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ABSTRACT

During the laté winter of 1855-56 or early spring of 1856‘

| about 33,000,000 cubic yérds of volcanic_ropk slid from the high cliff
known as The Barrier, near Garibaldi, B.C. This debris travelled down
a rather sinuous path alohg Rubble Creek Qalley to itsvgonfluence with
Cheakamu$ River about 4 miles from the Barrier énd about. 3400 feét_
lower.<.

The initial material appears to have travelled as a high velocity.
tongue of debris which swept from oﬁe side of the valley to tﬁe other as
the debris stream rounded curves eventually to be deposited Qﬁ Rubble
Creek fan. Velocities calculated from the superelevaéién of.the debris
as it rounded three differént_curves indicate-thafAthe'debris was moving
between 88 aﬁd 110 feet per second. A minimum velocity of SQeret per
second was palculated using the principle.of cohservation'of eﬁergy wﬁere
the debris overtopped.a small hill at the apex of the‘fan. All of the trees
‘in the path of fhis slide Wefe uprooted and carried away. Thé.trees |
adjacent to‘the slide were scarred and bruised by moving debris.

vThe initial high velocity tongue was apparently followed by
mud flows which deposited large rounded bouldérs and poorly sorted,
volcanic debris on an area of the fan which waé not covered by the initial
slide. This material waé appérently slow méviﬁg,»as,it piled up high on
the uphill side’ofbsome tfees which later died and fell across the top
:of the'debrisi. Some xenolithologic debris cones similar to those found
at Sherman Slide in Alaska and elséwhere-also’occur in the érea of

mudflow material.
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. The slide deposit ié formed of angular poorlybsorted'volcanic
_clasts wéighing up to about 250 tons. .The slide debris can be.aistinguiéhed»'
from underlying fan deposits by.the lack of fine grével<and siltvsiéed
particles in the fan material. Depoéits>of debris-similar‘to thevdebris
of the.1856.slide, beneéthvsomé of the fan deposits, show that an earlier .
'slidé may have océurred. : |
The mechanism which triggered the iandslide is not kqown,'but
“blockage of a subsurféce drainage system, whiéh drains the area behind The
.Barrier and escapes as springs at its tée, couid’have raised groundwater
pressures enough to trigger the slide. In addition, as the area is one of
recent volcanic actiQity a locél éatthquake may have been the immediate
_ cause. Iﬁ any event the underlying cause for the 1andsiide was that the
exéessiﬁely steep and high cliff face of lava ﬁas apparently deposited
against glacial ice, and subsequently, 1o$t support when the ice.melted.
Studies using a scale-model of the toéography of the area and.
bentonite slurries were carried out to find out if ﬁhé mévement of fhe
1856 slide could be modelled and if so, could the movement of possible
* future slides be predicted. Although noimathéﬁaticél basis was develobed
for phe modelling it is thought that if a material could bé found whiéﬁ,
mo&elle& ﬁhe complex movement of the 1856 slidé,future.slides could also
be modelled. Although modelling of the 1856 sli&e was not entirely
successful Several iﬁsights were given into the movement and_deformation'
of.pfototype slides of the same type as Rubble Creek Slide.
| There has been at least one destructive slide ih the area of
Rubble Creek fan in thébrecent past and because it cannot be demonstrated_
that éénditions have changed substantially since . the 1856 slide it‘is only
prudent to accept the possibilitf of fhe oécurrence of another slide in

the ‘near future.
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1.
INTRODUCTION

. A major rockslide which occurred in early 1856 in the Garibaldi
area, as shown on Figure 1, became ofllnterest in 1973 wﬁen a new hou31ng
development was proposed for an area on the toe of the sllde. The
British Columbia Department of nghways refused to permit the development
on the grounds that.there was a danger of additionallrockslides. .Duriog'
‘the sprisg of 1973, this refusal was contesfed by the developer and
subsequently upheld by.the Supreme_Court of B.C.

The ioformation conteined in this thesis is mainly from e-study
of the rockslide carried out in the summer of 1973 for the Depar;ment of
Highways. The purpose of the study was to collect information.about the
19th Century slide.and to investigate the-potential for further slides.
_In addition, scale-model studies were carriedlout in order to help.assess
the dangers to the development area frOm potential'slides of a similar:
'.nature to the slide of 1856. |
- Earlier.geological investigations in the area have not dealt.,
specifically with the rockslide but rsther.with'the reglonal geology.
(Mathews, 1958) and the construction of a hyaroelectric dam et the toe

of the rockslide (Terzaghi, 1954 and 1960).



FIELD.STUDIES.
1. Geologioal Setting

The source of the rockslide was the steep slope at the head of
Rubble Creek known as "The Barrier". From The Barrier the rockslide
travelled about 4 miles down Rubble Creek valley to its junction w1th
Cheakamus River valley. Cheakamus River flows south through a channel
.cut 1n the toe of Rubble Creek fan, as shown on Figure:l. In l957,_a
hydroelectric dam was completed across the Cheakamus River just upstream
of its confluence with Rubble Creek. The reservoir has flooded the
northern corner of the fan including the distal end of the sllde debris
to an elevation of about 1261 feet above sea level,.

Rubble Creek valley is trapezoidal in cross- section, with a
floor that slopes 7 1/2 degrees downstream and walls that rise a few
thousand feet at angles of about 30 degrees. The walls are formed by.

a thin mantle of soil underlain on the northeast side of the valley by
conglomerate and greywacke of the.Cretaceous Cheakamus Formation and on

the southwest by the»older, Cloudburst quartz diorite (Mathews, 1958).

- Near Rubble Creek, the structure and bedding in the sedimentary rocks
generally trend north and dip steeply east. During_the late stages of
glaciation, dacite lava flowed from Clinker Mountain and formed precipi-~
vtous-terminal faces where it was ponded against ice remaining in.the

‘valleys below elevation 4000 feet (Mathews,'l952). Four lobes of lava
flowed laterally to the north from the main flow (Figure 1). Water has been

. ponded benind the second and third lava lobes to form Garibaldi and Lesser

Garibaldi Lakes respectively. The third lobe was the source of the
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the rockslide and the scarp which remains is The Barrier.  West of The
Barrier, the fourth lava lobe forms'an impréssive cliff about 1500 feet

high with an average surface slope of about 64 degrees.

2, Geology of the Sourcé Area

The failure of the third lava lobe (Figure 2) was localizéd by
. the side of the pre—volcanicbvalley_pn the north, by_étéep-joints on the
east and by some -unknown surface beneath the talus-oﬁ‘£he south. These
features may be seen in Photograph 1.

Prior to the deposition of the lava, the side of fhe valley
on the north had beén worn smooth and covered by a discontinuous mantle
of glacial and fluvialvdeﬁfis a few feét thick. This surface trends
east and slopes about 37 degrees south. Details of the sﬁrface are -
largely determined by a set of joints which dip 40 degrees south and by
bedding in the greywacke. The joints form a series of steps and the
bedding forms low ridges angling downsiope. .A small rockslide has
occurred along a combination of the jbints and the bedding, as shbwn
on Figure 2.

The dacite found on the north slope is mainly loose, active.
taius derived from the rubble_ridge'which marks thé northern depositional
limit of the volcanics in this area. However, sevéral smail blocks of
black dacite also occur high on this slope.‘ These blocks of dacite are
intact although highly jointed énd the lava colummns in the dacite
genérally élungé‘at a steep angle to the valley wall. It is thus apparent,
that the dacite blocks are still in their §riginal deﬁositional position.

These black outcrops as well as the northern limit of volcanic debris can
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North wall of Rubble Creek Valley adjacent
to the Barrier.



be seen on Photograph 2.  The debris which forms the ridge»is‘
bedded and contains la;ge intact blocks of highly fracturea dacite. -
- This debris is similar to that which.forms the surface and edgeé of the
lava flow elsewhere and is not thought to be normal talus. |
The main. scarp of the slide, the Barrier, is a 700 foot high
lava cliff which reaches eievation 4800 feet. .Thevcliff is skirted by
talus derived mainly ffom a léyer of red, volcanic rubble wﬁich_forms 
a steep, loose slope about 200 feet high‘ét the top of the ﬁearly
verticai cliff. Rockfalls. from the red rubble layer:are common and make
close examination»df the cliff—face hazardous._ Vertical célumnar joints
in'thé center of the flow are conspicudus from a distancé and appear-
to form the strongest set of joints_iﬁ the cliff. ‘Joints which dip very
stee?ly out of the slope also occur as may be seen in.the~shado§ nearb
the centre of Photograph 3. These planar.joints are usually found in
gray lava near the center of the flow and slabs of this material |
commonly éccurvin the slidé debris. Flat-lying discontinuifies‘in the
laya are also cdnspicuous particularly where they bend into parallelism
Qith the volcanic-greywacke'contact at the north end of the Barrier.
Except in.a few small areas of bedrock which crop out through
the talus,‘the rest of the failure'sUrface is buried. The outcfbps‘are
located close to the toe of the Barrier in the upper part éf the talus
slope (Figure 2 and Photograph 3). The rock in these outcrops is black
dacite with colummnar joints and cross joints which divide it intolabout

'4 inch blocks. These outcrops indicate that at least part of the failure



Photograph 2

Northern limit of third lava lobe,
looking towards BRarrier Lake.



surface beneath the talus was through bedrqck. Thevlarge_bedrock spur
.toward the right éide of Photograph 3 is formed from Black dacite which E
" is cut by closely spaéed.cdlumnar;joints Qith axes at a steep'anglé-to
the surface of tﬁe outcrop (Photograph 4), 'The.uéper part of this
outcrop is formed from vaguely bedded, red dacite-rubble (Photograph 5).
The trees growing on top of this rubble are similar in size and species
to frees found to fhe south which éleati& pre-date the slide; Thus
showing that this outcrop did not participaté”in the 1856 slide.'.The
closely spaced columnar joints indicate that the present surfaée is near
the original depositional surface. The scarp on the north 31de of this
spur marks the southern limit of the slide. A cross-section through
this area is shown on'Figure 3. |

According to local residents, the iong talﬁs slope south of
the outcrop oﬁ the extreme right 6f Photoéraph 3 has been the source of
several small talus slldes during the last 30 years which have cut 1nto
_ythe adjacent vegetated slope.

The fourth lava lobe'isvsimilar té the third.exgépt tha; its
.interior is; for the mosﬁ part, hidden by a surface layer. ‘Thé surfaée-
layer is characterized by remarkable, columnar joints which generaliy
point outwardé from the face of the lobe, as illustrated on Photograph 6;»
.Columps usually point in the direction of heat loss during cooling_‘
therefore it is probable that the present facg is essentially parallel .
to the original depositional face. Deeper within the flow, the columms
are much thicker and more or less vertical. The tendency for the colums

to point downward near the toe of thelfourth‘lobe indicates that the bottom
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| Photograph 4

Black dacite near toe of
Barrier, fourth lava

lobe and Rubble Creek fan
in middle distance.

Bedding in the red rubble which overlies the
outcrop shown in Photograph 4.
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of the flow is probably nearb&._ This lobe is capped by a layer of red
dacite rubble similar to the third 1obe. A cross section through the
fourth lobe is_shown on Figure 3.

A.series of crushed zones near the toe of the fourth leva
lobe (Figure 2) can be seen in Photograph 7. ‘Theee zones are more than
lOO feet long and contain several feet of crushed and rotated lava columns.
"Although the attitudes of these surfaces are dlfflcult to measure,
.they strike roughly northeast and d1p steeply northwest. Vertical
dlscontlnultles which separate slabs from the face of the lava lobe are
common. One such slab about 150 feet high can be seen on Pﬁotograph 4.
Several rubble-filled troughs 10 to 20 feet deep and a few huddred feet

long parallel the break in slope_alopg-the’top of the fourth lobe.

3.  Slide Path

.The passage of the slide debris down Rubble Creek'valley_was
recorded in a number of ways. The slide left a thin but.nearly contindous
coating of volcanic debris which is eesily distinguishable_from-the
blecal rock and the glacial deposits.v The upper limit of thié continuoue
ceating can usually be located within a width df 20 feet and only widely
- scattered volcanic fragments are found above it. It is the location of
 this limit which has been marked on Figure 4. Debris scattered'above
this limit is not common but is more often found downstream of transrerse
ridges which have obstructed the movement of rhe slide.

Lateral ridges occur locally along the edge of the slide path.
They are varied_in shepe from flat terraces on the valley walls, only

a few feet across, to steep-sided ridges 20 feet high.
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Photograph 6

Columnar jointing,
4th lava lobe.

Photograph 7

Crushed zones near the toe of the 4th lava lobe.
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Many of the trees found above the debrisvlimit have had.their :
bark torn off near the base. The scars,which.remain face upstream and
slightly toward the &alley axis. They commonly have deep Bruises.
extending into tﬁe woody part of the trunk and in two- instances, en 1
angular piece of volcanic debris was found actually embedded in the wood.
Photogfaph 8 shows one of.these rocks embedded in a tree. The tree has-:
a sCer typical of many trees-fognd near'the edge of the.slide éath.

The trees living within the slide area are more closely spaced,
smaller and younger than those outside. The ages of about 150 of the
largest trees on both sides of the slide limit were determined, by
counting the annual rings. Those within the slide path'wefe_found‘to be
younger than 113 years whereas many of those outside the peth'were.more
‘then 200 years old. The remainé of some older trees were observed in ‘
the depesitioﬁal area of the elide (see following section) but, upsfream
- of thié, the siide pafh was swept clean. |

A line-eonnecting the centroids of cross-sections of the slide
as it passed down the valley is also shown on Figure 4. This liﬁe is
thought to approximate the path of the center of gravity. As‘such, it
has been connected to the center of graﬁity of the slide deposit and to
‘the center of gfavity.of its reconstructed source position. Lines drawn
perpendicular to the path of the center of gravity.and joining debris
limits on opéosite valley walls slope as much as 10.5>degrees. ‘A series
of efoss-sections_transverse to the direction of slide movement are
shown on Figufe 5. These cross-sections illustrate the bathlof the slide
- mass as it banked from one side of the valley to the 6ther. The longi-
tudinal section of the slide path graéhically illustrates the remarkable

efficiency and travel-distance of the slide.



Photograph 9
Iron oxide surface layer which marks the base

of the most recent slide debris near the
mouth of Rubble Creek.
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Photograph 8

Cedar tree with volcanic
rock embedded just above
the knife.
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The debris limits are broadly curved excepﬁ downstream of
transverse.ridges_sﬁch as those at point A on Figure 4. It can bé seen
that the»héight to which the.sli&e reached drops err_lOO feet from,tﬁeg.
‘uPStream side offthis ridge to the downstream side. : This.appears to be
a fshadow effect” such as occurs downstream of an obétruétion in

flowing water,'

4. Depositional Area
A small part of the slide debris ﬁaé deposited in the vailey of..
‘Rubble Creek but most of it was deposited.on its alluvial fan. The fan
can be‘divided into three sectors containingvdissimila; surface deposits.
The northernmost sector, Sector I.(Figure‘4): contains_the
bulk of the slide debris. Logs of‘drillholes near the»damsite; seismic
surveys along several roads and surface observationé indicate the depth
of slide debris in this area to be about 32 feet. The surface is
hummocky with_manyfclosed depressions and small mounds. The upper part
of this section is characterized by elongate mounds whichvtrend downslope.
Running water has cut gullies‘and generally modified the surfacé in the area.
 Three parallel ridges of debris.occur on the edge of the granitic
knob at the apex of the fan. These ridgeé probably represent successively
lower.levels of moving debris which at one time, at_least, oﬁertopped the
knob. 1In addition, a mound of debris is found just'upstreag of thevgrénitic
knob. is mouhd is 40 feet higher than the surrounding land and is
separated from the knob by a saddle-like depression. A coniferous forest
hasvdeveloped in this area since the slidé. The Southwesp boundary»of

this section is marked by a steep slope_6 to 25 feet high which divides
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the elevated afea of hummocky topography on the northeést ffom a lower
section on the southwest. "The distal end of the'déposit in Sector I
is beneath the surféce of the reservoir and was not observed.

The middle sector of the fan,>$éctor II, is the smallest and .
vcontains énly a very small amount of slide debris. Many of the tree stumps
left from the logging about 30 yeérs ago have well-err 200 annual rings.‘
The roots of many of these stumpé have Been buried by a foot or two of
dacite debris but the& obviously lived through the slide. A layer of '
gravel cemented with iron oxides is found just under the surfacé in this
area. The- layer can be followed up Rubble Creek to a point about 1900
feet above the highway bridge. The oxidized dep031t is more sorted,.rouhded
and bedded than typical slide debris. It is thought to be»near.the pre-
slide surface of the fan. Photograph 973hows this'rusty surface layer
near the present day surface at Rubble Creek. A terrace deposit'bf'
volcanic debris-exists along-the‘Cheakamus.River.v Man& Qrées havevbéen
'bﬁried in this terrace deposit, some of which have been subsequently
exhumed. ©None of tﬁe living trees on this terféce was found to.be older
than the slide even though many trees growing a féw feet above the
terrace were older. The terrace was-proﬁably formed during rapid
aggradation of the Cheakamus riverbed immediately following the landslide.

The southernmost sector of the depositional area, Sector IIi,
covers the fan from Rubbie Creek south. It is characterized by large
fieids of sﬁbrounded cobbles and boulders with very little matrix at
the sufface. Many of these areas support little vegétation other than

moss and lichens. The boulders range up to 6 X 6 X 10 feet in size
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(Photograph 10). Thé material beneath the surface layer of béuldeIS'

is very poorly sorfed volcanic deBris._IThis sector has a generélly
uniforéwfopography e#cept for gullies marking fd:mer locations

of Rﬁbﬁle Creek which has apparently changed its channel several times
since.the slide, and some shallow gullies which.tend to start and die out

a few hundred feet dqwnslope. Tﬁe boundaries 6f'the area are very shapp
and volcanic debris was not found much beyond-the preéent extent of the
fan except on.thé West ﬁank bf the Cheakamus River where debris oécurs'
abéut 15 feet above the railway track. The boundary of volcanic debris-ﬂ
was not easily traced near its western end because of the subsequent

road and railway construction in the area, however, the debris‘appears_

to have reached an elevation on the west bank of the Chgakamus approximately
equal to that of the top of the east bank of the rivér. Mahy buried trees
occur along the boundaries of Sector III,vthesé trees Qere growing priér

to the slide_and buried by it'withogt Eeiﬁg tilted, broken, or having their
bark torn from the tfgnk. Only one area of buried‘trees was found in the
interior of Sector III. The age of somé of these trees was determined By

a count of their annual rings to be greater than 200 years. The trees
:weré appérently buried by the slide although still standing and then they .
died and fell on top of the debris, és shown on Photograph 10. The
débris piled up 6.feet high on the ﬁpstream side of the trees and a
depression was formed on the dowﬁstream sidé. Some of the boulders piled
égainst thé trunk were 2 to 3 feet in diameter. This is in marked contrast
to the other areas of the slide where the pre-slide vegetation was carried

away and even trees adjacent to the slide path were scarred and broken.



Photograph 10

Buried trees near the center of Sector III
on Rubble Creek fan.

Photograph 11

Xenolithologic debris cone in Sector III
Rubble Creek fan. Tree stump is more
than 60 years old.

18,
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About 1000 feet downhili of the buried trees in Photograph iO;
two curious feétures_were observed. The pile of red rﬁbble, shown on
Pliotograph 11 and a similar mound found 40 feet away are debris cones
similar to those found on the slide‘deposits at Sherman Peak (SHre&e, 1966) .
and elsewhere. The mound shown in the photograph has a stump on it
ﬁhiéh.was over 60 years old,_hencé it is prdbable.that the mound wés
not manQEade.. The adjacent mound rises only é few feet above the
sur;ounding boulder.field and it is composed of the same poorly sorted,
red rubble as the mound in the photograph; The material ranged from
silt-size to at least 1.5 feet in diameter. There does not appear to
be a large block of debris underlylng thése mounds as observed at

‘Sherman slide for example (Shreve, 1966).

5. Debris Characteristics

The debfis‘which forms the slide'deposit is a loose, unsorted
mixture of angular volcanic fragmenfs ranging in size from fine silt
(Terzaghi, 1954) to more than 15 feet diameter.

Grain size'distributions for 17 samples of the fraction of the
debris less than 0.5 inches in diameter, were measured using U.S. Standard
Sieves ranging in size between {5 énd,#ZOO (Appendix). This fraction
was found to be very poorly sorted having an averége coefficient Qf
uniformity (Cu) of 29 and a coefficiént of curvature (Cc) of leSS'than 1.
Between 7 and 22 percent of each sample passed the- #200 sieve (Earth
Manual, USBR, 1968). A sample of the materlal underlylng the oxidlzed
layer at the mouth of Rubble Creek was also analysed. This sample was -
also well graded but less so than the other samples. It was relatively‘
depleted of the fine gravel and fine sand sized material. The coefficient

of uniformity was 8 and the coefficient of curvature was 1.4.



The water.con;ents of the samples at the time of analysis
ranged from 3 ﬁo‘9 percent. = These values are probébly lover than the
in situ water content because of losses‘aftér the‘sample was.taken, _
Natural water contents of the fraction less thén 3 inches diamete? were
found to be between 12 and 16 percent during construction of the storage
dam (Terzaghi, 1960).- For these natural watér.cpntents and an assumed
specific gravity of the solidé of 2.7 the‘miﬁimum pofosity of the debris
wouid have to_be 25 to 30 percent. | |

The relative dénsity of thé degris was indicated fo be very
low by the ease with which drill hole_casing céuld bé driven into_the
.ground, (Terzaghi, 1960).

A total of 1234 pebbles, largef than about 0.08 inches, from

20.

11 samples were classified as to size, lithology, roundness and sphericity

(Krumbein, 1941). An attempt was made to find any regular variation in
thé lithologic éompoéition.of the slide debris.. Saﬁpies were taken ffom
éll three sections and up to elevation 2580 in the creek valley. No
consistent variation in composition could be.defected. The sample from
beneath the oxidized layer showed a preponderaﬁce of black.daciﬁe over
gray dacite unlike the other samples. This sample suggests that the
supply of material to phe fan prior to the slide was more from the
black outer layer of lava rather than the gray cofe_of the flow. The
average content of green greywacke such as that fouﬁd on the north side
of the source area Qas 6.5 percent. The‘average content of g?énitic-
pebbles and pebbles of unknown lithology was 3.5 percent of the totﬁl
number of pebblés; The granitic pebbles appeared to be ﬁainly diorite..

The bulk of the samples was a volcanic rock like that which forms
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The Barrier. .An average of-42 percent of the fragments are;gray, 30
perceat are black and 18 percent are red. ln many instances it was
rathef arbitrary,whetherea sample would be clasSed as blaek or_gray.

The fragments have a very.broad range of sfheficities with a'
mean of about 0.68. Hlstograms were plotted of ‘sphericities for each
- of the eleven samples u51ng a cell width of 0.04. The distribution .is
very broad and the highest peaks are only 20 to 25 percent of the sample.
An exceptlon tc thlS is the sample from Beneath the ox1dlzed layer which
shows a relatlvely narrow peak and 30 percent of the sample in a single
cell. |

Frequency'histegrams were.also‘plotted 6f the foundnesses
measured.for each of the eleven samples. These distrlbutions are narrow-
"and have an average mean of about 0.41. The range in means is ffoﬁ
0.3 to 0.5 and the range in individual roundness is from 0.1 to 0.7.

The frequency distfibutien of the length.of the b-axes of the
. pebbles for sizes greater than 0.16 inches is similar for all samples
~ except the sample_from below the oxidized layer'(Appenaix). This samplei

has a much higher content of pebbles having b-axes longer than 2.52 inches.

6. .Age

The earliest available reference to the slide is the jqurnal
of Major William Downie who travelled through the area‘in 1858. He
described the area as follows:
"...about noon we struck into a lagoon, or'a large tract of overflowed
land, the Indians say this was over flowed three years ago. We found the

cause of it as we came along, a Lake has broken away in the Mountains,

and swept away ridge, after ridge, covering a whole forest of timber,
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‘with rockskand sand for the space of 6 or 7 square miles chaﬂgea tﬁe»
- course of the river, and not left a étump to‘be séen, where the tall
timber stood three years ago, our trail over.thls was about two and.é
“half miles.

The history of the sli&e is also‘recérded-in-the‘annuaifriﬁgs‘
of the trees growing on the - debrls or adjacent to the Sllde path The
rlngs of more than 150 trees were counted and without exception those
trees. growing on top of siide debris were less thén 113 years old'whéféas
those outside the path of the slide we?e commonly several hundred years
old. The trees along the edge of the slide path,'which survived the slide-
but were écarred by the debris, graphically illustrate the age of the
slide. Two of these trees were sawn down and a count of their rings‘
1nd1cated that the slide occurred‘durlng the late winter of 1855-56 or

early spring of 1856.

7. Volume

The volume.of material between the reconstructed pre—slide'
surface (Figure 4), and the Present sﬁrface is estimatéd fo be 33,000,000
cubic yards. The inferred pre-slide surféce is obtained by cohnecting
 the surface now found to the south of the source of‘the slide with the
limit of volcanic debris north of the source. The volume compéres Qell
. with the volume éf debris which is estimated to be deposited in the
valley and on the fan‘of Rubble Creek. The volume of material in the
. valley was estimated by calculating the amount of material fequired to
form the pfesent valley cross-section from a cross-section similar to.a'

nearby valley. Culliton Creek valley was selected for comparison because
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it is a similar size, it is only a few‘miles sduth, there has been no
‘major slide in it,'it‘haé steep volcénic cliffs near its source>and it
has a cross-section not unlike moét other creeks in the area. The valUme 
of slide debris added to the valley bottom waé thus éstimated to be
12,100,000 cubic yardswiﬁcluding a small volume of debrié.which

was- subsequently removed; The depth of debris deposited‘on_the fan can
be'estimated from boreholg data near thevdamsite; the height of the scarp'.'
at the southern edge of the debris, the thicknéss of.debris iﬁ'excavations
and the topographic relief associated with slide related features sﬁchv

as hummocks. The debris in this section has an average depth of 32 feet
éorresponding to a volume of 22,200,000 éubic yardé} The.tétal vdlumg

of debris in the slide deposit is. thus 34,300,000 cubic yards Which compares
well with the vélume (33,000,000 cubic yards) calculated through recon- .
struction of the contdurs at the source. The incréase in volumé fgom

the source to_the.dépoSit accounts for some of the increase in porosity.
which undoubtédly occurred during motion. |

An estimated thickness of 6 feetvfor the slide deposit south of

Rubble Creek.corresponds to a.toﬁal volume in this area of 3,200,000

cubic yards. This thickness is consistent with the thicknesé of debris
~ observed in the banks of,Rubble Creek, and the local reliefjin.

this part of the fan. The volume deposited in sections II and III is
~similar to the volume of an estimated 3,900,000 cubic yards which was
removedlfrom the upper part of the valiey'subsequent to the main slide.

It is thought that this material was transﬁorted by mud flows and by

* Rubble Creek from the.valley to the fan soon after the slide occurred.
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Surface contours near the head of_Rubblé Creek wefe reconstructed

for the time.just after the volcanics were deposited. These contours bound

-a‘lobe;shaped 'steép sided mass si@ilar to the 4th lavavlobe (Alternative 2
~ Figure 4). The'volumé contained beﬁween these contours and the present
surface is about 82,000,000 cubic yards. This volume is not consistent

with the volume of the slideAdéposif-and is therefore not a very reasonabie»

estimaté of the volume of the 1856 slide. _HoweVer,_it ié an upper limit

to the possible slide volume.

8. . Evidence of Additional Slides.

Althouéh:no slide debris older than the 1856 slide was seen on
thé valley walls an exposure of poorly sorted soil beneath fan deposits
nearvthe mouth éf Rubble Creek suggests the possibility‘of an earlier
 slide. Evidence for what may have been a slide earlier than 1856 also
exists in the form of some wood recovered from a drill holé,_well beneath_
the base of the 1856 slide and two layers-of Wood in another drillihole;
The basal layer.of thé 1856.slide is marked by wood thérefore the
'additional layers may mark earlier slides.

The third lava lobe appears.to'héve'lost Significantly mdré
material siﬁce it was deposited than has the fouith 1obe; This may be
indicapivg'of instability of the third lobe and perhaps additiocnal”

-slides. The low scarp above the trees én thebright hand side of

Photograph 3 may have been produced by sliding.
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9. Hydrology
Rubble Creek Slide occurred in.an area which>receiVes about
68 inches of precipitation>per year. Near the toe of the deposit, about
25% of tbe precipitation falls as snow but the proportion is much’ greater
at the source of the slide. Most of the precipitaticn falls during the .
.winter'months. The average temperature is about 8°C. ncar the toe of |
the deposit. | | |
| .Tbe Garibaldi Lake system has a watershed above the Barrier
.cf about 23vs§uafe miles. Except for occasional spillage from Barrier
Lake.during peribds of high runoff, the lakes drain through the subsurface
and emerge at the toe of The‘Barrier. The Springs.at.the toe are |
buried by talus but at least two seepage paths are indicated by.the f
temperature difference between the water from the springs. During June
and July of 1973 the water temperature in the.northern spring was 6.6°C.
while the water in the other two springs was at 5.7°C. -
Early iuvestigations by thé Water Resources Board indicateu
that the subsurface discharge beneath the Barrler was about 75— 200 cubic
feet/second con31st1ng of 60-105 cublc feet/second from Garibaldi Lake
and.the rest‘from.Lesser Garibaldi Lake. During this investigation,
an attempt was made co measure the vcloc1Ly of flow from Lesser Garibaldi
Lake through use of a dye and a brine solution. The results were not .
conclusive howevér the conductivity of the spring wacer peaked abcut

5 hours after the brine was dumped in the lake.
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" 10. Velocity
| The high veloc1ty of the landslide as it came down the

valley is attested to by the removal of all the trees in its path
as well as by the damage it d1d to the trees which eordered the path
"In addltlon where ridges transverse to the direction of slide movemeﬁt
were passed by the slide the upper limit 6f debrisvon the ground dropé
markedly from the crest of the ridge to the downstream‘side, such as
near beint A, Figure 4. This steep drop in the slide surfaCe‘is similar-
‘to the_drop in the surface of a stream of water as it passes aroﬁnd an
obstruction. A third indicatien of the velociey of the slide is the .
superelevation of the debris on one side of the valley where it is
curved, as shown on Sections 1 through 15, Figure 5.

‘Several estimates can be made of the velocity ef a slide.
The first and most commonly used method is to eqﬁate the kinetic energy
the moving debris possesses at the bese df_é hill to the potential
energy gained in climbing up the hill. That is:

1/2mv2 = mgh-

where m is a unit mass, v is the velocity at the base of the h111
g is the acceleratlon due to gravity and h is the helght to which the
debrls climbed It is assumed that the debris does not have a re§idua1
~velocity at the top of the hill, thet there is no less in energy climbing
the hill and that the thickness of debris does not change as it passes
over the hill. For Rubble Creek there is some evidence for build-up
of debris upstream of the.granitic knob at thevapex of the fan .  However,

the first two assumptions tend to counteract the effect of the change in
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thicknéss‘of débris and therefore the calculation may:still be wvalid.’
In any event_the height of the knob before the slide.was about 100'féet
and the caléulated velocity is thus about 80 feet per sgfond.

A second épproximétion of the velocity can be made from thg
superelevation of the debris on one side‘of thé channel as it rounds a
curve; As the direction of the velocity is.changed a centfifugal force
is exerted on the particles in the flow. 1In ordgr to balance this force \
.the surface of the mass is tilted towards the center of the curve so
that the Qector sum of tﬁe gravitational and centrifugal forces is
perpendicular to the surface of the mass.

| The path of the center of gravity of the slide debris was
found by joining the centroids of the cross-sectional areas of the debris,
as éhown on Figure 5. The'radiﬁs of curvatufe of the.path was found for
three curves, labelled X, Y and Z on Figure 4. The radius of curvature (R),

maximum transverse surface slope within the bend (8), and the velocity

calculated (V) using the formula:
2

V"™ = Rg sin 6
are shown below:
R . -9 _ ' v
X 2083 ft. . 10.5° 110 fr/sec
Y 3332 ft. 7.5° ' 118 ft/sec

Z 1874 ft. 7.5° 88 ft/sec

It was assumed for these calculations that the debris flow reaches

equilibrium with the centrifugal‘force as it rounds the bend; the flow
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was'uniform; the flow_lines were concentric;.the flow -was subcritical;
the surface of the debris was close to £h¢ line joining tﬁe maximum
height of deb;is'on the valley_wails and the debris was able to defofm
readily. |
The assumption of equilibrium would appear to bevvalid part—.
icularly for curve X.which has a radius of curvature which'ie constant'
for about 70 degrees of arc. - Although there is less chance for equilie )
brium to ha&e been reached through curves Y and Z, the general consistency
of results 1nd1cates that if equlllbrlum was not reached it was not a
major factor. If the debris did not reach equilibrium with the centrifugal
. force the calculated veloc1t1es would tend to be ‘lower than the true
velocities.
If the flow was con—uniform or the flow 1inesvnonfconcentric;
the error would not be large (Morris, 1963) and would give a lower
calculated velocity if taken into account.
For eubcritical flow of water the Froude ncmber'must be less
than 1, that is; the velocicy for a mean depth of 200 feet, such as shown
- on cross-section 4, Figure 5, must be less than 80 feet/second._ Fcr
éupercriticel or rapid flow the superelevation is affected by disturb-

ances generated through the curve (Morris, 1963). .As these disturbances

would .tend to increase the superelevation the calculaced velocity would
be too high. - If this was the case, the true velocity would lie‘bgcween
the velocity calculated by assuming subcritical flow and the criticall
velocity.  The effect-of disturbences would be diminished by the sloping
_ &alley walls on the outer side of the curve. Although the true velocity
cannot.be calculated with certaincy using chis method unless the flow

‘conditions are known, the velocity can be bracketed.



The debris ﬁass»under&ent many rapid changes in shape as it

‘moved down the valley. The mass appears tq have moved with many of the
qualitative characteristics, if not the quantitative eharacteristics,'
of a fluid.v Thus it seems reascnable to assume that #he cross—éections
of the mass shown on Figure 5 are valid and that the maes cbuld‘defprm
readily. |

| It seems reasqnably certain therefore, that the velocity ef
the slide debris as it moved down_Rﬁbbie Creek valley Qas between 80 and
118 feet/second. The best estimate is probably that derivedbfrom the

superelevation as it rounded curve X, 110 feet/second.

11. Failure Mechanism

In order to,develop a reasonaﬁle explanation of the initiel
‘ failure ef the third lava lobe it is imbortant ﬁo kﬁow the conditions
-existing prior to the failure. Although itehas been postulated that the.
slide was caused by the liquefaction of a talus deposit (Brawner, 1975)
‘the geological evidence does not favour this hypothesis. The existence
of the outcrops of lava on the north slope indieate.that‘the material _
removed from this Erea.was "in situ" lava rather then'talus, The talus
which now covers part of thevnorth slope has been derived mainly from
these‘outcrops and from the ridge of volcanic rubble:near the limit of
volcanic debris. The vague bedding and large intact blocks in this ridge
- indicate that the ridge ie formed by rubble similar to that on the surface
of_the flow rather than formed by‘talus.,

_The rest of the failure appears to have occurred mainly

throughvbedrockbas indicated by the outcrops along the foot of‘The
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Barrier and the scarp along the south side of the slide as weil as the
Barrier itself. It is very unlikely that a slide which was mainiy talus .
would remove a la&er of the undérlying bedréék.. In éddition, it is
unlikely that a talus deposit could accumulate agéinst a cliff which
served as its source aﬁd for the cliff to remain near vertical beneath
the talus. | |

The sliding was probably localized along the unconformity‘at
the base of the‘lava on the north side, and through discontiﬁuities.in.the
lava‘elsewhere. The‘material comprising the slide was most likely lava
bedréck with an overlying layer of rubble, and perhaps a toe of talus.‘

Floods 6r increased water pressﬁres beneath the'Barriér have
been vafiously cited as possible triggering mechanismé for the‘slide.
,lFloods or Va?eé of watef from Garibaldi Lake are ruléd-out bj the
existence of trees which predate the slide within lOIfeet of the bottom
of the creek which drainé Gafibaldi Lake (Point B, Figure 4). 'it would
not be possiblevfor a large wave of water to pass this poiﬁt without
uproofing the trees in its path. |

High water pressures may.have occurre& alongkthe failure
surfaces prior to the slide. Drainage of‘thevGaribaldi Lake system is
for the most part by subsurface flow which springs out at the toe of The
Barrier. This flow seems to be restricted fo zones near the base of the
flow as no springé.issue higher up the face of The Barrier. If the
seepage path was blocked by an undérground collapse or by ice forming
at the éxitAduriﬁg an extreme.wintef, very high uplift pressures. could

develop.
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The Garibaldi area is near the boundary between Seismic_zones
1 and 2 (Milne, 1973) therefore the possibility of the slide being
~ triggered by an earthquake caﬁnot'be ruled out. Alfhough slide areas
haveﬁBeen.knownjto'withsténd large earthquakés-before being triggeréd by
earthqﬁakes of smaller magnitude at a later date (Mathews and McTaggarf,
1969), ;.major earthquake occurred in the aréé only a few yéars:pridr N
‘to thé slide and it would seem_thét if the slope was in a condition to .
‘fail under earthquake accelerations:in 1856 it would have been in a’
similar state in 1853 and would have failed during the 1853 earthquake.
Records dﬁring these years are scanty, however,‘if an earthquake larger
than the 1853 earthquake had occurred it is very likely that there wOuldrv
be some record of it. There is the”possibility of_avsmall earthquake'
having occurred in 1856 near the slide which would hot have ﬁeen.hoticed
in the more populated areas but would have produced accélerations'at the
'Barrier larger than the 1853 earthquake. |
| It can be concluded that.an earthquéke aé fhe primevtriggering
" mechanism is unlikely but cannot be ruled out complétely.‘ The déveiopment
of high uplift pressures is the.mostvprdbablettriggering meqhanism for

the slide.

12. Transport Mechanism

Two- of the‘mdst interesting featuresbof the RubblevCreek
' landélide are the extremely high efficiency and higﬁ velocity of the
slide as it travelled down the valley. The ratio of the maxiﬁum height

drbpped to the maximum distance travelled is 0.15, as shown on Figure 5.
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This is a low value even compared to other high efficiency‘slidee

.(Hsu, 1975, for ekample). This ciass of mase movement has been variousl&r
kndwn‘as rockfall avalanche, debris stream (sturzstrom), debris
avalanche, landsllp, catastrophic 1ands11de, or catastrophic. rockfall

The effchency exhibited by the Rubble Creek slide is what could be
expected of a somewhat larger slide considering-the-general increase»

in efficiency with volume tﬁat has been reperted 5y numerous investi-
gators (Heim, 1932, Howard, 1974 and Hsu, 1975);

The effieiency of these slides has been explained in a numﬁer
of ways, ﬁamely; fluidization (Kent, 1966), lubrication by underlying
weak layers, air launch (Shreve, 1968), dust cloud (Hsu, 1975) high |
vapour pressures (Habib, 1975), transfer of momentum to the ieading part
from behind (Eisbacher, 1976), or s1mply fluid flow (Helm, 1881) Any
explanation of the transport mechanlsm must take into account several
features of these slldes be51des the_hlgh eff1c1ency. These features
inciude: |
"(1) a chaotic arrangement of blocks without gravity sorting;
>(2) a limited amount,.or absence of, abrasion of constituent blocks;

(3) a high degree of fluidity at the time of emplacement;A o

(4) relative thinness compared with greatvhorizontal extent, eliﬁinating
the possibility of stress transmission throegh avsignificant distance;

(5) verf High speed of movement measured in seconds or in a very few
minutes; and

(6) associatioﬁ with air blasts...” (Kent; 1966).

In addition to those features listed by Kent the follewing should be added:
(7) parts of the debris maintain a semblance of_their original relative

~ positions (Shreve, 1968);
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’

(8) 'thé debris can pass over the ground surface in some cases without
disturbing it very much .(Shreve, 1966);

(9)- thé ability to flow around obstacles near»their.distal eﬁd:without'
greatly disturbing them (Buss.and Heim, i881, p..40);'

(10) the sﬁeep angle of repose of the ﬁaterial in lateral ridges and
distal.scafps; and

(11) the occurrence of similarislides on the moon (Howard, 1973).

In view of the fact ﬁhat high efficiency rock slides have ¢
occurred under a very wide‘rénge of climatic; lithologic, topographic;_,
.gravitational and atmospheric conditions it seems imperafive that the
mechanism which enables these large masses to behave as they do shbdld
be inherent in the mgsé itself rather than in some outside conditions.
In particular, the mechanisms of air launch, mud layer lubrication and
air fluidization.can beAruled out by the occurrence of.similar slides on
the Moon (Howard, 1974). in fact; the only COnditiqns‘which appear to
be necessary to genefate a_rpckslide of this néturg are a high initial
velocity, disaggregation pf the fock.involved and a suitable path to-
follow. |

An available explanation is that the rock debris is carried
in a cloud of dustvcfeated by the initial failure and that the debris
behaves as a fluid. There is some experimental-evidence supportingvthis
concept (Bagnold, 1954). He found thgt the resisfance to shearing of
grains.suspended in a Newtonian fluid decréased_at high ratesvof shearing.
He also found that there was a dispersive grain pressure created when

these grains underwent shear (see Hsu, 1975 for a discussion).
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If it is accepted that the slide debris behaves as a fluid at
high velocities then some predictions can be made oﬁ its behaviour using
conventionai fluid mechanics. For example; the velocity of the slide
would bé-proporﬁional to, "among other things, the square root of tﬁe
height of the wave bf debris. For slide paths which are_restricted‘SO’
that the debris cannoc‘spread out, the high velocity could be maintained.
for a longer distahce. This could'be an explanation for the anbmalously v
long run out of the Huascaran and Rubble Creek slides.

An alternatiye transport mechanism for theARubble Cfeek.slide
is that it was a water saturated debris flow. There is no reasonéble
source for the volume of water required to saturate the‘slide*mass.after
it had gainéd porosity in the>initial failure. There is a possibiiity~.
that the initial slide occurredlana subsequently the.débris‘became |
saturated énd was remobilized. It aﬁpears fhat_this wés the mechanisﬁ:
for .transporting the»debris to Séctor III of the fan butvit is an.unneéessary
complication to invoke to explain the main slide. One would éxpect some -
of the debris from the dry slide béfore it was remobilized as a wet slide
to be still visible in the upper part of the valley but there is né |
evidénce of this.'.The debris was deposited near the angle of repose for
dry, cohesionless soil at the. distal rim of the slide méés and in the
lateral'ridges. The-slide debris in its present state has been observéd
- to "flow like wet concrete" (Terzaghi, 1960). This is common behaviour

for a lqose, saturated soil and it need not be concluded that it is a
..special.characteristic of the debris of the oriéinal slide nor that this
was saturated when thé slide occurred nearly 100 years prior to Tefzaghi's ,

observation.
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The debris covering Sector IIIjof the fan musf haverbeen
moving élowiy in oﬁder to move around the trees in:this area without.
toppling_them.. Immediately after the slide the flow in Rubble Creek
Valley would have been greatly_hindefed by debris and it is reasonable
to expect that water normally brought down by stfeam‘flow would build ﬁév'
and ;aturate the loose slide debris in the valley. This debris and water
mixture would be expected t§ mbve as mud flows until unhindered drainage
by the creek was re-established. A lateral ridge on the south side of
the creek at the apex of the fan (Point C, Figure 4) indicates that ﬁhe:
main slide was moving in a direction which woﬁld restrict it to the ﬁorth
half of the.fan. The materia1.covering Section III near the apex of thé
faﬁ spread out nearly at right angles to the direction'of the laterél
fidge. This is additional evidence for secondary mudflows. Much of
the debris in the valley above the apex of.thé fan is in lobe-shaped
mounds giving the appearancé that the most recent movement was viscous
flow. These lobes are not common in Sector I.of the fan.

The debris cones.may have Been ungaturated debris rafted down
on the suffacé of the mudflow. The similarity of these cones to sénd
. cones. formed during liquefaction by.earthquakes and to the debris cones

found on rapid, dry slides should not be overlooked.

13. Potential_for Future Slides

The main reéson for concern in this‘area, indeed the reason
‘this investiéatioﬁ was’begun is that a large rapid slide occurred
recently. The repefition of land sliding.from the same or adjacent
source areas is a well documented féct (Matﬁews and McTaggart, 1969;
Shreve, 1968; Crandeli and.Féhnestock, 1965; McDowell, 1962;uahd Browning,

1973; Patton, 1976).
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The probability of another slide occurring should not be
substantially different from ;he probability §f a first slide occurring
| “unless it.can.bé clearly demonstrated that the conditions'whichbled tq'
the first slide have been'subétantially-changed‘sinCe it bécurred. _As.
tﬁis cannot be done at this time for the:Rubble Creek slidé it is only
prudent to accept the pbssibility df a similar slide in the future.

The conditions which led to the 1856 slide:began with the
deposition of lava against ice in the valleys and thevsubéequent'removél‘
of the ice some 10,000 years ago (Mathews, 1952). This left éteep
slopes underlain by large volumes of material_which have had their
factor -of safety agains£ failure significantly reduced by removal
of the ice in recept geological times. Generally, rock such as that
involved in the Rubﬁle Creek slide is strong enoughAté support itself§
" accordingly preexisting discontinuities ére reqﬁired for a slope

to fail.._The fourth lavé lobé and north side of the third lobe
are probably underlain by the sides of the pfé—volcanic valley. 'Uﬁder
the third lobe, the north side ofvthe valley in conjunctién with a
discontinuity through the lava formed a surface oriénted in such a way
as to be conducive‘to sliding. The south side of the pre-volcanic valley
:is thought to be oriented in sqch a way as to be conducive toc sliding of
thé fourth lobe.

In the third lava lobe future rockslides could occuf along
the intersection of thé pre-lava valley wall gnd steep joints in the
.lava flow. Depending upon the orientation of the steep joints the ﬁiunge
. of this intersgction isbvariable. Joint surfaces which have steeply

~

- plunging intersections are associated with smaller slide volumes in
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cdmparison-with joint surfaces which haye a shallowly plunging intersection.
For éxample, a joinf surface which intersects thé old valiey_ﬁall at a:
plunge of 15° wou}d involve a potential slide volume of about 25,000,000
cubic yards. | |
In the fourth iobe as in the third, future roéksiides could
occur along the intefsection of the pre-lava valley wall~and_steep joints -
'-_ in the iava flow. The side of the pre-lava valley appears to slope aBout 28°
(Figure_4) towards Rubble Creek and slide movement could occur doﬁn this |
surface. The toe of this‘potential slide is bﬁriéd by increasingly thicker-;
'depbsits of matefial in Rubble Creek Valley from the weéte;n egd of the lobe
towards the east.. This increase in toe support towards the east iimits the
total volume of rock which could slide from the foﬁrth lobe at one time.
The éréa, frém the wesgern limit of the foufth lobe to an'eastérn limit where
_the toe support becomes large (Figure 5)3 in;ludes a thential slide
Qolume.of 76,000,000 cubic yards reéting oﬁ the preflava su:facef 
Various mechanisms may trigger movement of these-lérge masses. -

Increased groundwater pressures appears.to be a likely mechanism espetialiy
for the third lobe because of the subsurface drainage which occurs beneath |
the lobe. Slide movement could be initiated in eitherAlobe b& an

eattﬁquake. Once slide movement begins the écceleration and transport of
" the maés is not fully understood and its behavior is best estimated by
comparison with similar glides. .Because the 1856 slide travelled ddwﬁ

‘the full length of Rubble Creek Valley at a high velocity it should be
consideréd that any future large slides could reach the populated areas

-of the fan at a high velocity.
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SCALE - MODEL STUDIES

1. General

‘The mechanism by which slide masses,  such as Rubble Creek
slide,.are traﬁspbrted to the depoSitidnal area is'ﬁot fully'uﬁderstood
and depends on a number of fagtérs.' Compiex physical 5ehaviour is often
investigated through use of scale-models particularly in ;he study of
fluid’flow. The mdtion of Rubble Creek élide éppears to have been -
fluid-like and many of the variables'such as gravity, slope, density,
 side ffiction and internal strength which-céntroi fluid flow also appear
to control slide movement. For the case of RubbieVCreek slide, it was
-théughf that if a fluid could be found which would ﬁodel the complex path
of the 1856 slide then this fluid could be used to predict the behaviour
kof potential'élides éf a similar nature from the same‘area;. Similﬁr
studies, based on a trial and error method, have been carriedvout for
the Elm slide (Hsu, i975), Cdmpafable model étudies have been carried
out for tﬁrbidity currents (Middleton, 1966). |

For a scale factor of.l:ZSOO a unit length on the model (fm)

is equivalent to 2500 times this length on the.protoﬁypé (Jp) (Hubbert,
1937). be this case the velocity in the protbtype (Vﬁ) is related to

the velocity in the model (Vm), by the following relationship:

| Vp = Vm ’fp/fn = 50Vm-
similarly for time:
tp = tm. /1p/fm = 50 tm
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2. Experimental Methods - : : , O

A topographic model_ofvthe area involved in the-élide was
constructed, as shown oﬁ-Photogréph 12. The medel was made from
corrugated cardboard éﬁt in the ‘shape of each lOQ foot contour .and
spaced by wooden blocks. The cardboard was subsequently covered by
plastef, sanded and painted. The final outside dimensions of‘the
model were about 6 feét by 10 feet by 3 feet high.

‘Construction is laborious for a model bﬁilt in this way, but
more important, it was véry difficult'fo modify»topOgréphy of élide
configufations as desi%ed{ |

.Plexiglass sheets Qere fitted into slots in the plaster so
that the sheets could be removed quickly to release a mddel»siide.' The
#ath of the prototY?e slide was marked on the model'SO that the movement-
of a mddel.slide could be compared to that of the prototype. Sevefal
Qolumés were tested to investigate the'influencé of volume on velocity
and path. Three volﬁmes-(ZO, 30 and 81 million¢cubic yards) were _
released from near the source of the 1856 slide and a volume equivalent
tov91 million cubic yards was released from the faurth‘lava iobeﬂ "'Due
to liﬁitations on the shape of thé plexiglass Sheeﬁs the test volume
released from the fourth lobe was about 20%‘largef than the volume
equivalent to the potential slide described in the previous section.
Because of the large error inherent in estimating potential slide volﬁmes
the 20% excéss volume was not thought to be signififant.

Most of approximately 100 test slides carried out fall into
one of.fouf different series of tests. The first series of tests

(Series A) was designed to.try out different possible modelling materials.



10 -4
10- 1 - 74

BENTONITE
+ BARITE

Photograph 12

Typical model slide showing coloured

stripes. The slide material was horizontally
layered at the start with red at the toe,
blue at the top and brown between the two.
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In all, about twenty different materiais or combinations of materials
were tried, including: ‘water, Sand, water and send,dplestic beads,

beads andeater, fine mica, fine mica and water,'barite,_barite and
nater, bentonite and bentonite—barite—water combinations. The bentonite
slurries were made from tap water and commercial bentonite'(Quik Gel,
Baroid Industries Ltd.) with commercial barite (Baroid, Baroid_Industries
Ltd.) often as an additive. From Series Apit'BeCame obvious that the
only material tested which had any chance of modelling the prototype.
slide in detail was the bentonite—bsrite;water slurry.

Accordingly, a second‘serles of tests (Series B), was carried
out in order to determlne the best combination of these materials to
model the prototype slide. From Series B the particular mix which best
modelled the slide path was chosen and this mix was used-for‘s»subseouent
series of tests (Series C), in which different slide volumes and positions
were tried. A fourth series of tests (Series D), was carried out with
the model tilted at 1, 2 and 3 degrees using four mixtures haVing e range
in viscosities from too thick to too. thin. |

As part of Series B four trial runs were made u51ng bentonite—
barlte slurries made w1th the same measured welght of each 1ngred1ent.
These tests were done in order to check the repeatability of the trisl
runs. In addition, the flow of all mixes through s_funnel was timed in.
order to have a crude measure of their relative viscosities.

Food colourlng was used to mark various layers in many of the
slldes in order to follow the movement of different parts.> Plasticene
blocks about a tenth of an inch in drameter suspended in the slurry were

also used for this purpose.



42.

Twenty-four of the model slides were recorded on 8 mm movie

film and later analysed frame by frame for velocity and pattern of movement

(Figure 6). .Notes and sketches were made of most of the other model slides. -

3. Résulté of Model Studies

i) : Geﬁeral

Although an attempt was made to obtain quantifative results
fhrough time-position measuréments, thé qualtitatiVe resuité appear |
to be thé most interesting. Some of the most remarkablevobserVations'
were made Wheh coloured.layers of bentonite slurry were used for thé-‘
élide material. 1In these tests the layer’which was ofiginélly at the
toe of slide remained along the leading edge of the slide when in
motion and was deposited along ﬁhe outer edge of the slide path and
at the extreme distal end, as shown on Photograph 12.. The layer
which was originally placed in_the middle of the slide at the source
was deposited between the layer originally at the toe and the layer
originally 5t the top. -The top layer was depoéited along fhe center -
of the flow. | |

The coloured layers also- showed a striped pattern ﬁhich is
ﬁfoduced by differential movemenﬁ between parts of the slide debris.
This étriping has been .observed on many slide deposits and it is

- interesting to‘compare Photograph 12 witﬁ Photographs 13 and 14. The

latter two photographs were. taken of the Devastation Glacier slide ﬁhich
occurred during July 1975 nearPembertoh,B;C.(Figure.7).' fhis slidé was
composed of very weak recent volcanics which slid off a éteep mountain

side (Photographle)_and thence down a”valley for Severél miles before
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Photograph 13

Devastation Glacier Slide. Source area,
striping in the debris and mud flows along
far side of glacier. The mass slid toward
the viewer, swept up on the near side of the
valley, abruptly changed direction and

moved to the right.
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Photograph 14

Devastation Glacier Slide deposit, striping
in the debris and imprint of subsequent mudflow.

Photograph 15

Devastation Glacier Slide Path, showing
banking of the high velocity tongue as it
rounded a corner (1, 2) and the nearly
horizontal line of the subsequent mudflow

(3).
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coming to rest.‘ It can he.seen that the striping is almost paraliel
to the edges of the slide path and the-deposit, similar to the model '
elidee. The Devastatlon Glac1er slide is similar to the Rubble - Creek slide -
in that,llt followed a long path down a gentle slope (Photograph 15)
apparently at a high velocity after initially starting on a steep
slope; it was composed of recent volcanic debris; it was followed.
by mud flows; the leading tongue swept ‘up from one side of the
.valley to the other, the Jdebris was poorly sorted and very broken
up; and the debris appears to have been very fluid. It should be
noted that the striping at Devastatlon Glacier sllde wasrobviously only in
the hlgh velocity tongue wh1ch preceded the mudflows. vThlS |
comparison between the model slides, Devastation Glacier slide aod hubble'
Creek slide is important in that it shows that thebmodeis exhibit |
some of the features of this type of natural slide. Therefore,
more credence may be placed on other features which the‘models_-
showed.

fwo other seoondary features shown by the model slide
which were similar to the prototype slide were.(l) relatively thick,
steep-sided deposite along the edge of the slide'path.and (2) a
triangular mound of debris deposited on the opstream side of the
knob near the apex of the fan. These model features could be
>compared to the lateral ridges and the mound of debris at the apex
of the fan which were observed at Rubble Creek.

The movemeht of the model slide is similar to the prototype .
in that}they both show an initial rapid movement and a qﬁick stop |

followed by secondary mudflows.
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(ii) Test Serieé A

This series of tests was Primarily carried out ﬁo determine
what type of material would be most suitable for use in trying to
model the siﬁde;4 Dry métefials such as unifbrm.sand, plastic_beadé,‘
fine micé,'powdered barite and powdered bentonite were tried;
however, none of theée materials travelled far enough and they were
thus unsuitable for mddelling the slide.

Tests were also carried out with mixtures ofvthe above
materials and wéter as well as water alone. It was found that most

- of these mixtures were unsuitable. In the cases of sand and beads

the water ran out-of_the.mixture leaving the pérticles,beﬁind as a
deposit near the top éf.the valley. The mosf promising mixture Was
found to be bentonite and water. This mixture was selected bécause
a‘wide‘range of:viscosities was avéiiable and the slurry was
thixotropic. Because if is thixotropié there waé some poésibility
of_modelling the very'fluid behaﬁiour in motion, the rapid stop

and the steeﬁ»depositional slopes at the edges of the deposit.

(iii)'Test Series‘B.

Baéically test series B was carried out to find which
combination of bentonite, barite and water would best fqllow the
scaled path of the slide. It was found.that all coﬁbinations
tended to flow toovhigh on the first curve on the south side of
the creek.‘ It is considered that”in this area the estimated

~elevation of the pre-slide valley floor was too high. 'Becauée
"of the way the model was cdnstrucﬁed, however, the contours in the

upper part of the valley were not changed. For several test slides,
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deflectoré were put along thisxfirst curve in order to forde the
' mud>to-follow:the curve more cloéely.. Thus.déflected,'the ﬁud Waé
found to follow the.successivelqurﬁes more closely.

| Thé heights reached on curves below the first and above
tﬁe apex of the fan were similar to the pfototypé;'howéver,_the
_ maximum rises weré offset Hownstream, perhaps becéuse the firsf.
- curve was too long éhd high. The last curve along the edge of
the fan below the apéx was never modelled,prdperly.v Iﬁ is considered
thét‘the curves were éll deveioped too far downstream and that the
second from last .curve, which would have directed fhe debris up the
. valley wall on the north side of the fan, did not have a chance to.
fully develop. |

All model slides showed a rapidly decréasing velocity'ffom

the upper part of thé valley to the lower paft. The reéord'of the
prototyfe however, indicates that a relatively constant velocity |
was maintained along the path:of the slide (pp 26 - 29) except
. below the apex bf'the fan where it spread out and sﬁOpped. A
typical plot of the position of the leading edge of the bentonite
slurry versus time is shown on Figure 6 and the ﬁelocities calculated .
from the trial tests ére given in Table I.- '

| If the mud was thickened enough so that it did not ride
very high on the first curve, it also sfopped its rapid movemeﬁt
near the apex of the fan. This was the main shortcoming of the
bentonite-barite—water slurry for mddelling the Rubble Creek Slide.

In addition, the velocities given on Table I are much higher than



Trial No.

15-1
24-1
24-2 -
243
24
246
©23-2
23-3
23-4
23-5
23-6
23-7
23-8

TABLE I =

slide Velocities From Model Studies

Volume

(cc)

2000
2000
4000
4000
2000

2000
1300%

2000 *
2000 **
2000 **
2000 **
2000
2000

Equivalent Velocity (fps)

246
- 246
266
290
220
291
200
273
256
239
1837
290
237

Upper Half Lower Half

207
149
255
298
199

. 168

168

300

153
199
215

244

224

Average

226
190
" 261
294
210
219
184
281
197
219
197
279
234

* Same mixture of bentonite and water

** Same mixture of bentonite and water

49.
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the velocities calcdlated for the slide (Section iO). It was found
that mud with model velocities similar'to those given iﬁ SectiOn 10

© did not travel the full distance down the Valley. Tr1al 24-4 was

~ typical of the models Whlch best followed the path of the prototype.
This mixture was composed of 80 grams of QulkGel 1600 grams of Baroid,
and 800 cubic centlmeters of Ottawa sand in 2000 cubic centimeters of.
.water.

All of.the model slides.slowed markedly when they:spread
out on the fan. This slowing is an expression of the cont:ql the
height of a wave has on its velocity (compare turbidity-curpents,
~avalanches, dam bursts, etc.).
| Repeated model,slidesbusing the same mixture of bentonite,
barite and water produced essentially similar model slide paths and

deposits.

(iv) Test Series C
| Although‘mosf tests were‘carried out using a volume of ﬁud
similar'to the estimated volume of the 1856 slide, sevefal tests were
carried out using smaller or larger volumes. it was found that the
iarger the voluﬁe for a given mixture, the farther and faster it
travelled. The paths of slides from the same sourcevarea were essentially
the same for all volumes although the larger volumes rode higher on
the curves and were deposited farther down the fan and the smaller
.volumes rode lower on the curves and were deposifed near.the apex of
the fan or in the valley. The model slides released from the fourth
lobe moved directly across the valley and swept high up on the opposite
side. After this first curve the slide followed a similar path to the
slides from the third lobe. The final deposit covered a largef area

of the fan. (Photograph 16).



Photograph 16

Model slide equivalent to 91,000,000 cubic
yards from the Fourth Lava Lobe. Cheakamus
Dam is on the lower left side of the
photograph, source of slide on the upper right.

51.
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(v) Test Series D

In order to find out whether a slight tilting of the model
in the direction of flow and a thicker mixture would more  closely
model the prototype péth, seVéral tests were cérfied out witﬁ the
model ﬁilted at 1°, 2° and 3°. It was.found that the mixtures whicﬁ
- travelled the full length of thebslide péth were still_too fast to
model the cﬁrves in the upper part of the path. It is thought that
larger tilts would increase'the slope‘of,tﬁe valiey flo6r by too large
-an amount for any credibility to be ﬁlaced on the results without 

some theoretical basis.



CONCLUSIOVS

The following conclus1ons can be drawn from the field and

laboratory study of the Rubble Creek Sllde

1)

2)

3)

4)

5)

6)

8)

The 1n1t1a1 failure of the sllde occurred along the contact of
the volcanics with the glacial debris overlying the Cheakamus Formation:

on the north side, steep joints in the head scarp and through closely

jointed volcanic rock below the head scarp;

The slide was‘dominantly composed of volcanic bedrock, rubbie

and talus;‘

The internal structure of thedfourth’lava lobe'appears'to be essentially
the same as the third lobe and it-also rests on pre-volcanic vallej
wall; |

A tongue of debris travelled down thevnalley at a high‘veloeity,
5weeﬁing from side to side and uprooting all vegetation in its path;
This tongue of debris was deposited on the north s1de of the fan
and was followed by mudflows whlch modified the debrls in the

upper part of the valley and which‘were deposited on ‘the south sidet
of the fan, killing and burying the vegetation in this'aree§

The vegetation on a section of the fan in the shadow of the

.granitic knob at the apex of the fan was not destroyed at the

time of the sllde,

Ihe debris in the slide deposits is very poorlycsorted anguiar‘
debris primarily volcanic in composition;

The debris can be distinguished from the underlying alluvial fan
dep031ts by the absence of sorting in the 2 to 4 mm range and in

the 511t sizes;
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10)

11

12)

13)

14)

15)

16)

17)

18)

54+

The slide occurred during the late winter -of 1855-56 or early

spring of.1856;>

Tﬁe‘volume of the slide is estimatéa to be about 33;000,000.
cubié yards;

There is some evidence of'earlier slides in the form of'depositsv
of ﬁood and deposits of coé:se unsorted debris beneath the fan "
deposits; | |

There is some evidence.of later slides iﬁgthe form of younger
vegetation and lobe-shaped deposits aloﬁg the valley adjacent to-

the base of the fourth lobe;

. The slide\maintainedAa velocity between about 80 and 118 feet per

second down the low slope of tﬁe valley floor and through several
changes in direction;

The slide may_have been triggered by a build-up of groundeate:
pressures although local eafthquakes ﬁay also have been thé cause;

The 'slide debris was probably transported as a self-suspending =

mixture of rapidly moving particles which behaved in a fluid-like .

manner;

Both the foﬁrth_lava lobe énd the third lava lobe were deposited

' under conditions which make them much more susceptible to sliding

13

than most other slopes in the area;

Scale models are a useful means by which to study the motion and

" some of the characteristics.of slides suchbas Rubble Creek Slide;

The model slides as well as Rubble Creek énd Devastation Glacier

. slides move és a high velocity tongue of debris followed by slower

'mudflows;
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'19) The striping observed in man& slides can be explained by Hiffefentiél'
movement as Ehe &ebris étrétches out.in the direction of motibn;v
20) The modelvtests suggest that the prbtotype slide velocity was less
than about 200 feet per second; ‘ |
21) The model slides indicate that larger slides travel farthér’and;
faster than smaller slides;
22) The model studies indicate that the'velocity is also propoftional<;‘
to the thickness.of the moving debris; |
23) The model slides indicate that the path followed by a slide is
- largely determined by the topography and that large changQS'in>v
: directién Qithout'large losses in QeloCity are possible; |
24) 'The>model>indicated thgt materiais ipvolved in flows such as the
ones tested tend to.maintain théir relative.posifions, and
this chargctéristic of landélide depqsits»is,not neceséarily:an.
indication of sliding réther than flow; | |
25) It is only prudent to accept the pbssibility of the oécurrence of
" another slide similar to_the 1856 slide begause it cannot be

_ demonstrated that conditions have substantially changed since 1856.
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AREA COVERED BY PROTOTYPE SLIDE
DEBRIS

POSITION OF LEADING EDGE OF
—0.32 sec~~  MODEL SLIDE AND TIME AFTER
N RELEASE

POSITION AND SHAPE OF A DROP OF

== 0.3256c*™~ (o oURED MUD IN THE MODEL SLIDE
AND THE TIME AFTER RELEASE OF
THE SLIDE

S
o

. _' /-};’{0.32 sec
475 sec
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RUBBLE CREEK SLIDE
SCALE MODEL SLIDE
MOTION AND DEFORMATION

) Scale 1:10000 FIGURE 6
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