National Library
of Canada »

I+

du Canada
Canadian Theses Service

Ottawa. Canada
K1A ON4

.CANADIAN THESES

- NOHOE——

The quality of this microfiche is heavilysdependent upon the
quality of the original thesis submitted for microtiing. Every
effort hag been made to ensure the highest guality of repreduc-
tion possible. ’

. .

If pages are missing. contact the university which granted the
degree. - ' -

Some pages may have indistinct print especially if the original
" pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy.

Breviously copyrighted materials (journal articles, published
tests; etc.) are not filmed.

Reproduction in full or in part of-this film-s governed by the
Canadian Copyright Act, R.S.C. 1970, c. C-30.

- THIS DISSERTATION °
- HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

- NyL-3391r.86/06)

A

Bibliothéque nationale

Services des théses canadiennes

e

THESES CANADIENNES

AVIS

La qualité de cette+microtiche dépend grandement de ta Jualité
de la thése soumise au microfilmage. Nous avons tout fait pour
assurer une qualité supérieure de reproduction

S'il mangue des pages. veuillez communiquer avec |'unifer-
sité qut a contéré le grade

La qualité dimpression de certaines pages peut laisser a
désirer, surtout si les pages originales ont été dactylographiées
a l'aide d'un ruban usé ou si I'université nous a fait parvenir
une photocopie de qualité inférieure

Les documents qui font déja I'objet d'un droit @'auteur (articles
de revue, examens publiés, etc) ne sont pas microfilmeés.

La reproduction, méme partielle, de ce microfilm est soumise
a la Loi canadienne sur le droit d'auteur, SRC 1970, ¢. C-30.

&

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS REGUE

Canad



. | |
5, , < ’
THE UNIVERSITY OF ALBERTA
Reconnaissance of Rockslide Hazards in Kananaskis Country
by

. Timothy M. Eaton

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
A IN PARTIAL FULFILMENT OF THE REQUIREMENTS KOR THE DEGREE

OF MASTER OF SCIENCE

'CIVIL ENGINEERING

EDMONTON, ALBERTA : -~
’

B B Spring, H986 ‘

4



Permission has been granted
to the National Library of

Canada to microfilm this.

thesis and to 1lend or sell
coples of the film.

The author (copyright owner)
has reserved other
publication rights, and
nelther the thesis nor
extensive extracts from it

may be printed or otherwise .

reproduced without his/her
written permission.

ISBN

L'autorisation a &té& accoraée
a la Biblioth@gue nationale
du ¢ Canada de microfilmer
cette thése et de préter ou
de vendre des e&xemplalres du

“fillm.

Ltauteur (titulaire du droit
d'auteur) se ré&serve les
autres droits de publication;
ni la thése n1 ge léngs
extraits de celle-¢1 ne
doivent @tre imprimés ou
autrement reprodults sans son
autorisation eécrite.

.
-
~

0-315-30136-8



THE UNIVERSITY OF ALBERTA

RELEASE FORM

3
NAME OF‘AUTHOR‘ Timothy M. Eéton
TITLE OF *THESIS Reconnaissance of Rockslide Hazards
in Kananaskis Country
DEGREE FOR WHICH THESIS WAS PRESENTED MASTER OF SCIENCE
YEAR THIS DEGREE GRANTED Spring, 1986
Permission is hereby granted to THE UNIVERSITY OF
ALBERTA LIBRARY to reproduce single copies of this
thesis and to lend or sell such copies for private,
‘scholarly or scientific resgarch purposes only.
The.author'reserves bther gup}ication rights, and
neither the thesis nor exten%iye extrdcts from it may
be printed or otherwise ?eproduced without the author's
written permission.: a e

(SIGNED) .;f{?:..(}ﬂ.fi:;......

PERMANENT DDRESS'
/.. ,/b/’fdjf
\ oo '4’7‘6-....§. //..........

Lorada. EOA360

q )
DATED .{.yéftf...é{{...£19 LL



THE UNIVERSITY OF ALBERTA

»

?ACULTY OF GRADUATE STUDIES AND R_ESEARCH

The undersigned certify that t/hey _h‘ave %ead, and
retommend to the Faculty of Graduate,z’t/;dié:s and Research,
for acceptance, a thesis entitled_Reconnéissahce'of
Rockslide Hazards in Kananaskls Country Smeivttegl, by Timothy
M. Eaton in/;laartial fulfilment of ihe"requiremen'tﬁj for the .

/' degree of MASTER OF SCIENCE

Superv1sor

al, .{.hu“...‘/..,{.{?
[l..,./.....‘/(r’&:{/'

/



;

-

]

THE MOUNTAINEERS - 1906

"...to explore, study, preserve and ehjoy
o

the natural beauty of Northwest America..."

e

&

»




Absfract
Kananaskls Country 1s 51tuated in the Frc¢nt Ranges‘of
the Rocky Mountains along the Alberta British Columbia .
border 50 km southeast of Banff{.Seddmentagf ‘Tock thrust
northeastwards forms mountain ridges that trend |
northwest;southeast“parallel to the oajor thrust faults.
About 45% of the 880 km® study area lies—abovezéreeline.
Rockslides are garger volume movements that translate
initielly along a discoqtinuity& Bedding surfaces are a
ucomﬁod form of.ﬁi§contlnuity in Kananaskis. The |
..reconnaissance mapped_2§8 rockslides, 8 km? of rockslide
debris and 96 kR‘ of talue. Theé largeet rockslide exceeds
50" x 105?_ m?, |
| ‘Older'fook from the Permo~éeonsylvanian, MissiSsipgian
and Devonian is malnly carbonate.’Limestone and dolomite
form.the\ridges and ‘seks. Youngef rocké’from.the
'

Cretaceous, Jurassic and Triassic are mainly detrital,

sahdstone, quértzite, siltstone,_shale, conglomeraté and

-
- a

coal. ?re;found These rocks are easily eroded and occupy

mountéln\pesses and valley bottoms, .

.

The greatest relative probablllty of a rocksllde exists
in Devonian Palliser Fo{mapion r0cks followed by
PerﬁOPPeﬁnsylvanian Rocky Mountain Group, Mississippian
Rundle Gfoup, Devon{an E;irholme Group, Mississippian Banff
Formation and’the younger detrital?r0cks. ‘

Slopes were d1stxngu1shed accord1ng to the att1tude of

tge beddxng within the slope with respect to the slope. The’

' ?! .



greatest re.ative probability of a rockslide exists on dip
end over-dip slopes followed by reverse-dip slopes, oblique
and Strike-dip‘slopgs andlunder—dip slopes.

‘The ba;ic friction angle, ¢b' appears to be useful as a
lower bound value for rockslides. It‘is defined as the
ffictionvangie—of a sawn rock surface lapped.with 480 grit.
éasic frictiog angles of cafbonateé-tested from Kananaskis.
varied between 23.3°20.6° and 40.2°10.7°.

= Some transportation, recreation and industrial

facilities located in valley bottoms below steep mountain

»

§lopes are exposed to rockslide hazards. The hazard mapping

has flagged these areas. The zoning provides a‘gUide for the

location of future facilities and the re-evaluation of

present ones, -

e ;.%.4
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1.0 Introduction

1.1 General

Large slope movements have been the subject of
considetable 1nterest for many years. Rockslides are one
phenomenon party to this i1ntere€st. Heim (1882) provided one

of the first written accounts in modern times of a

-
-

rockslide, the Elm rockslide of‘1881 in.Switzerland. Closer
to home in Alberta, several authors were attracted to the
Frank Slide which, in 1903, partially destroyed the fown of
Frank 1n southwest Alberta (Cruder and Krahn, 1973).

Shreve (1968), Voight. et al. (1979), Whitehouse (1981)
and McLellan (1983) investigated the geomorphology of
deposits an? surrounding terrain fb‘ggin insight into the
chronolngfgnd mechanisms of the move;ents. Mueller (1964)
was fo;tunate to monitor slope movements and piezometfic.
/levels pribr to the Vaiont Slide as this site was located
above a concrete arch dam in Italy. Whalley (1974), Hsu
(1975),”Hungr (1981) and Davies (1982) considered different
mechanisms of transport. Scheidegger (1973) and Tianchi
(1983) took empirical approéches to predict the reach,
volume, and velocity of large réckélides.ys;ﬁmons (1977)
ohserved translational rockslides in thé eastern foothills
of the Rocky Mounﬁains.-Eisbachér (1978). reported ;n cliff g
collapse and rock avalanches in the Mackenzie Mountains.

Kaiser and Simmons (1980) also made observations 6f two rock

.
T

avalanches in the Mackenzie Mountains.’



" Kohl (1976), Porter and Orombelli &1981), Quebec -(.1981),

More frequently the guestion of mobility - how far and
how fast would a certain rock mass travel once failure had
occurred - Has been the object of 1investigations. This
information has obvious practical applications ana‘ -
additional detailed investigations can only increase our
understanding and ability to forecast the extent of such
slope movements. It is limited however 1if we are unable to
1gentify which slopes are unstable. Research.into hazard

mapping is e relatively recent undeértaking; Pachoud (1975),
s

e

-

Carrara (1983, 1984), Whitehouse and Griffiths (19839 agd
Hansen (1984) provide examples of concerns, hazard mgdeig{ .
and hazk{d reports. |

This research undertakes a reconnailssance of rockslide
hazards on sedimentary rock slopes, fhese rocks dominate the
Alberta bedrock except'in the Qortheast ot the‘province
where Shield rocks are found. The Rocky Mountains sifuated
along the southwest provinc}al boundary are of sedémentary
rock and form the highest, steepest relief and largest rock
slopes. The study area for this research is Tocated in the
Front Ranges of the Rocky Mountains® Kananaskis Couhtr}
(Alberté, 1981) is the Alberta Government's region tafgetted
for recreational development and tourism 15 the Eastern ‘

-

Slopes. Kananaskis Country ﬁés seen mining,»logging and

'hydroelectric developments. in the last one hundred years.

In addition, the Front Ranges possess a fundamental

slope structure which is usually simple and obvious. Primary
. IS



beddi1ng discont;nuities, permittihg roc}slides, are closely
spaced and penetrative 1n slopes while rockslides may also
occur along other disconfinu@ties such as Joints and faults.
Further to the west, in British Columbile, mounfains are
generally more complex. Many have been subjected to hig%
temperatures and préssﬁres, intrusives and some are entirely
wolcanic. The types of discontinulties ére numerous there
and their arrangement in a slope can be complex. In
contrast, the structure and slope type can be identified

with a high degree of certainty i1n the Rocky Mountalins using

/

a simple methodology. _/

s
(

\.

1.2 Purpose and Scope

The purpose of this research is to identify what and
where rockslide hazards are in Kananaskis Country. This i;
the first rockslide hazard mappihg scheme performed in thé
Rocky Mountains of Canada. The findings are presented in the

&
The study area, environmental conditions and general

following chapters and appendices.

surficial and bedrock geology are described in Chapter 2.
Special attention is given to the Mississippian Rundle
Group. Slopes types pertaining to sed;mentary rock are also
defined. A study area was selecgsd that included terrain
with é}eaEest relief, traquortation routes and high human
use.

Hazards are defined in Chapter 3..An attempt was made

to keep the definition of hazards as simple as possiblesto

o



maintaln clarity. The different forms of rock slope
movements found :n Kananask:is i1ncluding rocksliides,
rockfalls, toppies, debris flows and creep are rev.ewed.

< -

Mapping by others 1n Kananask1s 1s considered.
In Chapter 4 activity or the where, why and magnitude

of rockslide hazards i1s considered. The extent of deposits,
' . B
and what slopes and what rocks present hazards are s

discussed. Dy

Rocks collected 1in Kananaskls were tested using a
tilting table. The basic friction angle, QS' was obtained
%nd considered as a lower bofind value for flagging hazardocus

slopes. Sample preparation and testing procedure are
- X,

H

% .
outlined for future reference;:‘gis 1s found 1in Chapter 5.

g

A summary and re&ommendations are presented in N
Chapter 6. The reconnaissance.methodology and interpretation
and survey problé&sfare presented 1n Appendix A. Twoc large
rockslide sites, Modhts Indefatigable and Sparrowhawk are

- - . .
exag@ﬁéa in Appendix B. Both possess botential rockslide
slopes. A stabi}iéy analysis 1is included;-The“hypothetical
rockslide masses are compared to the existing ones and the
work of Tiaﬁchi (1983).

'fhe hazard mapping is presented on air photograph
interbxetagions in Appendix C. Symbols are explained and a
flight line reference map i's provided. The mapping was done
at a scale that permits consideration of individual sites
while using one set of high quality air photographs. The air
photographs can be interpreted to provide information such

\

- N
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as hazard boundaries, pedrock structure, topography, rock
debris and vegetat:ion. Each one covers an area of about 2.¢
by 3.6 kilometres. About 10% overlap east-west and 20%

overlap north-south occurs on adjacent interpretations.
—
1.3 Previous Work 1i1n the Rocky Mountains _

Locat and ergpn (1977) discussed several rockslides in
the Rockies. One of these, éhe Mount Indefatigable slide
occurred glong the north shore of Upper Kananaskis Lake.
Re{mchen and.Bayrock (1976) mapped surficial geology south
of latitude 52° in the mountains and foothills of Alberta.\
Théy noted over 900 slides, several of which are rockslides
in the present study area. Simmons (1977) observed
translational rockslides south of 52° north latitude and
‘cites at least 80 rock slope failures. Mention is made of
two rockslides in the Burstall Pass area of Peter Lougheed
Provincial Park. Gardner (1980, 1982,,1983) discusses
frequency, magnitude and spatial distribution of rockfalls ,

rockslides and other forms of alpine mass-wasting in the

Highwood Pass area of Peter Lougheed Provincial Park:



2.0 Si1te Features

2.1 The Study Area
Recornaissance of hazards from rock s.ope movements has
beer undertaken in a portion of Kananaskis Countrey.

‘Kananask:s é@untry‘xs outlihed in the Recreationa.

.. Development Planning Base Map produceé by the Alberta

Department cof Eneréy and Natural Resources (Alberta, 19&°).

The Kananaskils Study Area (Figure 2.1) will refer to the

study area encompassing:

". The whole of Peter Lougheed Provincial Park.

2. The Opal Range to the north of Peter Lougheed Provincial
Park 1ncluding Wedge and Limestone Mountains. The
boundary continues north from the park along the divide
of the Opal Range, deécends into Evan Thomas Creek and
follows the creek down to Highway 40.

3. The mountain ranges to the north of Peter Lougheea
Provincial Park bounded on the west by Banff National
Park and Spray Lakeﬁ Reservoir, on the east by Highway
40 but including the Opal Range described above, and to
the north by Lorette Creek from Highway 40 up its
dréinage to latitude 51° 00', west along this latitude
to West Wind Creek, up 1ts drainage over t?e pass ahq
down Spurlihg Creek;ko the Spray Lakes Reservoir,
Lorette, West Wind and Spurling Creeks are indicated on
the Recreational Development Planning Base Maptmeﬁtioned

; &

above. /



ALBERTA

Kananaskis
study area

BRITISH COLUMBIA

r O

10 - __§0 km’ S

-

Figure 2.1 Location of the Kananaskis Study Area.
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Su, the stucdy area covers thé ma-or.ity of the ma.r
peaks anc ranges <! Kananask:s Country anc amounts *c abo;f
22% of the tota. Kananask:s Country recreat:on area. The
Three Sisters, the Fisher Range, the Highwpod Range and part
¢f the Misty Range fall outsi:de the study area but :nside
Kananaskis Country and possess mounta:in topography of high
relief and structure similar to that found within the study
boundaries. The study area covers approximately 88C km-.
Elevations vary from about 1400 metres in the lower
Kananaskls river valley to & peak elevatlion of about 3420
metres on top of Mount Joffre 51tu§ted in the extreme
sou&hwest tip of Peter Lougheed Provincial Park. About 45%

of the terrain lies above treeline. -

2.2 Climate

Climatological data Qithin the study area are sparse
but seven -year-round meteorological recording Statiéms are
in close proximity to the east and north. Unfortunately all-
of these stations are situated at lower elevations in valley
bottoms ranging from 1298 metres at Bow Valley Provincial ‘
Park, to 1494 metres at the Sheep River Ranger Station. The
mean annual temperature of these .seven stations varies from
1.4° to 3.5° Celsius, precipi;ation values range from 471 mm
to 657 mm with about 45% fallingAin the form of snow
(Environment Canada, 1980).

Higher precipitation values and colder temperatures can

A . e '
be expected alyng the continental divide ranges. Gardner
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7 (1980) sufygested.that the mean annual temperature at ,

"Highwood Pass in the southwest corner of the study afea is
. 3 -
Ty

probably slightly below freezingl Highwoofl Pass 1s at-an

elevat¥or of 2185 meters which corresponds roughly with

M

?”/‘.; EL) . B ’
W%?rﬁéline_alth gh this varies.with aspect. Freeze-thaw .

cycles then’ can be expected to occur anywhere anytime in
) 4

Kananaﬁkis, dai1ly during the spring and fall seasons with

extended periods at higher elevations. Freeze-thaw

° -

conditionsyweréi¢Xpefienced throughout Kananaskis in the.
first twopweeis of Juné at all elevations in 1984 ana;1985.
As well freezing and bli%z;rd_conditions prevailed during.
field excursiohs later in both summers; {n'mid*July in the
“vicjnity of Aster Lake, 1984, and in late Augus}t =2t all
;\higher elevations in 1984 and 1985. In general®snowcover
persists until mid-May ;hile snowpétches persist through

June, July and even August at higher elevations.

7 C

';:é‘Surficial Geology
Several glacial episodes in the Quateiﬁary have '
reshaﬁed the m?untains (Jackson, 1981).'T{lls occupy valley
bottoms while steep rock slopes and cliff faces characterize
the higher elevations. Reimchen and Bayrock (1976) mapped
sﬁrficial geology,inkxananaskis as part of a larger report.
Rockslides; slumps and landslides are included in the 29

surficial units identified. Jackson (1976) mapped surficial

geology”and—a\te:r in inventory in Kananaskis.

)

3



Greenlee (1981) performed a so1l survey 1n designated
areas around Kananaskis Lakes with interpnetations for
recreational usel Although. landsliding is'not referred to
specifically, mention 1s made of excessive slope and erosion
hazard. It is reasonable to assume that similar soil
conditions exist elsewherqun the study area's valley
bgtfbms. Soi1ls are poorly developed to non-existant at
higher elevations. Therefore slope movements in soils are
not considered fugzher.

Wisconsin *1lls are not well representéd In Kananaskis.
The Canmore Till (Jackson, 1981) déposited by the Crowfoot
Advance (Luckman and Osborne, 1979) is fgund'at lower
elevations in the Main trunk valleys of «fhe Kananaskis and
the Smith-Dorrien-Spray. Younger neo-giacial moraines are
found on the floors‘of many higher trfbutary valleys
abutting against present day glaciers in some case;. Fluvial
processes have added to, removed gnd reworked tills in the .
main trunk valleys. Alluvial deposits are found at the
mouths of most tribbtary valleys and along major streams and
rivers. CollUYium covers many slopes._Talus and rock
avalanche deposits are found below bedrock slopes and on
hiaher slobes: Bedrock is*by far the most abundant matep&al

e .
at the grbund surface at higher elevations. Additional
detail on surficial geology can be found in Appendix C-and
\

Cruden and Eaton (1985b).

Pl
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2.4 Be@rock Geology

The RyFfKy Mountains occupy a strip of land 700 by 60 km
inside Alberta's southwestern border with British-Columbia
{Banff{ and Jasper National Parks included). The mountain
ranges cons:ist of sedimentary rock formations formed by
uplift along listric thrust faults (Dahlstrom, 1970) and
erosion. Drainage is controlm¥d by structural weaknesses in
the rogk. Bedrock contains at least three joint sets; two
are orthogonal to bedding, and one 1s parallel to bedding.

The mountailn ranges trend parallel to northwest-
southe;st striking thrust faults, anticlings and synclines.
Normal, reverse and tear faults occurring at a lesser and
more local scale have orientations either normal or parallel
to the strike of bedrock. Dip of bedrock is generally
southwest and moderate to very steep. Exceptions to this
bedrock dip can be found in the west limb of anticlines and
the east limb of synclines.

The rock types found in Kananaskis are shown in Table
2.1 (Halladay and Mathewson, 1971). Symbols for lithology:
are from Dearman (1972):301der rocks from the
Permo-Pennsylvanian, Mississippian and Devonian are mainly
carbonafg. Limestone énd dolomite form the ridges and peaks.
Younger rock fgom the Cretaceous, Jurassic and Triassic are
mainly detrital where formations of sandstone, quartzite,
siltstone, shale, conglomérate and coal are found. These

rocks are easily eroded and occupy mountain passes and

valley bottoms.
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Table 2.7 Stratigraphic column showing the rock types found

1n Kananaskis.

«Q
T‘A PERIOD LITHOLOGY |* FORMATION GROuUP SYMBOL
Cretaceous Blairmore Kbl
————————————— Kootenay JK
Jurassic Fernie dj'
Triassic Sulphur Mntn Trs
Permian, Rocky Mntn Prm
Pennsylvanian
Mississippian Etherington
"Mount Head
Turner valley Rundle Mr
Shunda
Pekisko
' Banff (with Mb
Exshaw)
Devonian Palliser Dp
Fairholme Df
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The authcr found that rocks.ides commonly occur in
Permo-Pennsylvanian, M:ississippian and Devonilan rocks in
Kananask:s. Most of the rockslides occur 1in the
Mississippian Rundle Group rocks partly because they
dominate the landscape. The two mountaln slopes analysed in
Appendix C, on Mounts Indefatigable and Sparrowhawk, are
contained in this rock group. Descriptions of the
Mlississippian Formations are provﬁé&? here. The descriptions
are based on stratigraphic work tg Ehe south, at Crowsnest
Pass and Moose Mountain, and to the north, in Banff and
Jasper National Parks. They begin with the oldest and finish
with the youngest rocksj the Exshaw, Banff, Pekisko, Shunda,
Turazr Valley, Mount Heéd\and Etherington Formations,
respectively.

The Exshaw Formation (estiméted thickness up to 240 m)
1s found within the lowermost Mississfﬁﬁ?ﬁnj-The formation
consists of a recessive lower unit of black shale and a
resistant calcareous siltstone. The siltstone is medium
brown-grey to blue-grey and platy to thin bedded. The

N . . . /.
siltstone weathers to a conspicuous light-medium yellow-ta >

-
4

orange brown. The upper boundary lies in argillaceous
limestone and is not sharply defined (Ollerenshaw, 1968).
The Banff Formation (estimated thickness over 180 m) is
found within the lower Mississipian and overlies the Exshaw
Formation. The formagion‘conéists of micritic limestones

that are argillaceous, dark grey weathering and recessive.

They are associated with argillaceous skeletal limestone or



&Y

argiliaceous f:ne.y crystall:ne dolomite and commonly

J . o .
replacec 1n part by nodular or patchy chert and commorly
accompaniec by an abundant brachiopod fauna (Middietorn,

1963) . ©

‘ The Pek:sko Formation (estimated thickness 60 tc¢ 150 m)
marks the base of the Rundle Group. The formation consists
of medium to coarsely crystalline crinoidal limestone 1in
beds as much as 15 m thick, 1nterbedded with finely
crystalline dark g(eygho brown grey argillaceous dolomitic
limestone with green chert nodules (Douglas, 1970). fhe
Mount Indefatigable rockslide rupture surface 1s found
within the Pekisko Formation.

The Shunda Formation {estimated thickness 60 to 120 m)
consists of mud supported, locally argiliéceous,_micritia
limestones with pelletoid grains, micro to very fine
crystaliine dolomites, locally silty or argillaceous and
local solution breccias, echinoderm limestones and fine to
medium crystalline dolomites. The‘formation 1s genérally
medium grey weathering, recessive, low in chert content,
generally poor in brachiopod fauna, commonly characterized
by pelletoid grains and associated locally with skeletal and

.

- . » .
oolitic limestones (MacQueen and Bamber, 1967).

The Turner Valley Formation (estimated thickness 0 to
150 m) lies above the Shunda fdrmation. The fgf@ation
/
consists of crinoidal light grey limestone and doldmitic
limestone, minor calcarenite and odlite. The sequence aisb

consists of massive bedded, cliff forming echinoderm



iimestones w:i:th variable amounts of fine tc medium
crystaliline dolicmite (MacQueen and Bamber, 1967).

The Mount Head Formation {(est:i:mated thickness 160 to
200 m) overlies the Turner Valley Formation. The upper
member consists of dark grey "birdseye” iimestones and very
finely grained calcarenite and dolomite, dark grey shales,

and a few very coarse poorly sorted encrinites {(crinoidal

limestone). The middle member consists of coarse grained, L

Y e

grey to light grey, wellvsorted encrinites, léss well sorted
grey tc dark grey encrinite with chért noduleé, fine
dolomitic encrinites, oolites or pseudo-oolites. The lower
member consists of siltstones, silty or very fine grained
sandy dolomites and limestones (calcarenites), calcilutites,
oclites, and evaporite solution breccia (Middleton, 1963) .

L3

The Etherington Formation (estimated thickn;ss 60 to
-160 m) overlies the Mount Head Formation. ;he formation
consists of thin cyclically alternating beds of green and
red shale, and dense silty cherty finely crystalline
limestones and dolomites that grade westerly into thick

coarsely crystalline bioclastic and dark argillaceous

limestone (McGugan and Rapson, 1962).
2.5 Slope Types

2.5.1 Introduction
The strength of a rock slope is largely controlled by

the orientation of discontinuities within the rock mass

~

<



(Selby, 1982). Strength wi..l aisc be affected by externé.
factors such as climate, sei1smicity, humanr 1nterventior and
erosion. Unfavorable dip of fauits, beds and joints are
perhaps the most 1mportant causes of rock slope instab:iiity
while external factors may be the trigger mechanisms for
rock slope failures.

It is useful then to classify slopes according t¢ thear
rock structure. In thls way observations can be made
regarding the level of activity and hazard for a Ceitain
slope type. Bedding 1s the most common form of discontinuity
in Kananaskis. Typical mountain s{?ucture in the Kananaskl1ls

\
study area with location of slope \ype Cross sections 1s
shown 1n Figure 2.2. Symbols are¥§x£lained in Appendix C.

Five slope types are described in the following
sectioné. Slope types are distinguished according to the
attitude of bedding with respect to the slope. Generally
southwest aspects contain dip, under-dip and over-dip
§1opes, and noftheast aspects contaln reverse-dip slopes.
Northwest and southeast aspects contain ‘oblique-dip and
strike-dip slopes. |

Bedding surfaces are not perfectly planar on any scale
so there is some judgement used in the classification of a

slope. Slopes have been classified by their predominant form

- at a scale of 100 m and larger.

/
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Figure 2.2 Typical mountain structure in Kanannaskis study
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area showing location of slope type cross sections. Symbols
P |

are explained in Appendix C.
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2.5.2 Over-Dip Slopes

An over-dip s.ope hes a surtace that Cips more steeply
than the dip of bedrock. The cip direct:ons are the same
+2C0°. Over-dip siopes (Figure 2.3) although less common thag

other s.ope types present a geometry which favours large '

rock slope movemen§£ (Cruden, 1976). Bedding plianes are

inclined downslope pnd intersect the surface forming

g
well-defined rupture surfaces on the slope. Any bedding
plane cgn become a sliding surface if the friction and

~

cohesion of the discontinuity are exceeded.
7
2.5.3 Dip Slopes
;

A dip slope's surface parallels the dip of bedrock. The
dip directions are the same $20°. Dip slopes (Figure 2.4)
may represent the eguilibrium phase of an over-dip slope
from thch,pver~dipping beds have slid. They do not exhibit
as much talus as other slope types because fewer planes of
weakness are exposed to processes of weathe}ing. There 1S a

risk of buckling and sliding of weakened surficial beds 1in

steeply-inclined dip slopes (Simmons, 1977).

2.5.4 Under-Dip Slopes

An under-dip slope's surface dips less than the dip of
bedrock. The dip directions arexthe same *20°. Under-dip
slopes, because of their geometry (Figure 2.5), are not
pronevto large rock slope movements$., Usually these slopes

contain a veneer of talus from surface weathering of
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2.5.5 Reverse-Dip Slopes

)

A reverse-dip slope’'s surface dips away from the d:p of

bedrock. The dip directions are oppos:ite 220°. Reverse-dip

.s’lopes (Figure 2.6) are found on the oppos.te side of ridges

or mountains contalning over-dip, dip and under-dip slopes.
They are generally steep to vertical and possess active
talus slopes at the.r bases. Talus accumulation is from
small slope movements but a larger slope movement can occur
1f a surface of rupture forms across a series of beds

>

perhaps by connecting joints.

-

2.5.6 Oblique-Dip and Strike-Dip Slopes

On oblique-dip and strike-dip slopes (Figures 2.7, 2.8,
2.9, 2.10) movements can occur in a variety of ways. Rock
near bedding planes, faults and joint sets weathers and
movements can occur along one or several sets of
discontinuities. In oblique-dip slopes tbé.strike of bedding
differs with the strike of the slope by more than 20° but
less than 70°. In striké—éip slopes the’strike of bedding i;
perpendicular to the strike of the slope +20°‘ Obsergs}lons
made during thlS study indicate that these slopes present

b )

the most active hazard areas and heavy t&lus accumulations

dre often interstratified with high-magnithde rock slope

movement deposits. : .



Figure 2.3 A-A, section through an over-dip slope defined by
a,b,c,d. slope dips steeper than bedding. A reverse-dip

slope 1s hidden from view but has corners at c,d,e.

Figure 2.4 B-B, section through a dip slbbe dqiinedvby
a,b,c,d. Bedding aips parallel to slope. A-reversq—dip‘slope

is hidden from view but has corners at c,d,e.



Figure 2.5 C-C, section through an under-dip slope defined
by a,b,c,d. Bedding dips steeper than slope. A reverse-dip

slope 1s hidden from view but has corners at c,d,e.

- Figure 2.6 F-F a reverée—dip slbpe defined by c,d,e,f found
opposite to the over4dip, dip and under-dip slopes in

sections A-A, B-B and C-C. Bedding dips into ‘slope.
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Figure 2.7 D-D, section througr;é<strike—dip slope defined
by a,b,c,d. Strike of bedding is perpendicular to strike of

slope. Another strike-dip slope is hidden from view but has

corners at c,d,e. Bedding is vertical.

'Figure 2.8 D-D, same as above except bedding‘. is .inclined.

~N)
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Figure 2.9 E-E, section through an oblique-dip slope defined

by a,b,c,d. Strike of bedding is obligue by more than 20° to

4

the strike of slope. Another oblique-dip slope is hidden,

corners at c,d,e. Bedding is vertical.

.

Figure 2.10 E-E; same as above except bedding is inclined.
1Y ’ . ' )
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3.0 Hazards

3.1 Introduction

The aim of the Kananaskis hazard mapping is to provide
a 5econnaissance of rock slope Epnditions. This flag® those
sites reqguiring more detailed investigation to delineate |
~hazards to developmenis g;:}hese sites 1n Kananaskls.
Hazards from rock slope movements are classified as active
or hypothetical and are basgd upon obsérvat;ons of present
‘activity and conditions. Generally, hyéothetical hazards
flag areas where larger rock slope movements may occur bu}
smaller movements may already be active.

All deposits which are®mapped post-date the lasg'
Wisconsin glaciation (about 10000 years B.P.) even thoygh
rock slope movements can be associated with the orogeny e
which began about 100 million years ago in western Alberta
(Beaty, 1975). Hazards from rocksiides show themselves in-
several types of movement. Rockslides, rockfalls and topples
are the specific types of movement considered here in -
creating 'Qadkngaé hazards'. Debris flows are discussed,by
Cruden and -Eaton (1985a, b) when evaluating rockslid€ hazard

in specific sites and are included here for completeness,

Debris flows can incorporate rock fragments of various sizes

/ [
in a fluvial prbcess. Although kinematically not a rockslide

or rockfall phenomenon they pose a hazard .to facikitiég in

-

King Creek and other areas. Creep or the slow downslope
movement of soil and rock debris is considered. The
. / '

- CEY
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definition of creep 1s complicated by the fact that 1t can

grade 1ntc one of the above modes cof movement.

Gardner (1980) discussed rockfall 1in terms of
low-magnitude and high-magnitude occurrences. Low-magnitude,
events include rock fragments, boulders and blocks less than

»

107 m’>. High-magnitude events were larger than 10’ m’.

Generally a rockfall or rockslide event greater than 10° m’

‘leaves a deposit that is recognizable as a different

landform apart from taluSs. High-magnitude deposits mapped on

A

the air photoéraphs used are generally :arger than this
because of scale. Minimum surface area coverage
dislinguishable on the photographs exceeded 5 x 10°® m*. Many
smalier high-magnitude deposits have likely been covered by
subseqguent accumulation of low-magnitude debris during the
Holocene. Large rockslide deposits should Se clearly
visible. Features do becomgfsubdued with age and reworking
of some by neo—glacia} episddes, sSnow avalanchgs and fluvial
processes alters features further. , .
The following sections consider rockslides, rockfalls,
topples and debris flows. This, the first mapping of
rocksfidéphaéarés in the Caqadian_cdtdillera looks at the
mapaiﬁg by others (Gardner, 1980f;Rfimch¢n and Bayrock,
1976} and Jackson, 1976) that mapped some rockfall and
fockstige deposits, withogg;specifically considering hazards
from roékslides. A'litekétJre review served to select and

define terms suitable and practical for use in the report. A

simplified approach avqjdéd the confusion resulting from the



multiple appliication 04;%erms by different authors 1n past
publications. Varnes (1978) has made a usefu. contributiorn
towards a working synthesis :n this area. The selected
terms, hazard, rockslide, rockfall, topple, debris flow and

creep are described 1n the following headings.

3.2 Definition of Hazards

Therefore to establish a working framework for mapping
rockslide hazards, hazardous areas from slope movements are
defined as:

1. Active Zone: Debris of slope movements
observed, movements'such as rockslides,
rockfalls ‘and debris flows are active.

2. Hypothetical Zone: Debris of slope
movements not observed but natural
processes such as,solution;'and freeze
and thaw weathering are active, the
topography and attitude of the bedrock

suggest a rock slope mavement might

occur.

3.3 Rockslides ' °

-Movement by'sliding consists of shear displacement
along a—relatively narrow zone. More than oné surface may be
involved. There are two types of slides, rotational or
planar. Rotationpl slides occuring on circular concave

surfaces are more common in soils., The slide mass rotates



down and® out aiong the siide surface. Planar or
transiational slides are common 1n hard bedrock. Slicding
usually occurs along a well-defined discontinulty 1n the
rock mass. Sedimentary rock possesses many planar
discontinuities at bedding contacts. Other planar
discontinuities are formed by thrust and tear faults or by
the linking of series of joint sets in the rock. The
material may slide as an 1intact block or may be greatly
~detormed after the initial sliding has occurred.

Sliding occurs when the driving forces, or those forces
that act to move the rock, exceed the resisting forces, or
those forces that act to keep the rock 1n a stable and
stationary position. The strength of the plane of weakness
1s given by cohesion and friction components. Bedding planes
and other discontinuities can be much weaker than the intact
rock itself. Freguently it is reasonable to assume that some
pre-shearing has already occurred along the discontinuities
under congideration. Pre-shearing occurs as a result of
foldimg processes and is commonly referred to as
flexural-slip. The pre-sheared surface then relies solely on
. friction to maintain stability as cohesion is destroyed or
reduced to a negligible value. A rockslide will occur whenr
the discontinuity is igclinéd at an angle greater than the
friction angle 'of the discontinuity, the slope is inclined
at an angle steeper than the discontinuity, the slope and

discontinuitylpossess similar dip directions, and when there

-are no other forms of restraint present such as lateral or



toe restra:int provided by adjacent rock (Matheson, 18983).
Over-dip slopes provide a favourable geometry
permitting rockslides to occur, especially when cohesion :s
destroyed. There are no toe restraints as the slope dips
more steeply than bedding. Glacial or fluvial erosion can
create such sliopes. They may also be created by'englﬂee(lﬂg
‘works such as roacd cuts or open pit excavations. A mountain
slope truncated by vaileys at either end has all lateral
restraint removed. 1f the slope 1s not truncated at eithg;
end, tear faults, gullies or series of joint sets 1n theé
slope may provide the necessary lateral margins with little
or no r sistahce. Driving forces may be great enough to
Qvercome| some lateral resistancg. An over-dip slope with
steeply inclined bedding may be stable if it possesges
cohgsion or other forms of resistance to the driving forces.
On the other hand an over-dip slope with pre-sheared bedsr
dipping at less than the friction angle may fail because:
1. Pore pressures reduce the frictional resistance of the
slide mass.
2. The slide surface is filled with a gouge material of low
shear strength.
3. An earthquake proviaes a horizontal thrust to the
potenfial slide mass sufficient to release 1it.
" Pore pressures-result from the presence of: groundwater
in open cracks, bedding planes, faults and jointé. Gouge
material results from extensive pre-shearing and grinding of

the rock surfaces and weathering along the discontinuity.
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Rocksliides are the largest, single-event form of
mass-wasting f{ rock slopes observed in Kananaskis. Large
rockslides with well-defined bedding plane rupture surfaces
ex1st 1n the study area. Other large rockslides appear to be
failures on rupture éurfaces other than bedding. Connecting
joint sets or a minor fault displacement form the plane(s)
of weakness on which these large rockslides occurred.

'

Rock slope movements are distinguished according to the
characteristics of initial movement as either rockslideé or
rockfalls. Rockslides initially slide along one or more
discontinultles and rockfalls free fall or topple in the
initial phase of motion. Sliding may continue but more
commonly the moving mass acquires other characteristics of
motion. The topography ;f the slide route ma) induce
free-fall, bounce or roll components to motion. The moving
mass may disintegrate and if conditions are favourable, move

according to one or more combinations of several physical

hypothesis. These theories of motion include (Hungr, 1881):

- lubrication by mud

- air layer lubrication

- air fluidizatipn_

- pore pressure

- rock 535t liquefaction
- mechanical fluidization

- acoustic. fluidization

—_— - thermal ‘disassociation of carbonate rock



Rocksliides are sudden anc rapic when they occur. The
Frark Slide, 1n '903, s a dramat:c examp:ie of such an
event. Studies by Tianch: (’983),-Davies (1982), Hsu (1975
and Scheidegger (1973) show that rockfalls and rocksiides
usually greater thar 0.5 x 10* m® can travel long distances.
Hsu adopted the term "sturzstrom”™ for these mob:le deposits,
a term first introduced by Heim 1in describing the famous Elxn
fockfal& of 1881. The term large rockslide 1s used 1n this
report to describe the high-magn:itude deposit greater than
0.5 x 1C* m?, but excessjve mobi;}ty 1s not mplied. Sixteen
large rockslides are listed 1n Tagle 3.1. All are active
hazard zones. Mount Indefatigable and Mount Sparrowhawk
possess hypothetical slide masses in over-dip slopes that
can slide (Appendix B). If a rockslide should occur at
either of these sites 1t may travel a long distance. It 1is
not possible to i1dentify hypothetical masses on reverse-dip,
oblique—dip‘Or strike-dip slopes even though many
high-magnitude deposits and sev?ral large ro_kslides are
found at the bases of these slope types. Most of these areas
still possess high steep scarps and are vé}y active
low-magmitude rockfall areas which limits access. Clcse
inspection is necessary to locate plane(s) of weakress
favourable for a high-magnitude rockslide to occur. In
general, the tppog;aphy and attitude of the bedrock on
reéerse-dip, strike-dip and oblique-dip slopes suggest that

large slope movements are not likely.



Table 3.1 Location of large rockslide depcsits in the
Kananaskis study area. Refer to Appendix C for air

photograph interpretations.

LARGE ROCKSLIDE AIR PHOTOGRAPH [ U.T.M. location (m)
name number northing(N) | easting (k)
Mt Tyrwhitt | AS 749 5025 223 5605700 N 640400 E
unnamed AS 748 5027 80 5609300 N 633200 E
Mt Indefatigable AS 748 5027 74 5610200 N €238200 ¢
unnamed AS 748 5029 164 5614300 N 6223900 ¢
unnamed AS 748 5029- 167 5615300 N 625700 E
“unnamed AS 748 5030 212 |- 5616100 N £€23200 &
unnamed AS 748 5030 2J2 5616800 N 623000 E
unnamed AS 748 5030 213 5616800 N 625300 E
Burstall Pass AS 747 5033 101 - 5624700 N 615500 E
Mt Birdwood AS 747 5033 101 5625900 N 615600 E
Mt Shark AS 746 5036 5 5632600 N 612800 E
Mt Buller . [AS 746 5039 155 5640000 N 613000 E
Quartzite Ridge |AS 746 5040 204 5641800 N 619800 E
Sparrowhawk Rge [AS 746 5040 204 5642300 N 621000 E
-~ unnamed AS 748 5041 12 56423900 N 623100 E°
unnamed AS745 5042/43 95| 5648800 N 625300 E

Q‘E U.T.M.=Uniyérsal transverse mercator grid on National
Topographic System 1:50,000 maps 82J/10, 11 and 14.

/
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w-magn:tude events are predominantiy rockfalls
nitude events seem ¢ be :ni:ti:ated as rocks.ides
although rapid comminution ¢f the s..:de mass may oOccur.

Further discussion of rocksl:.des 1s prov:decd :n Chapter 4

- 3.4 Rockfalls

Movemeﬁt in @ rockfall invoives littlie or no shear
displacemeni. The mass descends by free fall, bouncing an-
or rolling. Falls of newly detached rock are primary faiis,
and those involving earlier transported loose debris are
called secondary falls (Rapp, 1960). Rockfall is widespread
1n Kananaskis..Most steep rock slopes and scarps are
abundant sources of rockfall. The most active -slopes appear
to be oblique and strike-dip slopes (Section 4.3).
Generally, talus accretes from low-magnitude, high-frequency
rockfall consisting of rock fragments, boulders and blocks.
Whereas rockslides are the largest single fg}m of mass
wasting in Kananaskis, rockfall appéars to contributé
greater guantities to lower slopes and valley floors over
longer periods of time (Section 4.2). Deposits are

A

sugsequently modified by other processes which include
weathering, snoW’avalanches, fluvial procesges,
consolidation and talus shift (Gardner et al., 1983).
High-magnitude rockfalls are mapped using the same symbol as

for high-magnitude rockslide deposits, but none approaches

the magnitude of the lérge'foékslides previously smentioned
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(.:mate ancd weather.ng processes a‘fecs the cutermost

"

few metres of rock facesc There :s no genera. agreemen: but
in add:ition res:dual stress, oint water pressure, val.ey
gecometry, aspec: andg characteristxg};of the rock al. seem tc
play a role 1n the freguency, magnzfude anq spat:.:a.
distribution of rockfall. Gardner ('980) observed

i

frequencies of 0.83 and 0.70 events per hour of observation

from the Highwood Pass and Lake Louise areas, respectively,

Luckman (197éﬂabbta1ned a value of C.66 from the Surprise

. YRR
Valley ar:gﬁ% Lbésper National Park. Both had most of their
events clustered 1n particular hours sé ;ﬁat no events were
recorded 1n a majority of the observation periods. No
observations were possible during nocturnal haours. The
rockfall frequency was at its highest thrbughout the midday
and early afternoon hours. Gardner (1980) found that the
highest freqguencies and largest talus are associated with
major free faces. In his Highwood Pass study area these are
géd?rally northwest to northeast_facing. They retain more
snow and ice during the summer and exhibit more freeze-thaw
cycles, contributing factors in low-magnitude rockfall
occurrence. Gardner qualified his findings that frequency
decreases as magnitude increases:

1. That debris from small, frequent rockfall exceeds the

volumes transported by high-magnitude rockfall and -

v
(Y

rockslide.

2.  Present rates of rockfall do not account for debris



s

5. JUther agents such as snow ava.anches, del:.s
surface runoff alsc contribute mater:ia. "¢ *a.us.
4. Low-magnitude rockfalil, .:ke high-magn.:ude rockfal. and

rocksiide, may have beer more freguent :n the past.

w

Taius may :nciude mora:nes, hidden underneath, which
predate degiaciation.

Freguencies were not observed but rather, s.ope 'ypoe,
pedrock structure, lithclogy and rocksi:de and ro-kfa.l.

‘

econnaissance <l 7RSS, e

-

depos:ts were mapped in th:s
hazards. Debr:s from rockfall and rocksiide 1s extenuive
Kananaskrs with talus from low-magnitude rockfa.. exceed.ng
debris from high-magnitude events (Section 4.2).
Low-magnitude rockfall was seen or heard or a daily, 1f{ not
hourly, basis when in the field near steep slopes and
scarps. Snow avalanches were observed transporting rock
debris to lower slopes and evidence of mass transport by
debris flows was found (Section 3.6). These findings are in
general agreement with Gardner's view on freguency and
magnitude. | 3 -

More importantly active rockfall and rockslide slope
types and rock types are identified (Sections 4.3 and 4.4).
Hazardous zones are mapped on the air photograph
interpretations in conjunction with slope types. Topographic
conditions can vary frequently over sﬁort distances on some
slopes. A slope type symbol indicates the conditions
prevailing only at the arrowhead but often reflects the

»
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JdoT.inant s.cpe tvpe ©f Tnat particu.ar aspect. Further

discussiorn i rockfal.s s provided .n Chagpter & on

3.5 Topples
opp.es, mapped as a form of rockfall on the
interpretat:ons, 1nvolve rotation of columns or bliocks of
rock about an axls below thelr ce.*res of gravity. The
topp.e may be preceded by creep followed by & sudden and
rapicd fa:ilure, cor continue’by creep until the kinematically
possible rotation 1s complete at which point the slope may
Stabilize Or creep movements may continue by some other mode
of movement,

Toppling by creep is providing a continuous supply of

'y .
debris to the Rock Glacier (Peter Lougheed Provincial Park

Interpretive Trail) and other adjacent talus imm;aiately
“east of Highway 40 in the Highwood Pass area. These
movements appear to be widespread in the Triassic Sulphur
Mountain Formation in Highwood Pass. The Sulphur Mountain
Formation is found in the Spray River Group which is a
predominantly red seqguence ofﬂfkin to medium bedded
carbonates and shales occurring on the lower southwes;
slopes of the Misty Range (Allan and Carr, 1947). Thg Spray
River Group is not mapped in the study area ‘Bielenstein et
al., 1971). It appears to conkribute material to cther forms

of rock slope movement as well (Section 3.6). Here the beds,

almost vertical, dip southwest and are rotating §>

N
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svuthwestwards cut of the siope.

A large rockfel.. deposit mapped On the Scutnwest S.Cpes

()

&)
Y

Mcunt Eipoca,- a.so :n the Hi:ghwood Pass area, appears o

e the result of a rapid toppl:ng fta:lure. The depos::
contains about 100 x "0° m> of debris. The topple s l.kely

:n the Tunnel Mountailn Formation of the Permo-Pennsy.wvanian

Rocky Mounta:in Group. The Tunne. Mounta:n Formatich CONRS.sts

7

of ci:1f¢ formixg, brown weathering dolomitic s:iltstones ang
N B
N ;
sandstones, some bedded and nodular chert a;ﬁ/less resistant

s:ltstones and thin shales (McGugan and RaPson, 1962). The
/

Tunnel Mountain-<Formation 1s not mapped :n the study area

)

(Bielenstein et al., 1971). Beds, almost vertical, dip
_ 1P
.

sauthwest. The failure could have occurred as reitéf

weathered (mainly by freeze-thaw cycles) recessive beds or”

bedding contacts behind the scarp face (also upélope) were
kept open and enlarged by rock fragments falling into them
from above. Rock wedging continued, forxcing the beds away

-

from‘the slopé, until overtuarning ferces caused a rapid
topple in the éolumn of rock. ‘

Similar bedrock structure and slope aspect, exist along
the west slopes of the ‘east ridge of the Opal Range for most
of its length and along portions of the west ridge. Similar

structure and slopes are found in the ranges of the Spray

Mountains along the west boundary of Peter Lougheed

T

ProQﬁncial Park between Burstall Pass 5nd Aster Lake. Talus

slopes are extensive in this area. Topples are possible.
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) .
3.6 Debris Elows ~

Debris flbwg, although not a kinematic form of
rockslide or roékfall, presented hézards that could not be
overlooked when reconnaissance of two special sites was done
by Crfden aﬁd Eaton (1985b). Debris flows were only mapped
in specific Sites by them. Much more field reconnaissance

H

would have been required to consider this hazard throughout

.

the whole study axfa.

" Debris flows are considered here as rockslide hazards.

~

They are most common in high mountains and in semi-arid

-

areas which have little or no vegetation (Selby, 1982). They

occur in régolith,”initiating on Steep slopes, in gullies

.+

afhd ephemeral stream channels. "hey can be initiated by

3

intqnsé”precipitation, snow-cover melt, glacial melt or wet

snow avalanches. &et snow and ice can be inczrporated in the
debris so a fluvial process becomes a mass wasting process.
Thcy.éan travel at high velocities and great distances
gpiafker and Erikson, 1979). An abﬁndapt supply of water
permits motion of the debris mass. The~initial.
characteristics of»motiqn may begin as a'i;hdslide or slurry
(Johnson‘and Rodine, 1984).lGardner‘(1982) has‘documenfed
@gbri;/;iéws.intheVViEinity;oquipoca.Mountain whichk
obstructed éighway 40 in 1975 and again in 1979. These
resulted from intense rainfallJ‘ |

.A smallNdebris flow was encountered high above the
vallef ﬁ&dbf on a éteep southeast facing slope of Mount
Bogart. Snow and ice were still mixed in the mud and rock

cTr
a ~
7
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debris when found 1r early June, 1985. The debris {low must
have occurred earlier 1n the spring. Debris flowed around
several trees 1n 1ts path, scarring the tree trunks.
Although located on a treed slope in a small gully, the
debris was probabiy 1ncorporated 1nto a wet snow avalang%e
initiating on open upper slopes. Small flows such as this
one are not mappable on air photographs and are only
encouﬁtered by chance during field reconnaissance. Their
fregquency and distribution throughout the study area are not
known.

Debris flows are more extensive and active in two of
the specific sites. It appears that certain rocks, in
particular the Triassic Sulphur Mountain Formation, the
Jurassic Fernﬁe Group and the Permo-Pennsylvanian Rocky
Mountain Group, are susceptible to debris flows. Some of the
shales and sandstones are readily eroded and provide the
-small particle sizes along with larger fragments, boulders
and water necessary for a debris flow to occur. Debris flow
dépésits were found in King Creek and the site east of the
Smﬁth—Dorrien—Spray Trail (Cruden aad Eaton, 1985b). In King
Creek debris fldwé have--been deposiﬁed iﬁ'the canyon section
and further’down on the active floodplain of the alluvial -
fan. East of the Smith-Dorrien-Spray Trail, debris flow s
deposits lie in South Sparrowhé@k Creek~pn the active

floodplain down to the Spray Reservoir. The debris flow

hazard is active in those areas.
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Another source of debris flows 1n mountainous glaciated
terrain is from dam bursts, breaches of moraine dams, and
jokulhlé&ps, catastrophic glacial outburst floods. The
debris flow forms as a result of the sudden release of the
large volume of water which scours 1ts runout channel of all
loose soil'énd rock and may then flow for many kilometres
downstream from 1ts source.

At preéent, a small moraine lake one kilometre south
southeast‘of Maude Lake could pose such a hazard. This lake
covers about 20,000 m? and has cut a channel through the
moraine, so it has been higher in the past. The lake is fed
by glacial melt from the Beatty Glacier. A period of
abnormally high recharge, from glacial ﬁé{t angd
precipitation, could precipitate a dam bufst. In the same
area, evidence of a dam burst lies one kilometre south of
Lawson Lake. This former moréine lake was also fed by the
Beatty Glacier.

There are no lakes impounded by bodies df glacier ice ~
in ananaskis. So the possibility of a dam burst seems
remote and that of a jokulhlaup does not exist. There areino
significant hanging or‘tumbling g;aciers in Kananaskis so
" the possibility of an avalanche of glacier ice does not
exist either other than the release of individual blocks’

- . .
from some of the small remaining pockets of ice on northern

‘'

aspects.



3.7 Creep

Creep or the slow downslope movement of soil and rotk
debris 1s also i1ncluded in the hazards considered here. The
definition of creep 1s complicated'by the fact that creep
grades into or can be combined with other types of slope
movement (Radbruch-Hall, 1979) such as slides, falls,
topples, lateral spreads, flows and slumps. Usually there
are three types of creep (Hansen, 1984):

First 1s seasonal creep, or movement within the dep:h
of regolith affected by seasonal changes in temperature and
molsture. This form of creep although widespread in
Kananaskils 1s not a hazard due to the slow and incremental
nature of the movement. Smith (1985) discusses this in
detail. On exposed talus slopes or in cold climates where
freeze-thaw processes are common rates up to 0.5 metres per
year have been recorded (Selby, 1982).

Second 1s continuous creep, where shear stresses exceed
the strength of the material. Most of the conditions
necessary for continuous creep occur in Kananaskis.
Generally, poorly indurated rocks,'interbedded soft and hard
rocks, active tectonism, or steep-sided ridges are necessary
for continuous creep in rock. Steep sided ridges are found
‘in‘Kaqanaskis but these are active rockfall and rogkslide
hazard zones. Undercutting of slopes gy glagigl or fluvial
processes can contrjibute to creep but these conditions are

again identified by active and hypothetical rockslide

hazards. Deep seated movements are a bedrock phenomenon not

2



mappable by the methods of this study.

Th:rd is progress:ve creep, which 1s associated with
slopes reaching the point of faillure by other mass
movements. This may be deep seated or superficial and can
precede large or small rock slope movements. Deep seated
progressive rock mass creep has been measured at rates up to
20 centimetres/day, (Muller, 18964). There is evidence that
progress&ve creep 1s occuring along bedding planes at sites
1n the Opal Range and Burstall Pass.

A rockslide occurred from an over-dip slope 1in the west
ridge of the Opal Range just north of Grizzly Creek. Closer
examination of the rupture surface, a bedding'plane, reveals
that buckling of the surface hge continued since the
rockslide failure. The rock involved 1s a highly fractured
aréillaceous limestone. The Lewis Thrust Fault 1s nearby.
Was progressive creep a mechanism preceding the rockslide
and 1is it occurring further north along the slope which
possesses similar structure? The present slide has a volume
of about 100 x 10° m’, while another 700 x 10° m’ of
over-dip slope dissected by several gullies repose above
Highway 40, a Trans-Alta transmission line, a private
residence and a service centre. Further investigation could
provide some interesting results at this site although
exposure to natural hazards might be a hindrance.

The Burstall Pass site involves a hypothetical o;er—dip

rockslide mass. The volume of rock is about 600 x 10° m®.

Beds dip at 40° at the base and steepen upslope. The upper
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area was not accessi:ble but the author estimates the dip
does not exceed 50°. A volume of fractured rock in a dip
slope below the hypothetical mass 1s creeping downslope
under its own self weight or by that of the hypothetical
mass as well. The potential rupture surface 1s already
dilated at the pcint of 1nspection, note this 1s :n the uif
slope portion. The dip slope and over-dip slope masses are
separated by a two metre fissure, following strike, filled
with rock debris. Again an interestihg site but access and
natural hazards may prove to be a hindrance to further

. . . 8
investigation.

3.8 Mapping by Others

Mapping of rockfall and rockslide deposits in the
Kananaskis study area has been carried out by Reimchen and
Bayrock (1976), Gardner (1983, 1982) and Jackson (18976).
Smith (1985) reported on solifluction and gelifluction,
Sauchyn (1984) on open rock basins and debris flows in
Kananaskils and Gardner et al, (1983) on dynamic
geomorphology in Highwood Pass.

Reimchen and Bayrock's mapping is part of a larger
surficial geology map report covering the foothills of”
Alberta south of 52° latitude. This includes the Kananaskis
stu@y area. Within the area they inéicate twelve rockslide
deposits and one sldmp and landslide deposit. The slump and
landslide deposit was found to be an area of high

low-magnitude rockfall activity from strike-dip slopes.

9



Thei:r mapp:ng of the Mount Indefatigatle rockslide deposit
has a different outline from that seen on the air |
photographs or 1n the field reconnaissance of this study. Of
the remaining eleven deposits, six are’mapped\by this study
while the other five could not be confirmed by the methods
of this study. It must be kept in mind that Reimcher and
Bayrock mapped at a scale of 1:50;000. Only deposits in the
large rockslide range can be mapped effectively at this
scale and these should be recognizable./Yet, two obvious
large rockslides have been overlooked aﬁd five others appear
to -be erroneously 1ndicated. Some of the sixteen large

rockslide deposits mapped in the present study fall at the

bottom énd of the scale and could be too small in area to

1
¢

{
'k\

Gardner's work 1s restricted to Highwood Pass and

map at 1:50,000.
N
considers the frequency, magnitude and spatial distribution
of rockfalls and rockslides. Within the boundaries of his
and this study areé Ga;dner maps six high-magnitude rockfall.
deposits in a size range from 10’ m’ to greater than 10¢ m®.
The present study maps the same six deposits although two of
the deposits are considered as being two or more deposits.
‘Garder used-1:50,000 scale maps but was able to carry out
extensive field reconnaissance in hi§ study area (only 100
km?) which is Relatively small compared to the study area of
Reimchen and Bayrock.

JaEkson reported using two sets of maps,  one éach on

PR L .
surficial geology and terrain inventory respectively. At a
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rocksli:de depos:t

The reports by Smith (1985), Sauchyn (1984) and Gardner
et al. (1983) present useful 1ntormation on other forms and
processes of slope movements 1n Kananaékis. The studies
performed by Gardner and Smith are preéented in a mod:fied
form in the text authored by Gardner et al. (1983). It
appears that presentation of low-magnitude and

AN

high-magnitude rockfall and rockslide activity at scales of

1:50,000 or larger can be misleading.
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4.0 Actavity

4.1 Introduction
A L
1N

"

<
adl

Reckslide and rockfa.l occur on steep terra
Kananaskis. The terra:m or siope has a bedrock structure,
aspect, relief, roéﬁ type and groundwater regime determined
by 1ts hisﬁory. History 1includes external past and present
stresses on the slope from depositional environment,
diagenes.s, orogeny f(including selsmicity), climate
fincluding glacial episodes and microclimate fluctuétions),
and more recently, human-induced stresses (mainly
englneering works, but war and pollution as extremes). The
depositionai environment and diagenes%s are locked into the
rock structure and type. Orogeny produceé aspect ghd reliet
and may alter the rock structure and type. Climate alters
the rock composition, aspect, relief and groundwater regime
through the influence of temperature, precipitation and wind
on denudation rates of weathering, transportation and
erosion,

Human works can increase or decrease the stability of a
slope. Maintenance of vegetation on slopes in King Creek
will aid in promoting stability (Cruden and Eaton, 1985b).
Supporting or increasing the vegetagﬁon cover stabilizes the
slope cover and decreases the hazard from debris flows. Cuts
or fills in slopes for various engineering structﬁres can,

in some cases, stabilize a slope but more often it increases

the risk of slope movements. A rock cut necesséry for the

45
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then tc recognize which sliopes are natura..y Ssuscept:.:tie
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movements and why.

Bedrock structure, aspect and :e..ef combine o produ-e
a.certa:in slope type, and rock type 1s divided according U«
age, compositgon and depositional environment intc groups,
formations anc beds. Observations,¢f{ slope type and rock
type type are made :n this study. Some references are made
to different stresses and processes that have influenced the
study area's slopes, but the maln objective 1s to flag
hazardous slopes and areas. This chapter willvconsider the
different slope types defined in Section 2.5 and the rock
types already mapped in the area, Section 2.4, to discuss
hazards and activity.

In order to present 1nformation and compare slope and
rock types, low and high-magnitude rockfall and rockslide
was mapped and areas were classed according to their slope
and rock type. Emphasis 1s placed on high-magnitude events
as they are the most destructive. The activity of slope and
rock types is compared separately and then togethery.

The activity index is obtained by taking the percéntage
of high-magnitude rockslide and rockfall, or percentage of
cluster areas (of high-magnitude rockslide and rockfall) in

‘the target area (for example over-dib slopes; Rundle Group

-



f{ all events ©r cliusters .n target, area
- &

area as % of tota. area

The activity 1ndex provides a relat:ve probability of a
rockslide according to s.ope and rock type 1n Kananaskis.
This information s useful for purpcses of the study. The

findings are presented :n the fc¢l.owing three sections.

4.2 Extent of deposits

The Kananaskis study area covers about 880 km*‘. Of that
about 45% or 400 km®’ are exposed bedrock slopes, usually
above treeline. Of the tqtal area 10.9% or 96 km? is covered
by talus, 0.9% or 8 km’ 1is covered by high-magnitude
rockslide and rockfall, 2% or 18 km’ is covered by glaciers,
and there are 228 high-magnitude rockslides.

When estimating-sguantities from air photos, several
problems arise. The further an object lies from the centre
of a photograph, the greater its dimensions are distorted.
This 1s amplified in mountainous terrain because of the
steep slépés and great relief. If a slope d;ps towards the
centre of tﬁe‘pﬁotograph, everything on that slope will

appear larger than its projection on a horizontal plane.

Conversely, if a slope dips away from the centre of the

photograph, everything on that slope will appear smaller

. '

~
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a horizontal plane. The comparisons of s.icpe and 0Tk tvpes

were done on topographic maps S¢ that guant:ties ark
estimated from a hcorizontal plane.

Ornly areas where accumu.at:on of talus 1s ac

IR

considered by the mapping scheme. The active ta.usS areas

n

@}

[

lude steep slopes with talus on ledges or in gull.ies. The
accummulation zone at the bottom 1s usuaily visible but 1t
1s not always possible to map on the air photographs the
talus on ledges, 1n gullies or 1in shadows beneath northeast
scarps. Those slopes with gentler grades covered by a thin
veneer of loose rock are not included in the active talus

~

zone. These rock fragments do not bounce or roll 1nto place
but rather accummulate from 1n situ weathering and displace
by creep. These deposits are regarded as belonging to the
brqader grouping of colluvium. Talus zones that are being

b@3f£ongly reclaimed by vegetation are considered no longer

‘ active. Other areas possessing active talus zones less than

the grid size of 80 x 80 m (6400 m*) are not mapped.

So, high-magnitude events are all those that were
mappable using the 80 x 80 3}grid. Large rockslides are

those which exceed 0.5 x 10* m’. This volume distinction is
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Littie Ice Age or Neo-gliaciai gliaciers are hopefully

included in the est:mates. Clder deposits emplaced on
giac:er 1ce from the last malor glaciation (over 1(¢,C0C
vears B.P.) may exhibit mature glacial and weathering
teatures and thus are not included. The characteristics of a
rocksiide or rockfall phenomenum eventually fade as the
deposit 1s 1incorporated and reworked by the glacier. This is
not an attempt to suggest that all moraines are of rockslide
origin. ’

What 1s suggested 1s that we have 228 deposits in
Kananaskis whose features are characteristic of a rockslide
or rocktall or whosé features are predominantly those of a
rockslide or rockfall even though glacier ice may have
participated 1n final transport and deposition of the
debris. Secondly, these events have arrived_in the last few
thousand years since major glaciation’ a relatively sﬁort
time. If we consider the greatest period of time acceptable
with current estimates of thellasE/major élacier retreat or
10,000 years (Jackson, 1976), then a high-magnitude

rockslide or rockfall has occurred once every 44 years.

Thirdly, minor fluctuations in climate in the last few



n
[

Tniusenc nas seer sofflco et encuUgn Y0 lrlit.ate c.ac.er
aCvances ' LuTkma STe Tne acvarnce anc retreat <of these
G.ac:ers may .nf.uence the oocurrence f rockslide and
Tocklias., Dy Crealinc cver-<dip s.opes and weakening I OCK

structure. SQTQ&TQCﬂs;;de depos.its appea: .o be glat.ia..v
reworked. A per:od of g.aciaticn, even a shoert one of only g
hundred years ©Or Sc, 1S an important agent :n reducinc * he
resisting strength of a potential rocks.ide or rockfall

Siope.

4.3 Slope Type Activity

Slope types were defined in Section 2.5. Figure ¥.:
shows typical dip and strike directions and the range of
slope types 1in Kananaskis. The slope type is dependent upon
the strike and dip of the bedrock and the strike and dip of
the mountain slope. In general, strike of bedrock 1is 150° or
330° and dip direction is 240° or 60°, respectively. Dips
are usually between 20° and 90°. The trend of thrust faults,
folds and bedrock varies about *20° from the typical strike _
across the study areé. Dip directions can be reversed on
slopes f%Pnd in the west limb of a syncline or the east limb
of an anticline. Note how thisféhanges the aspect of certain
slope types in Figure 4.2 from those in Figure 4.1. -

The range, in degrees, over which a simple sliding
failure can occur on a discontinuity must satisfy the

following'requirement: the dip direction of the slip surface

lies within 20° of the dip direction of the slope (Matheson,
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Figure 4 1 Range of'siopé typés when the diﬁ direction of
bedrock = 240°. The varlatxon in dip and strike directions

and therefo:e slope types = +20°. g

R \
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Figure 4.2 Range of slope types when the diphdirectioh of

bedrock = 60°. The.variation in dip and strike directions

/

and therefore slope tyﬁes= +20°.
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1983). The typical dip direction of bedding i1s 240°,

therefore over-dip slopes with dip directions, or aspects,

between 220° and 260° can fail in simple sliding. Beyond

this range the fallure mechanism no longer occurs by simple

sliding. The inclination of the slip surface must exceed the

friction angle of the slip surface as weil, other

considerations such as pore press;res and earthquake loading

etc. excluded. This requirement apblies egually to:

1. Over-dip slopes, as mentioned above.

2. Dip slopes, being the resulting slope type after an
over-dip slope failure.

3. Simple toppling from under-dip slopes (Matheson, 1983).

4. Reverse-dip siopes since they are foun@ on the opposite
slope from dip; over-dip and under-dip slopes and
providing the reverse-dip slope possésses a
discontinuity that satisfies the simple sliding
reguirement ., " A
Considering all aspects, slope types have the following

ranges for. typical strike and dip (i.e. dip direction =

240°):

1. Dip, over-dip and under-dip slopes 220° to 260° = 40° =
11% gf all aspects. , : -

2. ReveESe-dip slopes 40° to 80° = 40°~= 1% of all
aspects.

3. Oblique and strike-dip slopes 80° to 220° and 260f to

40° = 280° = 78% of all aspects.
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Non-typical Stflkéﬁ?ﬁ%§§;p (1.e. dip direction =

60° have the same ranges but the aspects are reversed for
and 2 above. Obligue and strike-dip slopes have a much wider
range than other slope types, 78% of possible aspects,
though they do not occur with that frequency 1n the study
area. The majority of valleys fo}low structurally weak zones
in the bedrock. These are found along thrust zones and axes
of folds which normally are parallel to the typical strike
of 330°. Most of the valiey slopes fall into the aspect .
ranges for dip, over-dip, under-dip and reverse-dip slopes.
Some valleys, particularly in the Kananaskis Range, follow
other structural weaknesses like tear faults. These valleys
have a majority of oblique and strike-dip slﬁges.

Some slbpe types are considered separaté&y and others
are grouped together. Obligue and strike-dip slopes are
considered collectively as a mountain slope can alternate
aver very short distances between the two; they are
difficult to separate on air photographs and they release
rock by similar mechanisms usually involving two or more
.joint sets and bedding'3urfaces. Reverse-dip and under-dip
slopes are considered separately. Dip and over-dip slopes
are considered collectively as they are both associated with
rockslide sites.

Gardner (1980) offered that mouniéin slopes have been
oversteepened by glacial erosion and that low'and
high-magnitude rdckfall and rockslide may have been more

) - r

frequent in the past. Oversteepened slopes in valleys

N

.



paraliel to bedrock strike should favour the formation of

over-dip slopes on both sides of a syncline valley and one
side of & thrust fault valley (Figures 4.3 and 4.4,
respectively). Anticline valleys cannot have over-dip slopes
and tear fault valleys do not exhibit over-dip slopes 1in
Kananask1s.

Present over-dip and dip slopes are the most active
high-magnitude slope types 1n Kananaskis (Table 4.3 and
Figure 4.7). If their extent ;as greater during and
immediately after the last deglaciation, then high-magnitude
rockslides were also more freguent duriqg and 1mmediately
after deglaciation. Gardner has made the same conjegture
regarding high and steep scarps.(oblique-dip, strike-dip and
reweﬁ%;—dip slopes). Over-dip slopes appear to be unstable
slope types that geomorphic processess change, when
thresholds are exceeded, to dip slopes and then to under-dip
and eventually stable vegetated slopes. Glacial or fluvial
erosion can cause the cycle to repeat.

Tables 4.1 and 4.2 presenthtﬁe study area in 26
sub-areas with respect to slobe type and low-magnitude and
high-magnitude rockfali and rockslide activity.
Lo&-magnitude rockfall activity is based on the extent of
talus co;er visible in the air photographs. High-magnitudé
rockfall and rockslide activity is based on the number ahd
size of deposits in a given area. Activity is classed as
high, low to moderafe or non-actiye. High activity implies

v

that there are extensive talus deposits, several



AN
Figure 4.3 A syncline valley can create over-dip slopes on

both sides from glacial or fluvial erosion
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- Figure 4.4 A thrust fault valley can create an over-dip

slope on one side (the footwall side) from glacial or

fluvial erosion.
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high-magn:tude rockslides and rockfalls or at least one
iarge rocksliide i1n the area under consideration. LoOw
activity describes limited talus depocsits, few
high-magnitude rockfalls and rockslides and no large
rockslides in the area under consideration. Non-active means
that talus deposits are too small to be mapped, rockfall and
rockslide 1s 1nfreguent and insign1fi‘ﬂnt.

The Stud; area 1s arbitrarily divided 1into 26
sub-areas. Some homogeneity is impliéd wlthin each sub-area;
eithér a dominant élope typel(s), slopes are all part of the
same massif, or a consplcuous level of activity within the
sub-area. The boundaries between the different sub-areas are
not precisely defined‘but usually follow valley bottom,
ridge crest or mountain pass. The Kananaskis study area is
dissected in three main mountain ranges by the Kananaskis
River Valley’and the valley formed by Smith-Dorrien and
Smuts Creeks. They are from east to west:

, .
1.The Misty, Opal and Elk Rgnges, sub-areas 1-5,
2.The Kananask;; Range, sub-areas 6-14.
3.The Spray Mountains, sub-areas 15-26.
0

Tables 4.1 and 4.2 reveal the following behaviour, and
pefcentages are of sub-areas showing activity on the air
photograph intérpretations initially:

]; Low-magnitude and high-magnitude rockfall and rockslide

activity.is high throughout the study area, 85% and 65%,



Table 4.7 Rockfall and rocksfide activity throughout

Kananaskis study area by,s/considering 26 sub-areas.

the

wn
0

rockfall/slide activity active slope

sub-area
) low-mag. high-mag.

Misty, Opal & Elk Ranges: |non|low|hi |[non|low|hi losd|rd |ud dod
1. Limestone Mtn X x X X X
2. West Opal Ridge site [ X ' X X X
3. Opal Range X x| X X X
4. E1K Range X ;) X X X
S. Misty Range X X x | x X X

percentages % O 140 |60 ]2C {20 |60 |80 |80 [100 dd
The Kananask{s Ranges:
6. Mt Allan massif X x? X X X
7. Mt Lougheed massif X X X X X X
8. Mt Sparrowhawk massif X X X X
9. Ouartzitg Ridge X X X
10. Mt Kidd massif x | x x | x x
11. Mt Bogaft massif X X b3 b3 X
12. Ribbon LaKe X x X X X
13. Mts Buller-Inflexible X X X | x b3
14 Mt Lawson-Kent syncline X X X X X X

percentages % O (11 |89 | O [44 |56 |78 |89 |33 |89

continued on next page...
% B




Tabie 4.2 Continued from

prev.ous page. ..

@

by

( sub-area Aﬁrggkgg};;;ﬂlde7é§fé;;;;+hﬁ;;f1ve slope
low-mag.- high-maéﬁﬁ

The Spray Mountains: non| tow|hi Tnon low|hi josdird |ud |dod
15. Mts Shark-Birdwood X x x X x
16. Burstall Pass X x :—

>735§E;s Burstall-Putnik X X X X x
18. Black Prince W. s lopes x x x x
18 Murray-Inde. Ei cirques X X x X x
20. Grassi Lake X x X X X x
21. Mt Inde. West slopes X x X x x
22. Three Isle lake X X X X b

23. Mt Lyautey X x | X x X

¥ wmt Sarrail-fFoch massif X x | x x x
25 Mt Mar lborough éyncline X - X X x
26. Mangin Glacier X X X X X X

percentages % 0 |25 |92 |8 17 |75 [83 |75 |58 |67
total percentages % 0 (15 |85 |8 27 {65 |81 (81 {58 |69

? Deposit may be a moraine. ‘

osd = oblique/strike-di® siopes

“rd = reverse-dip slopes
ud = under-dip slopes « *
dod = dip and over-dip s lopes
" Inde. = Indefatigable »




Tespective.y.

(A

c. ALl S.0Ope Types are act.ve tnLroLuGhcut the study area,

to 87%.

e

3. {Under-dip s.opes are not very act:ive In the Kananask:s
Range; they are not common.
4. Dip and over-dip s.iopes, alithough active :n the Misty,

Opal and Elk Ranges, are not common.

All slope types are act:ve 1n the Spray Range.

[€al
.

Table 4.3 and Figure 4.5 distribute high-magnitude
rocktall and rockslide according tc siope type. Figure 4.6
shows the percentage of each siope type in the study area.
The relative brobability of a rocksiide or rockfall
according to slope type is shown in Figure 4.7. They reveal
the following behaviour:

1. Dip and over-dip slopes have the highest occurrence of
high-magnitude rockfall and rockslide, wig(h 35% of all
ev;nts.

2. Oblique/strike-dip slopes and reverse-dip slopes are
active with 29% and 29% of all events, respectively.

3. Under-dip slopes are not very active with 7% and
glaciers provide no rockfall or rockslide.

4. 44% of large rockslides occurred from dip and over-dip
slopes. Three iérge rockslides, 19%, appear to be from
under-dip slopgs. The pre-slide slope ;rofile may
acﬁually have been a dip or over—diﬁ slope eroded 5y
glaéier ice. Simmons (1977) commented that dip slopes

over 50° may'fail by rupture across discontinuities. In

o
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Ter.e 4.3 H.gh-magn:tude rockfall and rocks.:.de activity

-

0pe type. Slcpe types are def.ned :n Sectior

2.5.
5
osd rd ud dod gla total

large rockslides # 1 5 3 7 0 } 16

>.5x10¢ m % 6 31 18 44 0 100
other high-magni # 66 60 13 73 0 21¢
-tude events % 31 28 6 35 0 100
total - . & 67 65 .16 80 0 228
total % 23 29 7 35 D
area i Km 156 100 102 31
area % 39 25 25 8 4 100
activity = 0.7 1.2 0.3 4.4 0 1.0
osd = oblique/strike-dip slopes
rd = reverse g#f'p slopes
ud = under-dfp slopes
dod - = dip and over-dip s lopes

gla glaciers

-




Figure 4.5 Percentage of all high-magnitude rockslide and

% ‘p‘
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rockfall according to slope type. Slope types are defined 1in

Section 2.5,

-

Figure 4.6 Percentage, by area, of each slope type in the

study area. Slope types are defined in Section 2.5.
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Figure 4.7 Relative probability of a high-magnitude

rockslide or rockfall according to slope type in Kananaskis.
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that case, 63% of large rockslides may originate on dip

and over-dip slopes.

5.. Dip and over—dip slopes are not freguent, covering only
8% of the study area. . s
6. Dip and over-dip slopes exhibit br far the highest ' ﬁ7‘

relative probability of a rockslide.

In addition the bedrock structural control of valley or

'slope orientatfon. is reflected i1n Table 4.3 when considered

- rs

together with Figures 4.1 and 4.2: 4 .

1. Obliqgue~and strike-dip slopes cover 39% of the area yet
they occupy 78% (280°) of the aspect range.
b " «
2. Reverse+dip slopes cover 25% .of the area, yet they

occupy only 11% (40°) of the aspect range
3. _Under dlp, dip and over~d1p slopes together occupy only

1% (40°) of the-aspect range. Yet, under-dip slopes
cover 25% of the area and dip and over-dip slopes cover

- M
N : - - . v,
- . »

\only 8% of the area.
Thxs 'suggests that present and' recent geomorphlc
processes favour under d1p and reverse- dip slopes rather

'than obllque and str1ke dip slopes, or the d1p and-

“over- dap slope\forms - ".‘ e - .

s In summary all slépe types are actzve in Kananaskls

hY

‘Low magnltude and hlgh magnltude rockfall ‘and rocksllde

occurlthroughout the Kananaskls study areag Most

et e \

hlgh magnltude rockslldes de rockfalls occur on - d1p and

‘ozer*dlp slopes (rockslldes oﬁﬁy) followed closely by

.‘obllque and str1ke dxp»slopes then reverse dip slopes



66

(rockslides and rockfalls). Dip and over-dip slopes'are not
widespread, suggesting that they are unstable because of
their geometry. Dip and over-dip slopes exhibit the highest
relative probability for rockslides suggesting ghat
thresholds are exceeded as episcdig events interspersed with
periods of relatdve'stabiiity. The threshold stress 1s

o
exceeded by: introduction of an external stress; reduction

~

of 1nternal strength; or a gradual change in slope

conditions (Selby, 1982):

4.4 Rock Type Activity

Rock types are taken from/ the map compiled by
Bielemstein et al. (1971). There 1is no detailed stratigraphy
availlable for Kananaskis; further subdivision into

formations.is beyond the scope of this report and would
. \

. . . g ® g
~neces§1tateéadd1tional field reconnaissance. The oldest rock

type fQUnd in'the area, the Devonian Fairholme Group is |.

. about 365 mllllon years old. There are 'two baszc rock type

e

ClaStlc rocks and carbonate rocks. The older ot Paleozoic

rocks are,mainiy carbonates (limestohe and dolomite). The

A S

"yoUnger or Mesozoic rocks are mainly clastic rocksf(Shale,

e,

sandstone, siltstone, conglomerate, quartzite and coal). The

division -is .not ekxclusive ahd beds‘of one rock type can be’
t
found in the other, espec1ally in the boundary rocks, the

pEae
@e

Tr1a551c Sulphur Mounta1n Format1on and the

- - ,

Permo- Pennsylvanlan Rocky Mountain Group The rock types are

! # -

~ closely- jolnted w1th the exceptlon of conglomerates observed'

A "‘
,‘é‘ ~‘
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in the Cretaceous Blairmore Group. The carbonate groups are
very closely jointed. The cacbonate groups are also a more
resistant rock as they dominate the mountailn peaks, ridges
and scarps. The younger detrital rocks are less resistant to
weathering as they occupy the mountain passes and gentler
slopes. On the whole their features are more subdued.

Locat and Cruden (1977) found that major bedding plane
‘slides occur in carbonates of the Mississippian Rundle
Group. They went on to suggest that the base of the lower
Rundle Group appears to be the location of major rockslides
in the Paleozoic rocks of the southern Canadian Rockies, and
that debriSvflows w1ll occur in shale or thinly bedded
sandstone and shale. )

Debris flows-and‘;oci glaciers‘are noted'in the
Kananaskis study area. Rock glaciers occur in the Triassic
Sulphur Mountain Formation, shales and»carbonates, in the
Highwood Pass area on slopes adjacent to Highway 40 and 1in
the unnamed valley due aouth of Quartzite Ridge (northing =
5640000 metre’s, easting = 620000 metres): Gardner (1982)
documented debris flows in tne vicinity offMoenc Elpocaf
.Debris flow act1v1ty is noted in King Creek and South
.Sparrowhawk Creek and occurs in Jura551c Fernie Group,
Triassic Sulphur Mpuntain Formation and Permo- Pennsylvanian
Rocky Mountain GrOup rocks. They may occur in t?qse rock
types elsewhere in the study area for they were/only

considered where théy occut in spec1f1c or,other approprlateb

sites discussed by Cruden~and Eaton (1985b).
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From Tables 4.% and 4.2 we saw that low-magnitude
rockfall and rockslide 1s widespread 1n Kananaskils, 85% of
26 sub-areas exhiblit high activity. It 1s reasonable to

infer that Tables 4.1 and 4.2 suggest all rock types are
actlve with respect to low-magnitude rockfall and rockslide.

The Mount Allan massif and portions of the Misty, Opal and

’
4

Elk Ranges are exceptions and exhibit low activity amongst &

the Mes0zolc rocksa B
Table 4.4 and Figure 4.8 distribute high-magnitude

rockfall and rockslide according to rock type. Figure 4.9

Shows the percentage of each rock type in the study area.

Figure 4.10 shows the relative probability of a

;

high-magnitude rockslide or rockfall according to rock type.

They reveal the following behaviour::

1. Almost all of the high-magnitude events, includ;ng large
'rockslides, occur in Paleozoic carbonates, 97% and 94%
respectivély. (The one large rockslide mappéd in the
Cretaceous Blairmore Group has subdued features,
deQeloped surface drainage and would receive an . .
’inactive—mafure' age classification'accdrd@ng“to
Mgcéipin'(1984)».1%:hay actually be a_mpraihefi -

2. Largé réckslide§.and ;thef h?gthagnitudé eveﬁtg are

P

most fréqd@ht in the Mississippian Rundle Group, 56% and

44% respectively. :j> | -

3. The Devonian Palliser Formation has the highest activity

2

lévél, 1.9,'follbwed by the'Permd’Penpsylvgnian Rocky

Mountain Group, with 1.6. The Missiésippian Rundle Group

4 .
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Table 4.4 High-magnitude rockfall ang rockslide activity

aécording to rock type. Rock type symbols arégexplained 1in

Table 2.1. .
MESOZOIC l PALEOZOIC

Kbl iJk [Jf [TRs| Prm| Mr | Mb Dp Df |tot

targe rockslides #| 1.1 0 [0 | o | 1| 9| o a] 1] 16

>.5x10° m* % 6] 0] 0|0 6 | 56 |- 0| 25 6 {100

other high-magni #| 0 | 3 | 0 | 2 | 39 | 93 | 10 43 | 16 [212

-tude events %0 1 0 1 18 44 5’ 23 |- 8 {100

total 1] 3o 2] 40 [102 | 10 7 [228

| “*z% 01 1[0 1| 1g] 45 4 i 8 100

area km{ 5 (36 | 5 |21 | 40 |158 | 37 | a7 28 377

kv o e o1 a2 | 0. 12 F 77 [100

‘ activity = 0 {0.3 0 [0.2] 1.6[1.1 [o0.4] 1.8 1 1.0
.. T -

94% of large rockslides are Paleozoic.
98% of other high-magnitude ewvents arg Paleozoic.
" Mock type abbreviations are explained ‘in Table 2.1.
, ’Ipt = total - ‘ o ~

o1
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Figure 4.8 Percentage of all high-magnitude rockslide and

rockfall according to rock type. Symbols are explained'in

Tahle 2.1

F1gure 4.9 Percentage, by anea, of each rock type in the

study area. Symbols are exp1a1ned in Table 2.1.

s : ; v . )



Kbl

- Jk

Jt

Prm

Mb

- Df

-

v

Fxgure 4.10 Relative. probablllty of a hlgh magnltude

rockslide or rockfall accordzng to rock .type.

>
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s third with an activity level of only i.1.

This."should be gualifie@ by adding that high-magn:tude
rockfall and rockslide occur .n clusters 1in several of the .
sub-areas used Tables 4.1 and 4.2. Tabie 4.5 lists the
cluster areas, alr photograph locations, active slope, types,
active rock types,gpumber of high-magnitude events and gips
of the rupture surfaces. Table 4.5 reveals the following
behyaviour:
1./ a1l the carbonate rock ‘types, with the exception of the

MisSissippien Banff Formation exhibit cluster activity.
2. More of the activity, 89%, has occurred from dip arid

» 14
over-dip slopes.

Qe .

3. None of the cluster areas have dips below 25°%
In Table 4.6 a distribution of high-magnitude rockslide

and rockfall is given with respect to all the combinations

of slope type and rock type. The activity is given for each
combination. The Mesozoic rock types are not included in.
this‘breakBOWn since they exhibit a low activity (Table 4.4)

which is attrlbutable to their belng hlghly weathered w;th

subdued {eatures and gentler slopes. In add1tlon the i@‘

,Cretaceous Blairmore Group, Jura551chern1e Group ard
i Triassic Sulphur Mountain Formation have small sample~areas,
}1%} ﬂ%'anp 6%, respectively. The Jurassic\Fernie Group lacks

“high-magnitude rocﬁfalI and rockslide deposits and the four

deposits found i{n the Cretaceous Blairmore Group and

-

»

Jurass1c/Cretac ous Kootenay Formatlon are highly weathéred

' p0551b1y of lat Plelstocene age (over 10, 000 years B.P. \x
. . ‘ R
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: < 5 o + - r
High-magnitude rockfall anc rockslide cluster area

Teole 4.5
activity. ’
- &
cluster areas |air photogr aph active active|# falls fupture
line & photo # slopeltype rock |/slides sur face
Sparrowhawk Re:| 5040 204, 206 over-dip | Mr 5= 25; 30
Quartzite R. 5040 204 over-dip | Prm 7 25-30
Ribbon Lake 5037 157 over-dip Prm 6 25-30
Mt Lawson-Kent 5033 109 over-dip Prm 11 >40
syncline '
Mt Shark 5035 199 reverse-d. Dp g >60
5036 5 Df .
Burstall Pass 5032 53 over-dip | Dp 13 40
' 5033 101 g
Mt BlackPrince 5031 8 over-dip | - Mr .6 >45
west slopes_ - '
Mt Sarféi]@i 5025 215 -over-dip Mr 1t | 25-30
Mt Marlborough| * 5024 162 over-dip | Mr g 540
syncline ‘ h ‘

* The large rock&]ideVmay re
ge rockslide contains at least

? The 1iar
Nbie:vnlthough a lar
one single event,
boundary they have

Note:

Rock type abbreviat

present 4 hij

gh-magni tude rocks lides.

2 large events.

»;

]

i

L.

ge rockslide may actually contain more than
when they are defined by a
been counted as one event
ions are explained in Table

guous

§ .
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Therefore with tne Mesoczc:c rocks removed act:ivity levels in
Tabie 4.6 willi not be :1denticai: tc those 1n Tables 4.3

and 4.% although similag. Tabie 4.6 reveals the folliowing
. ‘
behaviour:

1. All of the rock types possess at least twe of the slope

types; obligue/strike-dap, reverse-dip or dig and

over-dip siopes, which are :tavourable to high magn::ude

rockfall and rockslide.

-+

2. Dip and over-dip slopes exhibit the highest activities

with the exception of the Devonian Fairholme Group whion

~

possesses no dip or over-dip slopes for activity to

occur on..

3. The Mississippilan Banff Formation has the lowest

activity at 0.4.
4., The Devonian Palliser Formation and the

Permo-Pennsylvanian Rocky Moﬁhtain Group exhibit the

highest activities (as in Table 6.4) at 1.7 and 1.4,

13

Fespectively.> ' o
_gip and ovgr-Qip.slopes are preferred locagions for

. hiég-magnitude rockslidégﬂ Many ;f-the;e sJopes'exhibit
cluster éctizfty. Dip'and'ové;—dip slopes4éppeaf to.ﬁﬂ
uﬂgtablé slope‘forhs that adjust episodically by
high—éggnitude events. The structhral features «of ove;-?ip
;}bpes are‘fafou;able for the release of rock along bedding

¢ -

plane discontinuities. All the over-dip slopes that exhibit
A &7 )

cluster activity have beds that dip at or exceed 25° and

half of those (4) have beds that exceed 45°, The cluster

. . '



Table 4.6 High-magnitude rockfail and rockslide activity

given with reference to sicpe and rock type.

*

rock type . - slope type

: osd | rd | .ud (90 |totas

Prm % siides/falls| 32| 45| 1.8| 8¢ | 18

% grea 3.8 1.6 6.0 1.8 13
lactivity 0.8 2.8 0.3 5.7 1.4

Mr % slides/falls| 18 9.0 32 16 45

' |% area 21 10, 13 5.4 | 49
activity 0.8 0.8 }1-0.2 3.0 0.9
Mb . |% slides/falls 3.2 0.5 0.0 0.9 4.6

. |% area 4.9 4.4 0.7 0.6 | 11
lactivity 0.6 0.1 0.0 1.5. 0.4

Dp % slides/falls| 5.4 | 9.0 2.3 | 7.2 | 24

% area 3.8 5.5 2.8 1.9 14
activity 1.4 1.6 0.8 3.8 1.7
Df % slides/falls{ 2.3 5.4 1 0.0 0.0 7.7
% area , 4.6 2.9 1.3 0.0 8.8
activity .5 1.9 000 0.0 0.9

total '[% slides/falls| 32 28 7.0 | 33 . /

% area 38 25" 24 9.0 /
activity . 0.8 1.¢ 0.3 3.7 /-

-

Glaciers cover 4% of the area, and have 0.0 activity.
Slope type abbreviations are explained in Table 4.3,
Rock type abbreviations are explained in Table 2.1,

-

.
v
' . »
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AR T weakened structure in the sliopes. One or mGre Lf eicher
sy hd \ .
thrust faulits, synclines, anticiinres, te;>\fau;:s anc drag

‘.0 . - } N .
‘ fol*re present at all of the'»%itqs exam;ne\i. ACtavity 1S
. agparently increased by these ‘features. s

5

In-summary, iow-magnitude rockfall and(;ocks;:de VETULS
ir.all rock types but Paleoczo:ic carbonates are *the mos:
active. High-magnitude rockfall ang rocksliide ocrurs a.most

Y . , _ :
s exclusively 1in Paleozo:c carbonate rock types. This 18, in

ANE .

part, due to highly weathered, subdued features and gentier
2. . »

slopes 1n Mesozoic clastic rocks. Although high-magnitude

) rockslides have occurred in the Mississippian Rundl!e Group

elsewhere in the Canadian Rockles, the inference Eéat 1t 1is

» the locus of such activity or 'a bad ector' ma§ be
‘misleading. Findihgs of this study suggest that the

Permo-Pennsylvanian Rocky Mountain Group and the Devonian

Palliseerormation are the most active rock types in

Kananaskils. A greater number o& low and hlgh magnitude-

] . ' ©

.rockfalls and rocwslldes occur in the Mississippian Rundle

~/Group only because i1t covers a larger land' area and d

™~
pogsesses, the greatest rellef Where other Paleozoic
& .

carbonate rock types occupy scarp slopes and over-dip slopes

. ’ '

low and high-magnitude rockfall and rockslide occurs. The

. "Mississippian Banff Formation is the guiet exception to this

. . 3 3 ) . X ] . . i -
behaviour., It seemszthen that rock structure or slope type
has .asgreater influence on the level of activity. When

-
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while rOoCKk Types part:icipatel w.th near:y egua. ecuency.

IR

Other :mportant factors are features which conter+s and

weaken the structure on a loca. scale such as fau.ts and

. L3
: . . .. . : . -
fo.ids. Fiexurali-sliip along bedding contacts-.S-pervas.ve at

these sites butit was not alwavs possibie tc document it in

>

the f:e.d. : . ’ o



5.0 Frictiog Angles ofJRock“Samples‘
g v .
; .

5.1 Introduction

Th:is testing program investigates the tpas:c frict:on

o
‘ﬁ"é , of limestones from Kananask:s Country using a

-

ting table constructed at the Un:versity cf Alberta. o,

4

s defined as the frict:orn angie of a sawn rock surface
g :

' -
.appec with #80 gr.t (Coulson, '972). - The preparation !
samples and test:ng procedure :s outl:ned for future |
reference. Previous descriptions cf tilting tables (Bruce
14 o ) ‘_.'t'ﬂ‘;-
1978, Cawsey and Farrar§976) have provided only resuthj ofs
i & . ; . S~
tests and li1ttle information about the sample’preparation .
and testing procedure. -
 ©

5.2 Tilting Table.Test History

Hoek and Bray (1974 b: 149) Suggested that the angle

B

of friction could be obtalned by a 51mple t1lt test

4 1

clearly defined failure surface ex.sted. Hoek_end Br

ml

(1881, p..100) recommended that tilting tests for the basic

friction angle were unreliable because of the influence of
very small scale surfdce’rogghness.
Céasey and Farrar (1976) used a.tilting table to

measufe the.statical friction angle of naturally rough

-
—~

surfaces of soft‘ﬁpper*Chalk. They argued that the drrect
shear box created uneven stress dlstrlbutxons and the

'
conflmement of the sample preVented any rotations in the

fa1lute plane. As well, their apparatus could accommodate

78 -
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large size specimens. Hencher (1976), 1n a discussion of

-~

their paper summarized some.advantages:
. . 12

1. Observation of the mode of failure 1s easier than 1t 1s

in an enclosed shear box. J
'2. Failure is due to gravity as 1t 1s 1in the frelgd.
3. Sliding may be repeated several times to give much

greater displacements than are generally practicable
using a siﬁpke shear test. |
4. The effect of block geometry and distribution of load
may be analyzed and tests designed tc<ards this field of
~ .
research. ) -
5. Testing procedure 1s eimple.
LimitatiQES of the test are as follows:
1. The applled loads are due to the weight of the upper

"

block which puts practical restrlctxon on the range of

‘

loads possible.
2. The test involves sudden sliding of the block; .
- displacement cannot be controlled with the apparatus 1n
its present form.

3. The stress distribution along the contact between the
slider and plate is uneven, onge the plane of contact 1is
other than horizontal. The steeper the inclination of
thlS plane the greater the stresses in the leadlng edge
'contact area. when the sllder is about to topple the
etreESes along the leading edge are hlgh. .<

Barton and ChovHey (1977) used a tilting table to

estimate the residual fr1ct1on angle, ¢r; on flat, sawn rock
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surfaces. They suégested that this tgst yielded the residual
friction angie of the sample because for all practical '
purposes, the surfaces were non-dilatant. They faund théﬁ
trests on rough, natural discontinuities caused toppling of
-the upper. block from the lower block‘because of the
interlocking.of asperities.
tmf'ii Bruce (1978) used a tilting table to evaluate the
mineralogic and basic friction angles of a guartzite and a
dolomite. Sawn surfacés lapped’with #80 grit best’
representegathe basic friction angle, Py and surfaces
lapped with #600 grit and polished with tin ox1de on a
.vibratingltgble approached the mineralog}e\f;(g{ion angle,
om. He measured the asperities, 1, of unpolighed surfaces
" -4nd found that oy = o *i.

So, the tilging'iest,is accepted as a means of
determining the basic fgictioh angle of hard rocks. But, as
with the direct shear box, there are problems associated
with stress distribution and mode of failure. It is however

~ N
é~quick and easy test to perform. Naturally rough surfaces
are not suitable for iilting tests because of the natural

asperities interlocking, resulting in toppling rither than
L

sliding.

5.3 Sample Collection and Preparatian
Samples were obtained in Kananaskis Country during the
summers of 1984 and 1985 at sites of rockslides St interest

during a reconnaissance of rockslide hgzards. Samples were

~
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taken from talus, rockslide debris and bedrock itselfk where
/ - -

~gremoval of suitabte Samples was safe and p0551ble ‘Samples

wé>eJﬂested from the followxng sites 1n Kananaskis:

L3
Mouﬁt Indefatlgable
Y
Mount SparrQwhawk »

Burstall Pass'\ o
e \
. ,

Quartzite Ridge\\ )

Field samples héd to be large enough so that preparéd
samples of 5 x 5 x 2 cm could be cut from them.
Substantiélly larger samples, at least 15 x 15 x10 cm, were
collected as field samples sometimes broke unexpegtedly

during transportation or preparation because of

discontinuities through the rock that were not visible on

.
-

exposed surfaces. The maximum size collécted was limited by
what could be carried in a backpack while hiking over steep
and irregular terrain. Access was more often than not along
soﬁetimes incistinct game trails more suited to thoseAwith
locomotion on four limbs rather than two. ' :

It was hoped that samples could be collécted from
rupture surfaces. This proved difficuit to.do. In most

T

cases, sampling of the upper surface was not possible
because,of'talus 6qver and ha;ard from rockfall.fAt the Opal
'?ange'site, samples of sufficient size could not be obtained
because the rock was a soft and heavily fractured
argillaceous—l}mestone in drag folds adjacent to a fault

zone. It was difficult to extract @ sample with hand tools

from some rupture surfaces. Most samples were acquired from

K .
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the stepped-suriacgs of ovér—dip and dip siopes or the loose
rock fragmenfs on ?r below them.

. Samples were cut 1n the laboratory with a 60 cm
diameter, self-advancing, diamond = pped, water lubricated
saw. With practice, sa&plés were cut to orthogonal -
dimensions of 5 x 5 x 2 cm. Samples weighed between 170 and
200 gm. A smaller saw, hand controlled, was used for
delicate final cuts. Examination of fresh cut surfaces
showed no distinctions between cuts parallel to bedding and
cuts orthogonal or oblique to it in most of the liﬁestone
and dolomite, ff a change in lithology was noted, the sample
was discarded or cut in a new direction. Some variation in
grain size was visible in one guartzite sample but this
horizon was rrregular. Coulson (5972) made no reference to
origntaiioﬁ of the artificial surface witﬁ respect to
béddﬁng so this was not considered further.

A lapping table waé used to finish the saw-cut
surfaces. The table was levelled before use. The rotating

v

circula;\table with raised siaes haé\{iree rings(3 cm
lenéthsﬁgk 20 cm diameter ;teei pipe) on it held in place by
overhead quides. One sample is placed inside eacﬁ.ring.‘The,
table_ rot;tés and the samples spin.arduna within the rings.
The rlngs dlstrlbute the grit evenly over the table, spin
and contain the samples. There are grooves in the base of -
each ring which distribute the grit. With usage, the base of

the ring will wear and the grooves disappear. If so, they

can-be renewed with a grinding tgol or file. Dry or wet



lapping can be performed.

Toc Ai1ttld grat dges hot cover the tabI®~gnd too much
piles up against the outside wall when dry lapping. The grit
has to be changed when rock dust reducas tge efféctiveaess
"of the grit. The table was vacuumed clean and new gritbused
afte; every three hours of dry lapping. Samples wére'lapped
45 to 90 minutes depeading an the‘fiatness and hardness.og'

the sawn surfaces. N

{

When wet lapping, the guantity of grit is_ﬁot 1]
critical as the water aids grit distribution. papping‘times,
could also be increased before a grit change. The same grjf
was not used for periods exceeding six hoursias water holds
the rock dust in suspension. Water evaborates dufiﬁg lappingd
and if water content drops too low a th1ck mud can develOp ‘
Low water content alsc creates excesnge §e51$tance for the\_r?h
electric motor drive. .

Because of discontinuities in the rock samplés, the
“hardness of the rock and agltatlon durlng lapplng, all
samples were. wrapped with fiberglass tape to prevent‘them
from breaking apart or chlpplng corners while spinning on
the lapping tabie. ’ |

Lapping aamplés were examined for flatness. Each sample
was held up to a strong light source and a straight edge \
placed diaéonally across the surface from corner to corner;

High and low spots were found in this way and the sample

relapped if necessary. ' - . ,
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- Lapping with #B80 grit did not produce the same surface -
roughness in all samples. Six different Samples were. .
examiﬁed using a Tglysurt roughneSéAmeagurfng device before
testing. Twelve profiles were obtained from each sample; 3

“pairs in the X (sliding) direction &and 4 pairs.in the Y
directiéh.(There aid not appear to bé any difference between
’xKand Y, which is reassuring with respect to thellapping
tabié, so the twelve profiles were averaged together.
Dry-lapped samples all possessed a'fi;m of rock dust
tﬁat ciung to the surface despite cféaning with &ompfgssed
gir. Wet lapped samples wére wéshed with tap water and then
blown dry: ﬁo rock dust could be seen on their surfaces with
a 10X hand lens after cleaning. The collection site, rock
type, mode of prepardtion’(wet or dry lapping), slidihg
direction and usé:as'slidér or'platé were recorded for‘each

. ; -
« " sample. ..

'%')5 4 The Txltxng Table

j:,—A tlltlng table des1gned by the author and built by the
Depprtment of C1v1l Eng1neer1ng wOrkshop at the Unxver51ty
of Alberta was used for” test1ng rock spetimens. The tlltlng
table is illustrated in Figure 5.1. t '

A rigid frame supports a hinged 5abie and.e}ectric
motor drive assembly. The drive assemblf ropateé'a drum
which has a wire cable attached to the hinged tilting table.
-A'secogd wire caSle is attached to the drum in the opposite.

direction, connected to a counterwéight at the other ehd,



" COUNTERWE IGHT

"~ ADJUSTABLE LEGS

waofighé'tiltidg table.

5.1 Isometric vie

igqure

- o \ 3 4" ] ‘0
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and .ssists the e.eatric motor drive 1n tiiting the table.
Tre e.ectric motor without the counterweight cannot raise
i

the tab.e when the.5:1 gear ratio or large-samples are used.

—_

The ccurterweight can be changed depending on the size "of
samp.e being tested. The hinged table i1s equipped with
brackets to gold samples ‘from 5 x 5 cm to 15" x 15 cm. Sample
thickness from 15 to 35 mm is accepted unless sliding
displacements are not desired then a thicker sample can be
us;d. Geometry of the .sample and-strength of the drive-tilt
assembly will place practical restrictions on the thickness
‘allowed. The plate sample 1s mounted in the brackets and the
slider sample placed on top of 1t. The lower bracket stops
the slider after 2 cm of movement. & linear voltage
displacemen; transducer jLVDT) 1s mounted on the pable. .
behind the samplgs. A teflon pad on the LVDT shaft is glued
to the-slider to moni£0r displaée@enﬁs. The LYDT can be
raised or lowered and moved ahead~or'back_to.accommodate the
size of the sample. ) ’

Without samples in place on the table, the rod and
teflon pad of the LVﬁT slides between 25° to 27°. The shaft
and pgd weighed 4.61 gm and was‘glued to the slider specimen
when gsed to monifor disblacement. The plaﬁe specimen was
positioned and the slider placed on top. A drop of glue was
fblaced on the back of the slider where the teflon pad would

come to rest. The teflon pad and rod.were then brought up

against the slider. Testing cguldAbegin in a few minutes

.- once the glue had set. There is enoﬁgh free play between the

»
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rod and LVDT shaft so as -not tc bind during slicing.

. Vd
»

} "A rotary vo.tage dispiacement trangducér (RVDT} iq@_é'
érotractof are mounted on gﬁe end of.;Be hinge.of the o
tilting table. Tpe protractor, with divisions to Q.5°,
provides guick visual reference while the RVDT transmits
changes in rotatidtn potential to the X-Y recorder or
datalogger. Two condensors are soldered to the terminals of

<>‘\//Lhe RVDT. The solders could be broken altering the output
from the RVDT. The LVDT and RVDT were calibrated. Both are
linear. The LVDT's calibration is 4.206 mm per volt and the
RVDT's calibration is 6.329 degrees per volt.

‘ The table rotates from 0° to 52° with the present

* mounting of the drive and drum assembly. This range could be"
altered if desired. The present setting should be suitable
for testing, all #80 grit prepareé surfaces. The rotation
rate is adjustable by changing the gear ratio of the drive
system. A cluvgh mounted on the drum‘shaft allows the
électriC'drive to be disengaged and the drum raised by ﬂand
rotation, or with the motor still.running_the table-can be

' low%red and a another fest begun. Wing nuts on the £hreaded

-
studs of the electric motor enabled the drive chain to be

remoyed guickly to change gear ratios;. ’

\ The tilting table rests on~three adjustable threaded
leg;; These are usedntohhével?ghé top of the plate specimen
when 0° is_indicated on the protractor.'A fish-eye level

mouﬁted_on the rigid frame indicates the adjustment required

to level the apparatus but a smail line level must be placed

RN
P
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or the top‘o} the piate spé:imeﬁxtc .evei it
5.5 Test Procedure

*When the samples are clean and the sliding direction/pf
the slider and plate are indicated the plate 1s mounted ?E .
the tilting table by either clamping with the side brackets
or resting the leading edge against the bottom or lower
bracket. The author found it convenient torallow samples to
rest against the lower bracket. 1f the sawn.surfaces are not
flat, or cut paréliel, the slide surface of the plate may

)

not  be parallel to i1ts base. If the plate then rocks on an
uneven base surface, it can be clamped with the siép”
brackets. Alternatively, the plate caﬁ be rested against the .
lower bracket and shims of paper placed under the corners
until rocking is eliminated. '

Once the plate no longer rocls, the top of the plate
(slide surface) is levelled by adjusting theathrée'th;eaded
legs. The -dine levels is used to level the slide surface in

4

the slide direction ahd 90° to it. This levelling 1is
repeated for each newrslider and plate. Tension ié the drive
systemxand the cable eliminates slack when le§elliﬁg the
indecsurfaCe.

when using’the X-Y plotter it'may be necessary to -
recalibrate téé plotter or rotate thé RVDT about itsvaxis to.
bring the voltége into range..séales of 1 cm = 0.5° on the X

axis and 1 cm = 0.1 mm on the Y axis gave up to 10 plots on

fne graph, or a fyll set of repeated tests. The plotter was
[ 3

/ ,
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not started until 5° before expected accelierat.:on of the
s.1der down the plate. Dispiacement OCCUrS bef?re this bu:
the siope of the line 1s 1ndiscernible sc this guantity :s
cons;dered negligible. |

A datalogger recorded rotation and Pre-slide
displacement in the form of digital output in millivolts on
a paper roll. A loggiﬁg interval of 30 seconds was used.
When the expected failgre range was approached the interva.
was increased to five seconds or contilnuous output. The

v

digital output from the datalogger 1S not as easy to
visualize as 1is the output from the plotter.

Tests were performed at two rates. A 5:4 gear ratio
provided rotation ai 2.5° per minute. A 5:1 gear rétio

W
provided rotation at 8° per minute. Hand rotation was also
used with a rate of about 8° per minute. A test using the
5:4 gear ratio and monitoring equipment took about 12
minutes inéluding resetting the apparatus and
instrumentation. Quick te;}s using the 5:1 gear ratdypwar
hand rotation without monitoring took less than two minutes.
o v

Repeated tests were performed with slider and platg
specimens always oriented in the same way. Alr presere was
providéd by a regulator set at 965 kPa. Air was expelled
sthrough a wide rimmed orifice which coulé be b;ouqht about
mm from the rock surface until air pressure hei@ the nozzle

: \ .

away when using gentle hand pressure. The rock surface was

then blown clean with steady, short strokes.
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vi.brating eguypment oOr atmosSpheriCc COQRICs. The effec: of

ting table was .ocated in a room w:ithout any

vibrations frofp the electric A%tbr drive and theAdr;vzno
effect of the teflon pad and rod oi the LVDT remained to be
_ﬁvaluated.
" Each test is an average of 8 or 7 tilts ;f the

specimens ™M Eight tilts were run for repeated cleaned samples
and 10 tilts were run for repeated uncleaned samples. More
'tilts were performed with the uncleaged samples as the first
three tilts reflected some influence of the previous

cleaning. Uncleaned tests were performed right after cleaned

tests with the same specimens.

5.6 Test Results

The frictional resistance of rocks collected from
Kananaskis Country has been investigated using a tilting
table. The test procedure involves tilting two rock
specimens until the top one, the slider, slides off of the
bottom one, the plate. The angle of rotation is recorded at
the point of/sliding; | ‘

“Fourteen of the samples are limestone but two qﬁarfziter
and one dolomit;\were tested as well. The limestones vary in
litpoldgy'from calcite crystals toecoarsgﬁgraiﬁed
fossiliferoué&l;méstone and fine—gréﬁneé limestone.
Descriptions are from visual examination using simple aids
such as a hand lens, a penknife and 10% HC1l. The grains

-

referred to are various fossil remains, limestone and

s

N
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_ime-mucd particles. When the acdrect:ve fossil:fero;s 1S
added, 1t :mpi:es tha:t dist:nc; fossil stryuctures can be
discerned, such as cr:noid segments, or other shel-and
coral fragments. Classification 1s based on textural
features and particle size. Geologists have several
di!gefent approaches to classif%cation of carbonate rock.
Classification can be based on (Ham, 1962):

-particle size S

-particle origiﬁ

~textural features

-

-mineralogy oo :

X e

- -

-energy levels (hydraulic, bioiogic and

biochemical conditions)

—depositi;nal fabric

-sorting

-pore space

-major 'role played by orgdnisms

-skeletal v§1 nonskeletal elements

All é?»the sampleé tested are from the Mississiplan
Ruadlé-Group agd De;onian Palliser Formation witﬁ the
exceétion of the quartzite thch is from the
Permg“?ednsyl?anian Rocky Mountain-Groub.
e -
~:rd"I‘able 5.1 shows a comparison.of tests run by motor at

two rates of 2.5° and 8° per minute, and tests by hand at a
rate of about 8° per minute, respectively. All data is from

repeatéd uncleaned tests. In ‘the first six rows samples

tested by motor at 2.5° and 8° per minute displayed little

»
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Table 5.1 Comparison of tests run by motor at two different

rates and by hand.

'SITE | 'ROCK TYPE ROTATION BY MOTOR BY" HAND | DIF.
. 2.5/m1n. 8/min. 8/min.

B.P. fj;gh1st 31.040.9 | 28.2+1.1 | 30.2+0.7 | +1.0
8.P. | f-mg Ist | 35.6+1.2 | 32.8+1.5 34.0+1.3 | +1.2
B.P. | f-mg ist | 30.7¢1.1 | 20.2¢1.1 | 30.4+0.8 | +1.2
J.R. |mg quartzite| 16.4+0.8 19.6+0.4 22.2+1.1 +2.6
Spar.| f-mg st | 29.2+0.7 | 28.9+0.8 | 28.8+1.2 | -0.1
Spar.| fg dol 25.6+1.0 | 26.9+0.4 | 26.6+0.9 | -0.3
i aver. dif.| +0.9

B.P. | f-mg (st- | 32.51.0 33.7+1.3 | +1.2
B.P. | f-mg Ist | 38.4+0.8 39.4+1.7 | +1.¢
B.P. | cg fos lst | 37.0+0.6 36.8+1.0 -0.2
Inde.| fg'dolc 1st| 22.3+0.5 24,5+0.7 +2.2
"Q.R. |mg quartzite| 22.6+0.5 24 .4+0.7 +1.8
. . .'Q | aver., dif.| +1.2

.DIF., =
- B.P, =

gé';éii

= Diffe
Burstall Pass,
Quartzite Ridge’
fine grained,

fos ="fossiliferous,

ng.

A

- Inde:
Spar.

= medium grained,
dolgmitic, ,

dolc =

At} tests arl\repeated uncﬁeaned.
rence betwen sliding angles.

-
-

_Mount Indefatigable
Mount Sparrowhawk
coarse grained

cg

Ist =

limestpne
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difference. Samples tested at 2.5° per minute have an
average increase of 0.3° over the results at 8° per minute.
Four showed decreases while two showed increases from the
2.5° to the 8° rates. It appear: that there 1s little
difference achieved by the two rates used. The samples
tested at 8° per minute by hand and by motor displayed an-
average increase of 0.9° from motor to hand tilts. In the
bottom 5 rows, samples tested at 2.5° per mindte by motor
and 8° per minute by hand also 8isplayed an average 1ncrease
of 1.2° from mdtor to hand tilts. It appears that vibrations
from the'electric motor depress the sliding angle by about
1°.

Hhe amount of displacement before acceleration of the
slider down the plate 1is greater with dry lapped samples
(Table 5.2). Powder on the slide surface distributes the
shear forces across a wider shear zone. More powder i,
accuﬁulates on the slide surface from repgated slides and * .
decéeases the friction”anéle to a lower value. This

. 9
additional quahtity has” the same effect on wet lapped,

washed samples with no visible film as they also decrease in
frlotlon angle with repeated uncleaned slides although they
do not dlsplace as much as the dry lappedJEamples before.
acceleration. The film of powder on the lapped surfaces
beha&es as a plastic 5011 that w111 creep before sliding.

T Repeated tests comparing cleaned and uncleaned sllderﬁ

and plate specimens were made. In 14 out of 16 comparisons

of pairs of test sets, the cleaned surfaces displayed the
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Table 5.2 Cémpariso; of pretlide displacements for wet and

dry lapped samples.

ROCK TYPE TEST TYPE PRESLIDE DSPL.
cg {os Ist wet, uncleaned 0.077 (mm)
mg quarzite | wet, uncleaned 0.005
f-mg 1st wet, uncleaned 0.063
f-mg Ist wét, unc leaned 0.045 R
‘ f-mg Ist wet, cleaned 0.074
f-mg Ist dry, uncleaned 0.150
) f-mg.lst dry, uncleaned 0.123
f-mg. Ist dry, cleaned 0.342
o
o
DSPL. = displacement /

fg = fine grained. mg = medium grained, Cg = coarse graiwned
fos = fossiliferous, - dolc = dolomitic, Ist = limestone

hY
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higher sliding éngle (Table 5.3). The two pairs of test sets
that displayed tge opposite behaviour were from the same
sample but é retest of one pair fell 1n the majority group.
The average standard deviation of all test sets was +1.0°
with an individual high of +1.9° and a low of 20.4°. The
first three slides in the sets of repeated uncleaned slides
were not included in ahy calculated averages of sliding
angle as they appeared to display some influence of previous
cleaning (ie. the angle was still decreasing). This was
arbitrarily selected from visual 1nspection of the data. The
average decrease is 2.8°.

The decrease in friction angle from cleaned tests to
uncleaned tests is attributed to powder lubricating the
slide surfaces and filling in low points to provide a
smoother surface. Grouping the data in sites suggests that
Devonian carbonates from Burstall Pass may have a higher
friction angle than‘Mississipian carbonates from Mounts
Indefatigable and Sparrowhawk. Permo-Pennsylvanian guartzite
from Quartzite Ridge is not considered_here, being of
different m1neraloglc "omp051t10n. The author noted in the
field- that samples were much harder to extract from bedrock

’
at Burstall Pass. Strlklng the rock with a geologlst s
hammer resulted in a resounding ring and little damage tO
the rock. The older Devonian samples may have a higher

friction angle because they are harder than the younger

Mississipian sampies"

7 . ~m———
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Table 5.3 Comparison of results for cleaned and

uncleaned samples tested by hand rotation.

J
)

SITE ROCK TYPE CLEAN UNCLEAN DIF.
B.P. f-mg lst 38.0+1.0 33.7+1.3 -4.3
/ 32.5+1.0=
f
B.P. f-mg 1st 42.9+0.7 39.4+1.7 -3.5
B.P. f-mg 1Ist 35.6+0.9 37.8+0.7 +2.3
B.P. cg fos Ist 39.0+1.1- | 36.8+1.0 2.2
‘ | 37.0+0.6+ <
B.P.~ f-mg 1Ist 37.2+0.6= 38.4+0.8* +1.2
Inde. fg dolc Ist 27.2+1.6 | 24.5+0.7 -2.7
- 22.3+0.5=
Inde. cal / 1lst 41.9+1.4 40.2+0.7 -1.7
Inde. calcite 41.5+0.8 39.9+1.0 —1.6#
Inde. fg Ist 29.9+1.8 25.3+1.2% | -4.6
Q.R. mg quartzite| -29.0+1.5 27.9+0.8 -1.1
Q.R. mg quartzite 26.7+1.7 24.4+0.7 -2.3
_ : 22.6+0.5%
Spar. cg fos lIst- 33.6+1.6 30.5+0.6 | -3.1
Spar. fg dol | 28.5+1.1 23.3+0.6 -5:2
Spar. | f-mg Ist | 34.9+0.6 | 34.2+0.4 | -0.7
Spar. f-cg 1st | - 37.7+f.0 35.5+1.3 | -2.2
Spar . f-mg lst 36.5+1. 3+ 30.8+1.1*= | -5.7
AlW Sites| . | -2.8
- _ ) » N | _
- A1l tests by hand rotation except where indicated.
DIF+« = Difference between sliding angles.
* = Tested by motor rotation. , .
B.P. = Burstall Pass, Inde. = Indefatigable
- §par. = Sparrowhawk, Q.R. = Quarzite Ridge
fg = fine grained, mg = medium grained, cg = coarse grained

fos = fossiliferous, dolc = dolomitic, Ist = limestone



Calcite sliding on limestone gave sliding angles of
41.9°+1.4° for cleaned repeated slides and 4§0.2°20.7° for
uncleaned, repeated Slideé. Similarly caficite sliding on
‘calcite gave 41.5°:0.8° and 39.9°+1.0° respecti&ely. une car
arqgue that the softness and crystal structure of calcite

creates higher sliding resistances because asperities from

%

]

4%@ mating surface (hdrder limes¥one) are not crushed or
broken but rather gouge 1into the softe;‘calcite. Conversely,
: 3
the asperities on the calcite éurface, being softer, are;f
crushed or worn down when sliding on the harder limestone.
Gouging into the surface or breaking of aéberities‘on
calcite occurs by large angular fragments that also maintain
I
a high frictional resistance. o
The overall effect in these tests appears to 'be a
greater sliding resistance for calc&te on limestone or
calcite on calcite as opp?sgd to limestone on limestone. If
a roughened limestone were slid on a polished calcite, one
would expect a higher slidiné resistance than with a
roughened calcite on a polished limestone s;nce the
roughened limestone will gouge into the polished calcite but
the roughened calcite shoulé not gouge into the polished
. limestone buﬁ rather break off and wear down asperities.
Solutioning and weathering‘may reduce the frictional
.resistance of calcite considerably as it is less resistant
:than limestone. This has not been examined.

Sliding calcite on limestone provided a colour contrast

that enabled the transfer of powder and crushing of

TN
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asperities to be observed visually with a magn:ifying lens.
This was not possibie with limestone on llmgétone. Although
powder could be'seen, it provided a poor contrast and some
powder was probably present as a result of lapping.
Comparison; indicate that the sliding angle decreases
as the CLA decreases (Table 5.4, Figure 5.2). The trend
although not strong, is apparent. Qme would expect roughness
to decrease with friction angle, at least up toc a certain
smoothness (Bruce, 1978) where contaminants and adhesion
cause the angle to increase again. This smoothness cannot be
achieved by the sample preparati%n or repeated testing used
in this program. Talysurf CLA's may reflect the grain size
and type and matrix of the samplei -
Henchet (1976) referred to high iftresses on the leading
edge of tgé plate specimen. The same six specimens used for
obtaining ,CLAs were matched once again with their slider or
plate pair, washed and run through another set of repeated
cleaned tests. CLAs were measured again after the tests with
the intent of examining the effect of higher stresses on the
CLA on thé leading edge. With about 2 cm of displacement
occurring with each slide, specimens had qugrgone between
26 and 36 slides for total displacemehts between 52 and 72
cm. CLAs were measured on the bottom third and then the top
third of the slide surf&ce (Tablé 5.57. F
Limestone samples showed a décrease in roughnéss from
the top third of the slide surface toAthe bottom thirds: In

addition, the cleaned sliding angle decreased for all rock
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Teble 5.4 Comparison 6f surface roughness and sliding angle.

ROCK TYPE CLA - SLIDING ANGLE
(10°mm) | cleaned | unclean ‘
calcite on lIst 5.59 41.9 40.2 24“= :
cg fos lst 4.32 39.0 { 36.8 l\)
\_ f-mg Ist 406 34.9 342 |
cg fos Ist 3.68 37.7 35.5
mg quartzite 3.56 26.7 24 .4
fg dolomite 317 28.0 23.3

&'CLA = centre line average roughness profile
fg = fine grained, mg = medium grained, cg = .coarse grained
fos = fossiliferous, 1Ist = limestone ’

o
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Table 5.5 Comparison of surface roughness before and after

cleaned tests.

ROCK TYPE | CLA* | CLA (x10°mm) | SLIDING ANGLE, CLEANED
|10 mm) bot1/3 [top1/3 1st set| 2nd set|change
calcite | 5.59 | 4.64 | 6.10 41.9 40.0 -1.9,4"
cg fos Ist | 4.32 | 3.47 | 3.85 | 330 | 35.1 | -3.9Y%
f-mg Ist | 4.06 | 3.51 | 4.23 34.9 32.2 -2.7
cg fos lIst 3.68 3.62 4.00 37.7 28.4 -9.3
mg quarzite| 3.56 | 3.64 | 3.49 | 26.7 20,4 | -6.3
fg dolomite| 3.17 3.22 3.00 28.0 20.2 -7.8

First average of CLA in X and Y directions, before testing. .

Average of CLA in X, sliding direction only, affee testing.

bot1/3 = Roughness measured on the bottom third of- the slide
surface. .

top1/3 = Roughness measured on the top third of slide surface.

fg = fine grained, mg = medium grained, cg coarse grained

fos = fossiliferous, 1st = limestone

*x



O cleaned
O uncleaned
6
© cleaned 2nd time
5
Q
> 4 o
3 - 380 _ _ _ _
(=)
3 3
3
AN 1:-082
2
1
A S SN -
740 10 20 30

shding angle

‘a0

Figure 5.2 Comparison of surface roughness and sliding

angle. Repeéted sliding appears to reduce roughness to

lower value near 3.40 x 10° mm.



o)
NG
w
)
@
3
"
>
rt
0
¥
»
[
Re
(84
]
1

©.:ng tabie reduces the frictiona. res.stance Dy wearinc
down tne highest asperi:t:es. On the cther hand, powder
generated dur:ng earlier sliding tests might still be,
present dur:ng the second set of cleaned tests and f1lling
n some of the depressions on the slide surface. This seems
to indicate that surface roughness :s approaching an
ultimate value aroLnd 3.40 x 102 mm (Figure 5.2) from
repeated tilt tests.

In Figure 5.3 surface profiles before and after
displacement show the reduction in peaks of the highest
asperities for the two roughest samples, calcite and a
coarse grained fossiliferous limestone.

The author had limited success 1ipn duplicating teéﬁ
results. Two sample pairs from the same field rock did not

‘ ~
provide the same friction angle in all four cases
(Table $.6). Similar angles were obtained though. The motor
derived values have been increased by 1° to compensate for
vibrations and are indicated inside brackets. Retesting of
samples:usually produced a decrease in friction angle.

Samples from the same rock should produce the same
friction angle. Differences may be due to-§amp1e
preparation. The samples may possess a diffement surface
'roughness, especially if one was not lapped long enough to
remove anomaloug asperities. This could not be examined

prior to testing. Fhe Talysurf measuring device 1is unable to

detect large stale curvature of the slide surface. This may

L]
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Tarle 5.6 Compariscn of fricticn ancles cf sampiep Irof the

same fi:elc rock. J

SITE SAMPLE NO. ROCK TYPE AVG. ANGLE
d

- B.P. | Jy31-4 A/B f-mg 1st (38.8)
BP | Jy31-4 C/D | f-mg lst 36.8

. Q.R. Ag13-1 A/B {mg quartzite 28 .4

Q.R. Ag13-1 C/D |mg quartzite 25.6
Spar.| Jn22-4 A/B f-mg 1Ist (34.6)
Spar.| Jn22-4 C/D f-mg Ist 34.6
Spar.| Jy5-1 A/B fg dolomite 25.26

Spar.| Jy5-}1 C/D fg dolomite 26.

The sliding angle is an average of the first two sets of tests,
a cleaned and an uncleaned test.

The values in brackets were obtained from motor tllts and
are increased by 1°.

B.P. = Burstall Pass, Inde. Mount Indefat1gable

Q.R. = Quartzite Ridge, Spar. Mount Sparrowhawk

tg = fine grained, mg = medium grained, cg = coarse grained
fos = fossiliferous, dolc = dolomitic, Ist = limestone
r = correlation, b = slope of straight line, y = a + bx.
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Figure 5.3 Surface roughness profiles before'and after

testing.
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mey be a C.fference ir lithclegy betweer tne Samp.e pa.rs
even +hcugh they were cut f[rom the same f{.:eld rock. uttain

18t 10NS 10 env.ronmental

m
2
re
W]
e
-
o
.
wn
x
Y
8}
m
o
oy
2
n
<%
3
2
<
o))
A

conditions or contaminants on the si:de suriamces may have

"

w%ékened reproduc.bility. Tilt tests were performec cver a
month period.

Retesting the same samp.e uSualily produced a reducec
friction angle but as$ can be seen 1n Table .7 the
corre.at:0n 1S weak. The iast two rows have data Sets of
only two each. Tne motor derived values have been :ncreased
by 1° to compensate for vibrations and are 1ndicated inside
brackets.

Friction angles decrease because repeated sliding wears
down asperities and powder accumulates on the ﬁlide surface.
Agaln, variations 1n environmental conditions or .

J .-
contaminants on the slide surfaces may have weakened this
trend. A moistened sample slid at successively higher angles
until it did not slide at all because of incﬁeaéed surface
tension. An oven warmed sample also slid well above 1ts’
expected friction angle, until it cooled to room
temperature. Environmental data are not available for the
testing location. At least one'cufidus onlooker handled a

sample by the slide surface befo;e the author noticed this.

This may have occurred 1in the aufhor's absence as well.

—

\

.
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%g;b Takle 5.7 Comparison of sliding angle wath testing sequence -
~<YA o~ | 'é‘
"P . 5 ’
. /////// | ’
A, ; C’ “"
¢ . |SITE| ROCK TYPE TESTING SEQUENCE CINEARITY
=3 4 i
Vi N X 1 2 3 . 4 S : r .b‘ P
- A ) 2 f 7 -
Spar| f-mg Ist’|(31,8)](29.9)| 28.8 [(30.2) +0.23 {+0.57

B.P.| f-mg Ist "] 37.9 [(33.8)] 34.0 [(36.6) »> 1-0.24 1-0.37

A

T

B.P.| f-mg Ist |(33.5)] 33.7 |(30.2)] 30.4 |(31.7)]-0.66 |-0.69
(30.2)] 30.2 [(32.01[-0.80 |-2.40
(20.6)| 22.2 {(17.4/|-0.83 |-1.46

B.P.| f-mg 1st [(39.4)]| 39.

Q.R.|mgquartzite|(23.6)| 24.

v,

|'fﬁ’; -1.00 |-1.20
id

1+1.00 [+1.20

Spar| fg dol (27.9)| 26.6 [(26.6) : "0.87 [30.65

B ]

B.P.| cg fos 1st|(38.0)| 36.

Do | O b o

Inde|fg dolc 1st|(23.3)] 24.

B.P. Burstall Pass, Inde. Mount Indefatigable

Q.R. Quartzite Ridge, Spar. Mount Sparrowhawk

fg = fine grained, mg = medium grained, cg = coarse grained
fo

r.

s = fossiliferous, .dolc g.dolomitic, Ist = limestone
= cprrelation, b = slope of straight line, y = a + bx.

*»



5.7 Testing by‘Others
. Bruce (1978) examined the basic .friction angle, @b,
guartzite from Jonas Ridge ard dolomite from Whitehorse
Creek using a tilting table. The testing was done at the
University of Alberté. Unfortunately the samples and tilting
table could not be located for efamination. Descriptions ot
the samples were :ot provided. The tilting table used by
Bruce was lifted by a hand-turned threaded Erank and was not
as refined as the testipg apparath described here. Test
rates are not known. Samples were 5 x S'Gm but thicknesses
must have been greater as some speéimqu with natural
surfaces toppled at about 40°. Results are believed to be
first time cleaned tests after wet lapping.

A The results are presented in Table 5.8. The CLA's and
friction values are simllar to those in Table 5.4. The .
sliders had natural or sandblasted surfaces which are
rougher than sampies prepared by lapping with #80 grit. So,
more resistance would be provided by the interlocking of
asperities..The plates were lapped with #80 grit or -
%aqdblastéd. Surface preparation of dolomite and guartzite

‘Eé/tﬁé p}esent testing progr&m produced flatter CLA's and
lower friction angles.

Coulson (1972) examined. the frictional resistance of
’ : .

‘smooth and irreqular surfaces of 10 rock types using a
direct shear apparatus. The initial friction values fbr the
lowest and highest normal stresses are presented in Table

S

5.9 for 3 rock types. The values are similar to those in '



Table 5.8 Results of tilting table tests by Bruce.

PLATE #80 GRIT {SANDBLASTED
SLIDER CLA x 10 mm 3.81= 5.08~
Qbartzite
: -natural 31.3 + 1.5 30.8 +. 2.4

-sandblasted| 31.0 + 2.2 30.2 + 2.2
Dolomite

-natural 3.3 + 1.2 3.2 + 1.3

-sandblasted]| 34.1 + 0.3 3.2 + 2.6

= An average value for plate specimens. -

108
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Table 5.9 Results of direct shear tests by Coulson.

Y
ROCK TYPE N (KkPa) g initial
Oneota { 84 36
Dolomite 7000 32
Bedford { 84 ' 34
Limestone - 7000 ~e 39
Solenhofen{ 84 36
Limestone 9000 33




=

Table ©.3. Coulson offered that oy does not change s
significantly over the normal loads commonly investigateg in
surface workings. Bruce's results of ﬁg shear tests
coﬁducted over the stress range expected at either Jonas or
Whitehorse Creeks indicate that ¢, 1s stress 1ndependent for

b

this’stress range.

5.8 Discussion . .

The test results reveal that carbonates in Kananaskls
possess a wide range of basic friction angles. Asperities
influence the resistance of artificial discontinuities under
the very low normal stresses that prevail in tilting table
tests. Unless gquite smooth; it is not recommended that
natural discontinuities be tested using the tilting table.
Sawn surfaces lapped with #80 grit are believed to represent
the basic friction angle of hard rocké.

Wet lapping and repeated uncleaned testing 1s
recommended. Wet lapping prevents an electrostatic film from
adhering to the sample. Repeated uncleaned testshallow
powder to accumulate'from shearing of asperities, similar to
a flexural-slip bedding surface. Hand or motor rotation are
both acceptable as vibrations from the motor can be
qccounted for. The lower bound values for various rockﬁtypes
are: limestone}25.3?11;2°,‘dolomite 23.3°40.6°, dolomitic
limestone (23.3°)+0.5°, calcite 39.9°%1.0° and quartzite
(23.6°)+0.5°. The values in brackets are adjusted for

vibrations.

m



Different limestones have different sliiding angies when
lapped with #80 grit (Table 5.3). This testing demonstrates
that limestones possess a range of basic friction ang.es

+hat range between 23.3°20.6° and 40.2°20.7°

e

or wet lapped
uncleaned tests. These angles may also reflect the
variations in lithology of limestones 1in the Kananaskis
study area and beyond. A single limestone bed can vary .in
lithology over short distances such that :ts friction angie
may also fluctuate by several degrees across a slope. This
assumes that lapping with #B80 grit represents the basic
friction angle, P the lower bound for rockslides (Cruden,
1984) .

This complicates the problem of fIégging hazardous
slopes. With variable structure, slope type, dip of bedding
and friction angles, controlling the behaviour of slopes,
how do we evaluate the rockslide hazard of an area? How do
we estimate cohesion? A conservagive approach 1s necessary.
From Table 5.3 we see that a bottom.end value for cleaned
and uncleaned tests is around 23°. It appears that dolomite
and dolomitic limestone possess the lowest basic friction
anéles. Thé vélues obtained by motor rofation, of course,
are depressed by 1° and qdartzite values are not being
considered at this time. Q§ 

In any carbonate bedrock slope in Kananaskis, one cqh
expect to encounter a variation in lithology from bed to

bed. Beds with low frictional resistance may exist in the

slope. Recognition of this possibility is paramount when
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considering over-dip siopes because of their high activity
and the widespread structural evidence of flexurai siip anda
thrust zones. In this regard, any over-dip slope w:ith beds
steeper than 20° should be considered as a potential hazard
and rockslide source even in light of some evidence of
previous movements. Further geotechnical investigation
should be undertaken if human activitlies are to occur below,
on or in such a slope. The 1nvestigation will, of course,
examine the geology and frictional properties of the bedrock
in greater detail and consider pore pressures and
groundwater flow, the fabric of the discontinuities, theilr
orientation and other engineering properties of the bedrock.

Other types of rock like the younger Mesczoics which
are mainly detrital, such as the guartzite tesged, may have
different ranges of basic friction values again because of
grain size, shape, type and matrix as 1in mudstone,
.siltstoﬁe, sandstone, shale, coal” and conglomerate, etc.

1s there a classification system for carbonate rocks
that would facilitate estimation of the basic friction
angle, ¢b? This special-purpose classification would be
useful for furtier hsgg;d evaluation and mépping in the
Canadian Rocky Mountains. The system should consider present
classifications previously mehtioned such as age, texture

. . . A
and particle composition, size, shapi;and percent Samples
2 ,

g

from different regions representing the different classes
could be collected and quickly tested with the tilting

table.

o
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Other test resu.ts show rougher samples dispiayed more

creep displacement than smoother ones belore si1ding (ﬁ

occurred. Dry lapped samples possessed a fiim of powder that

adhered probably electrostatically to the surface and
behaved like a plastic seo1l which permitted the greatest
amount of pre-siide creep. Continued displacement by s.lid.
wears down the highest asperities, or fills 1n troughs wi:
powder, reducing the apparent roughness of the surtface eve
at stresses below 0.6 kPa. Total displacements are 1n the
order of 50-75% cm. This wearing down of the surface
roughness occurs mainly on the leading one third vf the
slide surface of the plate and slider specimens.

Rock surfaces lapped with #8C grit may approach
ultimate ffictionaL roughness after 50 cm of displacement
lower normal stresses below 0.6 kPa. The difference 1n
frictional resistancg of different samples possessing this
characteristic roughness is probably attributable to their

mineralogic friction properties.

1y

}
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6.0 Conclusions

6.1 Summary

The Kananaskis study area is situated 1n the Front
Ranges of the Rocf} Mountains 100 km southwest of Calgary,
Alberta. The study area recelives between 450 to over 650 mm
of precipitation per year and 1s subject to freeze thaw
conditions any time of the year. Gardner (1982) made
observations on the freguency and magnitude of rockfall in
the southeast corner of the Kananaskis study area. This
study identifies the nature cf rockslide hazards 1in
Kananaskis and the slopes and roéks prone to these
movements.

Tills arg"poorly developed in the area. The Canmore
Drift is most common in the main.valley bottoms. Neo-glacial
and Little Ice Age moraines are found in tributary and
hanging valleys, but deposits are not extensive. Alluvial
deposit; are found where the higher valleys discharge 1nto

4
main valleys and in the lower Kananaskis River Valley.

Colluvium cove;s the weathered bedrock slopes which are not
too steep in a thin veneer. About 45% o{ the Kananaskis, or
400 km?, is above treeline. This is generally where steep
slopes and the origin of rockslide hazards are found.
Rocksliée debris and talus are.found at the bases of and on
these slopes.

- , .
The bedrock consists of younger Mesozoic detrital rocks

and older Paleozoic carbonates. The detrital rocks from the

114



Cretaceous, _urass.c anc Tr.ass:c Groups are more reacCl.y
weathered and oTCupy mounte:n passes anc valley DOLLOmS.
carbonute rocks from the Perme-Pennsyivanian, Miss:iss.ppian

and Devonian Formations anc Groups are more res:stan
{

-
o
@)

weathering anc form the peaké and raidges.

The sedimentary strata were upi:ifted along listric
thrust faults tﬁgt trend 1n a general northwest southeas:!
direction. Majorfzountaln ranges and valleys foliow the same
trend. Bed dips are moderate to vertical. The general <ij
dlrec;ion is southwest except -on the-east limb of an
anticline or the west limb of a syncline, where 1t :!s
reversed.

Bedding is the must common large 5caie discontinulity 1In
Kananaskig, therefore slopes are considered according to the
orientation of the bedding in the slope with respect to the
slope. This system 1s uséful for classifying slopes 1in
sedimentafy strata and identifying the hazardous ones.
Bedding and slopes with similar dip are either dip, over-dip
or under—-dip slopes. Bedding and slopes with’opposite dip
are reverse-dip slopes. Bedding and slopes with a dip that
is not parallel are either aobliqle-dip or strike dip slopes.

Hazard areas are defined as active or hypothetical, and
other areas have no hazards. Processes of rockslide or
rockfall and their deposits are observed in the'active,zonq.
Processes of rockslide or rockfall are not observed in the

hypothetical zone but the attitude of the bedrock and slope

suggest that this could occur. Other processes such as
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are observed .:n the zones with no hazards.

S.ope hazards are relatec tc several processes:

[

"Rockslides, simpie s.liding in the 1nitial movement,
rockfal., free fal. in the :i1n:iti1al movement, toppies, an
overturning about the base 1in the initial movement, debr:s
f.ows, a combination of flowing rock debris, regol:th,
vegetation, snow, ice and water, creep, slow movement under
a constant load. Rockslides, rockfall and topp.es invclve
only rock initially whereas debris flows and creep
incorporate rock debris with other materials.

Low-magnitude and high-magnitude rockfall and rocksl.de
and their deposits are widespread in Kananaskis. The
reconnaissance mapped 8 km? of rockslide debris containing
228 high-magnitude rockslides and 96 km* of talus.
Oblique-dip, strike-dip and reverse-dip slopes are the most
active low-magnitude rockfall and rockslide slopes,
especially where they form scarps. Dip and over-dip slopes,
cdhsidered together because of their ciose association with
rockslides are the most active high-magnitude slopes and
often display cluster activity. Oblique-dip, strike-dip apd
reyerse—dip slopes exﬁibit high-magnitude activity as well.
Large rockslides (greater than 0.5 x 10° m?>) have occurred
from over-dip and re;ersefdip slopes only. Connecping joints
in the set normal to bedding but with the.same strike as

' .
bedding form the discontinuity which becomes the rupture
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between many beds. Structural weaknesses .o the rock appear
tc be greater :n areas of high activity. The Mesozo:cC rocks
are relatively inact:i:ve because of subdued topography,
compared tc the Paleozoic rarbonate rocks. The Mississippian
Rundle Group is not be the sole ‘locus of large rock s.ope
fé;lures in the Canadian Rockies. The Devonrlan Pa.iiiser and
Permo-Pennsylvanian Rocky Mountain Groups exhibit higher
activity levels although more rockfalls and rockslides vccur
in Mississippian Rundle rock because 1t dominates the
Kananaskis landscape.

A tilting table was used to evaluate the basdc:friction

-

angle, ¢ of rock samples from Kananaskis. The basic

b
friction angle is useful as a lower bound limit for
rockslides. One can observe the failure directly 1n a test.
Wet lapping and repeated uncleaned testing 1s recommended.
Wet lapping prevents an electrostatic film from adhering to
% -
the sample. Repeated éﬁcleaned tests allow powder to
accumulate from shearing of asperities, similar to a
flexural-slip bedding surface. Hand or motor rotation are
both acceptable as vibrations from the motor can be
accounted for. |

The lower bound values for various rock types are:

limestone 25.3°+1.2°, dolomite 23.3°20.6°, dolomitic
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surface rcuchness and cocnseguen
ower bound surface rouaghness from repeated sliding is about
.47 x 10° mm.

The basic frxctxo% angle of carbonates testecd varies

[+

from 223.3°+(0.6° to 40.2°+0.7°. The variation 1S attributed

1o differences :n l:thology. A Quartz:ite tested at

(23.6°)+40.5° to 27.9°+C.8° but detrital rocks dere not

[0 6]

investigated 1n detail because there 1is little activity 1in
these rocks in Kananask:is.

lThe tilting table appears useful for evaluating the
basic friction angle of rocks. The test 1s simple, easy to
.interpret and fast. Values obtained from shear and tilt
testing are similar over the normal stress range encountered

in surface mining.

6.2 Recommendations

A reconnaissance of rockslide hazards was reported by
. Cruden and Eaton (1985a,b). The air photograph
interpretations are providedffh Appendix C. Rockslide
hazards were mapped over an area 3f 880 km*. Thé mapping
scheme flags active and hypotheticél hazards.

The interpretations provide a tool which is available

to others working in the Kananaskis study area. A quick
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deposite, s.0pe type anc nature of the nazard ‘active or
nypotheticali provice an :nc:cation of the magnitude ol

evaluated at *he sca.e of the interpretat:cns. This w...
ii. determining :f a deta:led investlgat:on 1S necessary.
Some recreat.ona., private, 1ndustria. and

’

transportat:on faci..t.es are located be.ow steep mounla.l
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hazard zones. Some are c.ose to the hazard zones.

Immediate relocat:on of a s

-

orage facil.:ty and the working
face of a borrow pit were recommendecd by Cruden and Eaton
(1985b) and several specific sites were evaliuated for the
client. . .

This study only considered one fifth of the district
known as Kananaskis Country. Most of Kananaskis Country 1s

located in mountainous terrain with similar geology,
structure, facilities and activities as in t%e study area.
The hazard mapping should be extended into the rest of
Kananaskis Country, particularly along the Bow Corridor and
around man-made lakég such as the Spray Lakes Reservoir
where the consequences of a large rockslide could be
disast¥ous.

Over-dip slopes are identified as the liyus of.
rockslides and the basic friction angle as a convenient

lower bound value for the occurrence of rockslides. A set of

average basic friction angles correlated with a

. x
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stratigraphic column representing the strata of the Rocky
Mountains would be useful in 1dentifying hypothetically
hazardous over-dip slopes. Detalled surveys of over-dip
slopes identified in this study used with the basic friction
angle in analysis might providé insight into the amount of
cohesion existing along a bedding surface. Comparison of the
tilting table and direct shear devices should be cont 1nued

to guantify their compatibility. Tilting tests should be
. expanded to other Epek/types.

The authoi found that one high-magnitude rockslide
could have taken place every 44 years sincg the retreat Pf
the last major glaciation. Determining the chronology of the
rockslide deposits in the study area would indicafe howl
cldggi}\these events are linked with periods of glacier
activity and when these occurred. e &2

The author feels that mapping of rockslldes alg%e 1s
not as useful as a‘multidisciplinary effort. A more
comprehensive mapp?ng scheme considering ail slope hazards

' would provide a once oniy tool for the evéiuatién of land
and the locatjion of facil&ties. This éhould consider soils,
ﬁocks vegetatlon water, snéw and ice; shgll‘incremental
'movements and large rapid ones, natural and.man made. At
jpresent in Kananask1s several forms of slope'movement have
bee ‘studled. Some mapp1ng has been undertaken in all the

- gbojéétS'but'the site size and location varies greatly. The

i?ockslide reconnaissance covers the largest area and

encompasses the other study boundaries.
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The projects of Gardner (1980, 1962), Greenlee .1981),

Niemann et al. (1984), Sauchyn (1984), Cruden and Eator

&

(198%a, b), Johpson et al. (1884), Smith (1985) and Tang

(1986) could be applied to a designated test area in

et Kananaskis Country. It this project proved successful then

1t could be expanded to cover a larger area. This rockslide
reconnalssance boundary might be appfopri;te because 1t
incluaes a large provincial park in ﬁhe south and two alpine
ski resorts, a golf course, future hotels are located‘ip t he
north. Two highways knife through the area and expansion to
the north and northwest wbuld include the Bow Valiey
Corridor and Spray Lakes Hydroelectric Reservoilr. Many
hikers and skiers travel in the backcountry. The area 1is
very active.

This study would include mapping of solifluction,
gelifluction, soil efosion susceptibility, debris flows and
torrents, rockslide, rockfall, topples and snow avalanches.
The list is no doubt incomplete but a lot of the groundwork
methodoiogy has been worked out and needs only to be
streamlined. The information could be presented iﬁ a
digitfzed form on overlays for aerial photographs atf
1:12,000 or larger, or on overlays for large scale maps
crgated from the aerial photographs (1:5,000 or larger). The
use:Pf satelite imagery enables large areas to be mapped at
one‘time bquat'the sacrifice cf detail. This may simply be

a matter of economics but the author suggests that the

-

additional detail afforded by large scale maps or

oy



photographs 1s necessary for adeguate evaluation of any



References

Alberta Government 1981. Kananaskils Country Recreatlional
Development Planning Base Map. Department of Energy and
Natural Resources, Alberta, edition 5, map.

allan, J. A., and Carr, J. L. 1947. Geology of the
Highwood-Elbow area, Alberta. Research Council of
Alberta, Report no. 49, Edmonton.

Barton, N., and Choubey, V. 1977. The shear strength of rock
joints in theory and pgactice. Rock Mechanics, 10, pp.
1-54.

Beaty, C. B. 1875. The Landscapes of Southern Alberta, a
Regional Geomorphology. University of Lethbridge, 95 p.

?
-

Bielenstein, H. U., Price, R. A., and Jones, P. B. 1971,
Geology of the Seebe-Kananaskis Area, map 1n Halladay,
I. A. R., and Mathewson, D. H. A Guide to the Geology of
the Eastern Cordillera along the Trans Canada Highway
between Calgary Alberta and Revelstoke British Columbia,
Alberta Society of Petroleum Geologigts, Calgary.

Bruce, 1. G. 1978. Field Estimation of Shear Strength in
Rock. Ph.D. thesis, University of Alberta, 309 p.

Carrara, A. 1983. Multivariate models for landslide hazard
evaluation. Mathematical Geology, 15, No. 3, pp.
403-426.

13
Carrara, A. Landslide hazard mapping: aims and methods:
Colloguium on Ground Movements, Caen Bureau de
Recherches Geologigues et Minieres, Document 83, pp.

142-151.
. — .
. : ~\;,-‘/
Cawsey, D..C., and'Farrar, N. S. 1976. Simple apparatus for
finding rock joint friction. Geotechnique, 26, :
pp.382-386.

’

Cohlson, J. H. 1972. Shear strength of flat surfaces in
rock. Proceedings, 13th U.S. symposium on rock
mechani¢s, pp. 77-105.

4

123



124

Cruden, D. M. 1976. Major rockslides in the Canadian
Rockies. Canadian Geotechnical Journal, 13, pp. 8-20.

Cruden, D. M. 1984. Landslide problems 1in the Canadian
Cordillera. Proceedings, 37th Canadian Geotechnical

Conference, Toronto, pp. 1-21.

Cruden, D. M., and Eaton, T. M. 1985a. Reconnailssance of
rockslide hazards in Kananaskils Country, Volume 1.
Department of Civil Engineering, University of Alberta,
Report to the Minister of Transportation, Government of

Alberta, 133 p.

Cruden, D. M., and Eaton, T. M. 1985b. Reconnaissance of
rockslide hazards in Kananaskis Coun{-y, Volume 2.
Department of Civil Engineering, University of Alberta,
Report to the Minister of Transportation, Government of,

Alberta, 166 p.

Cruden, D. M., and Krahn, J. 1973. A reexamination of the
geology of the Frank Slide. Canadian Geotechnical
Journal, 10, pp. 581-591.

Dahlstrom, C. D. A. 1970. Structural geology in the eastern
margin of the Canadian Rocky Mountains, Bulletin of .
Canadian Petroleum Geology, 18, pp. 332-406.

-

Davies, T. Q\ H. 1982, Spreading of rock avalgnche debris by
. mechanical fluidization. Rock Mechanics, 15, pp. 9-24.

Dearman, W.R., et al., 1972. The preparation of maps and
plans in terms of engineering geology, Report by the
Geological Society Engineering Group Working Party,
Quarterly Journal of Engineering Geology, 5, pp.
293-382. '

Douglas, R. J. W. 1970. Geology and economic minerals of
Canada. Geological Survey of Canada, Queen's Printer,
Ottawa, 474 p. ’

Eisbacher, G. H. 1978. Cliff collapse and rock avalanches
(sturzstroms) in the Mackenzie Mountains, northwestern
Canada. Canadian Geotechnical Journal, 16, pp. 309-334.



125

Environment Canada, 198)1. Canadian climate normals,
temperature and precipitation, pralirie provinces,
1951-1980. Environment Canada, pp. 12, 21, 66, 91, 103,
104, and 161.

Fraser, E. 1969. The Canadian Rockies, early travels and
explorations. Hurtig, Edmonton, 252 p.

Gardner, J. S. 1980. Frequency, magnitude and spatial
distribution of mountain rockfalls and rockslides in the
Highwood Pass area, Alberta, Canada. Chapter 3 1n,
Coates, D. R., and Vitek, J. D. Thresholds in
geomorphology, Allen and Unwin, Boston, pp. 267-295.

IS

Gardner, J. S. 1982. Alpine mass-wasting 1n contemporgry
time: some examples from the Canadian Rocky Mountains.
Chapter 8 in, Thorn, C. E. Space and time 1n
geomorphology, Allen and Unwin, Boston, pp. 171-192.

Gardner, J. S. 1983. Rockfall freguency and distribution 1in
the Highwood Pass area, Canadian 'Rocky Mountailns.
Zeitschrift fur Geomorphologie, 27, pp. 311-324.

158

Gardner, J. S., Smith, D. J., and Desloges J. R. 1983. The
dynamic geomorphology of the Mount Rae area; a high
mountain region in southwestern Alberta. Department of
geography publication series No.19. University of
Waterloo, Waterloo, 295 p.

.

Greenlee, G. M. 1981. Soil survey of designated areas within
Kananaskis Provincial Park, Alberta, and interpretation
for recreational use. Earth Sciences Report 80-5,
‘Alberta Reskarch Council, 58 p.

—~——

Halladay, I. A. R., éﬁé Mathewson, D. H. 1971. A Guide to
the Geology of the Eastern Cordillera along the Trans
Canada Highway between Calgary Alberta and Revelstoke
British Columbia. Canadian Exploration Frontiers

-Symposium, Alberta Society of Petroleum Geologists,
Calgary, 94 p. :

Ham, W. E. 1962. Classification of carbonate rocks. American
Association of Petrpleum Geologists, Symposium, Tulsa,
U.S.A., 279 p.



o 126

Hansen, A. 1984. Strategies for classification of
landslides. Chapter ' in, Brunsden, D., and Prior, D. Bw
Slope instability. Wiley, Toronto, pp. 1-25.

Heim, A. 1882. Der bergsturz von Elm. Deutsch. Geol. Gesell.
Zeitschr., 34 pp. 74-115. ‘

Heidebrecht, A. C., and Tso, W. K. 1985. Seismic loading
provision changes in National Building Code of Canada
1985. Canadian Journal of Civil Engineering, 12, pp.
653-660. -

Hencher, S. R. 1976. Discussion of: A’'simple sliding
apparatus for the measurement of rock joint
friction.Geotechnique, 26, pp. 641-644.

procedures. Educational Division, American Paulin
System. Los Angeles, U.S.A., 59 p.

t

Hodgson, R. A. undated. Precision altimeter survey \\

\
4

Hoek, E., and Bray, J. 1974. Rock slope engineering.
Institute of Mining and Metallurgy, London, U. K.9 402

P-

Hoek, E., and Bray, J. 1981. Rock slope engineering. ¢
Institute of Mining and Metallurgy, London, U. K., 358

p.

Hsu, K. J. 1975. Catastrophic debris streams, sturzstroms,
" generated by rockfalls, Bulletin, Geological Society of
America, No. 86, pp. 129-140. '

Hwogr, O. 1981. Dynamics of rock avalanches and'other types
of slope movements. Ph.D. thesis, University of Alberta,
506 p. «

Jackson, L. E. 1976, Surficial geology and terrain inventory
Kananaskis Lakes 82-J (Alberta Portion). Geological
Survey of Canada, open file 924, 2 maps.

Jackson, L. E. Jr. 1981. Quaternary stratigraphy of the
region between Calgary and the Porcupine Hills. In,
Thompson, R. I., and Cook, D. G. Field guide to geology
:and mineral deposits, Calgary 1981 Annual Meeting,



Geological Association of Canada, pp. 79-99.

Johnson, E. A., Hogg, L., and Carlson, C.S. 1984. Snow
avalanche frequency and velocity for the Kananaskis
Valley in the Canadian Rockies. Cold Regions Science and
Technology, 10, pp. '41-151,

Johnson, A. M., and Rodine, J. R. 1984. Debris flow. Chapter
8 in, Brunsden, D., and Prior, D. B. Slope instability,
Wiley, Toronto, pp. 257-361.

Kaiser, P. K., and Simmons, J. V. 1980. Unpublishedfield
observations from Twin, Avalanche Lake and Damocles rock
avalanches, Mackenzie Mountains, Yukon and Northwest
Territories.

‘Kohl, W. R. 1976. Map of overdip slopes that can affect
landsliding in Armstrong County, Pennslyvania. U. S.
Geological Survey, map MF-730.

Locat, J., and Cruden, D. M. 1977. Major landslides on the
eastern slopes of the southern Canadian Rockiles. ‘
Proceedings, 15th Symposium on Engineering Geology.
University of Idaho,pp. 179-197.

Luckman, B. H. 1976. Rockfalls and rockfall inventory data;
some observations from Surprise Valley, Jasper National
Park, Canada. Earth Surface Processes, 1, pp. 287-298.

Luckman, B. H., and Osborn, G. D. 1979. Holocene glacier
fluctuations in the middle Canadian Rocky Mountains.
Quaternary Research, 11, pp. 52-77.

(

MacQueen, R. W., and Bamber, E. W. 1967. Stratigraphy of
- Banff Formation and lower Rundle Group (Mississippian),
southwestern Alberta. Geological Survey of Canada Paper
67-47.

Matheson, G. D. 1983. Rock stability assessment 1in
preliminary site investigations - graphical methods.
Scottish Branch, Transport and Road Research Laboratory,
Berkshire, TRRL Report 1039. .



McCalpin, J. 1984. Preliminary age classification for
inventory mapping. Proceedings, 21st Annual Symposium on
Engineering Geology and Soils Engineer:ing. Pocatello,
Idaho.

McGugan, A., and Rapson, J. E. 1962. Permo-carboniferous
stratigraphy, Crownest area, Alberta and Brittish
Columbia. Journal of the Alberta Society of Petroleum
Geologists, 10, pp. 352-368.

McLellan, P. J. A. 1983. Investigation of some rock
avalanches in the Mackenzile Mountains. M.Sc. thesis,
University of Alberta, 281 p.

Middleton, G. V. 1963. Facles variation in Mississippian of
Elbow Valley area, Alberta Canada. Bulletin of American
Association of Petroleum Geologists, 47, pp.1813-1827.

Morgenstern, N. R., and Price, V. E. 1965. The analysis of
the stability of general slip surfaces. Geotechnigue,
15, pp. 79-83.

Morgenstern, N. R., and Sangrey, D. A. 1978. Met hods of
stability analysis. Chapter 7 in Landslides, analysis
and control. Transportation Research Board, Special
Report 176, National Academy of Sciences, Washington,
D.C., pp. 155-171.

Muller, L. 1964. The rock slf{de in the Vajont Valley, Italy.
Rock Mechanics and Enginedring Geology, 2, pp. 148-212.

r

Niemann, 0., kangford,G., and More, G. '984. Avalanche
hazard mapping intergrating Landsat digital data and
digital topographic data. 8th Canadian Symposium on
Remote Sensing, pp. 261-271.

Ollerenshaw, N, C. 1968. Preliminary account of the geology
of Limestone Mountain map area, southern foothills,
Alberta. Ge ital Survey of Canada Paper 68-24.

Pachoud, A. 1975. Zones Exposées a des risques lies aux
mouvements du sol, carte Zermos. Bureau de Recherches
Géologique et Minieres, 2 maps, Paris, France.



-~

979, Nevados Huascar:n
er 8 1n, Vo:ight, B. Rocksi:ides
rai phenomena, Elsvier, .

Piafker, G., and Er:
avalanches, Peru. Chap
and gvalanches
Amsterdam, pp. 277-3'4.

I S
Porter, S. C., and Orombell1, G. 1981. Alpine rocktail
hazards. American Scientist, 69, pp. 67-75.

Quebec Government, 1981, Une politigue d’ interventi1on pour
les zones exposees aux mouvements de terrain. Ministere

de l'Environnement, Ministere de 1l 'Energie et des

Ressources, Quebec, 105 p.

1979, Gravitational creep of rock
Chapter 17 1n, Voight, B. Rocksiides
natural phenomena, Elsvier,

Radbruch-Hall, D. H.
masses on siopes.
and avalanches, 1,

Amsterdam, pp. 607-657. .
™~

Recent developments of mountain slopes 1n
northern Scandinavia.

71-199,

Rapp, A. 1960.
Karkevagge and surroundings,

Geografiska Annaler, 42, pp.

and Bayrock, L. A. 1976. Surficial
geology and erosion potential in the foothills of) .
Alberta south of 52 degrees latitude. Alberta
Environment, Edmonton, 38 p. and 122 maps.

Reimchen, T. H. F.,

Sarma, S. K. 1979. Stability analysis of embankments and
slopes. American Society of Civil Engineers, Journal of

the Geotechnical Engineering Division, 12, pp.
1511-1524.

Sauchyn, D. J. 1984. Open rock basins and debris-fans in the
Kananaskis area, southern Canadian Rocky Mountains. PhD.
thesis, University of Waterloo, Waterloo, 348 p.

t ‘ .
Scheidegger, A. E. 1973. On the prediction of the reach and
velocity ®f catastrophic l.andslides.(Rock Mechanics, 5,

pp. 231-236.

Selby, M. J. 1982. Hillslope materials and processes, &ford
University Press, Oxford, 264 p.



Shrewve, R. .. 'G68. The Blackhawk l.ands:.de. Spec.a. paper
108, Geoulogica. Soc:ety of America, Bouider, Colcorado.
&7 p.

Simmons, J. V. 1977. Observations of transiationa:

rockslides in the ®astern foothills of the Rocky
Mountains, 49° to 52° north latitude. Report, Geological
Survey Division, Alberta Research Council, 36 p.

Smith, D. J. 1985. Turf banked solifluction lobe
geomorphorlogy in the Alberta Rocky Mountains, Canada.
PhD. thesis, University of Alberta, 300 p.

Spry, 1. M. 1963. The Palliser Expedition. MacMillan,
Toronto, 310 p.

o ;

Tang, S. j“kﬁ; 1986. Field Examples of Toppling Induced by
Ext¢fB@I "Forces. M. Eng. thesis in preparation,
University of Aiberta, °70 p.

Tianchi, L. 1983. A mathematical model for predicting the
extent of a major rockfall. Zeitschrift fur
Geomorphologie, 27, pp. 473-482.

. 1
Twomey, A. 1985. Winter Wilderness Leadership Conference.
Proceedings, Lake Loulse.

Varnes, D.J. 1978. Slope movement types and processes.
Chapter 2 in, Landslides, analysis and control.
Transportation Research Board, National Agcademy of
Sciences, Washington, D.C., Special Report 176, pp.
11-33.

Voight, B. 1979. Rockslides and avalahches, 1, natural
phenomena. Elsvier, Amsterdam, 833 p.

whalley, W. B. 1974. The mechanics of high-magnitude
low-frequency rock failure. Geographical paper,
University of Reading, Reading, 48 p.

Whitehouse, J. E. 1981. A large rock avalanche in the-
Craigieburn Range, -Canterbury, New Zealand. Journal of
Geology and Geophysics, 24, pp. 415-421.



whitehouse, J. E., and Graff:ths, G. A 983. Freguency
nazard ¢f large rock avalanches 1n the centra. Sou:
Alps, New Zealand. Geology, !, pp. 331-334.

wong, R. 1985. Computer program incorporating Sarma (9

slope stability analiysis. Department cf Civil
Engineering, University of Alberta.

~J

NS

[a Y

'
>l

L



Appendix A
Methodology

A.1 Introduction

Rockslides rupture a.iong weaknesses .n rock structure.
Ir Kananaskxs,‘dJSCOnt:ﬁuxtles formed during depos:it:ion,
orogeny and weathering. The Strongést agent of weathering
apptars to be glacier activity whiéh\és in turn a response

to climatic conditions and fluctuations. It 1s beyond the
scope of this report tc take a closer look‘at depcsition,
orogeny and weathering other than to recognize the
importance of their respective influences.

The evaluation of hazards from rock slope movements in
Kananaskls i1nvolved two stages; first an office research,
mapping and interpretation stage, and second a field
reconnaissance mapping stage. The sequenée was srepeated when
necessary.

Physical surveys 1n mountainous terrain pose special
problems. Different surveying technigues were considered.

Weather, relief, manpower and resources are factors to- be

considered. é%

A.2 Mapping
The evaluation of hazards from rock slope movements in
Kananaskis involved two stages; first an office research,

mapping and interpretation stage, and second a field

132 §



cec.cg.c and 10pograghic maps erc e setv ol LgL o gue.ity

aer.a. photocraphs were obta.ned for the stuCly area. The

nest ava..ablie gec.ugiC map ‘Bielenstein et a. = 18 -an
N + -t R Xal lagl P By 4 »

a sca.e O 126,720, TepegraphiT maps were {ron the

Nat:ona. Topograph:c System ~:50,000 sca.e series and

include parts of 82C0/:0, 822, 1'% anc 82, ‘4. A se- ot

1115 840 scale black and white photographis were cbtained
from the Aerial Photo Data Service, Alberta Energy anc
Natural Resources. Refer to Append:x D for the air
photograph interpretations. Thls sing.e series was
photographed in 1957 and 1958, covers the whole study area
and has good resolution.

Air photo 1nterpretation was)undertaken with the above
to identify rock avalanche deposits, talus,'structure of
rock slopes and large scale features of weathering~and
erosion related to rock slope instability. Subsequent to the
initial air photo interpretation, areas of uncertainty and
special interest were selected for ground truthing and
further examination 1n thé field” The field data was
collécted on foot using basic geological surveying -
instruments and recorded in a field notebook. The field
information served to clarify areas of complexity, confirm
air photo interpretation in areas of speci;l interest,
confirm the structural geology and aided in the selection of

sites desirable for detailed investigations. When stage two

field work was completed stage one interpretations were
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reviewed and changes made. The procedure was repeated as
{

necessary.

A.3 Areas of Uncertainty

The distinction of talus and avalanche deposits f}om
rock slope moyements is facilitated in Kananaskis where the
vegetation cover is sparse and the structure of the
surgounding bedrock 1s readily cCiscernible. So recent rock
slope movements can generally be identified by their
deposits. However the‘poss}bility of a moraine being
clgsé?fied as rock slope movement debris exists. The reverse
isfalso possible.

a

During the Holocene, two minor.glacial eplsodes may

have occurred (Gardner, 1982). The first, an early Holocene

episode (8,000-10,000 years B.P.) referred to as the

Crowfoot Advance ({(Luckman and Osbonpe,.1979) and the second,

g

neoglacial advance (last 2500 years), culminated in the

‘Little Ice Age (250-150 years B.P.). Glaciers have been

receding since that time. So debris of some rock slope
movements may actually be interstratified with young

Holocene moraines. Glaciers and rockslides often move down

" the same valleys. USually glaciers leave concentric curved

-

“ridges of morainal debris and rockslides come to rest as

lobate deposits with transverse ridgeé. As [eatures become

.

.subdued with weathering the distinction between the two is

' incfeasingly difficult. The gross external characteristics

of the resulting deposits may become broadly similar.

L g
o
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Very detailed physical surveys, lichenometric and
radio-carbon dating and extensive sampling possibly by
excavation or drilling-would probably be necessary td
elucida{g these dubious deposits. Although no single
criterion permits uneguivocal identification of eilther type
of unit, in combination they may allow the origin of

deposits to be deduced (Porter amd Orombelli, 1981).

. A.4 Mountain Surveys and Mountaiﬁ Weather

Mountain weather 1s varied and unpfedictable. Here the
particular weather patterns of the Kananaskls study area are
discussea as they affect surveying technigues. |

Topographic information can be obtained in three ways:
from aerial photography, from topographic maps or from
physical surveys in the field by measuring vertical and
horizontal angles and elevations or by measuring vertical
and horizotal angles and slope distances. Vertical‘aﬁd
horizontal angles are measured with a Brunton compass. The
Brunton compass is also ' used for obtaining data on
geslogical structures. Elevations are obtained with Sn«
altimeter, watch and thermomeEer. Slope distances are
obtained with an optical distance tape measure:

The use of conventional surveying teéhniques;
theodolite, level, Distomat, rods and refiectors are too
cumbersome and sensitive fér human portability in .
mountainous terra}n by a light small party. Considerable

expense, manpower and machinery (a helicopter) i5 necessary
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to mpbilize this equipment which was beyond the budget of
the current research.

Typically, weather systems move In from the Pacific
west of the Rockies. These systems are often series of warm
and cold fronts, variable sklies and precipitation.
Occasiohally, an arctic high descends from northern
latitudes bringing clear skies and 1in the winter, a very
cold, dense air mass which other systems have difficulty in
displacing. Less common is a weather system from the south
bringing milder temperatures but usually accommpanied by
cloud and some precipitation. Least freqguent are systems
from the east.

High and low pressure systems come in from the Pacific.
They can bring clear skies or moisture laden cloud. All
systems must cross several mountain ranges starting with’
those on Vancouver Island and the Queen Charlotte Islands
before reaching the Rockies. As an air mass meets a mountain
range, the air 1is forced upward, condensing and cooling‘on
lthe‘way up. This releases moisture 1in the aif mass in the
form of rain or snow or.variations thereof. When the air
mass pésses east of the Rockies, little moisture is retained
and thaf 1s why Alberta and Saskatchewan are in a rain.,
shédow zone Qhere little moisture falls, Agriculture,
industry and hundreds of communitites rely 66 thé aﬁnual
spring and summer runoff from the Rockies for their water
supply. That' is also one reason why almost all glaciers in

the Rockies are currently retreating; they are not receiving



enough precipitat:on in the form of sncw to accummulate firn
snow which eventually turns to gliacier .ice after sufficient
consolidation, metamorphosis and pressure.

It should be noted thét retreat of current glaciers may
trigger rockslides 1in the future, but as the glacrers
continue to retreat and decrease in area, rockslides will
occur further up valleys 1n locations more removed from man
and his activities.

Glaciers sti1ll exert an influence on the weather
patterns in Kananaskls, 1n particular the Mangin Glacier,
Haig Glacier and the glaciers surrounding Mount Assiniboine.
The glaciers aid in cooling the air mass and accelerating 1t
down the eastern slopes of the range. Adiabatic winds from
the Mangin and Haig Glaciers funnel down Aster Creek and the
Upper Kananaskis River onto Upper Kananaskis Lake. Winds

sexceeding 50 kilometres per hour are common. A large
obstacle stands in the way of these winds before they can
continue their journey down the main Kananaskis River
Valley. The winds must funnel around the southern end of
Mount Indefatigable.

Similarly, adiabatic winds descending from the lofty
regions and glaciers of Mount Assiniboine follow the path ot
least resistéhcebdown the Spray Reservéfﬁ-which’offers a
smooth surface Compareé to a treed and rolling valley
bottom. The west flanks of several mountains p{otude into
this channel of which Mount Sparrowhawk is one,

0
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With weather patterns such as these, barometric surveys
become guite difficult, if not impossible to perform in a
satisfactory manner. High pressure air forms on the
squthwest facing slopes. Turbulent air passes by  the ends of
the ridges creating moving alternating high and low pressure
zones. Negative (relative to a static atmospheric condition)
or low air pressure develops on the northeast facing slope€s
with the greatest negative pressure just below the ridge. At
an even smaller scale, gullieé and small scarps may possess
their own wind patterns and pressure regimes.

Barometric surveys were performed in Kananaskils.
American Paulin System survey equipment; a micro-barograph
and altimeter, and precision altimeter survey procedures
were used. A choice of several procedures was avallable
(Hodgson, undated):

1. The single altimeter method assumes that the change
in pressure is constant while a sufvey 1s performed away
from a known point. This method is not suitable in

’

Kananaskis because-.vertical control ls reqguired in a number

of locations. One cannot assume constant barometric
variations, ané mountainous terrain does not permit one to
travel any significant distance in a short time span.

2. The single base method uses two altiheters. One
altimeter remains at a base station taking readings while a
second altimeter performs the survey. The roving

altimeter(s) return to base for a final reading to finish

the survey. This method assumes that the barometric changes

{
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recorded by the base station altimeter, during the time of

" the survey, can be used to correct the readings taken Dy the
roving altimeter(s). This places limitations on the distance
and time that roving altimeters can operate away from the.
base station.

3. The moving base method 1s an adaptation of the
single base method where altimeters alternate at prearranged
time intervals to actAas the base station; one altimeter 1S
always recording barometric changes for the other{s).
Freguent checks with known vertical control are necessary
with this method, as well as an experienced survey team.

4. The skip-stop or leapfrog method takes the moving
base method one step further. Two altimeters take tuggs
alternating between the base altimeter and the roving
altimeter every altimeter reading. This method 1s vefy t 1me
consuming.

5. Two other methods; the hi-lo method and the
multi-base method~were nof feasible because of the
requirements of ai;craft or additional pérsonel and
altimetefs. Their underlying assumptions are also not
applicable in Kananaskis (Hodgson, undated) .

fhe single base method appeared to be the preeminent
method that held any promise for success-in Kananaskis. All.
other methods wbre‘dismigsed because of equipment and
manpower limitations, local terrain and climate regimes,
lack of existing vertical control énd the time available to

‘

perform surveys.
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The American Pauiln System survey.ng micrc-barograph
was substituted for the base altimeter. This device provides

for

o
Id

a continuous record of pressure changes on a drum cha
a maximum duration of 15 hours. This enab;ed two operators,
each eqguipped with an American Paulin System altimeter toO
perform surveys away from the base station. Ideal climatic
surveying conditions would be those with either a high or
low pressure system Stationary over the study area and winds
less than 25 kilometres per hour. The nearest Environment
Canada weather offices in Banff and Calgary do not attempt
to forecast the weather in specific mountain localities such
as the Kananaskis study area. There }s one rule 1n weather
forecasting especially relevant to mountainous terraln. It
is: There are no rules (Twomey, 1985}.

Since accurate weather forecasts are not avallable for
Kananaskis, one could only hope for ideal conditions and be
prepared to redo any day's survey. In retrospect, only a
handful of days occurred in each of the last two summers
that were favourable for barometric surveys, hardly enough
time to profile a mountain slope or rockslide deposit.

Other problems arose with the single base method. The
micro-barograph is a sensitive instrument. It is rather
heavy and bulky for transpofting in a packsack up mountain
slopes on a“daily pasis. Placing the instrument at the base
of a southwest slope for surveys on. that same slope did not
always provide barometric information reflective of the

barometric changes that occur in the area of the survey, as

-



unacoeptable toaste ften tenuiteds Weather patterorn

-
vary somewhat onotha waindward o enjonnn e oty Aoy U he iy
and over Jdip o sLopen be o Attt aliie to t i ee L ove L wee
down atcund the base statioen, suiiace o phie e ol pai L e
and scarps fturther tayvered wandde, the radios !
concavity and convexity of the wlope, Ve i and e
cther untecounired reasonn . The cnly way Lo over cane F e

problems would have necesaitated Limitang the daistan e ot
time that the operaters are Away from the bame atat oo
cic h o an extent that curveyrn bhecome oo toime o ostitann y e v
unfeasable.

The method of obtarnang digital toprgraboe data Toow
analytical stereoplotter analycin of act il photographe warn
considered 1nitially but decided againat . Analysis of each
pair of photographs 16 FXPFHS\VF: The gnlnr!nd citelp) mua
lie at or near the centeg of the photogqraphe for hes
resolution, At leanst relative vertical and horzontai
control must be established within the mite hy «onvent oo
theodolite triangulation and accutacy . A minimam bt hree
points are required. The pointea must alao be eanily

identified and pinpointed on the photographs, Fyven with thoe

—

information, distortions occur an the perapheral margine
the photographs and where any neat verticnl o1 vetrticonl

. N K
terrain existes. Becaune of the cost and the labour and
equipment intensive preparaton required, this method wan not
considered any further. Initially, the author wan

i

awticipating collecting data from as many ag Rix Rites, alue
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~emote. .r the end, .:m.tec date wes Cbla.ned un.y from MU,

indefatigab.e and M:. Sparrowhawk because of time

conseéra:nts and problems with survey:ng teclnane. In

retrospect, stereopictter analysis, may have been the proper

route to fcllow had one been able to establish at the butses
A Y

only one or two sites of interest.

The survey method aftfording the best resu.ts, greatest
ease and level of flexibility involved the use of an optical
distance tape measure in conjunction with a Brunton compass.
A Rangefinder with ranging power from 45 to over 1000 metres
was selected. This method removes the dependency on 1deal
altimeter surveying conditions. Ag well, horizon®al of
gently sloping altimeter surveys can introduce large errors
particularly in horizontal control where calculated
horizontal distances are so dependent on accurate barometric
readings. The biggest limitation of the Rangefiner 1is
ranging on targets. Terrain above tregline in Kananaskils r
lacks good contrasting colg and well defined shapes. Poor
light magnifies the difficulties in ranging. The easiest
objects to range on are a tree or a rock prominent against &
clear sky or a sharply defined verkicﬁ% crack in a cliff‘
face. Fluorescent orange survey ribpon was tied to stations °
to provide a colour contrast which helped, but often the
ribbon would flap in the wind and make the focusing

difficult. In accordance with proper surveying practice,

foresight and backsight azimuths and vertical angles and



&
<
T
L
a
Y9!
[l
w
o
S
o
]
,
1
»
1
¢
1
(W
e
x
Ty
2y
s
oY)
)
ye
ad
(1
,
w
(t
o)
b}
0
]
wn
k]
m
LY
]
o+
a
x
]
Y

peswee every pa.r .f survey stat.ons o reduce errcrs. Thne
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rangel.:nCcCer was a.ways useC | 1Us mCOsl accurate range

netween &6 and 00 metres. A plasiic measuring tape was used

or distances .ess than &b metres. Occas:onali.y

123
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bevond 00 metres were rangec but the accuracy decreases
from % error at '0C metres to about 5% error at ZUU metres.

Ciosures ©f traverses were better than 1:'00 vert.iceo.ily

1:300 horizontally amd often exceeded 1:7000.
&

So, mountain weather 1s vagriable and adversely aller

-t
5

i t
the accuracy of barometric surveys 1n Kananaskis. Obtain.in

(0

data from s:eropiotter analysis reguires suitable
photographs encompassing accurate horizontal and verticai
ground control within the stereo pair. Plotting is costly,
especially for large areas. The best comg}omise of accuracy,
lightness, mobility and cost appears to be the use of the
optical distance measuring tape in conjunction with 5
Brunton compass. The use of the altimeter 1s recommended as
a quick indicator for location in the field. It 1s 1mportant
to carefully evaluate the budget, manpower and eguipment

constraints, try to find out as much about %hé weather

conditions of the area beforehand and know Aow much time 1s

likely available to perform the survey.



Appendix B
Analysis of Two Mounta:in Slopes

B.1 Introduction

The ensuing ciscuss.cn of Mcunt Indefat:gable anc Moun:
Sparrowhawk :s preserted under the lo..wing head;ngs
each s.te: access and margins ©f site, bedrock geovliogy,
surficia. geclogy, act:ve hazards, hypothetical hazards and
analysis.

%he morpholiogy of the rockslide deposits is cons:iderec
as far as it 1s a distinct surficial landform. No attempt
has been made to order the chronclogy of the deposits. The
reader is referred to Voight (1979) which provides
discussion of several well kﬁown examples or to Muller
(1964), Shreve (1968), Hungr (1981) and Mclellan (1983). All
contain additional references.

The emphgsis herein-is placed on the hazards from
rockslides, active and hypothetical, found within each site.

The rockslide at Mount Indefatigable is locally |
referred to as the.'Palliser Rockslide'. The name does not
o;iginate‘from a confusion in the geology of the mountaiﬁ
(the Devonian Palliser Formation underlies the Mississipian
Banfi»Formation)'but rather it recognizes the first white .
man to';raQel over and note the slide debris. Captain John

Palliser (1807-1887) led the British North America

Expedition of 1857-60. In August 1858 he led a party up the

144
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The f:nd:ngs of the Pa.liser Expedit.on estab.:shed he
feasitility of settling .mmense tracts of land in what are

now the prair.e provinces and practicablie passes had been
‘found through the Rockies (Fraser, 1969). The name 'Paliiser
Rockslide' should be reta:ned as a tribute toc those ear.y

explorers who opened the west for others to foliow.
B.2 Mount Indefatigable

B.2.1 Access and Margins of Site

The margins and topography of the site are shown in
Figure B.1. Access is from the end of the Kananaskis Lakes
Trail at Interlakes day parking area.

Follow the Three Iélg'Creek trail to gain the deposit
zone, lower rupture surface, syncline buttress and Grassi
Creek Canyon. Follow the Mount Indefatigable Trail to gain
the upper rupture surface, southwest and northeast slopes,

ridge crest and peak. The sub-peak is two to three hours

from the trail head and the main peak another hour. The
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Figure'B.1 Margins and topography of Mount Indefatigable.

T4t



Marc.ms &s8$.cnez T0 TnL.S S.te shT.o.l LTl.ude 1€ aree
w.thir +hese Dboundcdar.es ne northwest marg.n {u..lws the
o ‘ b e s ~ e ~ .
ridce of Mo, Indelat:gar.ie one nuncrec melres De.Cw On the

ncrtheast reverse-cdip S.0pe, para..e. 1C the r:dge. Th:s

margin rups southeast lrom the peak cown tc¢ the lake. The

southeast marg:n extends from where tne Indelfal.

£
o
tr
v
T
U
o8
v

meets Upper Kananask.:s Lake, southwes: across the _ake .
where the nourtheast end cf Lyautey Fidge meets Upper
Kananask:s Lake. The southwest margir Lollows the ncrtheas:
base ¢f Lyautey Ridge. The northwest margin cuts aéross the
vailey from the northeast shoulder of Lyautey Ridge, up the
1

canyon section of Grassi Creek and then up a gully system to
the Indefatigable Ridge.

The site is covered by the following air photograph
interpretations: ‘

AS 748 S027 72 and 74

AS 748 5028 121

B.2.2 Bedrock Geology

The main structural features are indicated on the air
phdtographs. The Bourgeau Thrust Fault cuts along the_base
of the northeast slopes of Mount Indefatigable trending
northwest. A syncline also trending northwestwards passes

down Grassi Creek just behind the scarp face in the toe of

the southwest slopes of Mount Indefatigable. Limestones and












dolomites of Mississipplan and Devonian age are thrust over
Jurassic shéles and sandstones {(Bilelenstein et al., 1971).

East of the fault zone beds dip moderately to steeply
southwest. West of the fault zone some variation is created
by drag folds immediately td the west but generally beds dip
steeply southwest flattening as they near the syncline ax1s.
Wwest of the syncline axis, beds dip steeply northeast and
are visible in the west canyon walls of Grassi Creek and 1
the reverse-dip scarp in the toe of the southwest slopes of
Mount Indefatigable. A tear fault cuts across the
southeastern end of Mount Indefatigable below 1830 metres
trending northeast from Upper Kananaski& Lake to Lower
Kananaskls Lake. f

Tﬁe large rockslide from the south end of Indefatigable
Ridge has exposed extensive bedding surfaces which create
steep dip slopes. The northwest lateral slide margin 1s an
obligque-dip scarp. Further northwest, along the ridge the
southwest aspects are under-dip slopes. At the base of'these
slopes, the beds reverse their dip direction across the
syncline axis to form a reverse-dip slope 1in tg; scarp
immediately west. The northeast aspects of Mount
Indefatigable are all reverse—dfp’slopes.

The rupture surface is located in the Pekisko
Formation. It overlies the Banff which overlies the_Exshaw
Formation. The last two formations are found in the '
northe?st revefge-dip siopes of Mount Indefatigable. A

conspicuous recessive lower unit of black shale identifies
. ) -
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the Exshaw Formation on the lower portion of the nertheast
slopes. The Mississippiarn Shunda and Turner Valley
Formations overly the Pekisko respectively and are found 1in
the southeast under-dip slopes. These Formations are

described in Section 2.4.

B.2.3 Surficial Geology
The Palliser Rockslide slid southwest from the south
end of Mount Indefatigable and deposited a large volume of
angular debris in and along the north shore of Upper
Kananaskls Lake. West and northwest of the rockslide
\'»Geposit, a till blanket covers the valley floor. Farther
west, the Upper Kananaskis River has deposited an ailuvial
fan. Talus lines the base of the reverse-dip scarp
(synclinal buttress), the oblique-dip scarp (north slide
margin) and rupture surface dip slopes of Mount
Indefatigable. Talus covers the upper portions of the
v;ockslide deposit. Bedrock is exposed on rupture surfaces,
the oblique-dip scarp of the slide, the everse-dip scarp
near the syncline, ridge top and reverse-dip slopes on
nortﬂeast aspects of Mount Indefatigable. The lagge

under-dip slope on the southwest aspect is covered by. a thin

colluvium; higher up, just beneath the ridge is talus.



B.2.4 Active Hazard Zones

The talus below the scarp faces and dip siopes on the
south and southwest aspects of the mountaip have accumulated
many metres of talus; in one location talus extends over two
hundred metres up the dip slope. The talus 1s loose and
moves downslope underfoot; 1t is receiving new material from
the scarps above. Rock fragments and boulders fall from the
obligue-dip scarp and bounce or roll downslope. Rockfall was
heard whenever in this vicinity. The proc¢cess of rockféll 15
active and the area is mapped as a hazardous zone. Higher
up, rock fragments fall and bounce from the ridge onto.talus
just below. This is an active hazard zone. On the northeast
reverse-dip slopes (partially inside the site) talus
(outside the site) receives fragments and boulders that
‘fall, bounce and rcll downslope. This is mapped as an active
hazard zone. The rest of the site including the valley
bottom and the lower three quarters of the under-dip slope
does not appear to have any active hazards. See hazardous
zones mapped on Ailr PhotoQInterpretations AS 748 5027 72 and

74, and 5028 121. o

B.2.5 Hypothetical Hazard Zones

The Palliser Slide removed the south shoulder of Mount
Indefatigble. Locat 'and Cruden (1977) gave 130 x 10° m’ as
the volume of rock that slid into the valley and lake. The

1

author feels that this estimate méy be on the high side



aithough 1t s difflcult to make an accurate estimatle of the
volume of rock involved. The pre-si:de topography of the
valley, lake floor and mountaln are not known. It is not
possible to prepare estimates from the rockslide depos:it
because a considerable volume of debris entered the lake.

The present north margin of the rupture surface 1s
formed by a side scarp illustrated in Figure B.2. The side
scarp has an area of 180,000 m*. Depending what bre—slide‘
configuration 1's assumed for the south end of Mount
Inéefatigable determines the pre-slide volume estimate.
Since the side scarp is smaller in area than a crass-section
through fhe sub-peak, and the ridge slopes 1nto the léke,
the original south margin was certainly smaller than the
north margin of the slide. The width of the mass 1s about
500 metres, so the pre-slide volume should fall within the
range of 50 to 890 x 10* m>.

The movement was a slide along bedding. The rupture
surface 1s curvilinear 1in séction. Beds are horizontal at
the syncline axis and 50° at the top of the rupture surface;
Evidence of flexural-slip was found in the sidescarp where a
zone of deformed rock sheared between two beds indicates
that the upper bed slid upslopé relative to the lower bed.

Several thin calcite beds, 1 to 10 cm thick, were
traqed along the reverse-dip slope (northeast aspect) over a
kilometre. The beds appear to occupy the same plane as the

main rupture surface. Calcite is visible on recently exXposed

beds on the main rupture surface. Traces of calcite are not
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evident on the clder ma:n rupture surface. Caicite cou.d
nave beern comminutecd during the siide movement and
subseguent.y removed by eros:ion and sclution. S¢, the s.:ide
may have occurred in this calcite zone and solution may have
served to lessen the resistance along this contact. Other
movenents also occurred. Shearing normal to bedding along
the dip dzregklon of bedrock on the rupture surface 1s
indicated where calcite veins are dislocated by Severél
centimetres.

The rock in the sliide surface is a well jointed
limestone of the Pekisko Formation (Seftion 2.4). The Rundle
is reported as having slid elsewhere in the Canadian
Cordillera (Locat and Cruden, 1977). Pre-sheared limestone
beﬁs have a reduced strength perhaps best estimated by their
basic friction angle, ¢b’ of about 30° (Cruden, 1984). Basic
friction angles of limestones from Mount Indefatigable
varied between 23.3°+40.5° and 25.3°+1.2° (Table B.3,
repeated uncleaned tests). Those of calcite and calcite on
iimestone were 39.9°+1.0° and 40.2°20.7°, respectively.
,Solution-may reduce the friction angle of calcite but this
has- not been confifmed.

With no cohesion between beds and dips exceeding their
basic friction angie over much of the rupture surface the
Palliser éiide could have occured when support was reduced
in £hé;syncl{na{ butﬁress, high pore and seepage pressurés

developed, or a seismic acceleration occurred.

b
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Thne scuthwest s.opes <! Mt. ingefat:i:gazie, nortn i trne
sl:de area, are S.m..ar 5 strucTture TC the pre-s..de mass.
Additiona. resistance ‘¢ sS.1CinG 1S Sti.. prov.ded by a
buttress of rock <dippinc nocrtheast 1nto the mountaln because
of the syncline in the toe of the siope. The buttress s an
active rockfail 50urce. Solut:on caves are visible 1n the

/
s1descarp near the syncline ax:Ss suggesting water enters the
rock mass through under-d:ip siopes above, f{lows downs.cpe
and diverts along the syncline axis. Rockfa.., seepage and
solution processes are act:ive. Over 300 x *0* m’ of s.ope
possess the topography and attitude of the siid mass.

Thi; area 1s mapped as a hypothetical hazard zone. See
hypothetical zones mapped on Air Photograph Interpretations
AS 748 5027 72 and 74, and 5028 121. Based on the empirical
study by Tianchi (1983), the travel distance of the slide
could exceed 5 killometres (Figure B.3). The base of Lyautey
Ridge is 4 kilometres across the valley from the top of
Mount Indefatigable and would redirect the slide. Debris
could flow Gp the Upper Kananaskis River Valley, up the
slopes of Lyautey Ridge and fall back upon’itself and debris
would flow into Upper Kananaskis Lake. It is not the scope
of this study to consider‘he mechanics and route of such a
rockslide. Comfdrison with the Palliser Rockslide indicates
the debris would slide. up to thg base of ut‘y Ridge. The
extent of the imypothetical zone has b¢en based on this
comparison and not on the greatest travel distance that

Figure B.3 suggests fc‘such a volume. No analysis has been
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B.2.6 Analysis of Mt. Indefatigable

Aralys.s of the Palliser Rockslide anc hypoihetica.
secti1cn was performed using the mgthod of stability anaiys.o
proposed by Sarma ' 979). The ana.ysis was done a: the
University of Alberta us:ng a program written Dy WOng £T9EY
‘tor the Department ¢f Civil Engineer:ng.

The Sarma method was selected over cthers because oI
+he availlability of a computer progrém, an outside
horizontal load can be 1introduced, pore pressures cdn be
varied, it considers rigorously the kinematies of sliding
blocks on gencral slip surfaces and large 2%§?eéﬁcan be used
(Morgenstern and Price, 1965; Morgenstern and Sangrey, 1978;
Sarma, 1979).

The slip surface for both sections is defined by the
existingg:uptur; surface. It 1is projected‘T}to the sfope
based on field measurements and observations for. the
hypothetical section.

Inclusion of seismic loading seems appropriate to
complete the analysis. Seismic activity is g&nsidered a
trigger mechanism in the Nevados Huascaran (J970), Sherman
Glacier, Hope, Madison Canyon and waer‘Gros Ventre

landélides~(Voight, 1979) as examples.
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Twl Sect.0unSs are cons.derec ‘Floore IZog = . .S
-re Pa._..ser ROLTCKS..Ce s.dewTarg, Sect.lr A-A, Tiearl L2
so_th end of the Mcunt [ndefat.Gable r.Ccce, enc tlie seCfondc

.s +ne hypothet.ifa. S..de, secti:on B-B, 500 melres ncrin !
the s:descarg
Four se*s of cases are considered f{or each sect.o

)

Noioore pressure and no earthguake ioacdin
P )

Pore pressure and nc earthguake lioading.

)

s

Pore pressure and earthguake loading.
4. Nc pore pressure and earthguake loading.

The water table :s arbitrarily selected, nu data 1S
ava.labie on groundwater cond:tions at Mount Indefatigable.
It i1s conjectured that the water table 1s at considerable
depth most of the year except during spring runoff or after
an intense raiﬁstorm when it may rise substantially for a
short” time. Recharge is enhanced by the large under-dip
slope on the southwest aspect ;nd the reverse;dip slope on
the northeast aspect.

A horizontal earthguake loading of 0.0hg is taken from
tﬁe 1985 Canadian seismic loading map (Heidebrecht and Tso,
1985). Cohesiom is considered to be destroyed by “
flexural-slip for all cases. The, interslice value is assumed
to be 100 kPa for cphesion and 30° for the friction angle in
all cases.

The value for the friction angle is varied in géch set

between 40°, 30f a;a 25°, The 40° and 25° are rounded oy

values obtained from tilt tests on calcite and limestone
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Figure B.4 Physical features of Mount Indefatigable showing
the location of sections. Symb8s are explained in Appendix
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T

taken from the site, respectively.lThe.lower value for
limestone is used here althbugh values up to 35.5°21.3°

(repeated uncleaned tests) were obtained from Rundle \ 'ﬁ><
S

»

limestones in the study area. The value of 30° has been

’

suggested for rockslides in Mississippian Rundle limestone

-

»

elsewhere (Cruden, 1984). ®

;The sidescarp section is-shown in Figure B.5 and the

results in Table B.1. The following are apparent:

¢£'exerts the greatest tnfluence on stability.
2. 4C°.seems too hlgh to represent the friction angle, 25°

)

1.

.

‘may be too low.

3

oy = 30° gives”faéto;s of safety near 1.0.
l,; . <

4. Seperately pore‘pressuré and earthquake loadxng reduce

N (' o

. the factor of safety un a- S1m11ar amount. Either one is

. v
. . 8 " -~
]

sufficient to lower the factor of safety below 1.0.

{ 14
It is reasonableetqzassume that the pre-slide
. f - ) . y . : ) ~ )
configuration south of the sidescarp posséssed a similar or
, . i . -
less stable geometry N L E ’ L ve

1
N

Effect of buttress support’1s examlned in the -«

r

hypothet;cal sectlon (F]gure B. 6) It possesses a longer

.

sllp surface ‘and additional rock buttress 1n the toe of the

jslzp surface in the toe was made horlzontal

1»ow1ng “the beddlﬂh surfaces in the toe west of the’ MR

k-4
ynclane axis (Flgure B 2) prod ced ten51on in the base of

the fzrst sllce. There is no ev1dence visible at the site EJ

/,sﬂ§§\rt the xdea that the present rocksl1de -debris 511d up

» )
nqrth@ast d1pp1ng beds when the slope falled Rupture coqu
B : ‘ . v N - ) \ '

.
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Table B.1 Sidescarp Section results of analysis using Sarma

Method.

o
RUPTURE SURFACE EARTHQUAKE | FACTOR
LOAD, of
PORE PRESSURE FRICTION ANGLE HORIZONTAL SAFETY
0 o 40 0 1.3
0 | %ﬁ 0 1.0
0 5 0 0.9
X 40 0 1.3
X 30 0 1.0
X 25 - 0 0.9
X 40 0.0%g 1
X 30 0.04g 0.9
X 25 0.04g 0.8
0 40 "~ 0.04g 1.3
0 30 0.04g 1.0
0 25 -.0.04g 0.9°
g'=,accélération of gravity
X-= water table as indicated in Figure 9.5.
Rupture surface cohesion = 0 for all cases.
Interslice cohesion = 100 kPa for all cdses. . _
Interslice friction angle = .30 for all cases. .
. / d
o i
Y . r o
- : ’ ° * L :} ) !
, | ’ﬁ/ ;
. . ® . “ 5\
?‘€5%§$ -
4 1 o ,i'\*_"
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Figure B.5 North sidescarp settion of Palliser Rockslide

showing slices and water table used in analysis.
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Figure B.'6:' Hypothetical section ‘th_rough Mount Indefatigable
(O : - .
showing slices and vg_ter- table used in analysis.
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have occurred acrossmbedding 1n the toe, or the buttress
weathered back ro horizontal bedding before failure.

The new geometry increases the»overéil factor of safety
(Table B.2). The worst case, that of -pore pressures,
earthquake loading and ¢ = 25°'gives a factor.of safety of
1.005 although pore pressures and an earthquake acting =
simultaneously is inikely.

The water tables for both cross-sections ere over 150
metres below the surface. Water levels 1in secondary porosity
(i.e. bedding, joints and faults) could rise higher than
Lhislin adverse conditions. The influence would lower the

factor of safety further.

So, the analysis gives us a post-mortem for the north

! -

slide margin, section A-A, and the present state of peelth
for the hypothetical slope, section B-B. .The Palliser

Rockslide occurred with a friction angle of about 30° aiong

-

_the rupture surface. Retreat of the synclinal buttress, pore

pressures and selsmlc loadlng acting 1ndependently or_in
) »
combipation may have tr1ggered the rocksllde. The

hypothetlcal slope has a pxgher factor of safety at present K

Severe cond;tlons exceed1ng those used in the analysxs would

be’ necessary ‘to trigger a rocksllde in the foreseeable

future. This is unllkely'con51der1ng_present env1ronmental

" conditions.
g : o d
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Table B.2 Hypothetical Sectlon results & analysis using

Sarma Method.

RUPTURE SURFACE EARTHQUAKE FACTOR
« LOAD, of
PORE PRESSURE FRICTION ANGLE | HORIZONTAL SAFETY
0 40 | 0 1.7
0 30 ; 0 .3
0 25 i 0 1.1
X 40 0 1.5
"X 30 -0 1.2
X 25 1.0
. il -
X - 40 0.04g 1.5
X 30- ~ 0.04g 1.2
4 X 25° 0.04g 1.0
0 40 7 0.04g 1.6
% 0 30 0.04g - 1.3
0 g - 25 0.04g 1.1
g =-acceleration of grav1éy
X £ water table as indicated in F1gure 8.e. . . - .

Rupture surface cohesion # 0 for all cases.
Interslice cohesion = 100 kPa for all cases.
Interslice friction angle = 30" for all cases. :



B.3 Mount Sparrowhawk
B.3.1 Access and Marglns of Site

The margi@g\and topography of the site are shown 1n
Figure B.7. Access to the site 1s from the
Smith-Dorrien-Spray Trail. Park at the first creek (North
Creek) which crosses the road north of:Goat Rénge- lewpoling .
Strike off up the true rlght "bank, the true lelt and right

A

banks are those when looking downstream, to gal% access to

A

the upper mailn slopes, ridge and peak of Mount Sparrowhawk.
There is no district ;reilibut stay well above the creek:ana
leave it completely after a short distance yhen;steep slopes
appear through the ‘trees on your left.‘syitchback up these
until above treelioe where the'rbﬂte\becomes obvious.

r Park at the Goat Rznge Viewpoint‘to gain access to the
sub-peak, rockslide deposit, rupture surface and the upper
reaches of Sparrowhawk Valley. Strike off up the true gidhi

: ’
bank of the creek (Middle Creek), stay well above the creek
and follow ‘distihct game’trailg up the valley. After 25 ;’

‘minutes you will enter the valley proper ahd catch gllmpsesl";
)

of over- -dip slopes on the sub-peak “to your left Contlnu-‘J

valley enother hour to ga;n the rocksllde depos1t.
Margins assigned to this 51te should include the area

within these boundar1es. The west margin lies in the waters

of Spray Lakes Reserv01r from South Creek to North Creek.

The north margin follows east along _the .north bank of North

Creek up the rldge crest to Mount Sparrowhawk The east ;', .
Kxﬁ . N

ar . : . N . e o
- -3

Lzt

L
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margin follows the rid crest south from Moun'! Sparrowhawk
rc Mount Bogart. Incorrectly indicated on National
Topographic System map 82J/14, Mount Bogart 1s 1.5
kilometresisouthwest of the p%ak so named {(Kananaskis
Country Ranger, Pat Harrison, personal communication). The
- 4

south and southwest margin of the site follows the ridge
crest west from Mount Bogart and then northwest along
another ridge crest beck to the lake down Middle Creek
staying on the true left bank of the creek.

The.site 18 covered by the following air photograph
interpretations:

AS 746 5040 204 and 206

AS 745 5041 9, 10 and 12 7

8:3.2 Bedrock Geology

* The main structural features are indicated on the ailr
Vphotographs. Mount Séarrowhawk is part of a thrust sheet
bound by the Rundle -Thrust Fault-to the northeast and by the
Sulphur Mountain Thrust Fault to the southwest (Blelensteln
et al., 197 1) Mlss1551p1an Rundle Group rock is !&posed
throughout the site. The Turner Valley and Shunda Formations
are contalned in the lower southwest slopes._They are
over{iih»by the Mount Head ‘and’ Ether1ngton Formations which
form the s;yline of»Sparrowhawk. Refer to Sect10n,£f4 for
| geologlcal descrlptlons of these formations. N \ 

Beds d1p between 25° and 30°'southwest over the entxre

~'site. Er051on by glac;ers has created over d1p slpp%e on the

-

lm'.‘ .
s ' )

&
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Wnere nLt cversteepeneC Dy €r0sion,
s.upes are p.ana@r Clp s.icpes. Fie.c reccrnna.ssancte rewea.ec
L S - . <
fav.t sSystems wilnin
~ N - 5 o - \s
sne S.te. Tw. tear faults, one reverse ancd crie norma. MUl

the rupture surface and

r the rocks.ide. Severa.

-

Likely prov:ded sl.de margins
cear fau.vs were alsc noted .n the sub-peak over-dip slopes

and ... ~he reverse-d: slopes southwest across the va.iey,
¢ 7

G
B.3.3 Surficial Geology
The Canmore Drift covers lowér® slopes neam . the Sp?%&

Lakes Reservoilr {(Jackson, '976). In the valliey proper ice
o . s
' ¢
. ) (%) .
scoured bedqpck f%@ors most of the valley with the exception
. \ ‘ -
of the large rockslide deposit 3.5 kilometres up the "valley.

Talus covers steep slcpes around the valley floor. Bedrock
is exposed on steeper slopes. A thin veneer of cclluviam
covers the upper dip slopes which are not steeply inclined.

v

Rockslide debris and talus is founhd below the ripge.crest

3

between Mount Sparrowhawk and Mount Bogart ang

these deposits extend to the-valley floof.

ES

K

B.3.4 Hazardous Zones
o ’ ' o " '
_The active hazardous zone' is extens'ive. Rockfall and

small rockslides occur from slopés around the: upper valley

L]

of Middle C;eek: Sparrowhawk Peak and in“North Creek. These

are from over-dip slopes on Sparrowhawk Peak and Ridge, *

e .
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obliqqe*ddp slopes at the valley head and from reverse-dip
slopes élong the éeuthwest ridge O{Jthe valley and in North‘
Creek. ﬁaterial moves by falling, sliding,lbouncing and
roclling downslope.

See hazardous zones mapped on Air Photograph
Interpretations AS 745 5041 9, 10 and 12. The main dip
slopes on Mount Sparrowhawk do not pose any aetive hazards,

a4t

and neither do the forested slopes adjacent to the lake.

. - N
B.3.5 Hypothetical Hazardous Zones

The hypothetical hazards cover larée portione of the
Sparrowha@k site. A large rockslide exceeding 10 x 10* m’
oecufred from Sparrowhawk Ridge (Figure B.B). Over-dip
slopes line Sparrowhawk Ridge, the toe df the sub-peak and
main peak's slopeg. The beds dip linearly 1nto the vailey at
25° to 30°.

The present configuration of the subjpeak'and most of
the main peak is similar to that\of the pre-sfide mass.
Evidence of flexural-slip was not° found on the .Sparrowhawk
site; Bedding surfaces are poorly exposed because of
weathering: talus, colluvium or inaccgssibility. Folding is
not e&idehf and cohesion may persist along beds.

Other evidence inaiéafes a weakened rock structure and
‘indirectly supports the possibility that flexural- sleg has
occurred. Tear faults deflne both the left and right margxns
of the sllde. These - tear faults follow 301nt sets normal to

bedding and strike in the dip direction. A reverse fault and

K

S
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Figure B.8 Physical features of Mount Sparrowhawk showing

-

the section location. Symbols are explained in Apppendix C.
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a Sormal fault through the pre-slide mass follow joint sets

no;mal to bedding but strike parallel to the strike of

bedding. So, thils over-dip slope was actually dissected into

large'blocks.by these fault‘syétems. Flexural-slip was

probably 1nduced along some beds iﬁ"conjunction with these
PR

fault displaceménts. -

Tear faults were also noted in the over-dip slope at
the base of the sub-peak. Over 30 x 10* m> of rock dip into
the valley at 25° to 30°. This attitude ié repeated égaipljn
the main peak, in particular that portion of the main peak
which is situated nor%hwest\of a line joining the sub-peak
and main peak exceeds 100 x 10°* m?, Here.a lateral margin 1s
well defined by the northweét end~of the mountain 1in a
prominent scarp. A teér faulf or connecting'joiﬁt sets down
dip aggavated by gqully erosion could provide the other
lateral margin.

Therefore the hypothetical hazards zone includes the
sub-peak and adjacent slopes, Mount Sparrowhawkland all
slopes west and northwestl'Middle and North Cree&s, and the
‘forested slopes between and adjacent” to Middle.and North
Creeks down to and into the Spray‘Lakes Reservoir.

See hypothetical zonés mappea on Air Photograph
Interpretations AS 745 5041 9, 10 and 12. The Sparrowhawk
area is considered a hypdthetical site because the volumes
are large and the attitude of- the slopes are similar to

those from whifh limestones have slid in the same valley.

Stratigraphy falls in the Missis?fpian Rundle Group which



179

has been unstable elsewhere in the Canadian Cordillera
(Locat and Cruden, 1977) and exhibit a high probability of
rockslide occurence 1in Kananaskyé.

A rockslide from the main peak could exceed 100 x 10°
m> . According to Tianchi (1983) such a rock;lide may come to
rest in the Spray Lakes Reservoir (Figbfe B.3). No analysis
has been carried out on the effects of such a volume of
debris 'flowing' into Spray Lakes Reservoir and the \\~\,//

subseguent wave generation.

B.3.6 Analysis of Mount Sparrowhawk

The Mount Sparrowhawk site can be regarded by simple

sliding down an inclined plane. Porg pressure and earthquake

loading can be considered. The limit equilibrium equation
for simple frictional sliding complete with cohesion, a
water filled joint and a horizontal earthguake load is:

Fp o CA * (Wcosa -U - Esliga)tang
N Wsinag + V + Ecos@i\-

Eqn. B.1.

Where: -
\ |
¢ = friction angle on the slide surface

a = inclination of the slide surface

c ,= cohesion on the base of the block

A = area of the b;se of the block" ’

W = weight of the block

U = hydbsstatic forée on the base of the block
Vo= hyé;ostafib-force in the’ joint

F = factor 6f safeti |
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Without cohesion, a water filled joint and earthquake
loading Eguation B.1 reduces to: -
tang ’
= fang ‘Eqn. B.2

A cross section (Fiéure B.9) shows beéding inclined at
25° to 30° on an over-dip slope. The lowest value ﬁét_the
basic friction angle from Sparrowhawk was obtaihea from. a
‘dolomite which slid at 23.3°:0.6° on the tilting table. The
highest value was from a limestone which‘sléd at '35.5°x1.3°
(repeated uncleaned tests). The dip of bedding and ﬁhe basic
friction angie are in the same range. ; R

Portions of Mount Sparrowhawk couldﬂpresently bgvatba.‘
limiting state of?équilibrium. 1f bedding is inclined at ité_
frict}on angle, cohesion is destroyed and lateral mérgins
,ére available then a water filled crack or seismic
accederation could provide the driving force to lower the
factor of séfety below 1.0 and trigger a rockslide.

Rockslides from Mount Sparrowhawk are evidence thaé
this conditioh has occurred in the past.-RéSistance to
sliding may be enhanced by cohesion, but weathering
eventually destroys this. Rockslides can be expected ffom\
Mount Sparrowhawk when theselconditibns repeat in the
‘future. It is not .possible to predicf the sqaf;‘aﬁd -

LN

frequency of such evéhts. We know that one or more large
rockslides (depending on the¢cthnologf of ‘the contiguous.
rockslide deposit) took place since the last major

glaciation.
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-So, at Sparrowhawk we héve’aominimum frqgﬁenéy of 1
~large .event 1in 10;000 years,-The frequéncy may be higher:
than this. Inspection of the rockslide deposit sugg:sts
there may be 5 Separate events based on geometry and 2
distinct ages based on weatheriﬁg of sUrf;;e debris 1n the
deposit. The 5 lobes are indicateq in Figur€ B.'0, and the 2-
ages in’Figur§ B.11, A higher frequency of 1 large event
every 2,000 féafs 1s possible.

’ 1f 5 Sma{ler rockslide depogits located along the ridge
between Mount Sparrowhawk and ﬁount Bogart are included, a
frequency of 1 event every fOOO fears’is possible. Cruden

(1984) suggésted 1 event every 500 years is possible in the

Canadian Cordillera. ) ' ' ‘ .

\,

The potential for large rockslides exists &t Mount

B.4 Sumﬁéry

v

IndefatigébléuanJNMount Sparrowhawk. Both sites contain

R4 .

over-dip slppes which exhibit thé highest probability: of

laige rockslzdes in Kananask1s Tﬁe .slopes are in

M1551551pp1an Rundle Rock which also exhibits a high

! 1

b SRS

probab111tyvfor rockslides,

| A hypothetical slide mass surpasses 300 x 10* m? al
Indefatigable and 100 x 10¢ m’ at Sparrowhawk "The basic
friction angle, ¢b; used as a lower bound suggests that the

hypéfhetlcal masses may not possess factors of safety
51gnzfxcantly above 1 0, espec1a11y dq\:ng seasonal rises in
¢
~ the water table. Pore pressures and earthquake load1ng may
; N _ - .

‘_'.. - . s . v -.- '.
Y - o . : ol
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down valley
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Figure B.10 Five lobes in the Mount Sparrowhawk rockslide -
deposit.
dowr-j, valley
~

origin /

2475 m.

younger debris

Y

metres

Figure B.11 Two distinct ages in the Mount Sparrowhawk

rockslide deposit.

14
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act as the critical trigger mechanism(s).

Processes of J;athering are active. Freeze and‘thaw
cycles can occur any time of the year, daily during the
épring and fall. Rockfal] frequency exhibits diurnal cyclesg
dependent on freeze and thaw (Gardner 1983, and Luckman,
1976). Water was noted seeping from bedding, joints and
sol;(ion caves. Karren are common on exposed bedrock. -

In the short time scale since the last‘major glaciation
(about 10,000 yfs B.P.) extreme events'guch as rockslides
have modified the landscape of Mounts Indefatigable aﬁd

Sparrowhawk. The exceedghg of a threshold stress causes a

¥

step-like change in landforms, but the nature of the

threshold may be one of three kinds (Selby, 1982):

1. ’An>increase in external stress producss a sudden change
- as pore pressures rise after a storm or the loading .
from}an‘earthquake. '

2. A reduction in }nterngl résistance by progressive
weathering - as c¢ohesion énd friction are lowered. el

" 3.-a gradual landform change until a condition of potentid{
instability is reached - as rockfall reduces the

4 buttre;s support in the toe of Mount Indefatigable.

Future rockslides are inévi;able at both sites'apd
could send debris into either the Uppef Kananaskis Lake or

the Spray Lakes Réservoir, respeétively. Flqod waves could

be generapgd.

L2 4
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Appendix C

V\

. - Air Photograph Rockslide Hazard Interpretations

&\ 1 Introduction

All tze'symbols used 1n air photograph iﬁterpretation;
are explained in the following list. A brief explanation is

: '

provided to the right of each symbol. Topographic conditions
can vary frequently over short distances on some slobés; A
slope type symbol indicates the conditions prevailing 6hly
.at the arrowhead but often reflects the dominant slope type
on that particular aspect. The geomorphilogical and mass
ﬁbvement symbols are from Dearman (71972).

A flight line map provides a reference foé'loéatdné the
air photograph interprgtations'which flag rockslide hazérds
in Kananaskis. The clegf rectangular areas indicate areas
interpreted along each flight line, and the circles are the

<centres of indiviaual air photographs interpreted.'Thé
shaded aréaé are not interpreted and generally represent

valley bSFtoms?and forested terrain. .

A list of air photograph-int;;pretgtipns is included.

- Photographs afg ordered, from left éB_right along Rlight '%f
lines; and fiight linés increase from.5923 in the ‘south to
504%‘in khe north.‘T?e air photographs can bg inteféreted to
_provide visual information such as hazard boundaries,

. bedrock stru¢$ure, topography, rock debris and vegetation.

Each one covers an-area of about 2.9 by 3.6 kilometres.

185 .
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N ‘
About 10% overlap east-west and 20% overlap north-soulh

occurs or adjacent :interpretations. v }
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Air photograph interpretation symbols:

t 4

- -
Boundary of Kananaskis study area and
'specific site' or 'other relevant area'’

when appropriate.
. \‘

Boundary of 'specific site’' or 'other

relevant area’'.

Boundary of hypothetical hazard.

Boundary of active hazard.

N

Axial trace of syncline, arrows point

in.

Axial trace of anticline, arrows point

out . .
3_ \

o

Thrust faulf, points on up-thrust side.
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Debris flow channel.

Rockslide or rockfall deposit, high

magnitude low freguency, process active,.

Talus deposit, triangles point up-slope,
low magnitude high frequency,; process

active.

Q

Rock glacier, @ form of seasonal creep

‘but not a rockslide or rockfall deposit.

.- b3

- Cross-section. illustrated in figures.

4

Geomorphological symbols found in Figures 2.1, B.4, B.8:

-
L.

\q"v

Ridge cresf, rounded.

H-—

.ﬁ;H+HH;ng¢#aﬁ+gﬁ%“_ﬁidge crest, sharp, free faces on either

side.

Ridge crest, free face on one side only,
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Siqpe type symbols: Used on ailr photograph interpretations,

these symbols describe conditions at arrowhead only. Arrows

. point down-slope.

—L 5 Dip slope, strike of slope and bedding
— are parallel within 20°., Beds dip
parallel to slope.
-4
__92_%, ; ‘Over-dip slope, same as above except
° " slope dips steeper than bedding.
: w_, Under-dip slope, same as above except

bedding dips steeper than slope.

Reverse-dip slope, same as above except

. bedding dips into slope.

| :Strike—diﬁ slope, strike of bedding is .
pérpendlcular to strike of slope within
AZOF' Dlp of beddlng can be vertical or
fnclined.’

i Obli&be-dip'slbbe,'strikes of bédding
S : and slope dlffer by more than 20° but

>less than 70°. Dip of béddlng can be

o

*2.

R vertical or 1na11ned. /;>




Table C.1 List of air photog.raph%terpretations.

/

FLIGHT LINE NUMBER PHOTOGRAPH NUMBERS

AS 749 5023 117
AS 749 5024 160, 162
AS 743 5025 213,215,217,218,223,226
AS 748 5026 4,6,7,9.16,18
AS 748 5027 68.,70,72,74,80,82,83
AS 748 5028 116,117,119,121,126,128
AS 748 5029 164,165, 167, 168,174,175
AS 748 5030 210,212,213,220
AS 747 5031 6.8.9.16,17
AS 747 5032 53.55,56,58,65
AS 747 5033 101,103,104,109, 112,114
AS 747/5034 150,152, 155,157, 159,161, 162
AS 747 5035 189,205,207,211,212 ?

, AS 746 5036 | 5.7,11.13,15, 18,

| AS 746 5037,‘ .60,61,63,67

) AS 746. 5038 106,107,109, 111,113
AS 746 5039 153,155, 157,159, 161
AS 746 5040 204,206,208,210 7
'AS 745 5041 9,10,42, 14
AS 745 5042 54,56,58

AS 745 5042/43

91,983,95
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