amphibolite facies, ranging in age from late Paleozoic to Cretaceous (Fig. 2). The mountains
have undergone several episodes of uplift. It is estimated that there has been as much as 4 km
of uplift in the last 10 million years (Parrish, 1983), and that the present rate is between 1 and
4 mm/year (Monger, 1992). The rocks are cut by regional, generally north-trending thrust and
strike-slip faults. The eastern boundary of the Coast Mountains is marked by the late Eocene
(46 to 35 Ma) Fraser fault system along Fraser Valley. Hope Fault (Fig. 3), one of the faults
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