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Ve Abstract f. I . o-d“’
N .
- The stab111tv of 43 overdlp slopes where the beddlng'

L]

dlps less steeply than but in the same dlrect1on as the

¢

slopes, 1n Kananask1s Country, Alberta,,ls controlled by/
~
fr1ctlona1 propertles of the rocks, bedd1ng d1ps and the

‘rock maSS‘strength;rat1ng whlch 1sva funct;on.of'geologlcal

- . . .

ﬂstruéture,.lntact'rock'strengths, weathering conditions,

¢ . 2 .
properties of the discontinuities and groundwater4

" . I - : > - .
conditions. oo T

Basic friction angles determined using tilting table
X X
'with less than 10% impurity contents, lesd than 31.5° for .

.tests are from 23° to 41° for puré crystalline carbonates

impure'crystalline~carbonates and about 25° for quartz
. .‘ .'c ’ (. . * .
‘'sandstones. Basic friction~angles of quartz sandstones and

dolostones decrease with dlsplacements. Ba51c fr1ct10n
angles of pure crystalllne carbonates decrease with dolomlte
contents and increase WIth gra1n s1zes. Clay m1nerals and
quarté mlght reduce ba51c friction %hgles of 1mpure ' .. o3
crystalllne carbonates&‘ N ' |
The overdlp slopes are Rotentlal rock slides if the
ba51c frlctlon angles are less than the bedding dips. The
minimum vaiue of the apparent cohe51on along the bedd1ng
surfaces at 11 out of 12 potential rocksdide sltes‘and:l
rocksllde site ln‘carhonate rocks is in the range of -30KPa
to 50KPa. The cohe51on Brevents the potentlal rockslides
from sl1d1ng at these 51tes. The proflles of many of the

potent1a1 rockslldes are convex or steplike w1th a d1p slope

- B . B

Tiv,



part or aip slope parts‘ If the bedding dxps are much larger

than the ba51c frlctlon angles, over!!! d1p slopes develop
with ;ome thin layers of rocks on the slope to'form overdxp

scarps. v

v

5

1f fHe SEgic‘friction angles a}e~1a}9erffféewthe '
bedding dips and the latter a:elﬁetween 20° and 30° and the
slope is planar,'ehe.slopetangles are dependent on the rock
- mass strength ratlngs.,When the bedding d1ps ere less than.
e20°f steep overdlp slgpes: mlght deveTop. from the joints

peraﬁpdlcular to,beddlng surfaces.
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' 1. Introduction

1.1 General

Hazard mapping is a relative new uﬁdertaking to
fdentif} uﬁséable slopes and to forecast E%g extent, the i
"reach and the velocity of a cer;aiﬁ rock mass once it starts
accelérat{ng.VPacthd (1975), Kohl (1976); Portér‘ana
6rombe11i (1981), Carrara (1983, 1984)1'§hitehouse and
Griffiths (1983) gnd Hénsen 11954) provided examples of
‘concerns, hazard models and haiard reports. ‘ '

Eatbh'?1986)‘did detailed‘h;zafd mapping 'in Kananaskis
Cpuntrytof Alberta, Canada. In this_retonnaissanceiqf h
rockslidé hézard§ in 880km?, Eatoﬁ (1986, p. 64-65) found )‘
that dip sloéés‘where the slope surfaces are bedding v
surfaces and overdip slopés'where the bedding surfaces afe
.less'steepljfthan and dip in ﬁhe same direction as the
s;opeé are only 8% of all the slopes{andbglacie;é. But the
rélati;e probability of majof fockslideé or rockfalls for
dip slopes and overdip slopes-is much higheratham those for:
other slope types. - |

The résearch in this thesis is the continuation of the
study of mermentsxand stabilities of Aatural'rock slopeéﬁin-;
kaﬁaﬁaskis Country conducted Ey patdnh(198§).'dnly overdip
slopes are studled inhthe.thesis.-All the ovepdip'siopes ;
identified by Eaton (1986) except a few which Qere |
inaccessible or small were investigated by the author.

Another three overdip lepeé_adjacent'!o the study area of



. A ) b ' ‘
“Eaton (1986) were also identified aad_investigated.*The"
stabilities ?f these“overdip'slopes are evaluated in this
thesis.  '
The study“area,‘Kananaskis Country, A}berta, Canada; is
located in the Fronr‘RanQes of the Rocky Mountains and the
-rocks in tﬁe area are alllsedimentary'rocks.'Because
+ sedimentary rocks dominate Alberta bedrock except in the

. B
northeast of the province where Shield yrocks are found and

also sedimentary rocks cover large parts of the earth's 3

-

surface, the results of the research may apply to Bther

n

areas of sedlmentary rocks. St

1.2 Purpose and:scgpe
 The purpose of this research is to srudy the frictienal
‘properties of the sedimentary rocks ih‘the°study area,.
especially carbonate rocks, aﬁd to identify’potential
‘rockslides and to evaluate the stabilities of the potential
ﬁ?ckslides and orher overdip slopes by a limit. equilibrium
method or by the relationship between the rock mass strengtﬁ
" rating‘and the natural,slope angle. The cohesion alohg
potential sliding surfaces is also estimated.‘\ .
The basic physical principles of rocksliding are
briefly reviewed in this chapterﬂ |
The stgd& area, environmental cOnditiens ahd»geqeral.
. surficial and bedrock geology arehdeséribed;fn Chapter 2.

. . L |
Slope types and the potential rockslides are also described

and defined. oL | ¥
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In Chapter 3, the preyious work done in the Canadian

'Rockies is reviewed. Each of the working sites is described
?

for the rock samples are descrlbed and the mlneral

comp051tlons attalned fggh the analyses are presented. Tﬂe
gralu_s1zes of the Bamples are examlned and the results are
given in this chapterrtoo. F1na11y, the relat1onsh1ps among-
‘the basic friction angle, the mineral comp951t10n and the
grain size of the carbonate rocks are studied and discussed.
In Chaptefis, cohesions aloné the pofential sliding
‘surfaces at potential rockslide sites are calculated by
back-analysis using the data determinedkf;om the field
fnvestigations and from the test.results inNChapter 4, The
stabilities of all the working sites of overdip slopes are
_evaluated by the limit_equilibrium method or by the
relationship'betweeﬁ the rock-maés strengtﬁ rating and the
!

natural slope angle.

Comclusions are given in Chapter' 6.
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1.3 Basic physicaliprinciples of r;gyg}?m
The systematicvstﬁdies of rockglidés can go back tq
: 1932, when A. Heim, a geologist, described and analyzed all
slides knowfi to him,and classified them into twenty types.
He nptgd the very important distinction betwéen slowly
progressing slideé, where conditions bf‘stability are only
slightly disturbed and the very rapidly accelerating slides,
where concentrated energy causes rock ﬁassgs to reach
éxceedingly velocities (Jaeger, 1979), Teriaghi (1962)
suggested that rock slopes should be classified by the typé
of rock, the analysis~of the mechanisms of rupture and the
action of water?in the §bre§, fissprés and cracks. Muller
(1959) and his co-workers emphasised that the behaviour of
‘rock mass is_déminated by discontinuities, such as faults,
joints and bedding surfaces., The‘mechanical prOperties of
" discontinuities in ;ocks have been one of the major |
interésts in rock mechanics for many years. The stabilities
and moveﬁents of r§ck/slopes are contfolied by the
‘mechanical properties of discontinuities in many situations,
Eatdﬁ>(1986, p.64)"concf3ded that overdip slopes are the
‘ ', most active high magnitude rockfall and rocksliding zones.
//// The iimit equilibriﬁm method is used to evaluate the
stabilities of potential fo&kslides and the Mohr-Coulomb law
is used in calculation in this thesis. If the. friction
'ahgle, the_cohesibn and the pore pressure arevknogn, tbe
stability of a'slope{can be evaluated: Also if th@‘safé@y

factor .is spgacified and the_friction angle and pore preSsure

/

\:
/ . ' . y

|
\
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is given, the cohesion can be estimated. K
The friction angle of a dry smooth r&ck surface is
dependent upon its mineral composition, the texture and the

———

ﬂdisplacéhent history of the rock. Coulson (1972) gave
several proflles of rock surfacef with different surface‘%
roughnesses. He observed that the surface roughnesses of
some limestone samples and sandstone samples were controlled
by'their porosity aud indiuidual grain sizes if the grain
size of lapping compound was aupreciably less than the grain
size of the rock. |

. The basic friction angle is ene of the most important
friction angles and commonly used in stability analyses of
rock slopes. Patton (1966a) suggested that the basic
fr1ct10n angle be measured on two rough-sawn surfaces..
Coulson (1970) recommended that the basic friction be
measured on surfacee rough-sawn and then lapped with #80
grit sandpaper. Bruce (1978, p. 184) ncted'that ﬁhe besic
frzction ahgle is the sum of.the mineral friction angle and
the surface roudhness produced by s?ddblasting. So the basic
friction angle is determined from a smooth unpolished ‘
surface w1t£m;:cro;cdb1cal roughness. Eaton (1986, p.
117-118) noted that the lower bound value of basic friction
ancles of dolomites is less than that of limestones and the
lower bound value of basic friction angles of limestones is

’

. LY
that of calcites. So basic friction angles of.

carbonate cks seem to depend on the mineral compositions

and grain silzes,
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‘Selby (1980) developed a empivical relationship bethen
the rock mass strength ;ating and the slope angle, If a
slope profile is not controlled by the geological structure,
is in a limit equilibrium state and without undercutting,
the slope angle is only dependent on the‘;ock mass strergth
rating. So it is useful to analyze the stabilities and the
‘movements of overd?b slopes not subjected to sliding by the
'relationship of Selby (19803. If the angle of a slope is not
equal to the value predicted by the relati%Fship, the slopeﬁ

angle may be:subject to change due to erosion and

weathering.



& Physical envirbnments
.y

2.1 Study area : ‘ ' »

%ere qbnductad ovetspantfbf

@

Field investigations
Kananaskis Couﬁtry which ié.outlinéa in the Recreational
DeVelopmen£ Planning Base Map produced by the'Albef;a
Department of Energy and, Natural Resources (Albefta -
Goverment, 1981). In fhis theéis, tHe'study area (Fig. 2.1)
encompasses: ] }i , |
1. All of ﬁbter Lougheéd Provincial éark. ' .

2. An.aréa'fé the north of the prqvincialnpa;k,.bbunded on
the'ea;q side by’the divide 6f)thé bpal ranée, Evaa
Thomas dteek, Highway 40 and Lofette4Creek, on the west
side by Banff National Patk, Spray Lakes ReserQQir ana

" .the créék'whosé~out1et is ékﬁ northwest of outlet of
Spurling Creek and on the north by latitude 51°00'.

The study areaj&overs about 88£’km’. The elevations
vary from about j400mvin the 16yeq,Kénaﬁéskis River valley
to 3420m on the top.of Mount,dqffée situéted iﬁ the

southwest tip of the Provincial Park.

3

¥

2.2 Climate and drainage . | Au

9 Climatological data froﬁ tHe stﬁdy areé is limf;ed;zThe
mean annual temperature from sévén sﬂationé.arouna-tgé-sfﬁdy
area varies from 1.4° to 3.5° Celsius'ahd'thekprecipitation

values range from 471 mm to.657 mm with about 45% félling,in

the form of snow (EnvironmeﬂfﬁbQEida, 1981). It can be
i . . k4
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-_==r£w;egtedvthat freeze- thaw cycles occur everywhere in the

-

2.3 Surf1c1al geology

¢

study area durlng the- sprlng and. fall seasons. The area is" @

covereg hy snow all through the year except June, July and

cAugust, - Jhen there are only some Snow patches at higher

‘elevatlons. Even ;%}June, July and August, 1t SNOWS in
&
l

' mountaln valleys sometimes. The cllmate in the* mountaln area

.“t:,——, —r

‘is changeable ‘and unpted1ctable.
% .

: The largest river 1n the study'area is the'Kananaskis

:rlver whlch flows northward to eriter, Barrler Lake. There are °
many small creeks over the study area. The dlscharge rates

of the Kananask1s,r1ver and a_! :f- small creeks vary

™
<

greatly with time. The water .: m. 1ly from melted snow.

¢

Jackson’ (1976) mapped the sutficial geology and made a

terrain inventory in Kananaskis Country- Bayrock and. .

Reimchen'(l980) mapped surficial geology in Alberta

Foothills and: Rocky Mountains. Rockslidés,‘slumps and

' landslldes were 1ncluded in the 29 surf1c1al units. Greenlee

(3

(1981) conducted a soil survey around Kananask1s Lakes w1th

»

1nterpretat10ns for recreat1onal use,
“Four glac1al eplsodes in the. Quaternary have reshaped
the mountalns (Jackson, 1981) W1scon51n tlllS are

represented in the study area by the Bow Valley t111 “the’

Canmore tlll and"- the Elsenhower Junction t1ll which are

- B :

‘found on the bottom of the ma1n trunk valleys of the study

‘area (Jackson, 1981). The_Bow-Valley till, the Canmore.t1ll

=
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and the.Eisenhower‘Jungtion‘till were deposited bi\the Bov,
;valley hdvance, the. Canmore Advance and the Eisenhower
Junc&ion‘Advance (Rutter, 1972) The Bow Valley Advance was
'1n Glac1al Eplsode Three and at or earl1er ‘than the Early
Wisconsin. Theﬂ?anmore Advance and the E1senhower Junct1fn
'Advance were in Glacial Episode-Foor‘and at the Late
Wisconsin (Jaekson;}1981):‘Younger neoglacial tills can‘be
found on the floors of-: many hlgher trlbutary valleys. All
the tllls have been reworked and some alluv1al sed1ments
have‘dep051ted on the floors_of ma]or rlvers and valleys and
‘around.the outlets of small valleys. Bedrock slopes lie-at
high eie@ations. Talus froh rockslope movements are found
below and/or bedrock slopes,

2.4 Bedrock geology _

The Rocky Mountains~occu§yla strip_of land 706kmllong
by 60km wide inside~Alberta's border“with British Columhia
(1nclud1ng Banff and Jasper National Parks). The study area
is in the Front Ranges of the Rocky Mountalns.

A serles:Df thrust faults strlke northwest southeast
- through ‘the area{ They are Bourgeau thrust fault, Sulphur .
Mountain gmrustffaolt Lewis thrust fault, Rundle thrust
f;ult Lac Des Arcs thrust fault, Exshaw thrust fault and
McConnell thrust fault. The strong and old,sedlmentary rocks
‘fare.uplifted‘by the thrust faults to férm ﬁountain ranoes

and the'relatiyely weak and younger rocks floor the big

valleys. Normal, reverse and tear faults occur on smaller i

Wt
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- scales. Anticlines‘and synclines extend parallel to the

str1ke of the thrust faults, The bedrock contains at least

L4

three 301nt sets. Two are perpend1cular to the bedd1ng/and

one 15 subparallel to the beddrng; The number of-jo1nt sets

: perpendlcular to the bedd1ng can reach 4,

The work1ng s1tes are in the ‘Devonian Falrholme Group,
/"

the Devonian Palllser Formatlon, the M1351ssmpp1an Banff

-~

'Formation, the,M1551551pp1an Rundle Group, the

Permo-Pennsylvanian Rocky Mountain’ Group and the Triassic

.. Sulphur Mountain Formation.

.

“The Fairholme Grouo consists of the Flume, Cairn and
Southesk formations.’ ’ ' o

The Flume Formatlon (estimated thickness 75m) consists
of Lower“l1ght grey to black, finely and coaPsely

crystalline to sugary, meaium to thickly Bedded-limestones

»

and dolostones commonly character1z1ed by reefs of

stromatopor01ds and corals and upper. arg1llaceous, dark
¥

1 grey,\mednum bedded,.cqmmonly fossiliferous limstones with

several ‘bands of dark black shale (ﬁaymond 1930) .
The Cairn Formatlon (estlmated “hickness 150 to 335m)
cons1stsvof two‘maln fac1es. a lower l1mestone facies and an

upper doloston® ‘facies. The llmestone facies can be‘d1v1ded

E}

»into three units. The'lower‘unit'consists of medium .

crystall1ne, dark grey and brownlsh grey dolostone w1th

—r

mlnor amounts of dolomltlc 11mestone. The mlddle un1t

Q

consists of very fine gralned dark grey and llght grey
& .
weathering limstones w1th.subord1nate dolomitic limestone

.
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aqa calcareous dolostone. The proportion éf délos£0n§
increaées in the upber unit and the unit consists of .
dolostone ‘mottled limestone- dolostone, calcereous
dolostone, dolomltlc'ilmestone and some limestone. Dark grey
\chert lenses occur locally. The dolostone fac1es of the
Caxrn Formaﬁlon con51sts mainly of medium crysta111ne, dark
grey. tg brownish grey, crystalllne'dolostones with local
stromatoporoid beds (Ollerenshaw, 1968) . |

The Southesk Fofm;tién (estimated thickness 150 to .-
;270m), which,oJerlies tﬁéNSajfn‘Formation; consists of
medium to c;arsely trystéiﬁine, saecharoidal, light grey,
~‘massive to thickly bedded"dolostonq tha£ is’ commonly porous
énd ;uggy.*Strinéers and nodu}és of-gﬁéy-énd black chert
occur locally (Ollerenshaw, 1968). |

‘The only two working sites ir :he'Fairholme Grouprare‘
in the Southesk Formafion. | i v | | .

The Alexo- Sassenach Formatlon (estimated tthkﬂESS 90
to 110m), wh1ch overlles the Fa1rholme Group, consists
ma1n1y of bedded and brecciated llmestone, some fine
sandstoné and dolostone. All contain or are 1nggrbedded w1th
511tstqne (dert and Mclaren, 1950)

The Palllser Formatlon (estimated thickness-150 to
410m)'overiies'th¢ Aleg—Sa§§eﬁ§ch.Formétioqband it is
divided intQ.é lower MorrofMémbér and an upper Costigan
\Membef. The Morro Member canists of.finely crystélline to
dense, Aark grey brownish grey, ¢iiff\form€ng and'massive

' limestone, which.is in part vaguely bedded and in places
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altered to dolostone. The Costigan Member con51sts of bedded'

‘ and f055111ferous limestone, which is in places underlain by

a variable thickness of thin to medium bedded dolostone and‘

layers of limestone brecc1a~(Beach, 1943).

The atratidraphic Seqnences in the lower and, middile
parts of the Mississippian succession are different east and
west of the McConnell ﬁDrust (Middleton, 1963) These two
different stratigraphic sequences were termed‘as the east;rn

and western facies by Macqueen and Bamber (1967). The study

area'isrwest of the McConnell thrust fault. The
T e . . ,

stratigraphic units include the Exshaw Formation the Banff

Formation ~and the Rundle Group which con51sts of the °

' L1v1ngston Formation, the Mount Head Formation and the

Etherington Formation (Middleton 1963)., - o —
The Exshaw Formation is found within the lowermost..
Mississippian and consists of a lower black shale member
about ém thick and an upper siltstone- limestone member
ranging. froﬁ a few Jnetres to over 30m (Macqueen, et al.,
1972). - o
_THe Banff Formation overlies thgf Exshaw Formation: In
- , T .

the Rocky Mountain Front Ranges, the. Banff Formation

v

v‘con51sts of a sequence of rece551ve, medium gray or brownish

grey,rargillaceous carbonate rocks and/or dolomitic shales.

“~’s

. The Banff Formation is about 280m to 430m thick in Fiént

Range sections(Macqueen et al., 1972)
‘The Livingston Formation (340m) overlies the Banff .

Formation and comprises medium to coarse grained skeletal

1



1inestone; medium crystalline, porous‘dolostone; fﬁne
grained, aggiilaceoué, dolonitic of’cherty limestone} and
fine crystallina doiostone (Doqg%aé,,19§&,‘p.39). (

Tne MqunaaHead Formation overlies tne Liv}ngétonfﬁ
Formation and consists of approximtely 1SOm_to 300m of
limestones and dolbsﬁonas,‘witn_local shales,,sandstones,
siliétonés and solution braccias (Macqueen et al., 1972, p;
27y - - - | .,

"The Etherington Formation (60m to 90m) overliestthe‘
Mount Head Formation and consists of‘a'lower, ;arﬁcoloured,
recessiva unit of green shale, micritic and fine grained
'llmestone and m1crocrystall1ne to finely, crystalllne
dolostone; a more re51stant middle unit of flne gra1ned
sandy and cherty 11mestone and medium crystalline doLoston;°
‘ zand an upper unit of m1croc¢ysta111ne to/’;nely crystahllne
dolostone (Douglas 1958 p.62).

The Rocky Mountaln Group overlies the Rundle Group and
1s d1v1ded 1nto three formatlons, the Tunnel Mountaln
Formation, theuKananaskls Formation and.the Ishbel’FOrmatiop:
frpm béttom to top; |

The Tunnel Mountain Formation (estimated thickness 120

o

to 210m) consists of brown-weathering cliff—forming

dolomitic 51ltstones and sandstones with some bedded and
nodular chert. The Kananask1s Formatlon (estimate thlcknESS‘
15 to 45m) consists of silty dolostones with chert breccias
and nodﬁlar and bedded cherts. The Ishbel Formatlon‘

(estlmated thlckness 30 to 75m) con51sts of a chert mem%er.
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overlylng dark chertyw sometimes phosphat1c, quartzltlc
-s1ltstones with rhythemlcally 1nter bedded shaly 51ltstones
| (McGugan and. Rapsona 1962)

| In the study area the. rocks of the Rocky Mountaln Group

are found to be quartz sandstones. The sandstones belong to

N ]

the lower part of the Tunnel Mountain Format1on. The 1ower‘
.part of the Tunnel Mountaln Formation 1s ma1nly composed of
sandstones (Halladay and MathewSon, 1971). ”

The SulphUr‘Mountaln-Formation(estimated thickness 0 to
90mi) consiSts ot platy to thin bedded and locally
mediumibedded, light yellowish brown tosmedium brown, medium
reddish brown weatherlng, dolomitic s1ltstones and very '
f1ne gralned sandstones. These rocks are commonly f1nely

_lam;nated (Ollerenshaw, 1968).

2. 5 Slope types“and potent1a1 rogksl1des

~ Many factors can 1nf1uence the stability of a
rockslope. such as climate, SEISmIClty, human 1ntervention, .
erosion; intact rock sttength and mechanical pfoperties of
discontlnuities within tock masses. The sttength of a
fockslope, howeVet, is 1afgely controlled by the orientation
’of discontinuities in® the rock mass (Selby. inaz). Faults;j
joints and beddino are common discontinu‘ .. . scks. In
the study area, bedding is the major die ¢ -y It is
useful.then”to classity slopes jﬁpordgng - ;he
relationships between the‘ofientatlons of i.e . npeshand

those of the“bedding surfaces.
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According to the relationship between the attitude of
the bedding and the dip direction of the slope, the slopes
can be divided into four types. They are the cataclinal

slope where the slope dips in the same direction as the

vy

bedding, anaclihal slope where the glope dips in the oppsite

direction to . the bedding, orthogl?nal slope where the slope

is perp dicular to the Bip direction of the bedding and
plagioc??Xal slope where the slope is oblique to the dip -
diréction of the bedding (Cruden, 1987). Cataciinai slopes
can be divided inpo'overdip slopes, dip slobes and underdip
slopes. | . |

An oyerdib,slope is steeper thén theﬂdip of the bédding
in the rock fogming the. slope and the two dib directions are
thefSame-or the‘angle betweén‘these'two~dip'airéctions is
not larger than 20°. Because bedding sp?faces dayliéht or
are exposed on the su:faces‘of 6Verdip slopes, any bedding
surface can-be a pbtentiél 1iding sur}abe if the strength
alohg the surface can becomz\smaller than the sliding force
causéd by gravity, seismieity and'otherbfactors. Two'
~examples of the changes of the frlctlonal propertles of
vdlSCOﬂtlﬂUltleS due to environment changes are that water
pressure can reduce the shear'strength and cohe51on-can be
worn out w1th time. In this thesis, an overdip slope is
con51dered to be a potential rocksllde if the bas1c fr1ct10n
angle along the potential sliding surface is less than the
~dip éngle of the bédding;‘The:potential sliding surface is

assumed to pass through or arourid the foot of the overdip
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slope because the difference between the resistant force to
sliding and the sliding force along the bedding surface

.

through the toe of 'the slope is larger than those along

*

other bedding. surfaces across the slope if the other hedding
t ‘ \ T ad

surfaces are not weaker than the bedding surface through the

“toe with respect to sliding. This is obvious from the L,

following expression that is derived from Cruden (1975):

(R-T)/A=c+Hycothan¢—Hysinﬁ=c—Hy(sinﬁ—cosﬂtan¢) ' . (2.1)

¥

If the pore pressure is taken into account, é similar result
‘can‘*be reached. — )
. In the fiela jnyestigation;'an’dverdip slope was no
longer consﬁdered as the potehtial rock sliﬁe~ifvthe,bedding
dip was less than the lower bound of the basic friction'
angles fer the sbecific rock type from Eaton (1986). In
other situétions,'the overdip slopes were considered as
petential rockslides and rock'samples were taken to:
determine basic friction angles later. .
. ‘. . A dip.siope is parallel ¥o.the bedding surfaces. Dip_
sldpes may be conéidered,asvthe equilibrium phase of an
overdip elope from which the rock mass above a certain
«bédding.surface has slid. The common movement of dip slopes
is beddlng buckllng if the beddlng is steep enough Slmmons
(1977) commented that dip slopes over 50° may fail by
rupture across dlSCOﬂtanItleS. Cavers (1981) analxged

“failure of steeply d1pp1ng rock masses by buckllng and

>
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described a casevhistory from a coal mine in the Rocky
Mountains, | |

Underdib siopes are those slopes'ﬁhose'slope ahgles are'
smaller than the dip angles of the major discontinuities,
The slopes and~the méjor discontinuities diﬁ in the same

direction or the angle betwéen the dip airection of the«

}'$10pé and that of the‘major discontinuiqy is less than_20°.
Tang (\?86) reported.two large topples on steep underdig
slopes in the Canadian Rockies.

-Anaclinal slopes are those'which dip in the opposite
direction to tggmmajor discontinZities in rocks and the

angle between the dip direction of the slope and the strike

L

of the major 8iscontinuity is from 70° to 110°. Topplings

and rockfalls are,common movements for this kind of slope.

Y

'ﬁg;h.the angle betweenlthe dip direction of a slope and
tﬁe strike of the major discontinuity’is within $20°, the
slope is an orthoclinal slope. When the angle betweenwthe
dip direction of a slope and the strikz of the major

{

discontinuity is from 20° to 70°, the slope is a
plagioqlinal slope.‘The common movemeﬁts pf"these two kinds
of slopes are rockfalls. - {’ |

Based on the measurement of the area of overdip. slopes
oq,the 1:50000.Uo§ographic maps a%d the [results oﬁ/Eaton.'
(1§86, p.63), the area of overdip slopes was fdund to be

2.5% of all slopes and glaciers in the study éreaf



3. Site feature descriptions
' . v
3.1 Introduction : '

3.1.1 Previous work \
Locat and Cruden (1977) discussed severel rockslides in

~the Rockies. One of them, the slide at Mt. Indefatigable is

aloﬁg~the northrehore of Upper Rananaskis Lake. Simmons

: (1?37) observed translational rockslldes south of 52° north

latitude and cited at least 80 rock slope failures. Bayrock

and Reimchen (1980) noted'oﬁer 900 slides while mapping

surficial geology in the Rocky'Mountaies and Foothills ef

Aiggrté and several of the rockslides are in the present

study area. Gardner (1980,1982,1983) discussed frequency,

magnitude and spatial distribution of rockfalls, rockslides’v}

‘and other forms of alpine mass-wasting in the Highwood Pass

area of Peter Lougheed Provincial Park. Eaton (1986) did

detailed hazard mapping of rock slope movements in

Kananaski§ Country, west of Calgary, Alberta.

3.1.2 Objectives and observations ﬁade in the:field

| jnvestigatio?s_

The objéetives of the field investigations were:

1. To eon{irm and correct the results of the preliminary -
air photo interpretaeions. These results include volumes
of the potential rock slides identified in the
p;eliminary-work, attitudes of the‘potential>sliding

\
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surfaces, geological formations and groups and {;

geological structure at these sites. During the

preliminary office work, all the oﬁ%rdip slopes were

considered as the potential‘rock)slides. In the field

investigation,lthe overdip slopes whe
are léss than the lower bounds of the
angles from Eaton (1986) are no longe
poféntial ro;leides. The. basic frict
be examined later for further evaluat
along bedding surfaces and stabilitie
rockslides, Observe rock types and ge
in detail.

2. To study the factors which influence

\

ratings, calculate the rock mass strength rating at each

site in order to correlate\the result
angles of the natural rock slopes.
3. To investigate all‘ihe working sites
élope profiles if needed. ’
4. To take rock samples for determining
angles. i .
The observations made in the field i

include:

1. Stratigraphy, geological structure an

_type, attitudes of bedding surfaces a
folds, faults, colluvium deposits, ta

origiggiof overdip slopes.

re the bedding dips
basic friction

r considered as the
ion angles were to

ions of cohesion

s of the poteniial

ological structure

y

rock mass strength
‘ >

s with the slope
and measure the

basic friction

>

nvestigations.

)‘
d surficial geology

at the workiﬁg sites. These include descriptions of rock

nd jeint planes,

lus and possible

s
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At all the working sites, the carbonate rocks are

I3

recrystallised, Depositional textures can not be
discerned in the carbonate rocks at most of the 51tes
though a fewoskeletal rema1ns can be seen. So the grains
of carbonate rocks include ma1nly crystals of calcite
and dolomite, microsp&gites and also ékeletal gfains’and
maybe lime-mud. In tﬁé‘thesis, if not spec1f1ed the‘
carbonate rocks are always consxdered as crystalllne
rocks. A
The grain sizes of carbonate rocks at the sifes
follow the grain size classification of Leighton and _
Pendexter (1962). Fine gfains are from 0.12 to 0.25 mm,
medium grains are from 0.25 te Q.5 mm, axd*coarse grains’
ere ffom 0.5 to 1 ﬁm. In fhe field, grains less than
0.12 mm were also described aslfine érains‘énd gfgins
larger than 1! mm also desc:ibea as coarse grains. The
thickness of+ the bedding layers are defined ae follows:
thinly bedded 1 to 10 cm, medium bedded 10 ﬁo:30 cm, ‘
thickly bedded 30 to,100 cm and maesive bedded larger\f
than 100 cm (Ingram,‘1954). The attitudes of the‘bedding
surfaceétand the joint §urfaces are repreéented by‘f%eir

dip d1ree§1ons and their dip angles unless. they are )
o

1nd;date specifically. For example, 235°/30° indicates
that the ﬁip direction ‘and the dip éﬂgle of the. e

d15cont1nu1ty are 235° and 30° respectlvely But 235°

(str1ke)/90° indicates that the strike of the

discontinuity is 235° and it is vertical. 'e {'(ﬁ ‘
I ¥ “ ) 5 . ’ . N



Strength of intact rock

One gene?ally accepted measpre of strength of
intact rogﬁﬂjﬁ un1ax1a1 compre551ve strength.‘
Measurement~of»this parameter is'simple in the -
1aboratory but it requ1res prec1sely cut spec1mens So
At 1is not p0551b1e to use thlS measure for. field
1nvestlgat10n5’at a~reconnalssance level. Two field ”
tests of rock strength/whiCh'nay be‘correlated‘with
uniaxiaiacompressive strength are the point—load
strength test and the Schmidt Hammer test. }
L The point-load test was developed jn Russia to
prov1ée\i rap1d strength test of 1rregular1y shaped rock
_specimens (Protodyakonov 1960) . The. Internat10na1 o
Soc1etyvfor Rock Mechan1c51(1973) subsequently
dncorporated the PROTODYAKONQOV test és=a standard oo
technique. The pofnt—;oad:strength test'mayibe carried
out rapidfy.ondfr;egularly shaped‘samples.End the |
co re&ation'betueen the podnt—load strength index and
‘th un1ax1al compre551ve strength 1s good for hard

A

rodks.v

-

The Schmldt Hammer test was dev1sed in 1948 by E.
¢
Schmldt for carrylng out in situ non—destructlve tests

‘on concrete. The test measures the'distanCeiof rebound

of a controlled spring-load'gass impacting on a

concrete or rock surface. Because elastic recovery of

~the rock surface depends uponfthe hardneéss of the

.a

surface and the hardness 1s,related,tpzun1ax1al
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compre551ve strength of the rock, the distance of
‘rebound is ‘a relative measure of surface hardness and
the strength of rock, There are three types of Schm1dt'n
Hammer;,The 'N{ftype hammer is perhaps the most commonly °
useddfor testing roeks. The ‘Schmidt Hammer is light,
welghlng/only 2- 3 kg, eapy to carry, easy to use and
; relatlvely cheap Large num ers of tests may be done 1n‘
a short‘t1me on a varzetf of rock surf s. But the
results of Schmidt Hammetr test a.re. ek‘mely vsensitive
to discontinuities within rocks)bEyen‘hair—iine |
fractures may lowermreadings‘by 10 points. Also the
results of the Schmidt H;mmer test are sensitive to the
'weatheringvof rock surfaces and to moisture on rock
. surfaces._Due to°the long distances from the hibhhay‘to
most of'the'workingfsitesq only;Schmidt Hammer tests
were. conducted'at'the working sites; ‘ ) |

Of the 10PSchm1dt Hammer tests from eath rock type
at all the sites, tHe five lowest readlngs were ignored.
f Then the mean and the standard dev1atlon were calculated
and the mean used as Ege estlmate of the 1ntact rock
stren th (Internatlonal Soc1ety for Rock. Mechanlcs,
11978) . It was found that the difference of. the Schmidt
wHammer'readlngs among different carbonate roc%s is small:
f'in the study'area; There,are}genéraliy more than one
‘rock type and textures chand® for the same rock.type

within, several metres at .many of the worklng 51tes. S0

only one Schmidt Hammer reading is used to estlmate the
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rock mass strength rating afaa site because the small

variations of the rock strength make no difference forg"

the rock mass'strenéth rating based on the

classification used. The results of: the Schmidt Hammer

reading are represented as meantstandard deviation in .

~ this thesis. The Schmidt Hammer readings from intact

rocks'and from fresh rockS'are compared in this thesis
where needed. Intact rocks mea that the rocks do not .

contaln cracks or fissurek that can be d15t1ngu1shed

- with a 10X magnifying lens, Fresh rocks mean~that the .

surfaces of the rocks are sawn. The strength

< ]

classification J¥f intaCtvrock of Sélby (1980) is used in

“this thesis.

Weathering condit bns

VThe state of weafhering of rocks has an_important
influence opoﬁ;its strengfh. But it is difficuic to |
quantify weachering because,aohes of- weathering may be
irréguiar. Several schemes have been devised for the
description of weatheriag‘conditioné (Moye 1955,.Ruxton
and’berry.195% Dearman 1974 and 1976). Most schemes

v
d1v1ded weatherlng cond1t1ons ‘into six grades ranging

from fresh umweathered rock to residual soil. All these’

]
claséaplcatlons are based on changes in color,texture.

and strugiure, It is.not easy to apply these

classifications to carbonate rocksvbecause changes of:
color, texture and struct%ge'of the Carbonatg rocks due

to weathering are not distinct. - o o
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The Qéathefing\process of_cérbonates is mainly the .-
aissolution of limstones and dplomites.by carbqn§C'acid:
The.principal reactions are sthn by .the following |
simplified equations (Cérroll; 1970):

-y \
HZO+COZ+H2C03+(HC03)'.}....L.broduction of carbonic'acid
CaCO3+H’+(HC03)'*Caf7f2(HC03)'[..;.limestone reaction in

solution

: CaMg(coa)z+2coz+2HzO+Ca(Hcoa)2+Mg(HC03)2..].....dolomite

reaction

i

. » : : \ e )
The weathering ofocarbongtes produces karren and wide

gaps from joints. But unfortunately thése processes have

not}been quantified..Selby (1980).gave a classificatidn

‘modified from_the clasiificationof Dearman (1974,

1976). In. this thes

o

is, used.

e classification of Selby (1980) -

It was found that the roékvstrengths‘are not

noticéably weaker than those of the fresh\:ocks~by

‘Schmidt Hammer tests at all-the sites and colour changes

of the carbonatéé are not distinct eveh.érpund the
discontinuities. So it is néasénéble to think that the
weathering of dagbonafes”does not redﬁce the Strength of
the rocké considerably. The rocks at all the Siteé.a;e
considered as slightly wéatﬁered.

Spacing of discontinuities
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The .spacing of discontin

Yties 1argely controls the -
size of.individual.blqcks intact rock. Also the

spacing of discontinliities can influence the mechanical

npropertges«of rock mass. In the work area, there are at

least 3 sets ot discontinuities, i.e. bedding'surfaces

and two sets of joint surfaces. Selby (1980) used the

1] 13 » I3 13 . 13 3 . i
classification of spacing of discontinuities of Deere

(1968) to calculate’the rock mass.strength ratings.'This‘

P

classification is also used in-the thesis. If the range ;ﬁ
of spacings:of discontinuities at a site overlies two or
nore c&tegories of spacings from.the_classification, an .
average value is estimated from all the categories

involved. This average value is used to calculate the

rock mass strength rat1ng

. R
‘Orientation of Hlscontlnu1t1es u o <

The stability of a slope formed in stratified rocks
depends primarily on the orientation of the major
discontinu1ty with respect to the hillslop° if t
uniaxial compre551ve strength of the rock is grQ:ier
than 30 MPa (Selby, 1980).aStrength classification for .

orientation of discontinuities of Selby (1980) is used

in the thesis.

Width of discontinu1t1es o Lt

. Wldth of d15cont1nu1t1es largely controls the

frictlopal strength along the d15cont1nu1t1es as well as

the flow of groundwater and the rate of weathering of

the wall rock. The resistance to shear for widely open

’
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discontinuities depends on the properties of the fill in
the dgscontinuities. But the tesis%ence to shear for

tightly closed discontinuities depends on the mechanical

propertzes of the wall rocks and the roughness angle In

' the-fle&d 1nvest1gatlonsh the w1dths of the

discontlnuutles at all the 51tes are f;om O.1T mm to 1 mm

except around the slope- surfaces wheye the

-~

d1scont1nu1t1es have been opened by the weatherlng

process and the w1dths_here can be *arger than 1 mm..

Because ‘the stability of the rock masses of a slope is
controlled by the strengths of the whole unfavorable
penetrative discontinuity and the larde part of the

3

discontinuity is within the slope, 0.1 mm to 1 mm of the.

widths of discontinuities are used to calculate the rock

mass strength ratings at all the sites.

Size and fill of‘discontinuities

L If a set of discontinuities is not continuous, more

cohesion aleng the discontinuities exists than in the
case where the discontinuities are continuous. Filling

materials(}n discontinuities may be composed of clays.

‘ So the mechanlcal propertles of the d15cont1nu1t1es can

be changed due-thdlfferent clay‘mlneral contents of “the

filling material within the discontinuities.

"Groundwater conditions

Grodndwater_can gromote‘instability of'slopes in
the following ways:

a. Water pressure along discontinuities reduces



effective normal stress between rock walls.,

b. Water 'in the pores of~rooks and‘filling materials in
discontinulties speeds weathering, solution and
disintegration of thelrook and alterS‘the cohesion
and frictionallproperties‘of the infilling materials

: and focks.

9} Roughness angle 1f any EXIStS. Roughness angles are

represented as ‘the measured angles between the average
_d1ps at the sites and the dips measured on the scale of

- the .measuring lengths. In‘most of the situations, the

' measuting lengths are.0.91'm. But 3 m and 5 m are also
used as meas{fring lengths sometimes in order\to find the
roughness angle on larger measurlng ‘base lengths ‘than
0.91 m for the stablllty analy51s. In the field
'1nvestlgat1on, when the measuring base length wes'larger
"than 0.91 ﬁ, the roughness angle was estimated by'yisal
estimations. Visal estimations were made.by tracing.the
surface of a rock-léyer with the help®of the geological'
compass. The measurlng lengths are also reported in the
thesis. For example, 5 /0 91 m indicates the roughness
angle is 5% when the measuring base length is 0.91 m.

10. Thickness and volume of the.potential sliding mass.&\

11. Evidence of movements and failures of the.slopes.

12. Proflle of slopes_. ‘ |

The shape of, the slopes at most of the s1tes can be

descrlbed as either planar or iconvex. The slope angle of

" a planar overdip slope does not noticeably change from



29 |

‘the “oenof the slope to the top of.it. The convex
overdip slope consists of two parts. The lower part is
" an overdip- slope, on which the bedding dip is less than
the slope angle. The upper part is actually a dip slope.
. At some s1tes the upper parts are still overdip slopes
but the slépe angles are less than those of the lowerQ
parts - . -, . | ’

-Based on the results of strengths of intact rocks,
"weathering conditions, spacings of discontinyities,
orientations of discontinUitles, widthglof Aiscontinu1t1es,
51zes and the fill of discontinuities and groﬁndwater
conditions, the rock mass strength ratlngs for the rock
.maSSes on slopes can be calculated. The cla551f1cation of
Selby (1980) for rock mass strength ratings is used to.
calculate rock mass strength ratings in this thesis.

In the individual field descriptjon, the names of
parking lots, hiking trails, and places are from thetmaps of
Ribbon Creek/Spray Recreation Areas Summer Trails and
Kananaskis Provincial Park Summer Trails produceo“by Alberta
Recreation ‘and Parks, De_sign.and Implementation Division, ,.‘
Graphics, Design Branch in 1985.

A series of air photographs of 1:15840 taken in 1958
{Fig. 3 1) are used for the prellminaf; office work In this
thesis,.all the-working sites are shown‘on the overlays of
airfphotographs. The locations of the centre of the sites
are represented with the coordinates u51ng the principal .

A}

p01nt of the photograph as the origin of the coordinates
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MNorris,1972). An example is in Figure ?.2; In this éxampkqh
tthcéordinates of the point #1 are (10 mm, 20 mm) and. those
of the point #2 are_(-50~mm, 40 mm) with respect to the
origin..The stratigraphy and geological struéture ?n the 4
overlays were deteéminéd based on the geoloéical map of
Seebe-Kananaskis Area (Bielenstein et al., 1971) during the
preliminary office work and confirmed in the ﬁieid
1investrgations;\

Cross~seqtions and geoldgical‘coulomns are also uéed in
the field descriptions. The scales of the cross-sections in

-

‘the,thesis are same both in the horizontal and vert#cal
directions.” So only one scale is given in each B
cross-section. The descriptions of rock types in the
geologic coulomns to show the lithology around the estimated
pdfentiél sliding surgaces include only colour, gga}n size
and rock type because it séems that only grain size aﬁd-rock
type influenée changes of basic friction angles of
crfstalline carBonate rocks angd sandstones.
| ?511 the’working siEes in the study area are grouped by
the ageas and described in this chapter. Cruden and Eaton
(19855, 1985b) investigated .the rockélide hazards in 7
Kananaskis Country and descr{bed several sites. Somé areas
in the thesis fall into the sites of Cruden and Eaton
(1985b) and these areas are going to be mentioned in‘thié

‘

—

fchapter.‘
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Figure 3.2 Schematic draw{ng of examples of the Jlocations of
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photograph

4



3.2 Area north of Mt. Lougheed

" Three sites (Fig. 3.3) were investigated in the‘area
during the. summer of i986. The'siles are 500 m ?0 1500 m
eaét of the Driftwooé Picnicking point on the east shore of
the Spray Lakes ﬁeservoir. The access is from the
Smith-DorriensSpray Trail. Park about 1 km southeast of the
Driftwood Picnicking point then kike,east to reach the
sites. Fairholme Group, Palliser Formation, Banff Formatiom
and Rundle Group outcrop in ‘the area. All the strata around

. . . " >
the three sites are dipping southwest.

3.2.1 Site 1 !

The center of the sitg is at (f10mm, -45mm) on the air
photograph AS 745a5043 108 and the site is 500 m east of the
road. The rdcks around the 'base of the overdip slope are
interlayers of gray, fine to coarse grained limestone, gray,
fine to medium grained.limestone and light gray, coarse
grained limestone of the Rundle Group (Fig. 3,4); The rocks
~are thinly to medium)bedded. The Schmidt Hammer readings do
not vary with rock types and are 45+2. The potential sliding
surface is within 10 to 20 metres from the base of the
Rundle Group. The aftifudes of the bedding surfaces are
235°/36°; There are two joint sets and the attitudes of them
are 55° /54° to 80; and 235° (strikej/around 90°
_respectively. The spacings bf the beddi;g surfaces and the
joikts are about 50 mm to 200 mm end 50 mm to 100 mm

, respectively. The beddinyg surfaces are continuous and

~
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Figure 3.3 Geology and Working .Sites North'of Mt. Lougheed,
P ‘ -

‘Based on the Air Photograph AS 746 5043 108






36

*
-
. .. W
’ FY
- T : Q f‘l
10m . o Light grey, fine to cogrse grained limestone )
) A OO ) '
1
o o , _ CUstimated
T Grey, coarse grained lin'neston_e potent {al
24 ‘A‘]l.‘ . ’ . sliding surtace
,ﬁ:‘iu . Grey, fine to coarse grained limestone with nodular cherxt : :
L4 ;L

Figure 3.4 Lithology around

Site 1

C

H

surface at

.

l\l

)
-

[
[y

400m

Bl

E,..l)(_{m]n&i. e B _g:,'l_
= and 'I(;"‘l]d('l'ull:
Y Jmestone

£ .

Figure 3.5 Cross section of the slope at Site 1

v

]

-

-

v




37..

Y

WIthOUt £ill materials. No groundwater seeps out of theA
slope. The slope is. convex and consists of an overdlp slope
| part and a dip slope part (F;g.~3.5). The slope angle of: the
4 overdlp slope is 45°%, A Urshaped'valley is in frOnt;of the -
slope so the overdip slope’was formed by glacial’proceSses.

"~ The roughness angle of the bedding surfaces is )
10°/0.91m. o |

The thickness and the volume of the potential stiding
mass are 60 m and 26X10‘ m>. respectively.

Sinoe the beddiug'surfaces-are quite steep_and there is
no lateral restraint for sliding, there ﬁight be some '
cohesion.betyeen the bedding surfaces to prevent toe slope‘
fsom slidino. | |

i

J
§

3.2.2 Site 2 | S R |
| The site is about 1500 mpeast of Driftwood Picnicking
point ou the east shore of the Spray Lakes Reservoirland the
oehter oﬁ the site is at the point (60mm, -5mm) with.respect
to the principal poi;i of the air photograph AS 745 5043

108. The'rocks outcropped on the slope are dark grey, medium
bedded[ fine to coarse aineﬂ limestones of the Palliser
Formation. The Scumidt i;;ﬁér reading is 4613.'The'attitude
of the bedding surfates is 220 °/25°, Two joint'sets exist
here and the att1tudes of them are 40° to 50 /65° to 80° aud
220° (strlke)/around 90° respectlvely The spacings of the
bedding surfaces and the ]01nts are about 200 mm_and 120 mrr,

-~
. to 450 mm fespectlvely. The beddlnc surfaces arw nuntlﬂUOUS ?

E
. ‘ .
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and without fill materials. No groundwater seeps out of the
slope. The bedding surfaces daylight on the slope formed:by.
a small gullytlfhé glope angle is only 27°, therefore the
slope is close to a dip slope. Anﬁoverdip séarp with the
thickness of the strata of less than 2 m can bé‘seent Most.
,of_thé slope is covered by the loose foék debris. The'slope
iS‘piénar. | |
The main'tfpes of rock mass ﬁovements Fre rock‘falliﬁg

and rolling'down the slope and the rock blockstare mainly

produced‘bybthé joint sets.
3.2.3 site 3 ‘

This sgte.is ébout 200 m éoutheaSt.of Site 2 and the
.center of the site is at (80mm, -15mm) with respect to the
'p:incipal point- of the air photograph AS 745 5043 108. The

'récks outcropped on the slope are da;k grey; fhinly td

médium bedaéh, fine to coarse grained limestones of the .
_ Pallisef Formation. fﬁe SéQmiat Hamher réading_ﬁs 4712. The
attitude of the bedding surfaces is.2209/25b. demjoint‘sets
extst here and the attitudes-of them are 405/659 to 80° and
"%220° (strfkeb/aréund'90°trespeétively. The spacings of the ‘e‘
bedding suffaces and thg.joints are about 50_mm tg‘ZOO mm

“and 120 mmwto 450 mm‘reépebtively. The bedding suffaces are *

WégntinUOQS'and withoutfﬁill materials. No groundwaier seéps )

6u£ of'the slope.'fhe slope is similarwto'phat at Site 2.

‘The bedding'5urfaces éaylight on. the slope forméd by a smaii

gully. The 'slope éngle‘is only 27° and the thickness of the
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' thin layers forming'the overdip scarp is less than 3 m,
' ”therefore'the'siope is close to:a dip slope. Most of the

slope is covered by the lpose'rock d%brisﬁ The slope is
x :

planar.
The main types of rock mass move%ents are rock falling

|
and rolllng down the slope and the rock blocks are mainly

|
[

‘prodyced by the .joint setsy \i'

' : !
wl ]
3.3 Area of Mt. Lougheed . . L

1
|

Three sites (Fig. 3 6) in the areé were visited in thé
summer of 1986. Access is from the Sm1th Dorrien- Spray
Trail. Park at the .point where the eastlng is 618300m and
the northing is 5645600m on the 1: 50000 topographlc map. A

creek flows west 1nto the Spray Lakes. Res

\(oa here. Hlke :
east along the creek for 2500 m to reach Site 4 and hike

another 2 km to reach Site 5. Park at the point where the

easting1i: 60m and the norhring is 5647600m on the
1:50000 \opegTaphic map. Hike east along the creék'here for
'1:.3500 m Eo’reach Site 6. The Rundle:Group, the Banff |
Formation and the Palliser;Eormation outcrop in the‘area.pA
syncline and an antidljhe go throUgh.the area.r
q ’ ’ ‘

3.3.1 Site I

The center of the site is at the p01nt (-15mm, -30mm)
with respect to the pr1nc1pal point of the air photograph AS
745 5042 55. The rocks here are dark. grey, fine gralned

xcherty llmestone and bedded black chert of the Banff

} . ) . . . 1‘ . “‘



Figure 3.6 Geology and Working Sites .in the Area of Mt.

Lougheed, Based on the Air Photograph AS 745 5042 55
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Formation. The Schmidthammer reading is‘about 44:2;‘This‘_
overdip slopé’is on the west limb of an anticline but it is
close to thé hinge of the anticline. The dip direcfion of
the bedding surfaces is 240° and the dip is from 0°'around
the hinge of the anticline t6 20° around the scarp of the
overdip slope. There are two joinht seés and both of them are
perpendicular ta the bedding surfaces. The strike of one
join; set is perpendicular to that of the bedding surfaces.
and fﬁéxst:ike of the other joint set is paréllel to that of
- the bedding surfaces. The spacings of thg‘bedding surfaceg
sare bétween'BO mm and 250-mm and fhe spagings of the joints
‘ a;e‘glso bgt&een-SO mm -and ZSOiEm. The p!ddiﬁgnsuffaces are
continuous and without fili maﬁérials. No groundwater séeps
out of the:slope.'The slope is planar and the slope angle is
37°. Because the dip angies-of the bedding surfaces are less
than 20° whichAis less than the lower bound of basic
frictidn~éngles‘of any rock type'(Eaton, 1986), the site is

{
no longer considered as a potential rockslide.

3.3.2 site 5 and Site_G

The centers of Site 5 ana Site 6 are ét the“points
(85mm,u—10mm)’and (35mm, 65mm) with respect to the principal
péin& of the éir photograph AS 747 5042 55. Both the sites
‘are within the Rundle Grodb and also both of them are around
wthekhihge of the syncline here., It is difficult to climb up
the two sites. §o no detailed investigations were conducted

at the sites. But it can be seen at a distance that the
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bedding surfaces dip at less than 15°. The site is no longer

considered as a ,potential rockslide.

3.4 Area of Mt. Sparrowhawk
Four sites (Figs. 3.7 and 3.8) were inVestigated during
the summér of 1986 in the area. The area is within the area
immediately éasf of the Smith-Dorrien-Spray Trail iﬁ‘Cruden
ana Eaton (1985b). The access to the sites is ffo@ the
' Smith-Dorrien-~Spray grail. Park 550 m north of the |
Spafrowhawk pafking lot and hike.up eastward for_about'1000:
m to reach sit; ~.The other sites are soﬁtheast of this
;site and on the nor£heast side‘of the same valley. All the
sites are in the Rundie Group and the bedrock dips to the
southwest. One large rockslide occurred ﬁn the area. So this
area is active with respect to rocksliding.
s

3.4.1 site 7

' The center of this site is at the péint (-75mm, -25mm)
with respect‘to theaﬁrincipa1 point of the air photograph AS
745 5041°11. The bedrock at the site is composed of
limestone and dolostone and black chert nodules also exist
locally (Fig. 3.9). The grain sizes of the liméstonés véries
from fine to coarse. The Schmidt Hammer ;eading‘for the
rocks here is 5]&2. The attitude of the beddﬁng surfacesbis
235° to 240°/2?° to 32°. Thare are two joint'sets and the
attitudes of them are 55° to 60°/55° to 60° and-240°

(strike)/about 90° respectively. The spacings for the



Figure 3.7 Geology.and Working Sites in the Area of Mt.

Sparrowhawk, Northern Part, Based on the Air Photograbh AS
7455041 11
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Figure 3.8 Geology and Working Sites in the Area of Mt.

Sparrowhawk, Southern Part, Based on the Air Photograph AS
746 5040 206 °
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bedding surfaces are between 250 mm and»SOO‘mm and the
spncihgu for the two joint sets are about 250 mm ané 25 mm
to 2 m, The beddxng surfaces are contxnuous and without fill
material. Very little groundwater can be seen seeping ouq of
the bedding planes the base of the overdip slope. The\,
roughness angle is 0°,0.91m. The slope is corivex and
consists-of an overdip pént and;afdip part iFig. 3.10). fhe-‘
SIOpe'angle;fbr the overdip‘;lope is 45°. - a
The thidknes;iand thevv013he of the potenéial sliding
mass are 28 m u;d 30x10* ﬁ’ respectively. There are.no |

4

" significant lateral restraints.

3j.4.2 Site 8 ' . .
' \ ] .
The site is 250 m southeast’ of Slge 7 and the center of‘
the site is at the point (-35mm,’ﬁ50mm) with respect to the
principal point of the air phptogréph AS 745 §O41 11. Coarse
grained limestonesﬁénd fih@ gkéinedﬁlimestones outcrophqn
the slope. The rocks aro?nd thefbése of the errdip slope
are mainly coarse'grained limestones. Bﬁt 60cm layer of
yellowish fine gra1ned 11mestone also exists aroundathe baSe
(Fig. 3.11). The Schmxdt Hammer read1nq is 52+1. The
attitude of the Bedding surfaces 15'235 /28° to 34°. Theré‘ 
are two joint ‘sets and the attltudes for them are 65°/55° to.
60° and 235° (strxke)/around 90°. The ‘spacing for the
bedd1ng surfaces is 25 mm tq 600 mm and the spacings for the

two joint sets are 250 mm to 500 mm and about 5 m. Fine

grained limestones have smaller discontinuity spacings  than
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~coarse gra1necwg1mestones. The bedd1ng surfaces are

contlnuous and w1thout fill materlals. Very llttle

groundwater seeps ou ;he,slope from the bedd1ng planes

around the base of | ﬁp"slope.'The rouéhqess angle is
'0°/0.91m. -
~ The thlckness and the volume of the potent1al slldlng
mass are 24 m and 10x10‘ m? respectlvely. The slope is
convex and cqnsists of an overdip part and a dlp part (Fig.
3.12). |
The slope auglexof the overdip slope is 49°. There are

no significant-lateral restraints on the'potential'sliding

.mass.

3.4.3 Site 9°
| Tﬁe site is about 1000'm southeast of rhe site 8 on the
east slope of the same valleY‘ The cep%er of‘the.site'is”at
the pbint (20mm, -80mm) with respect to the pr1nc1pal point
of the air photograph AS 745 5041 11, The rocks outcropplng
on the overdip slope are llght grey, coarse. grained, medium
‘bedded lnmestone. Only axound the base of the overdip slope-
can fine grained limestone be.seen. The Schmldt Hammer
reading here is 4241. fhe‘attitude of the bedding surfaces
“is 2305 to 240 /29°, There are two joint sets and the
‘attitudes of them are 240° (strike)/abOut 90° and 60°/55° fo.:
65°. The,spacing for the'bedding sufaces is 100 mm to 250 mm
. 3nd the spacings for the tuo joint sets are 106 mm to 1500

mm and 50 mm'to 450 mm. The bedding surfaces are continuous
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and Without”fill materials.th groundwateﬂ’seeps'out of the

slope. The roughness angle is 5°/0.91m and 0° /3m by

..estlmatxon. The slope is planar (F1g 3.13) but the slope
angle becomes smaller around the top of the slope. The slope
‘angle is 40° here. 'Below”the baSe of the overdip slope the
slope type is dip slope. The dlp angle of the bedding planes
here is around 35°, wh1ch 1nd1cates that the rock masses
vw1ll §I§ﬁ§f1f the bedding d1ps over 35° along.the beddlng
surfaces around. the toe‘of-the overdip slope. The thickness
and the,veIUme of the potential‘sliding mass are 28 m and.
18x10° m® respectively.

3.4.4 Sit@ 10

‘ This site is JOOQ,m southeast of Sité 9 on the east
slope of.the valley,‘The.center of thebeite is at the point
(40mmn iSmm) with reepeet to the prineipal point of the'air
photdgtaph AS 746 5040 206. There is a large tockslide‘

: betneen Site 9=and_site 10. The rocks on the overdip slope
‘are ljght‘grey,'COarse'gtained, thinly‘to massively bedded |
limestone, Aronnd“the potential sliding surface there is a'
layer of fine grained linestone abbnt.1m thick. The échmidt
Hamﬁet reading is 4241 The att1tyde of the beddlng surfaces.
is 2055/30°: mhere ‘are four 301nt sets here and the

Aatt1tudes f%rwgwree of them are 205° (strlke)/ around 90°,

d 95 /65°. Another joint set is subparallel to.

- 100° /ss°F_
the bedding surfaces. The spaclng of the bedding surfaces
' anduthe_spacing"%fethe«joint set -subparallel to the bedding
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: K v
planes are d1ff1cu1t.to measure due to mutual cr0551ng of

-the two sets of the d15cont1nu1t1es. They appear to be  w

larger than 50 mm, The spacings for the ‘other three joint
’ *

sets are 25 mm to 250 mm, 25 mm to 250 mm and 50 mm to 1 m, g&
The bedding surfaces are continuous and without fill
-~ )?7 ’

materials. No groundwater can be seen‘seeping out of the

slo he,roughneés‘anqle is 5°/0.46m and 0°/0.91m. The

'shape of the otential'éliding mass is narrow and long, 1700

m by 240 m measured ‘from the air photograph. It ektends in
;he'direction parélléi to the strike of the‘bedding_
surfaces. The:slope is planar but the slope angle'becomes
émaller around thé top of the slope. The slope anglés‘varies
from 38°vto‘é5° at different sections (Fig. 3.14),. Tﬁé
average tﬁickness of the potential sliding mass in
Qrbss-éections parallal’to'the-dip direction of the slépé
chaﬁges from 20 m'to 110 m. The part withyaverage'thickness

"larger than 90 m in the cross-section seems to be butressed.

The estimated avarage thickness for the site and the volume

of the potential sliding mass are 75 m and 48x10¢ m®.

3.5 Quartzite Ridge Area
The area is east of the Spray Lakes ﬁesérvoir and there
are'three- sites, ‘11, 12 and 13 (Fiqg. 3.15). Site 11 ana Site
12 are w1th1n the area immediately east of the
Sm1th -Dorrien-Spray Trail in Cruden and Eaton (1985b)
-Access is. from the Smith—Dorrien—Spray Trail. Park about 200>‘

. m north of the. Spray Lﬁkes Parklng Lot. A small creek flows

"w\’«’k A4 ; k.
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from east to west.‘hihe east_alono the creek for 1000‘m to
reach Site 11. Sites 12 and 13 are.south‘of Site 11,
Rockslldes are active 1n the area and rocksllde dep051ts are
distributed around Site 1, Site 12 and in between,
y |
3.5.1 site 11
The center of the site is at the point (—15mm, 30mm)

w1th respect to the principal point of the air photograph AS
746 5040 204. The rocks are light grey to white, fine’
grained, thin to medium bedded, planar cross-bedded quar}z
sandstones of the Rocky Mountain Group. The Schmidt Hammer
reading‘hére is 44+1 The attltude of the beddlng surfaces
32"55337553. There are three 301nt sets at 55° /35° 55° /65
4nd 235° (str1ke)/_about 90°. The spac1ngs of the bedd1ng
surfaces are from 25 mm to 200 mm. The spacings of the three
joint sets are 25 mm‘to 500 mm, 25 mm to 500 mm and aroohd
50 mm. The bedding;surfaces are continuous and withogt;fiil
’materialst No groundwater seeps out of the slope.cﬁhe“ N
roughness angle is 0°ﬁ0191m'.‘The slope is'pianar'bdt the
slope anglewis smaller arouhd the top of the slope and
greater around the foot of thenslope due to erosion (Fig

.16). The slope angle of the overdip slope except the top
and the toe is 38° !’hd vegetation is well oeveloped on the
slope. The average thickness and the volume of the -potential

rock%'gge are 60 m and 14x10¢ m? respectigely,‘ a



Figure 3.15 Geology and Working Sites in the Area of

Quartzite Ridge, Based on the Air Photograph AS 746 5040 204
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3.5.2 site 12
‘This site is 600 m southeast of'éite‘11 and the centre

of the site is at the'point (70mm, -15mm) with respecﬁ to

the principal point of the air photograph AS 746 !M40 204.

The rocks here are light brown to white, fine grained,

.lamihar cr&és—beddedaquartZ'sandstones of ‘the Rocky Mountain
Group. The Schmidt Hammer readihg is 52+2., The attitude of -
the bedding surfaces is 237%/25°. There are two joint sets
and thé attitudes of them are 60°/ 65° to 70° and 237°
(strike)/faround‘90°. The spécings of the bedding surfaces
are 25 mm to 600 mm. The spacings of the two joinﬁ seis are
50 mm to 500 mm and 25 mm té 500 mm. The bedding surfaces
are coqtinuoﬁs.and without fill materials. No groundwater
seeps out of the slope. The roughness angle is 0°/0.91m. The
shape of the potential siiding mass is narrow and long, 1600
Jm by 300 m measured from the ait photogf;ph. A,large‘
rockslide occurred at the north end of the site. The slope
isvplanar but fhe slope angle.becomés smaller around the top >
of the slope (Fig. 3.17). The sibpe angle is about 37°.'The‘ v
average.thiékness and the voiume of the potential rockslide

are 90 m énd 62x10°¢ m?,

3.5.3 Site 13,

| iThis site ié 1000 m‘south of Site 12 and the center df
the site is at thé point (50mm, -75mm) with respect ta. the
princibal point of the air phéfograph'As.746*5040 204. The._

rocks here are dark to ligbf grey, fine,grained,fadlbmitic
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Figure 3.17 Cross-section of the‘slope at site 12



l
sandstones of the Sulphur Moonta1n Formatxon“ The SChmidt’

L N t'\t . -v'fm\ .\ . ;."'hﬁ.an

Hammer readlng heére is 52+2, The attxtude‘of é;ﬁ
surfaces 1s 240°/20°, There are two 301n: deth’ an‘ the
attitudes of them are 60°/75° and 240° (strhke)/ about 90°.
The spacings of the bedding surfaces are around 50 mm.. The
spacinég of the two joint sets are 25 mm to 1000 mm and
larger than 50 mm. The bedding surfaces are continuous and

o

without fill materials. No groundwater seeps out of the.
slope. The roughness aﬁgle?ﬁl 0°/3m by estimation. TH slope
is planar and the slope angle is 40°. But local slope angles
can reach 45°, All the slope 1s covered by rock debris. From
the observations at ;he site ®he main movemeﬁt type for the
rock mass hére is that rocks disintegrated and then moved
down the slope slowly, as a sock ?lacier.
3.6 Area of Mt. Buller and Mt. Engadine

There are three sites in the area (Fig. 3?18 and Figqg.
3.19) and all of them are on the hanging wall of the Sulphur,
Mountain Thrust. Sites 14 and 15 are in the Fairholme Gfoup
and Site 16 is in the Palliser ?orﬁation. Access tgﬂ;hese
sites are from the Smith-Dorrien-Spray Trail. i“ s
3.6.1 Site 14

The center of the site is at the point (jSOmm; -5mm)
‘with respect to the principal point of the ai; photograph AS
746 5039 155. Park around 4000 m north of the ﬁuller

Mountain Parking lot and hike southeast for 1000 m to reach



Figure 3,18 Geology and Working SitésxarOundﬂMt. Buller,

3

Based on the-Air Photograph Asf746”503§ 155

o
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Figure 3{19 Geology and Working Siées east of Mt. Engadine,

Based on thé‘Air Photograph AS 746 5038 109

i
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the site. The'rocks at the site are light grey, coarse

grained, medium bedded dolostones of the Fairholme'Groupr

The Schmidt Hammer reading hére is 51+2, The attitudeﬁof the -

bedding surfaces is 245°/34°, But around‘theltopvof the
slope the.dip of the bedding surfaces decreasés to 31°. / -
There are three joint sets @t 60?/55°5to 60°, 240° (strike)/
around 90° and é005/65° to %0°. The spacings of the bedding
surfaces are 100 mm to 250 nm. The spacings of the three
“Joint sets are 100 mm to 1 m, 250 mm to 500 mm and la;ger
than 100 mm., ' The beddlng surfaces are contlnuous and w1thout

£ill mater1als. Very l1btle groundwater seeps out of the

'Q:The roughness angle is 0°/0.91m. The_%lope is planar
"3.20). The slope angle of the overd1p slope is 37°.

The average thlckness of the potential slldlng massuls 10 m,

The volume of the potential rockslide'is 2.3x1054mi;\

\

&\

"3.6.2 Site 15 . . . l , .
The center of the site is at the poi§§\§55mm,—90mm)r

with respect to the principal point of the ai%rphotograph AS
748 503§ 155 ‘Park at the Buller Mountaln parksng lot and
hike along the h1k1ng trail to the east for 4000m to reach
_the s1te. The rocks around the base of 1he overd1p slope are
4dark greY} fine'grained,tmedium bedded dolostones of the
Falrholme Group There are also some thin layers of chert.‘h
*The Schmldt Hammer readlng here 15 around 46+2 The attitude
“of the bedd1ng surfaces 1s 235°/20°. There are three‘joint“ﬁﬁ.

3 sehﬁn One 301nt set is subparallel to®the bedding surfaces. LA
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The attitudes of the‘d!her two joint sets are 60°/70° and
$235° (strlke)/around 90°. The spacings of the bedding
.‘surfaces are 100 mm to 400 mm. The spac1 gs of the two joint

sets wh1ch are not subparallel to the bedd1ng surfaces are

50 mm. tp 400 mm and around 400 mm. The bedd1ng surfaces are
'contln!%us and without fill materlals. Venxillttle

bgrouﬁdwater seeps out of the slope. The slope is planar and

the slbpe ‘angle for the<o pydi ﬂi ppe is 37°. Because the

T . A
is 'no longer considered a@®

’3.6.3 |

' e 1s east of Mt. Engadine and the‘oenterbof_the
51te i’ at the p01nt (- 20mm -70nm) with respect to the |
pr1nc1pa1 p01nt of the air photograph AS 746 5038 109 Park A
at the Buller Mountaln parklng lot and hike east for. 3000 m
-along the Buller “k,hlkmg tra1l Then turn right into
the valley and hik® another 2500 m to reach the site. Th"
site is u14ﬂm Palliser Fo%matlon and the rocks are ‘dark . 1
grey,,f1ne to coarse gra1:2d th1ck1y to thinly bedded
limestones" The Schmidt, Hammer re=d1ng is 52%3. The attitude‘
of the bedding surfaces is 235° /30°. There are twoujoint
'séts’at 60 /70° and 235°,(str1ke)/90?. The spaoings,of_the

_kﬁgedding surfaces arepgslmh to'BOO mmiNThe spaoings of the

W joints are*from 50@mm<to°400 mm,‘The bedding;surfaCes are

" contlnuous and without frll materials. A 11ttle groundwater

; seeps out of the base of the - overdlp 510pe. The overdip
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Figure 3.21 Cross-section of the-slope at Site i6



" siope is just above an old cirque. The slope is planar and =
the slope angle is 44°;(Fig. 3.21). The average thickness
and the volume of thokgatentzal rocksllde are 25 m and

i 4 ) ? v

©1.5x10* m?,

1£3 7 Arei of - North Ribbon Creek
,,There are four 51tes, 17 18; 19 and 50 in thlS area
. (Figs. 3.22, 3.23hand%3;24). The . access is from No. 40
.hxghway .Park at the parklng lot of Ribbon Creek. Walk about

3 km along the Rlbbon C;eek h1k1ng trail and then turn rlght>

8 4
to enter North R1bbwn Creek 3%11ey. ﬁaﬁk another 4 km‘to*“
3 , L #
reach the grea. B . . oot
o e ) v R I . -

P

. ,
%3.7.1 site 17 (Mt. Bogart) .~ . {
The center of this site is at the point (—35mm, 15mm)

with respect to the principal polnt of the air photograph AS

).. Because it is too.

Tay o

746 5040 208 and the site is on the left side of the North

Rﬁbbon Creek (lookzng up the cree;

_gifficult to clim§ up the slope, only the base of the slope

- has been -investigated. The site is with%naghe.Rundle Group.
The rocks here are light grey,thlckly bedded, medium to
coarse gralned limestones. The Sch1m1dt Hammer readlng he{e
are 52+3 The hinge of a syncllne is through the foot of the\

'~slope. The peddlng surfaces™near the base of the s;ope are’
nearly horizontal;.The-dig angies.indfeaée‘froﬁ the toe to
the topiof the»slopé. Thete is a‘dip slope part on the upper

N paftﬂof the slope. There are three. joint sets, One joint set

'
L



Figure 3.22 Geology and Working Sites in the Area of North'
jraph AS 746 5040 208
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Ribbon CreelT ,» Based on the Air Photg
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Figure 3.23 Geology and Working Sites in the Area of North

Ribbon Creek, 2, Based on the Air Photograph AS 745 5041 12






Figu 3.24 Geology.and Working Sites in tHe Are

Ribbon\ Creek, 3, Based on the Air Photograph A
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. Abstract L e
. .
* The stabllltv of 43 overdip slopes where the beddlng'

dlps less steeply than but in the same dlrectlon as the

¢

slopes, 1n Kananask1s Country, Alberta,,ls controlled by/
~
fr1ctlona1 propertles of the rocks, bedd1ng d1ps and the

‘rock mass strength rat1ng whlch 1sva funchlon of geologlcal

ﬂstructhre,.;ntact rock strengths, weather1ng conditions, -
(propertres‘of the drscontinuigies'and groundwater4 B
conditions; R f - ‘ _" N ..
%aSic triction'éngles'determined'usind—tilting table
.tests are from'23°‘toc41° for pugé crystalline carboﬁates
‘with\less‘than 10% impurity contents, lese” than 31.5° for

impure'crjstalline~carbonates and about 25° for quartz
. .‘ .'c ’ (. . * .
‘'sandstones. Basic friction~angles of quartz sandstones and

dolostones decrease w1th dlsplacenents. Ba51c fr1ct10n
angles of pure crystalllne carbonates decrease with dolomlte
contents‘;nd increase WIth gra1n s1zes. Clay m1nerals and
quarté mlght reduce ba51c.fr1ct1on %fgles of 1mpure_
crystalllne carbonates&‘ R R '

The overdlp slopes are Rotentlal rock slides if the
ba51c frlctlon angles are less than the bedding dips. The
m1n1mum‘vaiue of the apparent cohe51on along lhe beddlng
'surfsces at 11 out of 12 potential rocksdide sites‘and:l
,rockslide site in carbopate rocks is in the range of;30KPa

to 50KPa. The coheSion‘Brevents the potential rockslides
hfromfslfding et'these'sites:‘The.profflés of msny of the

5'?'L::’,"-I» . . . P o
potential rockslides are .convex or steplike with a dip slope

- i . B -~



partt or aip slope parts‘ 1f the bedding dxps are much larger

than the ba51c frlctlon angles, over!!! d1p slopes develop
with some thin layers of rocks on the slope to'form overdxp

scarps. v

v

5

1f the SEgic‘friction angles ate~1atgerft§§hwthe '
beddlng dips and the latter a:elhetween 20° and 30° and the
slope is planar,'the.slopetangles are dependent on the rock
- mass strength ratlngs.,When the bedding d1ps ere less than.
e20°f steep overdlp slgpes: mlght deveTop. from the joints

peraﬁpdlcular to,beddlng surfaces.

-t x
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' 1. Introduction

1.1 General

Hazard mapping is a relative new uﬁdertaking to
fdentif} uﬁséable slopes and to forecast E%g extent, the i
"reach and the velocity of a cer;aiﬁ rock mass once it starts
accelérat{ng.VPacthd (1975), Kohl (1976); Portér‘ana
6rombe11i (1981), Carrara (1983, 1984)1'§hitehouse and
Griffiths (1983) gnd Hénsen 11954) provided examples of
‘concerns, hazard models and haiard reports. ‘ '

Eatbh'?1986)‘did detailed‘h;zafd mapping 'in Kananaskis
Cpuntrytof Alberta, Canada. In this_retonnaissanceiqf h
rockslidé hézard§ in 880km?, Eatoﬁ (1986, p. 64-65) found )‘
that dip sloéés‘where the slope surfaces are bedding v
surfaces and overdip slopés'where the bedding surfaces afe
.less'steepljfthan and dip in ﬁhe same direction as the
s;opeé are only 8% of all the slopes{andbglacie;é. But the
rélati;e probability of majof fockslideé or rockfalls for
dip slopes and overdip slopes-is much higheratham those for:
other slope types. - |

The résearch in this thesis is the continuation of the
study of mermentsxand stabilities of Aatural'rock slopeéﬁin-;
kaﬁaﬁaskis Country conducted Ey patdnh(198§).'dnly overdip
slopes are studled inhthe.thesis.-All the ovepdip'siopes ;
identified by Eaton (1986) except a few which Qere |
inaccessible or small were investigated by the author.

Another three overdip lepeé_adjacent'!o the study area of



| | ‘ . - |

“Eaton (1986) were also identified aad_investigated.*The"

\7_ stabilities ?f these“overdip'slopes are evaluated in this
thesis.  '

The study“area,‘Kananaskis Country, A}berta, Canada; is
located in the Fronr‘RanQes of the Rocky Mountains and the
-rocks in tﬁe area are alllsedimentary'rocks.'Because

+ sedimentary rocks dominate Alberta bedrock except in the

. B
northeast of the province where Shield yrocks are found and

also sedimentary rocks cover large parts of the earth's 3

-

surface, the results of the research may apply to Bther

n

areas of sedlmentary rocks. St

1.2 Purpose and:scgpe
 The purpose of this research is to srudy the frictienal
‘properties of the sedimentary rocks ih‘the°study area,.
especially carbonate rocks, aﬁd to identify’potential
‘rockslides and to evaluate the stabilities of the potential
ﬁ?ckslides and orher overdip slopes by a limit. equilibrium
method or by the relationship between the rock mass strengtﬁ
‘ rating‘and the natural,slope angle. The cohesion alohg
potential sliding surfaces is also estimated.‘\ N
The Basiq,ﬁhYSical principles of rocksliding are
briefly reviewed in this chapterﬂ |
The stgd& area, environmental cOnditiens ahd»geqeral.
. surficial and bedrock geology arehdeséribed;fn Chapter 2.

. . L |
Slope types and the potential rockslides are also described

and defined. oL | ¥



. . O
In Chapter 3, the preyious work done in the Canadian

'Rockies is reviewed. Each of the working sites is described
?

for the rock samples are descrlbed and the mlneral

comp051tlons attalned fggh the analyses are presented. Tﬂe
gralu_s1zes of the Bamples are examlned and the results are
given in this chapterrtoo. F1na11y, the relat1onsh1ps among-
‘the basic friction angle, the mineral comp951t10n and the
grain size of the carbonate rocks are studied and discussed.
In Chaptefis, cohesions aloné the pofential sliding
‘surfaces at potential rockslide sites are calculated by
back-analysis using the data determinedkf;om the field
fnvestigations and from the test.results inNChapter 4, The
stabilities of all the working sites of overdip slopes are
_evaluated by the limit_equilibrium method or by the
relationship'betweeﬁ the rock-maés strengtﬁ rating and the
!

natural slope angle.

Comclusions are given in Chapter' 6.



\

1.3 Basic physicaliprinciples of rggyg}
The systematicvstﬁdies of rockglidés can go back tq

: 1932, when A. Heim, a geologist, described and analyzed all v
slides knowfi to him,and classified them into twenty types.
He nptgd the very important distinction betwéen slowly :
progressing slideé, where conditions bf‘stability are only 4:
slightly disturbed and the very rapidly accelerating slides,
where concentrated energy causes rock ﬁassgs to reach
éxceedingly velocities (Jaeger, 1979), Teriaghi (1962)
suggested that rock slopes should be classified by the typé
of rock, the analysis~of the mechanisms of rupture and the
action of water?in the §bre§, fissprés and cracks. Muller
(1959) and his co-workers emphasised that the behaviour of
‘rock mass is_déminated by discontinuities, such as faults,
joints and bedding surfaces., The‘mechanical prOperties of

" discontinuities in ;ocks have been one of the major |

interésts in rock mechanics for many years. The stabilities
and moveﬁents of r§ck/slopes are contfolied by the
‘mechanical properties of discontinuities in many situations,
Eatdﬁ>(1986, p.64)"concf3ded that overdip slopes are the

o ', most active high magnitude rockfall and rocksliding zones.

/ //// The iimit equilibriﬁm method is used to evaluate the
stabilities of potential fo&kslides and the Mohr-Coulomb law
is used in calculation in this thesis. If the. friction

. 'ahgle, the_cohesibn and the pore pressure arevknogn, tbe
n stability of a'slope{can be evaluated: Also if th@‘safé@y

factor .is spgacified and the_friction angle and pore preSsure

/ ; |
/ N . . \

\
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is given, the cohesion can be estimated. K
The friction angle of a dry smooth r&ck surface is
dependent upon its mineral composition, the texture and the

ﬂdisplacéhent history of the rock. Coulson (1972) gave
several proflles of rock surfacef with different surface‘%
roughnesses. He observed that the surface roughnesses of
some limestone samples and sandstone samples were controlled
by'their porosity aud indiuidual grain sizes if the grain
size of lapping compound was aupreciably less than the grain
size of the rock. |
. The basic friction angle is ene of the most important
friction angles and commonly used in stability analyses of
rock slopes. Patton (1966a) suggested that the basic
fr1ct10n angle be measured on two rough-sawn surfaces..
Coulson (1970) recommended that the basic friction be
measured on surfacee rough-sawn and then lapped with #80
grit sandpaper. Bruce (1978, p. 184) ncted'that ﬁhe besic
'frzction ahgle is the sum of.the mineral friction angle and
the surface roudhness produced by s?ddblasting. So the basic
friction angle is determined from a smooth unpolished ‘
surface w1t£m;:cro;cdb1cal roughness. Eaton (1986, p.
117-118) noted that the lower bound value of basic friction
ancles of dolomites is less than that of limestones and the
lower bound value of basic friction angles of limestones is

’

. [N
that of calcites. So basic friction angles of.

carbonate cks seem to depend on the mineral compositions

and grain silzes,
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N '

‘Selby (1980) developed a empivical relationship bethen
the rock mass strength ;ating and the slope angle, If a
slope profile is not controlled by the geological structure,
is in a limit equilibrium state and without undercutting,
the slope angle is only dependent on the‘;ock mass strergth
rating. So it is useful to analyze the stabilities and the
‘movements of overd?b slopes not subjected to sliding by the
'relationship of Selby (19803. If the angle of a slope is not
equal to the value predicted by the relati%Fship, the slopeﬁ

angle may be:subject to change due to erosion and

weathering.



& Physical envirbnments

. r

2.1 Study area : ‘ ' P

o | - o p
%ere conductad over part .of .

Field investigations
Kananaskis Couﬁtry which ie.outlinea in the Recreational
DeVelopmen£ Planning Base Map produced by the'Albef;a
Department of Energy and, Natural Resources (Albefta -
-Goverment, 1981), In fhis theeis, tHe'study area (Fig. 2.1)
encompasses: ) »i , |
1. All of ﬁbter Lougheed Provincial éark. ' .

2., An area to the north of the prov1nc1al>park bounded on
the' east side by the d1v1de of the Opal range, Evan
Thomas Creek, Highway 40 and Lorette4Creek, on the west
side by Banff National Park Spray Lakes ReserQQir ana
.the creek whose outlet is 2km northwest of outlet of

. Spurling Creek and on the north by latitude 51°00°'.

The study area covers about 884 km?, The elevations
vary from about 1400m in the lower Kananaskls R1ver valley
to 3420m on the top of Mount,Joffre 51tuated in the
southwest tip of the Provincial Park.

3

2.2 Climate and drainage
b

Climatological data from the study area is limfted;zThe

mean annual temperature from seven stations around the-study
area varies f pom 1.4° to 3.5° Celsius'ahd'thekprecipitation

.values range from 471 mm to.657 mm w1th about 45% fa1L1ng in

the form of snow (Env1ronmeﬂfﬁbegida, 1981). It can be
. . ‘ 4
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-_==r£w;egtedvthat freeze- thaw cycles occur everywhere in the

2.3 Surf1c1al geology

¢

study area durlng the- sprlng and. fall seasons. The area is" @

covereg hy snow all through the year except June, July and

cAugust, - Jhen there are only some Snow patches at higher

‘elevatlons. Even ;%}June, July and August, 1t SNOWS in

l

' mountaln valleys somet1mes. The cllmate in the* mountaln area

.“t:,——, —r

‘is changeable ‘and unpted1ctable.
)i . o ) o
: The largest river 1n the study area is the'Kananaskis

:rlver whlch flows northward to eriter, Barrler Lake. There are °
many small creeks over the study area. The dlscharge rates

of the Kananask1s,r1ver and a_! :f- small creeks vary

™
<

greatly with time. The water .: m. 1ly from melted snow.

¢

Jackson’ (1976) mapped the sutficial geology and made a

terrain inventory in Kananaskis Country- Bayrock and .

Reimchen'(l980) mapped surficial geology in Alberta

Foothills and: Rocky Mountains. Rockslidés,‘slumps and

' landslldes were 1ncluded in the 29 surf1c1al units. Greenlee

(3

(1981) conducted a soil survey around Kananask1s Lakes w1th
1nterpretat10ns for recreat1onal use,

- K { .

“Four glac1al eplsodes in the. Quaternary have reshaped
the mountalns (Jackson, 1981) W1scon51n tlllS are

represented in the study area by the Bow Valley t111 “the’

Canmore tlll and"- the Elsenhower Junction t1ll which are

- B :

‘found on the bottom of the ma1n trunk valleys of the study

‘area (Jackson, 1981). The_Bow-Valley till, the Canmore.t1ll



1¢

and the.Eisenhower‘Jungtion‘till were deposited bi\the Bov,
;valley hdvance, the. Canmore Advance and the Eisenhower
Junc&ion‘Advance (Rutter, 1972) The Bow Valley Advance was
'1n Glac1al Eplsode Three and at or earl1er ‘than the Early
Wisconsin. Theﬂ?anmore Advance and the E1senhower Junct1fn
'Advance were in Glacial Episode-Foor‘and at the Late
Wisconsin (Jaekson;}1981):‘Younger neoglacial tills can‘be
found on the floors of-: many hlgher trlbutary valleys. All
the tllls have been reworked and some alluv1al sed1ments
have‘dep051ted on the floors_of ma]or rlvers and valleys an
‘around.the outlets of small valleys. Bedrock slopes lie-at
high eie@ations. Talus froh rockslope movements are found
below and/or bedrock slopes,

2.4 Bedrock geology _

The Rocky Mountains~occu§yla strip_of land 706kmllong
by 60km wide inside~Alberta's border“with British Columhia
(1nclud1ng Banff and Jasper National Parks). The study area
is in the Front Ranges of the Rocky Mountalns.

A serles:Df thrust faults strlke northwest southeast
- through ‘the area{ They are Bourgeau thrust fault, Sulphur .
Mountain gmrustffaolt Lewis thrust fault, Rundle thrust
f;ult Lac Des Arcs thrust fault, Exshaw thrust fault and
McConnell thrust fault. The strong and old,sedlmentary rock
‘fare.uplifted‘by the thrust faults to férm ﬁountain ranoes

and the'relatiyely weak and younger rocks floor the big

valleys. Normal, reverse and tear faults occur on smaller
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- scales. Antlcllnes .and syncllnes extend parallel to the

str1ke of the thrust faults, The bedrock contains at least

L4

three 301nt sets. Two are perpend1cular to the bedd1ng/and

one 15 subparallel to the beddlng The number of jo1nt sets

: perpendlcular to the bedd1ng can reach 4,

The work1ng 51tes are in the ‘Devonian Falrholme Group,
/"

the Devonian Palllser Formatlon, the M1351ssmpp1an Banff

-~

'Formation, the,M1551551pp1an Rundle Group, the

Permo-Pennsylvanian Rocky Mountain’ Group and the Triassic

.. Sulphur Mountain Formation.

.

"The Pairholme Group consists of the Flume, Cairn and

5

Southesk formatlons.

.The Flume Formatlon (estlmated th1ckness 75m) consists

of lower light grey to black, finely and coa?sely

crystalline to sugary, medlum to thlckly bedded llmestones

»

and dolostones commonly characterlzled by reefs of

stromatopor01ds and corals and upper. arglllaceous, dark
¥

1 grey,\mednum bedded,.cqmmonly fossiliferous limstones with

several ‘bands of dark black shale (ﬁaymond, 1930).
The Cairn Eormatioh (estimated thickness 150 to -335m)
consists of two‘main'facies, a lower limestone facies and an

upper doloston® ‘facies. The limestone facies can be divided

E}

»into three units. The'lower‘unit'consists of medium .

crystall1ne, dark grey and brownlsh grey dolostone w1th

—r

mlnor amounts of dolomltlc 11mestone. The mlddle un1t

Q

consists of very fine gralned dark grey and llght grey
&
weatherlng llmstones w1th subordlnate dolomitic limestone

.
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aqa calcareous dolostone. The proportion éf délos£0n§
increaées in the upber unit and the unit consists of .
dolostone ‘mottled limestone- dolostone, calcereous
dolostone, dolomltlc'ilmestone and some limestone. Dark grey
\chert lenses occur locally. The dolostone fac1es of the
Caxrn Formaﬁlon con51sts mainly of medium crysta111ne, dark
grey. tg brownish grey, crystalllne'dolostones with local
stromatoporoid beds (Ollerenshaw, 1968) . |

The Southesk Fofm;tién (estimated thickness 150 to .-
;270m), which,oJerlies tﬁéNSajfn‘Formation; consists of
medium to c;arsely trystéiﬁine, saecharoidal, light grey,
~‘massive to thickly bedded"dolostonq tha£ is’ commonly porous
énd ;uggy.*Strinéers and nodu}és of-gﬁéy-énd black chert
occur locally (Ollerenshaw, 1968). |

‘The only two working sites ir :he'Fairholme Grouprare‘
in the Southesk Formafion. | i v | | .

The Alexo- Sassenach Formatlon (estimated tthkﬂESS 90
to 110m), wh1ch overlles the Fa1rholme Group, consists
ma1n1y of bedded and brecciated llmestone, some fine
sandstoné and dolostone. All contain or are 1nggrbedded w1th
511tstqne (dert and Mclaren, 1950)

The Palllser Formatlon (estimated thickness-150 to
410m)'overiies'th¢ Aleg—Sa§§eﬁ§ch.Formétioqband it is
divided intQ.é lower MorrofMémbér and an upper Costigan
\Membef. The Morro Member canists of.finely crystélline to
dense, Aark grey brownish grey, ¢iiff\form€ng and'massive

' limestone, which.is in part vaguely bedded and in places
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altered to dolostone. The Costigan Member con51sts of bedded'

‘ and f055111ferous limestone, which is in places underlain by

a variable thickness of thin to medium bedded dolostone and‘

layers of limestone brecc1a~(Beach, 1943).

The atratidraphic Seqnences in the lower and, middile
parts of the Mississippian succession are different east and
west of the McConnell ﬁDrust (Middleton, 1963) These two
different stratigraphic sequences were termed‘as the east;rn

and western facies by Macqueen and Bamber (1967). The study

area'isrwest of the McConnell thrust fault. The
T e . . ,

stratigraphic units include the Exshaw Formation the Banff

Formation ~and the Rundle Group which con51sts of the °

' L1v1ngston Formation, the Mount Head Formation and the

Etherington Formation (Middleton 1963)., - o —
The Exshaw Formation is found within the lowermost..
Mississippian and consists of a lower black shale member
about ém thick and an upper siltstone- limestone member
ranging. froﬁ a few Jnetres to over 30m (Macqueen, et al.,
1972). - o
_THe Banff Formation overlies thgf Exshaw Formation: In
- , T .

the Rocky Mountain Front Ranges, the. Banff Formation

v

v‘con51sts of a sequence of rece551ve, medium gray or brownish

grey,rargillaceous carbonate rocks and/or dolomitic shales.

“~’s

. The Banff Formation is about 280m to 430m thick in Fiént

Range sections(Macqueen et al., 1972)
‘The Livingston Formation (340m) overlies the Banff .

Formation and comprises medium to coarse grained skeletal

1



1inestone; medium crystalline, porous‘dolostone; fﬁne
grained, aggiilaceoué, dolonitic of’cherty limestone} and
fine crystallina doiostone (Doqg%aé,,19§&,‘p.39). (

Tne MqunaaHead Formation overlies tne Liv}ngétonfﬁ
Formation and consists of approximtely 1SOm_to 300m of
limestones and dolbsﬁonas,‘witn_local shales,,sandstones,
siliétonés and solution braccias (Macqueen et al., 1972, p;
27), - - »

"The Etherington Formation (60m to 90m) overliestthe‘
Mount Head Formation and consists of‘a'lower, ;arﬁcoloured,
recessiva unit of green shale, micritic and fine grained
'llmestone and m1crocrystall1ne to finely, crystalllne
dolostone; a more re51stant middle unit of flne gra1ned
sandy and cherty 11mestone and medium crystalline doLoston;°
‘ zand an upper unit of m1croc¢ysta111ne to/’;nely crystahllne
dolostone (Douglas 1958 p.62).

The Rocky Mountaln Group overlies the Rundle Group and
1s d1v1ded 1nto three formatlons, the Tunnel Mountaln
Formation, theuKananaskls Formation and.the Ishbel’FOrmatiop:
frpm béttom to top; |

The Tunnel Mountain Formation (estimated thickness 120

l

to 210m) consists of brown-weathering cliff—forming

dolomitic 51ltstones and sandstones with some bedded and
nodular chert. The Kananask1s Formatlon (estimate thlcknESS‘
15 to 45m) consists of silty dolostones with chert breccias
and nodﬁlar and bedded cherts. The Ishbel Formatlon‘

(estlmated thlckness 30 to 75m) con51sts of a chert mem%er'
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overlylng dark chertyw sometimes phosphat1c, quartzltlc
-s1ltstones with rhythemlcally 1nter bedded shaly 51ltstones
| (McGugan and. Rapsona 1962)

| In the study area the. rocks of the Rocky Mountaln Group

are found to be quartz sandstones. The sandstones belong to

N ]

the lower part of the Tunnel Mountain Format1on. The 1ower‘
.part of the Tunnel Mountaln Formation 1s ma1nly composed of
sandstones (Halladay and MathewSon, 1971). ”

The SulphUr‘Mountaln-Formation(estimated thickness 0 to
90mi) consiSts ot platy to thin bedded and locally
mediumibedded, light yellowish brown tosmedium brown, medium
reddish brown weatherlng, dolomitic s1ltstones and very '
f1ne gralned sandstones. These rocks are commonly f1nely

_lam;nated (Ollerenshaw, 1968).

2. 5 Slope types“and potent1a1 rogksl1des

~ Many factors can 1nf1uence the stability of a
rockslope. such as climate, SEISmIClty, human 1ntervention, .
erosion; intact rock sttength and mechanical pfoperties of
discontlnuities within tock masses. The sttength of a
fockslope, howeVet, is 1afgely controlled by the orientation
’of discontinuities in® the rock mass (Selby. inaz). Faults;j
joints and beddino are common discontinu‘ .. . scks. In
the study area, bedding is the major die ¢ -y It is
useful.then”to classity slopes jﬁpordgng - ;he
relationships between the‘ofientatlons of i.e . npeshand

those of the“bedding surfaces.
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According to the relationship between the attitude of
the bedding and the d1p direction of the slope, the slopes
can be divided into four types. They are the cataclinal

slope where the slope dips in the same direction as the

vy

bedding, anaclinal slope where the glope dips in the oppsite

direction to . the bedding, orthoclinal slope where the slope

is perp dicular to the dip direction of the bedding and
plagioc??Xal slope where the slope is oblique to the dip -
diréction of the bedding (Cruden, 1987). Cataclinal slopes
can be divided into'overdip slopes, dip slooes and underdip
slopes. | | . |

An oyerdib,slope is steeper than theﬂdip of the bedding
in the rock fotming the. slope and the two dio directions are
thefSame-or the‘angle between‘these'two~dip'directions is
not larger than‘20°. Because bedding sutfaces daylight or
are exposed on the surfaces of overdip slopes any bedding
surface can be a potential liding surface if the strength
along the surface can becom:\smaller than the sliding force
caused by gravity, seismicity and other factors. Two
~examples of the changes of the frictional properties of
vdlSCOﬂtlﬂUltleS due to environment changes are that water

pressure can reduce the shear'strength and cohe51on-can be

worn out with time. In this thesis, an overdip slope is’

considered to be a potential rockslide if the basic friction

angle along the potential sliding surface is less than the
~dip angle of the bedding;‘The:potential sliding surface is

assumed to pass through or arourid the foot of the overdip
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slope because the difference between the resistant force to
sliding and the sliding force along the bedding surface

.

through the toe of 'the slope is larger than those along

*

other bedding. surfaces across the slope if the other hedding
t ‘ \ T ad

surfaces are not weaker than the bedding surface through the

“toe with respect to sliding. This is obvious from the L,

following expression that is derived from Cruden (1975):

(R-T)/A=c+Hycothan¢—Hysinﬁ=c—Hy(sinﬁ—cosﬂtan¢) ' . (2.1)

¥

If the pore pressure is taken into account, é similar result
‘can‘*be reached. — )
. In the fiela jnyestigation;'an’dverdip slope was no
longer consﬁdered as the potehtial rock sliﬁe~ifvthe,bedding
dip was less than the lower bound of the basic friction'
angles fer the sbecific rock type from Eaton (1986). In
other situétions,'the overdip slopes were considered as
petential rockslides and rock'samples were taken to:
determine basic friction angles later. .
. ‘. . A dip.siope is parallel ¥o.the bedding surfaces. Dip_
sldpes may be conéidered,asvthe equilibrium phase of an
. overdip elope from which the rock mass above a certain
«bédding.surface has slid. The comﬁon movement of dip slopes
is beddlng buckllng if the beddlng is steep enough Slmmons
(1977) commented that dip slopes over 50° may fail by

rupture across dlSCOﬂtanItleS. Cavers (1981) analxged

“failure of steeply d1pp1ng rock masses by buckllng and

>



, : 18

»

described a casevhistory from a coal mine in the Rocky
Mountains, | |

Underdib siopes are those slopes'ﬁhose'slope ahgles are'
smaller than the dip angles of the major discontinuities,
The slopes and~the méjor discontinuities diﬁ in the same
- direction or the angle betwéen the dip airection of the«
"$10pé and that of the‘major discontinuiqy is less than_20°.
Tang (\?86) reported.two large topples on steep underdig
slopes in the Canadian Rockies.

-Anaclinal slopes are those'which dip in the opposite
direction to tggmmajor discontinZities in rocks and the

angle between the dip direction of the slope and the strike

L

of the major 8iscontinuity is from 70° to 110°. Topplings

and rockfalls are,common movements for this kind of slope.

Y

LT .

When the angle between, the dip direction of a slope and
the strike of the major discontinuity is within $20°, the
slope is an orthoclinal slope. When the angle between the

Y
dip direction of a slope and the strike of the major

{

discontinuity is from 20° to 70°, the slope is a
plagioqlinal slope.‘The common movemeﬁts pf"these two kinds
of slopes are rockfalls. - {’ |

Based on the measurement of the area of overdip. slopes
oq,the 1:50000.Uo§ographic maps a%d the [results oﬁ/Eaton.'
({986, p.63), the area of overdip slopes was fdund to be

2.5% of all slopes and glaciers in the study éreaf
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3. Site feature descriptions

3.1 Introduction’ - .

3.1.1 Previous work \
Locat and Cruden (1977) discussed severel rockslides in

~the Rockies. One of them, the slide at Mt. Indefatigable is

aloﬁg~the northrehore of Upper Rananaskis Lake. Simmons

: (1?37) observed translational rockslldes south of 52° north

latitude and cited at least 80 rock slope failures. Bayrock

and Reimchen (1980) noted'oﬁer 900 slides while mapping

surficial geology in the Rocky'Mountaies and Foothills ef

Aiggrté and several of the rockslides are in the present

study area. Gardner (1980,1982,1983) discussed frequency,

magnitude and spatial distribution of rockfalls, rockslides’v}

‘and other forms of alpine mass-wasting in the Highwood Pass

area of Peter Lougheed Provincial Park. Eaton (1986) did

detailed hazard mapping of rock slope movements in

Kananaski§ Country, west of Calgary, Alberta.

3.1.2 Objectives and observations ﬁade in the:field

| jnvestigatio?s_

The objéetives of the field investigations were:

1. To eonfirm and correct the results of the preliminary -
air photo interpretations. These results include volumes
of the potential rock slides identified in the

p;eliminary-work, attitudes of the potential sliding
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surfaces, geological formations and groups and {;
geological structure at these sites. During the
preliminary office work,'all the oﬁ%rdip slopes were
considered as the potential‘rock)slides. In the field
investigation,lthe overdip slopes where the bedding dips
are 1éss than the lower bounds of the basic friction
angles from Eatén (1986) are no longer considered as the
poféntial ro;leides. The. basic friction angles were to
be examined later for further evgluations of cohesion
along bedding surfaces and stabilities of the potential
rockslides., Observe rock types and geological structure
in detail.

y

2. To study the factors which influence rock mass strength
ratings, calculate the rock m;ss strength rating at eac;
site in order to correlate\the results with the slope
angles of the natural rock slopes.

3. To investigate all‘ihe working sites and measure the

slope profiles if needed. °

4. To take rock samples for determining basic friction
3‘ ] >
angles. e

The observations made in the field investigations.
include:
1. Stratigraphy, geological structure éna‘surficial geology
at the workiﬁg sités. These include descriptions of rock

_type, attitudes of bedding surfaces and jeint planes,

folds, fau;ts, colluvium destits, talus and possible

s

origiggiof overdip slopes.
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At all the working sites, the carbonate rocks are

I3

recrystallised, Depositional textures can not be
discerned in the carbonate rocks at most of the 51tes
though a fewoskeletal rema1ns can be seen. So the grains
of carbonate rocks include ma1nly crystals of calcite
and dolomite, microsp&gites and also ékeletal gfains’and
maybe lime-mud. In tﬁé‘thesis, if not spec1f1ed the‘
carbonate rocks are always consxdered as crystalllne
rocks. A
The grain sizes of carbonate rocks at the sifes
follow the grain size classification of Leighton and _
Pendexter (1962). Fine gfains are from 0.12 to 0.25 mm,
medium grains are from 0.25 te Q.5 mm, axd*coarse grains’
ere ffom 0.5 to 1 ﬁm. In fhe field, grains less than
0.12 mm were also described aslfine érains‘énd gfgins
larger than 1! mm also desc:ibea as coarse grains. The
thickness of+ the bedding layers are defined ae follows:
thinly bedded 1 to 10 cm, medium bedded 10 ﬁo:30 cm, ‘
thickly bedded 30 to,100 cm and maesive bedded larger\f
than 100 cm (Ingram,‘1954). The attitudes of the‘bedding
surfaceétand the joint §urfaces are repreéented by‘f%eir

dip d1ree§1ons and their dip angles unless. they are )
o

1nd;date specifically. For example, 235°/30° indicates
that the ﬁip direction ‘and the dip éﬂgle of the. e

d15cont1nu1ty are 235° and 30° respectlvely But 235°

(str1ke)/90° indicates that the strike of the

discontinuity is 235° and it is vertical. 'e {'(ﬁ ‘
I ¥ “ ) 5 . ’ . N



Strength of intact rock

One gene?ally accepted measpre of strength of
intact rogﬁﬂjﬁ un1ax1a1 compre551ve strength.‘
Measurement~of»this parameter is'simple in the -
1aboratory but it requ1res prec1sely cut spec1mens So
At 1is not p0551b1e to use thlS measure for. field
1nvestlgat10n5’at a~reconnalssance level. Two field ”
tests of rock strength/whiCh'nay be‘correlated‘with
uniaxiaiacompressive strength are the point—load
strength test and the Schmidt Hammer test. }
L The point-load test was developed jn Russia to
prov1ée\i rap1d strength test of 1rregular1y shaped rock
_specimens (Protodyakonov 1960) . The. Internat10na1 o
Soc1etyvfor Rock Mechan1c51(1973) subsequently
dncorporated the PROTODYAKONQOV test és=a standard oo
technique. The pofnt—;oad:strength test'mayibe carried
out rapidfy.ondfr;egularly shaped‘samples.End the |
co re&ation'betueen the podnt—load strength index and
‘th un1ax1al compre551ve strength 1s good for hard

A

rodks.v

-

The Schmldt Hammer test was dev1sed in 1948 by E.
¢
Schmldt for carrylng out in situ non—destructlve tests

‘on concrete. The test measures the'distanCeiof rebound

of a controlled spring-load'gass impacting on a

concrete or rock surface. Because elastic recovery of

~the rock surface depends uponfthe hardneéss of the

.a

surface and the hardness 1s,related,tpzun1ax1al
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compre551ve strength of the rock, the distance of
‘rebound is ‘a relative measure of surface hardness and
the strength of rock, There are three types of Schm1dt'n
Hammer;,The 'N{ftype hammer is perhaps the most commonly °
useddfor testing roeks. The ‘Schmidt Hammer is light,
welghlng/only 2- 3 kg, eapy to carry, easy to use and
; relatlvely cheap Large num ers of tests may be done 1n‘
a short‘t1me on a varzetf of rock surf s. But the
results of Schmidt Hammetr test a.re. ek‘mely vsensitive
to discontinuities within rocks)bEyen‘hair—iine |
fractures may lowermreadings‘by 10 points. Also the
results of the Schmidt H;mmer test are sensitive to the
'weatheringvof rock surfaces and to moisture on rock
. surfaces._Due to°the long distances from the hibhhay‘to
most of'the'workingfsitesq only;Schmidt Hammer tests
were. conducted'at'the working sites; ‘ ) |

Of the 10PSchm1dt Hammer tests from eath rock type
at all the sites, tHe five lowest readlngs were ignored.
f Then the mean and the standard dev1atlon were calculated
and the mean used as Ege estlmate of the 1ntact rock
stren th (Internatlonal Soc1ety for Rock. Mechanlcs,
11978) . It was found that the difference of. the Schmidt
wHammer'readlngs among different carbonate roc%s is small:
f'in the study'area; There,are}genéraliy more than one
‘rock type and textures chand® for the same rock.type

within, several metres at .many of the worklng 51tes. S0

only one Schmidt Hammer reading is used to estlmate the
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rock mass strength rating afaa site because the small

variations of the rock strength make no difference forg"

the rock mass'strenéth rating based on the

classification used. The results of: the Schmidt Hammer

reading are represented as meantstandard deviation in .

~ this thesis. The Schmidt Hammer readings from intact

rocks'and from fresh rockS'are compared in this thesis
where needed. Intact rocks mea that the rocks do not .

contaln cracks or fissurek that can be d15t1ngu1shed

- with a 10X magnifying lens, Fresh rocks mean~that the .

surfaces of the rocks are sawn. The strength

< ]

classification J¥f intaCtvrock of Sélby (1980) is used in

“this thesis.

Weathering condit bns

VThe state of weafhering of rocks has an_important
influence opoﬁ;its strengfh. But it is difficuic to |
quantify weachering because,aohes of- weathering may be
irréguiar. Several schemes have been devised for the
description of weatheriag‘conditioné (Moye 1955,.Ruxton
and’berry.195% Dearman 1974 and 1976). Most schemes

v
d1v1ded weatherlng cond1t1ons ‘into six grades ranging

from fresh umweathered rock to residual soil. All these’

]
claséaplcatlons are based on changes in color,texture.

and strugiure, It is.not easy to apply these

classifications to carbonate rocksvbecause changes of:
color, texture and struct%ge'of the Carbonatg rocks due

to weathering are not distinct. - o o
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The Qéathefing\process of_cérbonates is mainly the .-
aissolution of limstones and dplomites.by carbqn§C'acid:
The.principal reactions are sthn by .the following |
simplified equations (Cérroll; 1970):

-y \
HZO+COZ+H2C03+(HC03)'.}....L.broduction of carbonic'acid
CaCO3+H’+(HC03)'*Caf7f2(HC03)'[..;.limestone reaction in

solution

: CaMg(coa)z+2coz+2HzO+Ca(Hcoa)2+Mg(HC03)2..].....dolomite

reaction

i

. » : : \ e )
The weathering ofocarbongtes produces karren and wide

gaps from joints. But unfortunately thése processes have

not}been quantified..Selby (1980).gave a classificatidn

‘modified from_the clasiificationof Dearman (1974,

1976). In. this thes

o

is, used.

e classification of Selby (1980) -

It was found that the roékvstrengths‘are not

noticéably weaker than those of the fresh\:ocks~by

‘Schmidt Hammer tests at all-the sites and colour changes

of the carbonatéé are not distinct eveh.érpund the
discontinuities. So it is néasénéble to think that the
weathering of dagbonafes”does not redﬁce the Strength of
the rocké considerably. The rocks at all the Siteé.a;e
considered as slightly wéatﬁered.

Spacing of discontinuities
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&

The .spacing of discontin

Yties 1argely controls the -
size of.individual.blqcks intact rock. Also the

spacing of discontinliities can influence the mechanical

npropertges«of rock mass. In the work area, there are at

least 3 sets ot discontinuities, i.e. bedding'surfaces

and two sets of joint surfaces. Selby (1980) used the

1] 13 » I3 13 . 13 3 . i
classification of spacing of discontinuities of Deere

(1968) to calculate’the rock mass.strength ratings.'This‘

P

classification is also used in-the thesis. If the range ;ﬁ
of spacings:of discontinuities at a site overlies two or
nore c&tegories of spacings from.the_classification, an .
average value is estimated from all the categories

involved. This average value is used to calculate the

rock mass strength rat1ng

. R
‘Orientation of Hlscontlnu1t1es u o <

The stability of a slope formed in stratified rocks
depends primarily on the orientation of the major
discontinu1ty with respect to the hillslop° if t
uniaxial compre551ve strength of the rock is grQ:ier
than 30 MPa (Selby, 1980).aStrength classification for .

orientation of discontinuities of Selby (1980) is used

in the thesis.

Width of discontinu1t1es o Lt

. Wldth of d15cont1nu1t1es largely controls the

frictlopal strength along the d15cont1nu1t1es as well as

the flow of groundwater and the rate of weathering of

the wall rock. The resistance to shear for widely open

’
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discontinuities depends on the properties of the fill in
the dgscontinuities. But the tesis%ence to shear for

tightly closed discontinuities depends on the mechanical

propertzes of the wall rocks and the roughness angle In

" the field investi atlons the w1dths of the
- e\ g W

discontlnuutles at all the 51tes are f;om O.1T mm to 1 mm

except around the slope- surfaces wheye the

-~

d1scont1nu1t1es have been opened by the weatherlng

process and the w1dths_here can be *arger than 1 mm..

Because ‘the stability of the rock masses of a slope is
controlled by the strengths of the whole unfavorable 1
penetrative discontinuity and the larde part of the v

3

discontinuity is within the slope, 0.1 mm to 1 mm of the.

widths of discontinuities are used to calculate the rock

mass strength ratings at all the sites. _ . ‘.>

Size and fill of‘discontinuities

L If a set of discontinuities is not continuous, more

cohesion aleng the discontinuities exists than in the
case where the discontinuities are continuous. Filling

materials(}n discontinuities may be composed of clays.

‘ So the mechanlcal propertles of the d15cont1nu1t1es can

be changed due-thdlfferent clay‘mlneral contents of “the

filling material within the discontinuities.

"Groundwater conditions

Grodndwater_can gromote‘instability of'slopes in
the following ways:

a. Water pressure along discontinuities reduces



effective normal stress between rock walls.,

b. Water 'in the pores of~roeks and‘filling materials in
discontinuities speeds weathering, solution and
disintegration of thelrook and alterS‘the cohesion
and frictionallproperties‘of the infilling materials

* and rocks.

9} Roughness angle if any exists. Roughness angles are
jrepresented as the meesured~engles betneen”the average
.dips at the sites and the dips measured on the scale of
- the .measuring lengths. In‘most of the situations, the
' measuring lengths are.0.91'm. But 3 m and 5 m are also
used as meas{fring lengths sometimes in order\to find the

roughness angle on larger measurlng ‘base lengths ‘than
0.91 m for the stablllty analy51s. In the field
'1nvestlgat10n, when the measuring base length wes'larger
"than 0.91 ﬁ, the roughness angle was estimated by'yisal
estimations. Visal estimations were made.by tracing.the
surface of a rock-léyer with the help“of the geological'
compass. The measurlng lengths are also reported in the
thesis. For example, 5 /0 91 m indicates the roughness
angle is 5% when the measuring base length is 0.91 m.

10. Thickness and volume of the.potential sliding mass.&\

11. Evidence of movements and failures of the.slopes.

12. Proflle of slopes_. ‘ |

The shape of, the slopes at most of the s1tes can be

descrlbed as either planar or iconvex. The slope angle of

" a planar overdip slope does not noticeably change from
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‘the “oenof the slope to the top of.it. The convex
overdip slope consists of two parts. The lower part is

" an overdip- slope, on which the bedding dlp is less than
the slope angle. The upper part is actually a dip slope.

. At some s1tes the upper parts are still overd1p slopes
but the slépe angles are less than those of the lowerQ
parts - . -, . | ’

-Based on the results of strengths of intact rocks,
"weathering conditions, spacings of discontinyities,
or1entat1ons of d1scont1nu1t1es, wldthglof Alscontlnu1t1es,
51zes and the fill of discontinuities and groﬁndwater
cond1t10ns, the rock mass strength ratlngs for the rock
.maSSes on slopes can be calculated. The clasS1f1cat10n of
Selby (1980) for rock mass strength ratings is used to.
calculate rock mass strength ratings in this thesis.

In the individual field descriptjon, the names of
parking lots, hiking trails, and places are from thetmaps of
Rlbbon Creek/Spray Recreation Areas Summer Trails and
Kananaskis Provincial Park Summer Trails produceo“by Alberta
Recreation ‘and Parks, De_sign.and Implementation Division, ,.‘
Graphics, Design Branch in 1985. )

A‘senies\of air photographs of 1:15840 taken;in 1958
{Fig. 3;1) are used for the prellminaf; office‘work. In this
thesis,.all the-working sites are shown‘on the overlays of
alrfphotographs. The locations of the centre of the sites
are represented w1th the coordinates u51ng the principal .

A}

p01nt of the photograph as the origin of the coordlnates
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‘YNorris, 1972). An example is in Figure ?.2; In this exampkeh
thesceordinates of the point #1 are (10 mm, 20 mm) and. those
of the point #2 are_(-50~mm, 40 mm) with respect to the
origin..The stratigraphy and geological strueture ?n the 4
overlays were detesmined based on the geoloéical map of
Seebe-Kananaskis Area (Bielenstein et al., 1971) during the
preliminary office work and confirmed in the ﬁieid
1investrgations;\

Cross~seetions and geoldgical‘coulomns are also used in
the field descriptions. The scales of the cross-sections in

-

‘the,thesis are same both in the horizontal and vert#cal
directions.” So only one scale is given in each B
cross-section. The descriptions of rock types in the
geologlc coulomns to show the lithology around the estimated
potential sliding surfaces 1nc1ude only colour, graln 51ze
andvrock type because it seems that only grain size and-rock
type 1nfluence changes of basic frlctlon angles of
crystalllne carbonate rocks and sandstones.

All the work1ng s1tes in the study area are'grouped by
the areas and described in this chapter. Cruden and Eaton
(1985a, 1985b) investigated .the rocksllde hazards in
Kananaskis Country and descr{bed several sites. Some areas

in the thesis fall into the sites of Cruden and Eaton

(1985b) and these areas are going to be mentioned in this
v ’ [

—

fchapter.‘
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3.2 Area north of Mt. Lougheed

" Three sites (Fig. 3.3) were investigated in the‘area
during the. summer of i986. The'siles are 500 m ?0 1500 m
eaét of the Driftwooé Picnicking point on the east shore of
the Spray Lakes ﬁeservoir. The access is from the
Smith-DorriensSpray Trail. Park about 1 km southeast of the
Driftwood Picnicking point then kike,east to reach the
sites. Fairholme Group, Palliser Formation, Banff Formatiom
and Rundle Group outcrop in ‘the area. All the strata around

. . . " >
the three sites are dipping southwest.

3.2.1 Site 1 !

The center of the sitg is at (f10mm, -45mm) on the air
photograph AS 745a5043 108 and the site is 500 m east of the
road. The rdcks around the 'base of the overdip slope are
interlayers of gray, fine to coarse grained limestone, gray,
fine to medium grained.limestone and light gray, coarse
grained limestone of the Rundle Group (Fig. 3,4); The rocks
~are thinly to medium)bedded. The Schmidt Hammer readings do
not vary with rock types and are 45+2. The potential sliding
surface is within 10 to 20 metres from the base of the
Rundle Group. The aftifudes of the bedding surfaces are
235°/36°; There are two joint sets and the attitudes of them
are 55° /54° to 80; and 235° (strikej/around 90°
_respectively. The spacings bf the beddi;g surfaces and the
joikts are about 50 mm to 200 mm end 50 mm to 100 mm

, respectively. The beddinyg surfaces are continuous and

~
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Figure 3.3 Geology and Working .Sites North'of Mt. Lougheed,
P ‘ -

‘Based on the Air Photograph AS 746 5043 108
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WIthOUt £ill materials. No groundwater seeps out of theA
slope. The slope is. convex and consists of an overdlp slope
| part and a dip slope part (F;g.~3.5). The slope angle of: the
4 overdlp slope is 45°%, A Urshaped'valley is in frOnt;of the -
slope so the overdip slope’was formed by glacial processes.

" The roughness,angle of the bedding surfaces is )
10°/0.91m. o |

The thickness and the volume of the potential stiding
mass are 60 m and 26X10‘ m>. respectively.

Sinoe the beddiog'shrfaces-are quite steep_and there is
no lateral restraint for sliding, there ﬁight be some '
cohesion.betyeen the bedding surfaces to prevent toe slope‘
fsom slidino. | |

i

J
§

3.2.2 Site 2 j' | S R |

| The site is about 1500 mpeast of Driftwood Picnicking
point oﬁ the east shore of the Spray Lakes Reservoirland the
oehter oﬁ the site is at the point (60mm, -5mm) with.respect
to the principal poi;i of the air photograph AS 745 5043

108. The'rocks outcropped on the slope are dark grey, medium
bedded[ fine to coarse aineﬂ limestones of the Palliser
Formation. The Scﬁmidt i;;ﬁér reading is 4613.'The'attitode
of the bedding surfates is 220 °/25°, Two joint'sets exist
here and the att1tudes of them are 40° to 50 /65° to 80° aad
220° (strlke)/around 90° respectlvely The spacings of the
bedding surfaces and the ]01nts are about 200 mm_and 120 mrr,

-~
. to 450 mm fespectlvely. The beddlnc surfaces arw nuntlﬂUOUS ?

E
. ‘ .
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and without fill materials. No groundwater seeps out of the
slope. The bedding surfaces daylight on the slope formed:by.
a small gullytlfhé glope angle is only 27°, therefore the
slope is close to a dip slope. Anﬁoverdip séarp with the
thickness of the strata of less than 2 m can bé‘seent Most.
,of_thé slope is covered by the loose foék debris. The'slope
iS‘piénar. |

The main'tfpes of rock mass ﬁovements Fre rock‘falliﬁg

and rolling'down the slope and the rock blockstare mainly

produced‘bybthé joint sets.
3.2.3 site 3 ‘

This sgte.is ébout 200 m éoutheaSt.of Site 2 and the
.center of the site is at (80mm, -15mm) with respect to the
'p:incipal point- of the air photograph AS 745 5043 108. The

'récks outcropped on the slope are da;k grey; fhinly td

, . _ ‘
medium bedded, fine to coarse grained limestones of the .

N [ . N . 4 - .
-Palliser Formation. The Schidt_Hammer reading is 47+2. The

attitude of the bedding surfaces is.2209/25b. demjoint‘sets
extst here and the attitudes-of them are 405/659 to 80° and
"%220° (strfkeb/aréund'90°trespeétively. The spacings of the ‘e‘~
bedding suffaces and thg.joints are about 50_mm tg‘ZOO mm

“and 120 mmwto 450 mm‘reépebtively. The bedding suffaces are *
WégntinUOQS'and withoutfﬁill materials. No groundwaier seéps )
6u£ of'the slope.'fhe slope is similarwto'phat at Site 2.

‘The bedding'5urfaces éaylight on. the slope forméd by a smaii

gully. The 'slope éngle‘is only 27° and the thickness of the
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' thin layers forming'the overdip scarp is less than 3 m,
' ”therefore'the'siope is close to:a dip slope. Most of the

slope is covered by the lpose'rock d%brisﬁ The slope is
x :

planar.
The main types of rock mass move%ents are rock falling

|
and rolllng down the slope and the rock blocks are mainly

|
[

‘prodyced by the .joint setsy \i'
5 Wy . “
e ]
b . ' ‘l

3.3 Area 'of Mt. Lougheed - . 1”
Three sites (Fig. 3 6) in the arep were visited in thé

summer of 1986. Access is from the Sm1th Dorrien- Spray

Trail. Park at the .point where the eastlng is 618300m and

the northing is 5645600m on the 1: 50000 topographlc map. A

'creek flows west 1nto the Spray Lakes. Res \(oa here. Hlke g
east along the creek for 2500 m to reach Site 4 and hike

another 2 km to reach Site 5. Park at the point where the

easting1i: 60m and the norhring is:5647600m on the
1:50000 \opegTaphic map. Hike east along the creék'here for
'1:.3500 m Eo’reach Site 6. The Rundle:Group, the Banff |
Formation and the Palliser;Eormation outcrop in the‘area.pA
syncline and an antidljhe go throUgh.the area.r
q ’ ' ‘

3.3.1 Site I

The center of the site is at the p01nt (-15mm, -30mm)
with respect to the pr1nc1pal point of the air photograph AS
745 5042 55. The rocks here are dark. grey, fine gralned
xcherty llmestone and bedded black chert of the Banff

L o | s



Figure 3.6 Geology and Working Sites .in the Area of Mt.

Lougheed, Based on the Air Photograph AS 745 5042 55
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Formation. The Schmidthammer reading is‘about 44:2;‘This‘_
overdip slopé’is on the west limb of an anticline but it is
close to thé hinge of the anticline. The dip direcfion of
the bedding surfaces is 240° and the dip is from 0°'around
the hinge of the anticline t6 20° around the scarp of the
overdip slope. There are two joinht seés and both of them are
perpendicular ta the bedding surfaces. The strike of one
join; set is perpendicular to that of the bedding surfaces.
and fﬁéxst:ike of the other joint set is paréllel to that of
- the bedding surfaces. The spacings of thg‘bedding surfaceg
sare bétween'BO mm and 250-mm and fhe spagings of the joints
‘ a;e‘glso bgt&een-SO mm -and ZSOiEm. The p!ddiﬁgnsuffaces are
continuous and without fili maﬁérials. No groundwater séeps
out of the:slope.'The slope is planar and the slope angle is
37°. Because the dip angies-of the bedding surfaces are less
than 20° whichAis less than the lower bound of basic
friction.angles of any rock type'(Eaton, 1986), the site is

{
no longer considered as a potential rockslide.

3.3.2 site 5 and Site_G

The centers of Site 5 ana Site 6 are ét the“points
(85mm,u—10mm)’and (35mm, 65mm) with respect to the principal
péin& of the éir photograph AS 747 5042 55. Both the sites
‘are within the Rundle Grodb and also both of them are around
wthekhihge of the syncline here., It is difficult to climb up
the two sites. §o no detailed investigations were conducted

at the sites. But it can be seen at a distance that the
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bedding surfaces dip at less than 15°. The site is no longer

considered as a ,potential rockslide.

3.4 Area of Mt. Sparrowhawk
Four sites (Figs. 3.7 and 3.8) were inVestigated during
the summér of 1986 in the area. The area is within the area
immediately éasf of the Smith-Dorrien-Spray Trail iﬁ‘Cruden
ana Eaton (1985b). The access to the sites is ffo@ the
' Smith-Dorrien-~Spray grail. Park 550 m north of the |
Spafrowhawk pafking lot and hike.up eastward for_about'1000:
m to reach sit; ~.The other sites are soﬁtheast of this
;site and on the nor£heast side‘of the same valley. All the
sites are in the Rundie Group and the bedrock dips to the
southwest. One large rockslide occurred ﬁn the area. So this
area is active with respect to rocksliding.
s

3.4.1 site 7

' The center of this site is at the péint (-75mm, -25mm)
with respect‘to theaﬁrincipa1 point of the air photograph AS
745 5041°11. The bedrock at the site is composed of
limestone and dolostone and black chert nodules also exist
locally (Fig. 3.9). The grain sizes of the liméstonés véries
from fine to coarse. The Schmidt Hammer ;eading‘for the
rocks here is 5]&2. The attitude of the beddﬁng surfacesbis
235° to 240°/2?° to 32°. Thare are two joint'sets and the
attitudes of them are 55° to 60°/55° to 60° and-240°

(strike)/about 90° respectively. The spacings for the



Figure 3.7 Geology.and Working Sites in the Area of Mt.

Sparrowhawk, Northern Part, Based on the Air Photograbh AS
7455041 11
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Figure 3.8 Geology and Working Sites in the Area of Mt.

Sparrowhawk, Southern Part, Based on the Air Photograph AS
746 5040 206 °
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¢

bedding surfaces are between 250 mm and»SOO‘mm and the
spncihgu for the two joint sets are about 250 mm ané 25 mm
to 2 m, The beddxng surfaces are contxnuous and without fill
material. Very little groundwater can be seen seeping ouq of
the bedding planes the base of the overdip slope. The\,
roughness angle is 0°,0.91m. The slope is corivex and
consists-of an overdip pént and;afdip part iFig. 3.10). fhe-
SIOpe'angle;fbr the overdip‘;lope is 45°. - a
The thidknes;iand thevv013he of the potenéial sliding
mass are 28 m u;d 30x10* ﬁ’ respectively. There are.no |

4

" significant lateral restraints.

3j.4.2 Site 8 ' . .
' \ @

The site is 250 m southeast’ of Slge 7 and the center of‘
the site is at the point (-35mm,’ﬁ50mm) with respect to the
principal point of the air phptogréph AS 745 §O41 11. Coarse
grained limestonesﬁénd fih@ gkéinedﬁlimestones outcrophqn
the slope. The rocks aro?nd thefbése of the errdip slope
are mainly coarse'grained limestones. Bﬁt 60cm layer of
yellowish fine gra1ned 11mestone also exists aroundathe baSe
(Fig. 3.11). The Schmxdt Hammer read1nq is 52+1. The
attitude of the Bedding surfaces 15'235 /28° to 34°. Theré‘ 
are two joint ‘sets and the attltudes for them are 65°/55° to.
60° and 235° (strxke)/around 90°. The ‘spacing for the
bedd1ng surfaces is 25 mm tq 600 mm and the spacings for the

two joint sets are 250 mm to 500 mm and about 5 m. Fine

grained limestones have smaller discontinuity spacings  than
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~coarse gra1necwg1mestones. The bedd1ng surfaces are

contlnuous and w1thout fill materlals. Very llttle

groundwater seeps ou ;he,slope from the bedd1ng planes

around the base of | ﬁp"slope.'The rouéhqess angle is
'0°/0.91m. - |
~ The thickness and the volume of'tﬁe'potential slidi%g
mass are 24 m and 10%10° m? resbeCtiveif, The eloﬁe is
convex and cqneists>of an overdip part and a dip'part (Fig.
3.12). |
The slope aeglexof the overdip slope is 49°. There are

no significant-lateral restraints on the'potential'sliding

.mass.

3.4.3 Site 9°
| Tﬁe site is about 1000'm southeast of Ehe site 8 on the
east slobe of the seme velleY‘ The cep%er of‘the.site'is”at
the ﬁbint (20mm, -80mm) with respect to the pr1nc1pal point
of the air photograph AS 745 5041 11, The rocks outcropplng
on the overdip slope are llght grey, coarse. grained, medium
‘bedded lnmestone. Only axound the base of the overdip slope-
can fine grained limestone Se.seen. The Schmldt Hammer
reading here is 4241. fhe‘attitude of the bedding suffaces
nis'23q5 to 240°/29°. There are two joint sets and the
‘attitudes of them are 240°,(Strike)/ab0ut 90° and 60°/55° tc
65°. The,spacing fer the'bedding sufaces is 100 mm to 250 mn
. 3nd the spacings fof the teo joint sets are 106 mm to 1500

mm and 50 mm'to 450 mm. The bedding surfaces are continuous
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and Without”fill materials.th groundwateﬂ’seeps'out of the
slope. The roughness angle is 5°/0.91m and 0° /3m by
.estlmatlon. The slope is planar (F1g 3.13) but the slope
angle becomes smaller around the top of the slope. The slope
angle is 40° here. 'Below”the baSe of the overdip slope the
slope type is dip slope. The dlp angle of the bedding planes
here is around 35°, wh1ch 1nd1cates that the rock masses
will §I§ﬁ§f1f the bedding d1ps over 35° along.the beddlng
surfaces around. the toe‘of-the overdip slope. The thickness
and the,veIUme of the potential‘sliding mass are 28 m and.
18x10° m® respectively.

3.4.4 Sit@ 10

‘ This site is JOOQ,m southeast of Sité 9 on the east
slope of.the valley,‘The.center of thebeite is at the point
(40mmn iSmm) with reepeet to the prineipal point of the'air
photdgtaph AS 746 5040 206. There is a large tockslide‘
betneen Site 9=and_site 10. The rocks on the overdip slope
‘are ljght‘grey,'COarse'gtained, thinly‘to massively bedded |
limestone, Aronnd“the potential sliding surface there is a'
layer of fine grained linestone abbnt.1m thick. The échmidt
Hamﬁet reading is 4241 The att1tyde of the beddlng surfaces.
is 2055/30°: mhere ‘are four 301nt sets here and the

att1tudes f%rwgwree of them are 205° (strlke)/ around 90°,

d 95 /65°. Another joint set is subparallel to.

100° /ss°F_
A

the bedding surfaces. The spaclng of the bedding surfaces

anduthe_spacing"%fethe«joint set -subparallel to the bedding
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i :
>lanes are d1ff1cu1t.to measure due to mutual cr0551ng of

:he two sets of the d15cont1nu1t1es. They appear to be  w

larger than 50 mm\, The spacings for the ‘other three joint
L 2

jets are 25 mm to 250 mm, 25 mm to 250 mm and 50 mm to 1 m. g&
"he bedding surfaces are continuous and without f£ill
-~ )?7 ’

raterials. No groundwater can be seen‘seeping out of the

310 he,roughneés‘anqle is 5°/0.46m and 0°/0.91m. The

shape of the\potential sliding mass is narrow and long, 1700

\ by 240 m measured ‘from the air photograph. It ektends in
;he'direction parélléi to the strike of the‘bedding_
;uffaces. The:slope is planar but the slope angle'becomes
imaller around thé top of the slope. The slope anglés‘varies
‘rom 38°vto‘é5° at different sections (Fig. 3.14),. The

verage thickness of the potential sliding mass in
{rbss-éections parallal’to>the-dip directiqn of the slépé
:haﬁges from 20 m'to 110 m. The part withyaverage'thickness
.arger than 90 m in the cross—section seems to be butreséed

‘he estlmated avarage th1ckness for the s1te and the volume

f the potent1a1 sliding mass are 75 m and 48x10° m®.

1.5 Quartzite Ridge Area
The area is east of the Spray Lakes ﬁesérvoir and there
re*three- sites, ‘11, 12 and 13 (Fiqg. 3.15). Site 11 ana Site
2 are w1th1n the area immediately east of the
»mlth -Dorrien-Spray Trail in Cruden and Eaton (1985b)
(ccess is. from the Smith—Dorrien—Spray Trail. Park about 200>‘

1 north of ghe. Spray Lﬁkes Parklng Lot. A small creek flows

"w\’«’k A4 ; k.
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from east to west.‘hihe east_alono the creek for 1000‘m to
reach Site 11. Sites 12 and 13 are.south‘of Site 11,
Rockslldes are active 1n the area and rocksllde dep051ts are
distributed around Site 1, Site 12 and in between,
y |
3.5.1 site 11
The center of the site is at the point (—15mm, 30mm)
w1th respect to the principal point of the air photograph AS
746 5040 204. The rocks are light grey to white, fine’
grained, thin to medium bedded, planar cross-bedded quar}z
sandstones of the Rocky Mountain Group. The Schmidt Hammer
reading‘hére is 44+1 The attltude of the beddlng surfaces
“stm5§§37553. There are three 301nt sets at 55° /35° 55° /65
and 235° (str1ke)/_about 90°. The spac1ngs of the bedd1ng
ysurfaces are from 25 mm to 200 mm. The spacings of the three
/joint.sets'are 25 mm‘to 500 mm, 25 mm to 500 mm and aroohd
50 mm. The bedding;surfaces are continuous and withogt;fiil
’materialst No groundwater seeps out of the slope.cﬁhe“ N
roughness angle is 0°ﬁ0191m'.‘The slope is'pianar'bdt the
slope anglewis smaller arouhd the top of the slope and .
greater around the foot of thenslope due to erosion (Fig
.16). The slope angle of the overdip slope except the top
and the toe is 38° !’hd vegetation is well oeveloped on the

slope. The average thickness and the volume of the -potential

rock%'gge are 60 m and 14x10¢ m? respectigely,‘ a



Figure 3.15 Geology and Working Sites in the Area of

Quartzite Ridge, Based on the Air Photograph AS 746 5040 204
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Figure’ 3.16 Cross-section at Site 11
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3.5.2 site 12
‘This site is 600 m southeast of'éite‘11 and the centre
of the site is at the'point (70mm, -15mm) with respect to
the principal point of the air photograph AS 746 !M40 204.
The rocks here are light brown to white, fine grained,
~laminar cross-bedded squartz- sandstones of -the Rocky Mountain
Group. The Schmidt Hammer reading is 52+2., The attitude of -
the bedding surfaces is 237%/25°. There are two joint sets
and thé attitudes of them are 60°/ 65° to 70° and 237°
(strike)/faround‘90°. The spécings of the bedding surfaces
are 25 mm to 600 mm. The spacings of the two joint sets are
50 mm to 500 mm and 25 mm to 500 mm. The bedding surfaces
are contlnuous and without fill materials. No groundwater
seeps out of the slope. The roughness angle is 0°/0.91m. The
shape of the potential sl1d1ng mass is narrow and long, 1600
Jm by 300 m measured from the air photograph A, large‘
rockslide occurred at the north end of the site. The slope
isvplanar but the slope angle.becomss smaller around the top
of the slope (Fig. 3.17). The siope angle is about 37°.'Ths‘
average.thiokness and the voiume of the potential rockslide

are 90 m énd 62x10°¢ m?,

’3 5.3 Site 13

Th1s site is 1000 m south of Site 12 and the center of
the s1te is at the point (50mm ~75mm) with respect ta. the
pr1nc1pal point of the air photograph 'AS 746 5040 204 The.

rocks here are dark to llght grey, flne,gralned,;dolomltlc
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Figure 3.17 Cross-section of the‘slope at site 12
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sandstones of the Sulphur Moonta1n Formatxon“ The SChmidt’

L N t'\t . -v'fm\ .\ . ;."'hﬁ.an

Hammer readlng heére is 52+2, The attxtude‘of é;ﬁ
surfaces 1s 240°/20°, There are two 301n: deth’ an‘ the
attitudes of them are 60°/75° and 240° (strhke)/ about 90°.
The spacings of the bedding surfaces are around 50 mm.. The
spacinég of the two joint sets are 25 mm to 1000 mm and
larger than 50 mm. The bedding surfaces are continuous and

o

without fill materials. No groundwater seeps out of the.
slope. The roughness aﬁgle?ﬁl 0°/3m by estimation. TH slope
is planar and the slope angle is 40°. But local slope angles
can reach 45°, All the slope 1s covered by rock debris. From
the observations at ;he site ®he main movemeﬁt type for the
rock mass hére is that rocks disintegrated and then moved
down the slope slowly, as a sock ?lacier.
3.6 Area of Mt. Buller and Mt. Engadine

There are three sites in the area (Fig. 3?18 and Figqg.
3.19) and all of them are on the hanging wall of the Sulphur,
Mountain Thrust. Sites 14 and 15 are in the Fairholme Gfoup
and Site 16 is in the Palliser ?orﬁation. Access tgﬂ;hese
sites are from the Smith-Dorrien-Spray Trail. i“ s
3.6.1 Site 14

The center of the site is at the point (jSOmm; -5mm)
‘with respect to the principal point of the ai; photograph AS
746 5039 155. Park around 4000 m north of the ﬁuller

Mountain Parking lot and hike southeast for 1000 m to reach



Figure 3,18 Geology and Working SitésxarOundﬂMt. Buller,

3

Based on the-Air Photograph Asf746”503§ 155

o






Figure 3{19 Geology and Working Siées east of Mt. Engadine,

Based on thé‘Air Photograph AS 746 5038 109

i
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the site. The'rocks at the site are light grey, coarse

grained, medium bedded dolostones of the Fairholme'Groupr

The Schmidt Hammer reading hére is 51+2, The attitudeﬁof the -

bedding surfaces is 245°/34°, But arOund‘thestopvof the
slope the.dip of the bedding surfaces decreasés to 31°. / -
There are three joint sets @t 60?/55°5to 60°, 240° (strike)/
around 90° and é005/65° to %0°. The spacings of the bedding
surfaces are 100 mm to 250 ﬁm. The spacinés of the three
“Joint sets are 100 mm to 1 m, 250 mm to 500 mm and lé;;er
than 100 mm., ' The beddlng surfaces are contlnuous and w1thout

£ill mater1als. Very l1btle groundwater.seepS‘out of the

'Q:The roughness angle is 0°/0.91m. The_%lope is planar
"3.20). The slope angle of the overd1p slope is 37°.
The average thlckness of the potential slldlng massuls 10 m,

The volume of the potential rockslide'is 2.3x10° m?.
) ‘.\ :

&\

"3.6.2 Site 15 . . . l , .
The center‘of the site is at the poi§§\£55mm -90mm) .

with respect to the prlnc;pal p01nt of the albrphotograph AS

748 5039 155 ‘Park at the Buller Mountaln parksng lot and

hike along the h1k1ng trail to the east for 4000m to reach
_the s1te. The rocks around the base of 1he overd1p slope are
dark greY} fine'grained,tmedium bedded dolostones of the
Falrholme Group There are also some thin layers of chert.‘h
*The Schmldt Hammer readlng here 15 around 46+2 The attitude

of5the bedd1ng surfaces.rs 235°/20°. There are three?joint“ﬁi
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The attitudes of the‘d!her two joint sets are 60°/70° and
$235° (strlke)/around 90°. The spacings of the bedding
.‘surfaces are 100 mm to 400 mm. The spac1 gs of the two joint

sets wh1ch are not subparallel to the bedd1ng surfaces are

50 mm. tp 400 mm and around 400 mm. The bedd1ng surfaces are
'contln!%us and without fill materlals. Venxillttle

bgrouﬁdwater seeps out of the slope. The slope is planar and

the slbpe ‘angle for the<o pydi ﬂi ppe is 37°. Because the

T . A
is 'no longer considered a@®

’3.6.3 |

' e 1s east of Mt. Engadine and the‘oenterbof_the
51te i’ at the p01nt (- 20mm -70nm) with respect to the |
pr1nc1pa1 p01nt of the air photograph AS 746 5038 109 Park A
at the Buller Mountaln parklng lot and hike east for. 3000 m
-along the Buller “k,hlkmg tra1l Then turn right into
the valley and hik® another 2500 m to reach the site. Th"
site is u14ﬂm Palliser Fo%matlon and the rocks are ‘dark . 1
grey,,f1ne to coarse gra1:2d th1ck1y to thinly bedded
limestones" The Schmidt, Hammer re=d1ng is 52%3. The attitude‘
of the bedding surfaces is 235° /30°. There are twoujoint
'séts’at 60 /70° and 235°,(str1ke)/90?. The spaoings,of_the

_kﬁgedding surfaces arepgslmh to'BOO mmiNThe spaoings of the

W joints are*from 50@mm<to°400 mm,‘The bedding;surfaCes are

" contlnuous and without frll materials. A 11ttle groundwater

; seeps out of the base of the - overdlp 510pe. The overdip
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Figure 3.21 Cross-section of the-slope at Site i6
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" siope is just above an old cirque. The slope is planar and =
the slope angle is 44°;(Fig, 3.21). The average thickness

and the volume of thomgate?tjal rockslide are 25 m and _

©1.5x10* m?,

*$3 7 Arei of - North Ribbon Creek
,,There are four 51tes, 17 18; 19 and 50 in thlS area
. (Figs. 3.22, 3.23'andv3;24). The dccess is from No. 40
.hxghway .Park at the parklng lot of Ribbon Creek. Walk about
3 km along the Rlbbon C;eek h1k1ng'tra11 and then turn r1ght )
to enté}dNorth R1bb9n CrEek 3%11ey. ﬁé@% another 4 km‘té*w =
3 e

reachthe"rea. F oo . . oo
i ' Bl . ; 7 ( 7

P

@1‘3.7.1 Site 17 (Mt. Bogj&gf,_t“_),'/"/'. <o
. The center of this siﬁe is at the point (-35mm, 15mm)
:with respecf'to the principal pbint of_the air.photograbh AS
74§ 5040 208 and thi site is on't eﬂleft*side of theiNorhh
R@bbon Creek (lookihg up the cree;). Because it is tQPk
_gifficult to qlim§ up the slope, only the base of the slope
- has been -investigated. The site is with%n*ghe.Rundle Group.
The rocks here are light grey,thlckly bedded, medium to .
coarse gralned limestones. The Sch1m1dt Hammer readlng hé{e
are 52+3 The hinge of a syncllne is through the foot of fhe\
'~slope. The peddlng surfaces™near the base of the s;ope arg’
nearly hbrizontal;.The-dig angies.indfgaéf‘froﬁ the toe to .
the topiaf thé»slopé. Thgfg is a‘dip slope part on the upper

N paftﬂof the slope. There are three. joint sets, One joint set

'
L



Figure 3.22 Geology and Worklng Sites in the Area of Northv
jraph AS 746 5040 208

—

o

|
|
|
Ribbon CreelT ,» Based on the Air Photg
!
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Figure 3.23 Geology and Working Sites in the Area of North

~

Ribbon Creek, 2, Based on the Air Photograph AS 745 5041 12






Figu 3.24 Geology.and Working Sites in tHe Are

. .
Ribbon\ Creek, 3, Based on the Air Photograph A
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is. subparallel to the Bead;ng surfaces and the att1tues Sf
the other two Jo1nt sets are 70° (str1ke)/‘90° and 260° /759
around the base of the sloper The spacings of the beddlng .o~
‘surfaces are about 500 mm, The spac1ngs of the two 301nt

r

sets whlch are not'subparallel to the bedd1ng surfaces are
75 mm to 250 mm and 75 mm.to 500 mm The' bedding surfaces‘
are’ contlnuous and w1thout flll mater1als. No groundwater

seeps out oﬂ'the slopet The slope angle of the lower part of

the slope is 57°

'37281te18 o ‘_'AQ o , o
Thls 51te is jUSt 400 m east of the peak of . Mt.
) Sparrowhowk Thé“center of'the~sate AGe.at. (20mm, —15mm) with

THTEE T ey

respect to the pr1nc1pal p01nt of the air photograph AS 745
5041 12. Slnce the h1nge of an antlcllne is through the
51te, The beddlng d1ps less than 15° by est1mat10n. So ‘the
51te is no -longer cbn51dered as a potent1al rocksllde. No

further 1nv1stlgations have been wade..

3. 7.3 S1te 19 . o Q/
| ) The center of the 51te 1s’at the po1nt (90mm, SOmm) .
“with respect to the principal p01nt of the air photograph AS
745 5041 ]2. The rocks here are dark grey, th1nly to th1ck1y
bedded med1um to coarse . gralned 11mestones w1th abundant
nodular chert. The-51te 1s around the base of the Rundle
Group. The Schm1dt Hammer readlpg here ‘is. 42+2 ‘The attltudeﬂ

of the beddlng surfaces 1s 250° /20°. There are two 301nt
S , ¥ e



IS I

' sets and the att1tudes of them are 70° / 65° to 80°‘and 250° 2

(strlke)/ around 90° ’The spac1ngs of the bedd1ng surfaces a

are 75 mm to 500 mm The spac1ngs/gf tHe two joint sets ale
75 mm to 1000Q° mm and 75 mm.to 400 mm. ‘The beddlng,surfaces
are COntanOUS and w1thout fhll materlals. No groundwater K
'seeps out of the slope. The slope is planar and*the slope |
.angle is 40° Because the dlp angle of the bedd1ng surfaces

. &

is only 20° ‘and this value is smaller than the basic

frlctlonaliangles of the limestoneés (Eaton 1986) the site

~is no loqger-con51dered.as a potent1al'rocksllde.

-

»

3.7.4 S1te 20" - (\
‘ The center of the site is-at the po1nt ( 7mm 30mm)
w1th respect to the pr1nc1pal po1nt of the alr photograph AS
745 5041 4. ‘The . rocks here are dark grey, f1ne to' coarse
',gra;ned, thinly to medlum ‘bedded llmestones of the Palllser
;/Formation. The Schm1dt Hammer reading is 45+1. The attrtude
of the‘heddiﬁg;surfaces is 235;;44°. There are threeﬂjoint ‘
sets at 1zo°/89{, 20°/65° and‘70°/50°,°rhe spacing of the .
hedding surfaces arer25'mm to‘250§ﬁm.'The joint’spacings are
between 50 mm and 560 mm." The bedding surfaces are'
continyousfand without fill_materials; No groundwater.seepsz
out of the slope. The'roughness anole is 3°/0.46m and .
0°/0.91m. Some rock layers sit on-the beddlng surfaces to
,,EEET,EEE,QXﬁLd%p’SEgtp’a;d-the slope angle of the overdip

- slope is 459.(319. 3.25)..The thlckness of the sl1d1ng mass

is 10 ms: The volume of the ‘potential sliding mass is 2.8x16:

. - Yl .
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Figure 3.25 Cross-sections of -the slope at Site 20
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3.8 Area of Ribbon Creek - . TN

-

5Thete are thrée sites, 21, 22 and 23 (Figs., 3 26 and

A}

3.27) in the area, Access is from No. 40 nghway .Park at

Rrbbon Creek parklng 10t ‘and h1ke west about 13 km along

the R1bbon Creek h1k1ng tra11 to reach the R1bbon Lake ]ust

:381S1te21 .

‘above thewaibbon\waterfalls.‘All the sites are around here.

\J

ARE] .
- [
. . S e -
» . i N . s

»

N

: The center of the site is at the~22}ﬂt C30mm 2—5mm)
with respect ‘to the pr1nc1pal point of the air photograph AS
746 5039 157. The rocks here are medium grey, f1ne’;o medlum
grained, thinly to th1ck1y bedded quartz.sandstones of the

Rocky 'Mountain Group. The Schm1dt Hamme! readtng here 1s
#

53%3. The attitude of the beddlng surfaces is 250° /24° .

-~

There are three joint sets here. One jOlnt set is
N . * .

subparallel-to the beddlng blanes.'The attitudes of the

other two jo1nt sets’are 70°/70° and 250° (strlke)/ around
K] ﬁi’z

9@' ‘&n spac1ngs of the beddlng surfaces ‘are 75 mm_to 1 m:

~
The spacings of the joint sets whlch are not subparallel to
T N .

the beddind planes ared75 mm to 1 m and less than 120 ‘mm.

The bedding surfaces are continuoys and without, fill.
. B ‘ . - .

zmaterials. A-little groundwater seeps out of the slope. The

roughneSS'angle is~05/0 91m, The slope.is planar and the

slope angle 1s 40°. The maln“movement type of the slope is

falllng and rolllng down of rock blocks producgd by joints..
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 Figure %.26 Geology and- Working éit,és in the \Area of 'Ribbon
Creek, West Part, Bés:ed on the Air Phdtogra'ph AS 746 5039
St L ¥4 . : . ‘ :
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Figure '3.27 Geology ?‘2 wOrkiné Sitesfin the Area of Ribbon
Creek, East Part, gasedAon the Air,Photogfaph AS. 746, 5039
159
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Some rock fall errxs is ]ust at the foot of the slope. The

. maxlmum d1mens1on of the blocks can reach 10 m. Also

‘toppling exists here, The average thickness and the volume -

LN

of the potential sliding mass are 3% m and 9.6x10° .m°.

+

-
t

3.8.2 Site 22

w // The center of-the site is at the po1nt (70mm, ‘80mm)

: wzth respect to the pr1nc1pal point of: the a1r photograph As

746 5039 157. The rocks around the base of,the ovequp slope
are dark grey to bleck, coarse grained to fine grained,
thinly to mediumvbedded limestones. The nodulars of chert
exist in some layers. The site is in the Rundle Group. The
Schmidt Hammer teading is 42+1, The attitude of the bedding’
surfaces jsV24é°/20°f There are four joint set's at 360°/72°,

240° (strike)/ around ‘907, 30°/86° and 65°/70°. The spac1ngs

of the bedd1ng surfgcas are less tham 150 mm. The spacings

(

A

of the joint sets are 50 mm to 1 m. The bedding surfaces are

4
continuous and- without fill materials. No groundwater seeps

out of the slope. The slope is planér and the slope angle is

'37°. From observations at the ,site, the rock blocks detach

<

from each other along the joint planes then fall into the

small gullies on the slope.‘FiniiiZ?/water.flow§§r‘Snow e

i

avalanches carry these rock blocks down. So there is more

rock debris around the outlets of the small gullles on the

slope than at other places. The overdlp slope is covered by
the rock debris. Because the beddings dip only 20°, the site
is no longer considered a potential rockslide.

oL



3.8.3 site'23 ' 0
‘ The site is about 400 m sdut%east of the Site 22 and
the center-pf_the-site is at the point (-55mm, Ssﬁm) with
re;pect to the brincipalnpoint of the air photograph A; 746
5039 159. This site is 506 m north of the Ribbon waterfalls.
Because the slope is too steep, only the base of the.OVendiﬁ
glope haé been investigated, The rocks hefe are‘Eight‘grey,
coafse grained, medium to ggickly*pedded limestones of the
ﬁuné&éuGréup. The Scpmidﬁ Hammer‘feaQing is 45+2., The
"attitudersof the bedding surfaces is 265°/15°, There aée two
joint sets at 85°/75° to 80° and 265° (strike)/ around 90°.
Tge spacings of the bedding surfaces are 100 mm to 1 m..The
bsgﬁcings~for thethO join£ sets are‘7§“mm Lo 500 mm and
arognd 250 ﬁm, The bedding surfaces are continuous.and
without fill-materféis. No groundwater seeps out of the
slope. The rock layeréfdaylight on the overdip slope-formed‘
by a smali gully here} The overall slope angle for the
entire overdip slope is 37° from #he topographic map. The
slope éngle where the investigation was conducted is from

. ) . ’ . ,
50° to 60° due to erosions. The site is no longer considered

a poggntial rockslide because the bedding dips only 15?.

. 3.9 Area of Mt. Kidd I

4 There are two sites in this area (Fig. 3.28) and both
fthe-Sites are wesé éf‘the_xananaﬁkis River.>This'area is
within the area of east slopes of Mt. Bogart and Mt. Kidd 1n‘

Cruden and Eaton (1985b) Site 24 is SOUthjg’ the peak of
: R :
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3.9.1 Site 24 ‘ : , N

Mt , ded and Sxte 25 15 west of the peak of Mt. Kidd. An

dnticline and a sync11ne extend through th1s area and. both

B the sites are around the h1nges of the fold structures.

“

< -

This site is just below and south of the main peak of
Mt . Ridd. The‘center of the §ite is at the'point (-30mm,
;35mm)_with respect to the principal point of -the air
photograph AS 746 5039 161. Access to the site is from
Highway 40. Park at the parking lot of Galatea Creek. Walk
north for about 2000 m along the h;klng tra11 just west of
the Kananaskis R1ver, then turn left and hike for about 2000

m along the creek below Mt. Kidd, turn right and hike up to

~the site. The rocks on the lower part of the slope are buff

to llbht grey, coarse- gralned and cr1no1da1, medium to
th1Fly bedded l1mestones. The Schmidt Hammer read1ng‘ is . ™

50+2. The site ;s,ardund the hinge of an anticline. The

attitude of the bedding surfaces around the base of the

siope is 215° to 250°/15°kto 17°, The dip'angle'of the .
bedding surfaces increases to 20°‘up the slope. There areﬁ%
three joint'seté. One joint set is subparalle1~to the
bedding surfaces, The other two joint-sets are perpendicular
to the bedding surfaces. The strike of one joint set is '
parallel to” that of the beddinhg surfaces and the strike of
the other joint set is perpendicular to that of the bedding
surfaces. The slope angle of the lower _part of the sloée is

[4
about 50° due to undercutting and the slope angle of the .

(
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Figure 3.28 Gedlogy and Working Sites in Mt. Kidd Area,
Baseld on the }\}\'\r Photograph AS 746 5039 16!
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upper part of the slope is only 30°; The dlp d1rect1on of

the skope here 1s 200° to 210°. The - angle between the d1p ‘
‘d1rectlon of the beddlng and the d1p dlrectlon of the slope‘

is larger than 20° The bedd1ng surfaces are contlnuous and

.~ .

) w1thout flll materlals. No” groundwater seeps out of the
1slope. The 51te 1g*no longer con51dered a potent1a1 ‘ngc
‘rochsl}de,u :,‘ o o | 1 o - l -

“« .
. . . . PR
7 ' . - L 3

3.9. 2 S1te 25

Fl

. "[
\J By

This slte 1s ]USt 1000 m, west of Slte 24 and the center .
~of the 51te is at the p01nt (-85mm ‘—15mm) w1th respect to -
the pr1nc1pal po1nt of ‘the a1r photograph AS 746 5039 161
Access to-this 51te is- from nghway 40. Park at the parkr;l
:'lot of the Ribbon Creei and walk west for about 10km along
the hiking trall of the Rlbbon Creek Then turn left to hlkei'
up for about 1300 m along the gully below the site.’ Turn,
- left agaln to to hlke up the slope to reach the 51te “The*
lower part of the s1;e i§ d1p slope and the upper part of
the slope is overdlp slope (F1g 3. 29)\ The ‘ocks around the
base of thg overdlp;slope are-llght to medlum grey, coaqse
grained, thinly‘to‘thickly'bedded'limestones.—But'a thin»

"layer of yellowish very f1ne gralned, 'mestone outcrops on

the d1p slope as at Site 8 The Sg mldt ammer readlng 1s
4312.‘?he‘att1tude of the beddi g'surfaces around the base
af the overdip ’51op'e is 230°/15° to 35°. THe kva'rJiatdon‘ of
.the d1p angle of the beddlng surfaces is due to the fold

‘ structure here. Oom the dip slope the d1p angle of the

N 13
©
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bedding‘surfaces is 35°, The dip of the bedding planes.
decreaSes from aip‘slope part to overdip slope part. On the
overdlp slope the beddlng dlps less than 15°. There are
three joint sets. One 301nt set is subparallel to the
bedding planes. Both the other two 301nt sets are ‘
perpendlcular to the beddlng planes. The strike of one joint
set is parallel to that of the beddlng surfaces and the
vstrlke of the other 301nt set is perpend1cular to that? of.
the beddlng surfaces. The spac1ngs of the bedd1ng su;faces

. are 50:mm to 500 mm. The spac1ngs of the two 301n sets which
‘are not subparallel to the, bedd;“gxsurfaces are 50 mm to 750

‘MM and around 150/mm The*bedd1 surfaces are cont1nuous

‘and w1thout flll materlals.f

'vlttle groundwater seeps out -

"of the slope. The slope angle for the d1p slope is 35*® and

‘that for the overdlp—slope 15 about 60° Because the bedding

- dip of.the overdip- slope part_ls‘Only around§4§9thhe site

is no longer considered a potential rockslide. .

B . N ‘
.

3510;Area'offGalatea’Creek } N .
| There are two sites, 26 and é? in this area (Fig,
:6 30) and both 51tes are on the northern slope of the
Galatea Creek A¢cess is from Highway 40 Park at the .
:Galatea Creek park1ng lot. Walk along the h1k1ng trall

westward to reach the two sites.



I

Fxgure 3.30 Geology and Worklng Sltes in the Galatea Creek

Area, Based on the Air Photograph AS 746 5038 113






3.10.1 Site 26 | . |
'The centre of the site is at the point (10mm,'—3hnm)
w1th respect to the pr1nc1pal point of the air photogSaph AS

-746 5038 113. Start from the Galatea Creek parklng lot and
: walk for 2 km along .the official h1k1ng trail and then turn
-r1ght to cllmb up about 500 m to reach the site. Because the
slope is too steep, only the base of the overd1p slope was

1nvestlgated . Voo e, i

The overdip slope here was formed by a small gully in

the northwest southeast d1rect1on.
The s1te is.withid the Rundle Group and the ‘rocks .

around the base of the overdlp slope are malnly l1ght gray,
coarse grained, ‘%rlnoldal llmestones. Schmldt _Hammer
.readings‘around'the toe of the overdip slope.is 42+2, The
attltude of the bedding surfaces around the toe of the .
 overdip slope is 235° /30 to 32°. The spac1ngs of the beddlng)
surfaces are 50 mm to 500 mm, fhere are fhree joint sets.
: One joint set 1s‘subparallel to the beddlng The att1tudes

of the other two jo;nt sets are 235° (str1ke)/about 90° and
55°/60° to 65°. The spac1ngs “of the JOlnt sets are between

50 mm to 500 mm. The beddlng surfaces ‘are continuous and
without fill materlals._No groundwater seeps out of the .’
slope. The Slope anglé around the foot of the s}ope 1s
’between 40° and 60° due to erosion. The overall slope angle
_from the toe to the top of “%he mounta1n are less than 40°, {.
Because thq/ba51c friction angle of coarse gralned . -~

l1mestones are around or larger than 35° (Eaton,- 1986), the



~overdip slope is not subject to sliding along bedding °
SUrfaces. ‘ ) R
3.10.2 Site 27 .
| The centre of the site is at (-82mm, Omm) with respect
to the pr1nc1pa1 po1nt of the air photograph AS 746 5038
113. Start from the Galatea Creek parking lot and walk west
for 4 km along the Galatea Creek. h1k1ng tra11 Then turnt
r1ght to c11mb up for 2000 m to@geach the 51te. The site is.
F_around.the top of-the,Rundle Group and_the bottomtof the
| Rocky Mountain Group. The rocks of the lowervpart of the

slope are yellow, medlum grey, weatherlng, fine gralned.w °

th1ckly to th1nly bedded dolostones and medlum grey, 11ght

weatherlng, coarse gralned llmestones W1th local 1nterbedded.‘

chert of the Rundle Group The rocks of the middle part and
the'upper part of the slope are quartz sandstones of the
Rocky Mountain Group. The_slopepis planar aﬁd the slope
angle isﬁ31f. The Schmidt-Hammer reading of the-carbonate
LrocksAis 46+2. The Schmidt Hammer reading of’the quartz -
sandstones is 50%3. The attitude of the beddin915urfaces is.

240°/30°. The spacings of the bedding“surfaceslare 75 mm to
600 mm. There are three ]o1n+ sets. One joint set is
subparallel to the beddlng and the -attitudes of the other
tyo 301nt sets are 150° (strlke)/about 90° and 60° /50 to
70°. The sSpacings of the joint sets are 75 mmtto_SQO mm.
Little grounduater seeps out of the $lope..The slope here is

-ﬂgn overall_dip slope beeause the differenEe bet?een the



slope.angle and the bedding dip is only one degree.

3.11 Area of .Opal Range

[

There is only one site (Site 28) in thi's area (Fig. -
'3.31). This area is within_the area. of OpalfRange, West
Ridge, North of Grizkly Creeek in Cruden and Eaton (1985b).

' The centre of the asite "is at the po’int‘ (25mm, -30mm) with
respect to the pr1nc1pal polnt of the air photograph AS 747

- 5034 161. Access is from Highway- 40. Park 1 km south of.
Fortess Junction\Service Centre and climb up the slope on
the east side of the Highway for about 1500 m (horizontal
dlstance) to xeach the 51te. The site is w1th1n the Rundle

" Group and the Lew1s thrust fault is east of the 51te. The
potential sliding surface is c1rculat in cross sectlonv(Flg.
3.32). The rocks around the potential sliding su;face are
dark grey, thickly to thinly bedded, fine grained limestone,
yellow, ‘medium hedded, fine grained dolostones and medium
érey, thinly bedded, coarse grained limestones (Fig.. 3.33).
The Schmidt Hammer readings are 52+2. The attitude of the
bedding surfaces changes f;om 30° in the lower part of the .
site to lérger than 50° at the top of the rahge. The

: spacmgs of the \beddlng surfaces are from 120 mm to 500 mm.
There are two joint sets and both of them are perpendlcular
to the bedding surfaces. The strike of‘one joint.set is,
paraliel to that of the bedding surfaces andasthe strike of
the other joint . set is perpendlcular to that of the beddlng

surfaces. The spac1ngs of the 301nt sets are 50 mm to 500



. 99
mm. The - bedd1ng surfaces are cont1nuous -and w1thout 1nf111
matermals. A llttle groundwater seeps out of the slope. The
slope angle is 70°. A small rockslide occd?red here before
(Eaton, 1986).' The averag; thickness,qnd the volume are.35 m-
‘and 3500 m*/m measured from the cross section in the dip
direction of the slope. | o L

; \\, d'

3.12 Area of Mt. inflexible * ' ‘

There is only one site (Site 29) in this area (Fig.
"3.34). The centre of the site is at the point (50mm, -25mm)
with respect- to the principal point of the Gair photograph AS
747 5034 157. The access is from.Smith-Dorrien—Spray Tréil}
Park at the Sawmill parking lot. Walk'éyong the old logging
trail northward for 2 km and'éhen fﬁrn right to enter a
va}léy there leading to the site. Walk along the valley for
2500 m to reach the the foot of Mt. Inflexible énd then
Aimb up for 500 m to reach the site. The s1te is around the
top of the Rundle Group The rdﬁks around the potential
" sliding surface are dark grey, medium to thickly bedded
fine to medlum gralned limestone with locally 1nterbedded TN

black chert., The Schm1dt Hammer readings are 52+3. The |

attitude of the bedding surfaces is 215°/25°. The spacings

of the beddihg‘surfaces'are from 125 mm to 1 m. There'are

two joint sets at 20°/70° and 210° (strike)/90°. The
»spacings of the 59int s?ts afe 75 mm to 500 mQ;\EEf bedding

surfaces are continuous and without fill materials. Little;A

groundwater seeps out of the slope. The slope is convex and .









1m

" - “ : 102
255 -
A28 B28
.
) Limestone ¥
Dolostone
» #
0 100m !
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.33 Lithology around the potential sliding surface
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the slope angle of overdip slope is 37° (Fig. 3.35). There
is a dip slope part. The roughness angle is 0°/0.91im. The

average thickness and the volume are 60 m and 7.6x10°* m?’,

3.13 Area of Bursia*l Pass

There are three sites in the area (Fig. 3.36) Access to
the area is from the Smith-Dorrien-Spay Trail. Park at the
parking lét south of the Mud Lake. Walk folﬁowing the .
Burstall d?!ék hiking trail for 7.5 km to get the area.

All the sites are in the Palliser Formation. There are

two aﬁ*ic{iiif and one syncline in the area.

3.13.1 Sité 30
The centre of the site is at the point (60mm, -100mm)

with reéﬁéct tothe principal point of the air photograph AS

747 5033 101. The rocks at the site are dark grey to black,

thinly to medium bedded, fine grained limestone, with local

small nodules of black chegt. The Schmidt Hammer readings

“are 52+2. The attitude of the bedding surfaces is 270°/39°,

The spacings of the bedding sucfaces are from 50 mm to 200
mm. There are two joint sets at 90 to 105°/55 to 60° and
270° (strike)/85 to+90°. The spacings of the joint rsets are

50 ‘mm to 250 mm. The bedding surfaces are continuous and

~without fill materials. Little groundwater seeps out of the

slope. The roughﬁess angle 'is 0°/0.91m. The slope is

P

~

steplike and several rock layers on the slope form the

overdip slope (Fig. 3.37). The slope angle is 43°. The



AN

Figure 3.34 Geology and Working Site in the Area of Mt.

0

Inflexible, Based on the Air Photograph AS 747 5034 157
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th1ckness of the potent1a1 rocksl1de is 7 m and the wvolume

]

of the potentlal sliding mass is’ 8.5x10° m.

3.13.2 Site 31® | | | :

The site is north of Site 30 and the centre of the site
is at the pointh(SOmm,» 75mm) with‘respeét'to\the or{nbipala
‘ point of the air photograph AS'747.5033‘101. The rocks at’
the site are.dark grey to biack thinly to mediumxbedded,
fine grafned 11mestone, The Schmidt Hammer readings are
,52+3., The attitude of the bedding surfaces is 275 /39°,‘fhe
spacings of the Hbdding_surfaces are from 50 mm to 200 nm.
There are two joint sets at 95°/55“to 60° and_250°
(strike)/BS to 90°. The spacings of -the joint sets are,50 mm
to 300 'mm. The bedding surfaces are continuous and without
'f111 materlals. L1ttle groundwater seeps out of the slope.‘ N
.} The roughhess angle is 0°/0.91m..It was found that the shapeé
©of the slope changes (Flg 3.38) and. although the thickness
estlmated from north part of the 51te mlght be about 20 m,
'there seems to be laterXNrestraints there. So the thbckness

of the potentlal slide is estlmate? as 8 m from the south

part of the worklng site. The volume of the potentlal

5

This site is 300 m north of Site 31 and the centre of

. sliding mass is 8.3x10% m°,
3.13.3 Site 32

-the site is at the ﬁoint ¢5mm, Omm) with respect to the

principal point of the air phqtograbh'AS 747 5033 101. The
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')ite is a rockslide ;ite (ggton, 1986) . The“rocksrﬁere‘are
dark grey, medium to thinly bedded fine grained limestones
. of the Palliser Formatlon.}The dip angles of the bedding
surfaces change from 35° to 44° or more around the top of
the slope. The dip angle around:the aupture surface is 44°.
| From the rockslide deoosited'material, the thlckness of the
slide was estimated as 5 m.
3.14 Area o£ Mt. Murray : .

There-are two sites in this area (Fig. 3.39). Site 34
is 500 m.northAbf Mt. Mu:ray and Site 33 is 200 m south of
Mt . Murray. Access is from the Smith-Dorrien-Spray Trail.
Both the sites are in the Banff Formation, |

The centre'of Site 33 is at the point (35mm,440mm) with
~ respect to the principal point of the air photogreph AS 747
5032 56. Park at the Sawm111 ‘parking lot and walk westward.
éross the Smlth—Dorrlen Creek and hike southwest along the
valley south of Mt. Murray for 2500 m to reach the site,
Several small _antitlines and synclines penetrate the site.
The slope here was’reclassified as a plagioclinal <1npe. No
,furtaer investigations’&ere conducted.

The ceotre of Site 34 is aﬁ the point (13r= )
with respect to the principal point of the air . -narapi AS
747ﬂ5032u56; PJ*& ag the parking lot jost~south ¢’ i wud
Lake and hike along the-hiking trail of French Creek for
“ 3500 m. Turn left and Cllmb up for 1500 m to reach the site.

The hlnge of a syncllne is through the slope surface. The

'/
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lower two thirds is an anaclinal dip slope and the upper
third is an overdip slope. Because the access to the overdip
slope is difficult, no fufther invesﬁigations were
conducted. From the orthoclinal slo;e on the west side of'
the slape, it can‘pe'estimated that the dip angles of the

bedding shrfaces are less thaﬁ 15°,
3.15 Area east of Mt, Black Prince
A There is oniy one site (Site 35) in this area (Fig. 
3.40). The site is 1500 m east of Mt. Black Prince and the
centre of’the site is at the point (20mm, —35mm5 with
reépe;t to thetprincipal pointﬁof the air\photograph AS 748
5030 213. The access is from Smith-Ddrrien—Spray-Trail. Park
at the.Biack Prince parking/lofa‘Waik\along the hiking trail
westward for 3200 m to reach a small lake. Continue to hike
southwest for 750 m and turn left to cl¥mb up int§ another

valley striking séutheast-nor ﬂwest. Hike for another 500 m

to reach the site. The site if around the top of the Pallier

Formation. The rock around he potential sliding‘sufface
are dark grey to biaék, medium to thinly bedded, coarse
gréined limeétone. The Schmidt Hammer reading is 43+1, The
attitude of the beddiﬁg surfaces is 2409/54°: The spaginés
of the.bedding‘sunfaces are from 50 mmfto 250 mm. There are
two joint sets at 60°/30 to 35° and 240° (strike)/90°. The
spacings:of the joint sets are 75 mm to 1000 mm. The bedding

surfaces are continuous and without fill materials. No.

groundwater seeps out’ of the slope. The slope angle is 55°,
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v
The slope is conyex and there is a dip slbpe part. The

roughness aggle is 2.5°/0.9im. The thickness and the volume

‘ - .
of the potekhtial rockslide is 5 m and 4.4x10° m?,

3.16 Areé of Aster Lake
There are six sites in the area (Figs. 3.41 or 3.42).
The access to théjarea is from Kananaskis Lakes Trail, Park
-at the North Interlakes parking lot. Walk-west élong the
north shore and then the west shore of the Upper Kananaskis
s\hiking trail for 6500 m to reach

o

the area between the Upper Kananaskis Lake and the Hidden

Lake following the official

Lake. Walk south to reach the north shore of Hidden Lake and
then walk along the east shore of the Lake to get the south 5
end of the Lake. Hike up south for 1500 m and Climb up the .

" ) .
Fossil] Falls. Hike another 1500 m southwestward to reach the

.
r—

area.

3. 16.1 Slte 36
The centre of the site is at the point (70mm, 45mm)

with respect to the principal point of the‘air photograph AS
749 5024 162.,The site'is within the Rundle Group and on the
east limb of a synciine. The rocks are mainly dark grey, to
black, thickly to thinly.bedded, coarse grained limestones
with the fine grained matrix. The Schmidt Hammer reading‘is
43+2. The attitude of fhe bedding surfaces is 220°/25°. The
spacings of the bedding surfaces are from 30 mm;to 550 mm.

. A :
There are three joint sets, One ‘joint set is subparallel to



e East of Mt. Black

Figure 3.40.Geology and Working

Prince, Based on the Air Photg 748 5030 213






Figure 3.41 Geology and wOrking Sites in 'the-Asfe‘r Lake
Area, Southern Part, Based on the Air Photograph AS 749 5024
162 | |






,Figur‘e‘3A.42 Geology and Working.Sites in the Aster Lake
‘Area, ‘Northern Part, Based on the Air Photograph AS 749 5025
215, - "
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. the beddings and, the othe

3.16.2 Site 37

wo ‘are at_40°/65° and 220° -

(strike)/90°. The spaeings ‘of the joint sets are 50 mm.-to

1000 mm. .The' bedding surfaces are eontinuous and without

- £ill materials. No groundwater seeps out of the slopé. The

roughness angle is 2.5°/0.91m. Beeause the bedding dip is
less than the ba51c friction angles for the coarse gra1ned
llmestones from Eaton (1986), the 51te is no longer
con51dered a potent1al rocksllde. There are a small syncline
and aasmalltantlcllne extendlng through the slope sur face,
The slope is coveréd by a thin layer of rock debris. Th;'

slope is élanar,and the slope angle is '40°,

| | (b
The centre. of the site is at the poinr'(—30mm, 45&m)
with respect to the principal pointvof-the air photograph AS
749 5024 162v The site is withfﬁ the Rundle Groub and is on
the westsi:mb of a syncllne. The rocks are dark grey to |
black, .thlnly to thlckly-bedded, coarse grained lqmestones
and dark grey thinly to thlckly bedded finebto medium -
bedded dolostones. The Schmidt Hammer reading is 5113. The
attltude of the beddlng surfaces is 70° /54 to 58°. The

spac1ngs of the bedding surfaces are from 50 mm to 1000 mm,

ﬁThere are three joint sets. One 301nt set 1s subparallel to

the beddlngs and the other two are at 250 /30° and 70°

(str1ke)/90° ‘The spac1ngs of the 301nt sets are 50 mm to

-

'1000 mm, The bedd1ng surfaces are continuous and w1thout

fill materlals. No groundwater seeps out of the slope. Th1s
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slope is an;ovetall dip slope bpt some rock laye;s on the
élope form overdip scarps. The thicknesses of the rock
layers are less than 5m by estimation. Lateral restraints,as
well as the\irict1on and cohesion prevent these thin rock

£
layers from sliding.

3.16.3 Site 38 | -

The ég@@re of the site is at the'point (70mm, -4oﬁm)
with respect to the principal péiht of the air phétogfaph AS
749 5025 215. The site is. within the Rundle Group. The focks
are interlayers of medium to dark grey, thinly to thickly
- bedded, coarse grained and fine grained limestones. The
% Schmidt Hammer readlng‘ls 441%6 The attitude of the bedding
sﬁrfaces_is 240°/40°;‘The spadings of the.beddihg surfaces
are from 50 mm to 500 mm. There are two Hoint’sets at 60°/45
gdi50° and 240° (strike)/90°. The spacings of‘the joint sets
are 50 mm to 1 m. Thé beddlng surfaces'are continuous and
without fill @iﬁerials.vNo groundwater seeps out of the
slope. The slope angle is-40°, So this sldpe is an overall
dip slope and there are some layers on the slope to form
0verdip'scarps;.The thicknesses pf the layers aré ;ess than
3m.‘Léteral restraints as~wellia§ the:friction and cohesibn

prevent these. thin rock l?yers from sliding.

- - S ) )

3.16.4 Site 39
‘The centre of the site is at the point (Omm, 40mm) with

respect to the principal point of the air photograph AS 749

4
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5025 215. The site is within;thelRundle Group. The rocks are

> dark grey, thinly to thickly bedded, fine grained limestones

with interbedded black chert nodlilars (Fig. 3. 43) The
Schm1dt Hammer readlng is 54+3 "The att1{yde of the beddlng

surfaces is 235° /30°. The spacings of the bedd1ng surfaces’

~are from 50 mm to 250:mm. There- are three ]0{nt sets, One

joint set is subparallel to the bedding surfaces. The other -
two are at 235° (strike)/90° and 55°/60°. The spaeiﬁgs of

the ]omnt sets are 100 mm to 600 mm. The bedding surfaces

~are cortinuous a2d without fill materials. No groundwater:

b

seeps out of the slope. The’roughness apéle is OL/O.91m.'The
slope is convex (Fig.ﬁ3.44) and thereeis a dip slope part in.
the: east part[.The largest slope angle is 60° at the overdip
slope, where Ehe investigatiohuwae conducted. The west part
of the slepelis covered by rock debris ana the slope ahgle
here is oaly 31°, The rockslide deposits are below the slope

LY

of the west part. The thickness and the volume of the
. ) .' . . .
potential sliding mass are-22 m and 8.0x10®* m® calculated

from the east part.

3.16.5 Site 40 o , K\

The center of the site is at the. point (-10mm, 80mm).

with respect to the principal point-of the air photegraph AS

749 5025 215. The Slope is in the Rundle Group. The dip
direction of the,sloﬁe is due west and the dip di;ectionvof

the Beddeing'surfaces is 230 to 240°. So it is reclassified

- as a plagioclinal slope.



Lo 126

10m ' 14 Estimated .
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Figure 3.43 Lithology around the Potential Sliding Surface
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Figure 3.44 Cross-section of the slope ‘at Site 39
& . .
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3.16.6 Site 41 | o, ;

The cékntre of the site is ét the point (Omm, 40mm) with
respect té the principal point of the air.photograph AS 74%&
5025 215, The site is within the Rundle Gfoup. The rocks are
dark grgy,<medium to thickly bedded, coarse grained - |
limestgnés, chert—rich, dark grey, fine gréined limestones
andﬂdﬁfk grey, fine gfaiﬁed dolomstones (Fig. 3.45). The
Schmidt Hammer readipg is 42+2. The attitude of the bedding
" surfaces is 250°/31°. The.spacings of the bedding surfaces
are from 100 mm to 1 m. There are five joint‘sets. One joint
set is fﬁbparallel to the bedding surfaces. The other four
‘are at 250° (strike5/90?, 70°430 to 65°, 140°/55° and
320°/55°. The spacings: of the joiﬁt sets are 50 mm to 2 m. -
The bedding surfaCeS'are‘continuous and without fill

materials. No groundwater seeps out of the sl&pe. The
roughnéss anjle is 0°/0.91h._The slope ﬁs convex and there
is a dip slope part (Fig. 3.46). The slope angle of the
overdip slope is 80°. The thicknéss and the volume of the.

potenﬁiaf\sliding mass are 30 m and 9.6x10¢ m®,

>

oo

3.17 Area of Highwood Pass

| There are'two sites, 42 .and 43, in this area (Figq.
3.47). The access is from Highway 40. Park at the Hiéhwood
Pass parking lot. Walk 900 m north, turn right to enter the
valley there and hike up about 2 km tq reach Site 42, Walk
ab¢u£ i/km south from the parking lot, turn left to enter

.éhervé)HeY“there and hike up about 1500 m to réadh Site 43,

N
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Figure 3.45 Lithqldgy around the Potential Sliding Burface.

at Site 41
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Figure 3.46 Cross-section of the
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slope at Site 41
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Figure 3.47 Geology and the Working Sites in the Area of

. A
Highwood Pags, Based on the Air Photograph AS 748 5026 19
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3.17.1 Site 42 .,

The centre of the site is at the pagnt (-20mm, 100mm)
with respegt to the principal point of the air photograph AS |
748 5026 19. The site is within the Rundle Group. The rocks
are dark grey, thinly to thf%kly bedded, crfnoidql
limestones and dark grey, fine grained dolomitic limstones._
' The Schmidt Hammer reading is 43+2. The attituée of the
bedding surfaces is not constant .at the site. The dip
direétion is 235° but the dip angles are 30° to 56°T The
overall dip angle over the slépe is 45°. Th? spacings of the
bedding éﬁrfaces are from‘75 ﬁ% to 500 mm. There are three
joint sets. One joint set is subparallel to the bedding
surfaces. The other two are perpendicular to the bedding
surfaces and the strikes of th joint sets are parallel to
and perpendiculgr to the bedding surfaces respectively. The
€pacings of the joint sets are 25 mm :o 500 mm. The bedding
surfaces are continuous and without fill materials., No
groundwater seeps out of the slope. The‘Slope angle is 60°
for the.ovérdip'FlObe.'The roughness angle is 10°/0.91m and
" it was estimated that the roughness angle on a 10m scale is
sti}} pot less than 10°, Beq&:se the bedding dip changes up
to 282, more detailed work fg needed to evaluate the ‘

effective friction angle and the stability of the slope.

3.17.2 Site 43

The centre of the site is at the point (30mm, 5mm) with
o : ' . ) N
respect to the principal point of the air photograph AS 748
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“326 ‘9, The site is within the Rundle Group: The rocks are
mediums to Jdark yrey, thinly to medium\bedded, coarse grained
;AMgaeua-Q. Fine 10 medium grained limestoées exist locélly.
The Schaidt Hammer reading is 4111, Thé attitude of the
beldirg aurfacen jn not constant at the site, The dip
};f;~!;”w is 24%% but the dip angles are 10 to 55°. The
veral. Yip angle over tgﬂ slope is 38°. The spacings of the
Lell oy nutlaces are from 50 mm to 250 mm, There are two
sint mel s, Both the two are berpendicular to tﬁe bedding
=it fa es and the strikes ot‘twm'joint seiﬁpare parallel to
awl perpendicuiar to the bedding surfaces repectively. The

spa Lt% 0! the joint sets are 25 mm to $00 mm. The bedding

es are antingoys and withcout fi11]l materials. No

% oi Ty
“tearer sdepu oout of the slope. The slope angle is 38°
- eonLogpe s oan overall dip slope. Only at the top of the
13

.50 a wmall.part of the slope is overdip because the dip \\

2 j.e ! 'nLe b&4ding surface. becomes small and it is

]
et oratet Lo e lewy than 15

.
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4. Basic friction .angles anq‘*hg/;actors influencing'

variation of basic friction angles

S

4l1 Tilting table tefés and the results .
- v :

4.1.1 Introduciqn to the‘tiltiug table tests

| The tilting table is designed to estimate the friction
angles between two smooth rock surfaces The basic friction
augle is one of the most 1mportant measures of the
frlctlonal propertles of rock. It is defined as the fiiction
angle between sawn surEEEes lapped. with #80 grit (Coulson,
1972)

Hoek and Bray (1974) suggested that the friction angle
could be obtained by a simple tilt test when a clearly -
defined failure surtace existed. They commented on the
possible toppling of the uppet’biock'from the lower biogﬁi.
.,due to the interlocking:of asperities. In 1981 ’they i ’
suggested ‘that the t11t1ng tests for the basic fr1ct10n ,

angle were unréitable due to the 1nfluence of surface(

g -~

roughness at a véry small scale. Cawsey and Farrar (1976)

S

'used a t11t1ng table to measure'%he friction angle" of

t

naturally rough surfaces of soft Upper chalk. Barton ahd

Choubey (1977) used a tilting table to estimatevthe,re_’

friction angle on flat sawn surfaces. Bruce (1978) usedA
tilting table to evaluate the m1neﬂ'ﬁog1c and basic fflctlon
angles of a quartzite and a dolomite. Eaton (1986) used a ¥

tilting table to determine the basic friction angles of -

— 133
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-limestones, dolostones and quartzites.

Hencher. (1976) summarized some advantages and
disad&antages of the tilting table. The advantages are:
Observations of the‘mode of failure is easier than in an
enclosed shearbox, failure is due to gravity as it is*in'the,
fieldy slidihg tests can be repeated to give.much greatér

displacments than usihg a direct shear test, the effect of

'block.geometry and distribution of load may’be analyzed,

‘tests may.be desighed associated with field problems and -

testing procedure is simple. The disadvantages are: the

“applied loads are from the weight of the upper block which

11m1ts the range of loads p0551b1e, the test 1nvolves sudden
(‘ ,

slldlng df the upper block so dlsplacements cannot be

controlled with thevapparatus in its present'form_and.the

stress distribution along the contact between the two blocks

i S uneven.

The tilting table the author used was constructed by

Eaton (1986) in the Department of Civil Engineering of

-

Un1ver51ty of Alberta. A r1g1d frame supports a hinged table
aﬂd electrlc motorﬁdrlve assembly. The drive assembly

- , ‘ , S

rotates a drum which has a wire cable attached to the hinged

table. So the hinged table can be tiited when the drive

‘—assembly is on., Also the hinged table is equipped with

brackets to hold samples from 5 by 5 cm to 15 by 15 cm. The
a

plate sample 1s mounted in the brackets and the ollder

sample is placed on top of it. A linear vortige displa-®uent

“transducer (LVDT) and a rotary voltage displacemery
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transducer (RVDT) are used and connected to a X-Y plotter to -
record the movement of the slider "and the rotated angle of

.the table. A protractor is mounted on the end of the hinge

of the t11t1ng table to prov;de a qu1ck v1sua1 referenc“e-.~

,The table rotates from 0° to 52° with the present mounting*
A

4.7.2 Sample preparation and testing procedure

of the drive and drum assembly.

Rock samples were collected in Kananaskis-Country
during the summer of 1986 at the working sites of potential

rockslides as well as at other working sites of overdip

f *

slopes. At most of the-potential_rockslides) samples were>
taken trom beds around the potential sliding surfaces which>
are around the toes of the overdip slopes] But at a few
sites the samples were taken from other~locations becadse'it
wasﬂnot p0551b1e to take rock samples wh1cﬁ'were big enough
All the carbonate samples are crystall1ne rocks although
skeletal remains can be seen.from a few ‘samples. )

| A 60 cm d1ameter, self—advancing, diamond-tlpped
"water lubrlcated rock saw was used to make the f1rst cuts of
the samples. A smaller hand- controlled saw was used to make
ﬂllcate final cuts. All the rock samples were cut to 5 cm'
4n length, 5 cm in width and 1.5 to 2, 5 cm in thlckness.
Eaton (1986) noted that examination of fresh cut surfaces
showed no distinction between cuts paralleldto bedding and

cuts orthogonal or obligue to it for most of the limestone

and dolostone samplesﬁtSO this is not considered further.
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Samples then were lapped u;ing‘aAIapoing table. #dO
grit was_used and all the samples were lapped with water.
,Lapping time for the limestone and dolOstone samples were
over 90 minutes and that for the quartz Sandatone samples -
vere over 2 hours.. |

After?&‘ﬁbihg the suriaces of the .samples were cleaned
w1th an fir hbse at a pressure of 965KPa. The sliding

direction of the samples were 1nd1cated for all the plates
| and sliders. The plate was mounted on the tllting table by
e1ther clamping w1t§bthe side brackets or resting the edge
against‘the bottom bracket. The sliding surfacQ\xas~levelled‘
_with a levelnbefore tilting the sample. { A;hi

Tilting table tests. were conducted at the'rate of 8°
.per‘minute. Each sample was tested 5 to 8 times and the
results of the tests wererrecordedcnith the X-Y plotter.

~ The LVDT and the RVDT were cal brated before testlng.
The x Y plotter was used to record the test results. Both
‘the relationshlps between the dlsplacement in X direction of‘
the plotter and the angle rotated and between the
displacement»ln Y d1rect10n»of the plotter and that of the
slider were linear. The LYDT'S calibration is 8mm per yolt
and thefRVDT's calibration is 5.26° per volt. The
converSions in the X-Y plotter are'0i5 volt per centimeter
in both X and Y direction. o o Y \

The‘tests involved tilting the samples untii the slideti

slid off the plate and recording the EIiding angle by the

X-¥ plotter.



44444

137

-~

4.1.3 Test ‘results .
57 pairs ofwéliderslgﬁd plateé which were cut from 32’.

rock samples (Table 4.1) were tested..of‘thése samples, 30';1
are carbonate rocks and 2 are sandstones. Thé carbonate .
rocks include érystalline limestones, which véry in
.lifhology from Qéry coarse grained tolfineiy micro-grained
limestones.based Qh the texture classification by Eeighton 
 and Pendexter (1965), apd_aolostones, which alsoavary from
fine grained to coarse grained. dolostones, All the rock
samples were idehtified and described with the help of a
hand lens, a penknife and 10% HCl. ‘.

- From the X-Y pl&tter-the initial sliding angles at
which the sliders start to slide and the final sliding
angles at which the slider§<have si{d moré than 2 cm vere
determined. The mean initialgand_final sliding angles_fromls
to 8 repeated tests for each pair of $liding gamples were 7
Acalculateq (Table 4.2) and the mean final sliding angles are
used to estimate the basic friction angles.

~ The basic frictionzangles attained from tilting tests
vafy from 24.4° to 26.5° for the quartz sandstone samples,
from 21,15 to 31.5° for the dolostone samples and‘f;om 22.8°
to 41.4° for the limestone samples. From‘Table 4,2, the
basic friction?ﬁglef of the dolosténes are smaller than 32°
and,tﬁe fine Qraineq limestone samples havé~smaller‘basic
friction angies than ‘the coarse‘grained‘limgston? samples. ~
The basic friction angles of the quartz sandstones are less

than those of most of the carbonate rocks. The variability



Table 4.1 Rock samples and the sliding samples

Sliding Samples

'n
)

Rock Sampl

Work fng Sites

-2

1-1-1
10-1-1
10-1-2
10-2-1
10~-2-2
11-1-1
11-1
12-1-1
13-1-1
13-1-2
14-1-1
16-1-1
16-1-2
20-1-1
20-1-2
25-1-1

1-2°

sy
7-1
7-2
7-3
9-1
9-2
10-1
10-2
11-1
13-1
161 .
15-1
16-1
20-1
75-1

11
13
15
16

Continued on the next -page...
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Table. 4.1, Continued from
previous page...

R T

Working Sites Rock Samples Sliding Samples

26 . " 26-1 YT IO

29-1 A
e = O aw27-1-2 7
SN ' 27-2-1 .
- ‘ 27-2-2
i T VO I
o 28-1-2
28-2 28-2~1
29—l:rmwu T
29-]-2
30-1-1 -
30-1-2
_ 1-1-1
f 31-1-2

28.

29 29-1

30 - . 30-1.

31 ' 31-1

— 35-1C1 o
% | 35-1 35-1-2
C42-1-1
. ’l r)— .
42 1 42—1—2
- ‘ 43-1-1
43 | : 43-‘1 43-1-2 - —

Rock Samples: Thce amples taken-from the working sites
in - tudy hrba.&

Sliding Samples: © ¢ . .mples cut from the rock samples
for v . - table tests. 1-1-1, 1-1-2 and

1-1-3 we- sut from 1-1. and so on.
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Table 4.2 Mean Initial and Final Sliding Angles of the

Samples (‘
Sliding Final S1iding Initial Sliding Lithology
Samples . Angles Angles Determined in
___________ (Degree) (Degree) the Field
R 35.1£2.2 30.0+3.4 fine to coarse
1-1-2 36.1%1.6 #20.0£2.9 grained
1-1-3 35.1%2.6 27.3&2.8 limestone .-
1-2-1 32,1+2.,1 29.4+3.5 fine to coarse
- 1-2-2 34.8+1.3 31.5%1.6 grained limestone
2-1-1 2. 4£1.2 19.6+1.1 fine grained
2-1-2 25.6+2,7 23,4421 limestone
4-1-1 24.0+1.4 20.9+1.6 fine grained limestone
7-1-1 _26.8+1.9 23.8«£1.1 fine grained limestone
7-2-1 ~730.5%0.6 28.410.6 fine grained
7222 29.6£1.3 27.542.5 dolostone
7-3-1 . 38.4+0.4 34.6+2.6 coarse grained
_1-3=2 37.6+1.6 34.9£1.6 limestone
_8-1-1 22,842.8 22.243,1 fine grained limestone
8-7-1 ¥ .o orVB .33.045.4 coarse grained
_8-2-2 _39.4%2.7 .39.0+3.0 limestone
9-1-1 32.1%£2.5 29,442.2 fine to coarse
Y~1--2 32.740.5 30.2+1.5 grained limestone
9-2-1 41.4£3.3 39.942.4 codrse grained
9-2-2 41.1+1,2 38.6+1.0 limestone
10~1~1 33.0£1.2 29,942 .4 fine to coarse
10-1-2 28.342.0 26.741.2 . grained . limestone
10-2-1 31.342.5 31.342.5 fine to coarse
10-2=2 26.8+1.5 26.8+1.5 grained limestone
11-1-1 23.1£1.4 20.8+1.0 i '
11-1-2 25.7%1.5 23.241.9 quartz sandstone
12-1-1 26.5%2.7 23.241.9 quartz sandstone
13-1-1 23.9+44.7 '23.9¢4.7 fine grained
13-1=2 24,4421 22.6+3.6 dolostone
14-1-1 23.941.0 15.144.0 coarse grained dolostone
15-1-1 ' 21.1%1.5 17.0+1.6 fine grained '
15-1-2 22.0+1.1 20.8+1.4 dolostone
lé-1-1 35.641.1 35.3+1.4 fine grained
16-1-2 31,2411 29412 . 4 limestone.
20-1-1 34.3£2.0 33.542.7- fine to coarse
20-1-2 37.143.5 37.143.5 grained limestone
25-1-1 39.4%1.3 35.542.1 coarse grained limestone

Continued on the next page...
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The final and initial
as the mean * standard deviation.

sliding angles

in this table are represented

Sliding Initial Sliding Lithology

Samples - Angles Angles Det ermined,in

. (depree) (egree) the Fiald
L 26~1-~1 34.742.9 34,742.9 coarse gprained |imestone
27-1-1 30.1%1.6 30.1%1.6 fine o codarse
27-1-2 31.6x1.6 \ 31.6x1.6 grained limestone
27-2-1 29.3%1.4 27.6%1.7 fine grained
27-2-2 27 .242.5 26,342, 1 dolostone
28-1-1 29.6%3.7 27.445.0 fine grained
28-1-2 28.7+3.8 26,143.4 » I fmestone e
28-2-1 . 31.5+1.8 31.5+t.8 fine )1I‘iLLl}_Lf‘_g!_»}L(l!_({.‘i_!ﬁlﬂﬁ_ﬁ".A
29-1-1 31.542.6 . 31.243.1 fine to coarse
29-1-2 31.5+5.6 31.145.9 grained Timesrone
30-1-1 30.2+1.8 28.5+41.5 CTine grained
30-1-2 ) 30.34+2.,5 29.642.6 o limestone
31-1-1 36.740.7 35.741.7 fine grained
31-1-2 32.9+44.8 32.944.8 limestone e
35-1-1 37 .343.8 33.444.4 coarse grained
35-1-2 40.64+0.6 37.842.1 ~ limestone
42-1-1 32.642.5 28.544.7 fine grained
42-1-2 36.711.3 36.741.3 dolostone e
43-1-1 35.3+1.9 32.342.9 fine to couarse
43-1-2 33.3+0.9 29.7+1.6 grained limestone
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of the basic friction angles of limestones is larger than

'
those of dolostones. All this might be due to variations of.

~frictional properties of carbonate minerals and thé& mineral

aggregates of carbonates. The mineral compositions based on
the chemical analysis and the microscopic work are going to
be determined later in this chapter. The rock textures are

also going to be examined.

Coulson (1972) did direct shear tests for many kinds of

rﬁéks and gaveﬁfour types'of curves, which showed the

relationships between the shear strengths and the

:displaceménts.fThe type 1 curve showed no change in shear

strength with‘displacement. The ﬁypeAZ curve showed shear
strength decreasés with displacement. The type 3 curve
éhowed shear strength decreases with displacmén& at the
beginning and then incréases with displgcement. The.type 4
. —

curve showed shear strength increases with displacement.

Rock types, normal stresses and sliding surface conditions

" influence this type of behaviour.

For the six oven-dry limestone sampleé'of'Cohlson's,
lapped with #600 grit or #?0 grit or sandblasted, one gave a.
Eype 1 curve, one gave a type.z curve and all the éthers
gave type 3 or 4 curves when the normal stresses were low.
All six samples gave type 3 ér 4 curves when the normal
stresses were high. The three oven-dry dolostone samples
lapped with #600 g;it or #80 grit or sandblasted gave type 2
curves when the normal stresses were low and they gave type

3 or 4 curves when the normal stresses were high. The
: &
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sandstones gave type 2 or type 3 or type 4 curves.
Bishop (1973) introduced the brittleness index Ig:
Ig=(rg-7,.)/1¢ | - (4.1)
;f is the peak shear strength and 7, is the residual shear
__§££§hgth attained from the triaxial tests or direct shear
tests.

For the tilting table tests conducted by the authog,
each sample was slid several times under Qe(y low normal'
stress caused only by the weight of the siiaer. Some
factors, such as possibly.different interlocking conditions
for each sliding of one pair of samples and minor vibrations
from the surroundlngs, can influence the results to some
degree. Several d}fferent sliding angles were attained for
each pair of the sliding samples. The sliding angles often
increase and decrease several times. So it is difficult to
- compare tﬁe relationship between the displacement and the
friction angle from tilting tests with the relationéhip of
Coulson (1972) directly. In order to evaluate the. major
trend of the shear strength change yith displacement, the
expression for the brittleness index is modified and the
every reading for each test is taken into'accouni. The

‘modified brittleneés index(Iyg) is represented as:
IMsz[(¢bi_¢bi+1)/¢max] ‘ - (4.2)

¢bi is the final sliding angle of ith sliding and the

bpi+1 is the final sliding angle of (i+1)th sliding. ¢,, is
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the largest final sliding angle for this sliding test. L ﬂ!ﬂ

means the summation of ail the terms. The modified

britfleness index for. all the sliding samples wai»calc@Thftd
~(Table 4.3).

From Table 4.3, almost all the dolostone and sandstone
sampleg have positive values, which means the shear strength
decreases with displacement. The results are similar to
those of‘Coulsoﬁ"(1é72). The modified brittleness indexes
for some 5f the limestone samples are negative and for some

positive., That indicates the shear =trength of limestones

can either increase or decrease wit? displacemem‘. The wear

properties of the limestones might re}abg'té their mi

coﬁpoqitionévand.texthres. The results afe also simila

those of Couisbn (1972). | .
4.2 Chemical Analysis of the carbonatairocks

Little work has been done about t%e relationship

between ;he ﬁineral compositionszand the frictional
properties of the éarbonateifécks; The chemical analyses
were conducted to determine major mineral éomposdtions of
carbonates in the isotopé léborotary of Department of
Geology of the Unver;ity of Alberta. The chemical components
which could be dissolved with hydrochloric acid were
determined with the method of the atomic absorption

‘ spectromitry‘(Perkin-Elmér, 1976) and the insoluble

components were examined under the binocular mocroscope.
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B %:" e \\ ] ’. (:’
Table 4.3 Modified brittleness indexes_for the sliding

samples C
Y <
Stlidiang Modified Litholqpuy Sliding Modit fed Litholopy
Samples Brittleness Samples Brittleness
Tndexes ' ' Indoxues
Cl-I-1 T ooess T TS c 1s SIS T oye T o
1-1-2 -0.043 f-¢ ls 15-1-2 0,090 rdl
1-1-2 -0.110 - f-c Is 16-1-1 0. 090 . bodn
1-2-1 -0.080 . f-c Is Th-1-2 0,072 tts
[-2-2 - 0.027 F-c ¥s 20-1-1 0. 144 IO N
2-1-1 -0.049 fols 20-1-2 0,124 L= I
2-1-2 -0.063 fls? 29~1-1 0,077 ¢ ols
4-1-1 ~-0.081 fls 20-1-1  =0.051 ¢ ols
7-1-1 -0.103 {1s C27-1=1 ; 0.004 t-¢ In
7-2-1 0.054 f dl 27-1-24 0,113 C=¢ I
C 7222 0.064 fdl - 270 0,111 ol
7-3-1 0.018 ¢ s 07-2-2 0,234 fdl
7-3-2 _ 0.035 ¢ s R8-151 . 0.241 . o~ fols
8-1-1 -0.079 fls ~”~’)8—1—' 0,301 fols
8§-2-1 -0.097 c s 28-2-1"% 0107 Fod
8-2-2 -0.056 ¢ ls T 29-1-1 &0, 194 - &
9-1-1 -0.144 f-c 1s- 529—1—: '
9-1-2 - 0.006 f-c 1s 2 30-1-4
9-2~1 -0.046 ¢ Is | £30- 1-#;
9-2-2 0.036 ¢ s 3114
10-1-1 0.061 f-c Is Bt :
10-1-2 0.035 f-c lgd o 35113 .&flab
10-2-1 0,153 f-c 1B % 35-1- 2‘~: ‘Forz
10-2-2 0.063 L fec 1§ ‘;}4> E- s 0
11~-1-1 0.112 ‘ q ss w K
11-1-2 0.080 . q ss 0L
12-1-1 0.221 q ss E .
13-1-1 0.380 - dl e . v
13-1-2 -0.123 f d1 L ot
14-1-1 0.085 ¢ dl -
4 J o‘:
f-c 1s: fine to coarse grdjnud linestd "
f 1s: f}ne grained limestone. ; .
. ¢ ls: coarse grained limestone. - R
- f dl: fine grained dolostonec -
¢ dl: coarse grained dolostonc
q ss: quartz sandstone. ; }
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¢ 3 ! Yeat pracedure ’ ' S

—

A, the ‘atbonate samplen weie first decomposdd with

Doyt e it asad, The v edure to (jm'om;:)é:)se the 8&"\‘)133 .

fooivwe? the method of Millebrand of a). (19%3, pp.964-965) ™

Batoeniy L% sjram o tock was uned instead of | gram in

.

milletiant ef a'. 9% an order to get the solution within
. 3 .

e tar e o ompae (el Cotioent rat ions

“ oo :
comimnerts to pe determined. Then the inscluble materials

tor the chemical .

vaie coaﬂ;*ezf urdet thae Winoculat microsvope. aqd the CaCO,’
B ) ’ 4

e tanoald L aMgiC, by coantents were determined with the
2o rpets sy the Perign Flmer#503 Atomic Absorption

stoLmert . The merthod of conduct ing azumiC'absorption,'

. N\ A
2 oa.izen ! 1l weld Peray o Elmer (197¢), 5
atl cate o w namples of 4 to 10 grams were crushed

cowdes witt g steel ball mill, About 0.5 gram powder

] N

= ea * sa=;.f wan weighed and ditsclved with 50% HCl. The
3
Tavyen were el o reant with hydrachtorice acid for over

SE rn . Tre mo v wuth the ingoluble materials were
cea el et trhe Liliter papers of knowp weight,

~ .

Ter the fiiter papers with the inscluble materials
veie troet wits o oar oven and the temperature of the oven were

2t Lsrel t 4t o S8 afrer the filter papers were -
- ’ Ve g
rEpLetely tr et ttey were weighed and the veight ot the

'

oL Lb.e Taterials ant the insoluble materiall contents of

) ) e .
Trte rary e were ca.ou,ated. The insoluble.material contents
f sote sarglien were too ow for precise détermination so

the vzoLut.e materials are reported here only from the
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samples with the iﬁﬁoluble materials over 5% by weight. The
insoluble materials then were examined under. a binocular

' ) '
micrescopge. Because there were only a few samples with

insoluple contents larger than 10%, the possibility of
L Y

finding a quantitative srelationship between the basic

friction angle and the ingolubye m{neral compositionskwas
small and no precise examinéf{gns, such as X-ray analysis,

of insoluble materials were made. Quartz was identified and .
gistingﬁished from other.mét;:iaié wﬁzch‘a:e almost all clay

minerals and probably contain some argarnfc materials in some
samples. g 2

The solution without the insoluble materials after
1 ' '

leaching for each sample'was transferred to a volumetric

flask of 250 ml. Distilled water\ was adég% to the flask to

reach the'fill,mark. Then. 5 ml of the solution from the

% .

tjlask was taken out and put intg another volumet¥ic flask of

250 ml. 4 ml of’La(NQa)-BHzO solution which has 0.4 gram La

per milliliter- was added to.the flask. La was‘ﬁ;ﬁd to remove '
the interferences caused by other elements, such-as silicon
and alumium, for b;th Ca and Maféhd the slight iozﬁzapion
inNerference for €a in the air~-acetylence flame. Also 12.5
ml 6fPconcentrated MCl was édd%§ to the flask to. make the
concentration of HC1 to be 5% because the Concentratioﬂ?ﬁ;f’

/f;ET“Bf the standard solutions were 5%. Then the flask was
\\{i&isd with distilled water to 250 ml. . : |
. Several standard solutions of Mg and Ca were used to

get the standard relationships between the readings from the

N

) At : ' —
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instrument and the concentratjons of the solutions (Fig.'4.1

and Fig. 4.2). The concen s of Mg and Ca in the

prepargd,solﬁtions were th etermined,
4,2.2 Test results

The concentrations of~Mg and Ca for all sahples were
calculated ff&m the readings of the machine using the
“standard curves. Then ﬁhe weights (pg) and the numbers of
atomic milligrams for both Mg and Ca of all'thé samples were
calculated. Next the numbers of molecular milligrams for the
dolomite and calcite were_éalculated éssuming that the
"molécular,ﬁo;mulas of 'them are CaMg(COg)z and CaCoO,
réspectiveiy, i.e. no ionic substitution. Finally the
weighisfggd percentages of‘doloﬁites; calcites and
insoluable materials‘¥or:éll the samples'wefé/aftaiﬁed
(Table 4.4). |

All the carbonate samples were reclassified (Table 4,5)
‘accordiﬁé to theﬂcompésitioh<classifiqafiod of Leighton and

Pendexter (1962). ' .

[
°

_ From the chemical compositioné of the s&mblés'and the
determined basic friction angles; we dan see that thpA
dqlomitesAhave basic friction angles less than 32°, all the
impure carbonate samples with thg fnsbiuable materials
larger than 10% exéept‘oﬁe have basic friction angles less
than §Tf%° and thé limestones have basic_fridtion_éngles

from 22.8° to_41.49;

>



149
,

' Table 4.4 Welghts and Dercentages of CaMg(CO );, CaCO;- and

Impurltles of the Carbonate Samples.

Rock ' "Weights(mg) Percentages (%)

Samples CM -0 IMP . cM CA IMP
1-1 244,62 263.67 0 T TR Sy T Ty T
1-2 265.48 © 227.37 0 53.9 4.1 0 .
2-1 14,22 513.58 7.20 2.6 96,0 .4
4-1 12,32 274.26  199.40 2.5 564 41,1
71 224,70  268.88 0  +  45.6 - “au.a 0
7-2 184 .89 86.95  222.40 37.4 ° li.o 45 .0
7-3 70.17  405.17 27.50 14.0 80.6 * 5.4
8-1 52.63  456.83 0, 10.3 89,7 0
8-2 32.23 . 478.83 0 6.3 93,7 0
9-1 .82.49  386.01  21.50 ' 16.8  .78.8 4.4
" 9-2 22.28 47668 6.50 LTS A T
10-1 346.06 136.81 15.80 - 094 27 .4 3.2
10-2 9.48  491.18 0 1.9 98, | 0
13-1 384.00 10.09 . 92.60 78.9 2.1 19.0
14-1 464,58 13.17 6.8 95.9 2.7 1.4
15=1 470.28 10.08 0 97.9 2.1 0
16-1 114.72  368.51 - 18.2 22.9 73.5 3.6
20-1 38.09  481.90 0 . 7.3 92,7 0
25-1 . 11.38 . 480.79 9.0 2.3 95.9 1.8
#26-1 351.21 60.62 16.0 - 64.8 32.0 3.2
27-1 . 14,22 460.51 22.6 C2.9 92.6 4.5
27-2 137.48 0 ﬁp'a71.9o 270 0. 73.0
28-1 11.38  340.31° 144.80 2.3 68.5 29,2
28-2 © 336.58  34.26 138.35 66.1 6.7 27.2
29-1 57.83  361.92 70.60 11.8 73.8 4.4
30-1 © - - 21.82 " 456.39 19.30 b4 91.7 5.9
31-1 ©79.65  400.03 10.50 . 16.2  '81.6 2.1
35-1 . . 10.%44  475.06 20.50 20T 93.9 4.0
42-1 215.22 7 195.35  101.20 42.0 38,2 19.8
43-1 | T 65.43  395.26  27.60 13.4 80.9 5.7
CM: CaMg(C03)2 Dolomite : ' T
CA: CaCO, Calcite

3
IMP: Impurity.



Table 4.5 Rock types of the carbonate samples after the

reclassification based on mineral compositions )

Rock Samples

-1

w3

‘Rock Types

Dolomitic Limestone
Calcareous Dolostone

Limestone

Quartz limestone

Dolomitic Limestone’

Clay Dolomitic Limestone

Dolomitic Limestone o
Dolomitic Limestone
Limestone

Dolomitic Limestone
Limestone .
Calcareous Dolostonc A
Limestone «
Clay Dolostone

Dolostone

Dolostone

NDolomitic Limestone
Limestone :
Limestone

Calcareous Dolostone
Limestone _

Dolomitic Quartz Sandstone
Quartz Limestone '
Clav Calcareous Dolostone’

o

~ Quartz Dolomitic Limestone
. Limestone

Dolomitic Limestone ‘ ,
N . o
Limestone

'Clay Calcareous Dologtone
- Dofomitic Limestone

_a

»
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4.3 6rain sizes of the samples
Besides mineral composition, grain size is also one of*
the important factors influencing the frictional prbperties

of the crystalline carbonate rocks. From the results of

Eaton (1986) and the.basic friction angles attained from

tilting table tests and the visal examinations of the grain

sizes in the field byvthe author, the basic friction angle
decreases as the grain size decreases for most of the o
carbonate rock samples, especially for.limesfdne samples.,
\Fookes and Higginbottbm (1975)»devised a classification
of, limestones for engineering purposes. In this
classification, 0.002 mm, 0.06 mm and 2 mm were used to

specify the boundaries between carbonate mud and silt,

between carbonate silt and sand (or between fine grained

~limestone and detrital limestone) and between carbohéte

.

.;shrfaces,@%he percentageSMOf largér gra1n§~

sand, calcarenite or detrital-limestone and carbonate,

graval,calcirudite or cdngloTerate limestone respectively.

iy

It is not possible to determine the mean grain size.and
- ' . .

the sorting of crystallised carbonate rocks at present. In

-order to evaluate the relationship between the grain sizes

and the frictional properties of the carbonate rocks, the

. percentages of the grains whose sizes are larger than 0,06

*

w1th the hel

‘mm were esti;ted (Table 4.6) using a binocular mi‘croséop'é

of the comparlson chart for v1sa‘

5
sea i ST . D S .
. g T o .
(AT . S S Lo
b J o .o .-
. L. [ . . ¥
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underestimated due to the cut effect.

4.4 Relationship between basic fricti;n angle, mineral

composition and grain size

From the discussion aboVé, the basic ffiction angles of
the Erystalliné ca;bdnate rocks relate to their chemical
‘compositions and grain sizes. From the results of the
chemical analyses, 22 out of the 30 carbonate samples have
less than 10% impurities (pure carbonate'rocks) and the
other Biﬁévé more ghan 10% impuruties (impure carbonate
rocks ). It is found Ehat the basic friction angles for all
of impure carbonatelsamples except one ;re not larger than
31,5° bﬁt those for pure carbonétes_range from 22.8° to
41.4°, So it is réasonable to study the pure and impure

carbonate samples separatély.

4.4.1 Basic friction angles of the pure carbonate rocks
Because the basic friction angles of carbonate rocks
~depend on at least two factors, dolomite content and graid
size, mulfiple linear regression analysis might be helpful
_to study the relationship betwéen the basic friction angle,
déloﬁite content and grain size."Beforé the multiple
reggessién;-the distribution of the data points was reviewed
and th; relationships between the basic friction angle and
dolomitg‘contgnt and between the basic friction anglé and
‘percentage of grains larger tﬁan‘0.0B mm were‘examined by

simple regression‘anélyses to explore the above
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Table 4.6 Percentages of the Grain Sizes‘Larger Than 0.06mm

for the Carbonate Samples

Samples Percent samples Perevnt
1-1 35 15-1 10 S
1-2 50 16-1 50
2-1 15 20-1 20
4-1 10 25-1 - 80
7-1°" 20 - 26-1 80
- 7-2 5 .y 27-1 80
7-3 5° - [ 27-2 5
- 8-1 ‘ 5 28-1 | 0
- 8-2 45 28-2 0
9-1 10 , 291 10
9-2- 50 30-1 0
10-1 50 31-1 0 :
10-2 0 3541 70
13-1 .0 42-1 - 5 o
14-1 95 . 43-1 10 o
o

Percent: The percentages of grains larger than 0.06mm.
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relationships.

From the scittergram of the basic friction angles and

'fdolomite contents - (Fig. 4.3), most of the samples have low

‘dolomjte conten?s and only a few samples have high dolomite

contents. Withodt the samples with high dolomite contents,

ithe results of simple regression would change significantly
i

Kﬁ the regresion fs conducted.- Considering that the basic
friction angles of the two dolostone samples with 96%

dolom1te content and 95% coarse grains and 97% dolomite

_ content-and 10% ccarse grains are 24° and 21.5° respectively

(Table 4.7) and the basic friction angle of dolostones in

the same study area determined by Eaton (1986) is about 26°,

it is reasonable to think that the carbonates with high _

dolomite contents have low basic friction angles. .
| The resulfs of simpleé regression between the basic
friction apglef;nd dolomite content assumihg the basic
friction angle is the dependent Variab}e (Table 4.8 and Fig.
4;3{ were attained from the data (Table 4.7). The R-square

is only 0.205 and the corfelation coefficient is -0.45. So
the dimple linear relationshié is not signifﬁcant. From Fig.
4.3,‘thé basic friction angles of the samples those have
very low dolomite contents range from 22.8° to 41.3°, The
low basic friction angles for some samples with low dolomite
conténts may be caused mainly by smail grain sizes., If all
the samples, 2;4, 10-2,'8—1 and 30-1 which have basic

friction angles below 31°, dolomite contents below 10% and

less than 15% large grain sizes are deleted and the
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Table 4.7 Dolomite Contents, Percentages of Grains Larifr.

than 0.06mm and Basic Friction Angles of the Pure Carbonate

Samples
. J‘l
Samples ™M SIZE FRIC
1-1 . 48. 1 35 35,4
1-2 53.9 50 3305
2-1 2.6 15 245
7-1 45.6- 20 268
7-3 14,0 5 38.0
8-~1" 10.3 5 22.8
8~2 6.3 45 38.1
9-1 16.8 - 10 32.4
G- A 50 41.3
10-1 69.4 50 30.6
10-2 1.9 0 28.6
14-1 95.9 95 23.9
15-1 «97.9 10 2005
16-1 22.9 50 33.4
20-1 7.3 20 35.7
25-1 2.3 80 394
26-1 64.8 . 80 - 3407
S 27-1. ’ 2.9 80 30.8
30-1 4.4 0 30.73
31-1 16.2 0 34.8 .
35-1 2.1 70 39.0
43-1 . 13.4 10 34,3 L 4

CM: Dolomite contents in percentage.

SIZE: The percentages of the grains larger than 0.06mm.”
FRIC: Basicyfriction angles in degrec.
The basic friction angles in the table are the means of the

basic friction angles of the sliding samples from the same, rock
@sample. '



friction angle on the dolomite content

3

Simple Regresslon Xq: CM
R:  R-squared:

v

Yi:

FRIC
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Table 4.8 Results of the sihple regression of the baéic

Adj. R-squared: Std. Error:

DF:
[21

[ 453

.205

.165

Ts.174

.|

1

Ana\lysis of Variance Table

Source DF: Sum Squares: Mean Square: F-test:
g =

REGRESSION 1 138.241 138.241 5.164

RESIDUAL 20 535.37 26.768 p = .0342

TOTAL 21 673.611 Y

C
No Residual Statistics Computed =
Slmple. Regresslon X4: CM  Yq: FRIC
— Beta Coefficient Table
Parameter: Value: Std. Err.: Std. Value: t-Value: Probability:
INTERCEPT 34.529 - ' | :
SLOPE -8.261 3.635 -.453 2.273 .0342
Confidence Intervals Table

Parameter: 95% Lower: ~ * 95% Upper: 90% Lower: 90% Upper:

MEAN (X,Y) 29.962 34.565 30.361 34.166 °

SLOPE -15.845 -.677 -14.532 -1.991

Gl bolomite content, {}gu' .

FRIC:

Basic friction angle.




FRIC

y = -8.261X + 34.529, R-squared: .205

42 .5 A L I R VS SO " I G S

40/ | , [
37.54 } 0 o
35
32.5)
30.
27.5]
25

22.5/

20 — L e e s e pe e A s o S s TS — §
-t 0o 1 2 3 4 5 § 7 8 9 1
cM ’

. . g
CM: Dolomite content. b

[

:4FRIC: Basic friction angle;.

LY

Figure 4.3 Results of linear Regression between the Basic

'

Friction A%e.ar}d the Dolomite Content
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Table 4.9 Results of the zjgression of the basic friction

7 angle on the dolomite cqnfent after deletion s
e J s
- »
- Simple Regresslon X1: CM  Yq: FRIC
DF: s R-squared: Adj. R-squared: Sid. Error:
» § . B
[17 785 Jet6 v 0 Iso 3.386 1
\
. ‘ Analysis of Variance Table
- Source \bFf / Sum Squares: Mean Square: F-test:
REGRESSION* | 1 »'| 204.025 294.025 25,643
RESIDUAL 16 183.455 11.466 p = 1.0000E-4
. TOTAL 17 477.48
' No Resid{i‘al‘ Statistics Computed
€ ¥
‘»',m»»‘: °
v | ¥
Simple Regression Xy: CM  Yq: FRIC
N ‘ ¥ ¥
_ Beta Coelfficient Table
‘Parameter: Value: Std. Err.: Std. Valye: t-Value: Probability: .
INTERCEPT 37.715 * N
SLOPE -12.885 2.545 -.785 5.064 -1.0000E-4
. ‘ N "3 . oo . v
Confidence Intervals Table O
¢ ’ + 5
Parameter: 35% Lower: , 95% Upper: 90% Lower:; ‘90% Upper:
MEAN (X.Y) 31%.847 35225 32.14 34.92%
| sLoPE. {-18.28 $1-7.49 17.328 -8.442
- , - & : &
. -~ < ' ~
. : . !
(M: Dolomite content. n ) ) ‘
w\) . . * 5 -
‘ ¢ .
. . d .
F&}"IC: Basic friction angle.
)
» f » . L4 . a:‘




v v

le"ﬂt’&O ‘Results of ‘the simple regression of the basic |
ction angle on the percentage of grains larger than

émm |

Simple Regresslon X2: SIZE.  Yqy: FRIC
F R: R-squared: °~  Adj. R-squared: Std. Error: '
21 P | 063 o » |s.618 B >
Analysis of Variance Table *Qo R ‘
0urce - DF: - Sum Squares: __Mean Squarg:™®# F-Yost:
REGRESSION 1 ' 42.473 42.473 +11.346
RESIDUAL {20 -1631.137 31.557 p = .2597 .
TOTAL 4 |21 673.611 .- -
No Residual Statistics 'Computed g
I , .
[ . s
! *'Sugple Regresslon X2: SIZE  Yy: FRIC .
: 3 ’ " B
L - Beta Coefficient Table
o Value\ Std. Err.:. Std. Value: 1-Value: Probability:
oT. 30.63?\ . ' L 3
4597 3.963 \ 251 1.16 2597
Confidence Intervals Table )
- » . , : ‘ oo “
Yarameter: 95% Lower,; 95% Upper: 90% Lower: 90% Upper:
MEAN (X.Y) 29.765 34762 |30.198 34:329 .~ |~
SLOPE - |-3.67 12.864 -2.238 11.433 "
\»
o, , L . QS ‘ . . . “_ ‘ ) : QJ .
. .r«‘n_.' - . B s . o iy {‘,.:’
SINF: Percentage of graifis larger than 0.06mm.: o B

.‘:\ s

w

"RIC: Basic .friction qnglci :




leﬁﬁﬁkn“Resulté of the simple regression of

ction angle on the pefcentégevof grains lar

6mmk

Simple Regresslon X2: SIZE.  Yqy: FRIC
F R: R-squared: °~  Adj. R-squared:
21 P | 063 J.ow »
Analysis of Variance Table *"
ource ' DF: - Sum Squares: Mean Squarg: .
REGRESSION 1 ' 42473 42.473
RESIDUAL {20 -1631.137 31.557
TOTAL 4 |21 673.611 .-
No Residual Statistics 'Computed
I , .
i . 2
" *'Sugple Regresslon X2: SIZE  Yy: FRIC
L v oW . B

. » Beta Co_efficilent Table
¥ ) Value\ Qid Err: . Qtd Valuye: t-Value



y = 4.597x + 30.634, R-squared: .063

A A A

a
o O

SIZE: Percentage of érains iarger than 0.06 mm.

) &

FRIC: Basic friction angle.

ure ‘4.5 Results of Linear Regression between the Basic

ction Angle and the Percentage of the Grain Size

-
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y = 4.597x + 30.634, R-squared: .06

A A A

40
37.5]
35.
'32.54
30
27.5]
25

22.54

[jb

20
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Table 4.11 Results of the simple régressionkof‘the basic

‘friction angle on the percentage of grains 1arge:féﬁan

«
-

0.06mm after ﬁeietion )

'

Simple Regresslon X{: SIZE  Y4: FRIC
, Al

Std. Error:

- DF: ) ‘R: '* R-squared:
T “les [4505 .
-
g ' . . Analysis of o
¥ sourcd DE: Sum S Fofest:
4 ' o | REGRESSION 222.0 . 10.516
" | RESIDUAL 337.89 21.118 p = 0051
%9 .964 |
-
No ResidmIFStatistics ‘Compuled .
Simple Re lon Xy: SIZE Yq: FRIC-
Beta Coefficient Table P '
© Pdrameter: Value: "'Std. Err.: Sid. Value: t-Value: Probability: '
| INTERCEPT | 27.41 > : L .
SLOPE 12.75 3.932 %3 3.243 .0051
T Confidence Intervals Table ‘
Parameter: ~  '95% Lower: 95% Upper: 90% Lower. - 90% Upper: N
{MEAN (X.Y) = ]29.859 34.452 30.264 34.047
- | SLOPE. 4.414 21.086. 5.885 19.615
oot ' e _
4y

FRIC: Basic friction angle.

»

‘S_IZE: Pefcenfagé of ara

W

ins larger than 0.06 mm. = ‘



Table 4,12 Results of the Mult;ple regreg"sxon of the Basic

Friction Angle, the Dolomlte Content and the Percentage of
the Grain.Size Larger than 0. 06mm S aa «

Multlple Regress|on Y1:FRIC 2 X varlab1os

DF: R: ' ‘R- squared .- R- squared Std. Error
L2 |97 | 356 [.288 4270 o
Analysis of Variance Table- e T
Source DF: Sum Squares: _Mean Square: _ F-tast: Lo
REGRESSION |2 239.758 119.879 525 B
| RESIDUAL - 19 238853 22834 p = .0153 \
TOTAL 21 73.611
: ' ‘ v ] . 4
" No Residual Statistics Compufed \
$ 7 . ® T
Multiple -Regresston Yq{:FRIC 2 X varlables
- o
Beta Coelfficient Table o
Paramelter: Value: Std. "Err.: - Sid. Value: t-Value: Probability:
INTERCEPT 32.458 ' - L
CM -10.252 3.488 -.562 . 2.939 0084
SIZE 7.383 3.502 403 . ‘2.109 0485 ' l~
; - 4
Multiple Regression Y{:FRIC 2 X varlables '
‘ ., Confidence Intervals and Partial F Table ,
Parameber: 95% Lower: - 95% Upper:. ~ 90% lLower: 90% Upper: Partial F: ‘
INTERCEPT : o _ g .
CM_. - -17.552 |-2.051 1-16.283 14,22 8.64
SIZE .053 14,713 ! 1.328. 13.438 , 47446
1 b% “
CM: Dolomite conteﬁt FRIC Basic frlctxon anglc . ‘ o v

SIZE: Percentage of grains larger than 0.06 mm. - ‘ )

)
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Table 4.13 Residuals of basic “frjgvion angls from the linear

multiple regression equation

' s ‘ . N e
. Sahples_ FRIC g Residuélsﬁ.
¢ m -
% 1-1 . 35.4 o529 L
1.2 - 33,5 .2.88
1. 2s L7 S I S
- 26.8% - 2,46
‘ — 38.0 & 6.6l
8-l ® . s -8.98 d )
| . 8= 38. 1 2.97
2 £ 9-1 32,4 0.93
. 9-2 41,3 5,60
- = 10-1 -30.6 1.56
10-2 28,6 -3.66 .
14-1 23.9 ~5.74
e 15-1 21.5 ~1.66
16-1 © - 3304 ~0,40
20~1 357 2,51 B N
25-1 39,4 1,27
26-1 34.7 2,98
27-1 30.8 -7.27 -
30-1 30.3 T =1.71
31-1 34.8 4,00
35-1 . 739.0 1,59
43-1 3.3 2,48 ..
.

FRIC: Basic friétion gngle in degree, ' 'j

Residuals: Differences between measured " j
basic friction angles and : ]
those predicted from .the
regression equation. .
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2

"'y = 12.75x + 27.41, R-squared: .397

P w
- i " ' A S A A A

0

~ SIZE: Percentage of grains larger than 0.06mm.

FRIC: Basic friction angle. e

R}

Fiéure 4.6 Results of Linear"Reﬂhessjon between the Basic

Friction Angle and the Percentage of the’ Grain Size after

' E.

" Deletion
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»

4.4.2 The basic friction angles of the impure carbonate

«

rocks

Only 8 out of 30 samples are impure samples with the 'vJ/

insoluble contents larger than 10% (Table 4.14). All the

. #
samples here are fine grained’samples. The range for the

basic»frict'pn angles of these samples is 24.0 to 34.7°. aAll
. $

the samples eXxcept one are not larger than 31.5°, The

probable rea is that clay minerals can reduce the .

fri#tion angles of the samples by lubricating the sliding

sur%acesh Also quartz can probably reduce the basic friction ,

angles of the sémples due to the low friction angle of!it§*?”

mineral surfaces.

3
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Table 4.14 Mineral Compositions of the Impure Carbonate
Samples and Their Basic Friction Angles
Samples CM CA Oua Clav @
-1 2.5 56.4 3248 8.2 24,0
B L :
-2 7 37.4 I'7.6 2.2 42.8 30,1
131 78.9 2.1 1.0 18.0 24,0
27-2 27.0 0 54,8 18.2 28.3
28-1 2.3 68.5 .5 29,2
28-2 66.1 v 6.7 .8 4.5
oo % ) '
29-1 11.8 1 73.8 13.7 0.7 31.5 v
y e . “4“%\:\:.@ 0 e s B ﬂmvw’-j
42-1 42,0 38.2 2.0 17.8 34,7
¥
CM: Dolomite’conteﬁts in-percentage.
CA: Calcite contenfs in percentage. .
Qua: Quartz contents in percentagé.'
Clay: Clay mineral contents -in percentage.,
FRIC: Basic frictionkaﬁgles.
The basic friction angles in the table arc means of the basic .

friction angles of the sliding samples from the same rock sample.



5. Stability analyses of the potent1a1 rocksl1des and other
. f)y’@h
overdip slopes %

5.1 Evaluation of the cohesion along the potential slid?ﬁé*
Ly AR

surfaces
The shear strength‘between'smooth~rock surfaces can be

estimated using the Mohr-Coulemb law (Goodman, 1980, p. 76).

N
< \\

~

r=ctotang | (5.1 .

This equation is talid at low normal stresses (Lama and .
Vutukuri, 1978, p. 67). |
If the friction'angle)aad the cohesion along s
potential sliding surface are~known, the safety factor of a
potentlal rockslide can be calculated using the formula

below. w

@

c+[(WcosB)/A u]tan¢ o t
v;F TWSlnBI/* (5.2)

[ 2

For imPermeable hard rocks, Heakel (1967 p. %55) indicated

»

_that as movement occurs, the tension. cracks w1ll open‘up
/# 3

and the'level of” water in the tens;on cracks Wi

PR

D eess e Catastrophlc" rapld movements can only oé%ﬁ&. #’“
ble

flat slopes if 1arge supplles of surface watef‘%re:avall
to ma1nta1n the water 1evels in the cracks as,they'opea cp;"
At.all the sites in the study areax the.k@m@ted{water is

from melting snowr‘It.is not possible to mai 1n the level

- -~ »

o C 172 | -



. N E
of water in discontinuities after the rock masé sta¥y
move. - So it is reasonable to ignore the pore pressg
estimating cohesion along bedding surfaces.

: b
The safety factor of any potential rockslidggg arger 4

~ or at least equal to one because, if the safety ’or of a
- potential rockslide were less than one, it would have slid

already., So the ihequality below can be attained. , '

(WsinB)/ASc+(WCosﬁtan¢)/A ‘(5.5)
ok ) .

E
Eod

,Based on this inequality,‘a‘lower bound (minimum value) of
cohesion along the surfage can be estimated. if W, A, B and

v

. »
® are, known. -

In a series of tests on models v#%é regular §§%face'

projections and without cohesion, Patton (1966b)
onstrafedhthat if a'disconthuity surface with identical

asperities at an angle i fromathe mean discontinuity

suffacef tRe fr{ction angle(¢) in the above equation is ¢+i
instead of ®. Th; dimensions of the samples.sf‘Patton
(1966b) are 74. 93 mm long by 34.45 mm wide. He also
~demonstrated- thg practncal 51gnlflcance of thla relatlonshlp
’bjlmeasurem;“ 4
";photographgﬂsf bedd1ng plane traces in unstable limestone
_slopes. - ,

Fecker and Rengers (1971) measured the roughness anglés

3

‘%é%hé averaqe vglue of h: ngle 1° Erom :

¥ \

of roughness surfaces by changing measuring base length and

they showed that the‘efﬁe;tivé'rQUthéss angle(i) decreased

» i e v L b
» ; . 0
s . " . ol e
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. e

W1th 1ncreas1ng measurxng ‘base length Rengers (1970) showed

LI

that tan(1) was less than 0 05 when ‘the base length was. .

-larger than 100cm by his test Bruce and Cruden(1980) .
developed a stat1st1cal.methodrto determlne the wav1ness of

] .
bedd1ng surfaces at scales up to- 30 metres.zg
o : At 13 out of 18 sites Wthh seem to be subject to
L X K
slldlng from the fleld 1nvestlgatlon, the. roughness angles"

. are zero when the measurlng base lengths are 0;91 metre. :

L

When ‘the measurlng base lengths are over 5 metres, the .

s

/e
i roughness angles for all ‘hese 51tes are zero by wqiual

-
1 Ly A

"'est1mdtlons. o K e ';“w_z

f\\_‘; It 1std1ff1cult to measure the roughness angle of the
; beddung\surfaces on a” scale larger than 10 to 20 meters 1n
‘the éleld because large parts of the po/ent1al slldlnghj
ﬁsurfaces do not outcrop or access is not posslble at ‘most ofb

-

the 51tes. But - the v1sual exam1nat1on/of the att1tudes of

'the bedd1ng surfaces 1nd1cated that'

he large scale

"_roughness angles at’ most of the 51_es are around O° and may

A

be. 1gnored 1n reconna1ssance stu 1es. i
As the potentlal slld1ng m‘ss beglns to Sllde,.lt w1ll
5'ld11ate and rest on onlyoa few ﬁolnts along the beddlng
qurface. The slld1ng rock mass and the rock under thq

1

. sl1d1ng surface are not 1nter ocked any more and slldlng

!

debr1s fills the spage along/the Slldlz? surface, So. the |
roughﬁess angle at the scale of a few;

entimetres to 5m are"
\“—

;inot 1mportant becauselthe d1men51ons of the potentlal

slld1ng mass are larger than 10 m at. ail the above 18,sites.



' o
‘ It 1s reasonable to 1gnore the 1nfluence of the roughness in

b est1mat1ng the 1ower bound of cohe51on along bedd1ng 4

‘surfaces and evaluatlng thexstabrllty_of a'potentlal o

. e )

ot - ,‘} F B "

‘"rocksllde., oo S o~ ? - K

Barton (1971) suggested that the effect1ve value of i
depends upon the’ magnltude af the normal stresses. At very

low normal stresst,'smaller and steeper s1ded prOJect1ons -

~

control movement. As/the normal stress 1ncreases, these
Y g . ; . -
smaller prOJectlons are broken off and the gentle ' ‘

L undulat1ons of larger 1rregular1t1es control the movement

~

Cruden (1985) suggested that it was reasonable to take
s.='the bas1c frlctlon angle ot - ‘hard rogks as an estlmate of the

fr1ct10n angle on their beddlng surfaces except that when

1

there is-a concern that the rock has softened and ‘altered or
ghat the dlscont1nu1ty has been*bollshed by dlsplacement.

| ‘ Hoek (1974) descrlbed the coheszve strength of

gouge fllled dlscont1nu1t1es, cohes1ve strength of cemented '

dlscontlnu1t1es, apparent cohes1on due. to surface roughness
AR 1, . _ R ’
and 1nfluence of water on cohes1ve strength 'H
~ s
S So 1f the ba51c fr1ct1on anglq is used to’ replace the

frlctlon aagle in the shzér strength equat1on,'rhe cohe51on

e
s

| 4
1n the equat1on 1s the overall cohes1on wh1ch contalns both

Top

the rock brldge cohe51ve strength and tH"coh351ve strength

caused by the: surface roughness on local scale.
o ‘ .

"At many of. the. work1n§ sltesr 1t was seen that there

A
are more tHan one rock type and grain s1zes of the same rock

type chQnge around the potentlal slldzng surfaces. Roek
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Samples were not taken for all rock types . due to the R

d1ff1culty of extfact1ng suitably slzed samples and carry1ng

T them hy backpacklng over rough terraln. ‘Rock samples wfre

not taken(?t séme of the, 51tes. So. the ba51c frlctlon angles

are est1mated based on the field 1nvestxgatlons and the

.

s SRR ) .
Ff f1ne gra1ned 11mestone e«{sts at the"site and no.

results of Chapter 4

fine’ gralned l1mestone samples were taken and tested

estlmate of the ba51¢ frlctlon angle of 27° is.used because
all fhne gra1ned limestones except two have“the'ba51c‘g
frlctlon angles not: 1ess ‘than 27°. If there exists a rock. .

type<w1th the basic fr1ct10n angle less than 27°, the actual'

o~ ba51c»fr1ctlén angle»ls used If there are no fine gralned

b

l1mestones, the basic fr1ct10n angle is estlmated dlrectly
from the test results. The ba51c frlctlon angles for
dolostones and qu%ftz sandstones are estimated by the test
resulds.-a‘ ' = > e

At some of the work1n§/51tes, the thlckness of the

-

‘potential slldlng‘mass.does not_change. At the:51tes where
- A& . L '

‘the‘thiékneSSfchanges; the averagetthitkness can: be 'used in:

calculat i . Then W/A which can be représented as the weight

per unit area is dependent enly.on the thickness or average

"thickness if,the density of the.rocks is assumed to be .

A

constant. The thickness and the' dip angle are estimated from

the air.photog:aphs and\topographic maps\and confirmed by -

i

‘the fieldsinvestigation.
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Based on all thlS 1nformat1on, the lower bounds
DT A o .
i (mqnlmum values) of the cohes1on from the sites where the e

' “

N

d1p angle of the. potent1a1 sldd1ng surface 1s larger than

the est1mated bas1c frlctlon angde w1th the thlckneSs lé&ge&
than 5 m is calculated asSuang the un1t w§1ght of rocks 1s[
27 KN/m’ (Table 5 1) and the relat1onsh1p between the lower

_bound of the estlmated coheslon'aqd the fr1ct10n angleuused

to calculate the lower bound of cohes1on is plotted (Flg.
5 1) -u> i .‘ v . “ L. QA- ) ) . ,'
. . Al' ‘ . . .
From the results, it can'be-seen that the-lower.bounds
of coheszon are from‘28KPa to ZBOKPa and there 1s no
¥ \\
relat10nsh1p between the apparent cohe51on ‘and the ba51c

(.4

friction angle. Rll the~calcu1ated cohe51on except»atr3
N P " “ : .
51tes -are between 30 and SOKPa.

- The sites that g1ve lower<bounds of cohésion larger
thaﬁ)SOKPa -or less than 30KPa are Slte#e“ #11 and #28. Slte
)

#8 gives,a value of 100KPa because the bas1c friction angle

I

“used is only 22, 8° The sample‘was ‘taken from a layer wh1ch

° 2

was found at only two s1tes and the th1ckness 1s less than
60cm. Site #11 is the only site in quartz samdstones for

estlmatlng thescohe51on and gives the lower bound of

Jd

cohe51on as 28KPa. The potent1al sliglng SJI!%CE at Slte #28

is c1rcular and it m1ght~be ‘the rock mass is buttressed
around the stoe of the potenfial”slide. N - *ﬂ’

.bConeidering'that the rockslide movements areAactive,

especially on overdip slopes, and there are not potential -

' /rockslidesvwith big thicknesses, it:is reasonable to use the,
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Ta~b1e 5 ! Results of ‘the Lower Bounds of Apparent Coheslon I

along Beddmg Surfaces at 18 WOrkmg Sites

dﬁite;v T(m) . Dip .~ Rock Types With  Base Apparent.
oo ~(degree) . Lowest Basic Friction. - Cohestons
S . _ Frictiow“@ng]e o Angl@ﬁ . " (KPa)
S ; C ) g L (degree) e
1.7 7760 36 ¢ f-c 1s 3570 34
- .- : ’ ' , ' .
7 28 30 f s 26.8 41 ,
L8 24 31 Lt F Tg 22,8 * 100 1
w9 - 2829 Cf g 32.4 XX S
10 75 30 & LE1s 0 290 .40,
11 . 90 . 25 N ... oqss . 244 28 .
rz2. . 90 ©o2s ‘:‘:q ss 2.5, . xx o .
1410 37 - ¢ dl S 239 T T s
16 35 30 , f s CO334 L XX
20 8 44 fc 1s 35.}/J S8 . ‘
98 B S f s 291" . 280 TN
, : : . e - 2 ’ ' '
.29 60 25 £2c"1s - 25.0 %X
s ) N o - . -
T30 .7 a9y . f s 30.3 13 .
31,10 39 C. £ s ~30.3 47
S32 5 44 © s e 303 37,
35 5 . 54 c ls - 39:0 39
©o39- 22 .30 Cfls 27.0 , 35 0
41 30 30 £ 1s 27.0 48
T: zpe t} 1ickness.of the potentlal sliding mass. . - -
~ Dip: Bedding dip. A : S v » .
7.8 f-c 1s: Fine to coarnggrained,llmestone. o P .o '
g A%;?fﬂ}s: Fine grained liméstone. ‘
¢ 1s: Coarse .grained limstone. o
c-dl: Coarsg, grained dolostone. ' e '
4 q ss: Quartz sandstone. : s P ,5
XX: The apparent cohesion can not be estimated. ’ ‘

+The pq;entlai slldlng,surface at Site 28 is circular so the apparent
cohesion was calculated by the moments with respect to the centre
of the potential slldlng surface.

The basic friction angles used at Sites 31 and- 32 are same as that of
- -Site 30 because the sample taken from Site 31 was from talus and =~ *.
€he three sites are very close. . - s "
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(Goodman, 1980, p. 77):
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o range of 30 WOKPa to estimate thq& cohesion along the

r .
bedd1ng in the study area conservat1%ely.‘j\fr

] From the Mohr Coulomb law, the relatlonshlp among the

L a‘,

cohe51on, the frnctlon angle and the“unxax1al compre551ve

strength for intact rocks can be represented as follows

R . .
N .
v " @

-, céaé/[Ztan?45°+¢/2)I , B : (5-4)

~
[
s

¢ - i"the friction angle.

-

A

"ac is the uniaxial compressive strength ' ' v\%,‘

-

" Indentation tests.were conducted‘onfsome of the rock. -
samplesuand the uniaxial compressivebstrengths were
estimated from this index test(Mining Research'and - ; 7
Developement Establishment, 1977)..- Based on the results of
theluniaxial compressiVe strengths, the percentages of
apparent rock brldges are calculated (Table 5 2). The
compar1$on between the cohe51on of 1ntact rocks and the

lower bound of the cohes1on along bedding surfaces indicate

" thet the minimum vafue'of-the.proportion of rock bridge.

a!ong_bédd1ng surfaces are less than 1% except at Sltes 8

and 28, where the calculated apparent lower bounds of

" cohesion are considerably higher thdn those at the other

. sites because the estimated lower bounds of apparent

cohesionhalong the bedddng surfaces are higher at the two
sites than at any other sites. -~ .

-
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Table “%.2 Estimated Percentaqsf of the Lower Bounds of Rock

-Bridges at 14 Working Sites

. . ' d
N e
Sites Basic‘friction ~ Uniaxial | K
" angles . - compressive  oorun agapp . BRIAPP
. {degree) Sj;;g)gt:h (MPa‘f .(KPa‘)‘ _ @
1 350 227 . 59 34 0.58
7 26.8 198 61 47 0.77
8 22.8. 160 53 100 1.89.
10 29.0 189 56 40 0.71
1 24040 364 117 28 0.24
14 23,9 S 267 87 42 0.48
20 35.7 239 - 55 38 - 0.69
28 29.1 233 68 280 4,12
30 30.3 253 72 33 0.46
31 30.3 253 12 47 0.65
32 30.3 //ﬁ 253 72 37 0.51
L35 . v 39.0 227 - 54 39 - 0.72
39 27,0 216 66 35 - 0.53
4{ . 270 216 \ 66 48 £ 0.73

COINT: Coltesion of intact rock. ‘
COAPP: Lower bound of apparent cohesion along bedding surfaces.
BRIAPP: Apparent percentage of lower bounds of rock bridges along
bedding surfaces. ’ '
. 2

The ba§i€ friction angles and the uniaxial compressive strengths
were estimated from the ‘rock samples in the same way as in - _
estimating basic fricttion angles for determining. the lower bounds

of cohesion along bedding shrfaces; E

. . - ’ . . . o
Because the sample 31-~1 was taken from talus ‘and no. sample was taken
from Site 32 and the (potential) sliding surfaces at Sites 30, 31
and 32 are very close to each other with the same lithology, the
basic friétionhangle from Site' 30 are used for all”the three sites,
30, 31 and 32.- : ‘ ' ) e

!
I
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5.2 Stability of overdip,slopes , N

From the fceld 1nvest1gat10n and the telts of basic

’ \

ion angle, it can be found that stabxlxtles of overd1p

. &

fri

slgpes are;controlled mainly by the geological structure and
the {rictional properties of rocks. Overdip slopes can be

assified into two classes, ptential rockslides and other
el | .
overd;p slopes. “h A

,

n

'5.2.1_Potential rockslides
N If.the basic fricti?n angle of the bedding surfaées-ls .
less than the‘dip angle of the'beddingfsurfaces at a sit%
it is the cohes1on along the beddlng surfaces that prevents
;he rock masses above the dLscont1nu1t1es from slldlng
Cohes;on-can be destroyed completely by a small d1sp1acement
and also cohesion can be worn anay with time bg weathering
‘lprocessesz,All ehese overdip alopes are consldered'as
potential rockslide slopes.
In the study area there are 13 potential’rOCkslides. |
The dip angles of #he bedding suéfaCes'are from 25° to 54°,
"The basic-fricglgn angles vary from 22.8° to 39°. The lower’
‘bounds of'thelcoheglgn attainea from most of the sites are
only between 3bKPa and S0KPa. Depending~onlthe'relationShips
% among the basic friction angle, the d1p angle of bedding
surfaces and the cohesjon along the potent1al Slldlng
sur&eces,»the potential rockslldes_or roekslides with

-’

-fiifferent volumes can form.

-



v Table ‘5.3 Potential rock slides.in the stud};}iea'
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l“

\‘ ;
S . 7 eoTonical
Working ‘ Working Alr ,QOJOE cat,
. e Photograph Formation
Arca Site ) .
. ; number - (Group)
North of i AS 745 5043 108 Mr
Mt. Loughced ¢
MU, Sparcowhawk - 7 AS 745 5041 T 11 Mrt
ML, Spnrrowhhwk 8 JAS 745 5041 0 11 Mr
Mt« Sparrowhawk 10 \is 746 5040 206 - Mr
Quartzite Ridge I AS 746 5040 & Prm
North of B ‘
ML. Buller L4 AS 746 5039 155 %f
North
Ribhon Creek 20 AS 745 5041 14 \ bp
v. : 7
Opal Range 28 AS 747 5034 161 : Mr
Burstall Pass 30 Y 747 50g5f101 Dp
Burstall Pass 31 AS 747 50083 101 Dp
Fast of ~ v .
Mt. Black Pifince 35 AS 748 5030 213 Dp
Aster la 39 AS 749 5025 215 Mr
- ~
Aster Lhke 41 - AS 749 5025 215 Mr
Df: Fairholme Group
a . o
Dp: Ralliser Formation -
Mr: Rundle Group .

Prm: Rocky Mountéin Group

J

/7 -
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The potential rocksl1des 1nj}he stuqy area (Table 5. 3) are
.‘d1str1buted in the’ Rocky Mounta1n/6roup, the Rundlq Group,
'the Pa&llser Formation and the Fairholme Group.

There is’ only one potential rockslide in the Fairholme
Group. At this” sxte (S1te '14), the thickness-énd volume of
the potentlal slldxng mass-are small.

The quartz sandstone .in the Rocky Mountain Gronpihave
low basic friction aiiles and the QXCks are hard. The
chlculated lower bound of cohesion is only 28KPa. There 1s a
\;rock slide whach‘1s at thé north end of Site IE éccurieg"

A with the bedding dip of'25°(éaton, 1986) . Al;hough’the basic.
friction angle from the t11t1ng test is larger than- the
'beddlng dip at S1te 12, it seems that it 1s still p0551bl;
for, the rock ma&s to sl1de because ékere is a large
rockslide near the 51te.

The‘Rundle\Group anqmthe Pallisef Formation are majof
cliff-forming un1ts 1n the study area. There are 11
potentlal rocksllaes and 9 large rockslides, such as the
slldes in ‘Mt. Indefatigable and in Mt, Sparrowhawk "? )
(Eaton,1986),in these two gégiéblcal units.

In the Rundle Group, either finé grained llmestones or
' dolostones with low basic friction angles can be .found at
any site except aroun§ the base of-the Group where the rocks
have higher‘basic frictjéﬁ a%glés. The condition that the
bésic friction angle is only a little less than the bedding
- dip favors formatioﬁ of big ﬁotentiaTNFéékslides because
l%ss thesion is necessary -in this condition than in the

P
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case that the basic friction angle is much smaller than the
Sédding dip. Site #1 is an example at which the basic
',afrig_t_;on angle is onl'y.;l"/\less'tha'n the bedding dip. If the
.bedding dip is tbo big, a dip slope with some f%in.rpck
layers‘on'it forms. Potential rocks}ide§ with the
thicknesses of 5m Eo 75m are ioynd-thfougk“the Group. v
in the Palliser Formation, only B sites were
investigated. There‘are 4 potential rockslidei?in the
Palliser Formation in the study area. The basic friction
‘angles gstimated at these sites are from 3b.3 to 39°. The
bedding dips are from 39° to 54°, The thicknesses—of the ;.
—4potential rockslides are less'ﬁhan 10m due to the steep
bedding surfaéés. If the beddihg Eurfaces'we;e not as steep

as at these sitesf/:t would be possible to form big.
~

N,

potentiaf rockslides.
For.thq potential rockslides, the -joint sets
perpéndichlarhéb,bedding surfaces ican provide the potential
lateral and bagk/rupthre surfaces if needed. 1
The shapes of most of the potential rockslides are
convex or steb}ike. The dip slope parts of theée Qlopés
might be causeé bylearliefmsliding. L\\ : 'i;‘
' » .
5.2.2 Other overdip slopes
If the ba51c friction angle of the rocks at -an overdlp
slope S1te is larger than the dip angle of the bedding

surfacés, it is not likely that the rock mass of the slope

will slide along bedding surfaces unless some externgl

7

Y



forces act on the slope. These qverdip slopeﬁ are noﬁi
considered as potential rockslides. The overdip Qlopcj
can have planar surfaces or can hav steep slépes cafi
mainly by the joint sets perpendifular to the beddinqk
surfaces, The overall dip slopes are also included-ho:
Accordiné to Selby (1982), if“the slope is at thi
equilibrium state with respect to the rock mass strené
rating,’ not controlled by geological stfuctgtes andewf
undercutting, the_slope angle is only dependent on 1:1:jf
mass)strength rating. This kind of slogs'evolwes'pq;ag
the slope surface if the rock mass strength ratinq ig!
*constant. The rock mass strength ratings for 36 of thg
working sites were calculated (Tablé.5.4).‘THe relati
between the rock mass strength rat'ing ;na the slope a
(Fig.-5.2) are plotted.¢o study the effect of the roc?
étrength ratings on slope angles. If the slopg is 66n‘
the slope angle 6f the errdip slope_is used, If ;he('
‘angle changes at different séctions,~for {nSQanpeJ'agi
10, or the slope angle from the toe to the top of the%
gﬁénges due to undercutting by erosions, for instance
Sites 23 and 26, an averade slope angle is estFmatedA;
used in Fig. 5.2. The straigﬁt'line‘in ﬁhe Figure 5, 2{
erE\Selby (1980) and-is ‘the regression line relatingf
mggs strength ratings aﬁd $lope angleg,at the equiii?
state. Table 5.5 lists all the sites-excépt th;npoten}
rock slides. Acgording to Selby (1980), the poants i

degrees of the slopé Sangles from the straight line ca

L



part or-dip slope parts, the' slope, angles 1n the table- are

those of thL overdip slope parts

Ve

-
>

! . .87
Table 5.4 Rock mass strength ratings-at 36.g8ites ;
~' » 0
: oo
Sites SLAL RMSR  Sites =~ SLAL - RMSR - T (g
1. 45 60 22 31 671 v
2 27 60" © . 23" 50-60 65 - \
r=3 .27 6D 24 30 61
4 37 - 64 25 60 6% )
7 45 66 26 . 40-60- .6l -
g 63 2 3 60
9 40 63 .. 28 70 64
(10 '38-65 60 . 29" 37 64 .
1 38 60 30 Y43 =6l L
12 3708 64 31 ¢ W37 tel |
13 SN-45 0 b4 35 55 6l o -
W37 65 3607 s 63 ;!
15 37 4. 37 55 63 . - .
RN T 40635 38" 400 63
[EES U Y A T/ 60 - 64 S
L1940 62 41 807 64 -
20 45 60 42 60 .~ 60" L
o2 40°, 466 43, 38 60 oo
a L g g ) b ._ K L V’
: 'SLAL: Slope angles 1n‘degree . *
kah hock mqas strcngth ratlng.
T thc slopc conSLstd'of ar overdlp slope part. and a dll qlope.b -
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Table 5. 5 Overdlp slope 51tes except the potent1al A

N

rockslldes

%

k'Working.ArFa WOrking J'Afrz . Ceoloﬁical Remark
. TN . Site»  Photograph . Formation ' ,

number . {Group) . ‘.

B i L s

.l Nofth of Mc,‘L%tghéed 2 ¢ AS 745 5043 108 Dp
) North of Mc. Lughded 3. AS 745 5043 108 - Dp

* Mr. Lougheed< = 4  AS 745 5042° 55 M. . o
'Mt, Lougheed "5 " AS 745 5042 55 Mr 7 . x- ‘
Mt. 'Ldugheed - = "~ 6  AS 745 5042 55  Mr L
‘Mt. Spdrrfowhawk.' . 9 AS 745 5042 11 Mr . ‘ §
. Quartzite Ridge © 12 ' AS 746 5040 204 Prm. 2
* Quartzite Ridge |+ 13  AS.746 5040 204 Trs > ik
‘e, Mee Buller and g o6 5030 155, . DF

Mt. Engadine _ _
Mt. Buller and - : e e P

M. Engadine - o 1. S 7465038 109 bp

- varth Ribbon Creek = ' ,17 AS 746. 5040 208 Moo

"~ % North Ribbon Creek L 18 T AS 745 5041 12 . Mr, o

. North Ribbon Creek: 19 AS 745 5041 12 < Mr
Ribbgn Creek, .= 217 AS 746 5039 157 Prm
. Ribboh Creek . .22 - AS 7465039 157 Mr o
. Ribbbn Creek ~ - . 23 . AS 746 5039 159  Mf .
Me. Kidd- - 24 AS\ 746 5039161  Mr : .
Mt: Kidd - 25 51746 5039 161 " Mr .
Galatea Creek - 26 . "AS 746 5038 113 . Mr
Galatea Creek - 27 . AS 746 5038 113 Mr
Mt. Inflexible - 29°  "AS 747 5034 157 1 Mr. . N
Burstall Pass . 32 ~AS 747 5033 101 Dp - Rockslide
‘Mt. Murray . 34 AS 7475032 56 . Mh' L %
Aster Lake 36 AS 7495024 1627 - Mr -t
.~ Aster Lake = %+ . 37 - AS 74975024 162  “Mr- - ok
_Aster Lake | 38 -~ AS 749 5025 215  Mr © T
- Beadwood Pass . 42 - AS 748 5026 13 Mr * _ R
Headwood Pass . " 43 AS 748 5026 19:  Mr ‘ .
. Df: 101me Group T B L T <

/ ser: Formation .= ° 2 A
"Banff Formatiop
" Rundle Group , o
Prm Rocky Mountain Group, - : . : ' : -
Sulphur Mountain Formatlon ' '

~*: The site is around the h1ngeé§f..an anticline or a syncline.
Ak Rock glac1er -

. &,
v
P B S . d
s v
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F1gure 5.2 Relat10nsh1p between the

Ratlng and the Slope Angle
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we

;fconsidered‘as at the equilibrium State. From Fig. 5.2,
can see that some overdip slopes are close.to the straight
line but some arehnot.

‘Not considering the‘botential:rocksl'ﬁes,‘those elopesi
''not close to the line are S1tes 23, 25, 26 37 and 42, The
beddlng dlpS at Sites 23 and 25 are only 15° so the slope
angles-seem to be 1ntluenced;ma1nly by the joints
‘perpenéiCUlar to bedding. Also the slope at Site ?%'was
undercut by erosion. The ovefblp slope at Site 20 was formed
by a small gully and the slope angle’'of the foot of the
slope is larger than the value predlcted fro& the rock mass

.‘Uv ‘f

| ratind. The reason is 1“f” dbe 15 undercut by erosion. Site

"angle is controlled by he beddlng dhp The o¥erall d1p

. 5slope will he- dlscussed below. Except Site 29, which is a

h‘convex slope, and Sltes 27, 38-and 43, whlch are overall dip -

slopes, all the-other slopes close to the line are planar.

° v

This indjcates thae tﬁe‘planar'overdlp élopeE are controlled
“mainly by\;ock mass}%trengthfratingggﬁlV

.On Figure 5,2, SOne‘potential rockslides and the
overdip slopes obv1ously controlled by the structure also

fall 1nto the reg1on of the equ1l1br1um state, " So the region

is not exclu51ve.

R

Rockslld1ng is not a movenent type for planar overdip

 51opes so0 nod signs of earlier sliding ‘can be.seen: Toppling
L . R . ‘ .
‘can occur on the joints perpendicular to bedding ‘surfaces

Cd -
>, oo \ _ ' 4
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(Cruden,v1987).:Anbexample of topplingris at.Site 21. A thin<
.layer of weathered‘rock debrispgeneral}yncouerS‘the planar
slope. If the rock mass strength rating does not change, the_ .
planar overd1p slope can evolve parallel to the slope
surgace. Planar overdip slopés are found in the’ Fa1rhome
Group, the Palliser Formatlon, the Bantf Format;on,'the
kRundle Group and the Rocky Mountaln Group.
- Figure 5.3 gives the relat1onsh1p between‘the slope
‘ angle and the d1p angle of the bedd1ng surfaces at all the
v'51tes except the potentlal rockslldes and Sites 5, 6, 17
18, 24; 32-andl34 Sites 5X 6, 17 18, '24 and 34 are around'
the hlnges of the fold structures so the beddlng d1ps are
not constants at these 51tes S1te 32 is a rockslrde site
and the slope has become: a d1p slope because ‘the sl1d1ng
occured before. of the 15 overdlp slopes where the "bedding
d1pS‘are between 20° and 30°‘(1nclud1ng 20% and 30°), 12, are
planar, slopes The other three-are Site 27 which is an. |
: overall dip slope that is going to be dlscussed below, Slte
'29]wh1ch is a convex iiope w1th a dlp slope»part and Site 26
which is obviousl} undercut by erosion.hfromIFig. 5.3, it
can be seeh that all the planar slopes-except Site.42‘occur'
fwhere'the)beddingﬁdip is between 20° and 30;:'At Site'42ﬁ
"the roughhe55~angle-ot'the beddlng surfaces is over 10° and
thls may account for the occurrence of ‘the overdip slope

where the beddlng d1ps at 45°, which is much larger than the

3bedd1ng-d1ps of the other planar overdlp slopes.
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Besides the planar,overdip slopes and the overdip slopes
which are obv1ously undercut the other overdlp slopes are.
*controlled malnly by the attitudes of the bedding surfaces.
and the joints. - . | ,

When the dip angle of‘Pedding surfaces ls/steep and
" much larger than theé-basic friction angle,’the slope‘ls an
overallidip'slope withfonly some'thin-laye;s on it to form
overdlp'scarps.:Theseithin layers are kept on the slope by 7
.the cbhesion'and‘maybe lateral restgaints'asAWell as the.
‘frlct1on.'Examples of this type of slope are S1te 27 37 and‘
38 The thlcknesses of the th1n layers on theﬁ\lopes are
.:generally less than 5m.- ‘ o

- It was found that if the d1p angle of .the beddlng
surfaces is less than. 20°, a steep slope with the slope
angle in the range' of 50-70° can form. This 1s becau .the
:overdip scarp-:can he developed from either:of the joint sets
'perpendicular to beddlng surfaces by topp11ng These joint
sets efﬁst at all the. 51tes. Examples are- S1te 23 233\25
‘ 6 51tes ‘are around the hinge of the fold structuredﬂ.‘; :
t The d1p angle of the beddlng surfaces around the fold hlnge .
is generally" smaller than that on the fold llmbs and the o
| beddlng dips at these 5 51tes are estimated as less than

15°. It is not likely that the potent1al rockslilles can

form The atcess to. theSe 5 51tes is dlfflCUlt..

y



. . 6. Eonclusions
Basic frlctlon angles of carbonate rocks are coptrolled
by m1neralogy and grain sizes. For pure- caibonate rocks,
increasing dolomite contents decrease baslc‘Lrlct1on
angles while big grain sizes increase bauic triction'

a gles. The ba51c friction angles vaty from 22 8° to
4L.4f "For 1mpure ‘carbonate roc's basic frlctlon “angles
are generally_less than‘31f5° depending on.clay mxneral-
and quartz*content Basic friction angles of quartz" .
sandstones rn the study area are from.24 4° - to 25.6°.

The fchtlon angles generally decrease w1th dlsplacement

for dolostones and quartz sandstones but there is no

relatlonshlp between the frlcglon angle and the

‘d1splacement for. limestones. . .

Lower_bounds,of apparent cohesion along beddirg surfaces

of carbonate- rocks are generally between 30KPa and

K

SOﬁPa. These correspond to less than 1% of apparent rock'

'brldges along beddlng surfaces.

- If the‘bedd1ng dip'is greater_than the basic friction

angle, the overdip slope is a potential rockslide‘and~
the apparent cohesion prevents the potential sliding

: . , o :
mass from sliding. But external forces can initiate

“sliding and_cohesion can be.worn away with time. The

3 -

slope profiles of-the potential rockslides are convex or
_ , \ '

'steplike and 8 out of 13 sloffes have a dip slope part or

" dip slope parts. ; _ - T

If the Bedding dip i¢ smaller than the basic friction

- ~

- ——
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angie, tﬁe slope is no£ a potential rockélide. If"thé‘
bedding dip is_\fro‘m 20° to 30° and the s‘Ibpg\_is planar,
the slope. angles can be predicted from the rock mass

| st;ength:ratings. 12 out of 15 of the overdib slopes
where the beddi;§ dips'aré between 20° and 30° are
planar. As the bedddng dipAincreases‘and ié much larger
‘than the basic fric;ibn angle, overall diﬁ siPpes with .
‘only thih layefs of rocks forﬁing overdip scarps
.dev;lop. 1f the bedding-dipvis‘less‘than 20°,,ovevdip '
slopes wiéh élépe angles"larger than 50 b§ 60° develop
due to tébpling from'the~joi;t sets prependicular tok

)
. bedding surfaces.
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Appendix .
o Test Results&
"‘z‘gl&ﬁ ‘
, Theutestlng results from t11t1ng table tests, chemical
analyses’ qf the carbonate samples and 1ndentat10n tests are
presented 1n thlS appedix.

1



Table A.1 Tilting

table test results

204

B Sliding

, Testing Sequencé

R

Sample 1 2 -3 4 5 6
-1 ¢ 371 384 339 337 326 350
| % 353 309 207 206 300 247
g v ’ Y . .
2 ¢ 341 389 361 363 353 358
‘¢ 302 346 316 268 27.6 289
4413 ¢f 329 342 389 322 350 37.2
9 237 276 297 239 295 292
jo . o 321 295 .300 325 338 349
| - ¢, 263" 289 268 271 836 339
122 ¢f 342 345 ‘361 366 339 332
‘¢ 3427316 316 300" 29.7° 31.6%
911 ¢f 221 241 218 246 242 23.3 |
3 ¢ 200 197 182 211 200 184° - |
242 9 266 226 230 245 287 28.4
| 9j 266 226 230. 216 250 21.3
4-1-1 ¢ 23.7 246-218 232 250 258 ¢,
¢, 205 229 202* 187' 202' 226
741 @ 27.9 245 279 266 246 291
S ¢, 242 216 237 245 242 247




R
Sliding | Testing Sequence '
Sample . 1 2 3 4" 5 6
7.0.4° ¢ 313 308 30.8 307 296
g 205 282 282 27.9 284
722 of 311 308 293 278 291 "
‘ 0 289 305 ‘23.?' 27.8 26.6
731 o 389 383 384 389 379 382
. % 364 316 384 349 345 318
732 9 384 359 362 40.1 379 370 ~
" © ¢ 339 337 361 359 329 368
811 9 245 208 195 245 208 2656
| 9 239 187 195 241 205 266
g of 326 313 412 434 349 368,
9 247 313 368 389 297 ,368
g22 o 355 426 412 379 411 879 -
‘ 9 355 426 412 358 41.1. 379
Ry ¢ 320 320 321 283. 321 361
¢ 320 290 261 283 292 316 -
912 @ 331 326 326 318 332 329
¢ 30.5 320 276* 31.1 305 295 .

4
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- v
Sliding . Testing Sequence -
.~ Sample 1 2 3 4 5 6 -
9.1 o; 438 384 382 408 458
| o 438 384 382 408 384
922 ‘P 414 413 392 - 417.426 403
0 e B9 391 392 395° 375 ang -
) . : o f o+
04-1 ¢ 339 318 J21 339 345 318
Q‘ ¢ 339 289" 31.1* 289 292 271
'10-1-2 @ 287 313 295 262 262 276
T % 287 263 254 262 262 276
1021 9 346 341 303 289 303 293 -
= ¢, 346 341 303 28° 303 293
10.2.2 ¢ 284 274 242 278 261 267
¢, 284 274 242 278 261 267
11444 9 258 229 221 222 224 229
\ Y9242 218 187 195 203* 200° . .
1112 ¢ 268 276 263 253 234 246
| ¢ 258 247 226° 237° 216 208"
1241 9 313 276 263 253 237 247
0 258 .247 226" 237' 21.8° 208"

e

. 206



{ . - ‘ ~_‘ m | ;67

:Slidi?wg* | ~Testing Sequence o
Sample 1. 2 '3 -4 5 .6 7

1341 @ 318 274 214 214 218 197

o 318 274 214 214 218 197

J {3.1.2 - 242 216 258 232 241 276 I
¢ 242 182 .239 235 184 276 -V

. 14-1.1. @ 259 234 232 232 239. 237
9 - 200° 187" 137" 168* 111" 105"

~

{5.1.1 @ 213 229 222" 214 187 204
TG 184 192 1767 196 155 163 ~~_

1512 % 234 221 212 221 229 204
‘ ¢ 234 200 212 200 197 204 '

16-1-1 - 9 374 353 363 346 '353 347
" ¢ 374 337 .363 346 353 .345

16-1-2. ¢ 324 318 324 300 308 30.0° |
¢ 324 .274* 313 27.6* 279 300
2011 % 381 339 321 337 347 347 32.6
- ¢, 38.1 339 300 309 341 347 326 _

© 2012 9 400 384 337 363 339 429 347
| 9 4007 384 337 363 339- 429 347




R4

208

Sliding

‘ ™ - Testing Sequence .
Sample 1 2 3 _4 5 6. 7 8_
| - L.
05.1.4 - @ 41.4 401 386 37.9 399 382
o 9 395 347 337 358 345 350
) — L ) : '
211 % 337 337 395 30.8 368 329 358
9, 337 337. 395 308 368 329 358
‘57.4.4 ¢ 30.5 Fo 292 31.7 304 299 280 284
¢ 305 329 202 317 304 209 280 284 .
57.4-2 329 337 311 321 309 291
| ¢, 329 337 311 321 309 204
- - . |
07.5.4 9 30.5 302 305 284 289 27.1
g o 305 287 263 263 274 264
. - \\ .
07.0.0 9 31.6 282 270 263 26.1 242
) ¢ 292 282 239" 263 .26.1 242
28.4.1 9 366 800 276 276 295 263
© ¢ 366, 279 268 263 245 221"
2812 % 339 318 266 297 266 237
| o274 318 265 239 247 221 ot
og2.1 9 339 333 314 307 209 296
¢ 339 333 314 307 299 296

”»
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35.8.

‘,"'L‘!W:igﬁiﬁ"‘;«éw‘_ , — -
Sliding: ) Testing Sequence . .
29-1-1 ¢ 350 829 324 318 28] 282
¢, 350 329 -324 318 266 28.2-
| 9, 366 409 205 266 322 271 245
304 9 337 305 288 202 311 202 289
% 266 305 287 29.2 263 292 28.7
o
30-1-2 9 334 341 308 292 284 287 276
" ¢; 313 339 308 263 284 287 276
\
31-1.1 @& 376 376 368 363- 361 358 36.8
- 9, 37.6 376 355 363 329 358 342
o 384 361 313 266 271 376 329
3514 O 445 348 357 366 339 380 -
¢, 37.4 263 345 334 308 380
o ‘ ‘ : , ' . . i — _‘
g ¢o; 382 361 37.9 347 405 .
4214 % 363 361 311 311 32. 9B 5. ]
¢; 33.2* 25.0' '30.8 250" 255 24.2*




/

5

28.9

Sliding " Testing Sequence
Sample - 1 2 3 4 5 6 7
42-1-2 - ¢ 374 "387 363 362 347 374 359
- " ¢; 374 387 363 -362 347 .374 359
9j 361 205 325 351 330 321 279
42.0.p° ¢ 339 347 333 332 33.4 329 317
- o 31.8- 275 282 304 205 31.6

* : Creep occurred when testing the sample.
¢¢: Final sliding angle. ‘ ~

¢;: Initial sliding angle.
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Table A.2 Results of chemical analyses of the carbohates -

Sample[Ca®']Mg?] Wea Wyg Mca MMo Woo. Wi Wg

1-1
1-2
-y
4-1
7-1
72
7-3
8-1

8-2 -

9-1

9-2
10-1
10-2
13-1
14-1
15-1
16-1

20-1°
25-1

26-1

27-1

. 272
- 281
28-2
29-1
30-1

31-1

35-1
42-1
43-1

12.7.
11.9
16.7

9.0
12.2

6.0
14.2
15.6
15.9
13.8
15.6

104"

15.9
7.0
8.5
8.5

-13.8

16.1
15.6
10.8
15.0

2.2
11.1

6.9
12.6
15.0
14,2
15.4
10.0
13.8

(ppm) (ppm) (mg) -(mg)

2.58 158.75
2.80 148.75
0.15 208.75
0.13 11250
2.37 152.50

1.9 75.00
0.74 W7.56
0.56 194.38

0.34 198.75
0.87 17250
10.20 195.00
3.65 130.00
0.10 198.75
4.05 87.50
4.90 106.25
4.96 106.25
1.21 17250
0.40 201.25
0.12 195.00

3.43 135.00.

0.15 187.50
1.45 27.50
0.12 138.75
355 86.72
0.61 157.50
0.23 187.50
0.84 177.50
0.11 192.50
2.27 125.00
0.69 17250

~
ae

32.25

35:00

1.88

1.62
29.62
24.38

9.25

6.94
425
10.88

2.50
45.62
1.25
50.62
61.25
62.00
15.12

5.02

1.50
42.88

1.88
18.12

1.50
44 35

7.63
- 2.88

10.50

1.38

.28.38

8.62

~ (millimole)

.3.9608
3:7113
5.2083 |
2.8069
3.8048
1.8713
4.4286

1.3265
1.4396
0.0771
0.0668
1.2185
1.0026
0.3805

4.8496 0.2854

4.9588
4.3039
4.8653
3.2435
4.9588
2.1831
2.6509
2.6503
4.3039
5.0212
4.8653
3.3683
46781
0.6861
3.4618
2.1679
3.9296
4.6781
4.4286
4.8029
3.1188
4.3039

0.1748
0.4473
0.1028
1.8766

0.0514

2.0823
2.5193
25502
0.622,

0.2066

0.0771
0.7455

0.0617

1.8253
0.3136
0.1183
0.4319
0.0566
1.1671
0.3548

4(mg)

24462
265.48
14.22
12.32
224.70
184.89
70.17
52.63
3223
82.49
22.28
346.06
948
384.00
464.58
470.28
114.72.

38.09
"480.79

11.38
32521
1422
137.48
11.38
336.58
57.83
21.82
79,65
10.44
215.22
65.43

(mg) .

263.67
227.37

513.58 .

274.26
267.88
86.95

405.17

456.83
478.83
386.01
476.68
136.81

491.18

10.09
13.17
10.08
368.51
481.90

160.62
460.51
0
340.31

(mg)
0'
0

7.2

199.4
0..

222.4

27.5
0
0

215

6.5

15.8 -
0
92.6
6.8
0
18.2
0
9.0
16.0
226

. 3719

144.8

34.26 138:4

361.92
456.39
400.03
475.06

1195.35
395.26

70.6
19.3
10.5
20.5

101.2
276

[Ca®*] and [Mg?*] are concentrations of Ca®* and Mg®*.
© We, and WMg are weigﬁts of calcium and magnesium.

Mg, and My q are numbers of atomic milligrams of Ca and Mg.

WDo' WCi and WR are weights of dolomitel, calcite and residual

respectively.



Table A.3 Results of indentation tests

212

Sample

Mo(mm) Dp(mm) My(mm) Pm(mm) Im a(MPa)
1-1 9.820 1.27 1 1.29q 0.20 6.35 227
7-1 11.725 1.27 13.225 023 552 198
81 ' 10205 127  11.7603 0285  4.46 160 <
10-2 11.5645 . 1.27 12.055 0.24 5.29 189
11-1 11.620 1.27 13.015 R 0.125 - 10.16 364
141 7 11560 127  13.000 0.17 747 - 267
20-1 11’;190 127 ° 12.650 0.19 6.68 239 <.
28-1 11.725 1.27 13.190 0.1095 6.51 233
30-1 . 11:960 1.27 13.410° -0.18 7.08 253
vy :
35;1 11.870 1.27- 13.340 0.20 6.35 - 227
r ' '. *
Mg is the initial reading of the micrometer.
D, is the spring deflection.
Mé is the're\adi.ng of the micrometer corresponding to DQ/.

Pm is the Penetratign of the coneinto the sample.

Im is the hodified one indenter number.

o, is the uniaxial compressive strength.



