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¢ N Abstract
Turtle Mount&in is in the sputhern Foothills of the-

Canadian Rocky'mountaiﬁs.\Tﬁe Frank Slide occurred on the
east face of Turtle Mountain in 1903 and involved

- I S
approximately 30 millioqlm3 of Paleozoic carbonates.

Recently Ehere sas“beef féneuedbgnterest in the stability

of Turntlellf'lpuntain south of the Frank Slide. This study

laoks at the struciture and ‘the possible modes of failure of
. . & ) . “
South Turtle Mountain.
o . ' ”. " ‘ ’ L
The'majbf s;iuctures present in the study area are
n“ ™ ' ' !
Turtle Mouataln Thrust Turtle,@ouqtain Anticline and

;

3

_ihe Hxllcrest Synclxne. The -Turtle Mountain Thrust can be
ey :
Adivided into twO*dorth-south,trending segments in the map
area: (1) a western,.wuest-dipping segment consisting of a
handinguall flat in the Banff Formation and (2) an eastern
horizontal Segment consisting o} a hangingwall ramp in the
overlying strata. In ‘the hangingwéll of the Turtle Mountain

.Thriust tHerIurtle_ﬂounléin Anticline and Hillcrest!Syncline =
o . . : & N ¢ . s :

N » .
end downward against the fault. The Turtle Mount

Anticline is a symmetrical upright no ylindf;cai fold
__whose fold'akes habe\~Q overs 1 briehtation'of 1900‘
1009, The Hlllcrest Syncllne ‘is an asymmetrzcal uprxght '

nan- cyllndrlcal fold thh fold axes that trend and plunge
~at about 1'80o and 20°,vrespgctively."The‘wq;terh Flat

.occutTs benea;h’the wqgt limb of the Turtle ‘Mountain

‘ .

Antlclzne and the ramp beneath the common limb of the two

.folds and the eastern lzmb of the Hillcrest Syncline.
“




~——

1
-

On. south Turtle moyntain the afeas of interest :with

e

-
, - . 1

respect to élope stability are defined on the basis of
. - 4

penetrativé’bedding}'The results of toppling and wedge

sliding were obsérved on the west limb of the Turtle

-
.

Mowntain Anticline east of the mountain crest. Pi-diagrams
. <

. show that planar, wedge apd toppling }ailure are
kinemafically possible throughbut the study area. Back
analysis 5? the Smail Slide gave an angle of internal
friction of 40° for wedge sliding. Thé stability of shuth
Turtle MOQntain could have heen affected by closure
associated uitﬁ the Frank Mine. This cldsure Lould have

reduced the cohesion of the Roeck mass above. Circular

P

\

failure analysis of an area adjacent to the Frank Siide

produced a factor of safety of 1.1 which indicates that the

possibility of further failure cannot be ruled out.

vi ' B
. , _ ,
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1. Introduction
The stratigraphic succession in the Rocky Mountain
Foothills consists of "anmn older miogeoclinal sequence

dominated by Paleozoic carbonatés and a younger ‘clastic

wedge sequence. During late Mesozoic and early Cenozoic
S

time these sequentes were shortened and .thickened by

thrusting and folding. The fFoothills are characterized by
\ .

west-dipping thrusts that merge at depth with a basal

detachment zoné€, and by north-south trending folds.

R ! - ’ N
At 4:10 AM o6n April 28, 1903 a massive *rockslide.

’
”

occurred on Yurtle Mountain, which lies in a Paleozoic

’

inlier in -the Rocky Mountain Foothills of Southern Alberta.

3 of Rundle Group limestone, on

Approximately 30 million m
the top of the mountain slid down destroying Qﬁlf the town
of frank (McConnell and Brock, 1904). Since then there has

been concern over the stabrility of the 'rest of Turtle

.

Mountain (Brock, 1910; MacKay, 1931).

‘

In 1983 the Research Management Division, Alberta

Environment required the geotechnical 'mapping of Turtle
) . : X
L
P i ’ S . v . . - :
Mountain to be extended in Phase 4 pof its monitoring and

i
|

qssesﬁmint of the 'stability of the mountain. The aims of

"

the study undertaken by tné author were:

- ~
» -

1. to ex;énd'the ggotechnical mapping.of Turtle Mountain

to' cover the south east slopes, including the area

‘the Frank Coal Mine,

: 'qxg\e T

2. .to determine the structure of Turtle Mountain south
. k . NN ]

6f-th¢'Frank'Slide;

L s . -



3. o to conduct a s'tudy‘ to determine modes and areas of
instability on Turtle Mountain south of the frank
5lide. R

Data defining the structure of Soch Turtle Mountakn and

its relationship to the stability of the east slope were

analyzed using computer-based procedures. This is.theﬁfirst
time that these computver—based procedures have bee.h used 1in
the assessment of slope stability.

The map area is located in the Crowsnest Pass in
50uthwes£ern Aiberta. 3 km south-east of Blairmore and 1 km
soufh of Highway 3 (figure 1). The topography rise:s from

1300 m to 2200 m with a maximum elevation change in the

steepest secttion of S00 m in 750 m. Outcrop is good.on the

3
,

upper slopes and excell.ent in the gullies. Maost covered
‘intervals on the uppef? slopes are due tp roc'k d.e‘bris f'rpm
above. Un the lou}ef slopes exposure 1s poor except inm the
coal subsidencev .pi'gs ahd along ridges. |

Coa/l fvrom the Kootenay For-nlat'io‘r'j in the footwall of
the Turtle f‘:lountain Th\ru‘st ‘was mi_ned at F;_rank from 1907 to
1918, first b\y :the Canadian Americén Coal ar)d Coke [fompany
and ”latgr by Franco-Canadian Collieries Ltd. The first
drift mine operat-ed\ fr'vom 1901 to 1810 wr;en a mli‘ne fire~

.

caused it to be abandoned. In 1911 the second drift mine
opened 128 m beneath the first and operated until 1918 wﬁé‘n
~operetions connected it with the fire in the original mine

above and the second m“ine:"was abandoned (Sherwin, 1816).

Both mines were situated at the foot of Turtle Mountain and



" Blairmere

Figure 1. Location Map Turtle Mountain



exploited a nearly vertical coal seam 4 to 4.6 m thick

(McConnell and Brock, 1904) with a north-south strike. The
* ! .

southern edge of the frank Slide corresponds closely to the

limits of the large chambers of mined coal. Closure of

A

. . t
these workings may. have been-one of the main contributing!

factors in triggering the slide (McConnell and Broc¢k, 1904;

Allan, 1833).

Coal was also mined by Hillcrest Collieries Ltd. in
W ‘

the hangingwall of the Turtle Mountain Thrust. This mine

caused subsidence in the overlying Cretaceous strata on the

lower slopes of Turtle mbuntain. ‘//# .

- e Turtle Mountain has been the subject of many

geological studies. McConnell and Brock (1904) were the

first to study . the mountain after the slide. They repod
to the Canadian Government in June, 1903 that the main

factors cau;ing the Framk Slide were:

1. the structure of Turtle MOuny%in,
2. ' heavy précipiﬁation in recent years,
3. heavy frost dction on the morning of the slide,

4, major earthquéke tremors in 19

SR ) . ) i . N

5, closure of the Frank Mine at fhe. base of Turtle

- .
Mountain.
The main contributing factor .was sta\ted to have been . .the

N - FO L : o
’/jt?:z::re\pf_the mountain which they described as a highly . -
~ - ’ o

fractured and jointeg monocline of limestone (McConnell and

qu;k. 1904, p. 17) in which failure had occurréq along

joint planes that cut across bedding. Nine cross-sections



@

A

drawn in 1812 (Daly et al., 1912) supported this erroneous
l\ ) ) ) - »

interpretation of the structure of Turtle Mountain as a

\ 3

. monocline.

; >
The Turtle Mountain Anticline was recognized by
Leach (1804) and Mackenzie (1913). The 1:63,360 CGeological
Survey of Canada map of Blairmure inclbaed~four
2 X . 1 A V

,croQSrsections of Turtle Mountain depictingﬁtﬁe Turtle

Mountain Anticline (Rose, 1920). <

’

Concern over the stability of the north peak of the

mountain was.expresset in a report to the commission

‘ ) ‘ ‘
appointed tp investigate the condition of Turtle Mountain
(Brock, 1910). A map of Turtle Mountain at a scale of
1:9,600 was drawn by W. H. Boyd to show the extent of thgq
instability of the North Peak (Daly,, 1912). As a result of
this study the toun of Frank  was féldcated to the

northeast; "away from [the mountain.

Mackay (1931)

describing the” south|/peak as am ungkéble pyramid of rotk,
'10.\0 m high,.bound\ at| the bavck by fissure&:.{- He Aa'lsol

recogh%ied tQatlihe’stfucturE'of Tdrtlg.mountéiﬁ was more
'éomplexjtﬁan a sim le‘qﬁiicline"(MatKay,'1933>T J.A, Allan

was retained by thle Alberta Government in 1931 to

investigate the chncerns raised by MacKay. Allan produced

three reports (3 fﬂ,-1932, 1933) on the geology and
stability of.Tuftle Mountain. He: 'st:.ate'd' that frost ,actioh‘.,_.

miné subsidepc or earthguake actiﬁity might have ‘triggered

/

.another slide and (Allan, 1831, p. 13) estimated that an

X

reheweq interest in Jurtle Mountain by

e



additional 45,000 m> of rock had fallen since 1903,

mastly in small blocks (ARllan, 1932). He stated that

A\

extraction of coal from the Frank Mine was the cause of the

« .

Slide (Allan, 1933, p. 3) and he also expressed concern
-~ .

about the effect of collapse of the mine workings on the

‘

stability of the south peak of Turtle Mountain {(Allan,
1932, p. 22}). In 1933 he established 18 monitoring stations

in fissures at the top.of the mountain to measure movement.

1

The elevations of the three peaks on Turtle Mountain were

. o ,
established at this time by the Geodetic Survey. .
Recommendations‘wére made that aerial photographs be taken

of Turtle Mountain, seismometers be installed to monitor
. 4

earthquake activity, dand the higﬁway be moved farther from
the slide (Allan..1§33. P. 27—28). Alth h the highway was
moved, the oiher two recbmmendatidns ; not appear to have
been implemented.

D.K. Norris (1555) pfoduced a prelimina:y‘1:83;360
map of the‘alairéore area which included: Turtle mduntain.'A
crosé—séétidn p;s drawn through Turtle Mouhtain showing the

Turtle Mountaih"Th;ust and-Anticliné..[he thrust was
' 4

depicted dipping about 30° to the west. A re-evaluatign

;
' *

! / ! : ‘. ‘
of Turtle Mountain from an engineering slope stability

point of view was begun by Cruden and Krahn (13873). They - .
NI . ' ‘ C
3

classified the Turtf?‘Mountpin-fqld'és‘arfléxuréL_slip'fold

and suggested éhat‘the_kinematicélly active'fabfiC'elements

“HRy

of the slide were bedding, joints ‘and a minor thrust at the

toe. Krahn (1974) determined the bedding plane coefficient_



of friction for the rocks that had failed. An analysis of

the mechanisms of failure was carried out using a limit

s

equilibr;um method and the fa%tor of safétx determineg to
be ciose to one (Krahn and MOrqéhstern,v1975).'C?ack g;uges
were installed in fissurés at the top of the mouptpin in
1980 (Cruden et al., 19B2). .The most recent %tudy pf'Turtle

mouaﬁain was conducted in 1982 as a .precursor to this
. s ] ) .

.

studys It examined the area around the south peak of TuriT&

Mountain and ‘predicted possible modes of ground movement

\

which included bedding plane sliding and toppling (Cruden};

1983). Abtbmatic seismic recorders were then Yﬂsgalled ohn

the mountain and continuous telemetered monitoring.of these

s

recorders is underway.



2. Stratigraphy

A. Introduction
. I3 ' ]
Strata ranging in age from Mississippian to Early
Cretaceous are exposed in the map area on Turtle Mountain.
The stratigraphic column is shown in Table 1. The oLdesi
rocks, exposed in the core of the Turtle Mountain

Anticline, belong te the Upper Member of the Livingstone

Formation of the Rundle Group. In the hangingwall cf the
: N ) X ) . A
Tur®dle Mountain Thrust, strata from the Rundle Group fo:rm

'

the resistant steep upper slopes of Turtle Mountain and are

\

overlain by the Rocky Mountain Formation, Fernie Group,
Kocotenay Group and Blairmore Group. In the footwall, nearly
vertical Kootenay and Blairmore strata are exbosed. Line O

- D' on Figure 11 shows the location of a lithologic

section measured adjacent to the Frank Slide by the author.
This is the area of primary interest in our study due to

the possible instabiligy of Paleozoic carbonates. Table 2
‘ &

gives a summary of the lithologic section contained "in

-

~.

Appendix 1.

B. Rundle Group

“

Mississippian 'platform carbodatesfin the Rocky

*
“a

Mountains were first divided by McConnell in 1887 into the
Lower Banff Shales and Upper Banff Limestones. The Upper
Banff, renamed the Rundle ‘by Kindle in 1924, was raised to

group status by Douglas ;h 1858, He named three new

formations within the Rundle namely the Livingstone, Mount

y Head:ahd Etﬁeginétoﬁ (ﬁacOueen énd Bémber, 1968).

, .
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Table 2.

FORMATION| MEMBER
Middle
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e
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o Lower
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Carnarvon
Mount
Head
Marston
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n ‘Upper =~
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s
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limestone.

—— s — — . ———— —————————— o — o — i — —— — ———— ——— . —— — - - ——a— - — - — = ————

DESCRIPTION )

e o e e e o
Medium bedded, fine grained,
argillaceous and dolomitic
limestone with intermittent vuggy
and cherty intervals. Interbedded
calcareous and argillaceous
dolomite near bottom. (83 m)

f%terbedded; calcareous siltstone
shale, dolomitic argillaceous
limestone, and medium bedded,
fine crystalline, medium grey,

argillaceous dolomite. (63 m)
Medium to thinly bedded, fine to
very fine grained, grey, :

crinoidal limestone with
intermittent vuggy and cherty
intervals. (63 m)

Medium to thickly bedded,
ccrystalline, dark ‘grey,
calcareous dolomite 1nterbedded

with fine grained dolomltlc
(11 m)

fine

Massive to thinly Bédded, medium
grey course grained, crinoida

|limestone with dolomitic sections

and irregular chert blebs and |
stringers. Pitted vuggy - . =
intefvals throughout. (84 m)

4

..... 1r-_,-_-____-__;__-__--____-________---_;_--_-________«
Summary ‘of lithologic section, ' T

SR



The depositional and early diagenetic environment
suggested for the Rundle Group in southwestern Alberta

(Macqueen et al, 1972) is a broad, stable,

!
slowly-subsiding, marine carbonate platform acdjacent to the

- G
emergent, low-relief craton,. This depositional environment

the formations. The

.accounts for lateral variations within,

- 7 .
relative position of the shoreline dictated the type of

sediment deposited. ' . -

Livingstone:. Formation

The Livingstone fFormation was divided into two
lithostratigraphic units (Douglas, 1958) named the %pper.
qnd Lower Members. Coafse. crinoidal l;mestone alternating
with thinly-bedded, medium-fine crystaliine limestone form
the Lower Member. The Uppey Member contains mainly
‘thickly-bedded o; massive, coarse, light—grey,.crinoiQaf
limestoqe alternating with thinner ingérbeds of dolomite or
silty dolomite. These rocks originated in open ma%jd; to

shallow echinoderm-bryozoan shoals on a marine carbonate
“O

platform. . N

] . . U

In the lithologic section shqﬁﬁ,in Appéndix M, only

PR

the Upper Member of the-Livingétohé.isﬁbfesent. and is
. - i 4
represented by B84 m of coarse grained, medium grey, :

L

4

resistant, crinoidal limestone with irregular chert blebs
' . N . . - N
and stringers interbedded with fine crystalline'dolohiticf

limestone. The contadt with the, Mounf Head Formation is

drawn at the first recessive unit below the cliff formihg

. N - . . . R \
Upper Livingstone limestone (Price, 1965).

" »
£ -



Mount Head Formation

The Mount Head Formation conformably overlies thé
Livingstone and has been divided into six members in the
Rocky Mouptain Front Ranges (Oouglas, 1958). More abdndant
shallow marine echinoderm-?ryozoan limestones alterhate
wiﬁh supratidal dolomites}hdue t6 repeated transgressions
and regressions of the sHoreline. These alternating
lithostratigraphic units form the six members of the Mount
Head Formation. The\supratidal sediments represented in the
Uileman, Salter énd-marston Members are composed of
recessive yellowish-brown dolomite and micritic limestone.
These alternate with fhe shallow marine, resistant,
skeletal amd micritic limestones of the Baril, Loomis and
Carnarvon Members (Bamber et al., 1981). Lateral facies
thanges and thrusting in the Front Ranges have complicated
recganition and correfation of the MOuntlHead;strata away
from its type section (MacQueen and Bamber, 1968).¥In the

. o H
Foothills the Mount Head is undivideé peritidal §olomite
and solutiqﬂ breccia. Alteénation of shallow har;ne
carbonates and supratidai'carbonateg form the six members
in the Front Ranges. To the west ‘the lower fouf members
péss laterally in£o‘cbequivaleﬁt efhinoderm-bryozoan
limestone‘inleded in the Livingstoﬁe Forﬁationl(price,
1965). . - - IR

All six Member of the Mount Head were observed in

the footwall of the Turtle Mountain Thrust B km north of

the map area (Norris, 1955). To the nonthéest. in" the

12



Highrock Range of the fFront Ranges, the Mount Head is
oivisible into only two units, am Upper and a Lower

Limestone (Macqueen and Bamber, 1968).
S .
2 . . . : -
On Turtle Mountain only two lithostratigraphic units
were recognized. The lower 11 m are thick to medium bedded,
fine crystalline, recessivé,.fossiliferous. calcareous
dolomite, alternating with fine crystalline limestone. This
unit equates well with the description of the Marston
Member, . recessive sequence of fine crystalline limestone
alternating with silty dolomite (Price, 1965). Above the
Marston are 63 m of medium to fine bedaed. medium
Crystalline limestone at its base, grading into fine to
- \ \ A .
very fine crystalline limestone at the top. Irregular chert

nodules and argillaceous limestone are interspersed

throughout the Carnarvon. This description compares well

13

with the one given by Price (186S) for the Carnarvon Member

as a fine-medium bedded, fine to very fime crystalline
limestone with skeleta; calcarenite, isoclated irregular
chert and rare doiomite. The lower four @emberS'of the
Mount Head cannot be distiguished; havi&g underggne
facies chahgevtO'coérse-graihe? crinoidal limestonrne, and
are included in the Upper ‘Livingstone Formation.
| Etherington Formation

At the top of tge Runqie Groub, the Etherington
fof@ation confﬁrméb}y overLie§ the Mount Head and is the
stratigjaphic ihterual-petweén the fine crystalline .

limestone of the Mount Head Formation and the gquartzose

'



‘ - ’ ~
) .
Rocky Mountain fFormation,(Price, 1965).

-

!
)lxb’f.‘ ‘ ) ' - 7
:;'f"":'a.mely the Lower, Migdle and Upper Members.
%%F' ) -
< . The Lpwer Member copsists of alternating (a) medium

’

r. : . . .
ag 00ugdagm(1958) defined three lithostratigraphic units,

. A

to coarse cry&€alline silty limestone, (b)) fine

o , : ) —
crystalline, thin bedded, yellowish grey, limestone and
. . . ' 2 N

- * 3

dolomite,A and ('i:"i_‘.l'i‘gfaﬁﬂt green shales (Price, 1965). Light

. R v , . . - 9
grey skeletal Iimestone makes up most of the Middle Member,
N : . o, a5 - 1 N : . ) ) !
with subordinate fine crystadline dolomite, and limestone
. ’ o ) ' N * . . . . ) .
dccurring throughout. The Upper Member ds mainly composed
R L : ‘ . ; .

PPN

of finely laﬁiﬁg;ed and cross-bedded dolomite wigh s?me
. ‘4 " b . ‘: ‘9” . '
'wlarge dolomite aggregates (Douglas, 1958).
‘ . . '

On Turtle Mountain ‘only the Lower and Middle Members

»

are present (Appendix T). The Lower Member is 63 m thick,

consis'ting pf'" fine to medium bedded, fine to very fine

13

‘cgfstalline doiomitg with ‘interbedded limesﬁoaf at the
bottom. Towdrds.thevtop, the dolomite gra _%ﬁ@nto'

f , . . v". 3
interbedded ;iltstone, yellowish gréy. thin:.bedded, silty

B ’ . . n .
limestone and dolomite, and calcareocous shale. Above a sharp

contact are 83 m thick of medium bedded calcarenite'and

minor fine cfystalline”qolomite wﬁich correlate with th

.

Middle Member of the Etheringtom Formation., i
e . * '
C. Rocky Mountain Formation - L

‘thg chky‘mount5in Formation disconformably overlies
thw Ethe:ington.,It;ié composed of thin, flaggy to. blocky,
qbgétzg.paicarEOUS. and cherty sandstone beds (Douglas,
19%8),vTheSe.bgds are poorly exposed in the map area.

& e o . ( oo t
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>

Their thickness, estimated fram cross.-section A - A', is SO
A

D. Fernie Group

Iy

Recessive strata of the fernie Group which

. - '

disconformably overlies the Rocky Mountain are composed

mainly of dark grey to black shales which in places are

calcareous, arenaceous, and slightly bituminous. In the map
area only two outcrdps of dark, sl&ghtly'calcareous shale
. ’

were encountered. The Fernie Group is approximately 130 m

thic; in section C-C'. -
E. Kootenay Group | .

In the Crowsnest Pass area the Kootenay Gr?up
conformably overlies the Fernie Group and is unconformably
overlain by the Blairmore Group. The Kootenay is composed
of cyclically alternating siltstones, medium ta.fine
g}ained, cross—bedded sandstones, silty shales, and thick .

bedded and cross-bedded, course-grained sandstones. It

contains three major coal seams. These sediments were

8

f_deposited by delta progradation after uﬁlif{ of the source.

]

terranes to the southwest in the Late Jurassic‘(Jgﬂsa.
] ) .

1972). Outcgopé in the map area are of mediUM—'tQ

“fine—grained. cross-bedded sandstome. Norris (1955)

.

estimated the-thickness of the Kootenay ‘Formation in the

ﬁap area to be between 137 m and 167 m.
F. Blairmore Group

‘

The Blairmore Group consists of:sandstoﬁes and sandy

'shaléé.-A; its base is the'Gadumin‘Formation, ‘a

15



cdnglomerate which lies on a sharp erosional contact with

the Kootenay CGroup. The thickness of the Blairmore Croup

S

760 m (Norris, 1855).

i

S
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‘ 3. Data Collection

Outcrop data were collected in the field by viéitinu
outcrops, plotting positions on 1:5,00U aerial pﬁoﬁoqraphs.
determining elevations using an aneroigd altimeter, qnd
recording'fhe sFructure‘and stratigraphy. In preparation
for computer processing all locat on and some geolagical
information was transferred onton data-sheets. Lithologic
iqformation gathéred at outcrop: was used to trace
stratigraphic-contaéts on aerial photographs.

Da}a from the mine plaﬁs; field work and other
sources were all compiled using. the digitizing tablet into
the proper format for inmput into thé software package
TRIPOD (Charlesworth, 1981) as shown in Figure 2. TRIPOD
,was then wused to-process the data and produce numerical and

graphical putput., The data files used in this project were

stored in the file Fossey on computer tabF‘number 0070555

'y
at the University of Alberta by Dr. Charlesworth.

lTransportation‘to and from the field area, and on
the loﬁér slopes bfwfhe mountain was byvmeans of a8 Suzuki
"RvVS9D motorcycl?. The reﬁainder af the mountain was coQared
“on foot.v ihfee sefg-of ae{iql,photographs were supplied by
the Alberta Depértmentlof the Environment for usé in field
maﬁpin§. 1he first ;eﬁ (AS 2411 #247-#250) gave
.s}efeoscopic gbverage of the top of TQrtle Mbungain on a
v1:5,00dvscale§ The ;econd.(AS 1178 #202)-was a ?:5.000
enla:gémént of a‘1:21ﬁ120 scale aer;ai phopggraﬁh yﬁich was

- "

used to map Cretaceous strata on the lover slopes of the

17
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File A

Edit Code
Qutcrop Number
Type/Number
/ Horizon Co
J p
.Easting
’ Northing

Elevation

-
00100000A1101450 379354508
00101000A1101205 379104512
00102000B1100822 378474467
0010300QC0O 98585 371204470
00104000A2 98415 370254485

File B

Edit code
Outcrop Number
Type
Number
Pitch

Sense
- Axial Trace
Measurements

%

001G0401000000000 3035 3035 3035

00101100 1253512035
00102100 4046 384} 2850 3245
00103100 ' 130401284513645

00104401 ' 3045 3543 3842

Figure 2. Format for Input Files A and B*(TRIPOD).
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mounta}n. The third set (AS 2B50 #2553 & F254), flown on
September 27,41983 af}er the end of the fielé season,’ 'Bave
stereoscopic goverage of the map érea at a 'scale of ,
1:15,000. The third.seg was u§ed to trace the stratigraphic
contacts and consolidate the da£a collected using the older
photographs.

fhe elevation of each outcrﬁp in meters was -

- ,
calculated frd& aneroid altimeter readings taken in the
field. The comguter program listed in Appendix 2 was used
to adjust the elevation fqr temperature variations.
Attempts were made to usé an aneroid barograph base gtation
to'aid'in-adjusting forvbarometric pressure changeé
throu§h0ut'the da;; (he'resglts\proved Qnsétisﬂactéryvdue
vfo the distance of the barograph fro%'TQrtle Mountain and
. - S .

the highly localized weather patte;ns in the Crowsness Pass
?feaf As a result, the computer program in Appendix 2 gives
only a lingar adjustmént f§r bgquet:ic:changeszbetueen the
fifst reading of the d?; and the“last. Elevation accuracy
after adjugtment is estimated at 2 m. This estimate was
vob;aiheq byjmaking»reaeated‘uists £o a locati§n of known
‘elevation on différént days.

A topographi; pase;map of thé area Qas”preﬁz:éd.by
North west Sugvey.CGrporation Infe}nationql on a ?Dé,dgp
scale for the Alberta Denartmen;'of th@ Envi:onmentf The
base mép was prepared using pﬁint§ surveyed fnhb}'the

Survey branch .of Alberta Environment wyhich was tied into

the Geodetic Survey of Canada and the 1883 1:15;000 serial

P
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photographs. This map is°11 km square with contours every
2.5 m. ffis map was essential in the prgsent study ag the
only other recently published topographic map of the area
is a 1:50,@00 NTS map (82 G/9, Blairmore, Alberta). The
base map was not completed until three months after the end

of the,field season. The location of, each outcrbop on the

‘base map was determined using notes of outcrop location,
. "o

elevation measurement's, and locations marked on 1.:5,000
aerial photographs. From the base map the easting. and

northing of each outcrop referred to an origin within the

map were obpaihed using the ¢igitizing tablet. The

elevation of each data point was also entered using the

-

digitizing tablet (5ee Appendix 3). These ¢oordina£eg are

necessary for input of field datq into the computer package

\

TRIPOD. The origin has UTM ceordinates in meters of

-40000E, 5490000N, and an elevation of mean sea level.

[}

AR.'Mine Data

. . : e .

Copies of the mine plans of the original frank mine
bwned'by the Canadian Coal ang Cokp.Consblidated Company-

Ltd. were obtained from the Glenbow Museum in Calgary (File
'051-0501 & F1-f23) and the ProVicial Archives.in gdmontqn.
(Mine Plan #4B). These plans date from 1910 and 1918 and

have a scale'bf 1:2,400. Alsa a?compoéite plan’'and

'“elgvgtidnﬁof’both mines at a scale of 1:5,000 was obtained.

The 1918 mine plans include thirteen locations indicating:
the orientation of the main coal seam in the mine. These

w0,

‘data were recorded and the lbcatiqné ﬁrénsfetred to the

20
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1:5,0800 coméosite mine plan. Cross—sections on the 1910
mine plans allowed faults to be loqatea and plotted on the
composite aine plan. Legal Sub-Division lines were drawn on
the composite mine plan whicﬁ allowed localities on it to
be transferred }o the topographic base map. The 'elevation
gf the mine entrance was determinea from its lpcation.on
the topographic map as there was no mention of elevation on

. \
the mine Dlané or in ény of the records. The structural .
data were transferred onto data sheets (Figure Z)lin
preparation for computer ;torage and processing. The
locatign 6f each data point wa5~obtaiﬁed by defining f0uf
common points on thé base map and composite mine plan and
using the digitizing tablet aé déscribed ig Appegd;x 3.aad
belqw.
"B, Other Data,

Structural data on the south peak of Turtle Mountain
were collected in June of 1985 by ﬁ. NcLeflép for the
. ‘ N '

Research Management Division of Alberta Environment in
Phase 3 of the Turtle‘Mc;Htain stud}. Bedding had»béep 
plof#ed on a 1:500 geological map d%vthe Sou@h Peak of -

Turtle Mountain; Forty one dip directions andvdips in the

Rundle GToup wereFrecofded.'These data were incorporated in

.
,

the present .study using the digitizing tablet, as described
below, by estéblishingAthrge points on both the 1:500 map
and the topogfaphic base mapa Joint data recorded by P.

Mectellan in field notes were placed in a computer ‘file for

processing using the ORIENT program (Charlesworth, 1984).°
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C. Digitizing Tablet

Data from maps were placed into preliminary computer
files using a Tectronix 4954 digitizing tableg and a -
Tectronix 4016-1 graphics termi'nal. The structurai.
locatiénal, and stratigraphic information were acqQuired

from the maps using computer programs written by Desmond

Wynne and Or. M.AR.K. Charlesworth. Instructions for thé wuse

A

of the digitizing thblet and these programs are outlined inm
Appendix 3. .
The Tectronix 4954 digitizing tablet recognizes

different locations on its ta%let. When the graphics cursor

~

is activated at a point on thé tablet tﬁe tablet location
of the cursor is stored. Three pfocedufes using the above
programs take strugtural data off maﬁs and.place tﬁem in
computef files in.the proper format fbr use by §he software

.package TRIPOD, The first procedure, in the initial tablet

set-up stage, relates *fall’ tablet locations to the map's
coord%nate System. This is done by -entering the maximum and

minimum coordinates of the map and then using phe cursor to

-

input the tablet location. for these points., The.progranm

1

.used then converts any point on the digitizing tablet to

khe EOqfdfn;tes of the ;aplbeing qéed; Iﬁis allowgiphew
e&sting éﬁd.nof{hing o% an§ da;a ﬁoint‘dn tHe m%p.to be
enteréd-direétlylipto a compuEer file. The remaining
infofmhtion abb@t;the dakg point,‘suéh‘ésigtructuril

‘ S . S . .- :

attitude and stratig}aphic logéfiSn,,is énte:ed.from~thg'

Uigitizing tablet using the: menu.shown in Figure 3.
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This menu is located at the edge of the digitizing tablet

- N
kY

and its'lo;ation is referenced with respect to map
X (
coordinates in the set-up procedure. Activation of the

cursor after the set-up on any of the boxes on the ménu
will cause the map coordinates of the box to be stored in a
file. This location will be interpreted laferlas the symbol
in the box. All information about a &ata point can thus be
entered into. a file from the digitiiing tablet.

The second procgdu}e us®5 this file of mag
coordinates as input and interg;ets the raw data as either
the easting and northing of a~data pointﬂan the m;p or ;n
information symbaol from the menu related to a'data point.

The programs used then write the map coordinate or symbol

-

in a second file which can then be viewed and edited to

o ’
correct any errors. This second file in turn is used as

imput into the third procedure which writes two files in
\ .

the form of field‘sheets A and B which can.be used as input

into the software'patkaqe TRIPOOD.

. -
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4. Data Storage, Retrievélnpnd Proct?sing

After using the digitizing ta?let‘the data were in
computer files in the proper format to be stored, retrieved
and processed using the Fortran packagé TRIDQDA
(Charleswarth, 1981). This.is a command driven, interactive
package which produces ou;put in both numerical ano
graphical fbrm. TRIPOD was Qesignea for use by a field
geoloéist working'in.sedim;ntary terranes of oragenic
belts.

Data in the:-computer files are read by the program
and plaéed in digital form in master files. All-?r aay part
of the data may then be retrieved and processed in a way
specifieg by the uSere In this study TRIPOD was used to

produce numerical output in the form of domain statb??fﬁs

X
\

,;nd h-igh density‘eQUai area pi-diagrams. Graphical output
in the farm of Eross—sections and maps was also produced.
'For a more complete description of the use of the TRIPQOD
<

program refer to Gagnon (1982).
‘A. Domains

Numerical COmputer-Based technties-were uséd to
divide the study\aréa into domains where the folding is
cylindrical. For slppe stability analysis, domains were
"creaied where bedding had a constant ofientation and

-

uniform lithology .
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Macroscopic Fold Axes .

Fold axes were determined for éach, domain by using
TRIPOD to calculate eigenvalues and associated eigenvector;
of a symmetrical*3x3 matrix of summed directional cosines
of the bedding normals in each domain. The fold axis
orientation was obtained from the eigenvector associated
with the minimum eigenvalue (see e.g. Cruden, 1968). The
mean bedding orientation iﬁ kinematic domains \as estimated
by the eigeﬁvector associated with the maximum eigenvalue
(see e.g. Cheeney, 1983;‘p. 121). Equal-area pi—diaérams
fBr each domain were also preparéd at this time. A program
written by the au£hor to give aﬁ equal area pi-diagram with“

a large number of‘counting'locations ff? the kinematic ,
study is listed in Appendix 4. It is nouw a_gubroutine in
the TRIPOD package (Charlesworth, 1981) and ORIENT in house
software packages (Charlesworth, 1984).

Structural Domeins

Initially domains were estimated by inspection and
the bopndaries drawn pergendicular to t7e overall trend of
the fold,qxis of the Turtle Mountain Anxiciihe.'fhis
orientation was estimated Lsing all bedding orien&ations in,
the Rundie strata..psing the DOMT command in TRIPOD, B
statistical tests (Cruden, 1968; Chér;esuérth et al., 1976)
were carried out on the bedding orientatibn dataea toﬁgid in
tﬁérdétermin;tion of the cylindricity of a domain. In &
CvlfNUricélly folded dpméin’thé poles to’beddihg'fall on

J ' . .
the plane perpendicular to the fpld axis. In TRIPOD the
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standard deviation of each bedding normal from the plane

o perpendicular to the fold axis can be plotted on a map (see
a
¢ Figure 5). This map aids in ﬁhe detection of spuriocus data

and i¥n establishing domain boundaries. If an area was found

' R . .
not to be cylindrically folded it was tedefined by

inspection and tested again. Eventually the cylindrically
folded domains showr in figure S were obtained.

for the purpose of structural analysis the map area

'%was divided into two parts wlong a straight line

L - ‘
zpproximating the trace of the contact between the Rundle

Gfoup and the Rocky'ﬁountain Formation. The Rundle strata

Ky

. . .
were subdivided into 11 domains the boundaries between

Lt

e
w4

which are pérpendicular to the overall trend of the’Turflé-

.

A Mountain Anticline and Hillcrest Syncline (Figure 5). Rocky

Mountain to Blairmore strata were subdivided in a similar
. ' S [

| . ' VR
way into 5 domains. - ) W &-
. ‘ The results. of the statisti;al'testsion the -

“

structural domaiﬁs are summarized in Table 3. The

O

agcéptance or rejection of 'the null hypothes;s; fhamely that

< :
ali pf\the‘outcrops in the domain lie in a cylindrical

A

vfoigz 1nd1cated,4n Table 3 for the F-test a?d Chi-square
xest to a 95% level o% confldence. These results show
acchtaqcevﬁf thé.EJtest and réjection of man; ofw£heh
Chitéquare tests., The F-test allous for the l&rgerg

- Lnterjoutcrop. va;iations in orientation throughout ‘the

-

.

< ) . . § S i i ' -
dom?ﬁn, whereas the Ehi—sqqared-test allows/only forﬂthe

smaller, intra-outcrop variations in,oriéntation, TR

“
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Domain|Fold Axis|F-test Fo n-4 Chi- (Xpj-2 0/cC
T P t.05) squared| (.0S) #

1 J19e | 8 ] 0.13 | 3.18 Ja| 33.9 | 25.0 |R| 17

2 . l201 1 5.22 3.21 R 56.0 | 62.8 |A| 48

3 196 o | o0.77 2.59 |a| 203.2 | 64.0 |R| 49

4 203 6 1.71 |' 3.44- |a| 380.0 36.4 |R 26

S 199 %‘ 0.65 3.68 |a| 166.0 | 27.6 |R| 19

6 194 9 | 5.04 2.93 |{R| 180.0 { 31.4 [R| 22

7 201 s | 6.74 6.94 [A|l 15.7 | 12.6 {R 8

8 |202 8| 2.53 4.10 |a] 224.0 | 21.0 |R] 14

9 204 | 17 | 5.16 6.39 |A 124.6 12.6 |R 8

100 {190 | 12 | 0.92 3.63 [A| 117.0 | 28.9 {R! 20

11 185 [.17 | 1.73 3.59 |A} 101.0 | 30.2 |R] 21

12 {187 | 21 o.2§ s.79 |al 76.4 | 14.1 [R| 9

13 [183 | 17 | 0.74 4.26 || 21.9 | 19.7 [R| 13

14 |194 | 20 | 0.27 3.18 |{A| 56.1 | 25.0 |R| 17

15 {183 | 20 | 2.71 3.52 |a 185.0 | 32.7 Rl 23

16 [180 | 11.] 6.28 | 19.0 |a| ‘7.2 ] 9.5 |a| 6

Rundle|196 7 |14.9 3.0 |R|1837.0 - R| 257

Strata ' B ' . :

|cree. {181 | 19 | 1.38 3.1 |a| 627 |119.0 |R| 98
strata N ‘ , o .

Table 3. Summary of statistics for. structural domains.
0/C # = The number bedding orientations 11 ‘the domain
n = The sample size (0/C #)

= Plunge &

Trend

Accept nul hypothesis

Reject nul hypothesis

> 3y



Rejection can be attributed to the existence within domains

of (1) incongruent minor folds, (2) fault or shear planes
’

associated with mass-movement or (3) features produced by
A

frost action. The acceptance of the F-test is the more

important criterion for eétablishing cylindriclly folded

domains ‘as i't takes into account larger scale variations in

t'herorientation of a f(.)lded surfac,e-_.vFor practicalﬁ.purposes

the two areas that could not be subdivided into cylindrical

domains \uer“‘e treated the same as th'e cylir;drical domains.
Slope Stablility Domains

‘The area of interest in the rock slope stability

study (figures 7 & 12) was divided into domains on the

basis of the planarity of bedding. This criterion is

\ v

diff&rent from 'that used to define the structural domains.
For the purposes of this study the minimum area for a

domain was 1000 m?.

v

Domains'wei“_e first established ‘b‘y inspection. tqual

area pi-diagrams u\ere produced for each domain and trj'e

eigenvalues calculated (Appendix 5). Arlarge maximum
eigenvalue and small\ﬁand' approximately equal imtermediate
\ . )

\

and minimum eigenvalues indicate a distribution about a
-" \ . . . . .

mean orientation (Chee‘\ney, 1983, p.121).‘Thg domain

pi;diagrams_ of~bed,ding‘\\no'rmals and their eige»nval.ues'were

i

‘"examined and't'hg domainé\ redefined by inspection until this

p‘atterh'was recogn/ized.,, ¥ee Appendix{SI. The locations of’
the five .planar domains established using this protedure

R

are sheuwn-in figure-6. .
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B. Cross-sections

Three vertical structural'cross—sections were drawn
across the map, using the TRIPOD SECT command, as shown in
Figures 8 to 10. Appendix 7 lists what lithologic units the
symbols used in these cross-sections represent. The

locations z; the cross-sections were chosen to illustrate

the relationships between fold geometry and mountain

topography. The seét;ons vere drawn perpendicular to the H
trend of the TQrtle Mountain Anticline. QOutcrop data were 2
. ‘ - ;

projected down the fold axis for each domain onto a
vert:lca.l section. Cross—sAecAtions rathe;' than profiles were
draun'because of the low plungé ‘of the fold axis and the
need to include topograpﬁy. Préjection.distance Las kept to
a maxildum ofHZOD m fo reduce error in'the projected
po;itions of outcrops on the gnosé—section. \ )
L. Maps: . . : . :_ : ' .

?ibase<for the_geol&gica1 and slope s?ability maps
was Eonsmructed usiﬁg representativé outcrops ahnd the-
TRIPOD DRAW command. Topographie.con;ourgifrom thé 115000
topographic map. were traced OH;O'bOth mabs (Fi;ure§-11 3 ﬂ\\\

12). Stratigraphic contacts were traced onto aerial

photographs .then transfered by hand to ‘the maps. :

) . ‘



S. Structure

A. Tectonic Setting ¢

The study area is in the Southern Foothills of the

Canadian Rocky Mountains fgreland thrust and fold belt.

Here the structure is characterized by,mestpdipping

-

east-verging imbricate thrusts that in general developed
from west to east from a basal zone of detachment.

B. Local Setting

The major sbructure'in the map area is the Turtle
Mountain Thrust. This can be traced 18 km north and at
least SO‘km soﬁth of tﬁe map area (Norris, 1955). For some
‘of it§ leﬁgth ﬁississippian carbonates- are exposed in the

hangingwall. This inlier of carbopate is resistant. to
erosion and forms the Turtle‘Mountain Range. Jhe highest

B

point inm this range is Third Peak on Turtle Mountain in the

map area. The oldest rocks exposed in the Turtle Mountain

«

Range'are from the 8anff Formation and occur on Turtle
»

Mountain 2 km north of the study area (Norris, 1955).

.

Strata in the hangingwall of the Turtle Mountain
Thrust are” folded.by the north trending Turtle Mountdin
Anticline and Hillecrest Syncl;né which\gxtend 7.2 km to -‘the

north and at least 16 km to fhp south ﬁf the map area
(Norfis. 1955). Erosion ii;the,valley-of,the Crowghest
River,nofth df Turtle Mountain has remog;d the'synciiqe’and
“the ?ast I}mq of the anticiiné. South of ;ne C;Zg;nest

River, the gast limb of the Turtle Mountain Anticline

réapqgars 1800 m north.of‘the‘map area on Turtle Mountain,



Paleozoic rocks crop out in the core of the Turtle Mounta‘in
Anticline. On Tu}tle Mountain this anticline is doubly
plunging and folds the Mississippian strata tightly. The
Hillcrest Synclihe and Hillcrest Anticline reappear in the
’ .

map area and continue to the south (Norris, 1855).
Cl Major Structures

Turtle Mguntein Thrust Fault

The Turtle Mountain Thrust Fault strikes N S with a
regional dip to the’gest and appro;imately 600 m‘of
displacement (Nofris, 1955). In the map area the Turtle
Mountain Anticline and the Hjllcrést Syncline appear to end
downward against the Turtle Mountainm Thrust. However,
between the axial planes of these foldslin the, footwall the
thrust 1is appr%ximately hgrizdntal. Tﬁus in-the map‘area
the fault is‘divisible.into'two segments; (1) a west
dipping western segment beneath the Qest limb of the Purtle
NﬁuntainlAnticline, (2) a ﬁorizontal éegmenF,beﬁeath the
" east limb of the Turtle Mountain Anticiine and the

Hillcrest Syncline. The relationship between the fault ang

bedding in the hanginguwall is as follows. The western

seément appears to coincide with a hanginguwall flat in the

— . N

Ban}f Fofmation and the eastern segment with a hanginguall
‘ramp from the Banff to.the Blairmore Group. Tﬁe“ahgle

betwueen Bedding in the hangingwall ramp and the fault is
approximatély.gooy possibly the result of rotation during

mbvement‘along,the faplt; The thrust follouws the framework

df thinned skinned tectonic deformatioh'like.other faulgs

‘



in the Rocky NoUn&ain Foothills with only slight
modifications such as the high angle between bedding in the
hangingwall and the thrust fault.

Immediately above the horizoatal segment of . the
Turtle Mountain Thrust is-a recumbent fold with a gentie
ipterlimb angle of about 130°. The fold axis trends at
200°. This foio may be the.resu;t of fault drag.

' Turtle Mountain Anticline

The Turtle Mountain Anticlinme is a symmetrical
non-cylindrical planar fold with an intérlimb angle of
about S0°%. The fold axis trequ about'{QOO and plunges
between 0° and 20° (Table 3). The axial surface has.an
approximate dip-direction and dip ofAZQOO and 990 near
the slide. This orientation was calculated using the fold‘
axis and the trace of the axiallplane on a p;ofile.~A5ial
plane cleavage with an orientation of 285° 90°‘u;s
observed at one location near the Turtle Mountain axial
“trace. (see Figu;g 10). Tﬁe antigline is 4 flexural slip
fold as slickensides carm be observed on beddiﬁg surfaces
(Krahn, 1976). v f. . , :

Hillcrost Syﬁcliﬁe

The Hill;rést_Syncline in the hanginguwall of the

Turtle Mountain Thrust folds‘the Mesozoic strata'(Fféuré

.

10). The orientation of the axial plane and fold axis are

apbroximate;y'270° 70°% and 180° 20°, respectively.

This is an Ssymmetrical, upright fold.
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Hillcrest Anticline

The Hillcrest Anticline starts in the map area and
parallels the Turtle Mountain Thrust to the south for at

least 10 km. This anticline has as apical angle 'of 809

;
and an axial plane with a dip direction and dip of 272°

7

7590, respectiyely.
D. Minor Structures
Bedding
In the siudy area bédding‘is folded on a macroscopic
scale. Un the limbs bf the folds, thever, at a scale of
around 1OOQ m2, bedding can be considered penetrative as
the pi-diagrams of the slope stébility domains sﬁoQ ,/

(Appendix 5). The bedding surfaces show .evidence of

flexural slip &s a result of folding..

Normal Faults

Small-scale normal faults are present in strata

close to the axial surface of the Turtle Mountain Anticline

N

and were. also observed in the Kootenay Lreup adjactent to
. .
the main coal seam {(Figure 10). .

.
’

Minor fFolds . ' : .

.

Uest of the Willcrest‘Synciine‘a small anticline

. »

causes the Kootenay strata tb,diprwest'(Figure 10).'Qué to
“the Poor thcrop’in the a$ea o;ientation; of‘t@e ggiél
p&ane a;d foié.AXis'were unobtainable.~

. ’ S~ ‘ :
° . Joints ) ‘ \ » L

Joint dat; on TurFiE’ﬂountain were gakhergd in'bogh

Paleozoic and Mesozoic strata. Mesozoic cutcrops are scarce

37
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.

and small and the joints in them are widely spaced; as a
result, the numbetr of _joints"in Mesozoic rock for which -

N
origntations were available was insufficient to warrant

analysis. Joints in the -Paleoczoic strata are numerous.

Joint spacing ranges from 2 cm to 2 mdi

3

is controlled by

bedding thickness and co etency. In general the more

-

competent the rock and thinner the bedding the more 'closely

spaced th%\joints.'JbintS'generally end against bedding
AT .

planes. The lar§&§@=joints were seen in the area of the

small slide (FiguTe 10) and are about B8 ml,
The computer program ORIENT was used to process the

- . ]
joint orientations in the slope stability domains and drauw

the.pi—diagrqms in Appendix 6. Joint measuremermts taken by

’

P. McLellan in 1982 on. Turtle Mountain were included in

this study.

Although the orientation of joints varies widely,

inspection of the pi-diagrams (Appeﬁdix 6) suggests that a

broad girdle of joint normals may be present -in each

domain. Statistical tests described in Mardia (1872, p.

. M " ) ‘ N . -~ . . .

275-278) were carried out to determine if the joints were
. .

randomly distriputed or formed a girdle distribution. These
tests are bwsed on a Bingham distribution (Mardia, 13872).
The null hypdthesis of a rahdom distribution of joints, was

rejected, at a 95% confidence limit in all domains (Table

4). The null hypothesis of a girdle pattern was accepted in
. . - ‘ K ’ . . S
all domains at a 95% level of confidence (Table 4). While

the girdle pattern of jointAnormpls is present, inspection

»
'

-
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Girdle dist

X2 Test

1. 2.88  |af
4.06 . |4
3.31 A
3.05 A
5.98 ° |a

P
Domain|Sample size|Random dist.
Npmberj (n) X2 test
1 42 13.80
2 L4 - 20.20
3 ‘ 139 33.42
4 52 19.90
5 " 43 25.78
N
Table 4 Statistics on rapdoh and girdle

joint data. X52 = 11.07 for the ,
~distribpution and for the girdle distribution

X22 = 5.99.

X2 = Chi—squared‘test(.OS);

"R = Rejected

A = Accepted

dist: = distribution

distributions of
random

@



of the minimum .eigenvectors for all of the domains does not
{

N
Show any common grouping. This means that there is littile

correlation of the glirdle patterns between }pe domains.

N
To compare the jointing in different dohﬁins,
S\ ’ ’ AN . -—

' ' '
bedding in each domain was rotated to the hotizonbtal usifg
the program ORIENT. Appendix 6 shows the rotated

pi-diagrams .of the joint normals for the slope stability

. s .\».
domains. While most of the Joant normals in these diagrams

N,

lite close to the primitive ciréle a nbmber do not,

indicating that some joints devefpped at an oblique angle
. N \
éib bedding. This is not usually the case for joints i
. ; \ A
sedimentary rocks. A summary of jointing on “the Turtle

1,

' !
Mountain  Anticline (Figure 12) shows sbme of the oblique
! :

joints. These oblique joint's might bé.h;\e beeh caused if
. : \

. - \ L
rock in certain areas acted anlsotroplcally\to the stress
v , \ SN

. \
that caused the joints to form. g '
' .. N ’ - \,
. \ A
In a2 fold, joints can be classified with respect to
their relationship to fold. geometry (Price, 1966). wi'th

.

respect to the Turtle Mountain Agéicline, ac joints are
. i o ° ; N
Sy

present in ddmains'1, 4 and 5 on the east limb and bec
Joints in domains 2 and 3 on the west limb. .Shear jbihts

'
a

develop about 30° from the éc.joints and can be §

H

.recognized in domains 3 and 5.

“ In addition to the above joint sets each pi-diagranm

.

shows a number of other.joinf sets to be present. The beéﬁ

4 B s

dévelopment of ac, bc and shear joint pattern occurs in [

.
-

rocks that have little variation in competency betuween

/ N - | | '4 . A +

"

"y



T

strata at the time of joint formation (Price, 1966). The

Mississippian rocks in the map area vary considerably in

\\ .

competency and this\ could explain the development of these
additionsl joints. Variation in stress direction ﬁue to the
movement of the hang;ngwall rocks-over a ramp might ;150
Cause ;he formation o} joints which can not be related to
folo geometry or regiﬁnal stress direction.‘Unloadiﬁg-of

the rocks w@uld a}so produce some joints with different

orientations. Most of the joints present can be related to

fhg fold geometry and regional stress direction. Other

joints due to unloading, changes in stress direction and

variation in competency of the rock are also present.
.

a1
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6. Slope Stability Study

A. Introduction
The Frank Slide is a classic,example of the mass

movement of rock. The slide was originally described as

.

cccurring along joint planes perpendicular to bedding in 2

west dipp ng monocline (NcConnell and ?réck. 1904). Later
geological mapping (Lea;h, 1804; MacKenzie, 1913) shouwed an

anticline with an axial plane close to the crest of Turtle

Mountain. The rupture surface was thep reinterpreted as
océurring along‘bedding plahe flexural slip surfaces, on the
eqst limb of thglanticline (Cfuden and Krahn, 1975); Thig
ﬂstudy is é‘reconpaissance sﬁrvey\df South " Turtle Mountain

looking at the modes of movement that have occurred and

N

.

areas of possible instability.

¢

The three basic types of rock slope movement are

toppling; planme sliding and wedge slicgng (Goodman, 1880,

"

"p. 256). All three types of movement can be obsefved on

Turtle mountaih. Wedge sl}ding'occurs when two planes
definevaHtetrahedral block where the inclination of the

o o _ ) 1 | ‘
" .line of intersection daylights on the slope (Plate 1b).

.

prpling occurs when the weight wvector of a discrete body'

of rock. ‘passes outside the base of the block and the blotk

rotatesAcqtﬁérd,_crackq form behind the block (Pdate 1a).
"DlangAélididg is comparétivély rare in rock slopes (Hoek

©

and Bray.fiQBT) and otcurs wheﬁ an - inclined plane_of

weaknésé'has a shallower dip than the slope and é'steeper

dip than the angle of internai“ffictién of the rock.
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\
: \
The area of interest”in the rock s\\ope stability

. - N\
study (figures 7 & 12) was divided into dom&{fs,,&hese
domains ate volumes of rock which pPOssess ‘a ‘statds ical
4
homogeneity with respect to one or more geological

structures. The structure used to de.ine the domains is

bedding (Figure 6).
. «
When multiple sets of discontinuities intersect at

- '

oblique angles, kinematic studies may be helpful in
brgdicting the most Likely pattern of slope failure. A

kinématic study is most easily . carried out on stereographic-

projections (Moek and Bray, 1981 ).

Limit equilibrium analysis looks at the equilibrium -

conditions at failure between fthe driving and resisting

forces to determine if a rock mass is stable. This type of

study requires knoﬁ:ledge‘of the streng’tr; characteristics of

the rock mass. The characteristics of the raock mass .on

Turtle Mountain wete obtained from shear tegsts 'Tun on the

rock in a previous study (Krahn, 13974). Pack analysis. of

slope failure is useful to determine .the shear strength of

the rock m_ass.‘ Detailed knowledge of - the groundwater -

conditions and rock mass fabric is necessary to use this

B

techmrique. In a previous study (Cruden and Krahn, 1878), a
. ‘ f . . . . . M ) .
back analysis of "the Frank Slide was done™to obtain the
angl.e‘o'f friction of discontinuities within the slope for a.

- fractor of safety of 1. .~ _ , g

Rock slope failure is caused by the driving forces

exerted 'on the rock mass by gravity, pore pressure, frost



attion and transient ‘events such as earthquakes. The

mountain slope can be t{éated as fully drained in this

i

study due to the .steepness uf the slope and the numerous

Joints which provide good permeability in the rock mass.

This allows us to neglect the effects of pore pressuvre and

frost action. Turtle Mountain {s in a seismically inactive
area as shown by.an seismic activity map (Kanasewich and

mcCloQgham, 1884), so the effect of earthquakes on the

slope is also neglected” A possible transient event that
I . B

'

might affect the slope is closure of the frank Mine
workifngs at the base of Turtle Mounmtain. The amount of

closure of the mine workjings is unknown. The effect of any

mine closure on the cohésion.of the individual particles on

‘the slope ,above is also unkoown. This leaves the effect of

.

gravity on the rock mass as the .only driving force
considered in the limit equilibrium study. The resisting

force considered is the force of friction along the

. o : ¢
different discontinuities in the rock mass and the

orientation of these discontinuities with respect to the

topographic slope.

B. Fabric Elemants’

Failure due to the effect of gravity on-a hard rock

.. . . "

mass is possible only if disctontinuities exist in the rock

which permit the movement of discrete Qlocks’(Coodman.
1880, p. 255). A rock mass has fabric if it contains

penetrative planmes @r lines known as fabric elements. The

main fébfip elements in the rock mass in th%s study are

s



bedding, joints and faults. These fabric elements form the
discontinuities in the rock mass that define discrete
' ’ t .
blocks. The few fis;ures present in the study area (figure
N ‘ . -~ 4

11) are major discontinuities.

Bedding planes are major discontinuitigs providing
the most likely rupture surface on the east limb of tHe
Turtle Mountain Anticline. Joints at oblique angles to gﬁ}h

other make wedge failure possible on the west l;mb_gf the
anticline. Alsq on the west limb, bedding provides the
discontinuity along which tension cracks associated with
toppling can form. Plane sliding along bedaing)is possible
"on ghe east limb where joint{ng snd f}ssures couyld provide
the rgméval of the lateral restraint for a bléck.
Qiscdntinuities at the toe of tﬁe slope along which outwarog

movement of the rock could occur are axiadl plane cleavage

near the axial plane of the recumbeht_fold and the Turtle

MOunt;in fhrust Fault.
c. Toppling:F{iiurl
Exampleg of toppling can pe f&undlpn the west limb
éf thg Turtle‘hdupﬁain Ant;cliﬁe‘east of the mounmtain crest
(Plate 1a; Figure +1)._Plate 1a &epidté a édssible ié;pling
sitqqtioﬁ_with.tension'cr;cks deveiop;ng akong bédding.
évidenbe of_fooplihé failure exiéps in ;ocal”éreas of high
.slqpe angig.oﬁer boﬁﬁ the'Frank Slide aﬁd the Small Slide

(Figuré'11). Figure. 13 shows a tross~§ection through the

Small Slide and the stereographic projection concerned with

the kinematiqs of_toppling in the ‘area. The cross-section

46
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shows that the rupture surface is bedding whose pole is
represented on the stereonet by N. If the peak angle of
friction |, + for the bedding flexural slip surface is

28° (Cruden and Krahn, 1978}, toppling is kinematically
. . ° '

possible becayse the normal to bedb&ﬁg (N) falls in the
- ‘

ruled area where toppling failure is possible (Coodman,
1980, p. 265). In the area of the Small Slide, foppling
failure has occurred where the lateral restraints on a

block of rock have been removed by either erosion or

previous failures. The volume of Ttock above the small slide

that could fail by toppling is 44,000 mq. In domain 2

6utside the local area of the small slide and in domain 3

the topographic slope is gentler and toppling failure

cannot occur as the weight uvector of a block would not
g / ’ ' ‘ ’
outside the base of the block.

T

*

0. Wedge Failuré

pass

The results of wedge failure were obsérved.in the

local area of the Small Slide on the west limb of the

Turtle Mpuntain Anticline shown in Plate 1b. Figure-14a is

an isometric block diagram of jointing in the area and
typical wedge failures while Figure 14b shows the

stereographic projection depicting the kinematic
« . B !

possibility of'wedge failure. The estimated 6riginal slope-

48

has a slighty different striké'from the present slope’ where

the potential toppling situation is located . (Figures 14b &

15b). In this figure only the joint normals (N) relative to

‘the kinematic analysis for wedgevfailure in the area of the
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For symbols see text.

[



ey

T

Small Slide are shown for clarity. These joint orientatjons _
are a subset 0f~the joint fab;ic in slope stabi&ity domain
2 (Appendix 6). '2

In Figure 14 the intersection (I75) of joint
planes 1 and 2 falls in the ruled region which represents
the area of kinematically-possible wedge failures (Cruden,
1984). The plunge of Iy is less than thelestimate of the
original slope dip of QS? (Figure 14) and greater than
the peak angle of friction (¢,) for. joint surfaces of ;20
obtained f%om shear testing (Cruden and Krahn ,1975) . The.
factor of saF;ty was caléulated for wedge failure using a
method described in Cruden (1984, é. 679§1 The angle ¢/is
the inclination of the plane containing N, Ny, to
vertical. The angles w¢ and ﬁ on the plane'pe;pendicular to
Iy, are tﬁe angles between the reactions to tgé weight of
the wedge acting Sorm?lly to joint planes 1 and 2. fFor the
Small Slide &:aéO,-*=21°. f=22° ana‘¢,;329f The

factor of safety for these values is 0.75, indicating

Probable failure. If a factor of safety pf 1 is assumed for

the slope by back analysis, an angle of friction of 40°©

.8 , .
is obtained for the Small Slide area. The haximum vodlume of

rock involved in further failure above the small slide to
the mountain crest is again estimated at 4&.000Vm3.
Elsewhe;e on the slope the gentler angle of the slaope makes

wedge failure not possible as none of the joint

intersection§ falls in the area that indicates failure is

4

kinematically possible.
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.

Ef Plane Failure

The east .1imb of the Turtle Mountain Anticline

adjacent to the Frank S}lide was looked at to see {f plane
failure was possible. The area of interest was Hetuween
gully A adjacent to the fFrank Slide and qully-B tonthe

south (Plate 2). A two dimensional analysis of this area is

reasonable due to the removal of the lateral restraints by

erosion in the two flanking gullies. The area along

cross-section c-~c' was studied to determine if failure

. . } . < R
along beogding planes is possible. The average dip of

bedding is 55° East while the average slope dip is 35°

:East. For plane failure to occur, bedding must da,.ight on
the slope. On the scale of the cross-sectioh 6edding does
not daylight, so the slape is kinmematically stable.with

respect to failure along bedding. This is also the case

P

with domains t, 4 and S.

. A second study was done on a smaller area closer to
the axial plane~of the Turtle Mountain Anticline where the

dip of bedding ‘is shallower and daylights ow the slope.
Figure 15 displays the cross-section b-b' (from Figure 11)

and the stereographic projection concerned with plane

failure. AR es{imate of the amount of rock that would be
involved in a plane failuré here is 320,000 m3. This
estimate is for the area bound by gdfly‘ﬂ (Plate 2), the

axial trace of the Turtle mountain‘Anticline. the‘adjacent

s ’

ridge to the south of gully A and the point where. the

v

‘bedding;daylights on the slope. Axial plane cleavage and
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small faults present near the axial plane wer% observed to

the south (Figure 10) and indicate-the possibility of a

discontinuity coinciding with the axial plane. This could
Provide a rupture surface.for slope failure near the Turtle
‘“Mountain Anticline axial plane. On the's%ereograohic

projection the dip veictor of bedding (0) is in the striped
area which Tepresents the area where planme failure is
kinematically possible (Hoek and Bray, 1981). Shear tests
- : N - N ‘
on the flexural slip surfaces gave-an angle of frict}on.¢ ’
R /
. \
of 28° (Cruden and Krahn, 1875). The average slope amgle
of 42° was obtained from tross-section b-b' (figure 15a).
While the two dimensional analysis shows that kinematically
«*
this area can fail, lateral suport of the block has not

been taken into account by the study and there is some

lateral support to the south, If failure did occur,.

-
1

toppling and wedge failire of the Tock to‘the«uest of - the
axial plane ;Ould be possible due to the increase in the
slope.
F. Circular.Failure

Until now; only rock slope failu;g controlleﬁ by
di;contingities in the rock mass such as bedding and
.%P;nting‘have béen discussed. 6ircuiar'failure occufs uhen

caeanditions arise where thé'individual~particlesAof the rock

"mass are very small compared with-the size-of the slope and

when these particles are not interlocked as a result of
their shape (Hoek. and éray, 1981).
The shape of the'fai}ure ‘surface for the Frank Slide

s

.
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approximated a circular Tailure curve (Cruden and Krahn,

1978, figures 6 to 9). Movement of the slide out along a

horizontal planme at the toe and the toppling and wedge
failure west of the Turtla_N0untain Anticline Axial Plane
Qave the slide rupture surface thi$~shape.

The high amount of juiﬁting on the slope between
gullies A and B causes the individualvparticles of the rock
mdss to be.interlocked and small whgn>compared to the size
of the slope. To use the'cirtu}ar failure method of

amalysis (Figure 16) along ctoss-section c-c' {Figu;e 11)

it is necessary to show that tﬁe individua} pa;ticlés of
the rock mass can begome'unlocked. For a siope of 35q and
a factor of safety of 1, Figure “17 shows tﬁe.value of
cohesi'on which is‘molbivlized at failllure"(Holek and Bray,
1981, p. ?3&) and that water in'thp slope adversely affects
stability. If flexural siip surfaces exist paréllel to the’

rupture surface, factors of safety are 1esshthaH in a dry
slope. Watér pressure may éccumula}e 65 cracks in the rock
; . :

and trigger movements that wilﬂ'destéﬁy\ife cohesion of the
- rock mass. Seasomal freezing of the east fkii/df'Turtle

Mountain would farm an ice dam which could hinder drainmage

of the slope and ailom,water pressuré to build in tracks.
Other factors that can destroy the cohesian of the rock

mass on Thrtlg Mountain are limestone solution along

bedding planes and movements aéSoci&LgJ\uith closure of ﬁhe_

. - y . .
Frank. Mine. In the long term cohesion caAnot 'be relied on
. \ .

N
~

~—

to maintaih the stability .of the slope. For thevébbve
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reasons I feel that the circular failure analysis gives a
reasonable representation of the slope stability whén all
the factors involved are considered.
: | »
Erosion in gullies A and B8 (pleate 2) again makes the
tquBimensional analysis (Figure 16) representative of the
three-dimensional situatjon; From the cross—secgion (Figure

»

16) and the area betuween gullies A and B the maximum volume

"0f rock that could be involved in circular failure here has

. e
failure of this area must be considered.

been calculated as 18,500,000 m3. The slope das treated

. =4
as fully drained and the angle of friction used was 37.2°
with '3 cohesion of zero (Cruden and Krahn, 1975). Using the
circular failure chart in Hoek and Bray (1981, p. 343) a

factor of safety of 1.1 das obtained for the slope. This

low value indicates that the possibility of circylar

¢ - ' f ~’1\
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7. Conc}usions and Recommendations
Detajled mapping and Fhe use of computer baséd
mapping techniques have better defined the structure of
South Turtle‘Mantain. The Turtle Nantain Fault is a
hangingwall flat im the Banff Formation beneath the west
limb of the Turtle Mountain‘aﬁticline. The thrust cuts. up

section from the Banff to the Blairmore and is

~Approximately horizontal beneath the Hillcrest Syncline ang

W
L N

R
the east limb of the Turtle Mountain Anticline. All folds

in the hangingwall of the Turtle mountj}K/Fault end

downward against the fault. The Turtle Mountain Anticline

.is a sypmétrical, fon-cylindrical, upright plunging fold

0

with an interlimb angle of 55° and a fold axis'trending
190° and plunging from 19_to 20°, The Hillcrest

Synclime is an asymmetrical,.non—cyldndrgcal inclined fold
with an‘interlimb anglé of 70° and a fold axis that

trends and plqnges at 180° and 200, respectiQely. A
recumbent fold in the Paleozoicwétrata above the Turtle

Mountain Thrust Fault, adjacent to the Frank Slide may be

the result of fault drag. ‘
In fhe area chosen for slope stability anaiysis'five
l g - ‘ e :
domainsAwete established on the basis oft bedding planarity.
‘ ) . .

A broad girdile pattern of the joint normals is present’ in
each domain. Once the bedding in each domain was rotated to
the horizontal the girdlevpaﬂterns in the different domainsa

were compared and no relafionShip-betweén them could be

- . v

founds A relationship between the geometry of
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the Turtle Mountain Anticline ang the joints was recognized
with‘ac, bc, and shear jbints present 15 different domains.
While these joints are‘present in the domains many other
joints are aslso Present which cannot be related to the fold
or the regional maximum Principal stress direction in the
area.”This shows that the Julnts likely formed wt different

times, some related to the'folding and other to processes

such as unloading, movement over the Turtle Mountain Fagylt

and changes in the stress direction.
In the domains defined for the slope stability study

toppling, uedge sliding and piane sliding are not

Q

kinematically possible. In local areas within these
domains, however, where the slope is steeper than normal,
toppling, wedge sliding and plane sliding are kinmematically
possible. Analysis of wedge failure on intersecting joint
surfaces in the Small Slide gave an angle of ‘internal

friction of 40°., Plane failure along bedaing planes

, : . A
adjacent to the Frank Slide and below the axial. trace of’

the Turtle Mpuntain Anticline proved to be kinematically
possible for a two diménéionai analysis. In the three *"
dimensibnal situation latér;l support to the south would
likél;-stabili;e thi;.blockfvThe volume of rock involued in

failure in these localized area is-not enough to be

concerned about on the large scale in which we are most
- L b : )

interested. . _ .

Based on the assumption that in the long ternm

cdbrsidq cannot be relied on to maintain the.étability qf
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the slope, a circular failure analysis of the area between
gully A and B was carried out. The cohesion of the joint

bound individual particles of the rock slope might be

destroyed by; (1) closure of the Frank Mine, (2) limestone

solution along bedding planes or (3) the increase of pore

pressure 1n . the cracks in'the rock mass. A factpr of safety

of 1.1 was obtained for this analysis which means that the
‘
. i . .
Possibility of ci*cular failure can not be ruled out.

4

Based an t%e determination of the structure in the

Mmap area and the results of the slope stability analysis
the following recommendations for further work-are made.

1. -Establish further slope movement monitoring stations
4f¥6n the slope adjacent to the Frank Slide belouw the

axial trace of the Turtle Mountain Anticline (see

Figure 11). These new stations would detect any

slope movement in the regiofl below the axial plane

of the Turtle mountain?Anticline.

2. Estab}ish further slopé movement monitoring stations
on the slope adjacent to the Frank Slide above the

A

Turtle Mountain thrus't (see Figure 11). These new
stations would deéect any ouvtward movement of, the

slope along diséontinuities such as the surface of
. v///the Turtle Mountain Fault or horizontal Joints in
. N , . . . : . - . .

the area of the axial plane of the recumbent fold.

3. ) mOniforfng points should be established on the walls
: ) ~ )

(R Y
<3

of the Frank Mine subsidencé  pits (Plate 2) to try

A ~and détermine if the -mine is undergoing closure.

“
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9. Appendices
A. Appendix 1

Lithologic Section

Legend ,

Dolomite Massive >2.0m
Limestone Thick : G.6m - 0.2m
Shale : S Medium 0.2m - 0.6nm
Siltstone . ey Thin. 60mm - 0.2m
fovered Interval Very Thin <60mn
Symbols

Argillaceous d - . . ___________._ R
Calcareous = - -- oo oo oL -~

Chert {(Nodules, Stringers, Blebs) --- -
Conglomerate TP 00
Dolomitic ---.- el ... <
“Fossiliferous ---------_C_.__._ B F

ﬁ;ﬁted Surface ---~-- - ___________ P

Silty —----o-oo oL L .

Vugoy = - - - oo oo

Abbreviations

abrupt ab limestone 1s
argillaceous arg light(er) .1t
bedded bdd © meter . met
beddiﬁg ’ bdg micritic - mic
brown brn medium m
calcarebus .- calc ' massive mas
chert . cht-~ - nodular nod
color co ’ porosity por
contec " ¢n , purple i pur
course c  slight(ly) D!
conglomerate " cgl , " silty o Vslt&
crinoidal crin ' stringer . strg
Crystalline cry- - thick X thk
dolomite dol - : thin . thn
fine . f . vug(gy) ‘ vug
fassiliferous fos L weathered wthrd
grey gry cross-bedded xbd
grain{ed) Cogre cross-laminated xlam

g;adp(ed) g¢.d yellouw o yel
lami'nated : 1lanm ‘ :
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B. Appendix 2

Co140 IN

C Basic program for the Casio FX-90 hand computer.
C This program adjusts the raw elevation values,

€ linearly for the variation in atmospheric

C pressure, from the first to last regding of the
C day at a benchmark.

C

C CLEARR ALL MEMORY.

C hl

10 VAC

C N

C INPUT 1THL BENCHMARK STARTING AND ENDING FLEVATIONS
C AND THE STARTING AND ENDING TIME. : :
c .

20 CINP M"INP ELEV STARI",A

30 INP "INP ELEV END",H

40 INP "INP TIME START",C

C

C CONVERT TIME IN HOURS AND MINUTES TO DECIMAL -
C HOURS. ' .

C i .

S0 C = ( FRAC C * 100/ 80 J % INT .C

60 INP "PNP TIME END",D

70 D ( FRAC D * 100 / 60 ) + INT D

80 G = (B - A ) / (D -cC ) . :

C -

C SURVEYED 'ELEVATION OF BENCHMARK = 1398 METERS
c : : ‘

90 X = 1398 - A ,

1001 = 0 2 . : .

C : o

C INPUT TIME OF READING AND ELEVATION AT OUTCROP
C "

110 INP "TIME",T

120 1 : :

130 T

O n

"ELEV",E S
150K = E + X - ( ("A -C ) 5 )

T h - ) .
C PRINT ADJUSTED ELEVATION FOR OUTCROP

C S R : '

160 "PRT K o

170 IF I LT 90 THEN 110

180 END S

I + 1 Lo T :
( FRAC T * 100 / 60 ) + INT T B . E\Ar

w

i
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C. Appendix 3
TECTRONIX PROCEDURE FOR PLACING mMAP DATA IN TRIPOD FILES

Ao IERMINAL_SET-UP TECTRONIX_ T 4016-1
'. Press switcghes ITY down, & MARGIN CONTROL off.
2. Turn on terminal. Wait S min. far terminal to
warm wup.
Press RESET PAGE key.

4. Switch-Gandalf ON & enter T4010 in response to
ENTER TERMINAL ID-

5. Sign 0On. o 4

B. Press top LH svitch to LOCAL, press ECS key,
type : ,press top LH switch to LINE, & press
RESET PAGE.

B. LRAPHICS TABLET SET-UP & DATA ENTRY

1. Type SO TX1. The file Tx1 tons;sts of following
runi file ‘ ' ‘
SEMPTY DATA1 Ok
SRUN wYRsstREF, L ¢ 2=DATAT ("L +1) S=*MSOQURCE *

0 7--0UPPUT
- $SOURCE' *MSOURCE *
. 1Y

2. Type (5X, 2F10.1) in answer to ENTER FORMAT FOR
OUTPUT FILE

3. Place the map.on the graphics tablet the location

" of the pqint with the maximum X & Y value is in
the tap r{gh; hand corner.. Define a square on the
map and number phe corners 1 to a.goihg CCW "
starting at the top lefthand .cortner.

4 In answer to tghe *ENTER. XMIN & YWIN: ‘enter the .
map coordinated of point 2 (e.g. 343000-,2430%.)
RETURN =nd for *ENTER XMAX & YMAX: the mag-
coordinetes of point. 4 (e.q. 585000.,122000., )
RETURN. [~ e A ‘
e o - .

“"Note: © Coordinates should have values such as

" 568000 & not 568641, Shquiq_you miétakgnly
t?be.incofme;t‘values‘& obtain an error

.message, type. [ & begin agafn at step 4,
Should you mistakenly type incorrect -
values & not obtain an error message,
begin again at step 1. . '

-

B - Digitiié.points‘1,'2..3 & 4 in order then press
e BREAK- then” RETURN. R _ .
‘ "B. Respond abpropriately to'message\ending IF YOu
WISH TO REDIGITIZE POINTS 1-4 by typing .REDD or.
'prESSing‘RETURN; which 'returns.you to step 5.

'’ : ) T T . . e *

*
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7. Digitize points 1,2 on the menu in orderépnd'press \\
BREAK then RETURN.

1) Type TITLE in answer to *ENTER COMMAND *
2) Answer *ENTER TITUE: * by typing title e.g.
. ROBB SET 1 ° .
3) Answer *ENTER COMMAND * with RUN and press
RETURN. ‘

B. To digitize data use one of the following procedures.

For a data point on surface trace of a geologic
structure, A

1) place cursor over menu rectangle labelled CONTACT
- & press button, '
2) place cursor over rectangle labelled FORMATION &

press button, - : .

3) place cursaor over square labelled with letter,
number or 3ymbol chosen td identify geologic
:tructu;e press button,

4) place cursor over rectangle labelled‘ELEVATION &
press button, ’ : = ‘

"S) place cursor successively over s.quares labelled
with numbers specifying elevation of point,

. Pressing.button after each move, &

6) place cyrsor-ogver data point on the‘map &‘ﬁpess

buttaon . \ - NI

If data point is a strike-and-dip,symbdl for a planfar:
structure,
@1) place cursor over point ipside menu rectangle
" labelled BEDDING, CLEAVAGE or FAULT & press
. button,, ” ‘ .
2) place cursor over rectangle labelled FORMATION &
_press button, '
3)‘place‘cursor over sgquare labelred with letter,‘
number or symbol chosen fo identlfy tock unit . .
exposed at outcrop & press bdtton, '
4) place cursor over rectangle labelled ELEVATLON &
. press button,

Agve :
f S) place,cursor successxvely OVEr .squares labelled

with numbers’ specifying elevation of p01nt

P pre551ng button after each mowve, *

2 6) place cursor over rectangle labelled WAY UuP & .
é%‘j, press button, . ‘ o : )
- D place cursor over square labelléﬁzo, 1 or 2 if

' way up of }strata is unknown or irrelevant,

right- uay'up.‘ot oVerturned. respectlvely, oL
\place Cursor owver rectangle labelled DIP z press
fbutton. _ . .

N ol . .




9) place cursor sutcessively over squares labelled
with nupbers specxfyxng the dlp, pressing button
after each move, &

10) . place cursor successively over LH & RH ends

of strike line, looking in direction of dip,
pressing button after each move

If gdata point is a trend-and-plunge symbol of a linear
structure,

1)

.

Place cursor over point inside menu rectangle
labelled FOLD, STRIAE or LINEATIONE:-& press

button,: * .. ) ‘
2) place-cursor cver rectangle labellegd, FORMATEPN 3
press button, c 'f~£
3) place cursor over point inside square labelled "with
letter or number,chosen to ideontify rock unit
exposed at outcrop & oress button, g
4):place cursor over rectangle labelled ELEVATION & N
" press button, . ' ' .
5) place cursor successively over .squares labelled
with rnumbers specifying elevation of point,
Pressing button after each move, N
6) place cursor over rectangfe labelled PLUNGE &
' press button,} \ .
7) place cursor 5uccessxvely overg squarés labelled
with numbers specifying plunge, pressxng button’
aftFJ each move, & )
8) place cursor successively over rear & front ends of
arrow, pressing button aftem each move.
IMPORTANT ‘ . -
1) Aftenievery'15 minutes, -press BREAK & RETURN, &
. return to step 12 : . e 2 i
. 2) If value used to specify e. g. FORMATIDN is the same
\for a series’ of data polqts, it need be spec1fled
‘only .once. - _ . ;
3) To edlt ‘data entered using the above procedures, i
press BREAK then RETURN fw1ce befrore .typing CE
mT. - v . - . . Coe .
C. GRAPHI L.B ﬂzsaaﬁglﬂlzg_ e

Type SD TX2 Theafilg'PXZ hons;sts_bf the -following

‘run comma%d; . o S . . i,

CSEMPTY DATA2 OK . |

SRUN WYNN:SCAN. GBJ 3~wv~~=mzmu 5. DATA1 . , é
E=DATA2(*L+1) - . R . Ly
. $SO0URCE *msolRrces . ‘ ‘ R

. g . : : o
- L U S , . - S
R R SR S : T

5

. L . . N SRS

i)

s e
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The brogram TX2 uses the file created in TX1 as input a
interperates the map coordinate values as data points alnd
menu ftems. The file DATA2 is an interpreted version of
DATA1 and should be listed and checked for errors such as
blank lines not followed by a title & menu variables such

as

edited approprlately.

L off.

elevation called but not followed by a number, &
!

T e, e - e R L2l 2 &

LS

Type 80 TX3. The file‘TX3 consists of the follpwing
fun command:

Vo $SEM -FORMA

i $EM -FORMB v

SRUN OUTPUT.0BI+WYNN:ERRF.0BJ1 1-DATA2
J=UYNN:MENU S=*MSQURCE* B="MSINK* 7--FORMA
8=-FORMB

'$IF RC=0 SCOPY -FORMA TO MA('L+1)

$IF RC=0 $COPY -FORMB TO MB('L+1)

. . . « - .
The files -FORMA & -FORMB have,the same content &
format as Qutcrop flles prepared from completed copies
of Form A & Form B usad in conjunction with tne TRIPQD
"~"+3ge. If no errors were encountered in processing
tre file DATA2 (RC=0) these files are’ added to the
permanent files MA & mMB. In answer to ENTER NEXT
OUTCROP NUMBER (I4 FORMAT), type "QQQ1T" the first time
data are being ehtered into MA & ms. During subeeqeent
Tuns, enter e.g. "0102" if the number pof the last
outcroep .in the existing files MA & mMB is 101. If an
@érror was encpuntered, ed1t_DATA2ﬂ& retype SQ TX3.

»

IERMINAL_POWER

At the end «of a sesszon type SIG press RESET PAGE

key, turn top LH switch to LOCAL, turn Gandalf
DFF, "turn top LH switch to. LINE, & turn pousr
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Appendix & ;

The program OGRIENT (H.A.K. Charlesworth, 1983) rotates
ta and produces rose diagrams, scatter plots, and
~-diagrams froﬁ structural orientation data. ORIENT is
vided into two parts. Program A is an interactive

estion and ansuer program that produces a command file
iech is then used by pyogram B to process the data and
0duce output. ORIENT can process upto 1000 data points at
timevofveither planar or linear orientatibns, specified
dip-direction and dip or trend and plunge respectively.
IENT is written in Fortr%an77 and runs on the m“:hlgan
rminal System at -the UniQEisity of Alberta.

To dget a -more accufate pi-diagram for the kinematic study
Turtle Mountain it was Nessisary to write the subroutine
SPLT. This replaced the program in ORIENT that proddiced
1entat10n diagrams. ONSPLT allouwed thc'countinq
cations of a pi-diagram to be increased from 277 to 2901
8 20 cm. diameter stereocnet. An option, for either a.
ereographic projection or equal-area projection &&s added
well ®as » choice of elther a contoured diagram or .a
agram where the percentage at each counting }ocatloh is
Presented by .a different synbol from 1 to 100 percent.
e two diagrams at the end of the appendix 3 show the
ffegent types of diagrams available. Finaiy to make' the-
IENT. package more useful torthe field geoclogist the
ckage was-rewitten to Tun-oh an IBM-PC with a hard copy
ailable en an Epson Fxso printer. ’ -

A
- ¥

’

- R SUBROUTINE DNSPLT

Subroutlne prlntsksquare matrix of symbols. Square
cxrcumscrlbes c1rcl¢ of - Tddips 10 cm. Elements in matrix
OUtSLdE circle’ are blahk El ments 1n51de cqrcle mark
progectlons of. countzng c1rcles. where £ of poznts inside

fcountlng circle are less "than 1, a polnt is prlnted.

‘Where % ;s,greater thar T;"a symbol is printed uhlch

specxfled by .user. Spac1ng of elements in matrlx can
close or open.v s : . o

. L



. Common B8lock for orient?2 progf}m.
b .
COmmoN /ORCHAR/ CSID, IO, NAME, TYPE ' -,
CHARACTER®1 TYPE
‘CHARACTER®*4 CSID .
CHARACTER*10 DATAF, INST, LIST?T, PIDIY
- CHARACTER*40 1D, NANE )
commdn /ORINT/ CONT, NCONT, NDC, NP, NTP, TP
INTEGER -CONT(9), NCONT, NODC, NP, NTP, TP(2000)
COmMmON /ORLOG/ CPS, DEN, HS5T, IGN, LST, MAS, mov,

1 ROT, RSE, SCT, SMO, STR, WLF, CON
LOGICAL CPS, DEN, MST, IGN, LST, MAS, mOv, ROT, RSE,
1 - ,#SCT, SMO, STR, WLF, CON L v e,
0 COMMON /ORREAL/ DCD, PARH, PARM, PARS, PP, ROATA, |
' L . SCAL, SCALE, T o
REAL DCD(3000), PARH, PARM, PARS, ‘PP, RDATA(3), Scac,
1 ' SCALE, T(9) ,

* Declaration aof subroutine variables.

CHARACTER*1 CNTINT(10), ND(789),. 3YmB(102),
INTEGER FIR(10), I, IP, I, KOUNT, L, M, NX, N,
1 SEC(10) ) ‘ .
REAL AD, ALV AM, AN, CTOSP; CPHI, PI, PL, R,
1 RAo.'hﬁoz, R2, 'Sx, SY; TEST, TR, X, Y, v1. YR

* Data statements for subroutine. 2
DATA CNT-I'NT_/"I','Z',':S' tgt 15‘1 vsv 17; 181 lg"vol._/
DATA PI /3.14159/, RAD /39, 37/®RA02/155&/

* Calculate TEST, cosine dé radlwﬁ of countlng circle.

TEST = 1. - PP/ 100. ;r S .
. .
* Create a CONTDURED denSLty dxagram or A NUMERICAL density
* diagram Lo ) . ‘ o T S
. . 7 : ' ° ‘ A .
: .. . IF (bow)‘rHEN-o- .on : < - . e
oo 'o -

* Create arrays FIR & SEC such that\e g. FIR( GSF(B)
"specxfy range, of . percentages represewted by symb
. CNTINT(J), i.e. B.

- ~"-‘s-‘IR(1) RN o '7’ff' .
'~SEC(NCDNT¢1) = 100 . St e
D0 48 I = 1,NCONT ' :

oL T SEC(L) . comr? -1 S
SR CLFIR(Te1)" comr(x) S . ,
-, . - ., 48 " CONTINUE . P S o
’ : RS : : ;,;, '-_‘d" ot . EARN K _
' v i’ / )



x X

* or equal area net
* .

«

~

“IF (WLF)'THEN
CWRITE (7,

E

LSE

NRITE

ENDIF.

URITE (7,

END IF

ra

(«

110) NP,

120)

-

NP,

Ip
w

“(R40)') NAME.

79

Create array SYMB. SYMB(3) - SYMB(102) specify symbols¢
representing percentages 1. 2, 3 ...100.
00 43 J = 1\. NCONT +1
DO ST I = FIR(J)+2, SEC(J)+2
SYMB(I) = CNTINT(J) -
51 CONTINUE
- 4-9 CONTINUE , .
symg(1) = '° — \ "
sYme(2) = '.' ‘ '
IP = IFIx (PP)
. o .
Urite density dlagram header for either the stereographic
or equal area net, o .
IF (wLF) THEN
YWRITE (7.,95) NP, IP, (CONT(I), I = 1, NCONT)
ELSE " '
WRITE- (7,100) NP, IP, (CONT(I), I = 1, NCONT)
ENODISF ) E :
WRITE (7,'(A40)') NAME
ELSE . ‘ :
a _ ~
Data for the symBols that represent numerical percenéage
‘of a counting location from 1 to 100% -t
T DATA SYMB /'t e 20,30, te  ts gt
1 ’8"'9'|'0','A"'B‘."C"'D'"E'.'F','G"|H','I',
2 'J-','K'.'L'.'M','N','p','pf..'Q',.'R','S',"T','U',l
3 VLT XL Y Ltz et e, et T, e, e,
a lgl,'h-l'li'l"j"lkl"lll'lm"lnl,lov“'VDQ"'lq"
5 'r','s','t'.'U’.'Vv','w'.'X','Y','Z'."',"',"',
6 "I'l.l,.l-.l l""’l»il’|‘l 1.1'1.|’v.|'v.v" v'v.v' .
’“ l'l'l'l"l.l';*l".l'l'v'l'.l'l'l'l‘."l.v'l.ly_'.l’
8 .v,v,i,v v.n.v,v'v.v'v,v'v"v'v.vvf-v'a’v.v’g,.u'/, A
- JIp = IFIX (PP . : -
K ‘ 3
‘Write densxty dlagram header for éither tﬂe stereographic
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- -~ .
* Find cogordinates (X,Y1),.trend (TR) & plunge (PL). &
* direction cosines (AL,AM,Aﬁ) of counting locatiops
* Spacing of characters in Y direction is 1.6667 times .

" spacing in x. . ’

THEN

IF (CPS)
SY = 1 .
SX = 1. v
NY = 47 \ : 4
NX = 79 ) 4
ELSE . -
SY = 2, ' -
SK = H. - !
NY = 246 . i
NX = 27 . ] N
ENOIF . _ : ;

’ Y = 23 .+ Sy

v
X" = . X + SX i
YT = Yy * 1 _.6667 .
s R2-= X * X & y1 = yq - ~
R = SQRT (R2) °
b .
* Calculate if tne counting locatien is inside a 10 cm.
radius circle, then calculate the direction cosine of the
* tounting location.
[ ) a - .
IF (R2 .LE. RAD2) THEN
mox 2 :
IF- (Y “EQ: 0)*"THEN L \
IF (X .GE. 0) THEN ' ‘

i TR = PI / 2 y =~
ELSE ) : \ : ' Lo
TR = 3'* p1 / 2 co . ot
END IF T r -
- - ELSE e - . ] -
T TR = ATAN ( x / v1°) -~ , ' : ,
IF (Y .LT. 0) TR '= TR + p1 - o I
JEND IR ' : o
IF (ULF) THEN . ..
Lo PLTe 20 ATAN ({(RAD - R) / (RAD "+ R))
S ELSES o o
.. L. PLis ASIN(1. - (R2)/RAD2), > .
/ - UEND IF, e o '

- . . .



7 + . v
Lo < COSP = COS(PL) AL
o .. AL = £OS(TR) = COsP N
St - AM 2 SIN(TR) * COSP
Do s AN = SIN(PL)
» 1

’ é - I °‘§ . . . \"
=% P Count orientations within PPL area
" % lgcations

around counting

“KOUNT = ,0
D0 10 1f- 3, nDC, 3 -
CPHI = ABS(AL*DCD(I - 2) + AM*DCOD(I - 1)~
1 SAN*DCO(1)) -
_ IF (CPHI .GE. TEST) KOUNT = KOUNT =+ 1
.10 CONTINUE ‘ R -
: M = M + KOUNT * 100. / NP
e ¢ END IF
o ‘tq; . T ND(L) = syme(m) .
© 20 CONTINUE 2
- . f . . v " )
" Wnita Hine of density printout on file attached to unit 7
® ' 1 IF GCPS) THEN
WRITE 7,"(79A1)') NOD
ELSE - - »
. . WRITE (7,"(R,26A3,/)") (ND(I), I = 1.27) |
. » . ENDIF
R 30 CONTINUE o _ -
) IF (.NOT. CPS) BACKSPACE 7 : .
: RETURN T *
. . - .
'\format §tate@entsqfor density diagram,heaqers.
” . . o
85 FORMAT (' PERCEWTAGES 0F', I4, ' POINTS IN', IZ -
1 "% AREA OR.HEMJSPHERE, STEROGRAPHIC PROJECTION. /.
-A&'_ 2 ' SYMBOLS CHANGE AT CONTOUR VALUES QOF', 9I3)

1Q0 FORMAT (' 9ERCENTAEES OF', 14, POINTS IN', 'I2,
1 'S AREA QOF HENISPHERE. EQUAL AREA PROJECTION. v /s

.2 ' SYMBOLS CHANGE AT CONTGUR VALUES gF"', 913) f
11U FORmA$ (" PERCENTAGES OF ', I4, ' POINTS IN',

12, . :
} '% AREA OF HEMISPHERE. STEROGRAPHIC {gOJECJION /,
2 - ' SYMB : 1%410%=1-0, 11%-36%¢=A- Z, 37%- ezx.,-z,g;
“;_,3 ' B3%-10p%=2") ,
S, 120 FBRMAT (' PERSENTAGES or', 14, boxwrs IN’n 12 o
. . "% AREA QF HEMLSHPERE. EQUAL AREA PROJECTION. /
e 2. ' sYme 1%-10%=1-0, 1% 35x A-2, 37%- azsaa—z,';
. . 3 ' B3%-100%-= -') _ L '
‘ END . ": )
* . L ‘

—
-

) i’ . . . - . . C \“' .
; .
. . . N . . T «
. . ’ ’ N T ¢ .. o P e
: . s . .
o E ; @ : S
. “a . s, N A " . . S . to
/“7 . . i . . *
§ N . S ) :
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E. Appendix §

Both structural and slope stability domain high
density equal area pi~diagramg are contained in this
Appendix. The structural domains pi-diagrams of bedding
orientations are illustrated with t'he,ir,e,igenvalues and .
@igenvectors. The minimum eigenvector associated with the Py
minimum eigenvalue gives an estimate qf.the orfentation of
the fold axis.in the cylindrically folded dom‘a‘ingﬁé‘ The
slope stability domains pi-diagrams of bédding ,are slso
illustrated with their eigenvalues and eigenvectors. The
maximum eigenvector associated with the maximum elgenvalue
gives an estimate of the orientation of planar Dedd?hg in

. L4

the domain, . -

%:  _ ‘ o
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STRUCTURAL DOMAIN 1 RUNDLE . .
PERCENTAGES OF *7 POINTS N 1.% AREA DF HEM] SPHERE EQualL AREA PROUECTION
SYMBOLS CHANGE aT CONTOUR YALUES OF 10 20

. .

. TREND  PLUNGE VAL EVAL/N o f : . ;
1286 6 - 15.8a60  0.8198 C R TR
. 54 80 . 12711 . 0.0748 S -
196, .8 00829 0.0055 , A -
' A .
, v ! .
' ! ;'. ) ' e ) .
] & , - .
0y ° ’
; R :
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STRUCTURAL DOMALIN 3 RUNDLE i
PERCENTAGES OFf 49 PDINTS IN 1. X AREA
SYMBOLS CHANGE AT CONTOUR valLUES 0

TREND . PLUNGE =~ EvaL LEvVaL/N
280 38 .35.9946 0.7345
101 51 12.3100 0.2512
196 4 0.6948 0.0142

.
\
N ~N -

a

OF MEM]SPHERE EQUAL AREa PROUECTION

BS
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STRUCTURAL DOMLIN & RUNDLE
PERCENTAGES OF

SYMBO.S CHanNGE a7 CONTOUR vaLUES Of

-PLUNGE
.20
68

7,

25 POINTS IN 1. % ARES OF MEMISPHERE EQUAL AREa PROJECTION
20,

EvaL EVAL/N
19.7867 0.7915
4.1704 0.1668
1.0428. 0.0417

* .

86
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STRUCTURL. DOMEIN 5 RUNDLE : ‘
PERCENTAGES OF 19 POINTS IN 1 X AREA OF MEM]SPHERE .| EQUAL AREL PROJECTION
STYMBOLS CHANGE &1 CONTOQUR VALUES OF D 20 .

TREND PLUNGE EVAL . EVAL/N
108 27 10.9045 0.573§
3%9 83  7.2567 0.3819
199 B | 0.8387  0.0441



STRUCTURA, OOMLZIN 6 RUNDLE
PERCENTAGES OF

SYMBOLS CHANGE 47 CONTOUR VALUES 0 Q2

TREND
101
17
194

PLUNGE
- 15
72.
10

\

23 POINTS N

Eval
15.7836
6.7837
0.4327

/1.: AREA OF MENM)

EVAL/N
0.6862
0.2949
0.0188

68



~ STRUCTUR:ZL DOMalIN 7 RUNDLE
PERCENTAGES OF B POINTS IN 1.% AREA OF HMEM;SPHERE EQUaL ARES .PROVECTION
SYMBOLS CHMANGE AT CONTOUR vaiUtsS OF 10 20

TREND  PLUNGE ., EVAL EVAL/N -
292 :

13 7.1788 0.8974 ' :
ThS 7 0.7437 0.0930 < -
200 - s 0.077% - 6.0097 ‘ : .
e . . .

Y . ,
% - s
¢

! v') . -
. - . . / ) . ) .
e \‘ . . o . B .
‘ N ) ~ N Al

St )

89 .
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STRUCTURLL DOM&IN B RUNDLE . :
PERCENTAGES OF 14 POINTS IN 1. X AREA DF MEMISPHMERE EQuaL AREa PRDJECTION
SYMBO.S CHANGE 4T CONTOUR VALUES OF 2 2

..
_CTREND  PLUNGE EVAL . EVAL/N
11 1" 9.7847 - 0.6989 : EE !
330 76 3.%982 - 0.2571 o co
202 8 0.6160 . 0.0440 v o |
. e
) ~ : :
L ¥
- P -
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p
STRUCTURAL DOMZIN 9 RUNDLE -
PERCENTAGES OF 8 POINTS IN 1. % AREA OF HMEM]SPHERE . EQUaL AREa PROJECTION
SYMBOLS CHANGE &7 CONTOUR valLUES OF 10 20

1
TREND  PLUNGE EVAL EVAL/N : ' \\ k
7 21 © 6.9396  0.8675 - o
33 -63 0.907 £.1134 .
204 - 17 0.1533 - 0.0192 \
L \
; \
@ .\
3
j
/ ‘




STRUCTURAL DOMZIN 10 RUNDLE
PERCENTAGES DF 20 POINTS IN 1.% AREa OF MEMISPWERE . EQuAL ARE2 PROJECTION
SYMBOLS CHANGE AT CONTOUR YaLuEsS Of 10 20

“TREND  PLUNGE EvaL . EVAL/N |

<97 ' < 14 15,6347  0.7817 _
<319 - 7Y 41223 0.206% | : ,
180 < 1 12 0.2429 0.0y, -

A



STRUCTURAL DOMLIN 11 RUNDLE

PERCENTAGES OF

" TREND

3
2%
185

PLUNGE

kH]
50

-7

15.7373

21 POINTS IN »1. % AREA OF MEM)SPHERE .
SYMBOLS CHANGE A1 CONTOUR VALUES OF 2

Eval

.4.8068
0.4559

EVAL/N

0.7494

1 0.2289

0.0217

[

9t

EQuAL AREs PROJECTION
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STRUCTURAL DDMAIN 12 CRET I3

PERCENTAGES OF 9 POINIS IN 1.3 AREA OF MEMISPMERE. EQuaL AREA PROJECTION
5 10

. SYMBOLS CranNGE AT CONTOUR VALUES OF

. AREs
44848844
8488444

TREND PLUNGE Eval EVAL/N
B4 31 6.7577  0.7509
306 52 1.7926.  0.1992
187 21 0.4436  0.0500

t

>y

20

N—

94

%Y



STRUCTURLL DOMAaIN 13 CRET .
PERCENTAGES OF 13 POINTS TN 1.% AREs DF MEMISPHERE’ EQUAaL: AREa PROJECTION

SYMBOLS CHANGE 27 CONTOUR vaLUES DOF 10 20

Q  mend PLunGEAf{, EvaL EVAL/N

37 70 10.1184 0.7783 . .
27 10 ?.5642 0.1972 .
183 17 0.3174 0.0244 :

d . - . | b ' 5
N : i



STRUCTURAL DOmMAIN 14 CRET.

PERCENTAGES OF 17 POINTS IN 1. X AREs OF WEM]SPMERE.

SYMBOLS CHANGE AT CONTOUR vALUES Of 10 20

e

&LUNGE EVAL EVAL/N

TREND &
326 % 81, 714 1486 0.8323,
96 20y 2.0313 D.1185
194 20 . ©.8201 0.0482

EQualL AREa PROUJECTION.
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Al N ©
STRUCTURAL DOMAIN 15 CRET. “ -
PERCENTAGES OF 23 POINTS IN 1. X AREA OF MEMISPMERE . EQUAL AREA PROJECTION
SYMBO.S CrANGE AT CONTOUR VvALUES OF 5 10 20
I

s

s

TREND  PLUNGE EvaL EVAL/N .°
32% T 65 18.7946 . D.8172
87 s 14 38539 0.1676 - :
183 20-,. 0.3514° "0 0153- L
- , = " N . .
/ : ' . .
g’ ’
i v i
,/ . N . '
Y . Lol
. : o ]
3 % .
. . . ’ ' i
o - ’ . v e
l" 4 = P ’ N .
] L4 - - 4 '
A\] ‘ ; '- . l’o~ > o )
. el

97

- =



STRUCTURAL DOMAIN 16 CREY.
PERCENTAGES OF 6 POINYS IN 1.X AREA DF MEMISPHERE EQualL ARE2 PRDUECTION
SYUB;;S CHANGE AT CONTOUR VALUES OF 0 2

TREND  PLUNGE EvaL  EVAL/N
2. . 715 aspas. 07507
272 10 1.4706 0.2451

180 L1 0.6249 - 0.0042

. A, .
-
«
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KINEMZTIC STUDY BEDDING DOMAIN 1
PERCENTAGES OF 29 POINTS IN 1.% ARES OF MEMISPHERE. EQUAL AREA PROJECTION
SYMBOLS CHANGE AT CONTOUR vALUES OF 5 10 20
RN
~
TREND  PLUNGE gvaL "EVAL/N ° - : >
294 31 28.4611 ° 0.9814 ‘ '
197 12 0.415% 0.0143

88 57 0.1237 0.0043



KINEMATIC STUDY BEDDING DOMAIN 2
PERCENTAGES OF 15 POINTS IN 1.3 AREA OF MEWISPHERE.
SYMBOLS CHANGE AT CONTOUR VvALUES OF 10 2

EQuAL AREA PROJECTION

....................................................

TREND PLUNGE Eval ‘EVAL/N . .
" 98 E 33 14 5586 0.9706 .
~ 187 ! 12, 0.39% “0.0263 :
* 304 * 54 0.0462 0.0031
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KINEMZTIC STUDY BEDDING DOMAIN 3 ’
PERCENTAGES OF 26 POINTS IN 1.3 AREA OF HEMJSPHERE EQUAL AREA PROJECTION
SYMBOLS CHANGE AT CONTOUR VALUES Of !

3

© ... TREND  PLUNGE  EVAL EVAL/N

R 106 43 24 1450 0.9287 ° ’
249 ai 1.4814 0.0570 .- N ~
357 19 0.3735 °  0.0144 ’

i ,

.///,;/\~\\‘/\\



v

L4

KINEMATIC STUDY BEDDING DOMAIN 4
PERCENTAGES OF 24 POINTS IN 1.% AREA OF MEM]SPMERE
SYMBOLS CHANGE AT CONTOUR VALUES OF

) s
PLUNGE Evat EVAL/N
52 22.9280 0.9553
a8 0.9278 0.0387
4 0.1440 0.0060

2 510 20

EQUAL AREA PROVECTION

102

bl
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KINEMATIC STUDY BEDDING DOMAIN S .
PERCENTAGES OF 32 POINTS IN 1. X AREA OF MEMISPMERE . EQUAL AREA PROJECTION.
SYMBOLS CHANGE AT CONTOUR VALUES OF i

TREND  PLUNGE  EVAL #  EVAL/N .
293 28 30.6033 - 0.9564 | ‘ . ..
8e 89 T1.1767  0.0368 ' . : .

197 LA 0.2199 0.006%



F. Appendix 6

Joint Orientation Diagrams

104

- ., ~ .
Theke high density pi-diagrams illustrate_t(:‘—\ i F\\\\
] .

jointing N the slope stability domains both before \and
' \,

-~

after bedding has been rotated to horizontal.

- .
Rotation of

the Jjoints to the horizontal done by first rotating the

fold axis to horizontal and thenm the bedding.

. 1
&

-~



1+ INEMATIC DOMAIN | JOINTS }
PERCENTAGES OF 42 POINTE IN 1X AREA OF H€MIBPHERE. EQUAL AREA PRDJECTION.
B8YMBOLS CHANGE AT CONTOUR VALUES OF 2 S 10 20° .
JOINTS NOT ROTATED

2222222227222 . < [2222222222222223.

VEF 77, RO
222222\ v ii i

22222222222227

TREND - PLUNGE E10ENVALUE /N X . i
209. 4 4.7 : . 4870 -
14.5. Q%1 .32114 i .
'nvA.s‘ 1.2 1919
g
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%‘d i ’ 106
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] 2
\l .
1 INCMATIC DOPeIN 2 JOINTS ‘ ‘ ‘ -~
FERLENTALES OF 48 F Uty IN 1% MREA OF HEM{LFHERE. EWUMAL ARE s FROJELTTON.
SYMEOLS CHANGL «1 CUNTOUR VALUES OF . % 1y «u !
JUINTS NOY ROTAIED
I
-------- °
“
........ R L B R D
e )
2222. . 22K B AR D
ceeee....§222222. 2222 e ieeeiceiaeaaeeaannd
ceee .. Q222222.222 .
en.. 222222222222 ‘
P . 2222.222222/. . '
[ [SPEN ceseecsangefedennnns
a s a a4 e -0..-.---45---.--..------.--o-..nn -----------
222222222
22222 ’ R
22
222222222222
M -
TREND  FLUNGL €1GENVALUE /N ~ * )
L Tus.Ye 81,0 . 484 -
L
, N, .7 IR AT I B
3 -
. thed «f. 2 L .
. , [
I {
At \
|
!
. - |
i
y\
\
|

1
I



IKINEMATIC DOMAIN 3 JUINTEY

PERCENTAGES OF 139 FUINTS IN 1% ARts UF MEMIBFMERE. Ewumt ~hLs FhOJEL T TUN.
BYyMBOLE CHANGE AT CONTUUR VALUES OF 2 = 10 2u

JOINTSE NOT KOTATED

TREND PLUNGE EIGENVALUE/N

320.3  38.2 £ 4250

227.3  13.7 .3862

121.3  48.% . 1689 - ‘
i &\X



IKINEMATIC DOMAIN 4 JUINTS "
PERCENTAGES OF <. FOINIS IN 1% AREA OF HEMIBFMERE . EUUaL AREA FRUJLLTION,
BYMBOLS CHANGE AT CONTOUR VALUES OF 2 <« 1v 20
JOINTE NOT ROTATED

‘Jla

TREND

4G.7 1.1 L4612 ’ —
131.1 i19.8@ |- 3843
307.8  7u.. L1545 . : o

PLUNGE EIGENVALUE /N e

3
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1* INLMATIC DOMAIN-Z JOID

TLRLENTAGLS Of 45 FUINTS 1N 3% AREA UF MemIGFHERE. EQUAL AKEA FROJECT 10N,
SYMBOLS CHANGL AT CONTQUUR VALUEG OF 2 S av Zv

JOINIS NUT ROVTATED

R2u2202424.

TREND  FLUNGE EIGENVALUE/N
P B 1g. v . -1 Y
1.4 eu.d L3134
-~
e aa.Y . 144
N AY
\.\
\
) -
2 -



VLl e gy [V I RVINS PPN

CLhouteT Gl . OF Ac PUINES e 1% akeA OF HEPLSE ME RE
L ALOC L AHANGL Ml LUNTUUR VALUES OF P VYR
JOINIS RUBRTED - BEDDING MOKZ.

Rulsmtt £'8 (A N

K222222243

crecesescas

R2222222222222222223. . ... viu...

TREND  FLUNGE ETUENVALUE/N . :
./ux../ 9.1 T TIVEa
S, 7 iy R Y
JuL.e Yt a LIl
»

EUUNL AREmM FROJECT [ON.
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ININEMATIC DOMAIN 2 JOINTS

- KUtATED: 18u. (N S7.
PERCENTAGES OF o

4 ROINIG IN 1% AREA OF MEM]SFHERE

=

JOINTS RO

TED - BEDDING HQ&J.

. BUUAL ARtm FRUJLOT JUN.
SYyMBOLS EFNGE AT CUNTOUK VALUES OF 2 % 1u 20

222222222222

. ---‘:2 S 2lR222222222222222
£22222207. . .. .. Q2222222222227

- ..........22222222.’

L . JAZ22222

L it ciiee. 2

22233
< 227

)
..... [P AP = 22222...2 22212"1
Ve IR R P > ¥ ¥ ] ... R222222022Q. ...,
) rraaBpeee o A2 ol RR222222. . ... ..
e s PRy g22220000. 0L e
FEL222%y . ... RR2222A. 4. L.l
-R2222222. ... .3222222%. ... ... ...
222227......% 2222R. oV,
................................-..‘ R A
.A.".....“..';...‘......:.‘0..-.....‘.“.-'....‘.'...'.....
““"‘.:.'""“"'“”"""""‘\"““""“"'
M R R R X T TP
s '.......'_....v............;....A.'........'.
sen I I I A (PR
- 'lll.l.l.-lll.-l.ll-‘.".lll‘ll..-
. 1]

-..-....................-..--..-.-..-.-.-d..-...-.--.a....--

.....--.-.......;....-...---....-..--q.-..-.-.

e T T
y

e R R R T

St e et sttt ersannga

AR R R I

L R

222221........

TREND ' ,
117.0 10.% . . 448 '
. 26.3 1408

263.0 71.8- : : '
2 , ,




o 4
IRNINEMATIC DOMAIN 3 JOINTS ROTRTED: 196. <. 47,
FERCENTAGES OF 139 POINTE IN 1X AREA OF HMEMIBFHERE. EQUAL AREH PROJECT ION.
BYMBOLS CHANGE AT CONTDUR VALUES OF 2 8 10 20
s JOINTS ROTATED - BEDDING HORZ.

.............. I T T T

Tetre e s s et sttt sanansnsren e

cecn o

'::::::

I e eesactnanseenns
TREND PLUNGE EIGENVALUE /N N .
317.2 1.2 . 42%0 ) B
’ . 47.2 i3 L3862 '

222.¢0 76.% <1089

o



1+ INEMATIC DOmAIN 4 JOINTS ROTATED, 19e. o. -38.
PERCENTAGES OF 32 POINTE IN 1X AREA OF HEMIGPHERE. EQUAL AREA PROJECTION.
S$YMBOLS CHANGE AT CONTOUR VALUES OF 2 S 10 20

JOINTS ROTATED - BEDDING ™ORIZ.

-2 TREND PLUNGE EI0ENVALUE /N
216.3  15.2 L4612
310.2 14,0 .38a5

80.8 6%.1 . 1843



ININERMATIC DOMAIN 5 JOINTS
PERCENTAGES OF 43 POINTS IN 12X AREA OF
BYMBOLS CHANGE AT CONTOUR VALUES OF 2

JOINTE ROTATED - GEDDING HORZ .

TREND
180.3
90.3

3%6. 4

222N eeiveneatnnas
222223

222222

"PLUNGE EIGENVALUE /N
19.9 . 542§
. .3138
70.1 1441

(222 ...
. . 2222222 ..
...... e, 22222220 ......,.
g D L22222@72224.......9
Q2222247 .. .....

2€0. 00,

2227 .......
4222222222220 ..ttt
AR 223 . ... 02222224 . ..ttt iiannn,

d 2
222222222228%222222 fecessaternaqan

ROTATEDs 193. G. -e2.
HEMISPHERE. EQUAL AREA FROJEL " 10~
3 10 2¢

L&

R222222223. .

22222222222222

Peeeasee. Q222

ceseernracss

R2§.....
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GC. Appendix 7 i '

Cross-section Lithologic Symbols .

Listed below are the lithologic units represented by

the symbols used in figures 7, B8 and 9.

A = Livingstone'Forma ion

B = Mount Head Formation

C = Etherington fFormation

D = Rocky Mountain formation
£ ivFefnie Group

fF = XKootenay GCroup

C = Blairmore Group
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