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ABSTRACT

A stu d y  o f jo in t in g  in  th e  rocks o f the  C e n tra l F o o th i l ls  B e lt  o f 

A lb e rta  was undertaken in  o rder to  determ ine th e  re la t io n s h ip s  o f j o in t  

p a tte rn s  to  re g io n a l  and lo c a l  s tru c tu re *  The "w riter used a  d i f f e r e n t  

approach to  th e  problem th an  th a t  used by many prev ious in v e s tig a to rs  

in  t h i s  f i e l d .  No a ttem p t -was made to  r e l a t e  j o in t  d ir e c tio n s  found to  

f r a c tu re s  produced ex p erim en ta lly  by e a r l i e r  workers under c o n tro lle d  

s t r e s s  c o n d itio n s . I n te r p r e ta t io n  i s  based  s o le ly  upon dem onstrable 

re la tio n s h ip s  between in d iv id u a l jo in t  p a tte rn s  and known s t r u c tu r e .

The C e n tra l F o o th i l ls  B e lt i s  a  p o rtio n  of a  continuous l in e a r  

zone, bounded on th e  e a s t  by th e  easternm ost e x te n t o f t h r u s t  f a u l t in g  

and on th e  w est by th e  F i r s t  Range of the  E as te rn  Rocky Mountains of 

Canada. The a re a  s tu d ied  i s  th e  p o rtio n  of t h i s  b e l t  which l i e s  between 

la t i tu d e s  5 2 ° l5 f and 53°15 ' .  Here, low angle th r u s ts  o f Laramide Age, 

fo ld ed  to g e th e r  w ith  th e  rocks th e y  c u t ,  outcrop a t  th e  su rface  as 

s teep  to  v e r t i c a l  re v e rse  f a u l t s  w ith , in  some c a se s , t o t a l  d isp la c e ­

ments of over s ix  m ile s .

Data WBre ga thered  on over 9000 j o in t  su rfa ce s  a t  litU d i f f e r e n t  

lo c a tio n s  w ith in  th e  a re a  s tu d ie d . Each lo c a tio n  was c a r e fu l ly  chosen 

f o r  i t s  known s t r u c tu r a l  p o s i t io n .  V ariab le  f a c to r s  of l i th o lo g y , 

sampling s e l e c t i v i ty  and tim e of deform ation were recognized  and taken 

in to  account w hile d a ta  were gathered  and com piled. These o r ie n ta t io n  

d a ta  were p lo tte d  on n e ts  o f eq u a l-a rea  p ro je c tio n  and th e  r e s u l t in g  

po les were contoured accord ing  to  standard  p r a c t ic e .  J o in t  p a tte rn s  

thus d e riv e d , when examined in  th e  l ig h t  o f both reg io n a l and lo c a l  

s t r u c tu r a l  s e t t in g s  lead  the  w r i te r  to  conclude th a t :

-1 -
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1. A re g io n a l f r a c tu re  p a tte rn  e x is ts  w ith in  t h i s  a re a . I t  i s  composed 

of two tren d s  which a re  approxim ately  perpend icu lar to  each o ther and 

to  bedding, re g a rd le ss  of the  a t t i tu d e  of th e  beds.

2 . Two su b s id ia ry  tren d s  a re  p resen t a t  some lo c a tio n s  e s p e c ia l ly  in  

roc^s which have experienced more in te n se  deform ation than  those 

which possess on ly  the  re g io n a l jo in t  p a t te rn .  These tren d s  do not 

have a  re g u la r  re la t io n s h ip  to  each o th er o r to  bedding, bu t u su a lly  

i n t e r s e c t  n e a rly  equal angles on e i th e r  s id e  o f one of th e  reg io n a l 

t re n d s .

3* In some cases r o ta t io n  of jo in t  tren d s  has taken  p lace  to g e th e r w ith 

ro ta t io n  of the s t r a t a .

U. L a ter tren d s of bo th  the  re g io n a l and su b s id ia ry  p a tte rn s  have been 

developed in  some a re a s .

5« The main tre n d s  of th e  in d iv id u a l p a tte rn s  developed very  e a r ly  in  

the  deform ational h is to r y  of the a rea  when the  s t r a t a  were e s s e n t ia l ­

ly  f l a t - ly in g  and th e re fo re  before  the  p r in c ip le  Laramide d ia s tro -  

phism.

6 , The s p e c if ic  co n d itio n s which produced th e  e a r ly  j o in t  tre n d s  appear 

to  have continued sp o ra d ic a lly  through the d e f  o rm ational h is to ry  of 

th e  ro ck s . While the  o r ig in a l  tren d s  were r o ta te d  w ith  th e  bedding 

during  def o r  n a tio n , j o in t  tren d s  were produced which a re  s im ila r  to  

the  o r ig in a l  tren d s  o f  these  formed e a r l i e r .

7 . Shale l i th o lo g ie s  which commonly lack  jo in ts  o r have jo in t s  w ith i r ­

re g u la r  o r c u rv i l in e a r  su rfaces probably possessed jo in t in g  sim ilar 

in  tren d  to  th a t  of th e  more competent h o rizo n s . Flowage of these 

rocks in  response to  te c to n ic  s t r e s s e s  b u i l t  up during  the  Laramide
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orogeny nay account fo r  th e  d is to r t io n  o r o b l i t e r a t io n  of th e se  j o in t  

su rfa c e s .
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INTRODUCTION

H isto ry  o f th e  P ro je c t

During th e  summeis o f 1953 and 195k th e  w r i te r  served  as Technical 

O ffice r  on a  f i e l d  mapping p a r ty  fo r  th e  G eolog ical Survey o f Canada 

in  th e  C e n tra l F o o th i l ls  B e lt o f A lb e rta . In  1953 s t r u c tu r a l  and jo in t  

d a ta  were gathered  on two prom inent t e a r  f a u l t  zones in  th e  C e n tra l 

F o o th i l ls  (Schm idt, 1955)# in  o rd e r to  determ ine s im i la r i ty  o r d i s ­

s im i la r i ty  i n  th e  o r ig in  o f the  f a u l t s .  S tru c tu ra l  d a ta ,  analyzed  in ­

dependently  from th e  j o in t s ,  in d ic a te d  th a t  movement on one f a u l t  zone 

was p r im a r ily  tr a n s c u r re n t  o r s t r ik e  s l i p  w hile  th e  o th e r  had experienced 

la rg e ly  v e r t i c a l  o r  normal displacem ent# J o in t  tre n d s  in  th e  d i r e c t  

v i c in i ty  of one o f th e se  f a u l t  zones d if fe re d  from those  near th e  o th e r  

zone* In  each case  th e re  i s  a  d i r e c t  r e la t io n s h ip  between c e r ta in  jo in t  

d ir e c tio n s  and d i r e c t io n  o f th e  fa u l ts #

As conceived , th e  major problem was to  s tudy  the  n a tu re , lo c a l  va r­

i a t i o n ,  and r e la t io n s h ip  o f f ra c tu re  p a tte rn s  to  b o th  re g io n a l and lo c a l  

s t r u c tu r e .  The w r i te r  approached t h i s  problem w ith  the fo llow ing  aims:

1# The d e te rm in a tio n , through th e  use o f o b je c tiv e  tech n iq u es, o f 

re p re s e n ta tiv e  jo in t  p a tte rn s  a t  no t le s s  th an  100 lo c a tio n s .

Each was to  be s i tu a te d  w ith  known re la t io n s h ip  to  s tru c tu re  and 

based upon s u f f i c i e n t  measurements to  in su re  s t a t i s t i c a l  v a l id i ty .

2 . To analyze th ese  d a ta  e m p iric a lly , r a th e r  than  g e n e t i c a l l y , i . e . ,  

w ith  th e  aim  o f in te rp re t in g  jo in t  p a tte rn s  from f i e l d  observa­

t io n s  a lone employing s t r i c t  c o n tro l of v a r ia b le  f a c to r s ^w ithout

1 . See s e c tio n  on "C ontro l" p# 2k»

-u -
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re fe ren c e  to  preconceived p r in c ip le s  o f rock  f r a c tu re  as d e te r ­

mined by experim en tal work or m athem atical d ed u c tio n . The w r i te r  

f e e l s  th a t  many previous observers have f a i l e d  to  reach  conclu­

s iv e  r e s u l t s  fo r  one o r  more of d ie  fo llow ing  rea so n s :

a .  I n s u f f ic ie n t  o r in ac cu ra te  s t r u c tu r a l  d a ta  were used^,

b . th e  method was ap p lied  to  h ig h ly  complex s t ru c tu re  a s  a  

means o f acq u ir in g  fu r th e r  d a ta  where conven tiona l in v es­

t ig a t io n  methods proved in s u f f ic ie n t^ ,

c .  th e  worker attem pted  to  e x tra p o la te  g en e tic  re la t io n s h ip s  

from experim en tal d a ta  ,  which may n o t be a  v a l id  procedure. 

Although the l a t t e r  case  i s  an  u ltim a te  goal o f every  in v es­

t ig a t io n  o f jo in t  p a tte rn s  i t s  f u l f i l lm e n t  must come a f t e r  

th e  b a s ic  p r in c ip le s  o f rock f r a c tu re  have been e s ta b lish e d  

in  the  f i e l d .

In  th e  p re se n t s tu d y  i t  was hoped th a t  th e  estab lish m en t o f r e la ­

tio n sh ip s  o f jo in t s  to  s tru c tu re  through em p irica l methods in  r e l a t iv e ly  

sim ple and w e ll in v e s tig a te d  a reas would e v e n tu a lly  le a d  to  th e  determ in­

a tio n  of th e  fundam ental r e la tio n s h ip s  which govern the  fo rm ation  of 

jo in t s  and j o in t  p a tte rn s  on a  re g io n a l s c a le .  Knowledge of th e se  r e l a ­

tio n sh ip s  might th en  a llo w  jo in t  techniques to  become an im portan t to o l  

i n  th e  so lu tio n  o f s tru c tu re  and te c to n ic  h is to r y  in  more complex or un­

in v e s tig a te d  a re a s .

1 . W ilson, 193U; M elton, 1931*
2 . W ilson, 193U
3* Bucher, 1920j Kupsch, 1955.
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L ocation  o f th e  Area

The a re a  in v e s tig a te d  covers approxim ately  21*00 square m iles* I t  

extends in  a  n o rth -n o rth w este rly  d ire c tio n  a long  th e  s t r u c tu r a l  tren d  

from L a titu d e  $2°1$ «, Longitude 116°00» to  L a titu d e  530l 5 ' ,  Longitude 

U 7O30 1 and covers the  major p o rtio n  of tw elve 15 minute map a re as  (see 

maps, F igures 1 and 2 ) .

I t  i s  th e  major p o rtio n  of what has been term ed th e  F o o th il ls  B elt 

o f C en tra l A lb e rta  (McKay 191*3), and i s  bounded on th e  e a s t  by th e  e a s te rn ­

most l im i t  o f th ru s t  f a u l t in g  and on the  w est by the ram parts o f th e  

F ron t Range of the  Rocky Mountains* Northwest and so u th e a s t, w e ll beyond 

th e  con fines of th e  a re a , the C en tra l F o o th i l l  ranges g rad u a lly  dim inish  

to  be rep laced  by o th er ranges in  the Southern and N orthern f o o t h i l l s .  

W ithin th e  a re a  th re e  f o o th i l l  ran g es, th e  B razeau, Bighorn, and N ika- 

n a ss in  r i s e  to  e le v a tio n s  o f n e a r ly  9,000 f e e t ,  b u t th e  m a jo rity  of the  

land  su rface  i s  composed o f g e n tly  r o l l in g  r id g e  and v a lle y  topography 

w ith about 1500 f e e t  maximum r e l ie f*

Access to  th e  a re a  i s  provided on the n o rth  and sou th  by F o re s try  

Service ro ad s , bu t the g re a te s t  p o rtio n  had to  be in v e s tig a te d  by horse­

back and on f o o t .

Acknowledgements

The w r i te r  i s  g re a t ly  indeb ted  to  Dr. R.J.W . Douglas, whose unpub­

lis h e d  m anuscript maps have been used f r e e ly ,  and fo r  h is  e n th u s ia s t ic  

encouragement and guidance in  the f i e ld ;  to  f i e l d  a s s i s ta n ts  Don Hose, 

Ralph T h ra ll ,  Hay Burke, la c k  A rthu r, Robin Dawson and J u l ia n  Hawryszkoj 

and to  Dr* W*F* Jenks fo r  advice on th e  p re p a ra tio n  of t h i s  rep o rt*  The 

w r i te r  a ls o  w ishes to  thank Messrs* John Pope and John Tappe and Mrs*
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HISTORY OF THE STUDY OF ROCK FRACTURE

The study  of rock f r a c tu re s  precedes th e  o ft-q u o te d  -works o f Dau- 

b re e . Bake w e ll (1833) d iscussed  •’seams'1 in  h is  pub lished  le c tu re s  given 

a t  Y ale. Hopkins (1835) was the  f i r s t  man to  a t t r ib u te  th e  " r e g u la r i ty  

o f jo in ts  in  roc^s to  th e  m echanical a c tio n  of an e le v a tin g  fo rce ” ,  thus 

lin k in g  rock f r a c tu re  to  deform ation  on a  re g io n a l s c a le .  Most e a r ly  

workers viewed jo in ts  a s  " ten s io n a l"  phenomena which came about through 

c o n tra c tio n  e i th e r  by  th e  lo s s  o f w ater, o r  by c o o lin g . A s e r ie s  of 

a r t i c l e s  appearing  in  th e  American Journal o f  sc ience  from 1882 to  188U 

w e ll i l l u s t r a t e s  th e  d i f f e r in g  opinions o f th e  day  w ith  re s p e c t to  the 

o r ig in  o f j o in t s .  Le Conte (1882) and Kinahan (1882) p resen ted  th e  view 

th a t  jo in t s  r e s u l t  from c o n tra c tio n  due to  dry ing  and G ilb e r t  (1882a,bj 

188U) f e l t  t h a t ,  s in ce  th e  jo in t s  which he had observed f e l l  in to  a  re c ­

ta n g u la r  p a tte rn  r a th e r  th an  a  polygonal one, th e re  must be an explana­

t io n  o th er th an  sh rink age.

The monumental work o f Daubree in  1878 and l a t e r ,  was the  foundation  

upon which v i r tu a l ly  a l l  subsequent f r a c tu re  in v e s tig a t io n s  have been 

based. He was the  f i r s t  to  in te g ra te  experim ental work w ith  f i e l d  obser­

v a tio n s  of jo in ts  o r "d ia c la se s"  as he c a l le d  them, and to  recognize th e  

p o te n t i a l i t i e s  of experim en tation  in  th is  f i e l d  as a  p o ss ib le  key to  

n a tu ra l  p ro cesses . Because h is  experim ents and observations have been 

t r e a te d  in  some d e ta i l  by many w r i te r s ,  th ey  w i l l  no t be described  h a re .

In  the p eriod  1883 to  1893, W.O. Crosby pub lished  a  s e r ie s  o f  a r ­

t i c l e s  in  which he advanced th e  theo ry  of rock  f r a c tu re  i n  response to 

th e  suddenly ap p lied  s t r e s s  o f earthquake waves. A growing q u a n tity  o f 

u n re la te d  jo in t  o bserva tion  (Shaler 1887,88,89, Buckley, 1898, and

- 10-
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Cushing, 1901) formed, a  framework fo r th e  work o f Hobbs (1901, 190i+,

1905, 1911) who re p e a te d ly  c a lle d  a t te n t io n  to  th e  r e g u la r i ty  and 

system atica  o f rock  f r a c tu re s  and t h e i r  apparen t r e la t io n s  to  o th e r  

s tru c tu re s*  He recognized  and expressed  w e ll th e  e m p iric a l r e l a t i o n ­

sh ip s  he observed:

".«* in  reg io n s  which s ince  t h e i r  form ation  have 
been l i t t l e  d is tu rb e d , th e  j o in t  p lanes stand  
near the  v e r t i c a l ,  and in  t h e i r  network two 
dom inating s e r ie s  a re  g e n e ra lly  found to  be 
approxim ately  normal to  each o th e r .” (Hobbs, 190U)

Hobbs had l i t t l e  to  say  about d e ta i le d  r e la t io n s h ip s ,  and  p re fe rre d  to

d iscu ss  jo in ts  in  term s o f th e  b roader s t r u c tu r a l  fe a tu re s  o f the

e a r th 's  c ru st*

"The s ig n if ic a n t  f a c t  i s  t h a t  wherever a r e l a t i v e ly  
simple and o rd e r ly  system  has been d iscovered , th e  
dominant s t r u c tu r a l  and r e l i e f  d ire c tio n s  re p re se n t 
one or moss of th e  elem ents w ith in  the  quadruple 
s e t  [o f jo in ts]}  which has been above d e sc rib e d ,"
(Hobbs, 1911)

Although Hobbs' work s u f fe r s  a  g re a t d e a l from sweeping and o f te n  

misinformed g e n e ra liz a tio n s  and a  lack  o f  adequate s p e c if ic  in fo rm a tio n , 

th e  impact o f h is  work was f e l t  through th e  stim ulus which i t  provided 

fo r  o th e r  workers to  in v e s tig a te  th e  o r ig in s  of rock  f r a c tu r e ,  (H arder, 

1906; Sheldon, 1912).

In  1920 W*H. Bucher pub lished  h is  c r i t i c a l  work on "The M echanical 

In te rp re ta t io n  of J o in ts ” .  Using more modern a n a ly t ic a l  techn ique  ( s t e r -  

eographic p ro je c tio n )  he was ab le  to  dem onstrate in  s e v e ra l  in s ta n c e s  

th e  a p p l ic a b i l i ty  of jo in t  p a tte rn  a n a ly s is  to  s t r u c tu r a l  in te r p r e ta t io n .  

L ike th e  work o f Hobbs, t h a t  o f  Bucher gave a  new impetus t o  f r a c tu re  

re s e a rc h . (Swanson, 192?; Bucher, 1928} L evering, 1928). I n  1929 Melton

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-1 2 -

p ub lished  the  f i r s t  of a  s e r ie s  o f a r t i c l e s  on re g io n a l f r a c tu re  p a tte rn s  

o f th e  Ouachita Mountains and th e  I n te r io r  P la in s  o f  Oklahoma* M elton’s 

work re p re se n ts  th e  f i r s t  e f f o r t  t o  use d e ta i le d  j o in t  observations in  

re g io n a l  te c to n ic  in te rp re ta t io n *  Although based on much more f a c tu a l  

d a ta  th an  Hobbs’ work, Melton s t i l l  m aintained an approach of broad gen­

e ra l iz a t io n *  In  a l a t e r  a b s t r a c t  (1931) to  a  paper which was a p p a re n tly  

never p u b lish ed , he drew re g io n a l p a tte rn s  in  the  southw estern  United 

S ta te s  from th e  M iss is s ip p i R iver to  New Mexico, based on s c a t te re d  lo c a l  

p a tte rn s*  At t h i s  same tim e ,  Wager (1931) pub lished  h is  work on " J o in t­

ing  in  th e  G reat Scar Limestone o f Craven", England, in  which he r e la te d  

th e  jo in t in g  to  th e  te c to n ic s  o f th e  area*  In  1933 what was perhaps th e  

f i r s t  a e r ia l-p h o to  s tu d y  o f  f r a c tu re s  was pub lished  by Barton on an a re a  

i n  so u thern  Texas* S tud ies of jo in t  p a tte rn s  and th e i r  p a r t ic u la r  r e ­

la t io n s  to  igneous in tru s io n  and ore emplacement were made in  193U by 

Johnston  and Cloos and in  1935 by Cloos*

W ilson 's  s tu d y  in  193U of jo in t in g  in  th e  Five Springs Creek A rea, 

Wyoming brought to  l ig h t  some new techniques fo r  th e  use o f d a ta  on 

jo in t s  in  deciphering  th e  te c to n ic  h is to ry  o f an a rea  i n  which igneous 

in tru s io n s  a re  im portant fe a tu re s*  U nfo rtunate ly  th e  p re se n ta tio n  o f h is  

m a te r ia l  i s  n o t e n t i r e ly  c le a r*  Since h is  conclusions a r e ,  t o  say  the 

l e a s t ,  somewhat hypothetical'* ', th e  s tre n g th  of th e  work su ffe rs*  Never­

th e le s s ,  i t  se rves a s  a  v a lu ab le  springboard  fo r  specu la tion*

In  I 9I42 Parker pub lished  h is  work "Regional System atic J o in tin g  in  

S l ig h t ly  Deformed Sedim entary Rocks", a s tudy  which was perhaps the  most 

im portan t a n a ly s is  u n t i l  t h a t  d a te .  The jo in t s  he s tu d ied  a re  i n

1* W ilson, p .  518.
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e s s e n t ia l ly  f l a t - ly in g  s t r a t a  in  New York and Pennsylvania so th a t  he 

was a b le  to  show jo in t  p a tte rn s  q u ite  c le a r ly  by  p lo t t in g  the s t r ik e  

of in d iv id u a l  jo in t s  on a  r o s e t te  diagram* This procedure no t on ly  

l e n t  i t s e l f  to  sim pler m echanical and s t a t i s t i c a l  trea tm en t o f  d a ta , 

bu t a ls o  a llow s a  c le a re r  v is u a l  understanding  on the p a r t  o f the  

re a d e r . By c lo s e ly  lin k in g  h is  jo in t  d a ta  w ith  bo th  re g io n a l and lo c a l 

s t r u c tu r e ,  Parker was ab le  to  show a  d i s t i n c t  c o rre la tio n *  At about the 

same tim e Ver S teeg (19142) undertook th e  com pilation  of jo in t  d a ta  in  

Ohio from various sou rces . He, l ik e  P a rk e r, found th a t  th e re  i s  a  c lo se  

c o r r e la t io n  between s t ru c tu ra l  tren d s  and the  d ire c tio n  of jo in t  planes* 

Although thew ork lack s  s t a t i s t i c a l  v a l id i ty  the g e n e ra liz a tio n s  drawn 

a re  b e liev ed  to  be s ig n if ic a n t  i n  the  l ig h t  of P a rk e r’s  study*

From 19U6 to  the  p re sen t a  w ealth  of in fo rm ation  on jo in t s  has 

appeared in  the l i te r a tu r e *  Although on ly  a  few s tu d ie s  have been con­

cerned w ith  th e  in v e s tig a tio n  o f jo in t  p a tte rn s  alone on e i th e r  a  lo c a l 

o r re g io n a l s c a le ,  many workers have t r i e d  to  use the a n a ly s is  o f f r a c ­

tu re  p a tte rn s  a s  a  means of acq u irin g  supplem entary inform ation* (Hig­

g in s , 19U7; Gram, 19147J H arrison , 1953) • I n  1950, Shainen published  an 

im portan t a n a ly s is  o f th e  na tu re  of en echelon  te n s io n  f ra c tu re s  which he 

found to  be a lig n ed  along conjugate  shear d ire c tio n s*  This s tu d y , a long  

w ith  o th e rs  by  Duschatko (1953), G ilkey (1953), and Bucher and G ilkey 

(1953) have done a g rea t d e a l to  throw l ig h t  on th e  fundam ental p roper-
*

t i e s  o f j o in t  p a tte rn s  in  t h e i r  n a tu ra l  framework*

L aboratory  o r experim ental study  o f  ro ck  f r a c tu re  was concurren t 

w ith  th e  development o f techniques of stu d y  o f  th e  f i e ld  r e la t io n s  o f 

jo in t s  or f ra c tu re s*  **ucher (1920) pub lished  an e x c e lle n t  summary o f
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e a r ly  work ( la rg e ly  fo re ig n ) in  th is  f i e l d ,  fo r  the  most p a r t  p e r ta in in g  

to  flow  and f r a c tu re  i n  s tr e s s e d  m e ta ls . Daubree (1879, 1880) performed 

what were perhaps th e  e a r l i e s t  a c tu a l  experim ents on th e  s t r a i n  behavior 

o f s tre s s e d  m a te r ia ls .  Using c la y  blocks and crude apparatus he succeed­

ed in  dem onstrating  th a t  f r a c tu re  p a tte rn s  analagous to  th o se  found in  

nature could  be produced experim en ta lly . In  th e  U nited S ta te s ,  Case 

(1895) performed s ig n i f ic a n t  experim ents in v o lv in g  flow  and f r a c tu re  

of moving ic e ,  bu t i t  wasn’t  u n t i l  th e  work o f Adams (Adams, 1901,

1918; and Adams and Coker, 1905) t h a t  experim en tation  was c a r r ie d  on 

upon specimens of in d u ra ted  ro ck .

L is te d  below a re  a  number o f a r t i c l e s  w hich, a lthough  by no means 

a comprehensive assem blage, o f fe r  s ig n i f ic a n t  c o n tr ib u tio n  to  the know­

ledge of experim ental deform ation of e a r th  m a te r ia ls .  Those marked 

w ith  an a s te r i s k  (*) are  f e l t  to  be most u s e fu l .

Karman (1911)
W right (1920)
Becks (1921+)
Withy & Aston (1925)

* Nadai (1931, 1950)
R e ttg e r (1935)
B irch & Dow (1936)

* Hubbert (1937)
*  Griggs (19U0)

Goranson (191+0)
Hughes & Jones (1950)

* G riggs, T urner, M itle r , Handin & Ch’ih  (1951)
Barker St McDowell (1951)

*  G riggs, Turner, Borg, & Sosoka (1951, 1953)
Borg & Turner (1953)

* Handin & F a irb a irn  (1953, 1955)
* Higgs & Handin (1951+)
*  Turner, G riggs, Heard (1951+)
* Robertson (1955)
*  Cloos (1955)

In  v e ry  re c e n t y e a rs , the  a p p lic a tio n  o f s t a t i s t i c a l  methods to  

jo in t  d a ta  has become in c re a s in g ly  im portan t. Chayee (191+9, Lowe (191+6)
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and more n o tab ly  Pincus (195l> 1952, and 1953) have d iscu ssed  th i s  phase 

in  g re a t d e t a i l ,  b u t not w ithou t c r i t ic is m . (Rodgers, 1952).

Previous F ra c tu re  S tu d ies  in  the  C en tra l F o o th il ls  B e lt

In  1950, th e  G eolog ical Survey o f Canada pub lished  th e  r e p o r t  o f  0 . 

A. Erdman covering  the Alaxo and Saunders ^ap Areas (360 square m ile s ) . 

These map a re a s  a d jo in  the  a re a  o f the  p resen t stu d y  on th e  so u th . To­

g e th er w ith  th e  mapping and g e n e ra l geology, Erdman conducted a  lim ite d  

in v e s tig a t io n  of th e  jo in t  p a t te rn s .  He recorded  d a ta  on 600 in d iv id u a l 

jo in t  su rfa ce s  a t  300 s t a t io n s .  He th en  ta b u la te d  major d ire c tio n s  and 

compiled the  r e s u l t s ,  to g e th e r  w ith  th e  major s t r u c tu r a l  t re n d s , on a  

reduced map o f the  a re a  ( F ig . 3 , p . 39 o f h is  r e p o r t ) .  He concluded 

th a t :

1 . “A jo in t  system  composed o f two, in te r s e c t in g ,  s te e p ly  
d ipp ing  s e ts  i s  p re se n t throughout th e  m ap-areas, and in  
p laces a  th i r d  s e t  i s  ap p aren t. One s e t ,  r e fe r re d  to  a s  
• s t r ik e  jo in t s * ,  i s  p a r a l le l  w ith  the g en era l s t r ik e  of 
th e  beds; the  o th e r s e t ,  the ‘d ip  jo in ts*  i s  approxim ately  
a t  r ig h t  ang les  to  the  g en era l s t r i k e . ”

2 . wThe s t r i k e  and d ip  jo in t s  are  g e n e ra lly  e q u a lly  p e r s i s te n t  
and re g u la r  in  a t t i t u d e .  The q u a l i ty  o f jo in t s  in  rocks of 
th e  same fo rm ation  and o f s im ila r  l i th o lo g y  v a r ie s  throughout 
th e  m ap-areas.”

3 . "The d ip s  o f s t r ik e  jo in t s  appear more v a r ia b le  than  those 
o f the  d ip  j o in t s ,  a lthough each s e t  may range from s te ep
to  v e r t i c a l .  S tr ik e  jo in t s  appear to  d ip  approxim ately  normal 
to  th e  d ip  o f th e  a sso c ia te d  beds. The d ip  o f th e  d ip  jo in ts  
a t  th e  c r e s t  o f a  fo ld  may be n e a r ly  normal to  th e  plunge of 
th e  fo ld .  In  o th e r words, th e  d a ta  in d ic a te  t h a t  b o th  s t r ik e  
and d ip  jo in t s  a re  approxim ately  p e rp en d icu la r to  th e  bedding 
p la n e •"

lu  "F ie ld  evidence from a  few p laces in d ic a te s  th a t  the jo in ts  
were formed p rev ious to  the  f a u l t s  o r du rin g  f a u l t  movements."
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Purpose o f Studying J o in ts

As s ta te d *  th e  w r i te r  *s purpose does n o t d i f f e r  m arkedly from th a t  

o f o th er w orkers. Most have sought to  r e l a t e  j o i n t  p a tte rn s  t o  s t ru c ­

tu r e .  However, g e o lo g is ts  have used a  number o f d i f f e r e n t  approaches to  

th e  s tu d y  of jo in t s  and t h e i r  s t r u c tu r a l  r e la t io n s h ip s .  On a  fundam ental 

l e v e l ,  hovrever, th e se  may be reduced to  th re e ,  which a re  here  term ed 

o b se rv a tio n a l, experim en ta l and m athem atical. The f i r s t  might be a ls o  

term ed an  e m p irica l approach i n  th a t  conclusions a re  based upon on ly  th e  

d a ta  which appear th rough  o b se rv a tio n  o f th e  a t t i tu d e s  and r e la t io n s  o f 

j o in t  p lanes a s  th ey  a re  found i n  th e  f i e l d .  The second two m ight be 

grouped a s  th e  g e n e tic  approach i n  t h a t  th e y  seek  to  employ th e  concepts 

o f genesis  o f j o in t  p lanes d e riv ed  by experim ental means in  th e  la b o r­

a to ry  o r by m athem atical deduction  as an ex p lan a tio n  o f the p a tte rn s  

found in  th e  f i e l d . 3" The v a l i d i t y  of th is  procedure has never been de­

m onstrated . I t  i s  a  b a s ic  assum ption which must be accep ted  i f  one i s  

to  accep t th e  r e s u l ts o f  s tu d ie s  invo lv ing  th is  tech n iq u e . Inconclusive 

r e s u l ts ^  of such s tu d ie s  le a d  the a u th o r to  b e liev e  th s b t te  f a u l t  l i e s  

not in  th e  technique o r reaso n in g  o f the  Y orker, bu t in  th e  assum ption 

which must be made. The w r i te r  has approached the  problem from th e  em­

p i r i c a l  p o in t of view a s  d id  Hobbs (190U, 1911), Melton (1929) and Parker 

(19U2), bu t w ith  th e  purpose o f app ly ing  s t r i c t  c o n tro l o f the many v a r -  

ia b le  fa c to rs*

In  t h i s  way, i t  was f e l t  t h a t  th e  f i e l d  r e la t io n s h ip s  o f j o in t  p lanes 

and s t r u c tu r e ,  once dem onstrated by using  c a r e f u l ly  c o n tro lle d  techniques 

i n  the l ig h t  o f known te c to n ic s ,  m ight be used as a  to o l  in  a re a s  of

1 . e.g*  Cloos (1955)
2 .  W ilson, 1931;; G ilkey , 1953.
3* This l a t t e r  a sp e c t w i l l  be d isc u sse d  under !,C ontro l,, -  tSection 5
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unkncwn s tru c tu re *  Mien and i f  s u f f ic ie n t  c o n tro lle d  f i e  id  d a ta  a re  

a v a i la b le ,  i t  may be p o ss ib le  to  r e la te  n a tu ra l f r a c tu re s  t o  those  

produced in  th e  labo ra to ry*
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FIELD TECHNIQUE

O rien ta tio n s  o f jo in t s  were tak en  a t  XUU lo c a t io n s . 33, 5>0, 67 or 

1001 in d iv id u a l jo in t  su rfaces  were measured a t  each lo c a tio n  depending 

on fa c to r s  d iscussed  below. In  a l l  cases d e te rm in a tio n s of s t r ik e  and 

d ip  were made by Brunton compass w ith in  t l °  on the  in stru m en t, and pro­

bab ly  w ith in  -  2° o f th e  tru e  o r ie n ta t io n  of the jo in t  su rface  where 

measured. I t  i s  w e ll  known th a t  in d iv id u a l j o in t  su rfa c e s  d isp la y  v a r­

i a b i l i t y  w ith in  s e v e ra l degrees o f an average d i r e c t io n  and th e  w r i te r  

does not in ten d  t h a t  the f ig u re  1 2 °  be co n stru ed  a s  the l im i t  o f th a t  

v a r ia t io n ,  bu t m erely a s  th e  average e r ro r  found by re-m easuring  the
p

same group of j o in t  s u r fa c e s . In  a d d itio n  to  s t r ik e  and d ip , fe a tu re s  

o f each j o i n t  su rface  were recorded  a t  every  lo c a t io n .

Once i t  was determ ined th a t  th e re  WBre s u f f i c i e n t  jo in t s  w ith in  

th e  a re a  o f outcrop  fo r  adequate tre a tm e n t, o r ie n ta t io n s  were determ ined 

f o r  every  jo in t  in  a  s t r a i ^ i t  l in e  along th e  ou tcrop , fhus the w r i te r  

was fo rced  to  reco rd  every  j o in t  re g a rd le ss  o f i t s  o r ie n ta t io n . The 

fo rego ing  procedure was follow ed in  a l l  in s ta n c e s  except th a t  o f curved 

jo in t s .  Since s t r ik e s  and d ip s  are  im possib le  to  de term ine, these  jo in t s  

must be om itted . On the  few occasions where r e g u la r ly  curved su rfaces 

broke in to  p lan a r jo in t s  a t  e i th e r  or bo th  ends, th e  o r ie n ta tio n s  o f the 

p lan ar segments were recorded  w ith  the n o ta tio n  "goes i n to " .  These p lan­

a r  segments o f th e  su rfa ce s  were p lo tte d  s e p a ra te ly .  J o in ts  which possess 

a  wavy or i r r e g u la r  su rfa c e , bu t which o therw ise have a  c o n s is te n t b ea rin g , 

were used, and th e  in c o n s is te n c ie s  no ted . In  a l l  c a se s , compass read ings 

were made w ith  the  use of a note-book p laced  on th e  su rface  so t h a t

1 , Convenient number-groups fo r  contouring  pu rposes.
2 . See page 30.
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read ings would re p re s e n t,  a s  n e a r ly  a s  p o s s ib le , th e  tru e  o r ie n ta t io n  

o f  the su rface  where measured and would not be in flu en ced  by  minor su r­

face  i r r e g u l a r i t i e s .  (See photograph No* 1 ) .

C o rrec tions were made fo r  compass d e c lin a tio n  which v a r ie d  w ith in  

th e  a rea  by a d ju s tin g  the  d e c l in a t io n  p e r io d ic a l ly  a s  th e  work progressed  

from one map a re a  to  th e  n e x t. As an a d d it io n a l  p rec au tio n  the d e c lin ­

a t io n  s e t t in g  on th e  in strum en t was checked d a i ly .

In  a  few c a se s , l a t e r  com pilation  showed the number o f jo in t s  r e ­

corded a t  each lo c a tio n  to  be in s u f f ic ie n t  f o r  accu ra te  d e te rm in a tio n  of 

th e  lo c a tio n  of p re fe rre d  o r ie n ta t io n s ^ , but th e  m a jo r ity  were s a t i s f a c ­

to r y .  E a rly  in  the  s tu d y  100 jo in t s  were tak en , a t  every  l o c a l i t y ,  bu t 

con touring  in  groups o f  te n  showed th a t  the number m ight w e ll be reduced 

w ith  l i t t l e  lo s s  in  accu racy , thus a ssu rin g  g re a te r  coverage of the a re a  

w ith in  th e  a v a ila b le  tim e .

At l e a s t  one photograph and hand specimen was taken a t  every  loca­

t io n ,  the  f i r s t  f o r  l a t e r  id e n t i f i c a t io n  of the lo c a tio n , the second to  

provide m a te r ia l f o r  exam ination and comparison. In d iv id u a l lo c a tio n s  

were a c c u ra te ly  lo c a te d  and recorded  on th e  a e r i a l  photographs being 

used fo r  mapping. These lo c a tio n s  were l a t e r  t r a n s fe r r e d  to  copies of 

th e  completed maps. At l e a s t  th re e  bedding read ings were recorded  a t  

each lo c a tio n  and the r e s u l t s  averaged and p lo tte d  on th e  eq u a l-a rea  

n e ts  a t  th e  same time th e  jo in t s  were p lo t te d .  Whenever th e re  was wi.de

1 . See se c tio n  oh Local J o in t  P a tte rn s  and L ocal S tru c tu re .
2 . The w r i te r  determ ines the  minimum sample s iz e  n ecessa ry  f o r  adequate 

trea tm en t i n  a  new a re a  by s p l i t t i n g  the e n t i r e  sample o f o r ie n ta tio n  
d a ta  in to  sm a lle r groups and p lo t t in g  and contouring  each group cumu­
l a t i v e ly .  liVhen th e  a d d it io n  o f each new group of d a ta  no longer 
changes th e  p o s it io n  of e s ta b l is h e d  highs o r produces new ones, th e  
sample number may be considered  an adequate one.
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d e v ia tio n  of bedding each read in g  m s  p lo tte d  s e p a ra te ly .

An a r b i t r a r y  system  f o r  e s tim a tin g  e x te n t o f jo in t  su rfa c e s  was

used i n  reco rd in g  th e  magnitude of each j o i n t .  Since th e re  i s  no way

i n  vh ich  th e  tru e  magnitude o f a  j o in t  su rfa c e  may be determ ined , u n less

i t  i s  te rm in a ted  in  a l l  d ire c tio n s  w ith in  th e  exposure o f  the ou tcrop ,

th e  w r i te r  used th e  fo llow ing e s tim a te  d ic ta te d  by v i s ib le  j o i n t  e x te n t .

D esignation  Area

S (sm all) 10 square inches o r  l e s s
M (medium) 10 to  6k square inches
L ( la rg e )  6k square inches t o  U square  f e e t

VL (v ery  la rg e )  over It square f e e t

In  a d d it io n  to  th e  n o ta tio n s  d e sc rib ed  above, d e ta i le d  no tes were

tak en  on th e  s t r u c tu r a l  s e t t in g  in  th e  immediate v i c i n i ty  o f  th e  j o in t

lo c a t io n ,  and on p e r t in e n t  fe a tu re s  concern ing  each jo in t  su rface  or

group o f  su r fa c e s , e .g ,  open jo in t  l / 8 H, c a l c i t e - f i l l e d ,  s iic k e n s id e s

(w ith  d i r e c t io n s ) ,  d isp lacem ent, p la n a r ,  i r r e g u la r  su rfa c e , wavy su rfa c e ,

curved su r fa c e , "goes in to ” , e t c .
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COMPILATION

P o la r co o rd in a te s  o f the  recorded  o r ie n ta t io n  o f  jo in t s  were p lo t­

ted  on an upper hemisphere o f th e  Schmidt Equal Area % t  (s tan d ard  10 

cm. ra d iu s )  by means of a  p lo t t in g  device s im ila r  to  th a t  d e sc rib e d  by 

Duschatko (1955)* The P o lar Coordinate o v e rlay  was th en  tr a n s fe r r e d  to  

a  g rid  and the  p o la r  p lo ts  were contoured on a  second o v e rlay  using  the 

method d escribed  by B ill in g s  (19510*

The c o lle c t io n  of jo in t  o r ie n ta t io n  d a ta  in  sample groups of 33*50 

67 and 100 f a c i l i t a t e d  con tou ring  of the  p lo t te d  po les fo r  the  fo llow ing  

reaso n . Use of the  standard  1 % counting c i r c le  i s  based upon a  sample 

group (N) of 100 jo in t s ,  th e  value  assigned  to  each jo in t  being 1 %, Tf 

th e  same 1 % counting c i r c le  i s  a p p lied  to  a  sample group o f 50 j o in t s ,  

th e  r e s u l t in g  value f o r  each w i l l  be 2 %, In  th e  same manner, a  value 

o f 1 and 1/2 % f o r  each p o in t (N equals 67) ,  and 3 % f o r  each p o in t (N 

equals 33) may be d e riv ed . Contours were drawn using  these  v a lu e s , on 

an in te r v a l  which seemed to  b e s t  s u i t  the requirem ents o f each in d iv i ­

d ua l lo c a tio n . In  cases where the p o la r  p lo ts  showed high  co n cen tra tio n  

in  1 or 2 lo c a l  a re a s , a  la rg e r  in te rv a l  was used fo r  purposes of c l a r i t y .  

In  o th e r  c a se s , where d isp e rs io n  was la rg e  and g re a te r  d e f in i t io n  was ne­

c e ssa ry , sm aller in te rv a ls  were used . On th e  whole, however, i t  was 

d e s ired  to  keep th e  in te rv a l  a s  uniform  a s  p o ss ib le . For th i s  reason  the 

in te rv a ls  o f 3 % (N equals 33)* h % (N equals 5 0 ), 3 % (N equals  67 ) and 

2 % (N equals 100) were u s u a lly  used . Contour diagrams reproduced in  

Appendix A were a l l  drawn usin g  these  in te rv a ls  (See contour key -  f ro n t  

o f Appendix A )♦

In  o rder to  p reserve  the  observed re la t io n s h ip  o f j o in t  p lanes to
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bedding, th e  n e ts  ware no t r o ta te d  to  a  p o s it io n  in  which th e  bedding 

i s  ho rizon ta l*  i t  was f e l t  t h a t  th e  d i r e c t  r e la t io n s h ip  to  s tru c tu re  

would be obscured by such a  p rocedure . The p a t te rn  shown a t  any one 

lo c a tio n  may be r e la te d  to  o th er lo c a tio n s , m erely by m en ta lly  r o ta t in g  

th e  n e t in  accordance w ith  th e  bedding p lo ts  which are shown on each 

contour diagram .

In  a d d itio n , r  o ta tio n  of th e  nebs would r e s u l t  in  de-em phasis of 

2nd and 3rd genera tion  p a tte rn s  which appear to  be r e la te d  to  p re sen t 

s t r ik e  and d ip  o f  the beds. R o tation  of th e  n e t i t s e l f  makes n e ce ssa ry  

th e  assum ption th a t  re g io n a l d ip  o f the beds was n e g lig ib le  when thB 

jo in ts  were formed} an unw arranted assum ption. Although n o n -ro ta tio n  

o f the contoured r e t s  s a c r i f ic e s  some c l a r i t y  and re q u ire s  m ental r e ­

o r ie n ta t io n  as each n e t  i s  examined, the a d d it io n a l  in fo rm ation  thus 

gained compensates f o r  thd  minor inconvenience.

R e la tio n sh ip  Between Magnitude and D irec tio n  of J o in ts

In  o rder to  determ ine the  re la t io n s h ip s  between magnitude and jo in t  

d i re c tio n , the  w r i te r  p lo tte d  jo in t s  from nine lo c a tio n s  on m u ltip le  

o v e rlay s. "Sm all, "Medium" and "Large" jo in t s  were each p lo tte d  on sep­

a ra te  sh e e ts  and were contoured in d iv id u a lly . L ocations were randomly 

se le c te d  one from each of the form ations in  which most o f th e  j o in t  

o r ie n ta t io n  d a ta  were tak en  and on 3 re p re se n ta tiv e  s t ru c tu re s .  The r e ­

s u l t s  showed no c o r re la t io n  between magnitude and d i r e c t io n .  In  most 

cases the  d isp e rs io n  was s im ila r  to  th a t  o f the  com plete ly  p lo t te d  n e t .

E ith e r  the method of jo in t  magnitude c la s s i f i c a t io n  used here  i 3 

inconclusive due to  lac k  o f exposure o f jo in t- s u r f a c e  te rm in a tio n s , o r 

i f  r e la t iv e  magnitudes recorded  a re  v a l id ,  th e re  i s  no c o r re la t io n
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space .
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S tra tig ra p h y

The rocks exposed in  th e  C en tra l F o o th il ls  B e lt range in  age from 

Cambrian to  Paleocene and c o n s is t  of the  fo llo w in g :

Age Form ation L itho logy  Thickness

T e r t ia ry Paskapoo Non-marine sh a le  and lim e­
stone Unknown

Upper
Cretaceous

Lower
Cretaceous

Brazeau
Wapiabi
Bighorn

Blackstone

Mountain Park

Luscar

Cadomin
N ikanassin

Non-Marine sh a le  and lim estone 2000* -  
Marine sh a le  1600-1800 -
Marine sandstone , conglom­
e ra te  and sh a le  220-1*00*
Marine sh a le , s i l t  and g r i t  1000-11*00*

Disc onf orm ity?

Non-marine sha le  and sand­
stone
Non-marine s h a le , sandstone 
and c o a l
Conglomerate (non-m arine?) 
Shale and sandstone 
(non-m arine)

300-1000*

910-21*00*
15-30*

200- 1200*

Ju ra s s ic

T ria ss  ic

F ern ie Marine s h a le , sandstone 
and carbonate

D isconf orm ity?

Spray R iver Marine s i l t s to n e  and d o l­
omite

D isconform ity?

Pennsylvanian? Rocky Mountain Marine sandy dolom ite and
c h e rt

1*00- 500*

0- 500*

0- 1*2 *

M iss iss ip p ian  Rundle 

Banff

Marine do lom ite , lim estone
and sha le  53U-1188*
Marine lim estone and sh a le  500-837*
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Age Form ation L itho logy Thickness

Devonian Exshaw
P a l l i s e r

Marine shale
Marine lim estone and
dolomite
Marine sandstone , dolom ite 
Marine do lom ite , lim e­
s to n e , shale

3-2  6 1

72U-828 * 
21*0-333'

1100' ±

Alexo 
F a ir  holme

Camhrian o r  Ghost R iver (?) Marine dolom ite 
l a t e r

198-250»

Upper
Cambrian

Form ation C Marine sh a le  and dolom ite 310-600*

Middle
Cambrian

Formation B Marine dolom ite and lim e­
stone

Form ation A Marine lim estone and shale
270 *

1200*

For more d e ta i le d  s t r a t ig ra p h ic  d e sc r ip tio n s  of th ese  rocks th e  read er 

i s  r e f e r r e d  to  Douglas (1956).

J o in t  o r ie n ta t io n  d a ta  were taken  in  the  Paskapoo fo rm atio n , Bra­

zeau fo rm atio n , Bighorn fo rm atio n , Mountain Park fo rm ation , Luscar f o r ­

m ation, Cadomin fo rm ation , N ikanassin form ation  and Spray R iver forma­

t io n .  For experim ental purposes one lo c a tio n  was made in  the  Wapiabi 

fo rm ation , and two in  the  Paleozoic ro c k s .

J o in t  in v e s tig a tio n s  were confined  to  th e  more competent beds w ith in  

Mesozoic fo rm ations f o r  two reaso n s:

1 . Since lo c a l ,  and perhaps re g io n a l d isc  onf o rm ity  has been re c ­

ognized a t  the base o f th e  T r ia s s ic  s t r a t a  and w ith in  the  

M iss iss ip p ian  (Rundle) i t  i s  p o ss ib le  th a t  re g io n a l warping 

o f unknown cause and e x te n t has taken p lace  a t  those  tim es.

The absence of Permian rocks and lim ite d  th ic k n ess  of Penn­

sy lvan ian  rocks (?) (20 to  1*0») lends f u r th e r  w eight to  th is
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p o ss ib i l i ty *  I t  was f e l t  t h a t  by co n fin in g  th e  in v e s tig a t io n  

to  th e  rocks which, a s  f a r  a s  could be determ ined , had only been 

a ffe c te d  by a  s in g le  orogenic c y c le , th e  r e s u l t in g  j o in t  p a t­

te rn s  would r e f l e c t  a  s in g le  system o f s t r e s s  d irec tio n s . A lso, 

provided the  premise as o u tlin e d  i s  'v a lid , th is  v a r ia b le  f a c to r  

fo r  determ in ing  re la t io n s h ip  between jo in t  p a tte rn s  and reg io n ­

a l  s tru c tu re  could be adequate ly  c o n tro l le d . I n  o rder to  t e s t  

the  prem ise, two lo c a tio n s  were e s ta b lis h e d  in  Paleozoic rocks 

(P a tte rn s  BB -  1 and PGR -  1 ) and the r e s u l t in g  p a tte rn s  appear 

to  bear out the premise ( see d isc u ss io n  p . 67 )•

2 . Plow o f incom petent rocks in  response to  minor defo rm ational 

s t r e s s  i s  w e ll known'*'. Jo in ts  were no t measured in  roclcs o f 

t h i s  l i th o lo g y  since  i t  was f e l t  th a t  i f  j o in t s  a re  f r a c tu re s  

formed in  response to  defo rm ational s t r e s s ,  th en  th e  jo in t  

su rfa ce s  p resen t would r e f l e c t  lo c a l  s t r e s s  c o n d itio n s  r a th e r  

than  reg io n a l ones, and hence would y ie ld  l i t t l e  in fo rm ation  

concerning th e  re g io n a l p a t te rn .  In  any case i t  was im possible 

to  determ ine jo in t  p lanes in  th ese  rocks due to  the curved and 

i r r e g u la r  na tu re  of the  jo in t  su r fa c e s . One lo c a tio n  was made 

in  what was f e l t  to  be a  re p re se n ta tiv e  horizon  o f t h i s  type 

(the  W apiabi form ation -  see p a tte rn  TRA -  1  ) .

Rocks from each jo in t  lo c a tio n  were examined in  th e  f i e l d  and in  th e  

la b o ra to ry . T h in -sec tions were cu t from a few re p re se n ta tiv e  specimens 

from th re e  form ations and compared under the  pe tro g rap h ic  m icroscope. 

Examination of bo th  the hand specimens and th e  th in  se c tio n s  gave

1 . Lovering, 1928.
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in d ic a t io n  o f v e ry  l i t t l e  v a r ia t io n  in  g ra in  s i z e ,  m ineral com position 

o r cement o f  rocks o f  th e  same fo rm ation . Where s l i g h t  v a r ia t io n  d id  

e x i s t ,  i t  a p p a re n tly  had no e f f e c t  in  v a r ia t io n  o f th e  j o in t  p a tte rn ^ •

Of the  form ations in  Which jo in t  o r ie n ta t io n  d a ta  were tak en , the  Eas- 

kapoo, Brazeau and Mountain Park were those  which e x h ib ite d  g re a te s t  

v a r ia t io n  and Bighorn, Cadomin, N ikanassin and Spray R iv e r, the  le a s t*

In  th e  case  o f  the  form er, th e  o v e ra ll  n a tu re  o f th e  rock  through which 

e n t i r e  j o in t  su rfa ce s  were tra c e d  was rem arkably uniform , a lthough  v a r­

ia t io n  was g re a t w ith in  a few square inches o f  th e  ou tcrop  a re a .  In  

one p a r t i c u la r  case  sub -p lanar jo in t s  were observed to  extend con tinu ­

o u sly  through 30 f e e t  o r more o f poorly  s o r te d , c ross-bedded , h e te ro ­

geneous a rk o s ic  conglomerate w ith  l i t t l e  v a r ia t io n  in  s t r ik e  o r d ip  

( see photographs No. 2 and No. 3 ) .

C onversely , ou tcrops w ith  marked v e r t i c a l  v a r ia t io n  in  l ith o lo g y  

ten d  to  e x h ib it  j o in t  su rfaces which a re  d i s t i n c t  on ly  w ith in  each l i t h -  

o log ic  ty p e . D isc re te  su rfa ce s  end a t  th e  in te r f a c e  of two l i th o lo g ie s .  

(see  photograph No. it) . This i s  p a r t ic u la r ly  e v id e n t in  th e  case of i n t e r ­

bedded sandstones and sh a le s  where the  sandstones a re  commonly w e ll j o in t ­

ed  and th e  sh a le s  show i r r e g u la r  and heterogeneous j o in t  developm ent. In  

th e  same ou tcrop , successive  sandstone la y e rs  g e n e ra lly  possess e s s e n t ia l ly  

th e  same f r a c tu re  p a t te r n .  The w r i te r  f e e ls  th a t  th e  extreme m o b ility  cf 

th e  sh a le s  tinder minor s t r e s s e s  i s  re sp o n sib le  fo r  t h i s  c o n d itio n . They 

appear to  a d ju s t  to  space requirem ents o f the  more competent beds by flow  

w hile th e  more competent la y e rs  them selves y ie ld  through d is c re te  f r a c tu r e .

1 .  See C onclusions, page 76
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Photograph No. 5 i s  a  view of a minor a n t i th e t ic  re v e rse  f a u l t  

above a  la rg e r  th ru s t*  The 6 in ch  sandstone lay e r  i n  th e  upper l e f t  

i s  d isp laced  downward to  th e  r i g h t  along  a  s e r ie s  o f p a r a l l e l  f r a c ­

tu re s  which d isp la c e  on ly  the  bed i t s e l f  and do no t continue in to  the  

sh a le . The tra c e  of the  f a u l t  i s  p a r a l l e l  to  the  hammer handle and i s  

lo ca te d  a t  the  p o in t o f th e  hammer head. T o ta l d isplacem ent i s  7*6n, 

r ig h t  side  down. Photograph No. 6 i s  a  view o f the  same f a u l t  from a 

d is tan c e  of about 100 fe e t*

Table I  i s  a  d e s c r ip tio n  o f l i th o lo g ie s  in  which jo in t s  were 

measured.

Sampling

Unless a  predeterm ined approach i s  used in  g a th erin g  d a ta  f o r  a 

s t a t i s t i c a l  study  th e re  i s  a  tendency on the p a r t  o f  the  observer to  be 

s e le c tiv e  in  th e  g a th e rin g  p ro c e ss . In  choosing jo in t  o r ie n ta t io n  d a ta  

t h i s  fa c to r  i s  p a r t i c u la r ly  im portant s in ce  c e r ta in  tren d s  a re  o ften  

o rien ted  in  such a  p o s i t io n  as to  be more n o tic e a b le  th an  o th e r s .  I f  

th e  observer has p rev io u s ly  formed opinions concerning major o r minor 

tren d s  th e  tendency toward s e l e c t i v i ty  i s  even more pronounced and every  

e f f o r t  must be made to  e lim in a te  o r  compensate fo r  i t  i f  th e  s tu d y  i s  to  

have sampling v a l id i ty .  For t h i s  re a so n , c o n tro l was executed c o n tin ­

u a l ly  w hile d a ta  were being c o lle c te d . Outcrops were se le c te d  fo r  study 

on th e  b a s is  of two f a c to r s :  s t r u c tu r a l  p o s i t io n , and s u f f ic ie n t  j o in t  

su rfa ce s  to  provide an adequate sample. Once these  two requirem ents 

were f u l f i l l e d  every  jo in t  a long  a s t r a ig h t  l in e  was measured and r e ­

corded, w ith  th e  excep tion  o f curved j o in t  su rfa c e s , which were om itted  

fo r  reasons a lre a d y  d isc u sse d .
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TABLE I

Paskapoo form ation  -  coarse  t o  medium-grained, an g u la r a rk o s ic  s i l i c a r -
e n ite  w ith  abundant rock  fragm ents. G rain s iz e  h ig h ly  
v a r ia b le  from s i l t  to  conglom erate, ^o o rly  cemented.

Brazeau form ation  -  l i t h o lo g ic a l ly  the  Brazeau fo rm ation  and Paskapoo
fo rm ation  a re  in d is tin g u is h a b le .

Bighorn form ation  -  w e ll bedded to  m assive, medium to  f in e -g ra in e d ,
s ilic a -cem en ted  s i l i c a r e n i t e .

Mountain Park Form ation -  coarse  to  medium-grained, a n g u la r, a rk o s ic ,
s i l i c a r e n i t e .  L oca lly , i t  v a r ie s  from  conglom eratic 
to  s i l t y .

Luscar fo rm ation  -  f in e  to  medium-grained, evenly  bedded, a rg i l la c e o u s ,
s i l i c a r e n i t e  and f in e  to  co a rse -g ra in ed , an g u la r 
a rk o s ic , s i l i c a r e n i t e .

Cadomin form ation  -  conglom erate composed o f rounded pebbles o f c h e r t
and q u a r tz i te  up to  3 inches in  d iam eter, i t  i s  
l o c a l ly  sandy, but everywhere w e ll cemented by 
s i l i c a .

N ikanassin fo rm ation  -  massive to  th in ly  bedded, f in e  to  medium grained
s i l i c a r e n i t e s  and s i l i c a s i l t i t e s *  i t  i s  p o o rly  
cemented and f r i a b l e .

Spray R iver fo rm ation  -  th in ly  bedded, f in e ly  and even ly  lam inated ,
s i l i c a s i l t i t e s  and f in e -g ran e d  s i l i c a r e n i t e s .
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In  o rder to  t e s t  the  re p ro d u c a b il ity  o f a  s e r ie s  of read in g s  a t  

one l o c a l i ty  (DD -  I I I )  the  "writer chalked numbers on each su rface  as 

measurements were made. At th e  end of th e  t r a v e r s e ,  and w ithout r e f ­

erence to  th e  previous n o te s , measurements were made o f the same jo in t  

su rfa ce s  working in  the  opposite  d i r e c t io n .  The two s e r ie s  o f no tes 

were compared by number and d if fe re n c e s  i n  bo th  s t r ik e  and d ip  were 

added and th e  mean v a r ia t io n  was found to be le s s  than  -  2° fo r  bo th  

s t r ik e  and d ip .

Another p o ss ib le  source o f sampling b ia s  was recognized  b u t could 

no t be adequa te ly  d e a l t  w ith  in  many c a se s . J o in ts  whose su rfa ce s  a re  

p a r a l le l  to  a  c l i f f  face  a re  o f te n  neg lec ted  due to  t h e i r  lack  of out­

crop on the  face  of the  c l i f f .  'Where many measurements must be made 

along such outcrops samples r e f l e c t  th e  absence or reduced d e n s ity  of 

jo in t s  w ith  tren d s  p a r a l le l  to  th e  c l i f f  & c e . In  an a rea  th e re  c l i f f  

face  outcrops have a  random o r ie n ta t io n  th is  fa c to r  has a  tendency to  

be e lim ina ted  in  th e  re g io n a l p ic tu re ,  b u t i n  the C en tra l F o o th il ls  B e lt 

where outcrops a re  o ften  lo ca te d  along the w ater courses and hence have 

a  tendency to  be p a r a l le l  to  one a n o th e r, the reduced frequency of c e r ­

t a in  d ire c tio n s  i s  no t compensated and th e  r e g io n a l  p a tte rn s  w i l l  r e f l e c t  

t h i s  f a c t .  However, since c l i f f  face  outcrops a re  seldom p e rfe c tly  

p la n a r , jo in t s  p a r a l le l  to  th e  face  a re  exposed nherever i r r e g u la r i t i e s  

in  th e  face  occu r. The w r i te r  included  th ese  w ith  the  o th e r d ire c tio n s  

when th ey  were encountered, bu t th e re  seemed to  be no way to  insure 

d e f in i te  compensation fo r  th is  f a c to r .
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The A real D ensity  F ac to r

There a re  two im portan t param eters which may be derived, from  a  con­

to u red  n e t o f j o in t  p o le s . They are a  measure o f r e l a t iv e  d e n s i ty  and 

a  measure o f d is p e rs io n . R e la tiv e  d e n s ity  may be d e fin ed  a s  the number 

o f po les f a l l i n g  w ith in  a  u n i t  counting c i r c le  ( 1 % o f the t o t a l  a rea

of the  n e t)  d iv id ed  by th e  t o t a l  number o f po les on th e  n e t .  Thus:
n

R e la tiv e  d e n s ity  (D) -  ■....... c__________  and i s  expressed  in
N p e rcen t {%)

100 c x  100

where: n equals number of po les
N equals t o t a l  number o f p o les
c equals  th e  a re a  of the  u n i t  counting  c i r c l e .

( 1% o f th e  t o t a l  a re a  of th e  n e t)

R e la tiv e  d e n s i ty  th en  i s  a  measure o f th e  he ig h t o f a  h igh  and, i n

g e n e ra l, i t  may be sa id  th a t  the h igher th e  r e l a t i v e  d e n s i ty  th e  more 

l ik e ly  i s  i t  th a t  i t  re p re se n ts  a  real'*' p re fe rre d  o r ie n ta t io n  and not

one which could have come about by chance a lo n e .

In  con touring  p o la r  p lo ts ,  r e la t iv e  d e n s i ty  in te r v a ls  a re  used as 

contour in te r v a l s ,  e .g .  th e  .1  -  h % in te r v a l  o r th e  U*1 -  8 % in te r v a l .

Of th e  many ways to  measure d isp e rs io n , perhaps th e  e a s ie s t  i s  to  

measure th e  a re a  co n ta in in g  a  given r e la t iv e  d e n s i ty .  The sm a lle r the  

a re a  c o n ta in in g  a  given d e n s i ty , the more l ik e ly  i s  th e  supposition  th a t  

i t  i s  a  unique p re fe rre d  o r ie n ta t io n . The g re a te r  th e  a re a , th e  more

l ik e l y  i s  th e  chance th a t  i t  co n ta in s 2 o r more h ig h s .

For the purpose of convenience i t  i s  d e s ire d  to  combine th ese  two 

measures in to  a  s in g le  term  which might then  be used as a  measure of the 

r e l i a b i l i t y  o f d a ta  being  s tu d ie d . For th is  reaso n  th e  A real D ensity

Tl  The w r i te r  uses t h i s  term  to  mean an a c tu a l  p re fe r re d  o r ie n ta t io n  
r a th e r  than  one which might r e s u l t  from chance o r sam pling e r ro r .
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F ac to r (A .D .F.) i s  proposed and d e fin ed  a s  th e  h ig h e s t r e la t iv e  den­

s i t y  o f any apparen t h igh  on the  n e t ,  d iv id ed  by th e  a re a  -within the 

con tour c o n ta in in g  th a t  d e n s ity , Thus:

D*
A.D.F. — ---------- and i s  expressed  i n  $ /s q . in*

A

where D» equals highe s t^ r e la t iv e  d e n s i ty  of 
a  high in  p e rcen t 

and A equals th e  a re a  i n  square inches w ith in  
th e  h ig h es t contour l in e  co n ta in in g  th a t  
r e la t iv e  d e n s ity .

Thus, a  h igh  of 20 percen t covering  an a re a  o f 1 sq . inch  would 

y ie ld  an A .D .F. o f 20 p e rc e n t/sq . in .  A high  o f th e  same r e la t iv e  den­

s i t y ,  covering  an area  of only  1/2 sq* i n .  would y ie ld  an A.D.F. of 

1+0 p e rc e n t/sq . i n .  Another w ith  the same a re a  b u t a r e la t iv e  d e n s ity  o f

1*0 p e rcen t would y ie ld  an A.D.F. o f 80 p e rc e n t/sq . i n .

The A .D .F. then  forms a  measure of the uniqueness and r e a l i t y  o f a

p re fe rre d  o r ie n ta t io n .  The h igher the  A.D.F. the  more reasonab le  i s  the

assum ption th a t  i t  re p re se n ts  a  s in g le ,  r e a l  p re fe rre d  o r ie n ta t io n .  I t

i s  ap p aren t th a t  th e  magnitude of the  A.D.F. o f any given high depends

somewhat on th e  contour in te r v a l  chosen. By contouring  any p re fe rre d

o r ie n ta t io n  using  d i f f e r e n t  in te rv a ls ,  la rg e r  o r sm a lle r  a reas  and higher

o r low er d e n s i t ie s  w i l l  he d e riv e d . However, since  the A.D.F. i s  a

measure of r e l i a b i l i t y  the  g e n e ra liz a tio n  between magnitude of the  A .p .p ,

and i t s  uniqueness and r e a l i t y  i s  s t i l l  v a l id .  I f ,  by using  more c lo s e ly

spaced con tours b e t t e r  d e f in i t io n  of the  form and h e ig h t o f th e  high i s

ach ieved , th en  the  A.D.F. w i l l  be h ig h e r , w hile th e  use o f more w idely

spaced con tou rs w i l l  b rin g  about a converse r e s u l t .  Since i t  i s  expressed

lZ Since r e l a t iv e  d e n s ity  i s  expressed on a  contoured n e t in  term s of an
in te r v a l ,  D* th en  must be the  average (o r m+d-point) o f the h ig h es t 
i n t e r v a l , e . g . , i f  the h ig h es t in te rv a l  i s  12.1-16$ th en  D» would be 11$.
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a s  a r a t i o ,  an A.D.F, may be compared w ith  those  of o ther lo c a tio n s  

w ith  a  la rg e r  o r sm aller number o f  sample o b se rv a tio n s .

The w r i te r  hopes t o  analyze th e  A.D.F, w ith  the aim of dem onstrat­

in g  th e  s t a t i s t i c a l  v a l id i ty  of th e  f a c to r  and d e riv in g  a  le v e l  o f r e ­

l i a b i l i t y  fo r  i t*  However, such trea tm en t i s  beyond the  scope of the
' ^

p re se n t work and w i l l  be considered  a t a  l a t e r  date*

T abu lations o f A .D .F’s fo r  p re fe rre d  o r ie n ta t io n s  on contour d ia ­

grams reproduced in  Appendix A may be found in  the Table, Appendix A, 

p a r t  U*
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REGIONAL STRUCTURE

T hrust f a u l t in g  and, i n  some a re a s ,  concurren t fo ld in g  a re  the 

mao or s t r a in  mechanisms through which re g io n a l s t r e s s e s  b u i l t  up in  

the  e a s te rn  p o r tio n  of th e  C o rd ills ran  Geo sync l in e  were re l ie v e d  in  

la te  Cretaceous and e a r ly  T e r t ia ry  tim es.

The C e n tra l F o o th il ls  B elt i s  a  p o rtio n  of a  continuous l in e a r  

zone bounded on th e  e a s t  by the easternm ost e x te n t o f th r u s t  f a u l t in g  

and on the w est by th e  h igh  ram parts cf the  F i r s t  Range of th e  E astern  

Rocky Mountains of Canada. This zone extends from n o rth  c e n tr a l  Mon­

tana  n o rth w este rly  to  beyond the  f>Uth p a r a l l e l ,  a d is ta n c e  of over £00 

m ile s . W ithin th e  con fines of th is  F o o th i l ls  B e lt, low angle th r u s t s ,  

fo lded  to g e th e r w ith  the  rocks th ey  c u t ,  outcrop a t  the su rface  as 

s teep  to  v e r t i c a l  rev e rse  f a u l t s  w ith , i n  some c ase s , t o t a l  d isp la c e ­

ments of over 6 m iles (Hake, W illis  and Addison 19b2) • S tra tig ra p h ic , 

d e p o s itio n a l and s t r u c tu r a l  evidence to g e th e r  p lace th e  time of the or­

ogeny which produced th ese  fe a tu re s  as post-Paleocene and probably  

Eocene. I t  i s  thus a phase of the  w idespread Laramide orogeny.

For the fo llow ing  d isc u ss io n  the  read e r i s  re fe r re d  to  Regional 

Map A, Appendix B ( in  p o c k e t) .

The C en tra l F o o th il ls  B e lt i s  approxim ately 20 m iles wide and con­

s i s t s  o f seven l in e a r ,  northw est tre n d in g , p a r a l le l  elem ents l i s t e d  below.

1 . The o u tly in g  easternm ost p o rtio n  c h a rac te rize d  by shallow ,

low -angle, w idely  sep ara ted  th ru s t  f a u l t s .  This zone i s  h ig h ly  

deformed on th e  w est where i t  is ' over r id d en  by th e  nex t 

elem ent (2 ) .

■Oil-
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2* A complex rarrow  zone o f th r u s t  f a u l t s  and fo ld e d  f a u l t s  

■which passes in to  the  th r u s t - f a u l te d  a n t ic l in e  o f th e  Bra­

zeau Range to  the south* (Brazeau T hrust Zone)*

3* The easte rnm ost o f th re e  b roader sy n c lin e s  "which p reserve  

rocks of Uppermost Cretaceous Age*

U* A second, "w esterly,narrow  zone o f fo ld ed  th r u s t  f a u l t s  which 

i s  here term ed the In term ed ia te  Folded F a u lt  Zone.

5* A second, c e n t r a l  sy n c lin e , t h i s  one narrow er than  th e  f i r s t ,  

c a l le d  th e  Black M ountain Syncline by Douglas (1956)*

6 . A zone o f th ru s t in g ,  exposing Lower Paleozoic rocks along

the f ro n t  o f  the B ighorn Range on th e  sou th  and the N ikanassin  

Range on the  n o r th . (Bighorn Thrust Zone).

7* The w esternm ost o f  th ree  sy n c lin e s , overridden and overtu rned  

on the  w est by d eep -sea ted  th r u s t  f a u l t s  which b rin g  Lowermost 

Paleozoic rocks to  th e  su rface  a long  the f ro n t  o f the F i r s t  

Range o f th e  Rocky Mountains*

Fundam entally, these  elem ents may be re so lv ed  in to  two major th ru st 

zones termed th e  Brazeau and Bighorn T hrust Sheets (Douglas, 1956) and 

a  more complex, bu t shallow er zone between.

To the  sou th , a long  the  f ro n t  of th e  Brazeau Range, th e  Brazeau 

T hrust outcrops in  a  s e r ie s  o f im b rica te  th r u s t  f a u l t s  which d ip  r a th e r  

s te e p ly . This im brica te  zone involved  rocks o f Lower Mesozoic and Upper 

Paleozoic Age. The tra c e  o f  the  so le  o f th e  Brazeau T hrust l i e s  to  the  

e a s t  o f th i s  zone and b rin g s Wapiabi and Brazeau rocks i n  c o n ta c t w ith  

the  Paskapoo fo rm ation . The northw est ex ten sio n  o f t h i s  zone has under­

gone ex tensive  contemporaneous f a u l t in g  and fo ld in g  and the r e s u l t in g
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s tru c tu re  i s  th a t  o f a  s y n c l in a l ly  fo lded  th r u s t  zone ly in g  beneath  

a  sy n c lin a l s t ru c tu re  i n  beds o f the  A lberta  Group. This s tru c tu re  

has been describ ed  in  g rea t d e t a i l  by Hake, W illis  and Addison (19l»2).

The Paleozoic rocks exposed i n  the  Brazeau Range a re  fo ld ed  in to  

a  doubly p lunging  a n t i c l in e ,  th e  e a s te rn  f la n k  of which i s  overturned 

and f a u l te d  a t  th e  base by th e  im brica te  zone of the Brazeau Thrust a s  

described  above. The w estern  f la n k  d ip s more g p n tly  to ih e  w est and 

th e  Paleozo ic  s t r a t a  d isap p ea r beneath  the overly ing  Mesozoic rocks 

w ith in  about two m iles o f th e  c r e s t  o f th e  fo ld .

Southwest of th e  f i r s t  fo ld ed  f a u l t  zone and the Brazeau Range, 

the  Brazeau T hrust l i e s  beneath Brazeau and o lder s t r a t a  i n  an  e longate  

sy n c lin a l s t ru c tu re  which v a r ie s  in  w idth  from two to  s ix  m ile s . Immed­

i a t e l y  w est o f th is  zone and in  what i s  the C en tra l p a r t  of th e  Brazeau 

Thrust S hee t, L uscar, Mountain Park and B lackstone form ations a re  r e ­

peated  in  a  s e r ie s  o f s te e p ly  southw est d ipping  im brica te  th ru s ts  

(zone U). T hrusts w ith in  th i s  zone, a lthough  no t fo lded  fo r  th e  major 

le n g th  of t h e i r  o u tc ro p , a re  lo c a l ly  fo ld ed  in  th e  W apiabi Greek map 

a re a  (Douglas 1956) and in  the  Alexo % p  Area (Erdman 1950).

The westernm ost p o rtio n  of the  Brazeau T hrust Sheet i s  fo lded  in to  

an asym m etrical sy n c lin e  i n  Upper Cretaceous rocks (zone 5 ) termed the 

Black Mountain S ync line . (Douglas, 1956). I t s  w estern  f la n k  i s  over­

tu rn ed , fa u l te d  and o v e rrid d en  by the  Bighorn T hrust Sheet. To the  

n o rth  t h i s  sync line  nas been crumpled and fo ld ed  to  compensate fo r  

in c re a s in g  d isp lacem ent on th e  th r u s t  f a u l t  which b rin g s to  the  surface 

Paleozoic rocks a long  th e  f ro n t  o f th e  N ikanassin Range. Here the  

f a u l te d ,  asym m etrical a n t i c l i n a l  s t ru c tu re  o f  th e  N ikanassin Range plunges
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south  beneath  the n o rth e rn  end o f  th e  Black Mountain S yncline . North 

o f h e re , th e  s t r u c tu r a l  p o s it io n  of th e  Syncline i s  occupied by the 

th r u s t  b lock  of the N ikanassin Range. S t ru c tu ra l ly  eq u iv a len t to  the 

Black Mountain Syncline a  new sync line  in  Mesozoic rocks i s  developed in  

f r o n t  o f th e  N ikanassin  range .

In  the  sou thern  p a r t  o f the a re a , the  Black Mountain Syncline i s  

overridden  on th e  w est by the  f r o n t  o f the Bighorn T hrust Sheet, 

b rin g in g  to  th e  su rface  w est-d ipp ing  Lower Paleozoic rocks o f th e  Big­

horn M ountains. Along th is  zone (zone 6) d isplacem ent g rad u a lly  de­

creases to  th e  n o rth  u n t i l  th e  Bighorn T hrust i t s e l f  d ie s  in  the  B lack- 

stone form ation on th e  southwest f la n k  o f  th e  N ikanassin  Range. J u s t  

n o rth  of th e  North Saskatchewan R iv er, d isp lacem ent on the Bighorn Thrust 

Sheet changes a b ru p tly  where a  s e r ie s  of t e a r  f a u l t s  extend from the base 

of th e  th r u s t  sh e e t a t  th e  Bighorn Range so u th w este rly  to  the base o f th e  

o v e rr id in g  F i r s t  Range T hrust S hee t. These te a r s  d isp lac e  rocks of 

Paleozoic through Upper C retaceous age and have a  len g th  o f over 10 m ils s . 

South of t h i s  zone, Paleozoic rocks a re  no t exposed along the  f ro n t  o f th e  

Bighorn th r u s t  sh e e t w ith in  th e  a re a  shown on th e  map.

Behind the  Bighorn and N ikanassin Ranges, a  t h i r d  sy n c lin a l b e l t  i s  

ev id en t (zone 7 )o I t  i s  lo n g itu d in a l ly  continuous from the sou thern  

boundary o f th e  a re a  to  i t s  n o rth ern  term inus behind the N ikanassin 

Range, and i s  composed o f g e n tly  westward d ipp ing  Mesozoic s t r a t a  which 

have been s tro n g ly  fa u l te d  and overtu rned  along th e  w estern f la n k . The 

r e s u l t in g  s tru c tu re  i s  t h a t  of an asym m etrical syncline  w ith  a  g en tly  

southw est d ipp ing  e a s t  f la n k  and a  w est f la n k  whidi i s  v e r t i c a l  to  

overtu rned . At i t s  n o rth ern  term inus i t  i s  cu t o f f  by  anastom osing of
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the  F i r s t  Range and th e  N ikanassin Range. I t  plunges sou th  from  th i s  

p o in t and a t t a in s  a  maximum w idth of fo u r  m iles in  i t s  c e n t r a l  portion* 

F u rth er toward the  so u th , im m ediately no rth  o f th e  North Saskatchewan 

R iver, i t  e x h ib its  a  sharp  decrease in  w idth and e le v a tio n  along the  

t e a r - f a u l t  zone.

From a  study o f the  maps and observation  in  th e  f i e l d  i t  seems 

c le a r  th a t  the major th ru s t  sh ee ts  w ith in  th i s  a rea  l i e  a t  a  ra th e r  

shallow  dep th . The freq u e n t occurrence of lo c a l  th r u s t s  w ith  sm all 

displacem ent and im brica te  s tru c tu re s  re p e a tin g  Mesozoic s t r a t a  leads 

one to  su sp ec t t h a t  th e y  merge w ith  depth  w ith  the  main f a u l t s  o f th e  

la rg e r  th r u s t  s h e e ts .  Thus the  underly ing  s tru c tu re  of th e  C en tra l 

F o o th il ls  B e lt may be viewed a s  two r a th e r  th in  sh e e ts  which have been 

lo c a l ly  c r in k le d  and fo lded  both during  and a f t e r  th r u s t  f a u l t in g .  Local 

ad justm en ts , even w ith in  th e  fo ld s  them selves, appear to  have taken 

place in  th e  more competent s t r a t a  by f ra c tu re  r a th e r  th an  rock flow .

This i s  in te rp re te d  by th e  w r i te r  as a r e f le c t io n  of the shallow  dep th  

of b u r ia l  a t  the time of deform ation.
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REGIONAL FRACTURE PATTERN

Exam ination o f th e  contour diagrams (P la te s  1 through 72) in  Ap­

pendix A, p a r t  2 , should leave  l i t t l e  doubt o f  th e  e x is te n c e  o f a  re g ­

io n a l p a tte rn  o f j o in t  d i r e c t io n s .  This re g io n a l  p a t te rn  possesses 

c h a r a c te r is t ic  components which may be recogn ized  in  each in d iv id u a l  con­

tou red  net* G enera lized , th e  re g io n a l d i r e c t io n s  composing t h i s  p a t te rn  

are  two* The f i r s t  (#1) s t r ik e s  p a r a l l e l  t o  th e  s t r u c tu r a l  tre n d  and 

the  s t r ik e  of th e  beds (n o rth w e s t-so u th e a s t) , and d ip s  w ith in  a  few de­

grees of p e rp e n d icu la r to  th e  d ip  o f the  beds a t  any  lo c a l i t y .  The 

second Trend (#2) runs ac ro ss  th e  s t r ik e  o f the  beds (n o rth east-so u th w est) 

and i s  approx im ate ly  perpend icu lar to  tre n d  # 1 .^  I t s  d ip  i s  g e n e ra lly

w ith in  a  few degrees o f v e r t i c a l .  These d ire c tio n s  may be seen g e n e ra l-
o

ize d  in  Figure 3A and on the  n e ts  o f L ocations DD -  I I  ,  DD- H I ,  DG -  I ,

DH -  I ,  DH -  I I ,  DI -  IV, DJ -  I  and DK -  I I  which re p re se n t a  few o f

th e  p a tte rn s  o f j o in t s  tak en  in  th e  com paratively  undeformed beds w ith in

two of th e  major sync l in e s  ( zones 3 and 5 ) .

J o in t  p a tte rn s  i n  more h ig h ly  d is tu rb e d  a re a s  ten d  to have th e  o r­

i g i n a l  re g io n a l p a t te rn  masked by  jo in t s  developed in  o th e r d ir e c t io n s .  

Although th e  r e l a t i v e  d e n s ity  o f th e  re g io n a l tren d s  has a  tendency to  

be reduced because o f lo c a l ly  developed s u b s id ia ry  d i r e c t io n s ,  th e y  s t i l l  

p e r s i s t  i n  most c a se s . (See n e ts  DF -  I ,  DH -  I I I ,  DH -  IV ).

For the purposes of convenient re fe ren ce  the  p a tte rn  ju s t  d escrib ed  

i s  designated  as p a t te rn  R ( fo r  reg io n a l)  and w i l l  be term ed such in

l l  Arabic numbers appearing  on the  contoured n e ts  a re  no t tre n d  numbers 
but a re  re fe re n c e  numbers fo r  A.D.F. ta b u la t io n s ,  Appendix A, p a r t  U.

2 . For meaning o f l o c a l i t y  numbers and th e i r  geographic lo c a tio n  see 
Appendix A, p a r t  3*
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l a t e r  d iscussion*

P a tte rn  R i s  e s s e n t ia l ly  the same as th a t  found by Erdman (l95>0)

■mho d esigna ted  the  component d ire c tio n s  as "S" and "D" fo r  S tr ik e  

jo in t s  and Dip jo in ts  (d ire c tio n s  number 1 and 2 r e s p e c t iv e ly ) .  The 

w r i te r  has no p a r t ic u la r  o b je c tio n  to  t h i s  term inology , bu t p re fe rs  to  

number th e  d ire c tio n s  s in ce  d ire c tio n s  o th er th an  R p a tte rn  components 

w i l l  a ls o  be d iscu ssed .

Almost -without excep tion  th e  jo in t s  of tren d s  1 and 2 have a a t ­

t i tu d e  which i s  n e a r ly  perpend icu lar to  bedding re g a rd le ss  o f th e  a t t i ­

tude of the beds. This s t r ik in g  f a c t  may be dem onstrated by examining 

any o f the contour diagrams^-. Whenever the  bedding i s  h o r iz o n ta l ( or 

n e a r ly  so) the highs appear on the  p e rip h e ry  of the  n e t .  When the bed­

ding  i s  in c lin e d , th e  highs appear w ith in  the net and approxim ately  90° 

from the  bedding ( See Figure 3B).

Trends 3 and k of Figure 3A a re  common su b s id ia ry  d ir e c t io n s  in  th e  

F o o th ills  B e lt . In  F igure 3B th ey  a re  shown ro ta te d  along w ith  Trends 

1 and 2 . They are o ften  l a t e r ,  so t h a t  t h e i r  p o la r highs f a l l  near the 

circum ference of the n e t ( 3 1 and l i’ ) w hile Trends 1 and 2 a re  r o ta te d  as 

i n  3B.

That the  component tren d s  o f th e  R p a tte rn  developed e a r ly  in  the  

deform ational h is to ry  when the  rocks were h o r iz o n ta l  o r very  g e n tly  in ­

c lin e d  i s  c le a r  from  th e  fo rego ing  d isc u ss io n  and from o th e r  evidence*

In  some contour d iagram s, th e re  a re  se c o n d a rily  developed new R p a tte rn s  

(R1) which a re  o rie n te d  w ith  re sp e c t to  a  p re se n t h o r iz o n ta l su rface  in  

th e  same way the  o r ig in a l  R p a t te rn  i s  r e la te d  to  th e  bedding (See

Bedding i s  shown by  sm all c ro sse s  w ith  th e  l e t t e r  B. S u b scrip t 
numbers r e f e r  to  d i f f e r e n t  bedding read in g s p lo tte d  in d iv id u a lly  w hile  
the  l e t t e r  B alone in d ic a te s  an  average of 3 or more bedding rea d in g s .
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p a r t ic u la r ly  n e ts  DL -  I ,  DN -  V, DO -  V, CM -  I ,  CM -  V I, CM -  V III ,

CR -  I I  and CS -  I* In  t h i s  re g a rd , i t  should be emphasized th a t  the  

r e la t iv e  d e n s ity  of a  h igh  b ea rs  l i t t l e  r e l a t io n  to  i t s  d i r e c t io n .

L ocally  any s in g le  d ire c tio n  may have a  g re a te r  d e n s i ty  th an  th e  o th e rs  

depending on g e n e tic , a s  w e ll as s t a t i s t i c a l  c o n d itio n s . Given a  tren d  

o f a c e r ta in  d i r e c t io n ,  i t  w i l l  decrease in  r e l a t iv e  d e n s ity  w ith  th e  

a d d itio n  o f each jo in t  o f ano ther d ire c tio n , so t h a t  l o c a l ly  any s in g le  

tren d  may be rep re se n te d  by a  h igh  w ith  the  h ig h e s t d e n s ity . I t  i s  fo r  

t h i s  rea so n , in  p a r t ,  th a t  in  more h ig h ly  deformed a re as  tre n d s  o ther 

than  R p a t te rn  components o ften  possess h igher d e n s i t ie s  than  the  R, com­

ponent trends them selves.
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LOCAL JOINT .PATTERNS AND LOCAL STRUCTURE

Three term s a re  used by th e  w r i te r  to  d es ig n a te  v a rio u s c h a ra c te r ­

i s t i c s  o f  th e  p re fe rre d  o r ie n ta t io n s  or h ighs on a  n e t .  Developed r e f e r s  

to  the  d e n s ity  and hence "w ell developed" o r "strong" would in d ic a te  a  

high  d e n s ity  h ig h . "P oorly  developed" o r "weak" in d ic a te s  one o f low 

d e n s ity . D e f in it io n  r e f e r s  to  th e  d isp e rs io n  or s c a t te r in g  o f the  

po les o f the  j o in t  p lanes which make up the h ig h . Thus "w ell defined" 

means a  sm all a re a  o f s c a t t e r ,  and "poorly  defined" means th e  converse . 

R e g u la r ity  r e f e r s  to  the  tendency  to  form a c i r c le  o r an even curvej i t  

g ives some measure of th e  com pleteness o f d isp e rs io n  from th e  h ig h e s t 

p a r t  o f the  h igh  to  th e  lo w est. O u tlines o f h ighs which approach c irc u ­

l a r i t y  are  ve ry  r e g u la r .  Those which have numerous ex ten sio n s and reen ­

t r a n t s  w ithou t apparen t system a re  term ed i r r e g u la r .

The a ra b ic  numbers on th e  n e ts  a re  id e n t i f i c a t io n  numbers o f h ighs 

fo r  which A.D.F. 's  have been c a lc u la te d  and do no t r e f e r  to  tre n d  numbers 

d iscussed  below. See Appendix A , p a r t  U*

AA -  I  Trends 1 and 2 o f  the  R p a tte rn  a re  p re s e n t,  b u t 2 i s  ve ry

weak. E-W tre n d  (3) i s  p re s e n t . Local sm all t h r u s t  in  over- 

ly in g  b ed s . Compare w ith  lo c a tio n  MA -  I  nearby, which does 

no t have tre n d  3 .

AB -  I  One o f the few lo c a tio n s  where the  R p a tte rn  i s  n e a r ly  obscured

by development o f an o th e r d ir e c t io n  ( tre n d  U ) .  This lo c a tio n

i s  s i tu a te d  a  sh o r t  d is tan c e  beneath a  th ru s t  f a u l t .

- 13-
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AB -  I I  The E p a t te rn  i n  t h i s  n e t i s  com paratively  weak. Trends 3

and 1+ a re  p re se n t in  m u ltip le  h ig h s . J o in ts  were measured 

in  beds im m ediately overly ing  a  th r u s t ,

AC -  I  R p a tte rn  i s  here  p resen t b u t  ag a in  com plicated by develop­

ment o f tre n d s  3 and U. Trend 1 i s  s tro n g  bu t tren d  2 i s  

weak and poo rly  d e fin ed . Location i s  6 f e e t  above a major 

th r u s t  f a u l t  (The Bighorn T h ru s t) .

AD -  I  R p a tte rn  p re se n t, tre n d  3 a ls o  p re s e n t , t r e n d  U p resen t and

s tro n g . L ocation i s  in  rocks 300 f e e t  above a th ru s t  f a u l t .

Locations AD -  I  through AD -  IV are shown on Map VII.

_ H  Shows s tro n g  R p a tte rn ;  tren d  1 i s  w e ll-d e f in e d  and re g u la r;

tre n d  2 i s  po o rly  defined  and i r r e g u la r .  Location i s  in  

f l a t - ly in g  beds w ith  no lo c a l  s t ru c tu re  reco rded .

AD -  I I I  This n e t again  shows strong  R p a tte rn  developm ent,together

w ith  tre n d  h . Trend 3 i s  p re sen t b u t v e ry  weak. Although

s i tu a te d  w ith in  th e  s tro n g ly  fo ld e d , p lung ing , southwest limb 

of th e  N ikanassin  Range, i t  i s  on ly  in d i r e c t ly  a sso c ia te d  w ith 

f a u l t in g .  W est-dipping th ru s ts  o f moderate d isplacem ent occur 

1/U m ile upstream  and downstream of the lo c a tio n .

AD -  IV The R p a tte rn  i s  p re se n t as th e  2 m ajor highs on th i s  n e t .

Thera i s  apparen t re v o lu tio n  of th e se  highs w ith  re sp e c t to

th e  p lane of p ro je c tio n . The lo c a tio n  i s  on th e  west f la n k  

o f a  s te e p ly  plunging a n t ic l in e .
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R p a tte rn  p re s e n t , b a t  again  confused by  development o f  mul­

t i p l e  su b s id ia ry  h ig h s . Trend 2 s tro n g , tren d  1 weak and ob­

scu red . Trends 3 and it appear to  be p re se n t a s  w e ll as oilier 

in d e f in i te  tre n d s . S itu a te d  5 f e e t  above a  m ajor th r u s t  f a u l t .

This n e t re p re se n ts  jo in t s  taken  in  th e  uppermost beds o f the  

Paleozoic rocks (Mr. Head member o f the Rundle form ation  -  

M iss iss ip p ian  in  a g e ) . The lo c a tio n  was made because on ly  two 

oblique jo in t  d ire c tio n s  were apparen t i n  the  ou tcrop . The 

contoured n e t  a lso  shows on ly  two. Location i s  on th e  w estern  

limb o f th e  Brazeau Range A n tic lin e .

The R .p a tte rn  on t h i s  n e t i s  w e ll-d e fin ed  and o f h igh  d e n s ity  

in  bo th  t r e n d s .  A su b s id ia ry  tre n d  U ap p ea rs , bu t i s  compar­

a t iv e ly  weak. No nearby lo c a l  s t ru c tu re s  have been reco rded .

A s tro n g  R p a tte rn  i s  a ls o  p re sen t here , however tre n d  2 has 

b ifu rc a te d  appearing  as a double high w ith  a  se p a ra tio n  of 

about 15°• This lo c a tio n  i s  on th e  ax is  o f a sy n c lin a l  s tru c ­

tu re  overly ing  a fo lded  th r u s t  f a u l t .  CD -  I  i s  shown on Map I I .

R p a tte rn  p re sen t w ith  stro n g  tren d  1 and weaker tre n d  2 . Trend 

3 a ls o  p re s e n t . Location i s  on th e  e a s t  f la n k  o f th e  sy n c lin a l 

s tru c tu re  overly ing  th e  same fo lded  f a u l t  ( a s  CD -  I ) .  CE -  I  

i s  shown on Map I I .

R p a tte rn  p resen t w ith  tren d  1 weak and tren d  2 s tro n g . Trends 

3 and U a lso  p re se n t, bu t weak. Location i s  on th e  w est limb 

o f a  sy n c lin e , 5 f e e t  above c u t-o f f  of form ation by fo lded
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thrust fa u lt . CF -  I  i s  shown on Map II*

CG -  I  The R p a tte rn  i s  p re se n t, b u t bo th  tre n d s  a re  weaker than 3

and U« Beds a re  no t h ig h ly  d is tu rb e d , b u t Bighorn Thrust 

outcrops le s s  than 1 mile upstream  from th is  lo c a tio n .

CH -  I  A ll  tren d s  on th i s  n e t h%ve ap p a ren tly  been r o ta te d .  Since

tre n d s  3 and U as w e ll as 1 and 2 a re  p re se n t and have been 

ro ta te d ,  i t  i s  im possible to  determ ine ex ac t id e n t i f ic a t io n  

o f th e  highs p resen t w ith the tre n d s  th e y  re p re s e n t. Loca­

t io n  i s  on the  e a s te rn  f la n k  of a doubly-p lunging  a n t ic l in e  

beneath a fo lded  th r u s t ,  photograph no. 11 i s  a view o f th i s  

lo c a tio n .

CH -  I I  Net shows good development o f R p a t te r n  w ith  su b s id ia ry  tren d s

3 and U a lso  p re s e n t. AH tre n d s  have been r o ta te d .  The lo ­

c a tio n  i s  between two w est-d ipp ing  th r u s t  f a u l t s .

CH -  I I I  The only  c le a r  tren d s  p re sen t on t h i s  n e t a re  the  R p a tte rn

components. E longation  o f these  h ighs in  th e  u su a l p o s itio n s

of tren d s  3 and U might mean th a t  th ey  a re  p re sen t but d is ­

t i n c t l y  subordinate  to  tre n d s  1 and 2 . This lo c a tio n  i s  be­

tween two th ru s t  f a u l t s  of sm all d isp lacem en t.

Cl -  I  Trend 1 of the  R p a tte rn  i s  s tro n g  and ro ta te d  on th is  n e t .

Trend 2 i s  weak and poorly  defined . S evera l su b s id ia ry  tren d s 

appear, bu t a re  of such low d e n s ity  and poor d e f in i t io n  th a t  

t h e i r  meaning i s  u n c e r ta in .  This lo c a tio n  i s  on the e a s t  limb
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o f an  a n t ic l in e  w ith in  a  sm all f e n s te r  beneath  a  fo ld ed  f a u l t .  

L ocations Cl -  I  th rough  Cl -  VI a re  shown on Map V.

Cl -  I I  The R p a tte rn  i s  p re sen t and w e ll-d e fin e d  on t h i s  n e t .  There

a re  no w ell-developed su b s id ia ry  tre n d s , but fo u r minor ones 

a re  p re se n t. The one in  th e  e a s te rn  p a r t  of the  n e t  may e i th e r  

re p re se n t bedding p lane se p a ra tio n s  r a th e r  than  j o i n t s ,  or a 

j o in t  tre n d  a t  a  very  low angle to  bedding. L ocation  i s  on the 

e a s t limb of an  a n t ic l in e  beneath  a fo ld ed  f a u l t .

Cl -  H I  This n e t shows tre n d  U as w e ll as bo th  components o f th e  R

p a tte r n .  Minor tren d s  of unknown s ig n if ic a n c e  a ls o  appear.

As in  Cl -  I I ,  the high very  c lo se  to  the  bedding po le  may 

in d ic a te  se p a ra tio n s  along bedding p lan e s . L ocation  i s  on the  

w est limb of th e  s tru c tu re  o f Cl -  I I .

Cl -  IV The R p a tte rn  i s  ag a in  w e ll developed, a s  i s  tre n d  k • This

lo c a tio n  i s  on th e  w estern  limb o f a s te e p ly  plunging syncline  

between two w est-d ipp ing  th r u s t s .

Cl -  V Trend 1 of the R p a tte rn  i s  strong  and w e ll d e fin e d . Trend

2 i s  rep re sen ted  by fo u r sep a ra te  highs perhaps in d ic a tin g  

com plication by tre n d s  3 and i;. L ocation i s  oh a  th in  s l ic e  

of Bighorn form ation  in  the  trough  of a  sy n c lin e  between 

two fo lded  f a u l t s .

VI -  VI This n e t e x h ib its  both  tren d s  of th e  R p a t te rn  and tren d s  3

and U as w e ll .  Weaker su b s id ia ry  highs g ird le  th e  n e t .

S tru c tu ra l  p o s itio n  i s  s im ila r  to  Cl -  y .
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CJ -  I  Trends p re se n t a re  1 and 2 of1 R p a t te rn  and su b s id ia ry  tren d

U. See Cl -  I I  f o r  ex p lan a tio n  o f rem aining high* J o in ts  

taken  in  trough  o f  sy n c lin a l  s t ru c tu re  beneath  an a n t i c l i n a l l y  

fo lded  th r u s t  f a u l t .  L ocations CJ -  I  th rough CJ -  IV are 

shown on Map V i.

CJ -  I I  Trends 1 , 2 , 3 and k a re  a l l  p re se n t here* Trend 3 has a  dual 

h igh  and, to g e th e r  w ith  tren d  If, i s  s tro n g e r  th an  the R p a tte rn  

components. L ocation i s  in  s te e p ly  w est-d ipp ing  rocks between 

two th ru s t  fa u lts *

CJ -  I I I  On t h i s  n e t tren d  1 of the  R p a t te rn  i s  a b s e n t. I n te r e s t in g

to  n o te , however, i s  th e  development o f a  weak tre n d  1 which 

i s  normal to  a h o r iz o n ta l p lan e . Trends 2 and 3 are  p re sen t 

as w e ll a s  a  h igh  which might re p re se n t bedding. L ocation i s  

between two fo ld ed  f a u l t s .

CJ -  IV Trend 1 appears to  be rep re se n te d  only  by a r a th e r  weak t a i l

on tre n d  3* Trend 3 i t s e l f  i s  p o o rly  d e fin ed , re p re se n tin g  

r a th e r  w ide ly  s c a t te re d  p o le s . S tru c tu ra l  p o s it io n  i s  immed­

i a t e l y  beneath an e as t-d ip p in g  fo ld ed  t h r u s t .

CK -  I  R o ta tio n  o f a l l  tren d s  on th is  n e t  has occu rred . Trends 1 , 2

3 and U a re  a l l  p re s e n t . L ocation i s  on th e  w estern  limb of 

a  p lunging a n t ic l in e  developed above a  w est-d ipp ing  th r u s t  . 

L ocations CK -  I  through CK -  V a re  shown on Map IV.

CK -  I I  There i s  s l ig h t  ro ta t io n  of tren d  1 on t h i s  n e t .  Trend U i s

p re se n t and w ell d e fin ed ;-w h ile  3 i s  perhaps rep re sen ted  by a
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t a i l  on th e  tre n d  2 high* L ocation i s  n ear the  culm ination  

o f a  doubly plunging a n t ic l in e  1/2 m ile w est of a w est-d ipp ing  

th ru s t*

Trends 1 and 2 a re  both weak and poorly  defined  here* Trends 

3 and h a re  strong  bu t i r r e g u la r .  J o in ts  were taken  in  w est- 

d ipp ing  rocks im m ediately beneath a  w est-d ipp ing  th r u s t .

(see  photograph no. 10 ).

Trend 1 on t h i s  n e t i s  poorly  d e fin e d . Trends 2 , 3 and ii a re  

w e ll d e fin ed  and s tro n g . Location i s  on th e  e a s t lim b of a 

s y n c lin a l  s tru c tu re  w ith in  23 f e e t  of a w est-d ipp ing  th r u s t .

Trends 1 , 3 and k a re  a l l  weak and poorly  defined  on t h i s  n e t .

High d isp e rs io n  o f jo in ts  in  th e  northw est quadrant in d ic a te s  

i r r e g u la r  jo in t  development. This lo c a tio n  i s  on th e  e a s t  

limb o f an a n t ic l in e  w ith in  10 f e e t  of a  w est-d ipp ing  th r u s t .

Trend 1 i s  weak and ro ta te d  s l ig h t ly  w hile  tren d s  2 and I; 

a re  s tro n g  and w ell d e fin ed . There appears to  be r o ta t io n  o f 

the  e n t i r e  n e t  in  a  counter-clockw ise d i r e c t io n  about 13 d eg rees , 

w ith  what appears to be l a t e r  development o f  ve ry  weak R 

p a t te rn  components in  a  p o s itio n  s im ila r  to  those  on o th er n e ts .  

Trend 3 i s  e i th e r  absen t or weakly rep re sen ted  by th e  t a i l  on 

tre n d  U. Location i s  on g e n tly  w est-d ipp ing  beds w ithou t 

nearby s t r u c tu r a l  com plica tions.

Trends 1 , 2 , 3 and U are  a l l  p re sen t on t h i s  n e t, to g e th e r  w ith  

a  number o f  ve ry  weak, s c a tte re d  tren d s  whose meaning i s  u n c e rta in .
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Trend k appears a s  a  t r i p l e  h igh  w hile tren d  3 i s  v e ry  

weak and poo rly  defined* L ocation  i s  on the overtu rned  

w estern  limb of a  sync line  a  few hundred yards below a 

la rg e  th ru s t*

CL -  I I I  The only tre n d s  e v id e n t here a re  those  o f the R p a t te rn ,

bo th  o f  which have been ro ta te d  from t h e i r  normal p o s i t io n s .  

The lo c a tio n  i s  on the  e a s t  limb of a  plunging sy n c lin e ,

CM -  I  Trends 1 , and 2 o f the R p a tte rn  are s tro n g  on th i s  n e t .

Trend U i s  a ls o  p re se n t bu t poo rly  defined  and i r r e g u la r  in  

shape. L o ca lity  i s  on the w est lim b o f an a n t ic l in e  develop­

ed above a la rg e  th r u s t  f a u l t .  This lo c a tio n  i s  shown on Map 

V II.

CM -  I I  Both tre n d s  o f th e  R p a tte rn  a re  p re se n t and w ell de fin ed  on

t h i s  n e t .  Trends 3 and 1* are e i th e r  absen t or rep resen ted  

by t a i l s  on th e  h ighs o f tren d s  1 and 2 . L ocation i s  immed­

i a t e l y  above a  minor f a u l t  (D isplacem ent 15 f e e t ) .

CM -  I I I  This n e t  shows good development of both  tren d s  o f the  R

p a tte rn  as w e ll as su b s id ia ry  tre n d  U. J o in ts  were measured 

below th e  f a u l t  i n  the same outcrop as CM -  I I .

CM -  IV Trends 1 , 2 and U a re  a l l  w e ll developed on th is , n e t .  Loca­

t io n  i s  s i tu a te d  on sou thw este rly  d ipp ing  rocks between two 

w est-d ipp ing  th ru s t  f a u l t s .
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CM -  V On th i s  n e t ,  tre n d s  1 , 2 , 3 and 1; a re  a l l  w e ll developed

and c le a r ly  d e f in e d . J o in ts  were taken  in  s te e p ly  d ipp ing  

beds above a  la rg e  th r u s t .

CM -  Vi Both tre n d s  o f the R p a tte rn  a re  e x c e p tio n a lly  w e ll developed

h e re . The tandem h igh  of tren d  1 and the d isp e rs io n  of tren d

2 about the  edge of the n e t both  r e f l e c t  th e  s tru c tu re *  s ince  

jo in t s  were taken over the c r e s t  of an a n t ic l in e  beneath  a  

fo ld ed  f a u l t .  The two bedding read ings correspond to  the  d ip  

of the  beds on each f la n k  of the s tru c tu re  and the double 

h ighs may be s im ila r ly  c o rre la te d .

CM -  VH Trends 1 and 2 a re  bo th  p re se n t on th i s  n e t to g e th e r w ith  tre n d

3 which, however, has a dual h ig h . L ocation i s  on a sync line  

beneath  a  fo ld ed  f a u l t .

CM -  V III  On t h i s  n e t r o ta t io n  o f a l l  h ighs from normal p o s it io n  has

taken  p la c e . Trends 1 and 2 a re  p resen t and a re  w e ll defined  

w hile tre n d  3 i s  probably  re p re s e n t!  by th e  t a i l  on th e  tre n d

2 h ig h . S tru c tu ra l  p o s itio n  i s  s im ila r  to  CM -  I I I  above.

CN -  I  Trends 1 and 2 a re  bo th  p resen t and w e ll d e fined  w hile tre n d

3 cou ld  be rep re se n te d  by a bulge in  th e  contours connecting 

tren d s  1 and 2 . Trend U, i f  p re se n t, i s  rep re se n te d  by the  

secondary high  near tre n d  2 . J o in ts  were th en  in  e a s t-d ip p in g  

beds approxim ately  300 f e e t  above an e a s t-d ip p in g  th r u s t .

CN -  I I  Trends 1 and 2 a re  p re sen t a s  w e ll a s  tre n d  i;. A ll  tren d s

appear to  have been ro ta te d  s l ig h t ly .  Another su b s id ia ry
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t re n d  i s  p re s e n t , th e  meaning o f which i s  uncerta in*  L ocation 

i s  on th e  overtu rned  e a s te rn  lim b o f  an a n t ic l in e  developed in  

f r o n t  o f a  la rg e  t h r u s t .

Trends 1 , 2 , 3 and U a re  a l l  p re s e n t . L ocation i s  s i tu a te d  on 

th e  e a s t  limb o f a  broad sy n c lin e  which has been com plicated 

by a  minor th r u s t  which outcrops 50 f e e t  to  th e  w e s t. CN -  I I I  

through CN -  VI a re  shown on Map VI.

Trends 1 , 2 3 and perhaps 1* a re  a l l  p resen t h e re . 1 and 2 

a re  bo th  s tro n g , 3 i s  weaker and U n ig h t be re p re se n te d  by the  

t a i l  on 1 . S l ig h t  r o ta t io n  appears to  have taken  p la c e .

L ocation  i s  im m ediately below a  w est-d ipp ing  fo lded  f a u l t .

Trends 1 , 2 , and 3 a re  a l l  c le a r ly  defined  w ith  e lo n g a tio n  of 

tre n d  2 high perhaps in d ic a t in g  the  presence of tren d  it. S lig h t 

r o ta t io n  to  th e  Niff has a ls o  taken p la c e . Location i s  on th e  

w est lim b o f a  s te e p ly , doubly plunging a n t ic l in e  100 f e e t  

beneath  a th r u s t  f a u l t .

Trends 1 , 2 and 3 a re  a l l  p re sen t bu t poorly  d e fin e d . Three 

su b s id ia ry  tren d s  a re  p re se n t bu t th e i r  meaning i s  unknown. 

Location i s  im m ediately above the  e as t-d ip p in g  limb o f a 

fo ld ed  f a u l t .

On t h i s  n e t ,  tre n d s  1 , 2 3 and U a re  a l l  p re s e n t. Trend 1 

however has a  d u a l or tandem h ig h . Trend 3 i s  very  w e ll de­

veloped and c le a r ly  d e fin e d . This lo c a tio n  i s  s i tu a te d  on 

th e  w est lim b o f a  s tro n g ly  fo ld ed  sy n c lin e  j u s t  e a s t  o f th e
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outcrop  o f an e a s t-d ip p in g  fo ld ed  f a u l t .

CO -  IX Trends 1 , 2 and U a re  p re sen t h a re , bo th  1 and 1* being  of

low d e n s i ty . S tru c tu ra l  p o s it io n  i s  on th e  e a s t  limb o f an 

a n t ic l in e  developed w ith in  an a n t i c l in a l ly  fo lded  f a u l t .

CO -  I I I  Both tre n d s  of th e  R p a tte rn  a re  p re sen t here to g e th e r w ith  a  

p o o rly  defin ed  tandem h igh  re p re se n tin g  tren d  3* Trend it 

i s  a ls o  p re s e n t , merging w ith  tren d  2 . Location i s  on the 

e a s te rn  limb o f th e  broad sync line  of zone 3 j u s t  west of 

th e  outcrop o f a la rg e  th r u s t  f a u l t .

CP -  I  This n e t shows v e ry  good development of Ifce R p a tte rn  tre n d s .

A few su b s id ia ry  h ighs a re  p re se n t, b u t none of these  appear 

to  correspond to  tren d s  3 or U. Trends 1 and 2 are  both poorly  

defined  and h ig h ly  d isp e rse d . S tru c tu ra l  s e t t in g  i s  near the 

a x is  o f a sy n c lin e  overly ing  a  fo ld ed  f a u l t .  Locations CP -  I  

through CP -  IV a re  shown on Map V III .

CP -  I I  Trends 1 , 2 and lj. appear c le a r ly  on th i s  n e t .  1 and k a re

weak, b u t 2 i s  s tro n g  and s e l l  d e fin e d . L ocation i s  on 

overtu rned  w est-d ipp ing  rocks caught between two e as t-d ip p in g  

fo lded  f a u l t s .

CP -  I I I  As in  CP -  I I  tren d s  1 , 2 and U a re  p resen t and 3 i s  ab sen t.

S tru c tu ra l  s e t t in g  i s  s im ila r  to  Cp -  n .

CP -  IV Trends 1 , 2 and U a re  p resen t and have been ro ta te d  toward

the so u th eas t on th i s  n e t .  L ocation i s  on th e  overturned 

e a s t  limb of an a n t ic l in e  which l i e s  beneath an a n t i c l i n a l ly

fo lded  f a u l t .
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CQ -  I  Trends 1 , 2 , 3 and U a re  a l l  p re se n t on t h i s  n e t .  Trend 1

has a  su b s id ia ry  h igh  near the  E-W m argin of th e  net.* Trends 

2 , 3 and U a re  a l l  r a th e r  weak and i r r e g u la r .  Location i s  on 

th e  e a s t  limb o f a  plunging a n t ic l in e  beneath  an a n t i c l i n a l ly  

fo lded  f a u l t .  L ocations CQ -  I through CQ -  III a re  shown on 

Map VIII.

CQ -  I I  S lig h t r o ta t io n  o f tren d s  1 , 2 , 3 and a v e ry  weak tre n d  U has 

taken  p lace  h e re . Location i s  on th e  w est limb o f a south­

e a s te r ly  plunging syncline  between fo ld ed  f a u l t s .

CQ -  I I I  Trends 1 , 2 ,  3 and U a re  a l l  p re s e n t  h e re . Trend 2 i s  rep ­

re sen te d  by th e  t a i l  on th e  tren d  3 h ig h , b u t th e  o th e rs  are

strong  and w e ll  d e fin e d . J o in ts  were measured a t  t h i s  lo ­

c a tio n  in  s te e p ly  south-w est d ipp ing  beds above a  la rg e  

th r u s t  f a u l t .

CR -  I  On t h i s  n e t ,  tren d s  1 , 2 and U a re  p re s e n t . Trend 3 may be

rep re sen ted  by th e  su b s id ia ry  h igh  v e ry  c lo se  to  tre n d  1 .

Trend 1 i t s e l f  i s  very  weak and appears on the n e t a s  a t a i l  

on tre n d  U® J o in t  development i s  i r r e g u la r  and po o rly  d e fin e d . 

Jo in ts  were measured a t  the trough  of a ve ry  g e n tly  plunging 

syncline  (zone 5) where the  rocks have been lo c a l ly  f a u lte d  

along e a s t-w e s t tren d in g  te a r s  which a re  approxim ately  

p a r a l le l  to  tre n d  3 on the n e t .

CR -  I I  Trends 1 and 2 a re  w e ll developed b u t i r r e g u la r .  Trends 3

and U appear as t a i l s  on highs o f t re n d  2 . Trend 2 i s
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rep re se n te d  by a  dua l or tandem h ig h . Trend 1 shows marked 

e lo n g a tio n  and a  tendency to  g i r d le .  Same s t r u c tu r a l  s e t ­

t in g  as CR -  I ,

CR -  I I I  Trends 1 , 2 and k a re  p resen t on t h i s  n e t .  Trend 3 i s  appar­

e n t ly  a b se n t, bu t may be weakly rep re se n te d  by th e  b ifu rc a ­

t io n  o f tren d  1; which i s  i t s e l f  weak and p o o rly  d e fin ed . 

S tru c tu ra l  s e t t in g  i s  again  th e  same a s  CR -  I ,

CS -  I  Trends 1 and 2 a re  both p re sen t h e re , b u t have been ro ta te d

from t h e i r  normal p o s i t io n s . L ocation i s  on the overturned  

w estern  limb of a  broad sync line  (zone 5) th r u s t - f a u l te d  by 

th e  N ikanassin T hrust 1/2 m ile to  th e  w est.

CS -  I I  Trends 1 , 2 , 3 and b a l l  of which a re  w e ll developed have

been ro ta te d  to  the so u th e a s t. L ocation i s  on the  e a s t  f la n k  

of zone $ between two la rg e  th r u s t  f a u l t s .

CS -  i n  On t h i s  n e t the  R p a tte rn  has been over shadowed by th e  strong

development o f tren d s  3 and lu  Trend 1 i s  rep re se n te d  by the 

bulge i n  the  g ird le  between tren d s  3 and U. Trend 2 appears 

a s  a  s im ila r  bulge a t  the edge of the  n e t .  This lo c a tio n  i s

on th e  e a s t  f la n k  of zone 3* 1/2  m ile southw est o f  a major

th r u s t  f a u l t .

CT -  I  Trends 1 , 2 and b appear on th is  n e t .  1 and 2 a re  w e ll d eve l­

oped but 3 i s  weak. A ll a re  w e ll  d e fin e d . The s tru c tu re  a t

th i s  l o c a l i t y  i s  not c le a r .  B.R. McKay has in te rp re te d  th is

sm all a re a  as an  im brica te  s tru c tu re  i n  Bighorn form ation 

rocks produced by 2 th r u s t  f a u l t s .  L a te r in fo rm a tio n  from
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Douglas in d ic a te s  th a t  th e s e  a re  3 s l i c e s  produced by a  s in g le  

fo ld ed  f a u l t ,

CT -  I I  Trends 1 , 2 , 3 and h a re  a l l  p re se n t h e re . In  a d d it io n  th e re  

i s  a  l a t e  development of t re n d  1 which i s  weak b u t i n  a  nor­

mal p o s i t io n .  For s t ru c tu re  see CT -  I  above,

CT -  I I I  Trends 1 and 2 a re  c le a r ly  d e fin ed  on t h i s  n e t .  Low p re fe r ­

red  o r ie n ta t io n s  i n  th e  p o s i t io n s  of tre n d s  3 and U may in ­

d ic a te  tendency toward development of these  t r e n d s .  Late 

development o f a new tre n d  2 i s  a ls o  in d ic a te d  h e re . Far 

s tru c tu re  see CT -  I  above.

DD -  1^ This n e t shows good development o f  tre n d s  1 , 3 and I; and weak

development o f  tre n d  2 . L ocation i s  a t  th e  ax is  of zone 3 . 

Minor th r u s ts  occur nearby .

DD -  I I  Good development o f tre n d s  1 and 2 o f th e  R p a tte rn  i s  in d i ­

c a te d . Trends 3 and h a re  e n t i r e ly  a b se n t. J o in ts  were taken 

on th e  w est f la n k  of zone 3« wo minor s tru c tu re s  were r e ­

corded. Dd -  I I  i s  shown on Map I I .

DD -  I I I  E x ce llen t development of t re n d s  1 , 2 , 3 and U i s  shown

Trend 3 has a tandem high one p a r t  o f  which is  connected to

the tre n d  2 h igh . This lo c a tio n  to g e th e r  w ith  Dd -  IV i s  

w ith in  a  zone of minor th r u s ts  on ly  th re e  o f which a re  shown 

on the  map. (Regional Maps A and B ) .

1 . The p a tte rn s  o f th e  D s e r ie s  are f o r  the most p a r t  re p re s e n ta tiv e  of 
th e  b ro ad e r, more f l a t - ly in g  p o rtio n s  of-fee a re a . They re p re se n t 
j o in t s  taken  in  the Brazeau fo rm ation , which i s  seldom caught up in  
th e  more com plicated s t r u c tu r e s .  Except in  those  cases where t h i s  
occurs d isc u ss io n  o f lo c a l  s t ru c tu re  w i l l  b e .b r ie f .
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DD -  17 The d is t r ib u t io n  o f  highs on th is  n e t i s  no t c lea r*  Trend 1 

appears t o  be p re s e n t, but o th er tre n d s  a re  i r r e g u la r  and 

poo rly  defined* The number of j o in t s  taken  a t  t h i s  lo c a tio n  

i s  considered  to  be too  sm all fo r  adequate in te rp r e ta t io n  of 

th e  p a tte rn *

DE -  I  Trends 1 and 2 are  p resen t here bu t a re  v e ry  weak w hile tren d s  

3 and U a re  e x c e p tio n a lly  w e ll developed and re g u la r  in  o rien ­

ta tio n *  See DE -  I I  f o r  s t r u c tu r a l  se ttin g *

DE -  I I  On t h i s  n e t ,  tren d s  3 and it dom inate. Trend 1 i s  v e ry  weak

and tre n d  2 appears to  be a b se n t. Both DE -  I  and th is  lo ­

c a tio n  a re  a t  the base of a  la rg e  k lippe  o f Brazeau and 

Wapiabi fo rm ations th r u s t  over Brazeau,

DF -  I  Trends 1 , 2 and 3 a re  p resen t on th i s  n e t .  They a re  o f approx­

im a te ly  equal d e n s ity  and of s l ig h t  i r r e g u la r i ty  in  o r ie n ta ­

t io n .  The lo c a tio n  i s  on th e  w estern  lim b of zone 3 w ith in  

1/2 m ile o f an ea s t-d ip p in g  th ru s t  fa u lt*  DF -  I  i s  shown on 

Map IV.

DG -  I  Trends 1 and 2 o f the  R p a tte rn  a re  the  only d ire c tio n s  rep­

re se n te d  here* L ocation  i s  on th e  w est-d ipp ing  rocks o f th e  

Brazeau fo rm ation  on th e  e a s t  f la n k  o f zone 7* The p o s itio n  

of the lo c a tio n  on th e  map i s  in  doubt since  th is  p o rtio n  o f 

the  a re a  was no t mapped ( see note -  re g io n a l Map A )

DH -  I  Trends 1 , 2 and 3 are a l l  p resen t h e re . Trend 1 has a  tandem

high , but 2 and 3 e x h ib it  normal development* A su b s id ia ry
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tren d  i s  p re s e n t , the  meaning o f which i s  unknown. L ocation  

i s  on th e  e a s t  f la n k  o f zone 3# No lo c a l  s t ru c tu re s  have 

been reco rd ed .

DH -  I I  Trend 2 i s  s tro n g  and re g u la r  w hile tren d s  1 , 3 and k  a re

p re sen t b u t weak on t h i s  n e t .  L ocation i s  near th e  a x is

o f zone 3 . wo minor s tru c tu re s  have been reco rd ed .

DH -  I I I  On t h i s  n e t  tre n d s  1 , 2 , 3 and perhaps 1* a re  p re s e n t .  1 ,

2 and 3 a re  rep re se n te d  by d is t in c t  highs w hile  U i s  rep ­

resen ted  by  a  t a i l  on th e  tre n d  2 h ig h . S t ru c tu r a l ly ,  

t h i s  lo c a tio n  i s  on the  overturned  w est f la n k  of zona 3 .

A major th ru s t  passes 1/2 m ile to  the  w est. Photograph 

no . 9 shows t h i s  lo c a tio n .

DH -  IV This n e t has tre n d s  1 , 2 , 3 and k a l l  w e ll developed bu t 

i r r e g u la r  in  form . Late development o f a  new R p a t te rn  i s  

a ls o  e v id e n t. This lo c a tio n  i s  on a  s l i c e  o f Brazeau forma­

t io n  which i s  p a r t  of an im brica te  s tru c tu re  beneath  2 fo lded  

f a u l t s .

DI -  I  R o ta tion  o f  tren d s  1 , 2 and 3 has taken  p la c e . Trends 1 and

2 a re  s tro n g  and reg u la r  w hile  tre n d  3 i s  weak. S tru c tu ra l  

p o s it io n  i s  on th e  w estern lim b of the  northw est plunging 

sync line  o f  zone 5 . No lo c a l  s t ru c tu re s  have been reco rd ed .

DI -  H  Trends 1 , 2 , 3 and U a re  a l l  p re sen t on t h i s  n e t .  S lig h t

ro ta t io n  has a p p a re n tly  taken  p lace and tre n d  2 jo in t s  a re  

in c lin e d  s te e p ly  to  the  so u th e a s t. J o in ts  were taken  a t
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th a  a x is  o f th e  sy n c lin e , zone 5>*

DI -  I I I  Trends 1 , 2 and I4. a re  p re sen t h e re . Trend 1 e x h ib i ts  a  ta n ­

dem high  bu t appears to  be in  a  normal p o s i t io n .  Trend 2 i s

ro ta te d  s l i g h t ly  as i n  DI -  I I .  L ocation  i s  on th e  e a s t  

f la n k  o f zone $ s y n c lin e .

DI -  IV Trends 1 and 2 a re  p re sen t and some su g g estio n  of zones 3

and k  "which a re  "weak. S tru c tu ra l  p o s i t io n  o f  t h i s  lo c a tio n  

i s  on th e  e a s t  f la n k  o f zone 7 .

DI -  V Trends 1 , 2 and 3 a re  p re se n t to g e th e r  "with a  -weak suggestion

of t re n d  U« Trends 1 and 2 a re  re g u la r  and "well d e fin ed  w hile 

tre n d  3 po ssesses r a th e r  broad d is p e r s io n . Same s t r u c tu r a l  

'-p o s it io n  a s  DI -  IV, bu t f a r th e r  to  th e  w e s t. Photograph no.

8 shows th i s  lo c a tio n .

DJ -  I  Trends 1 and 2 a re  p re s e n t, r e g u la r  and w e ll d e fin e d . Weak

su ggestions o f tren d s  3 and U a re  a p p a re n t. L ocation i s  on 

the  w est f la n k  o f  zone 3 .

DJ -  I I  Trends 1 , 2 and U a re  p re sen t w ith  a  su ggestion  of 3 . A ll

tren d s  excep t U a re  weak and poorly  d e fin e d . L ocation i s  on 

th e  e a s t  f la n k  o f zone 3 w ith  a  minor t h r u s t  j u s t  to  th e  

e a s t  ( See CN -  I I I ) .  L ocation DJ -  I I  i s  shown on Map VI.

DJ -  I I I  On t h i s  n e t tren d s  1 , 2 and 3 a re  p re s e n t,  to g e th e r  w ith  a

number o f weak su b s id ia ry  d i r e c t io n s .  L ocation  i s  above a 

sh a llo w ly  d ipp ing  fo ld ed  t h r u s t ,  1/2  m ile from th e  outcrop
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of th e  f a u l t  plane* Beds a re  e s s e n t ia l ly  f l a t - l y i n g  and 

l i t t l e  deform ation has taken  place*

DJ -  IV 'Trends 1 and 2 a re  p re se n t and w e ll  d e fin ed  to g e th e r  w ith

weak suggestions o f 3 and li and o th er s u b s id ia ry  d ire c tio n s*  

S tru c tu ra l  s e t t in g  i s  th e  samB as  DJ -  I I I ,  b u t c lo s e r  to  

the  f a u l t  plane ou tcrop .

DK -  I  Trends 1 , 2 , 3 and U a re  a l l  p re sen t on t h i s  n e t  to g e th e r

w ith  an o th e r tren d  re p re se n tin g  low-angle j o i n t s .  This lo ­

c a tio n  i s  on a  minor th ru s t  f a u l t .

DK -  I I  Trends 1 and 2 a re  w e ll  developed on t h i s  n e t and tre n d  U

occurs a s  a  weak h ig h . L ocation i s  in  f l a t - ly in g  s t r a ta

w ithou t reco rded  lo c a l  s t r u c tu r e .

DK -  I I I  Trends 1 , 2 , 3 and U appear to  be re p re se n te d  here ,  however

highs a r e  so i r r e g u la r  th a t  d e f in i t io n  o f  some i s  i n  d o u b t.

Trends 2 , 3 and U a re  r e l a t i v e ly  s tro n g  and constan t*  Trend 

1 i s  h ig h ly  i r r e g u la r  and p o o rly  d e fin e d . This lo c a tio n  i s  

on th e  c r e s t  o f an a n t ic l in e  com plicated by lo c a l  d is lo c a tio n  

o f th e  b ed s.

DK -  IV Southeastw ard r o ta t io n  of tren d s  1 and 2 , which a re  the on ly

tren d s  w e ll  developed h e re , has tak en  p la c e . This lo c a tio n  

i s  on th e  e a s t  f la n k  of a  so u th e a s te r ly  p lunging a n t ic l in e  

between 2 major th r u s t s .
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DK -  V Trends 1 , 2 , 3 and. U are a l l  p re se n t h e re , a lthough  tre n d

3 i s  v e ry  weak, i r r e g u la r  and p o o rly  d e fin e d . This lo ca ­

t io n  i s  im m ediately beneath  a  major fo lded  th r u s t .

DK -  VI On t h i s  n e t tre n d s  1 and 2 have developed normal to  th e

bedding w hile l a t e r  tren d s  1 and U appear on th e  p eriphery  

o f th e  net# L ocation i s  s i tu a te d  in  th e  same s t r u c tu r a l  

p o s itio n  a s  DK -  V •

DK -  V II Trends 2 and 3 a re  w e ll developed h e re , w h ile  tren d s  1 and

U a re  weak. There appears to  be s l i g h t  r o ta t io n  in  d ip  o f

tre n d  2 . Same s t r u c tu r a l  p o s it io n  as DK -  V and DK -  V I,

DK -  V III Trends 1 and 2 o f the  R p a t te rn  a re  w e ll developed. Trends

3 and ii a re  v e ry  weak, bu t p re s e n t . L ocation i s  on the  west 

f la n k  of an a n t ic l in e  ( see DK -  I I ) ,  No lo c a l  s t ru c tu re  has 

been recorded h e re ,

DL -  I  Trends 1 and 2 a re  w e ll developed and tren d s  3 and h a re  pre­

se n t but weak. L ocation i s  on e a s t  f la n k  o f  zone 3 ,

DN -  I  Trends 1 , 2 , 3 and I; a re  a l l  p re s e n t ,  1 and U a re  stro n g

w hile the o th ers  a re  weak and p o o rly  developed. Location i s  

on th e  e a s t  f la n k  o f zone 3 a t  th e  narrow est p o in t in  the 

sy n c lin e . Note th e  s te ep  d ip s  of the beds a t  a l l  lo c a tio n s  

DN -  I  to  DN -  V in d ic a tin g  narked c o n s tr ic t io n  of the  syn­

c l in a l  s tru c tu re  and consequent lo c a l  deform ation and d is lo ­

c a t io n . These lo c a tio n s  a re  shown on Map V II I .
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At t h i s  lo c a tio n  tre n d s  1 , 2 and 3 a re  a l l  p re se n t to g e th e r  

w ith  what appears to  be l a t e  development of tre n d  3 jo in ts *  

L ocation i s  on th e  w est f la n k  o f  zone 3* c lo se  to  th e  axis*

Here tre n d s  1 , 2 and 3 a re  a l l  s tro n g ly  developed, r e g u la r ,  

and w e ll  defined* Late appearance o f tre n d  1 jo in t s  i s  

a lso  e v id e n t on th e  p e rip h e ry  of the  net* L ocation i s  on 

th e  w est f la n k  of zone 3 w ith in  1 /k  m ile of a  major e a s t -  

d ipp ing  th ru s t*

Trends 1 , 2 and 3 a re  w e ll developed here to g e th e r  w ith  

weaker, more re c e n t  tren d s  3 and U which appear on th e  pe r­

ip h e ry  of the  n e t .  L ocation i s  on th e  e a s t  f la n k  o f zone 3 

near th e  ax is*

Trends 1 , 2 and k a re  p resen t and w e ll  de fin ed  here* There 

i s  a lso  l a t e  development of tren d  1 jo in t s  a s  evidenced by 

th e  t a i l  on e a r ly  tre n d  1 h igh  and a  weak h igh  a t  the pe rip h e ry  

of th e  net*  This lo c a tio n  i s  on th e  e a s t  f la n k  o f zone 3 very  

c lo se  to  th e  ax is*

Trends 1 , 2 and It a re  a l l  w e ll  developed and w e ll d e fin ed  here* 

L ocation  i s  on the  w est f la n k  o f  zone 5* No lo c a l  s t ru c tu re s  

have been recorded*

Trend 1 and 2 a re  p resen t and w e ll developed* Trends 3 and 

U, i f  p re s e n t,  a re  not in  t h e i r  normal p o s i t io n s .  S tru c tu ra l  

p o s it io n  i s  on th e  e a s t  f la n k  o f zone 5* Local d is lo c a tio n s  

occur in  t h i s  flank*
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DO -  H I  Trends 1 , 2 and U a re  w e ll developed and t r a i l  defined* Trend 

3 i s  perhaps rep re se n te d  by the i r r e g u la r  t a i l  on tren d  1*

This lo c a tio n  i s  on th e  w est f la n k  o f zone 5 near the  axis**

DO -  IV On t h i s  n e t tren d s  1 , 3 and ij. a re  s tro n g  and w ell defined*

Trend 2 i s  re p re se n te d  by  the weak t a i l  on tre n d  U. Location 

i s  on th e  w est f la n k  of zone 3 w ith  a  la rg e  th r u s t  exposed 

1/2 m ile to  th e  w est. Photograph no. 7 shows th is  lo c a tio n .

DO -  V Trends 1 and U a re  p re sen t and w e ll  d e fin e d . Trend 2 appears 

to  be absen t h e re . L ocation i s  on th e  e a s t  f la n k  of aone 3*

DO -  VI Trends 1 and 2 a re  c le a r ly  d e fin ed  on th i s  n e t .  Trend 3 , i f

p re s e n t , i s  d isp lac ed  from i t s  normal p o s itio n *  Trend k  i s  

p re se n t bu t weak. S tru c tu ra l  s e t t in g  o f t h i s  lo c a tio n  i s  on 

th e  w est f la n k  of a  minor a n t ic l in e  developed in  f r o n t  of a  

major th ru s t*  The th r u s t  ou tcrops about 100 f e e t  w est o f  the 

lo ca tio n *

DO -  V II Trends 1 , 2 , 3 and U a re  a l l  p re s e n t ,  d o ta t io n  to  th e  southw est

of a l l  highs has taken  p la c e . A l a t e r  development of tren d  

3 appears n ear th e  north  pole o f th e  n e t .  S everal minor th ru s ts  

have been recorded  bo th  above and below t h i s  lo c a tio n .

DO -  V III  Only tren d  3 i s  w e ll developed on t h i s  n e t .  S c a tte re d , weak 

and i r r e g u la r  h ighs may re p re se n t  o th e r t re n d s , b u t d e f in i t io n  

of such i s  u n c e r ta in . Same s t r u c tu r a l  s e t t in g  a s  DO -  VII

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Page 64 lacking. Filmed as received from 
the University of Cincinnati.

UNIVERSITY" MICROFILMS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-“65-

DP -  I  Trends 1 , 2 , 3 and U are  a U  p re s e n t , b u t somewhat i r r e g u la r .  

L ocation i s  200 f e e t  e a s t  of a  major t h r u s t .

DQ -  I  Trends 1 , 2 and 3 a re  p resen t b u t i r r e g u la r  and po o rly  defined .

L ocation i s  between 2 fo lded  te a r  fa u l ts *  DQ -  I  i s  shown on 

Map V III

DQ -  I I  Trends 1 , 2 and U a re  p re sen t and w e ll  developed. E longation

of tren d  1 high  in d ic a te s  p o ss ib le  presence o f  weak tren d  3 . 

S tru c tu ra l  p o s i t io n  i s  s im ila r  to  Dq _ i #

DQ -  I I I  Trends 1 and 2 a re  w e ll developed and w e ll  d e fin e d . Trend 3

i s  somewhat i r r e g u la r .  Location i s  on th e  w est f la n k  of an 

a n t ic l in e  developed in  f ro n t  of a  major t h r u s t ,

EA. -  I  This n e t and EA -  I I  show e x c e lle n t development o f tren d s  1

and 2o No o th e r su b s id ia ry  tren d s  a re  p resen t*  S tru c tu ra l 

s e t t in g  i s  in  a  t e a r - f a u l t  zone on the  Bighorn Range. Loca­

t io n s  EA -  I  th rough  EA -  I I  a re  shown on Map I I I .

EA -  I I  The same tren d s a re  ev iden t on th is  n e t a s  on EA -  I .  Same

s t r u c tu r a l  s e t t in g .

MA -  I  Trends 1 and 2 o f the R p a tte rn  a re  p re se n t and w e ll defined .

Two weak, poo rly  defined  highs are a lso  p re s e n t . Location i s  

in  f l a t - ly in g  beds w ith  no recorded lo c a l  s t r u c tu r e .

MB -  I  Trends 1 and 2 a re  p resen t on t h i s  n e t ,  bu t weak tre n d s  3 and

U show an  unusual development in  t h a t  th e y  a re  not in  normal

p o s itio n  r e l a t iv e  to  tren d s  !  and 2 and bedding . L ocation i s
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on th e  e a s t  f la n k  o f  a  minor a n t ic l in e  developed behind a  

th r u s t  fa u lt*  MB -  I  i s  shown on Map IV*

MC -  I  Trends 1 , 2 and 3 a re  w e ll defined  and w e ll developed here

but have ap p aren tly  experienced southeastw ard ro ta tio n *

Late development o f a second tre n d  1 h igh  appears on the 

p e rip h e ry  of th e  n e t .  One o th e r  w e ll developed h igh  i s  

shown, b u t i t s  meaning i s  unknown. Locations MC -  I  through 

MC -  I I I  a re  shown on Map V II,

MC -  I I  Trends 1 , 2 3 and U are  a l l  p re sen t and have a l l  experienced

ro ta t io n  s im ila r  to  th a t  of MC -  I* The lo c a tio n  i s  on the  

west f lan k  of a so u th east plunging a n t ic l in e  150 f e e t  e a s t  o f 

a  th ru s t  fa u lt*

MC -  H I  Trends 1 , 2 , 3 and U a re  a ls o  p re se n t here* L ocation  is  on th e  

w est f la n k  o f a  b roader, more g e n tly  plunging a n t ic l in e  than 

MC -  II*

MD -  I  Trends 1 and 2 of the  R p a tte rn  a re  the  on ly  trends p resen t

on th is  n e t .  Trend 2 i s  w e ll  developed and stro n g  b u t tren d  

1 i s  weak, poorly  developed and i r r e g u la r .  L ocation  i s  on a  

major t e a r  f a u l t  in  th e  Bighorn R iver t e a r  f a u l t  zone. Lo­

c a tio n s  MD -  I  through MD -  IV a re  shown on Map I .

MD -  I I  Trends 1 , 2 , 3 and U a re  a l l  p re sen t h e re . Trend 2 i s  s tro n g

and w e ll  defined  b u tih e  o th e rs  a re  weaker. L ocation i s  on 

ano ther te a r  f a u l t  in  th e  same zone*
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MD -  I I I  Trends 1 , 2 and U a re  p re se n t on th i s  n e t .  1 and 2 a re  po o rly

developed and i r r e g u la r  while 1+ i s  s tro n g  and w e ll  d e fin e d .

L ocation i s  s im ila r  to  MD -  I I .

MD -  IV Trends 1 , 2 and I4. a re  p re se n t here  a s  w e l l .  1 and 2 are

weak and p o o rly  d e fin e d , bu t U i s  s tro n g  and w e ll  d e fin ed .

Same s t r u c tu r a l  s e t t in g  a s  MD -  I I  and MD -  I I I .

NA -  I  On t h i s  n e t ,  tre n d s  1 , 2 and k  a re  p re s e n t , 2 and U being

w e ll d e fin ed  and stro n g  w hile  1  i s  weaker and d u a lly  developed* 

S lig h t  r o ta t io n  of t r e n d  2 i s  e v id e n t. L ocation i s  on the  

so u th e a s te r ly  plunging sou thern  end o f th e  N ikanassin  A nti­

c lin e*  This lo c a tio n  i s  shown on Map V n .

NB -  I  Trend 2 i s  w e ll developed bu t no t w e ll defined  h e re , while

tren d s  1 and 3 a re  p resen t bu t weak. S tru c tu ra l  s e t t in g  i s  

in  the  Bighorn Range te a r  f a u l t  zone. L ocations NB -  I  

through NB -  I I I  a re  shown on Map I I I .

NB -  I I  Trends 1 and 2 a re  p re s e n t , 2 be ing  s tro n g  and w e ll defined

and 1 being weak and i r r e g u la r .  Location i s  s im ila r  to  Ng -  I*

NB -  I I I  Trends 1 and 2 a re  the  on ly  d ire c tio n s  p re sen t h e re . S lig h t

r o ta t io n  o f tre n d  2 appears to  have occu rred . S e ttin g  i s  a ls o

s im ila r  to  NB -  I .

PGR -  I  This lo c a tio n  i s  th e  only  one tak e n  in  the  Paleozoic lim e­

s to n e s . In  t h i s  c a se , tren d s  1,  2 and 3 a re  a l l  p re se n t, b u t

h ighs a re  weak, i r r e g u la r  and p o o rly  d e fin e d . L ocation  i s
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SA -  I

SB -  I

SC -  I

TA -  I

TA -

TB -  I

■within a  massive th r u s t  block o f  Lower p a le o z o ic , Ghost 

R iver fo rm ation  in  th e  F i r s t  Range of the  Rocky Mountains 

a t  Tarpien Rock, Brazeau River*

Trends 1 and 2 o f th e  R p a tte rn  a re  bo th  p re se n t and w e ll  

developed* Trend 2 , however, has a  tandem high* Location 

i s  on th e  northw est plunging n o rth ern  end o f th e  Bighorn 

Range A n tic lin e*  This lo c a tio n  i s  shown on Map 17.

Trends 1 and 2 a re  v e ry  w ell developed, re g u la r  and w e ll 

d e fin e d . Location i s  on the west f3ank of the N ikanassin 

Range A n tic lin e*

Trends 1 , 2 , 3 and U a re  p resen t and w e ll developed* A ll 

tre n d s  have uniergone s l ig h t  so u th e a s te r ly  ro ta t io n *  Loca­

t io n  i s  on the  overtu rned  e a s t  f la n k  o f  th e  N ikanassin  Range 

A n tic lin e*

On th is  n e t ,  tre n d s  1 ,  2 and U a re  p re s e n t . T rea is  1 and 2 

a re  w e ll developed and re g u la r . Trend U i s  weak. Location 

i s  j u s t  below a major w est d ipp ing  th r u s t .  This lo c a tio n  i s  

shown on Map Vx*

R o ta tio n  of tren d s  1 , 2 and ij. i s  e v id e n t on t h i s  n e t .  1 and 

2 a re  s tro n g  and r e g u la r .  U i s  weak and p o o rly  d e fin e d . 

L ocation  i s  e a s t  o f TA -  I ,  away from the th r u s t .  A minor 

th r u s t  f a u l t  passes between th ese  two lo c a tio n s .

Trends 1 , 2 and k a re  p resen t h e re . A ll  a re  i r r e g u la r ,  but
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w e ll d e f in e d . L ocation i s  above a  minor th r u s t  in  zone 1 .

Trends 1 , 2 , 3 and U a re  p re s e n t .  S lig h t r o ta t io n  in  an

e a s te r ly  d ire c tio n  i s  ap p aren t. A ll  tren d s  a re  i r r e g u la r  and 

p o o rly  d e fin e d . S tru c tu ra l  s e t t in g  i s  in  a  zone o f minor 

d is lo c a tio n s .

Trends 1 , 2 , 3 and U a re  a ls o  p re se n t h e re . Trend 1 i s  very

weak, and the o th e rs  a re  w e ll developed b u t po o rly  d e fin ed .

Secondary development o f a  new, l a t e r  tre n d  3 i s  e v id e n t. 

S tru c tu re  s im ila r  to  TC -  I .

Trends 1 , 2 , 3 and It a re  a l l  p re s e n t .  Trends 3 and it a re  no t 

in  t h e i r  normal p o s i t io n , bu t appear t o  have been r o ta te d .

L ate development o f a  new tren d  1 appears a t  the  edge of the 

n e t .  Location i s  in  a  minor f a u l t  zone.

Trend 2 i s  th e  on ly  d is tin g u ish a b le  tre n d  p re se n t h e re . Num­

erous weak and i r r e g u la r  h ighs appear b u t t h e i r  development 

i s  to o  poor to  a llo w  in te r p r e ta t io n .

There a re  no d is tin g u ish a b le  tre n d s  on th i s  n e t .  A ll  highs 

a re  p o o rly  developed, poorly  defined  and i r r e g u la r .  I n te r ­

p r e ta t io n  i s  no t p o s s ib le . Both TC -  IV and TC -  V a re  beneath 

an e a s t-d ip p in g  th r u s t .

The development o f jo in t s  a t  t h i s  lo c a tio n  i s  ty p ic a l  of sha le  

l i t h o lo g ie s .  The highs which appear a p p a re n tly  have no reg­

io n a l  s ig n if ic a n c e  in  term s of the o th e r lo c a tio n s  and a re
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poorly  developed, po o rly  d e fin ed  and i r r e g u la r .  No in te r ­

p re ta t io n  can be made by  the  w r i t e r .  This lo c a tio n  i s  

shown on Map V III ,
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CONCLUSIONS

A number o f  g e n e ra liz a tio n s  may be drawn from th e  fo re -g o in g  data*

A* The re g io n a l  f r a c tu re  p a t te r n  i n  th e  C e n tra l  F o o th i l ls  B e lt i s  com­

posed of two m ajor tre n d s  which a re  approx im ate ly  p e rp en d icu la r to  

each o th er and to  bedding re g a rd le ss  of the  a t t i tu d e  of the beds*

One o f th e se  t re n d s  commonly p a r a l le l s  th e  re g io n a l  t r e n d  o f the 

s t r u c tu r e •

B* Since th e  tre n d s  o f th e  re g io n a l p a t te rn  u s u a l ly  b ear a re la t io n s h ip  

to  th e  s t r u c tu r a l  t r e n d ,  th e y  commonly have a  s im ila r  re la t io n s h ip  

to  bedding* However, in  th e  near v i c in i ty  of p lunging  s tru c tu re s  

o r th ru s t  f a u l t s  which have experienced change i n  d isp lacem en t, the  

p a tte rn s  show a  d e f in i te  ro ta tio n *  In  the  form er c a se , the  o rien ­

ta t io n  o f  jo in t  p lanes o f  th e  component tre n d s  o f the  re g io n a l p a t­

t e r n  a re  a t  p re se n t approxim ately  normal to  and p a r a l le l  w ith  the 

a x is  of th e  fo ld*  In  the  l a t t e r  c a se , ro ta te d  j o in t  tre n d s  both 

fo llo w  and a re  norm al to  l in e s  of equal d isplacem ent on th e  f a u l ts *

As a  r e s u l t ,  r o ta t io n  o f th e  j o in t  tren d s  can be tra c e d  d i r e c t ly  to  

s im ila r  r o ta t io n  o f beds w herever d isplacem ent in c re a s e s  o r d ecreases  

l a t e r a l l y  along the  th r u s t  p lane ou tcrop . In  a  few cases  ro ta t io n  

o f one tre n d  r e la t iv e  to  th e  o th e rs  i s  a p p a re n t, f t  i s  p o ss ib le  t h a t  

such ro ta t io n  has come abou t as a  r e s u l t  of d i f f e r e n t i a l  movement 

along in te r s e c t in g  jo in t  p lanes thus fo rc in g  r o ta t io n  and a change 

in  th e  angle of in te r s e c t io n .  Such changes i n  angle have been ob­

served by o th e rs , b u t  th e  w rite r  has found no evidence o f th is  

mechanism w ith in  th e  a re a  s tu d ie d .

-7 1 -
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C. Secondary component tre n d s  o f th e  re g io n a l p a t te rn  occur on some 

con tour diagrams o rien ted  w ith  reg a rd  to  a  p re se n t h o r iz o n ta l  plane 

in  the  same way th a t  th e  o r ig in a l  re g io n a l p a tte rn  tren d s  a re  r e ­

la te d  to  bedding© I f  th e  beds to g e th e r  w ith  th e  normal jo in t  trends 

were re tu rn e d  to  th e  h o r iz o n ta l p o s it io n  w hile th ese  secondary 

tre n d s  were he ld  s ta t io n a ry ,  then  th ese  secondary d ire c tio n s  would 

occupy th e  same p o s itio n s  as the  normal re g io n a l t r e n d s . In  a  few 

c a se s , (see Location CR -  H )  c e r ta in  h ighs show a  d i s t i n c t  tendency 

to  g i r d le ,  in d ic a tin g  jo in t  development during  fo ld in g .

D. From the fo regoing  i t  seems ev id en t th a t :

1 .  The main tren d s  o f the  in d iv id u a l p a tte rn s  developed e a r ly  in  

th e  defo rm ational h i s to r y  o f th e  a re a , when th e  s t r a t a  were 

e s s e n t ia l ly  f l a t - l y i n g .  In  no o th e r  way can the w r i te r  account 

f o r  th e  r e la t io n s h ip  between j o in t  a t t i tu d e s  and th e  a t t i tu d e  

o f the  bedding.

2 .  The co n d itio n s  which produced th e  o r ig in a l  p a tte rn s  were aLso 

p re se n t sp o ra d ic a lly  b o th  du ring  fo ld in g  and f a u l t in g  and a f t e r  

th e  rocks had reached th e i r  p re sen t a t t i t u d e „ These co n d itio n s 

produced r e p e t i t io n  of some e a r ly  jo in t  tren d s  during  d e fo rm tio n  

o f th e  beds.

3 . Conclusions 1 and 2 suggest a  reason  fo r  the i r r e g u la r i t y  or 

absence o f  jo in t  su rfa c e s  in  th e  more incom petent ro c k s . As­

suming t h a t  p lan ar jo in t s  formed in  the  sh a le s  a t  th e  same time 

a s  in  the  more competent beds, subsequent deform ation of the 

sh a les  by flowage could  e a s i ly  have fo rced  the jo in t  p lanes 

them selves to  be deformed and perhaps o b l i te r a te d .
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E . The r e la t io n s h ip  o f jo in t  tren d  d ire c tio n s  to  the  s t r u c tu r a l  tren d s  

and to  th e  tre n d  of th e  f le x u re  b o rd erin g  th e  c o rd i l le ra n  Geosync l in e  

makes in te r p r e ta t io n  of the genesis o f th ese  j o in t  tren d s  d i f f i c u l t .  

1 . The jo in t s  may have been formed in  response  to  th e  e a r l i e s t

s t r e s s e s  produced during  the t a r  amide urogeny.

2* I f  te c to n ic  movement p rogressed  from w est to  e a s t  a c ro ss  th e  

a re a , jo in t s  formed lo c a l ly  in  response to  th e  s t r e s s e s  thus 

produced could hawa successive  o r ig in s  a s  w e ll .

3* O rig in  o f the jo in ts  perhaps l i e s  in  th e  re la t io n s h ip  between 

the  j o in t  d ir e c tio n s  and the tren d  o f  the e a s te rn  margin o f the  

C o rd ille ra n  Geosyncline during Mesozoic tim e . (E ard ley , 1951)• 

This r e la t io n s h ip  might mean th a t  th e  jo in t s  -were formed in  

response to  r a th e r  gen tle  warping about an a x is  of f le x u re , 

w hile  d ep o sitio n  was s t i l l  tak in g  p la c e .

Of the  th re e  suggested o r ig in s , the f i r s t  o r  second i s  f e l t  to  o ffe r  

th e  b e s t ex p lan a tio n  o f the f a c t s .  J o in t  tren d s  developed during 

the  deform ation a re  the same a s  those  developed while th e  rocks were 

s t i l l  e s s e n t ia l ly  f l a t - l y i n g .  I f  jo in t s  which developed e a r ly  

a re  due to  f lex u re  of th e  su rfa ce  of d e p o s itio n , th en  those which de­

veloped l a t e r  and a re  c le a r ly  r e la te d  to  the  s tru c tu re  a re  s im ila r  

i n  tre n d  only  through coincidence of s t r u c tu r a l  and d e p o s itio n a l 

t re n d s .

F . Development of h ighs su b s id ia ry  to  the component tren d s  of the reg ­

io n a l p a tte rn  i s  apparen t on many of the  contour diagram s. These 

tre n d s , term ed 3 and U, a re  d i r e c t l y  r e la te d  t o  th e  degree o f defo r­

m ation a t  any p a r t ic u la r  lo c a tio n . They occur in  the  immediate
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v ic in i ty  o f minor th ru s ts  and t e a r  f a u l ts *  In  th e  l a t t e r  case one 

o f the  two tren d s  i s  g e n e ra lly  p a r a l le l  to  th e  tre n d  of the f a u l t  

plane* (See MD -  1 through MD -  IV, and CR -  I  th rough  GR -  I I I ) • 

Both tren d s  a re  e s p e c ia l ly  w e ll developed c lo se  to  the la rg e r  

th r u s t  fa u lts *  P a tte rn s  of jo in t s  measured even a t  g re a te r  d is ta n c e s  

s t i l l  show th e i r  presence* Areas which have been s tro n g ly  fo lded  

a ls o  show these  tre n d s . Trends 3 and U have no d e f in i te  re la t io n s h ip  

to  the re g io n a l p a tte rn  tren d s  o r to  each o th e r , a lthough  th e y  a re  

a ls o  u su a lly  normal to  th e  bedding* The angle between them vari.es 

from lo c a tio n  to  lo c a tio n  being  sometimes le s s  th a n  and sometimes 

g re a te r  than  90 deg rees. Whatever th e  an g le , however, the  two 

tre n d s , when p resen t to g e th e r , g e n e ra lly  in te r s e c t  equal ang les on 

e i th e r  s id e  of tre n d  1 of th e  re g io n a l p a t te rn .  I t  i s  p o ss ib le  

th a t  th ese  d ir e c t io n s ,  because o f  the v a r i a b i l i ty  in  t h e i r  angle 

and th e i r  re la t io n s h ip  to  the  more h ig h ly  deformed p a r ts  o f the 

a re a  rep re se n t th e  con jugate  shear p lanes d iscussed  by Bucher 

(1920) and others*

G* On many n e ts  a  su b s id ia ry  h igh  occurs c lose  to  the p lo tte d  pole of 

the  bedding. Since the p lo tte d  a t t i tu d e  o f the bedding i s  based on 

th e  average o f only  th re e  in d iv id u a l read ings in  sane cases i t  is  

l ik e ly  th a t  th e  bedding p lo t  may be a  few degrees in  e rro r*  Because 

jo in t s  were measured w ithou t s e l e c t i v i ty ,  undoubtedly in  sane cases 

bedding su rfaces  were measured and p lo tte d  as j o in t s ,  Wherever a 

jo in t  h igh  occurs w ith in  a few degrees o f the p lo tte d  bedding the 

w r i te r  f e e ls  th a t  t h i s  h igh re p re se n ts  bedding plane po les r a th e r  

than j o i n t s .  In  in s tan c es  where th sre  i s  an apparen t d iv is io n
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between th e  bedding p lo t  and a  contoured h igh  the h igh  i s  thought 

to  re p re se n t jo in t  p lanes which l i e  a t  a  low angle  to  the  bedding.

In  some cases th e se  d ire c tio n s  might re p re s e n t  shear p lanes or 

in c ip ie n t  th r u s t s  developed at th e  same time as the th r u s t  f a u l t s .  

However, no t enough in fo rm ation  i s  a v a ila b le  on th e  a t t i tu d e  of 

th r u s t  p lanes in  the  a re a  to  draw a d i s t i n c t  c o r r e la t io n .

H. R eg u la rity  in  o u tlin e  o f highs on in d iv id u a l n e ts  i s  d i r e c t l y  r e ­

la te d  to  r e g u la r i ty  of j o in t  su rfaces  a s  d e sc rib e d  in  th e  f i e l d .

At those  lo c a tio n s  where j o in t  su rfa c e s  were d esc rib ed  a s  p lan a r

or re g u la r  th e  contoured n e ts  have the same c h a r a c t e r i s t i c .  Wherever 

the  jo in t s  were term ed i r r e g u la r  o r wavy the  contoured h ighs show 

the  same f e a tu r e .  I r r e g u la r i ty  of j o in t  su rfa c e s  i s  c h a r a c te r i s t ic  

o f rocks i n  th e  more h ig h ly  deformed b e l t s  o f the  a re a ,  (See D -  3 

above). Poor development and poor d e f in i t io n  a re  a ls o  c h a ra c te r­

i s t i c s  o f j o in t  tren d s  w ith in  h ig h ly  deformed zones.

I .  Contour diagrams DE -  I  and DE -  IE a re  e x c e lle n t  examples o f the  

s h i f t  i n  r e l a t iv e  d e n s i ty  of one tren d  w ith  th e  in tro d u c tio n  of new 

tren d s  o r a decrease  in  sample number. In  th e  case o f  DE -  I  where 

100 jo in t s  were tak e n  th e  re g io n a l p a tte rn  i s  c le a r ,  even in  th e  

presence of h igh d e n s i ty  tren d s 3 and i;. AT DE -  I I  where only  50 

jo in t s  were taken , th e  re g io n a l tre n d  has been alm ost com pletely  

su b o rd in a ted . That th e  re g io n a l p a tte rn  e x is ts  a t  bo th  l o c a l i t i e s  

seems a  v a l id  assum ption to  th e  w r i te r  s in ce  th ey  bo th  re p re se n t 

jo in t s  taken  in  th e  same s t r a t ig ra p h ic  h o rizo n  in  th e  same s t r u c t ­

u ra l  p o s it io n  se p a ra ted  on ly  by a  d is ta n c e  of about 200 y a rd s .
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J .  W ithin th e  range o f l i th o lo g ie s  o f rocks in  which jo in t  measure­

ments were made, the  p e r s is te n t  presence o f  both  th e  re g io n a l 

p a tte rn  and i t s  m o d ifica tio n s inc7' 2a te s  th a t  th e re  i s  no obser­

vab le  r e la t io n s h ip  between l i th o lo g y  and jo in t  p a tte rn *  Although 

th e  w r i te r  excluded jo in t s  i n  the  sh a le s  from th i s  s tu d y , th is  

sta tem en t holds tru e  f o r  the  various l i th o lo g ie s  in  which d i f f e r e n t  

s e r ie s  o f jo in t  lo c a tio n s  were e s ta b l is h e d , i . e . ,  th e  l i th o lo g ie s  

o f the  Brazeau, Bighorn and N ikanassin  fo rm ations a re  markedly 

d i f f e r e n t ,  bu t th e  r e g io n a l  p a tte rn s  found in  them a re  in d is t in g ­

u ish ab le  on th e  b a s is  of l i th o lo g ic  ty p e .
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Photograph No, 1

I l lu s t r a t i n g  technique used in  g a th e rin g  jo in t  
o r ie n ta t io n  d a ta ,  Brazeau R iver
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Photograph No. 2

D isc re te  j o in t  su rfa ce s  c u tt in g  through 3 0 ' o f 
mixed sandstones and conglom erates. Southesk 
R iver.
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Photograph No. 3

T ypical outcrop  of Brazeau sandstone w ith  p lanar 
j o in t s  c u t t in g  through 25 fo o t bed of sandstone 
and conglom erate. Opaben Creek.
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Rhotograph No. U

Close view o f ty p ic a l  jo in t  development in  Big­
horn S an istone. Note th a t  d is c re te  j o in t  su rfa ce s  
end a t  sand-sha le  in te r f a c e .  C ard ina l R iver
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Photograph No. $

Close view of minor a n t i th e t ic  reverse  f a u l t .  D is­
placement i s  r ig h t  hand s ide  down 7 1/2 f e e t .  F a u lt 
plane passes through p o in t o f  hammer head and i s  
p a r a l le l  to  hand le . C ard inal R iver
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Photograph No. 6 

D is ta n t view (100 f e e t )  o f f a u l t  in  Photograph No. 5 
C ard ina l R iver.
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Photograph No. 7

Typical jo in t  development in  Brazeau fo rm ation  sand­
s to n e s . J o in t  L ocation DO -  IV. Mackanzie Creek
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Photograph No. 8 

J o in ts  in  th e  Brazeau form ation Sandstones. Lo­
c a tio n  DI -  V. T h is tle  Creek.
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Photograph No. 9

J o in t  development in  the Brazeau form ation sand­
stones a t  Location DH -  I I I*  Upper C ard inal R iver.
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Photograph No. 10

View of outcrop o f Bighorn fo rm ation  sandstone over­
tu rned  w ith  B lackstone form ation t r a n s i t io n  beds on 
the  r i g h t .  J o in t  lo c a tio n  CK -  I I .  Upper Brown 
Creek.
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Photograph No. 11

T ypical j o in t  development in  Bighorn form ation  sand­
s to n e s . J o in t  l o c a l i t y  CH -  I .  Chungo Creek
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AJfPENDIX A
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Key f o r  Symbols used on Coutour Diagrams

I .  Form ations in  which jo in t  o r ie n ta t io n  d a ta  were c o lle c te d  a re  in d i­

c a ted  by th e  f i r s t  l e t t e r  o f th e  lo c a tio n  d e s ig n a tio n , e .g . ,  M  -  I .

A -  Luscar form ation

B -  Mount Head member o f the  Rundle form ation

C -  Bighorn form ation

D -  Brazeau form ation

E -  Cadomin form ation

M -  Mountain Park form ation

N -  N ikarassin  form ation

P -  Paleozoic rocks -  Ghost R iver form ation

S -  Spray R iver form ation

T -  T e r t ia ry  -  Paskapoo form ation

W -  Wapiabi form ation

I I .  Geographic lo c a tio n  of jo in t  lo c a l i ty  i s  in d ic a te d  by  th e  second l e t ­

t e r  o f th e  lo c a tio n  d e s ig n a tio n . In  g e n e ra l, a l l  lo c a tio n s  w ith in  a

s in g le  form ation and along  the  same stream  have th e  same second 

l e t t e r ,  e . g . ,  CN -  I  -  a l l  CN lo c a tio n s  a re  a long  th e  Brazeau R iver. 

See Appendix A, p a r t  3 , f o r  the  lo c a tio n  of each in d iv id u a l lo c a l i ty .

I I I . The Roman numeral which makes up the  th i r d  component of the  lo c a l i ty

d e s ig n a tio n  in d ic a te s  th e  number of the lo c a l i t y  w ith in  i t s  group. 

Thus CN -  I  through CN -  VI compose th e  e n t i r e  group of lo c a l i t ie s  

of which CN -  I I I  is  th e  th i r d  lo c a tio n  e s ta b lis h e d .

IV. The c o lo r  key fo r  contour in te rv a ls  shown on P la te s  1 through 72 i s  

th e  fo llow ing ;
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•1 -  2$

2 .1  -  h% 

U.1 -  6$

6.1 -  8$ 

8 .1  -  10$

10.1 -  12$

12.1 -  1k% 

U u l -  16$

16.1 -  18$ 

18.1  -  20$ 

20 .1  -  22$

22 .1  -  2li$

2U.1 -  26$

26 .1  -  28$ 

2 8 . 1 -  30$

30 .1  -  32$

32.1 -  3b$ 

3U.1 -  36$

36.1  -  38$

38 .1  -  1|0$

V. A rabic 

to  th e  

tre n d s

& 3sSA *

$ >v

r Y * * t " 5 ’ -. 
1 ( i s  ^

R- Jfg,

m am am

.1 -  u$

l u l  -

8.1  -  12$

12.1  -  16$

16.1  -  20$

20 .1  -  2U$

2U.1  -  28$

28 .1  -  32$

32 .1  -  36$

36 .1  -  i*0$

.1

3 .1

6.1  

9 .1

12.1

15 .1

18.1  

21.1 

2l u l

27 .1

30.1

33.1

36 .1

39 .1

-  3$

-  6$

-  9$

-  12$

-  15$

-  18$ 

-  21$

-  2U$

-  27$

-  30$

-  33$

-  36$

-  39$

-  1|2$ P M

.1  -  6$

6 .1  -  12$

12 .1  -  18$

18 .1  -  2U$

2U.1 -  30$

30 .1  -  36$

36.1 -  ii2$

numerals on in d iv id u a l p re fe r re d  o r ie n ta t io n s  on th e  n e ts  r e f e r  

A rea l D ensity  F ac to r ta b u la t io n s ,  no t to  d e s ig n a tio n  o f jo in t  

as d iscu ssed  in  p a r t  I I ,  s e c tio n  3 .
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p l a t e

A A - I  

Strip Mine. - /Vordeytp

A B - I

Nom e/ess Creek
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p l a t e  2

A B - H

A/ameless Creek

A C -  I

Smof/po* Creek
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p l a t e  3

A D - E

C ardinal R iver

AD - I

Cardinal R iver
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p l a t e  4

Upper Cardinal Rn/er
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p l a t e  5

C N R  T restle
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p l a t e  6

Smallpox Creek

Wop/obi Creek
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p l a t e  7

CF - I

Wop tab I Creek

CF - I  

Sturrock Creek
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p l a t e  8

W optabi C reek
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p l a t e  9

/

c h  -n

ChuncjO Creek

c h  - m

Chunjo C reek
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PLATE 10

C l  - I  

Brouun C reek

C l  - z

Brouun Creek
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PLATE 11

' \ CT - M  

Brown Creek

C l  - I F  

Brown Creek
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D-ATE 12

c*" —  -
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PLATE 13

C J  -  I

Canyon Creek

C J - E

Canyon Creek
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PLATE 14
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p l a t e  15

C K  -  I  

Upper Brown Creek

CK - E

Upper Brown Creek
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PLATE 16
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PLATE 17

' /  V

C K  - Y

U pper Brown Creek

CL -  I  

Th/st/e Creek

>)  \
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PLATE 18

Thistle Creek

Thistle Creek
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PLATE 19

Cardinal River

Lower Cardinal River
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PLATE 20

c m  - m

L outer Cardinal River

c

CM - I Z

Lower Cardinal River

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



■-U2-

PLATE 21

Middle Cardinal River

Cardinal River
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PLATE 22

Cardinal River

Cardinal R iver
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p l a t e  23

Brazeau R iver

C N  -T L

B ra ze a u  R iver
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Geographic L o c a l i t ie s  of J o in t  L ocations

Following i s  an index to  th e  map lo c a tio n  o f every  j o in t  lo c a tio n  

d isc u sse d . In d iv id u a l lo c a tio n s  may be found by f in d in g  the  Map Area 

tjy name (see Figure 2 ) ,  and th e  re c ta n g le  number. The lo c a tio n  may 

then  be found a long  th e  stream  l i s t e d .

L ocation P la te
No.

Man Area Stream or 
O ther

Rectangle

AA -  I 1 Brazeau S tr ip  Mine 3

AB -  I 1 Brazeau Nameless Creek h

AB -  I I 2 Brazeau Nameless Creek h

AC -  I 2 Brazeau Smallpox Creek 8

AD -  I 3 Grave F la ts C ardinal R iver

AD -  I I 3 Grave F la ts C ard ina l R iver

AD -  I I I k Grave F la ts C ardinal R iver h

AD -  IV k Grave F la ts C ard inal R iver h

AE -  I 5 Grave F la ts Brazeau R iver 9

BB -  I 5 Brazeau C. N. R. T re s tle 3

CC -  I 6 Brazeau Smallpox Creek 8

C D - I 6 Wapiabi Creek W apiabi Creek 8

CE -  I 7 Wapiabi Creek Wapiabi Creek 8

CF -  I 7 Wapiabi Creek Wapiabi Creek 8

CG -  I 8 Wapiabi Creek Wapiabi Creek 8

CH -  I 8 Wapiabi Creek Chungc Creek 1

CH -  I I 9 Wapiabi Creek Chungo Creek 1

CH -  I I I 9 Wapiabi Qreek Chungo Creek 1

Cl -  I 10 Pembina Forks Brown Creek 9

Cl -  I I 10 Pembina Forks Brown Creek 9
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Location Plat©
No.

Map Area

c i -  in 11 Pembina Forks

CI -  IV 11 Pembina Forks

CI -  V 12 Pembina Forks

CI -  VI 12 Pembina Forks

C-J = I ■n Pembina Forks

CJ -  I I 13 Pembina Forks

CJ -  I I I 1U Pembina Forks

CJ -  IV lit Pembina Forks

CK -  I 15 George Creek

CK -  II 15 George Creek

ck -  in 16 George Creek

CK -  IV 16 George Creek

CK -  V 17 George Creek

CL -  I 17 Grave F la ts

CL -  I I 18 Grave F la ts

CL -  I I I 18 Grave F la ts

CM -  I 19 Grave F la ts

CM -  II 19 Pembina Forks

CM -  n i 20 Pembina Forks

CM -  IV 20 Pembina Forks

CM -  V 21 Grave F la ts

CM -  VI 21 Grave F la ts

CM -  VII 22 Grave F la ts

cm -  v i n 22 Grave F lats

CN -  I 23 Grave F la ts

Stream  or 
O ther

Recta

Brown Creek 9

North o f Brown Creek 8

Brown Creek 9

Brown Creek 9

Canyon Creek 8

Canyon Creek 9

Canyon Creek 5

Canyon Creek 5

Upper Brown Creek 1

Upper Brown Creek 1

Upper Brown Creek 1

Upper Brown Creek 1

Upper Brown Creek 1

T h is tle  Creek 7

T h is tle  Creek 8

T h is tle  Creek 9

C ard inal R iver 5

C ardinal R iver k

C ardinal R iver k

C ard ina l R iver h

C ard inal R iver 6

C ard inal R iver 6

C ard ina l R iver h

C ard inal R iver 6

Brazeau R iver 9
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Location P late
No*

Map Area Stream or
Other

Rectangle

CN -  I I 23 Grave F la ts Brazeau R iver 9

CN -  I I I 2k Pembina Forks Brazeau R iver k

CN -  17 2h Pembina Forks Brazeau R iver 5

CN -  V 25 Pembina Forks Brazeau R iver k

CN -  VI 25 Pembina Forks Brazeau R iver 5

CO -  I 26 Grave F la ts Hanson Creek 6

CO -  I I 26 Grave F la ts Hanson Creek 6

CO -  I I I 27 Grave F la ts Hanson Creek 6

CP -  I 27 Grave F la ts Rat Creek 2

CP -  I I 28 Grave F la ts Rat Creek 2

cp -  h i 28 Grave F la ts Rat Creek 2

CP -  IV 29 Grave F la ts Rat Creek 2

CQ -  I 29 Grave F la ts Pembina R iver 1

CQ -  I I 30 Grave F la ts Pembina R iver 1

CQ -  I I I 30 Grave F la ts Pembina R iver 1

CR -  I 31 Mountain P ark(E ast) Pembina R iver 3

CR -  I I 31 Grave F la ts Pembina R iver 1

CR -  i n 32 Mountain Park (E ast) Pembina R iver 3

CS -  I 32 Mountain ^ark (E ast) Mackenzie Creek 2

CS -  I I 33 Cadomin (E ast) Mackenzie Creek 8

CS -  I I I 33 Cadomin (E ast) Mackenzie Creek 7

CT -  I 3k Cadomin West Luscar Creek 9

CT -  I I 3k Cadomin West Luscar Creek 9

CT -  I I I 35 Cadomin West Luscar Creek 9

DD -  I 35 Wapiabi Creek Wapiabi Creek 5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Location P la te  Map Area 
Mo.

Stream or
Other

Rectangle

DD -  I I 36 ’ Wapiabi Creek W apiabi Creek

DD -  I I I 36 Wapiabi Creek B lackstone R iver

DD -  IV 37 Wapiabi Creek B lackstone R iver

DE -  I 37 E ast of Pembina Brown Creek
Forks

DE -  I I 38 E ast o f Pembina Brown Creek
Forks

DF «. I 38 George Creek Brown Creek

DG -  I 39 West o f George Southesk R iver
Creek

DH -  I 39 Grave F la ts C ard ina l R iver

DH -  n 1*0 Grave F la ts C ard in a l R iver

DH -  n i 1*0 Grave F la ts C ard in a l R iver

DH -  IV a i Pembina Forks C ard inal R iver

DI -  I i a Grave F la ts T h is tle  Creek

DI -  I I 1*2 Grave F la ts T h is tle  Creek

DI - in 1*2 Grave F la ts T h is tle  Creek

DI -  IV 1*3 Grave F la ts T h is tle  Creek

CI -  V 1*3 Grave F la ts T h is tle  Creek

DJ -  I 1*1* Grave F la ts Brazeau R iver

DJ -  I I 1*1* Pembina Forks Brazeau R iver

DJ -  I I I 1*5 Pembina Forks North of Brazeau R iver

DJ -  IV 1*5 Pembina Forks North of Brazeau R iver

DK -  I 1*6 Pembina Forks Crooked Creek

DK -  I I 1*6 Grave F la ts Pembina R iver

DK -  n i 1*7 Grave F la ts Pembina R iver

DK -  IV U7 Grave F la ts Pembina R iver

DK -  V 1*8 Grave F la ts Pembina R iver

5

6

6

7

7

2

2

6

6

5

8

8

8

7

7

9

1*

5

5

l

3

3

3

3
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L ocation  P la te  
___________  No*

DK -  VI k8

DK -  v n h9

DK -  V III h9

DL -  I 50

DN -  I 50

DN -  I I 51

DN -  m 51

DN -  IV 52

DN -  V 52

DO -  I 53

DO -  n 53

DO -  I I I 5U

DO -  IV Sh

DO -  V 55

DO -  VI 55

DO -  V II 56

DO -  V III 56

DP -  I 57

DQ -  I 57

DQ -  I I 58

DQ -  I I I 58

EA -  I 59

EA -  I I 59

MA -  I 60

MB -  I 60

Map Area

Grave F la ts  

Grave F la ts  

Grave F la ts  

Grave F la ts  

Grave F la ts  

Grave F la ts  

Grave F la ts  

Grave F la ts  

Grave F la ts  

Mountain Park(E ast) 

Cadomin (E ast) 

Mountain Park(E ast) 

Cadomin (E ast) 

Cadomin (E ast) 

Cadomin (E ast) 

Cadomin (E ast) 

Cadomin (E ast) 

Cadomin (E ast)

Grave F la ts  

L ovett (West) 

Cadomin (E ast) 

George Creek 

Gecrge Creek 

Brazeau 

George Creek-

Stream or Rectangle
Other

Pembina R iver 3

Pembina R iver 3

Pembina R iver 3

Hanson Creelp 5

Pembina R iver 1

Pembina R iver 1

Pembina R iver 1

Pembina R iver 1

Pembina R iver 1

Mackenzie R iver 2

Mackenzie R iver 8

Mackenzie R iver 2

Mackenzie R iver 8

Mackenzie R iver 8

Mackenzie R iver h

Mackenzie R iver k

Mackenzie R iver k

Watson Creek 7

North o f Pembina R iver 1

North of Pembina R iver 7

North o f Pembina R iver 9

Bighorn Range 9

Bighorn Range 9

S tr ip  Mine 3

Brown Creek 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Location P la te  Hap Area 
No* ____

Stream or
Other

Rectangle

MO -  I 61 Grave F la ts Ruby Creek

MC -  I I 61 Grave F la ts Ruby Creek

mc -  i n 62 Grave F la ts Ruby Creek

MD -  I 62 Bighorn R iver Bighorn R iver

md -  n 63 Bighorn R iver Bighorn R iver

MD -  I I I 63 Bighorn River Bighorn R iver

1® -  IV 6h Bighorn R iver Bighorn R iver

NA -  I 6h Grave F la ts Ruby Creek

NB -  I 65 George Creek Bighorn Range

NB -  I I 65 George Creek Bighorn Range

NB -  I I I 66 George Creek Bighorn Range

PGR -  I 66 West o f George Brazeau R iver
Creek

SA -  I 67 George Creek Brown Creek

SB -  I 67 Mountain Park(E ast) N ikanassin  Range

SC -  I 68 Mountain Park(E ast) Mackenzie Creek

IA -  I 68 Pembina Forlpg Brazeau R iver

£ i M H 69 Pembina Forks Brazeau R iver

TB -  I 69 Pembina Forks Pembina R iver

TC -  I 70 L ovett (West) S t r ip  Mines

TC -  I I 70 L ovett (West) S t r ip  Mines

TC -  I I I 71 L ovett (West) S t r ip  Mines

TC -  IV 71 L ovett (West) L i t t l e  Pembina R iver

TC -  V 72 L ovett (West) L i t t l e  Pembina R iver

WA -  I 72 George Creek South of Brown Creek

k

k

k

6

6

6

6

k

9

9

9

2

1

6

1

6

6

1

9

9

1

9

9

1
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C oncer ning th e  Maps

The gaologic maps reproduced here a re  th e  -work o f R obert J.W.

Douglas o f th e  G eo log ical Survey of Canada* No changes o r  c o rre c tio n s  

were made on any  of the  e ig h t lo c a l  map a re a s ,  which were tra c e d  d i r e c t ly  

from the 1” to  1/2  m ile  unpublished d r a f t s  made w hile  th e  f i e l d  work was 

p ro g ress in g , Brazeau and Bighorn R iver sh e e ts  have been p ub lished  to ­

ge ther in  p re lim in a ry  form in  1956 a s  G eo log ical Survey o f Canada Raper 

55-31* e n t i t l e d  "Nordegg, A lb e rta " ,

The two re g io na l  maps ( A & B ) have been compiled by the  w r i te r  

from the  m anuscript maps mentioned above and B.R. McKay’s pub lished  

maps of the  Cadomin and Mountain Rark S h e e ts , (G.S.C. Maps 209A and 208A 

re s p e c t iv e ly ) .  The sm all a re a  w est o f  the  Bighorn R iver map a re a  was 

taken  from a  com pila tion  of th e  C e n tra l F o o th i l ls  B e lt by B.R, McKay 

(19i*3) designated  R relim inary  Map U3-3, The a re a  im m ediately w est of 

the  George Creek nap Area was in te rp o la te d  by  the w r i te r  from the a re a s  

to  the  n o rth  and e a s t  and was drawn on ly  f o r  th e  purpose o f c o n tin u ity .

No d a ta  on th i s  a re a  were a v a ila b le  a t  the  tim e  th e  nap was drawn, hence 

the  lo c a tio n  o f the  c o n ta c ts  and f a u l t s  shown might w e ll be' in  e r r o r .

The naps were p h o to g rap h ica lly  reduced and r e - t r a c e d  on a  s c a le  o f 1 

inch  to  2 m ile s . In  some cases minor d e ta i l s  were om itted  f o r  th e  sake 

o f c l a r i f i c a t io n .

Although th e se  maps a re  la rg e ly  th e  work o f D r, Douglas, and must be 

c re d ite d  to  him, any e r ro r s  o r m is in te rp re ta t io n s  a re  the r e s p o n s ib i l i ty  

o f the  w r i te r .
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