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ABSTRACT 

The Indianhead Creek map-area i s located directly-

north of the Clearwater River and encompasses a four mile 

length of the t h i r d range of the Alberta Rocky Mountains. 

The map-area contains one minor thrust f a u l t , a 

portion of the Third Range thrust f a u l t and a series of four 

large normal f a u l t s . The normal f a u l t blocks are t i l t e d to 

the south with the lower beds of each f a u l t block being pro

gressively truncated by the s l i g h t l y northward dipping Third 

Range thrust f a u l t . Two of these normal fault s also cut 

through the Third Range thrust f a u l t and continue into the 

underlying formations with a large loss i n s t r a t i g r a p h i c 

separation. 

Two hypotheses are proposed to explain the time re

lationships and causes of normal f a u l t i n g . The f i r s t hypothesis 

states that the normal f a u l t i n g and the t i l t i n g of the normal 

f a u l t blocks occurred before the development of the Third 

Range thrust f a u l t . Then during thrust f a u l t i n g , the minor 

thrust and the progressive truncation of the lower beds of 

each normal f a u l t block occurred. A recurrence of normal 

f a u l t i n g took place after the completion of thrust f a u l t i n g 

i n which the Third Range thrust f a u l t and the underlying f o r 

mations were displaced. The second period of normal f a u l t i n g 

developed along the planes of the previously existing normal 

f a u l t s . 



The second hypothesis states that the normal f a u l t i n g , 

the t i l t i n g of the normal f a u l t blocks, and the thrust 

f a u l t i n g developed concurrently. A monoclinal f o l d i n the 

plane of the Third Range thrust f a u l t i s proposed i n order to 

explain the progressively southward truncation of the lower 

beds of the t i l t e d normal fa u l t blocks and the large loss i n 

s t r a t i g r a p h i c separation as two of the normal f a u l t s pass 

through the thrust f a u l t . 



Figure 1. 

Southeastern view of Wampum Peak 
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CHAPTER I 

INTRODUCTION 

General Statement 

This report deals with the s t r u c t u r a l geology of the 

Indianhead Creek map-area located i n the t h i r d range of the 

a l b e r t a Rocky Mountains. The structure i s described and 

discussed i n an e f f o r t to reveal the r e l a t i v e time and nature 

of the deformations which have occurred within the map-area. 

Location and A c c e s s i b i l i t y 

The Indianhead Creek map-area l i e s within the Rocky 

Mountains of Alberta between Latitudes 51°50' and 5 l ° 5 5 ' and 

Longitudes 1 15°58 1 and 116°04'. The map-area i s located 

d i r e c t l y north of the Clearwater River and encompasses a four-

mile length of the Third Range thrust sheet as well as a 

portion of the v a l l e y l y i n g to the east of t h i s thrust sheet. 

The eastern boundary of the Banff National Park runs d i r e c t l y 

through the center of the map-area. 

Access to t h i s area i s by a horse t r a i l which follows 

the Clearwater River v a l l e y from the Nordegg-Cochrane road. 

This road i s located approximately t h i r t y miles east of the 

map-area. 
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to c o l l e c t the information presented i n t h i s t h e s i s . For 
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preparation of th i s thesis by Drs. W.H. White, V.J. Okulitch, 

and W.H.Mathews i s also g r a t e f u l l y acknowledged. 

Physical Features and Geomorphology 

The Indianhead Creek map-area may be divided into 

three physiographic units, the Third Range mountains, the 

Clearwater River v a l l e y , and the two subsequent va l l e y s on 

either side of the Third Range mountains. (See the accompany

ing map for the names and locations of the d i f f e r e n t topo

graphic features). 

The Third Range i s a comparatively narrow belt of 

mountains trending i n a north west d i r e c t i o n and i s composed 

of r e l a t i v e l y r e s i s t a n t Paleozoic and less r e s i s t a n t Mesozoic 

rock. The average elevation i s approximately 8 ,500 feet 

with a maximum elevation of 9>390 feet at Wampum Peak, located 

i n the northern part of the map-area. The eastern face of 

these mountains i s usually c l i f f - f o r m i n g while the western or 

backslope side i s of a more gentle i n c l i n a t i o n . 

Indianhead Creek cuts through the western portion of 

this mountain range i n the center of the map-area and then 

turns southward cutting the deep and narrow v a l l e y which 

separates Indian Lookout Mountain from Indianhead Mountain. 

The course of this creek i s believed to be a direc t r e f l e c t 

ion of the rotation i n s t r i k e of the geological formations i n 

the area. 
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The Clearwater River i n the extreme southern part of 

the map-area flows through the Third Range mountains i n a 

broad U-shaped v a l l e y which i s transverse to the general 

s t r i k e of the bedrock. During the Pleistocene epoch a large 

g l a c i e r must have occupied t h i s v a l l e y which, upon retreating, 

l e f t behind i t a thick layer of g l a c i a l t i l l whieh covered 

the v a l l e y f l o o r and over which the present Clearwater River 

flows. The general elevation of the v a l l e y f l o o r : i s s l i g h t l y 

less than 6,000 feet i n the map-area. 

The subsequent valleys on either side of the Third 

Range mountains are higher i n elevation than the Clearwater 

River v a l l e y and show d e f i n i t e signs of g l a c i a t i o n . These 

v a l l e y s , formed i n the s o f t , more e a s i l y erodable Mesozoic 

s t r a t a , are t y p i c a l l y U-shaped and have a thin to medium thick

ness of g l a c i a l t i l l . The low divides of these valleys are 

believed to be s t r u c t u r a l l y controlled. 

Some evidence of alpine g l a c i a t i o n was found on the 

Third Range mountains, but they are not believed to have been 

covered by continental g l a c i e r s . 



CHAPTER II 

STRATIGRAPHY 

Bedrock i n the Indianhead Creek map-area i s entirely-

sedimentary i n o r i g i n . Strata of Cambro-Ordovician, Upper 

Devonian, Mississippian, Permo-Pennsylvanian, T r i a s s i c and 

Jurassic periods are present. Disconformities are present be

tween the Cambro-Ordovician and Upper Devonian, Mississippian 

and Permo-Pennsylvanian, Permo-Pennsylvanian and T r i a s s i c , 

and T r i a s s i c and Jurassic rock. 

The name, age, and thickness of each formation i s 

given i n the accompanying str a t i g r a p h i c table. 

Cambro-Ordovician Strata 

Cambro-Ordovician st r a t a consists e s s e n t i a l l y of a 

thin bedded dolomite which i s fine-grained, l i g h t to medium 

grey and weathers l i g h t grey. An occasional thin bed of l i g h t 

grey, fine-grained limestone alternates with the dolomite 

beds. These beds outcrop d i r e c t l y above the Third Range 

thrust f a u l t and are disconformably o v e r l a i n by the Cairn 

formation of Upper Devonian age. 

The thickness of the exposed Cambro-Ordovician st r a t a 

varies considerably because of the s t r u c t u r a l features which 

occur i n the map-area. 

The Fairholme Group (Upper Devonian) 

This group i s divided into two formations, both of 



STRATI GRAPHIC TABLE' 

E r a P e r i o d F o r m a t i o n 
a n d / o r G r o u p 

T h i c k n e s s . 
F e e t 

M e s o z o i c J u r a s s i c . F e r n i e 1000+-M e s o z o i c 

T r i a s s l c . S p r a y R i v e r 
W h i t e h o r s e ' mem. 
S u l p h e r M t n . mern.. 

95.® 
3'00 
650 

P a l e o z o i c , , P ' e r m o -
P e n n s y l v a n i a n R o c k y M o u n t a i n 30 

P a l e o z o i c , 

M i s s i s s i p p l a n R u n d l e ikoo 

P a l e o z o i c , 

M i s s i s s i p p l a n 

B a n f f 880 

P a l e o z o i c , 

M i s s i s s i p p l a n 

E x s h a w 20 

P a l e o z o i c , 

D e v o n i a n P a l l i s e r 850 

P a l e o z o i c , 

D e v o n i a n 

A l e x o 220 

P a l e o z o i c , 

D e v o n i a n 

S o u t h e s k 500 

P a l e o z o i c , 

D e v o n i a n 

C a i r n 650 

P a l e o z o i c , 

C a m b r o — 
O r d o v i c i a n 

U n d i v i d e d 2000+ 
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which are carbonate i n character and are believed to be of 

organic o r i g i n . 

Cairn Formation 

This formation consists of medium and thick-bedded to 

massive dolomite which i s f i n e - to medium-grained and dark 

grey i n color. Some nodules and stringers of chert are 

present i n the lower beds. Abundant Stromatoporoidea and 

Amphipora are present throughout the formation and weather a 

l i g h t e r grey than the surrounding dolomite. 

The Cairn formation grades upward into the Southesk 

formation. 

Southesk Formation 

The Southesk formation consists of vuggy, thick 

bedded to massive dolomite which i s medium- to coarse-grained, 

l i g h t to medium grey and weathers a l i g h t grey i n color. The 

vugs are irre g u l a r i n shape and range i n size from one inch 

to approximately one foot. This formation i s less f o s s i l i f -

erous than the underlying Cairn formation. 

The Southesk Formation i s overla i n by the Alexo 

formation. The contact i s l i k e l y conformable. 

Alexo Formation (Upper Devonian) 

The Alexo formation consists of multicolored beds of 

variable thickness and l i t h o l o g y . Beds of limestone, dolomite, 

and shale, a l l containing varying amounts of q u a r t z i t i c s i l t , 

are present i n this formation. 
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The Alexo and Southesk formations are grouped to

gether i n this thesis for mapping purposes. 

The Alexo formation i s conformably overlain by the 

P a l l i s e r formation. 

P a l l i s e r Formation (Upper Devonian) 

The P a l l i s e r formation i s divided into two members, 

the Morro and the Costigan. The lower c l i f f - f o r m i n g Morro 

member i s approximately 800 feet thick and consists of thick 

bedded to massive limestone and dolomitic limestone which i s 

medium to fine-grained, medium grey, and weathers a l i g h t 

grey i n color. Dolomitic mottling, a c h a r a c t e r i s t i c feature, 

i s present throughout most of t h i s member. 

The Upper Costigan member, approximately 150 feet 

thick, consists of fine-grained, t h i n to medium bedded, s i l t y 

limestone which i s medium to dark grey i n color and weathers 

a l i g h t grey. These beds are less resistant to weathering 

and so are usually n o n - c l i f f forming. 

The P a l l i s e r Formation i s disconformably overl a i n by 

the Exshaw formation. 

Exshaw Formation (Mississippian) 

This formation i s composed of black, f i s s i l e , non-

calcareous shale containing small amounts of p y r i t e . The 

outcrops of this formation are usually covered by talus from 

the overlying Banff formation and only two exposures were 

observed i n the map-area. 
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The Exshaw formation i s conformably overl a i n by the 

Banff formation and i s included within this formation for 

mapping purposes. 

Banff Formation (Mississippian) 

The Banff formation i s composed of a dark grey to 

black, buff weathering, thin bedded calcareous shale which 

alternates with coarsely c r y s t a l l i n e , dark grey to black, 

buff weathering argillaceous limestone that i s t h i n to medium 

bedded. Shale predominates i n the lower part of the f o r 

mation, however, the limestone beds become more dominant to

wards the top. 

The Banff formation i s conformably overlain by the 

Rundle group. 

Rundle Group (Mississippian) 

The Rundle group has been divided into several 

formations, however, i n thi s report i t i s treated as a single 

unit for mapping and descriptive purposes. This group i s 

composed of coarse-grained, l i g h t to dark grey, thick bedded 

to massive limestone which alternates with a medium grey, 

buff weathering, th i n bedded calcareous shale. The lower 

part of the Rundle group i s composed e s s e n t i a l l y of c r i n o l d a l 

fragments. The massive limestones are c l i f f - f o r m i n g while the 

shales are more receding. 

The Rundle group i s disconformably overlain by the 

Rocky Mountain formation. 
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Rocky Mountain Formation (Permo-Pennsylvanian) 

The Rocky Mountain formation consists of massive 

q u a r t z i t i c dolomite and limestone which i s characterized by a 

dark grey to b l u i s h grey color and a rough conchoidal fracture. 

This formation i s included i n the Rundle group for mapping 

convenience. It i s disconformably overlain by the Spray River 

formation. 

Spray River Formation ( T r i a s s i c ) 

The Spray River formation i s divided into two members, 

the Sulpher Mountain and the Whitehorse. These members were 

mapped as separate units because both are excellent marker 

horizons. 

The Sulpher Mountain member i s composed of th i n bedded } 

s l i g h t l y q u a r t z i t i c , dolomitic s i l t s t o n e which i s medium to 

dark grey on a fresh surface and buff to reddish brown on a 

weathered surface. These beds are e a s i l y disintegrated and 

assume a slabby, receding habit, on weathered slopes. This 

member i s conformably overlain by the Whitehorse member of 

the same formation. 

The Whitehorse member i s composed of fine-grained, 

thin to medium bedded, dolomitic quartzite which i s l i g h t grey 

to white on both fresh and weathered surfaces. The member i s 

res i s t a n t to weathering and usually stands out quite c l e a r l y 

i n r e l i e f from the underlying Sulpher Mountain s i l t s t o n e s and 

the Fernie group which dis conformably ov e r l i e s i t . The 



l i g h t grey, porous limestone usually found at the base of this 

member i s missing i n the map-area. 

Fernie Group (Jurassic) 

The Fernie group consists e s s e n t i a l l y of dark grey to 

dark green, thin bedded shale with occasional t h i n beds of 

coarse to medium-grained calcareous sandstone and glauconitic 

sandstone. 

Only the lower beds of this group are present and they 

occur i n the two subsequent valleys on either side of the 

Third Range mountains. The upper beds of th i s group and the 

younger formations which o v e r l i e i t have been eroded o f f i n 

the map-area. The group i s overl a i n unconformably by P l e i s t o 

cene deposits. 



CHAPTER III 

STRUCTURAL GEOLOGY 

Introduction 

The Indianhead Creek map-area i s d i v i s i b l e into two 

major s t r u c t u r a l subdivisions: the Third Range thrust sheet 

and the overturned s y n c l i n a l area underlying this thrust 

sheet. The Third Range thrust f a u l t which separates these 

two subdivisions has thrust varying thicknesses of Cambro-

Ordovician s t r a t a over the upper beds of the overturned Rundle 

group. 

The map-area also contains four major normal f a u l t s 

which dissect the Third Range thrust sheet and divide;- i t into 

s i x segments. Two of the normal f a u l t s cut the thrust f a u l t 

and continue into the underlying formations. A l l the normal 

f a u l t s have curved f a u l t planes and a l l have th e i r northern 

side displaced downwards r e l a t i v e to t h e i r southern side. 

The average stratigraphic separation of these normal f a u l t s 

i s approximately 1,200 feet. 

The Third Range thrust sheet also contains numerous 

minor normal faults^: one minor thrust f a u l t , and several a n t i 

c l i n a l and s y n c l i n a l f o l d s . 

The formations underlying the thrust f a u l t i n the 

southern part of the map-area are folded into two overturned 

synclines separated by an overturned a n t i c l i n e . However, 

this a n t i c l i n e dies out northward, so that, i n the northern 

part of the map-area, only one overturned syncline remains. 
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The Third Range Thrust Fault 

The Third Range thrust f a u l t i s the major s t r u c t u r a l 

feature present i n the map-area. It i s marked by a varying 

thickness of Cambro-Ordovician s t r a t a which ove r l i e s the 

upper beds of the overturned Rundle group. The plane of t h i s 

thrust f a u l t i s very i r r e g u l a r . It has a warp or convex up

ward curvature i n the center of the map-area and i s also d i s 

placed by two normal f a u l t s . The average dip of the thrust 

plane i s 42° .soiuthwest., 

On the southern end of Indian Lookout Mountain, the 

trace of the thrust f a u l t i s located on the eastern face of 

t h i s mountain at an elevation of approximately 8,150 feet. 

It remains at t h i s elevation for a short distance northward, 

then begins to curve upward and crosses over the northern 

shoulder of Indian Lookout Mountain at an elevation of 

approximately 8,750 feet." (Figure 2). Northward from th i s 

point the thrust f a u l t i s exposed on the western or backslope 

side of the saddle separating Indian Lookout Mountain from 

Wampum Peak. In the southern portion of t h i s saddle the warp 

or curvature of the thrust f a u l t reaches i t s peak and begins 

to descend toward the north. In the center of the saddle the 

thrust f a u l t i s displaced downward approximately 200 feet by 

a normal f a u l t . This downward displacement has caused the 

trace of the thrust f a u l t to be t i l t e d again toward the south. 

However, only a short distance northward the trace of the 

thrust f a u l t again curves and resumes i t s northward descent. 



F i g u r e 2 

Eastern view of Indian Lookout mountain showing the Third 
Range thrust fault 



Figure 2 
Eastern view of Indian Lookout mountain showing the Third 
Range thrust fault 
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Because of the higher elevation of Wampum Peak and the 

downward curving of the f a u l t plane, the trace of the thrust 

f a u l t crosses over the southern shoulder of this mountain at 

the 8 ,300 foot l e v e l and i s exposed again on the eastern 

face of the mountain range. 

The trace of the thrust f a u l t gradually descends to

ward the north u n t i l i t i s displaced once more by another 

normal f a u l t at^the 7>900 foot l e v e l . The displacement of 

the thrust f a u l t i n t h i s case i s approximately 250 to 300 

feet downward on the north side of the normal f a u l t . The 

thrust f a u l t i s t i l t e d toward the south on the northern side 

of t h i s normal f a u l t , however, a f t e r a short distance north

ward i t lev e l s out and remains at a constant elevation of 

approximately 8 ,000 feet as i t passes out of the map-area. 

The large warp or convex upward curvature of the 

plane of the thrust f a u l t i s a feature of the thrust f a u l t 

alone and i s not r e f l e c t e d i n the overlying beds. This warp 

i s one of the causes for the varying thickness of the Cambro-

Ordovician succession. 

The Normal Faults 

The Third Range thrust sheet i n the Indianhead Creek 

map-area i s dissected by a series of four large normal f a u l t s . 

These f a u l t s are considered to be step-faults i n which the 

northern side of each f a u l t has moved downwards i n r e l a t i o n 

to the southern side. The s t r a t i g r a p h i c separation of these 

f a u l t s range from near zero at t h e i r eastern l i m i t to an 



average maximum of f i f t e e n hundred feet i n the i r central and 

western portions. There i s a general rotation i n s t r i k e of 

the planes of these normal f a u l t s from north 40° east i n the 

south to north 15° east i n the north. In cross-section, the 

normal f a u l t planes curve from near v e r t i c a l i n t h e i r highest 

portions to approximately 45° i n t h e i r lowest portions. In 

every case the dip of these fault planes i s toward the north

west. 

The s t r a t a on the southeastern side of the fa u l t s are 

usually dragged downwards to some extent, but the northwestern 

side never displays fo l d i n g or d i s t o r t i o n . The zone of breccia-

t i o n of these normal f a u l t s i s very narrow and i n some cases, 

non existant. 

Numerous minor normal f a u l t s are present throughout 

the Third Range thrust sheet. These smaller f a u l t s have 

approximately the same attitude as the large normal f a u l t s , 

however their s t r a t i g r a p h i c separation ranges from only a 

few feet up to approximately one hundred feet. Only those 

f a u l t s with an approximate displacement of a hundred feet or 

more were mapped. With one exception, the northern side of 

the minor normal f a u l t s has also moved downwards i n r e l a t i o n 

to the southern side. 

For descriptive purposes the large normal f a u l t s w i l l 

be numbered from the south. 



The F i r s t Normal Fault 

The f i r s t normal f a u l t beings i n the Cambro-Ordo-

v i c i a n strata just west of the peak of Indian Lookout Mountain. 

The str a t i g r a p h i c separation at t h i s point i s small, however, 

i t grows rapidly toward the southwest. A small ravine follows 

the normal f a u l t down the western or backslope side of Indian 

Lookout Mountain, covering the actual f a u l t plane with gravel. 

The eastern face of Indianhead Mountain i s very steep 

and has thus exposed an almost v e r t i c a l cross section of the 

normal f a u l t . The dip of the fault plane i s approximately 

75° to the northwest at the top of the mountain and increases 

downward so that i t i s almost v e r t i c a l near the base. The 

stra t i g r a p h i c separation of the f a u l t plane on t h i s face i s 

approximately 1,400 feet. (Figure 3). 

The fa u l t plane i s not exposed on the western side 

of Indianhead Mountain, however i t s po s i t i o n may be accurately 

located by the d i f f e r i n g formations on either side of the 

f a u l t . On th i s slope, beds of the Spray River formation t e r 

minate abruptly southward against beds of the Rundle group, 

indi c a t i n g a st r a t i g r a p h i c separation of approximately 1,400 

feet. 

The f i r s t normal f a u l t disappears under the g l a c i a l 

t i l l of the Clearwater River v a l l e y . 

The Second Normal Fault 

The second normal fa u l t begins under the g l a c i a l t i l l 
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Figure 3. 

E a s t e r n v i e w o f I n d i a n h e a d n o u n t a i n s h o w 
ing t h e f i r s t n o r m a l f a u l t . 



Figure 3. 

E a s t e r n v i e w of I n d i a n h e a d n o u n t a i n shov
ing the f i r s t normal f a u l t . 



of Indian Lookout v a l l e y and i s f i r s t exposed on the eastern 

side of the saddle which separates Indian Lookout Mountain 

from Wampum Peak. At t h i s point, the f a u l t cuts through an 

overturned syncline containing the upper beds of the Rundle 

group and the Spray River formation. The downward displace

ment of the s t r a t a on the northern side of the f a u l t i s 

approximately 200 feet (Figure 4). At the top of the saddle, 

the normal f a u l t also displaces the Third Range thrust f a u l t 

approximately 200 feet. However, immediately above the thrust 

f a u l t , beds of the lower P a l l i s e r formation l i e adjacent to 

the middle beds of the Cambro-Ordovician succession, i n d i c a t 

ing a stratigraphic separation of approximately 1,700 feet. 

This indicates that there has been a gain i n st r a t i g r a p h i c 

separation of approximately 1,500 feet as the normal f a u l t 

passes through the thrust f a u l t . 

Westward from the saddle, the trace of the normal 

f a u l t i s located on the southern side of Intermountain Ridge, 

(Figure 5 ) . At the western end of t h i s ridge, the normal 

f a u l t s p l i t s into two branches, the northern branch having 

only a small st r a t i g r a p h i c separation while the southern 

branch retains approximately the same separation as the 

o r i g i n a l f a u l t . Both branches of t h i s normal f a u l t begin to 

cut across the northwestern slope of Indian Lookout Mountain. 

However, the northern branch dies out here while the southern 

branch continues across and cuts through the northern end of 

Indianhead Mountain. 

At the top of the northwestern slope of Indian Look* 
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Figure 

View l o o k i n g n o r t h a l o n g beds of the 
Whitehorse member o f the Spray R i v e r 
f o r m a t i o n showing d i s p l a c e m e n t of t h e s e 
beds by the n o r t h e a s t e r n end of the second 
normal f a u l t . 



F i g u r e lt-. 

View l o o k i n g n o r t h a l o n g beds o f the 
tfhitehorse member of the Spray R i v e r 
f o r m a t i o n showing, d i s p l a c e m e n t of t h e s e 
beds by the n o r t h e a s t e r n end o f the second 
normal f a u l t . 



out Mountain the attitude of the f a u l t plane i s north 17° 

east, dipping 72° northwest. However, a few feet above Indian 

head Creek on the southwestern end of th i s slope, the attitude 

of the f a u l t plane i s north 51° east dipping 65° northwest. 

The difference i n dip i s believed to be a r e f l e c t i o n of the 

curving nature of the fa u l t plane with depth. In th i s case, 

the dip has decreased 7 degrees i n approximately a one 

thousand foot i n t e r v a l . The difference i n s t r i k e i s a re

f l e c t i o n of the sinuous nature of the fa u l t plane. There i s 

also a decrease i n stratigraphic separation of the f a u l t on: 

this side of the mountain. 

This f a u l t disappears and presumably dies out under 

the covering of g l a c i a l t i l l i n Mallock Valley. 

The Third Normal Fault 

The t h i r d normal f a u l t begins under the g l a c i a l t i l l 

of Indian Lookout v a l l e y and i s f i r s t exposed on the eastern 

face of Wampum Peak. The face of th i s mountain i s very steep 

and gives an excellent ciposs-section of the eastern portion 

of the normal f a u l t . At the bottom of the mountain, the 

normal fa u l t displaces both the overturned upper beds of the 

Rundle group and the Third Range thrust f a u l t approximately 

300 feet, the separation again being downward to the north. 

Immediately above the thrust f a u l t , the st r a t i g r a p h i c separ

ation on the normal f a u l t i s approximately 500 feet. This 

str a t i g r a p h i c separation increases upward so that at the top 

of the mountain i t i s approximately 800 feet. The f a u l t 



F i g u r e 5 . 

Northwestward v i e w a l o n g the second normal 
f a u l t as" i t -outcrops on the n o r t h w e s t e r n s l o p e 
of I n d i a n Lookout mountain and a l o n g the south
e r n s i d e o f I n t e m o u n t a i n R i d g e . 
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F i g u r e 5 . 

Northwestward v i e w a l o n g the second normal 
f a u l t as i t o u t c r o p s on the n o r t h w e s t e r n slope 
of I n d i a n Lookout mountain and a l o n g the s o u t h — 
e r n s i d e o f I n t e r m o u n t a i n R i d g e . 



F i g u r e 6 , 

E a s t e r n v i e w o f the n o r t h e a s t e r n p o r t i o n 
Of the T h i r d Range t h r u s t sheet showing the 
t h i r d and f o u r t h n o m a ! f a u l t s . 
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F i g u r e 6. 

E a s t e r n v i e w of the n o r t h e a s t e r n p o r t i o n 
b f the T h i r d Range t h r u s t s h eet showing the 
t h i r d and f o u r t h normal f a u l t s . 
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plane also curves from an approximate dip of 45° near the 

bottom of the mountain to 80° at the top. Both dips are to 

the northwest (Figure 6 ) . 

From the eastern face of Wampum Peak, the normal 

f a u l t proceeds i n a southwesterly d i r e c t i o n approximately 200 

feet below the top of the mountain, with an average s t r i k e of 

south 15° west. The stratigraphic separation also continues 

to increase i n this d i r e c t i o n u n t i l a maximum of 1,400 feet 

i s attained near the southwestern end of the mountain (Figure 

7 ) . 

From Wampum Peak, the normal fa u l t cuts through the 

southern t i p of West Wampum Ridge with a decreasing s t r a t i 

graphic separation and a s t r i k e of north 20° east, and dipping 

58° to the northwest. The fa u l t then crosses Indianhead Creek, 

cuts through the northern end of Chinooks Knoll and dies out 

on i t s southern or backslope side. 

Fourth Normal Fault 

The fourth normal f a u l t begins on the eastern face of 

the saddle separating Wampum Peak from the unnamed mountain 

to the north. This normal f a u l t does not cut through the 

Third Range thrust f a u l t as does the second and t h i r d normal 

f a u l t s , but begins immediately above the thrust f a u l t and 

proceeds up the eastern side of the saddle at approximately a 

40° angle to the horiz o n t a l . No curvature was seen on the 

f a u l t plane at this point (Figure 6 ) . 



Figure 7 

A northward panoramic view of Wampum Peak and Intermountain Ridge showing the 
and third normal faults and a small p o r t i o n of the T h i r d Range th r u s t f a u l t 
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Figure 7 

A northward panoramic view of Wampum Peak and Intermountain Ridge showing the 
second and third normal faults and a small portion of the Third Range thrust fault 
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The average a t t i t u d e of the f a u l t plane on t h i s saddle 
i s n o r t h 45°. east w i t h a dip of 40° northwest. The fauOTt' 
£0n$mtae:&-gfer/oj&s"'.' to a second saddle, located between Wam
pum Peak and West Wampum Ridge. At the c r e s t of t h i s second 
saddle, the normal f a u l t d i v i d e s i n t o two branches a f t e r 
having obtained a maximum s t r a t i g r a p h i c s e p a r a t i o n of 1,500 

f e e t . 

From the d i v i d i n g p o i n t , the southeastern branch of 
the f o u r t h normal f a u l t proceeds along a s t r i k e of south 15° 

west and outcrops near the base of the western side of Wampum 
Peak. The f a u l t then cuts through the southern end of West 
Wampum Ridge at an a t t i t u d e of nor t h 15° east, d i p p i n g 70° 

northwest. From t h i s r i d g e the f a u l t cuts through the n o r t h 
western end of Chinooks K n o l l and continues along the same 
s t r i k e as i t disappears under the g l a c i a l t i l l o f Mallock 
v a l l e y . 

The s t r a t i g r a p h i c s e p a r a t i o n of the southeastern 
branch i s approximately 150 feet near i t s eastern l i m i t , how
ever the sepa r a t i o n grows r a p i d l y to the southwest. Only an 
estimate of the separation can be given because o f a mono-
c l i n a l f o l d which occurs i n the Rundle group on the south
eastern side of the f a u l t (Figure 8 ) . The maximum s t r a t i 
graphic s e p a r a t i o n i s estimated to be approximately 1,200 f e e t . 

The northwestern branch of the f o u r t h normal f a u l t 
has a s t r i k e of south 35° west immediately past the d i v i d i n g 
p o i n t o f the two branches. The s t r i k e causes t h i s branch 
f a u l t to outcrop along the eastern s i d e o f West Wampum Ridge 



F i g u r e 8 ; 

Hoxthwestern view of the monoclinal f o l d 
i n the Rundle group of the f o u r t h segment. 
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and cut through the southern end of the ridge approximately 

2,000 feet northwest of the southern branch. The f a u l t con

tinues along at the same s t r i k e as i t crosses Indianhead Creek 

and becomes covered with the g l a c i a l t i l l of Mallock v a l l e y . 

The s t r a t i g r a p h i c separation of the northwestern 

branch i s approximately 1,200 feet near i t s eastern l i m i t . 

However this separation lessens to the southwest so that i t 

i s i n the order of only several hundred feet as i t passes 

beneath the g l a c i a l t i l l of Mallock v a l l e y . 

The Third Range Thrust Sheet 

The Third Range thrust sheet of the Indianhead Creek 

map-area i s d i v i s i b l e into s i x segments, each segment being 

separated from the next by a large normal f a u l t . The second, 

t h i r d , fourth and f i f t h segments may be regarded as normal 

f a u l t blocks while the f i r s t and l a s t segments are the con

tinuations of the unbroken portion of the thrust sheet. 

The attitude of the s t r a t a varies i n each segment, 

but the general trend appears to be a rotation i n s t r i k e from 

north 35° west i n the most southerly segment to north 72° west 

i n the northern most segment. The dips, however, remain 

r e l a t i v e l y constant at 40° to the southwest throughout the 

whole thrust sheet. There are, of course, l o c a l variations 

i n the attitude of some beds due to minor s t r u c t u r a l features. 

Each segment w i l l be described separately and, for 

descriptive convenience, the sections w i l l be numbered from 

the south. 



The F i r s t Segment 

With the exception of the Alexo-Southesk formation, 

the f i r s t segment displays a normal succession of s t r a t a , be

ginning with the Cambro-Ordovician beds d i r e c t l y above the 

Third Range thrust f a u l t and ending i n the Rundle group ex

posed on the backslope of Indianhead Mountain. The formations 

above the Rundle group are not exposed i n th i s segment, however, 

they are assumed to be above the Rundle group i n a normal 

succession. The average attitude of this segment i s north 

34° west with a dip of 40° southwest. 

The thickness of the Cambro-Ordovician st r a t a overly

ing the thrust f a u l t i n th i s segment i s approximately 1,600 

feet. 

The Alexo-Southesk formation has the only major i r 

r e g u l a r i t y found within the segment. This formation appears 

to have almost double i t s normal thickness. Moreover, this 

double thickness of the Alexo-Southesk formation terminates 

abruptly against the f i r s t normal f a u l t . Upon examination, 

no apparent folding was found within the formation. Therefore 

the double thickness must have been caused by some other 

mechanism to be discussed i n a l a t e r chapter. 

The Second Segment or F i r s t Normal Fault Block 

The second segment of the Third Range thrust sheet 

has an average attitude of north 43° west and a dip of 44° 

southwest. This indicates that i n r e l a t i o n to the f i r s t 

segment, a counterclockwise rotation of 9° i n s t r i k e has 

occurred. 
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The attitude of i n d i v i d u a l beds varies greatly when 

compared to the f i r s t segment. This i s espe c i a l l y true of 

the eastern portion of this f a u l t block, p a r t i c u l a r l y near the 

f i r s t normal f a u l t , where the dip of the beds i s much steeper 

than the norm, averaging approximately 65° to the southwest. 

This high angle of dip gradually decreases u n t i l the middle 

of the segment i s reached. At this point the dip has de

creased to approximately 40° to the southwest and remains 

r e l a t i v e l y constant i n the southern portion of the segment. 

Along the northwestern edge of this segment, adjacent 

to the second normal f a u l t , a l l the s t r a t a have been, dragged 

downward to varying degrees, depending upon the formation. 

The thickness of the Cambro-Ordovician s t r a t a i n 

this segment i s 800 feet, compared to 1600 feet i n the f i r s t 

segment. Above the Cambro-Ordovician the Cairn and Alexo-

Southesk formations are normal but the P a l l i s e r formation, 

found on the backslope of Indian Lookout Mountain and on the 

bottom part of the eastern face of Indianhead Mountain, i s 

approximately one and three-quarter times i t s normal thickness. 

Evidence of folding i s lacking. 

Above the P a l l i s e r formation, there i s again a 

normal succession of st r a t a up to and including the Spray 

River formation. The Fernie group has been covered by the 

g l a c i a l t i l l of Mallock v a l l e y . 

Minor normal f a u l t s are numerous throughout the 

second section, e s p e c i a l l y i n the s t r u c t u r a l l y weaker 
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formations of the banff and Alexo-Southesk. These normal 

f a u l t s have stratigraphic separations ranging from 20 to 75 

feet. 

The Third Segment or Second Normal Fault Block 

The t h i r d segment of the Third Range thrust f a u l t i s 

the most s t r u c t u r a l l y complex segment i n the Indianhead Creek 

map-area. It has within i t f i v e r e l a t i v e l y large and i n 

numerable small normal f a u l t s as well as several a n t i c l i n a l 

and s y n c l i n a l folds. 

The average s t r i k e of the s t r a t a i n this segment i s 

north 45° west, discounting the obvious d i s c o n t i n u i t i e s caused 

by minor f o l d i n g . There i s , therefore, a two degree counter

clockwise rotation from the second segment or a t o t a l of eleven 

degrees counterclockwise rotation from the f i r s t segment. 

In the southeast of the segment the beds dip at an approximate 

angle of 55° to the southwest, while i n the northeast they 

are not quite so steep, averaging approximately 35° to the 

southwest. The central portion of the segment i s contorted 

while the southwestern portion has r e l a t i v e l y constant dips 

averaging 28° to the southwest. 

In the eastern portion of th i s f a u l t block, the 

attitude of the s t r a t a and that of the thrust f a u l t are such 

that Cambro-Ordovician beds o v e r l i e only the northern two-

thirds of the thrust f a u l t . In the southern t h i r d , the 

Cambro-Ordovician s t r a t a have been cut out and the thrust 
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f a u l t Is overl a i n by beds of the Cairn, Alexo-Southesk, and 

lower P a l l i s e r formations respectively southward. The maximum 

thickness of Cambro-Ordovician s t r a t a i s found i n the northern 

t i p of the f a u l t block, where i t i s approximately 700 feet. 

The Cairn, Alexo-Southesk, P a l l i s e r , and Banff f o r 

mations o v e r l i e each other i n a normal succession, but are cut 

by f i v e normal faul t s which are comparatively larger i n s t r a t i 

graphic separation than the other minor normal f a u l t s found 

through out the map-area. These normal f a u l t s have a s t r a t i -

graphic separation of one to two hundred feet. 

Four of the normal f a u l t s have the i r northwestern 

side displaced downwards, however one of the f a u l t s has i t s 

southeastern side displaced downward. The l a t t e r f a u l t i s 

the only normal f a u l t i n the whole map-area which has.the 

southeastern side displaced downward. This f a u l t has com

bined with another of the normal f a u l t s to form a small graben. 

In t h i s same general area innumerable smaller normal 

f a u l t s with displacements ranging from two to seventy-five 

feet are also present. These f a u l t s occur mainly i n the 

s t r u c t u r a l l y weaker formations and a l l have t h e i r north

western side displaced downwards (Figure 7). 

East of Indianhead Creek on the southwestern slope 

of Indian Lookout mountain, a series of four minor a n t i c l i n a l 

and s y n c l i n a l folds occur i n the upper Banff and lower Rundle 

formations. The average s t r i k e of the a x i a l planes of these 

folds i s north 55° west and a l l axes plunge to the northwest 

at an angle of 25o to the horizontal. 



31 

The northern minor branch of the second normal f a u l t 

has displaced these a n t i c l i n a l and s y n c l i n a l folds downward 

on i t s northwestern side, indicating that this branch of the 

f a u l t occurred a f t e r the f o l d i n g . However, these folds t e r 

minate abruptly against the southern or main branch of the 

normal f a u l t . No evidence of t h e i r continuation was found i n 

the second segment. 
i 

On the west side of Indianhead Creek only two minor 

folds are present, an a n t i c l i n e and a syncline, and they occur 

at the Banff-Rundle contact on Chinooks Knoll (Figure 9) . 

A very small thrust f a u l t has developed along the 

a x i a l plane of the a n t i c l i n e , the displacement being i n the 

order of only a few inches (Figure 9). 

In the southern portion of the t h i r d segment the 

thickness of the Rundle group increases markedly. No folding 

other than the small a n t i c l i n e and syncline at Its lower 

contact was observed. Therefore this increase i n thickness 

must be attributed to some other cause which w i l l be discussed 

i n a l a t e r chapter of this report. 

The formations l y i n g above the Rundle group appear to 

be i n a normal sequence and have a normal thickness. 

The Fourth Segment or Third Normal Fault Block 

The fourth segment on the Third Range thrust sheet 

has an average s t r i k e of north 75° west. This i s a rotation 

i n s t r i k e of 30° counterclockwise from the t h i r d segment or 

a t o t a l of 41° from the f i r s t segment. The dips of t h i s 
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F i g u r e 9. 

Northwestern view of the t l i r u s t e d 
a n t i c l i n e and the s y n c l i n e near 
the Banff-Rundle contact i n the 
t h i r d segment. 



segment vary considerably. In the northern portion of the 

segment, the average dip i s 43° to the southwest with the 

eastern part having a considerable higher dip than the western 

part. In the southern portion of thi s f a u l t block the average 

dip i s 30° to the southwest with both the eastern and western 

portions having approximately equal dip. 

The fourth segment has a normal sequence of formations 

up to the middle of the Rundle group. The thickness of the 

Cambro-Ordovician sequence i s approximately 400 feet i n the 

southern portion of the f a u l t block and increases to 500 feet 

i n the northern portion. Up to the middle of the Rundle group 

the thickness of the formations are normal except for the 

P a l l i s e r and Banff which are s l i g h t l y thicker along Wampum 

Ridge. This s l i g h t increase i n thickness i s caused by the 

small, high angle thrust f a u l t s and reverse thrusts which have 

developed along th i s ridge (Figure 7). 

In the center of this f a u l t block, along the south

eastern end of West Wampum Ridge, a comparatively large mono-

c l i n a l f o l d has developed i n the middle beds of the Rundle 

group. These beds have been buckled upwards almost v e r t i c a l l y , 

only to f o l d back into almost their o r i g i n a l dip along the 

backslope of the ridge. This causes the Rundle group to 

appear almost double i t s o r i g i n a l thickness i n surface out

crop (Figure 8 ) . 

The monocline f o l d also causes a very great decrease 

i n the stratigraphic separation of the t h i r d normal f a u l t 

and i s probably one of the major causes of the f a u l t dying out 



i n a shorter distance than the other major normal f a u l t s of 

the map-area. 

The F i f t h Segment or Fourth Normal Fault Block 

The f i f t h segment of the Third Range thrust sheet i s 

in the form of a wedge and i s located between the two branches 

of the fourth normal f a u l t . The average s t r i k e of the beds , 

in t h i s wedge i s north 62° west. Therefore, there has been 

a clockwise rotation i n s t r i k e of 13° from the fourth seg

ment. This i s the only f a u l t block i n the map-area i n which 

there has been a clockwise rotation of s t r i k e i n r e l a t i o n to 

i t s southern neighbor. 

The average dip of the beds i n the northern portion 

of t h i s wedge i s 55° to the southwest. However, th i s angle 

of dip lessens r a p i d l y southwestward, so that, i n the southern 

portion of the wedge, the average dip i s only 30° to the south

west. 

The upper beds of the P a l l i s e r formation form the 

eastern point of this wedge with the succeeding formations 

being i n a normal sequence and having normal thicknesses. 

The l a s t formation to outcrop i n the southern portion of t h i s 

f a u l t block i s the Spray River. 

Sixth Segment 

Only the eastern edge of the s i x t h segment was mapped. 

Along t h i s edge, the average s t r i k e of the beds i s north 80° 

west. This indicates a counterclockwise rotation i n a s t r i k e 

of 5° from the fourth segment or a counterclockwise rotation 
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of 18° from the f i f t h segment. The dips are steep i n the 

northern portion of this segment, averaging 50° to 60° to the 

southwest, however, they appear to lessen i n the southern 

portion of the segment. 

North of the map-area, the s t r i k e of the beds grad

u a l l y rotate clockwise u n t i l they achieve approximately the 

same attitude as the f i r s t segment. 

The thickness of the Cambro-Ordovician s t r a t a above 

the Third Range thrust f a u l t i s approximately 200 feet ad

jacent to the fourth normal f a u l t . This thickness, however, 

increases rapidly towards the north. 

Above the Cambro-Ordovician s t r a t a , a normal succession 

of formations with apparently no abnormal thicknesses i s 

present. 

Structure of the Formations Underlying the 

Third Range Thrust Block 

The, Mesozoic and upper Paleozoic formations under

l y i n g the Third Range thrust sheet are folded, i n the south

ern portion of the map-area, into two overturned synclines 

separated by an overturned a n t i c l i n e . However, i n the central 

portion of the map-area, the overturned a n t i c l i n e dies out 

leaving only one broad, overturned syncline i n the northern 

part of the map-area. A l l these folds have a general s t r i k e 

of north 37° west and a l l plunge to the northwest at a 

gentle angle. 

The overturned beds of the Rocky Mountain formation 



and the upper Rundle group, immediately underneath the Third 

Range thrust f a u l t , have l i t t l e v a r i a t i o n i n thickness 

through out the whole length of the map-area. The thickness 

i s approximately 200 feet. 

Below the thrust f a u l t i n the southern portion of the 

map-area, the beds of the western limb of the western syn-

c l i n e are overturned and dip at an angle of 60° to the south

west. The beds of the eastern limb of this syncline, however, 

have an average dip of 25° to the southwest and are not over

turned. 

The western limb of the eastern syncline i s also over

turned and dips at an angle of 55° to 60° to the southwest. 

The eastern limb of t h i s syncline i s out of the map-area and 

was not mapped, but i t i s believed to be dipping at a moder

ate angle to the southwest. 

The Whitehorse member of the Spray River formation i s 

exposed i n the core of the western syncline and the lower beds 

of the Fernie group i n the core of the eastern syncline. 

The overturned a n t i c l i n e separating these two syn-

cl i n e s i s composed of the gently dipping eastern limb of the 

western syncline and the steeply dipping overturned western 

limb of the eastern syncline. The upper beds of the Rundle 

group are exposed i n the core of the a n t i c l i n e . 

The overturned a n t i c l i n e broadens and dies out i n the 

central portion of the map-area, thus leaving only one over

turned syncline which i s much more open that either of the 

two synclines to the south. 
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The western limb of this northern, broad syncline i s 

found immediately below the Third Range thrust f a u l t and i s 

overturned with a dip of approximately 60° to the southwest. 

Both members of the Spray River formation are present on this 

limb. However, they are both considerably thinner than normal 

with t h e i r t o t a l s t r a t i g r a p h i c thickness being approximately 

200 feet. This decrease i n thickness appears to be confined 

to the Spray River formation, for the formations above and 

below i t are of normal thickness. 

The eastern limb of this syncline was not mapped, 

however i t i s believed to dip very gently to the west. 

The Fernie group i s exposed i n the core of the syn

c l i n e and has a much greater st r a t i g r a p h i c thickness than i n 

the core of the eastern syncline to the south. This greater 

thickness i s caused by the plunging of the northern syncline 

which allows a greater number of beds to be present after 

erosion. 

The folded formations underlying the Third Range thrust 

sheet have been displaced by the second and t h i r d normal 

f a u l t s . The second normal f a u l t has cut through the western 

syncline and at least the western limb of the eastern syn

c l i n e i n the central portion of the map-area, displacing 

these structures approximately 200 feet downward on the north

ern side of the f a u l t . The t h i r d normal f a u l t has cut through 

at least the western limb of the syncline located i n the 

northern part of the map-area. The formations of t h i s limb 

of the syncline have been displaced approximately 2^0 feet 

downward on the northern side of the f a u l t . 



CHAPTER IV 

STRUCTURAL HISTORY 

Discussion of the normal f a u l t s 

The transverse f a u l t s cutting the Third Range thrust 

sheet have been referred to as normal f a u l t s . The reasons 

for c a l l i n g these f a u l t s normal are: 

(1) a downward displacement to the north has occurred along 

the f a u l t planes, 

(2) the curvature of the f a u l t planes i n cross-section (dip 

changes from 40 to 50 degrees near the Third Range thrust 

f a u l t to near v e r t i c a l i n the higher strata)(Figures 6 

and 10). 

(3) the undulating trace of the f a u l t planes i n plan view, 

(4) the mullion observed on the surface of a f a u l t plane was 

near v e r t i c a l , . 

(5) t i l t i n g of the f a u l t blocks, 

(6) a l l observed minor fa u l t s i n the map-area are normal 

f a u l t s and 

(7) beds on the southern side of the major fa u l t s are dragged 

downwards. (Figures 3 and 10). 

Proposal of a Minor Thrust Fault 

As previously mentioned, there are abnormal thick

nesses i n d i f f e r e n t formations of each of the f i r s t three 

segments of the Third Range thrust sheet. These formations 

are the Alexo-Southesk of the f i r s t segment, the P a l l i s e r of 

the second segment, and the Rundle group of the t h i r d seg-
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ment. A l l these thickened formations l i e adjacent to each 

other. 

There are two possible explanations for the cause of 

t h i s sudden l o c a l increase i n the thickness of these f o r 

mations. 

1. A depositional phenomenon 

2. A s t r u c t u r a l phenomenon 

The f i r s t explanation, that of a depositional phenomen

on, does not seem probable because the increased thickness 

occurs i n a d i f f e r e n t formation i n each segment. 

It might be argued that the increased thickness of 

each segment could be a separate depositional phenomenon and 

that the normal f a u l t s have thrown these thicker formations 

together. However, th i s explanation also i s improbable be

cause each formation returns to i t s o r i g i n a l thickness immed

i a t e l y after i t passes through i t s own p a r t i c u l a r segment. 

It i s concluded, therefore, that the increased t h i c k 

ness of these formations i s not a depositional, but a s t r u c t 

u r a l phenomenon. 

This s t r u c t u r a l phenomenon could have been caused by 

either f o l d i n g or f a u l t i n g . Folding i s c e r t a i n l y the cause 

of the apparent increase i n thickness of the fourth segment 

where a large monocline has p r a c t i c a l l y doubled the apparent 

thickness of the Rundle group. However, i n the f i r s t three 

segments, no evidence was found to indicate that any type of 

f o l d i n g had occurred. 



A v i e w up t h e e a s t e r n f a c e o f Wampum 
Peak a l o n g the. t h i r d n ormal f a u l t . 
P h o t o g r a p h shows c u r v a t u r e o f the f a u l t 
p l a n e and the d r a g g i n g o f the bods on 
the s o u t h e r n I t . 

E a s t e r n s i d e of I n d i a n h e a d mountain showing the p r o b 
a b l e t r a c e o f the P e t i t e t h r u s t f a u l t i n the P a l l i s e r 
f o r m a t i o n and the f i r s t and second normal f a u l t s . 



F i g u r e 10. 

A v i e w up the e a s t e r n f a c e o f Wampum 
Peak a l o n g the. t h i r d normal f a u l t . 
P hotograph shows c u r v a t u r e o f the f a u l t 
p l a n e and. the d r a g g i n g of the beds on 
the s o u t h e r n s i d e of the f a u l t . 

F i g u r e 11. 

E a s t e r n s i d e of I n d i a n h e a d mountain showing the p r o b 
a b l e t r a c e o f the P e t i t e thrust f a u l t i n the P a l l i s e r 
f o r m a t i o n and the f i r s t and second normal f a u l t s . 
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It i s believed, therefore, that a f a u l t i s the most 

probable cause of the increased thickness of the formations 

and that this f a u l t i s probably a high angle, thrust with a 

s t r a t i g r a p h i c separation of approximately 500 feet. 

The only actual evidence found to support this theory 

i s a narrow, deeply weathered l i n e occurring i n the upper 

half of the P a l l i s e r formation i n the second segment. This 

l i n e could be the trace of the thrust plane (Figure 11). 

Normal f a u l t i n g must have occurred before t h i s minor 

thrust f a u l t developed i n order for the thrust to have i n 

creased the thickness of a d i f f e r e n t formation i n each of 

the f i r s t three segments. 

The minor thrust f a u l t probably dies out northwards 

into the large monoclinal f o l d found i n the Rundle group of 

the fourth segment. 

This minor thrust f a u l t w i l l hereafter be called 

the P e t i t e thrust f a u l t . 

Time Relationships and Causes of the Normal Faults 

Any hypothesis proposed to explain the time r e l a t i o n 

ships and the causes of normal f a u l t i n g also must explain the 

following anomalous features: 

1. The second and t h i r d normal f a u l t s cut through the Third 

Range thrust f a u l t and, as they do so, they lose a large 

amount of t h e i r s t r a t i g r a p h i c separation. 

2. The lower beds of each t i l t e d normal f a u l t block are pro

gressively truncated to the south by the Third Range thrust 
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f a u l t which dips s l i g h t l y to the north. 

3. The Pe t i t e thrust f a u l t cuts through a d i f f e r e n t f o r 

mation i n each of the f i r s t three normal fa u l t blocks. 

It was o r i g i n a l l y thought that the normal f a u l t i n g 

occurred during or immediately aft e r the f i n a l stages of move 

ment of the Third Range thrust sheet. The main basis for 

this assumption was the fact that the second and t h i r d normal 

fa u l t s cut through the Third Range thrust f a u l t and continue 

into the underlying formations. However, this hypothesis 

cannot explain the three anomalous features l i s t e d above and 

therefore must be di s c r e d i t e d . 

Two other hypothesis which explain the previously 

l i s t e d anomalous features w i l l be considered. 

1. Normal Faulting Preceding Thrust Faulting 

This proposal i s that the major period of normal 

f a u l t i n g and the t i l t i n g of the normal f a u l t blocks occurred 

before the development of the Third Range thrust f a u l t . Then 

as the thrust f a u l t developed, i t cut through these t i l t e d 

normal fa u l t blocks at an angle which i s s l i g h t l y opposite to 

t h e i r t i l t , thus causing the lower beds of each normal f a u l t 

block to be cut o f f progressively to the south. 

After the development of the thrust f a u l t , a second 

and minor period of normal f a u l t i n g would have to take place 

which would cut through the thrust f a u l t and displace the 

underlying formations. 



The major period of normal f a u l t i n g probably would 

have developed an average maximum st r a t i g r a p h i c separation 

of 1 ,500 feet and the second, minor period of normal f a u l t i n g 

an average maximum of 300 feet. The Peti t e thrust f a u l t 

would develop at the same time as the Third Range thrust f a u l t 

and therefore also would be l a t e r than the major period of 

normal f a u l t i n g . Thus La Petite thrust should, and does, cut 

a d i f f e r e n t formation i n each normal f a u l t block. 

The suggested second period of normal f a u l t i n g i s 

supported by the fact that the northern and minor branch of 

the second normal f a u l t has cut through and displaced down

ward by several hundred feet the a n t i c l i n a l and s y n c l i n a l 

folds present i n the t h i r d segment. However, these folds 

terminate abruptly against the southern and main branch of 

the normal f a u l t . Therefore, since the foldi n g i s believed 

to have been developed during the same period as the thrust 

f a u l t i n g , then i t can be concluded that the northern branch 

of the second normal f a u l t developed after the thrust f a u l t i n g . 

This branch developed, therefore, during the proposed second

ary and minor period of normal f a u l t i n g . 

I f this hypothesis i s correct, then the cause of the 

major period of normal f a u l t i n g i s beyond the scope of this 

t h e s i s . A muhh larger area would have to be investigated be

fore a reasonable cause could be suggested. An explanation, 

however, can be offered for the secondary and minor period of 

normal f a u l t i n g . 



In order to understand the suggested cause of the 

second period of normal f a u l t i n g , a b r i e f description of the 

Second Range thrust sheet must be given. The displacement of 

t h i s thrust sheet i s very small northeast of the map-area, but 

becomes greater southward. The major portion of t h i s increase 

takes place d i r e c t l y east of the map-area. Therefore, the 

upper formations of this thrust sheet have a steeper dip and 

a higher elevation east of the southern part of the map-area 

than they have eaist of the northern part. 

Assuming that the thrust f a u l t s become progressively 

younger westward, then, as the Third Range thrust sheet over

rode the upper formations of the Second Range thrust, sheet, 

the southern portion of the Third Range thrust sheet must 

have been l i f t e d higher than the northern portion. The tension 

set up by the differences i n elevation of the two portions 

was probably relieved along the pre-existing normal fa u l t 

planes, thus producing the second and minor period of normal 

f a u l t i n g . 

This hypothesis, therefore, w i l l explain most of the 

anomalous features present i n the map-area. The main object

ion to the hypothesis i s the fact that the area would have 

to have been subjected to both tensional and compressional 

forces. 

2. Normal Faulting Contemporaneous with Thrust Faulting 

This hypothesis i s that the normal f a u l t s developed, 

at the same time as the Third Range thrust f a u l t . If t h i s i s 



the ease, then i n order to explain the previously stated 

anomalous features, a warp must be present i n the plane of the 

thrust f a u l t . This warp could occur i f the dip of the thrust 

plane lessens westward more rapidly i n the south than i n the 

north. 

At the moment of i n i t i a l slippage, the warp would be 

i n the shape of a monoclinal f o l d which would be gentle i n 

the east and increase i n i n t e n s i t y westward. It would also 

be a feature of the thrust f a u l t alone and would not be re

f l e c t e d i n the beds through which i t cut. (Diagram I ) . 

The eastward and upward movement of the thrust sheet 

along that portion of the f a u l t plane which includes the mono

c l i n a l f o l d would produce: 

(a) a more rapid r i s e i n the northern part of the thrust 

sheet because of the greater dip of the f a u l t plane i n that 

d i r e c t i o n and 

(b) a gap between the thrust sheet and the underlying s t r a t a . 

(Diagram I I ) . 

The tensional forces produced by the more rapid r i s e 

of the northern portion of the thrust sheet plus the weight 

of the s t r a t a above the gap created by the shallowing of the 

f o l d i n the f a u l t plane would probably cause a series of 

fractures to develop i n the thrust sheet. The portion of 

the thrust sheet l y i n g to the north of each fracture would 

then slump downwards producing a normal fa u l t (Diagram I I I ) . 

The normal f a u l t i n g would probably develop at the 

weakest point i n the thrust sheet. As i t i s thinner and there-
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B l o c k diagram showing;, 
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F i g u r e 13:. 
Diagrammatic: cross, s e c t i o n 
showing the h y p o t h e t i c a l , 
p o s i t i o n s o f the T h i r d Range 
t h r u s t sheet and the u n d e r 
l y i n g s t r a t a i m m e d i a t e l y 
b e f o r e normal f a u l t i n g . . 

F i g u r e Ih. 
Diagrammatic c r o s s s e c t i o n 
showing the h y p o t h e t i c a l 
p o s i t i o n s ; o f the T h i r d Range 
t h r u s t sheet and the u n d e r 
l y i n g s t r a t a i m m e d i a t e l y 
a f t e r normal f a u l t i n g . . 



F i g u r e 15. 

B l o c k diagram showing the p o s i t i o n o f the T h i r d Range 
t h r u s t sheet up t o and., i n c l u d i n g the A l e x o~ 3 o u t h e s k 
f o r m a t i o n s i m m e d i a t e l y a f t e r normal and t h r u s t f a u l t i n g . 
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fore weaker In the south, the fa u l t s would develop progress

i v e l y from the south. 

The slumping or normal f a u l t i n g would be a downward 

ro t a t i o n a l movement with the pivotal point being the point at 

which the thrust sheet on the northern side of the normal 

f a u l t touches the underlying s t r a t a . This movement i s pro

bably the major cause of both the curvature i n the normal 

f a u l t planes and the t i l t i n g of the normal f a u l t blocks. 

The eastward shallowing of the fo l d i n the thrust 

plane w i l l cause a progressive decrease i n the space between 

the thrust sheet and the underlying s t r a t a , which, i n turn, 

w i l l cause an eastward decrease i n the stra t i g r a p h i c separ

ation of each normal f a u l t . 

A southward increase i n the compressive forces i n 

volved i n the formation of the Third Range thrust sheet 

i s the probable cause of the development of the Peti t e thrust 

f a u l t . This thrust developed during the f i n a l stages of 

movement of the Third Range thrust sheet, after the develop

ment of the normal f a u l t s . This i s indicated by the fact that 

the P e t i t e thrust cuts a dif f e r e n t formation i n each normal 

f a u l t block. It i s suggested that the greater rate of i n 

crease i n dip of the southern portion of the Third Range thrust 

f a u l t , the southward growth of the Second Range thrust f a u l t 

(as described previously), or a combination of the two, may 

be the cause for the Increase i n the compressive forces 

involved. 
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The eastward movement of the Third Range thrust sheet 

has caused the western portion of the thrust sheet i n which the 

monoclinal f o l d of the thrust plane has cut through the beds 

at a steep angle, to be brought into contact with the eastern 

portion of the underlying s t r a t a , i n which the f o l d of the 

thrust plane has cut through the beds at a low angle (Diagram 

IV). This i s the cause of: 

(1) the apparent large loss i n st r a t i g r a p h i c separation as 

the normal f a u l t s pass through the thrust f a u l t , and 

(2) the progressive truncation to the south of the lower 

beds of each t i l t e d normal f a u l t block. 

This hypothesis explains the causes, the time re

la t i o n s h i p s , and the anomalous features of the normal f a u l t s . 

However, there i s no actual evidence of the monoclinal f o l d 

i n the Third Range thrust f a u l t other than the shallow warp 

i n the thrust plane at the surface. 

Causes of the Folding Underneath the Third Range Thrust Sheet 

The compressional forces which caused the formation 

of the Third Range thrust f a u l t also would be the probable 

cause of the folding underneath t h i s thrust f a u l t . 

The southward growth of the Second Range thrust f a u l t 

(as previously described) would cause a southward retardation 

i n the movement of the Third Range thrust sheet. An increased 

compressional force would produce the two overturned .syn-

clin e s and the overturned a n t i c l i n e present i n the southern 
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part of the map-area instead of the single overturned syn

c l i n e which i s present to the north. 

The northward plunge of these overturned folds i s 

believed to r e f l e c t the decrease i n height of the Second Range 

thrust sheet i n that d i r e c t i o n . 

Similar Examples 

R.J.W. Douglas 1 i n his memoir on the Mount Head map-

area of Alberta c i t e s numerous examples of tear f a u l t s which, 

upon f i r s t examination, appear to be very similar to the 

normal f a u l t s i n the Indianhead Creek map-area. However, 

Douglas states that the tear f a u l t s " s t r i k e at or nearly at 
2 

right angles to the thrust and dip close to v e r t i c a l . " 

He adds i n a l a t e r part of his report that i n a l l 

but two tear fau l t s the "displacement decreases as st r a t a 

farther from the thrust fau l t s and at higher or lower s t r u c t 

ural l e v e l s within the fault s l i c e s are encountered."3 

No continuation of the tear faults below the thrust 

faults were reported nor was there any mention of either curved 

f a u l t planes or a progressive truncation of beds by a thrust 

f a u l t . 
Therefore i t i s concluded that, although there i s 

1 Douglas, R.J.W. Mount Head Map-Area, Alberta, 
Geol. Sur. Can. Memoir 291,. 195$. 

2« Ibid, pp. 105 

3 . Ibid, pp. 106. 
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some resemblance, the tear f a u l t s of the Mount Head map-

area are s u f f i c i e n t l y d i f f e r e n t from the normal f a u l t s of the 

Indianhead Creek map-area to be c l a s s i f i e d as separate struct 

u r a l phenomena. 

No other known cases of large scale normal f a u l t s 

have been -reported i n the Canadian Rocky Mountains. 
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