
BRITISH  COLUMBIA 
DEPARTMENT OF MINES AND PETROLEUM  RESOURCES 

HON. W. K. KIERNAN, Minister P. J. MULCAIIY, Deputy Minister 

BULLETIN No. 44 

GEOLOGY 
I l l  of the 

Fraser  River  Valley 
between 

Lillooet and  Big Bar Creek 

A Thesis  Submitted  in  Partial  Fulfilment of 
The  Requirements f o r  the  Degree of Doctor of Philosophy 

in  the  Department of Geology 
at the  University of British  Columbia 

b y  

HANS PETER  TRETTIN 

1861 

BEST-PHINTEII CO. LTD. 



I .   Vert ica l   aer ia l  view of Fraser River a t  s i t e  proposed for Moran 
Dam. Island i n  r iver i s  upstream from centre line o f  dam-P.G.E. 

track on east   s ide of  River. 



11. Fraser  River a t  s i te  proposed for  Moran Dam, looking upstream. 



Poorly  lithified  Eocene-Oligocene  conglomerates and sandstone 
in upper right  hand section  of photo show  effects  of erosion. 

111. French  Bar  Canyon,  Fraser  River 



FOREWORD 

T h i s   b u l l e t i n  i s  based o n  s t u d i e s  made in  the 
1957 and 1958 f i e l d   s e a s o n s   f o r   t h e   F r a s e r   R i v e r  Board 

unde r   t hegene ra l   supe rv i s ionof   t he   Mine ra log ica l   Branch  

of   the  Department   of   Mines.   The  cost   of   the   f ie ld  work 

was c o n t r i b u t e d   m a i n l y  by the   F rase r   R ive r   Boa rd .  

T h e   w o r k w a s   d o n e a s   t h e   b a s i s   f o r a   t h e s i s  t h a t  

was submi t t ed  t o  the  Department  o f  Geology a t   t h e  U n i -  

v e r s i t y   o f   B r i t i s h  Columbia .  Except for some s i m p l i f i -  

c a t i o n  i n  t he   mapof   t he   a r ea   (F igu re  1)  and r e l a t e d  m i -  

n o r  changes i n  t h e   t e x t ,   t h e   b u l l e t i n  i s  a   r ep roduc t ion  

o f  t h e   t h e s i s ,  w i t h  some changes i n  t he   pho tographs .  
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ABSTRACT 

An a r e a   o f  550 s q u a r e  miles b e t w e e n   L i l l o o e t a n d   B i g   B a r ,  Brit- 
ish Columbia.  was  mapped  by t h e   a l r t h o r   u s i n g  the s c a l e   o f  1 mile t o  
the i n c h .  

ogn ized  i n  the Middle  ( ? I  and Upper  Permian  Blarble  Canyon  formation 
I n  the  s o - l t h e r n   p a r t   o f   t h e  Bowman Range  four  members a r e  rec- 

which i s  p a r t l y  composed  of r e e f a l   l i m e s t o n e .   T h i s   f o r m a t i o n   f o r m s  

T h e   c h e r t s ,   a r g i l l i t e s .   l i m e s t o n e s .   a n d   v o l c a n i c   r o c k s   w e s t   o f  the 
a n o r t h w e s t e r l y   t r e n d i n g   a n t i c l i n o r i u m   o v e r t u r n e d   t o  the n o r t h e a s t .  

C r e e k   g r o u p .   a r e  shown t o  be Pe rmo-Tr i a s s i c   and   a r e  here a s s i g n e d   t o  
Bowman R a n g e ,   o r i G i n a l l y   r e f e r r e d  t o  the  Permo-Pennsylvanian Cache 

the P a v i l i o n   g r o u p .  a new group  which i s  made up of two d i v i s i o n s .  
M i c r o s c o p i c   a n d   s t r a t i g r a p h i c   e v i d e n c e  i s  g i v e n   t h a t  the cherts of 
t h i s  g r o u p   a r e   o f   r a d i o l a r i a n   o r i g i n .  

The Lower C r e t a c e o l u s   L i l l o o e t   g r o u p   h e r e  is subdivided  into  three 
u n i t s .  D i v i s i o n s  A and B a r e  shown t o  form a n o r t h w e s t e r l y   t r e n d i n g  
a n t i c l i n e .  

t aceous   J ackass   A loun ta in   g ro \ lp .  
Three   members   a re  now r e c o g n i z e d   i n D i v i s i o n   A o f t h e  Lower Cre- 

The Lower Cre t aceous   Spences   Br idge   g roup  i s  subd iv ided  i n t o  
s e v e r a l   l o c a l   a n d   s t r a t i g r a p h i c   u n i t s .  Two u n i t s   p r e v i o x s l y   a s s i g n -  
ed t o  the  S p e n c e s   B r i d g e   g r o u p   a r e   c o r r e l a t e d  w i t h  t he   K ingsva le   g roup  
on  the b a s i s  o f  new f o s s i l   c o l l e c t i o n s .  

i l iocene  Kamloops  group  are  here c o r r e l a t e d  w i t h  Miocene t o   P l e i s t o -  
Some vo lcan ic   and   s ed imen ta ry  rocks o r i g i n a l l y   r e f e r r e d   t o  the  

cene  rocks of t h e  Quesne l  map a r e a .  
West of L i l l o o e t a b e l t o f   s e r p e n t i n i t e  wasmapped t h a t   h a s   s t r u c -  

t u r a l  and l i t h o l o g i c a l   s i m i l a r i t i e s t o  the  Upper T r i a s s i c   u l t r a b a s i c  
i n t r u s i o n s   o f  t he  Shu laps   Range .   Gran i t i c  rocks of three a g e s   a r e  
r ecogn ized  and r a n g e   f r o m   e a r l y  Lower Cre t aceogs   o r   o lde r   t o   mid  Lower 
C r e t a c e o u s .  

I t  h a d   e a r l i e r   b e e n  shown t h a t   t h e F r a s e r   R i v e r   f a u l t   z o n e   c o n -  
s i s t s  of s e v e r a l   n o r m a l   f a u l t s  w i t h  r e l a t i v e  downward  movement t o  t h e  
eas t .  Eas t  of t h e s e   f a u l t s   t h e   a u t h o r   r e c o g n i z e s   a n o t h e r   f a u l t  w i t h  
r e l a t i v e  downward  movement t o  t he  w e s t .  Lower C r e t a c e o u s   a n d   e a r l y  
T e r t i a r y   r o c k s  thus occupy a a raben   be tween   Pe rmo-Tr i a s s i c   un i t s   t o  
t h e   n o r t h e a s t   a n d  t o  t h e   s o u t h w e s t .   T h i s   g r a b e n   p r o b a b l y   c o n t r o l l e d  

T h e   f a : r l t i n g  may b e   r e l a t e d   t o  the i s o s t a t i c   r i s e   o f   a d j a c e n t   a r a n -  
the d e p o s i t i o n   o f   D i v i s i o n s  B and C o f  the Jackass   Uoun ta in   g roup .  

i t i c  masses .   Evidence  i s  ( r i v e n   t h a t   t h e   l a t e s t  movement  on one of 
the f a s l t s   t o o k   p l a c e  i n  mid T e r t i a r y  time. 

i i  
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INTRODUCTION 

1. LOCATION AND  ACCESS 

Rive r   be tween   L i l looe t   and   F rench   Ba r  Canyon  and i n c l u d e s  the a d j a -  
T h e   a r e a   m a p p e d ,   e l o n g a t e   a n d   i r r e g u l a r ,   l i e s   a l o n g  the F r a s e r  

cent   Marble   Range   and   par t s   o f  the Pavi l ion   h lounta ins .   the   Camels foot  
Range,  and  Fountain  Ridge. 

v i c i n i t y   o f   L i l l o o e t ,   a r e   s e r v e d   b y   h i g h w a y ,  the P a c i f i c   G r e a t   E a s t -  
The e a s t e r n   s i d e  o f  the F r a s e r   R i v e r ,   a n d  the west s i d e  i n  t h e  

ern R a i l w a y ,   a n d s e c o n d a r y   r o a d s   a n d   t r a i l s .  I n  the c e n t r a l   a n d n o r t h -  

n e a r   P a v i l i o n   a n d  a f e r r y   a t   t h e  mouth o f  Big  Bar Creek. From t h e s e  
ern p a r t s   o f t h e  map a r e a  the west s i d e  i s  a c c e s s i b l e  by a c a b l e   c a r  

a c c e s s  t o  the western p a r t s  o f  the map a r e a .  
two c r o s s i n g s   o n l y   p a c k   t r a i l s   a n d a   f e w  wagon r o a d s   p r o v i d e   f u r t h e r  

2. PREVIOUS GEOLOGICAL WORK 

Richardson  andA.R.C.  Selrvyn.  The  Cache Creek g roup   and   t he   J ackass  
The e a r l i e s t   g e o l o g i c a l  work i n  t he  a r e a  was   done   in  1871 by J ,  

Mounta in   g roup   a re  named a n d   d e s c r i b e d   f o r   t h e   f i r s t  time i n  Selwyn's  
r e p o r t   ( 1 8 7 2 ) .  

of 8 miles t o t h e  i n c h .  F u r t h e r   s t u d i e s   w e r e   c a r r i e d   o u t  i n  the sea-  
I n  1877 G.BI.Dawson (1877-78) mapped t h e  Kamloops a r e a  on a s c a l e  

sons of 1888. 1889. and 1890. and i n  1895 a r epor t   and  a mapon a s c a l e  
o f  4 miles t o  the inch   were   p ' l b l i shed .  Daivson e s t a b l i s h e d   a l l  of the 
ma jo r   rock  u n i t s  o f t h e  present map a r e a ,  and h i s  map and r e p o r t   a r e  

of  the  Kamloops a r e a .  
s t i l l  t h e   o n l y  sou rce   o f   i n fo rma t ion   fo r  some o f  t he  n o r t h e r n   p a r t s  

In  1918  and  1919  Leopold  Reinecke  (1920) who examined the min- 
e r a l   d e p o s i t s   a d j a c e n t   t o  the P a c i f i c   G r e a t   E a s t e r n   r a i l a a y   b e t w e e n  
L i l l o o e t   a n d   P r i n c e   G e o r g e   d e s c r i b e d  a felv d e p o s i t s  i n  the p r e s e n t  
map a r e a .  

c a r r i e d   o u t  i n  1920  by J.D. IlacKenzie  whose map and   r epor t   cove r  t he  
A r econna i s sance   su rvey   f rom  the   F rase r   R ive r   t oTaseko   Lake   was  

west s i d e  of the  Fraser   River   between  Watson  Bar   Creek and French  Bar 
Creek. 

From 1945 t o  1947 S. Duffel1  and K. C.  IIcTaggart  re-mapped  the 
A s h c r o f t   a r e a o n a   s c a l e  o f  4 miles t o  the inch ,   The i r   mos t   impor t -  
a n t   c o n t r i b u t i o n s  t o  the g e o l o p y o f  the p r e s e n t  map a r e a   c o n c e r n  t h e  
Lower C r e t a c e o u s   s e d i m e n t a r y   r o c k s ,   a n d   t h e F r a s e r   R i v e r   f a u l t   z o n e .  

In 1955 J .  NcCammon and 13. Nasmi th   (1956)   s tud ied   poss ib l e  dam 

f a u l t s  w h i c h  prov+ed , , t o   b e   n o r t h e r n   e x t e n s i o n s  of the  F r a s e r   ! l i v e r  
s i t e s  i n  t h e g o r t h e r n   p a r t   o f t h e  map a r e a ,  They   d i scove red   s eve ra l  

f a u l t   z o n e .  
Some of the n o r t h w e s t e r n   p a r t s   o f t h e   a r e a  mapped a r e   h e r e   d e s -  

c r i b e d   f o r  the f i r s t  time. 

3. FIELD WORK 

summers o f  1957 and  1958  and  for one week i n  1959.   The  dry  c l imate  
F i e l d  work  was c a r r i e d   o u t   f o r  a t o t a l  of n i n e  months   dur ing   the  

most o f  t h e   a r e a  the geoloyy {vas p l o t t e d  o n  base  maps on  a s c a l e  o f  
and  good a c c e s s i b i l i t y  of t h e   a r e a   a l l o w e d   u n i n t e r r u p t e d  work. In 

o n e - h a l f   m i l e   t o t h e  i n c h .  Nea r   t he   F rase r   R ive r   base  maps on s c a l e s  

1 



o f   1 , 0 0 0   f e e t a n d  500 f e e t t o   t h e   i n c h  were a v a i l a b l e .   L o c a t i o n s  were 
e s t a b l i s h e d  by c r o s s   b e a r i n g s ,   a l t i m e t e r   r e a d i n g s ,  and  pace  and com- 
p a s s   t r a v e r s e s .   T h e   g e o l o g y   o f  the Marble   Range  was  plot ted on a i r  
p h o t o g r a p h s   a n d , b y m e a n s o f   r a d i a l   p l o t t i n g ,   t r a n s f e r r e d t o   b a s e  ma2s 
showing   pho to   cen t r e s .  

4. PHYSIOGRAPHY  AND  PLEISTOCENE  AND  RECENT GEOLOGY 

T e r t i a r y  and  older   mountain  ranges.   Middle  o r  L a t e   T e r t i a r y   u p l a n d  
T h r e e   m a j o r   e l e m e n t s   o f t h e   t o p o g r a p h y   c a n b e d i s t i n g u i s h e d :  Mid 

s u r f a c e s ,   a n d   P l e i s t o c e n e   a n d   R e c e n t   v a l l e y s .  
The  main  Mountain  ranges  of the map a r e a   a r e  the P a v i l i o n  Moun- 

t a i n s   a n d   t h e   M a r b l e   R a n g e   i n   t h e  east  u n d e r l a i n   b y   t h e   U p p e r   a n d  (?) 
Middle  Permian  Marble   Canyon  formation,   and  thecameisfoot   Range  and 
F o u n t a i n   R i d g e   i n t h e   w e s t ,   u n d e r l a i n b y  Lower Cre taceous   sed imentary  
rocks. 

p a r a l l e l   r i d g e s   f o r m e d   b y   s t e e p l y   d i p p i n g   l i m e s t o n e s .   I n  the n o r t h -  
The Bowman Range   and   t he   Pav i l ion   Moun ta ins   cons i s t   mos t ly   o f  

e r n   p a r t   o f t h e   W a r b l e   R a n g e  a p l a t eau - l ike   t opography   has   been   p ro -  
d u c e d   b y g e n t l y   d i p p i n g   l i m e s t o n e   b e d s .  As i n t h i s  a r i d   c l i m a t e  lime- 

map a r e a  are  f o u n d   i n   t h i s  be l t  (hlount Bowman 7.360 f e e t ) .  
s t o n e  i s  v e r y   r e s i s t a n t  t o  wea the r ing  the h i g h e s t   m o u n t a i n s  of  the 

s a n d s t o n e s   a n d   c o n g l o m e r a t e s   t h a t   a r e   h i g h l y   r e s i s t a n t   t o   w e a t h e r i n g .  
The  Carnelsfoot  Range i s  u n d e r l a i n   b y   m o d e r a t e l y   d i p p i n g   l i t h i c  

w h i c h   a r e   d e e p l y   i n c i s e d   a n d   n a r r o w .   F o u n t a i n   R i d g e   i s a   n a r r o w  rem- 
I t  h a s   s t e e p   s l o p e s ,   a n d  i s  t r a n s e c t e d  by n u m e r o u s   v a l l e y s ,  some of  

n a n t   o f  the  same  mountain  mass.  I n  t h e   p r e s e n t  map a r e a  the e l eva -  
t i o n s o f t h e   C a m e l s f o o t   R a n g e a r e   m o s t l y   b e t w e e n   4 , 5 0 0   a n d   5 , 5 0 0  feet  
b u t   r i s e u p   t o  6,900 f ee t .  T h e   a l t i t u d e s o f   F o u n t a i n   R i d g e   r a n g e  from 
4,200 t o   5 , 5 0 0  f ee t .  

f e e t   a t   t h e   s o u t h e a s t e r n   e d g e   o f  t h e  p r e s e n t  map a r e a ,  i s  formed i n  
i l oun t   Mar t l ey ,   whose   rounded   t op   r eaches   an   a l t i t ude   o f  6.700 

h i g h l y   r e s i s t a n t   g r a n i t i c   r o c k s .  
The s t e e p l y   d i p p i n a   b s l t   w e a k l y   r e s i s t a n t   s e d i m e n t a r y   a n d   v o l -  

c a n i c   r o c k s   o f   t h e   P a v i l i o n   g r o u p   f o r m   h i l l y   t r a c t s  o r  moun ta ins   o f  
l e s s e r   h e i g h t   w h i c h   r a r e l y  r i se  above 5,000 f e e t .  

v e r y   r e s i s t a n t   t o   w e a t h e r i n g   f o r m  a b e l t   o f  low m o u n t a i n s   t h a t   o n l y  
G e n t l y   d i p p i n g   C r e t a c e o u s   a n d e a r l y   T e r t i a r y   v o l c a n i c   r o c k s ,   n o t  

fee t .  
i n  the n o r t h e r n   p a r t  o f t h e  area r i s e t o  e l e v a t i o n s   o f m o r e   t h a n  6,000 

t i a r y  a g e   f o r m   s m a l l   p l a t e a u s   a t   a l t i t u d e s   r a n g i n g   a p p r o x i m a t e l y  from 
F l a t   l y i n g   s e d i m e n t a r y   a n d   v o l c a n i c   r o c k s   o f   M i d d l e  o r  La te   Ter -  

Creek,  and on Big  Bar   Creek,  N o r t h  o f   Pav i l ion ,   sou th   o f   Wat son   Ba r  
3,000 t o  4 ,000 f e e t   n e a r   P a v i l i o n ,   b e t w e e n  McKay Creek and  Watson  Bar 

Creek,  and i n  the v i c i n i t y   o f B i g   B a r  Creek some  of t h e s e   d e p o s i t i o n a l  
s u r f a c e s  are  con t inuous  w i t h  y o u n g e r   g e n t l y   s l o p i n g   e r o s i o n a l  surf- 

P le i s tocene   and   Recen t   depos i t s ,   These   h l idd le  or L a t e   T e r t i a r y  sur- 
aces ,   wh ich   a r e   cove red   on ly   w i th  a t h i n   v e n e e r   o f   u n c o n s o l i d a t e d  

f a c e s   a r e   p a r t s   o f   t h e   f l o o r   o f a   v a l l e y   t h a t   p o s s i b l y   e x t e n d e d  from 
Glen Fraser to   Big   Bar   Mounta in  and was connec ted   a long   Big   Bar   Creek  
w i t h  t h e e x t e n s i v e   p l a t e a u   e a s t   o f t h e   M a r b l e   R a n g e .   T h e   v a l l e y   p a r t -  

r ecogn ized  s o u t h  of  Glen F r a s e r ,  
l y   c o i n c i d e s  w i t h  t h e   p r e s e n t   F r a s e r   R i v e r   v a l l e y   b u t   h a s   n o t   b e e n  

d l e  o r  L a t e   T e r t i a r y   s u r f a c e s   a n d  was  probably  developed i n  P l e i s t o -  
The p r e s e n t   v a l l e y   o f t h e   F r a s e r   R i v e r  i s  younger   than these Vid- 
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cene  time. I n  most   o f   the   a rea  i t  i s  a p p r o x i m a t e l y   p a r a l l e l   t o  the  
s t r ike  o f t h e   r o c k s   a n d  t o  the F r a s e r   R i v e r   f a u l t   z o n e .   e x c e p t   f o r  a 
pecul ia r   S-shaped  t u r n  n e a r   F o u n t a i n .  I t  m i g h t   b e   s u g g e s t e d   t h a t   t h e  
r i v e r   o r i g i n a l l y   f l o w e d   a l o n g   F o t l n t a i n   V a l l e y   b u t   w a s   d i v e r t e d   i n t o  
t h e   B r i d g e   R i v e r .  

The P l e i s t o c e n e   v a l l e y   b o t t o m   p r o b a b l y   c o i n c i d e d   a p p r o x i m a t e l y  
w i t h  the p r e s e n t  sur face  o f  the r i v e r  w h i c h  l i e s  between 900 and 650 

P l e i s t o c e n e ,   w i t h   m o r e   t h a n  1,000 f e e t   o f   u n c o n s o l i d a t e d   m a t e r i a l s  
f e e t   a b o v e   s e a   l e v e l .   T h i s   v a l l e y  was f i l l e d .   p r o b a b l y i n t h e   l a t e s t  

p o s i t s   c h a n g e s   o v e r   s h o r t   d i s t a n c e s a n d  t he i r  h i s t o r y  is compl i ca t ed .  
r a n g i n g   f r o m   b o u l d e r   g r a v e l   t o  mud. T h e   s t r a t i g r a p h y   o f  these de- 

b e e n   d e p o s i t e d  by b r a i d e d   s t r e a m s .  Some of  the  e x t e n s i v e  s i l t  de- 
Nuch of  the m a t e r i a l   s h o w i n g   d e l t a i c   c r o s s - b e d d i n g   a p p e a r s  t o  have  

p o s i t s   b e t w e e n   P a v i l i o n   a n d B i g  Bar Creek may have   been   l a id  down i n  
a l a c i a l   l a k e s .  Mudf lows   appear   to   have   been   depos i ted  on a l l u v i a l  
r a n s   o f   t r i b u t a r i e s .  

~~ 

I n  Recent   t ime the r ive r   has   been   r e iuvena ted   and  has c u t  t h r o u a h  .~~~ . ~. 
the  unconso l ida t ed   s ed imen t s   i n to   bed ro&.   Th i s   r e juvena t ion  may have 
been  caused  by a d e c r e a s e   o f  the  d e t r i t a l   l o a d  i n  p o s t - g l a c i a l  time 
( T h o r n b u r y ,   1 9 5 4 .   p . 1 4 4 )   o r   b y   i s o s t a t i c   u p l i f t .  

A l t h o u g h   t h e   a r e a   w a s   c o v e r e d   b y   g l a c i e r s   ( D u f f e l l  and LIcTaggart. 
1953, p . 6 9 )   g l a c i a l   e r o s i o n  i s  s l i g h t  and t i l l  v e r y   r a r e .   P r o b a b l y  
no   rap id   movements   took   p lace  i n  t h i s   r e g i o n   w h i c h   l i e s   o n l y  some 50 
miles t o  the south o f  a m a j o r   g l a c i a l   d i v i d e  (Geol. Assn.of   Canada,  
1958;  W.H. Nathews.  1941,  p.64).  

i t y  o f  Big Bar 'and   Jesmond.  W.H. Mathews ( o r a l  communication)  sug- 
A t h i n  l a y e r o f  Recent v o l c a n i c   a s h  has been found i n  t h e   v i c i n -  

g e s t s   t h a t   t h e   a s h  was e j e c t e d   b y  a c i n d e r   c o n e  on the upper   Br idge  
R i v e r .  H .  Nasmi th   (o ra l   communica t ion )   r epor t s   Recen t   vo lcan ic   a sh  
i n  the v i c i n i t y  of P a v i l i o n .  

5. CLIMATE, VEGETATION, WILD LIFE 

The   a r ea  l i e s  i n  t h e   " d r y   b e l t "  o f  the I n t e r i o r   o f  Brit ish Co- 

l h e a v e r a g e   a n n u a l   p r e c i p i t a t i o n   a t L i l l o o e t   o v e r   f o r t y - o n e   y e a r s  was 
lumbia  which i s  s h e l t e r e d  from r a i n   a n d  snow by the Coast   Mountains .  

12 .35   inches .   The  summers a r e  warm and the  w i n t e r s   c o o l .  The  ex- 
tremes a t   L y t t o n .  some 30 m i l e s   s o u t h   o f  t he  map a r e a  i n  1956 were 

w i t h i n  t h i r t y  y e a r s   a r e  -25 degrees   and112   deg rees  ( B . C .  Department 
-9 d e g r e e s  i n  January  and 106 d e g r e e s   i n   J u 1 y ; t h e e x t r e m e s   r e c o r d e d  

o f   A g r i c u l t u r e .  1957). 

c o v e r e d   b y   f o r e s t s ,  some are  pa rk - l ike ,   and  others open   g ra s s l and .  
The v e g e t a t i o n  i s  r e l a t i v e l y   s p a r s e .  Some p a r t s   o f t h e   a r e a   a r e  

The s l o p e s  o f  t h e   w e s t e r n   p a r t   a r e   m o r e   d e n s e l y   f o r e s t e d   t h a n   t h o s e  
o f  the e a s t e r n   p a r t .  Most of t h e   t r e e s   a r e   p i n e s   ( l o d g e - p o l e   p i n e ,  

mon on ly  i n  the h i g h e r   a n d   c o o l e r   a r e a s   t h a t   r e c e i v e   m o r e   p r e c i p i t a -  
p o n d e r o s a   p i n e ) ;   w h i t e   s p r u c e ,   b a l s a m   f i r ,   a n d   D o u g l a s   f i r  are com- 

t i o n .  Only a few  mountains  r i se  above   t imber  l ine which l i e s  nea r  
6 , 5 0 0   f e e t .   V a l l e y   f l a t s   a r e   c h a r a c t e r i z e d   b y  sage brush ,   bunch   grass .  
a n d   c a c t u s .  

The   a rea  i s  n o t e d   f o r   b i g  game.  Deer,   moose,   and  black  bears 
a r e  common in  the  Marble   Range  and on the w e s t   s i d e  of  t h e   F r a s e r   R i v -  
er ;  g o a t s  were o b s e r v e d   a n   t h e  west s i d e   o f  the  r i v e r ,   s o u t h w e s t  of 
P a v i l i o n .  

3 



6. INDUSTRIES 

The   ma in   i ndus t ry   o f   t he   a r ea  i s  c a t t l e   r a n c h i n g .   T h e   s o i l s  o f  
the  F r a s e r   R i v e r   v a l l e y ,   p a r t i c u l a r l y   w i n d   b l o w n   s i l t s ,   w h i c h   w e r e  
seen i n  many l o c a l i t i e s ,   a r e   v e r y   f e r t i l e ,   b u t  the r a i s i n g   o f c a t t l e  
f eed   depends  on i r r i g a t i o n ,   a n d  few c r e e k s   c a r r y   w a t e r   a l l  summer. 

Logging i s  second i n  impor tance .   In   1956  and   1957  fores t s  on  
the e a s t   s i d e   o f t h e   F r a s e r   R i v e r   n e a r   P a v i l i o n ,   K e l l y   L a k e ,   a n d J e s -  
mond were l o g g e d .   a n d   p r e p a r a t i o n s   f o r   t h e   e x p l o i t a t i o n   o f  the  west 
s i d e  were being  made. 

> l in ing  is  r e l a t i v e l y   u n i m p o r t a n t .   I n  1950 two p l a c e r   m i n e s  were 
o p e r a t i n g ,   o n e  on the F r a s e r   R i v e r ,   o p p o s i t e   F o u n t a i n   ( M 3 ) , . a n d  the  
o ther   one   onWatson   Bar   Creek .  Some e x p l o r a t i o n  work  was  done on the  
c l a i m s  of the  Monty g roup  012). sou thwes t   o f  Ward Creek. 

Tourism  and  big game h u n t i n g   p r o v i d e   a n o t h e r  source of  income 
f o r   l o c a l   p e o p l e .  

A power dam o n t h e   F r a s e r   R i v e r   w o u l d   h e l p   t h e   l o c a l   i n d u s t r i e s  
g r e a t l y   b y   p r o v i d i n g   c h e a p   e l e c t r i c i t y .   a l l o w i n g   e x t e n s i v e   i r r i g a -  
t i o n ,   a n d   b y   a t t r a c t i n g   t o u r i s t s  (Warren. 1959) .  

4 



CHAPTER I. GENERAL GEOLOGY 

INTRODUCTORY  STATEMENT 

The g e n e r a l   g e o l o g y  of  the a r e a  i s  summarized on t h e   f o l l o w i n g  

by Duffel l   and  VcTagflar t  (1952). The  usage i s  fo l lowed here and the 
t a b l e   o f   f o r m a t i o n s .   T h e  term "Divis ion"  was u s e d   f o r   c e r t a i n  u n i t s  

term i s  a p p l i e d  t o  o t h e r  u n i t s  t h a t   a r e   r o l t g h l y   e q u i v a l e n t  t o  form- 
a t i o n s   b u t   n o t  well enough known t o   j u s t i f y   f o r m a t i o n a l   n a m e s .   L o c a l  
u n i t s  o f   s o m e w h a t   u n c e r t a i n   s t r a t i g r a p h i c   p o s i t i o n  an? termed "aspem- 
b lage"   and   des igna ted   by  the name o f   t h e   a r e a  i n  which   they   occur .  
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iuccession 

!nozoic 

!nozoic 
' Mesozoic 

TABLE 1 .  TABLE OF FORMATIONS 

Formation Assem- 
System  Series  Stage  Group  or  Division blage Member  Lithology  and  Contacts 

- 

Quater-  Recent  and 
nary Pleisto-  gravel,  sand,  and  silt,  mud- 

cene 

alluvium,  volcanic  ash,  river 

glacial  outwash  and till. 
flows,  tuff,  conglomerate. 

- unconformity - 

Tertiary  Pliocene 
Miocene- olivine  basalt.  minor  andesite. 

- conformable  contact - 
minor  shale. 
lithic  arenite.  conglomerate, 

- angular  unconformity - 
minor  coal. 
tuff,  felsite,  andesite,  basalt, 

- conformable  contact - 
conglomerate,  volcanic  arenite. 
minor  siltstone,  plant  seams. 
- unconformitv - 

Oligocene? 

Eocene-  French  Bar 
Oligocene  Formation 

Pre-Oligo- 
cene  post- 

Ward andesite,  dacite,  felsite,  tuff, 
Creek 

Mid Lower assem- coal. 
Cretaceous blaae 

minor  basalt,  volcanic  arenite. 

- not  in  contact - 
!nozoic 

or vounaer ' Mesozoic 
gabbro  and  diabase  dykes. Lower  Cretaceous 

- not in contact - 



System 

Cretaceouz 

Cretaceous 

Series 

Lower 
:retaceou 

retaceou 
Lower 

Stage 
andesite,  minor C Fountain Spences Albian 

Lithology and Contacts  Member blage or  Division Group 
Formation Assem- 

Bridge 
Gp.? or 

Valley 

blage  Kings- 

volcanic  breccia,  plant  seams, 

andesite,  felsite,  minor  conglom- A 
assem- felsite. B 

or vale Gp.? erate. 
- not in contact - 

Spences  Bridge Gp. 

assem- vale Gp. Div. B. 
Fraser  Lower  Div.or  Kings- (ptian? 
Glen 

andesite,  dacite. 

blage 
- contact not exposed - 

Div. B andesite, dacite. minor  tuff, 
volcanic arenite. 

- conformable  contact - 
volcanic  arenite,  conglomerate. 
minor  siltstone, plant  seams. 
- unconformity - 
andesite,  minor  basalt, rhyo- 

" 

Div. A 

Upper 
- 

Division  lite, tuff. 

Apt- 
Gp. ian? 

~- Bridge 
Spences - not in contact - 

Lower 
Creek Division 
Gibbs  andesite,  minor dacite. vol- C 

assem- 
enite. siltstone, conglomerate. B blage 
andesite,  felsite,  volcanic ar- 
canic arenite.  siltstone. 

A andesite. 
argillite,  tuff,  agglomerate. 



Succession Lithology  and  Contacts Member blage or  Division Group  Stage Series System 
Formation Assem- 

,esozoic Cretaceou! 

- not in contact - 
Lower 

sitic  breccia.  member Division 
andesite,  dacite,  tuff,  ande- Basal 

I -  angular  unconformity  with I Pavilion  Group - 
IDorPhvritic  auartz  diorite 
1dykes"and siils. 

- 

Ickass 
:n.Gp. 

Div. A 

- intrusive  contact - 
volcanic  arenite.  argillite, 

Div. C conglomerate;  minor  plant  seams 

- conformable  contact - 
conglomerate,  volcanic  arenite. 

Div. B minor argillite. 
- local  unconformities - 

AI11 siltstone,  volcanic  arenite 

AI1 volcanic  arenite.  minor  silt- 
argillite,  minor  limestone, 

- stone,  argillite.  conglomerate. 
conglomerate,  tuffaceous  sand- 
stone,  volcanic  arenite. minor 
plant seams. 
- unconformity - 
volcanic  arenite (tuffaceous), 
conglomerate,  siltstone,  argil- 
lite. 

.illooet Div. C 
GP.? 



Succession System 

esozoic I Cretaceour tretaceous mian? I 
I L 

Group Member blage or Division Lithology and Contacts 
Assem- Formation 

- fault contact  with  Division B .  
angular unconformity? - 

porphyritic  quartz  diorite  dykes 

diorite oluton. 
and sills and  a small quartz 

I- intrusive contact - 
illooet 
GP. L Div. B argillite, conglomerate. 

volcanic arenite. siltstone, 

t- I -  gradational  contact - 
Div. A largillite. siltstone,  volcanic I I larenite. minor coal. 

~~ 

- not in contact - 
quartz  diorite,  diorite,  grano- 
diorite  stocks  and  porphyritic 
dykes  and sills. 
- intrusive  contact  with 

Cretaceous 
or older 

Pavilion arouo - 

esozoic 

Tri- 
assic ( ? I  

serpentinized  peridotite  and 
carbonate-  silica alteration. 

I Div. I1 

- intrusive  contact  with 
Pavilion  group - 

tuff,  volcanic  arenite  and  grey- 
wacke. volcanic flows. argillite 

assem- 
blage 

chert,  limestone:  minor  breccia, 
siltstone,  amphibolite,  hornfels 
meta-quartzite. 



Succession  Member blage or  Division Group Stage Series System Lithology  and  Contacts 
Formation Assem- 

I 
I n  contact - - not i 

Big Bar 
assem- 

tuff,  lithic  sandstone,  argil- 

blage 
lite,  chert,  volcanik flows. 

- 
Pavilion 

GP . 

- gradational  contact 
or unconformity - 

chert,  argillite,  minor  tuff, Mesozoic and/ 
or  Upper  Permian or  Palaeozoic 

Pavilion Triassic and/ 
Gp. limestone,  volcanic flows. Div. I 

- gradational  contact 

I Permian Upper 
Permian 
Upper  Perm- 
ian and/or 
Middle 
Permian 

Middle 
Permian and/ 

Marble 
Canyon 
Formation 

I or unconformity - 
IV Ichert. araillite. limestone. 

tuff. volcanic fiows. 

Southern 
limestone. 
chert,  argillite,  limestone, 

. I  , 

Marble 
Range 

tuff,  volcanic flows. 
I 

ribbon chert. 
limestone  with interbedded 

- conformable  contact - 
chert. argillite,  tuff, volcanic 
flows, limestone. 

Mt. Soues 
Div. 



1. SEDIMENTARY  AND  VOLCANIC  ROCKS 

CACHE  CREEK  GROUP 

INTRODUCTION 

who d i v i d e d  it  i n t o  a lower a n d a n   u p p e r   p a r t ,  The lower p a r t .   s t u d i e d  
The  Cache  Creek  group  was f i r s t   d e s c r i b e d  by  Selwyn. i n  1872, 

i n  o u t c r o p s   a l o n g   t h e c a r i b o o  Highway  between  Ilartel and C l i n t o n ,  was 
s a i d   t o   c o n t a i n   l i m e s t o n e ,   b l a c k   s h a l e ,   r o c k s   r i c h  i n  ep ido te   and  

po rphyr i e s .   Brach iopods   f rom th i s  u n i t  indicated  an  age  somewhere 
c h l o r i t e   a s s o c i a t e d  w i t h  t a l c  a n d   s e r p e n t i n e ,   d i o r i t e ,   a n d   f e l s i t i c  

between the o ldes t   Devon ian  and the   younges t   Permian .   The   upper   par t ,  
i n v e s t i g a t e d   b e t w e e n   C l i n t o n   a n d   P a v i 1 i o n . w a s   f o u n d   t o   c o n t a i n  lime- 
s t o n e ,   m a r b l e ,   d o l o m i t e ,  ch lo r i t i c  a n d   e p i d o t i c   r o c k s ,   a n d   b l a c k  

f i e d  by J.W. Dawson a s   L o f t u s i a   a n d   c o n s i d e r e d   t o   b e   E o c e n e   o r  Cre- 
shales. Foramin i f e ra  from theh la rb le  Canyon l i m e s t o n e w e r e m i s i d e n t i -  

t a c e o u s  i n  age .  

f i r s t  comprehens ive   desc r ip t ion   o f  the Cache  Creek  "formation"of  the 
G .  21. Dawson ' s   repor t  on t h e  Kamloops a r e a   ( 1 8 9 5 )   c o n t a i n s  the 

u n i t s  as  fo l lows : .   . t he   h l a rb l e   Canyon   l imes tones ,  shown as a s e p a r a t e  
t y p e   a r e a .  Dawson d e s c r i b e d  the d i s t r i b u t i o n  o f  m a j o r   l i t h o l o g i c a l  

map u n i t .  form a n o r t h w e s t e r l y   t r e n d i n g   b e l t ,   t h a t   e x t e n d s   f r o m  the 
Cornwall  Hills t o  the  n o r t h w e s t e r n   e x t r e m i t y  o f  the map a r e a   b u t  i s  
c o n c e a l e d   b y   T e r t i a r y   r o c k s   i n t h e   v i c i n i t y   o f H a t   C r e e k ,   I m m e d i a t e l y  

Lake ,   and   Med ic ine   Creek ,   vo lcan ic   rocks   a s soc ia t ed   w i th  limestone 
t o  the e a s t   o f  the l i m e s t o n e ,   i n   t h e   a r e a  of C a t t l e   V a l l e y ,  McLean 

a r e   d o m i n a n t .   F a r t h e r   e a s t ,  on Bonaparte   River   and Thompson R i v e r ,  
c h e r t y   q u a r t z i t e s   a n d   a r g i l l i t e s   a r e   m o s t   a b u n d a n t .  To t h e   w e s t  of 

v i l i o n   N o u n t a i n s .   a n d   o n k l o u n t   M a r t l e y .   c h e r t   a n d   a r g i l l i t e   a r e  dom- 
t h e   l i m e s t o n e   b e l t ,  i n  t h e  Edge Hills. i n  the western p a r t  of t h e  Pa- 

i n a n t ;   f a r t h e r  west, o n   P a v i l i o n  Creek and  Leon Creek ,   mos t   o f   the  
r o c k s   a r e   v o l c a n i c .  Dawson. a s   d i d   S e l w y n .   c o n s i d e r e d  the Marble 
Canyon l i m e s t o n e s  t o  b e   t h e   u p p e r   p a r t   o f t h e   f o r m a t i o n   b u t   s t r e s s e d  
t h e i r   s t r a t i g r a p h i c   c o n t i n u i t y  w i t h  the u n d e r l y i n g   r o c k s .  

A s  t h e   l i m e s t o n e   b e l t  i s  f l a n k e d   t o   t h e   e a s t   a n d   w e s t b y " o 1 d e r "  
r o c k s  he t h o u g h t   t h a t   t h e   r e g i o n a l   s t r u c t s l r e  was a m a j o r   s y n c l i n e  mod- 
i f i e d  by nlumerous m i n o r   f o l d s .  Ilis summary o f  t h e   s t r a t i g r a p h y  of  
the  Cache  Creek  group i s  based  on a compos i t e   s ec t ion   t h rough  the  
eastern limb o f  t h a t  "syncl ine"   (1895,   p .46B) :  

1 .  Massive limestones (hlarble  Canyon l imes tone )  
w i t h  some m i n o r   i n t e r c a l a t i o n s  o f  v o l c a n i c  
r o c k s ,   a r g i l l i t e s  a n d   c h e r t y   q u a r t z i t e s .  A t  

u r e s .  T o t a l  t h i c k n e s s  probably  a t   l e a s t  
l e a s t  1 , 0 0 0  f e e t  seen. i n  some s i n g l e   e x p o s -  

2 .   V o l c a n i c   m a t e r i a l s   a n d   l i m e s t o n e s ,  w i t h  some 
a r g i l l i t e s ,   c h e r t y   q u a r t z i t e s ,  e tc .  M i n i m u m  
t h i c k n e s s   a b o u t   2 , 0 0 0  

3.  C h e r t y   q u a r t z i t e s .   a r g i l l i t e s ,   v o l c a n i c  ma- 

The   th ickness   o f  these beds ,  or of a p a r t   o f  
t e r i a l s  a n d   s e r p e n t i n e s  w i t h  some limestone. 

between 4,000 and 5,000 f e e t .  Minimum t o t a l  
them,   was   roughly   es t imated  i n  two p l a c e s   a s  

t h i c k n e s s  

F e e t  

3,000 
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cause  of accompanying f u s u l i n i d s   r e f e r r e d  it t o   t h e   C a r b o n i f e r o u s   a n d  
Dawson r e t a i n e d  t h e   o r i g i n a l   i d e n t i f i c a t i o n   o f L o f t u s i a   b u t   b e -  

d e f i n e d   t h e   C a c h e   C r e e k   a s   a n   e s s e n t i a l l y   C a r b o n i f e r o u s   f o r m a t i o n .  
As more   i n fo rma t ion   abou t   t he   fu su l in ids   accumula t ed ,   Dawson ' s  

age   de t e rmina t ion   was   r ev i sed .   Dunbar   (19321 ,  Thompson  and  Wheeler 
(1942) .   and  Wickenden  (Duffel l   and  McTaggart ,   1952,   p .23)   a l l   agreed 
on a   Permian   agebut   d i sagreed  on t h e   s p e c i f i c   p o s i t i o n  i n  t ha t   pe r iod .  

Marble  Canyon l i m e s t o n e s   a f o r r n a t i o n .  T h e i r   r e p o r t   i s  i n  c l o s e  ag ree -  
D u f f e l l  and  i lcTaggart   cal led the Cache  Creek  a group and t h e  

ment w i t h  Dawson ' s   bu t   o f fe rs  two a l t e r n a t i v e   h y p o t h e s e s   a b o u t   t h e  
m a j o r   s t r u c t u r e  and s t r a t i g r a p h i c   o r d e r  w i t h i n  t h e   a r o u p .  The f i r s t  
i s  Dawson's concept t h a t  two m a j o r   u n i t s   a r e  arranged i n a   s y n c l i n e ;  
t h e   s e c o n d   t h a t   t h e  "group c o n s i s t s   o f t w o   s u c c e s s i o n s   o f a r g i l l i t e s ,  
c h e r t s ,   g r e e n s t o n e s ,  minor l i m e s t o n e s ,   a n d   q u a r t z i t e s ,   s e p a r a t e d  by 
the t h i c k  s e r i e s   o f   t h e   M a r b l e  Canyon l i m e s t o n e s "   ( p . 1 7 ) .   A c c o r d i n g  
t o  t h e   f i r s t   h y p o t h e s i s   t h e c a c h e   C r e e k   g r o u p  is  approx ima te ly   10 ,000  
f e e t  t h i c k ,  acco rd ing  t o t h e  second   hypo thes i s   20 ,000   f ee t .  The l a t -  

o u t ,  t o  a sec t ion   o f   24 ,000   f ee t   measu red  by  Armstrong i n  the F o r t  
ter th i ckness   i s   comparab le ,   a s   Duf fe l l   and   McTaggar t   have   po in t ed  

S t .   J a m e s   a r e a   ( 1 9 4 9 )   t h a t   i n c l u d e s   t h r e e   l i m e s t o n e  u n i t s  and  four 
s e p a r a t e   c h e r t   s u c c e s s i o n s .  

I n  an a t t e m p t  t o  s o l v e  the p r o b l e m s   r e s u l t i n g   f r o m   t h e   e a r l i e r  
work the  Marble   Canyon  formation  was  s tudied i n  some d e t a i l .   F o s s i l s  
f r o m   t h e   u p p e r   p a r t   o f t h a t   f o r m a t i o n   a r e   a s s i g n e d  by W . R .  Oanner t o  

b l e  Range t h e  Marble  Canyon  formation i s  approx ima te ly  6,000 f e e t  
the  Upper and ( ? I  Middle Permian. I n  the southern p a r t  o f   t he  Mar- 

t h i c k  and c o n t a i n s   c h e r t ,   a r g i l l i t e ,   t u f f ,   v o l c a n i c   f l o w s ,   a n d a b o u t  
2,500 f e e t   o f   l i m e s t o n e .  I t  h e r e   f o r m s   a n o r t h w e s t e r l y   t r e n d i n g   a n t i -  
clinorium t h a t  i s   o v e r t u r n e d  t o  t h e   n o r t h e a s t .  I n  the co re   o f   t he  
a n t i c l i n o r i u m ,  on  t h e  s o u t h  s lope   o fMoun t   Soues   ano lde r  u n i t ,  abou t  
1 . 5 0 0   f e e t  t h i c k  c o n t a i n i n g  a l i t t l e  l i m e s t o n e ,  i s  exposed w h i c h  i s  
h e r e   c a l l e d  Mount Soues   Div is ion .   The   rocks  t o  the   wes t   o f   Marble  
Range andpav i l ion   Moun ta ins   appea r  t o  overl ie   the  Marble   Canyon  form- 
a t i o n   c o n f o r m a b l y .  A f o s s i l   f o u n d  i n  t h e s e  rocks i s  p r o b a b l y o f   T r i -  
a s s i c   a g e .  As the  Cache  Creek  group  has   been  def ined  as   a   Permo- 
Pennsylvanian  u n i t  (Armstrong, 1949, p .50)  the   Pe rmo-Tr i a s s i c   rocks  
o v e r l y i n g   t h e   M a r b l e  Canyon f o r m a t i o n   a r e   a s s i g n e d   t o a  new u n i t ,  t h e  
P a v i l i o n   g r o u p .  

MOUNT SOUES DIVISION 

v o l c a n i c   f l o w - r o c k s  most ly  o f b a s i c   c o m p o s i t i o n ,   t u f f ,  and l imes tone  
On t h e   s o u t h e a s t   s l o p e   o f  Mount S o u e s   r i b b o n   c h e r t ,  a r g i l l i t e ,  

a r e   e x p o s e d .  The a s s e m b l a g e   d i f f e r s   f r o m   r o c k s   o f t h e   P a v i l i o n   g r o u p  
i n  two r e s p e c t s :   t h e   p r e s e n c e   o f   l i m e s t o n e s   t h a t   a r e   i n t e r l a m i n a t e d  
w i t h  r i b b o n   c h e r t ,  and t h e   r e l a t i v e   a b u n d a n c e o f   b a s i c   v o l c a n i c  flows. 

w e s t .  The t h i c k n e s s o f   t h e  u n i t  which i s  o v e r l a i n   c o n f o r m a b l y  by t h e  
The outcrop   zone  i s  about  2 mi l e s   w ide  and  pinches o u t  t o t h e  n o r t h -  

Marble Canyon f o r m a t i o n   i s e s t i m a t e d   a s a p p r o x i m a t e l y   1 , 5 0 0   f e e t .  The 
rocks a r e   f o l d e d  and f a u l t e d  and seem t o  occupy the core of an a n t i -  
c l inor ium  formed  by   the   basa l  member of  the  Marble  Canyon  formation. 
As the Marble  Canyon  formation i s  Middle ( ? I  and  Upper  Permian t h e  
Mount  Soues   Div is ion   probably  i s  Middle Permian   and/or   o lder .  
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MARBLE CANYON FORMATION 

1. DISTRIBUTION 

In the present map  area  the  Marble  Canyon formation underlies 

the  Marble  Range  where  the formation has been  mapped in its  full  width 
the  Narble  Range and the  central  part o f  the  Pavilion hlountains. In 

it occupies a belt  approximately 8 miles wide. 

2. LITHOLOGY AND THICKNESS 

ing. and the scarcity of marker beds,  bedding attitudes, and strati- 
Because of  facies  changes, complications by faulting and  fold- 

graphic  top  determinations it has  been  almost  impossible  towork  out 
the  structure and stratigraphy  of  the  Marble Canyon  formation. An 
attempt  to  establish a stratigraphic  sequence could be  made  only in 
the  southern part of  the  Marble Range. Four  members, I. 11. III. IV 
are  distinguished  here, and a  fifth IIIa is recognized in the central 
and northern parts of  the area. The  stratigraphy described on the 
following pages is valid only for the southern part of  the  Marble 
Range; it is impossible, for example,  to  recognize  the  same  members 
in the  Harble Canyon. 

Member I. approximately 200 to 300 feet  thick,  is  composed  of 
limestone and ribbon chert. The  limestone  is partly massive, and 

3 inches thick.  Most  of the laminae are  extensive  but at some local- 
partly interlaminated with  ribbon chert. Laminae  of  chert  are 1 to 

ities they form  short units  one  to  several  feet long. The  limestone 
seems  to  be  continuous over most of the  area, but in the  vicinity  of 
Fiftyseven  Creek it apparently  forms  discontinuous lenses that in- 
terfinger with chert. No fossils  were found in the unit. 

chert,  argillite, tuff, small  lenses and bedsof limestone, and vol- 
Nember 11, which overlies I. is poorly  exposed. It comprises 

canic  flow  rocks.  Although  the  member  appears to be 3,200 feet thick 
it probably has  been  repeated by folding, and the true  thickness per- 
haps lies  between 500 and 1,000 feet. 

small  amounts of interbedded chert and argillite.  The  member  forms 
Member  SIT,  iscomposed mainly of limestone  but locally contains 

a high ridge,  about 13 miles long, that culminates in Mount Bowman. 
South  of  Porcupine  Creek  the  limestone  is  approximately  1,000 feet 

of Porcupine  Creek  the  structure probably is complicated byfaulting 
thick;  southof Two Mile  Creekit tapers andfinally disappears. North 

and folding and neither  the  full  strike length nor the stratigraphic 
thickness of the  limestone  mass  are  certain.  The  limestone  masses 
on Mount  Kerr (about 2,500 to 3,000 feet thick) are perhaps in the 

are  not connected  by outcrop; possibly these  bodies  are lenticular. 
same  stratigraphic position a s  the  ones on Mount  Bowman but the two 

hlost of  the  limestone  is  pure and massive and shows no bedding.  In 

are  visible  that  are from afew millimeters to one  centimeter thick. 
some localities, however,  alternating light  grey and dark grey layers 

Under  the  microscope  the layers are  seento differ in grain  size and 

rocks are calcarenites and show  graded bedding. ripple  marks, and  in- 
in the proportion ofminute inclusions in the carbonate. Some of the 

traformational breccias. Breccias  made  up  of  fragments  that  range 
from  a felv millimeters  to  one inch in size locally  occur within  the 
massive limestone.  In the  northern part of the  map area some  rocks 
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t h a t   m a y b e   c o r r e l a t i v e  w i t h  Member I11 c o n t a i n   o o l i t e s .   F o s s i l s   a r e  
r e l a t i v e l y   r a r e ;   r e m a i n s   o f   c o l o n i a l   c o r a l s ,   o f c r i n o i d s ,   e c h i n o i d s ,  
a lgae ,   and   fu su l in ids   have   been   found   a t  a few l o c a l i t i e s .  

I n  t he   sync l ine  o n h l o u n t  Ker r   t he   t h i ck   mass ive   l imes tone   o f  Mem- 
b e r  I11 i s   o v e r l a i n   b y a   b e d  of l imes tone ,   app rox ima te ly  500 f e e t   t h i c k ,  

and chert   forms  the  crest   of   the   Marble   Range  between Mann Creek  and 
t h a t   c o n t a i n s   l a m i n a e   o f   c h e r t .  A s h e e t   o f   i n t e r l a m i n a t e d   l i m e s t o n e  

Jesmond C r e e k .   S c a t t e r e d   o u t c r o p s   o f  a s imi l a r   t ype   occu r   be tween  
Jesmond  Creek  and  the  northern  extremity  of   the  Warble   Range.   These 
r o c k s   a r e   t e n t a t i v e l y   r e f e r r e d  t o  Member I I I a ,   b u t  i t  i s  n o t  c e r t a i n  
w h e t h e r   a l l   o f  them a r e  i n  t h e  same s t r a t i g r a p h i c  p o s i t i o n .  

hed ra l   qua r t z   g ra ins   showing  u n d u l o s e  e x t i n c t i o n   t h a t   r a n g e  
A thin-section ofchert from t h i s  u n i t  c o n s i s t s o f   a n -  

from a few microns t o  . 2   m i l l i m e t e r  i n  d i a m e t e r .  Some spher- 

s p i n e - l i k e   s t r u c t u r e s   a b o u t . 4   m i l l i m e t e r  long  and .05mill- 
i c a l   a g g r e g a t e s   w i t h a   d i a m e t e r   o f   . 0 8 m i l l i m e t e r  and  a  few 

imeter  wide  composedof very f i n e - g r a i n e d   s i l i c a   a r e   v i s i -  
b l e ;  t h e y  a r e   p r o b a b l y   o f   r a d i o l a r i a n   o r i g i n ,  

A hand  specimen  of l i m y  c h e r t  consis ts  o f   f i n e   b l u e  
g r e y   s t r i n g e r s ,   t h a t   a r e   1 t o 2   c e n t i m e t e r s  l ong  and a  few 
m i l l i m e t e r s  t h i c k ,  embedded i n a  l i g h t  grey  groundmass.   The 
s t r i n g e r s   a r e   c r e n u l a t e d  and f r a c t u r e d .  Under t h e  micro- 
s c o p e   t h e y   a r e   s e e n  to consistoffine-grained s i l i c a ,  dom- 
i n a n t l y   q u a r t z  w i t h  u n d u l o s e   e x t i n c t i o n ,  and small   amounts 

per cent c a r b o n a t e   g r a i n s  p a r t  of  w h i c h ,  showing rhombo- 
of  chalcedony.  The l i g h t  g r e y   m a t r i x   c o m p r i s e s   a b o u t  50 

and   cha lcedony ,   S i l i ca   and   ca rbona te   a r e   un i fo rmly   d i s -  
h e d r a l   h a b i t ,   a r e   p r o b a b l y   d o l o m i t e , a n d  50 p e r   c e n t   q u a r t z  

t r i b u t e d .  A s p h e r i c a l   s t r u c t u r e ,   a b o u t  .2 m i l l i m e t e r  i n  
d i a m e t e r   i s  made   up   o f   f ine-gra ined   s i l i ca  i n  t h e   c e n t r e  
a n d  r e l a t i v e l y   c o a r s e - g r a i n e d   q u a r t z w i t h   u n d u l o s e   e x t i n c -  
t i o n   a t   t h e   p e r i p h e r y .  
Member IV c o n s i s t s   o f   a r g i l l i t e ,   c h e r t ,   l i m e s t o n e ,   t u f f ,   t u f f -  

a r e  well exposed .  The l a t t e r   o c c u r  i n  lenses   and  beds  ranging  f rom 
aceous   s ands tone ,  and v o l c a n i c   f l o w  rocks, b u t   o n l y   t h e   l i m e s t o n e s  

a  few hundred  f e e t  t o  8 miles i n  s t r i k e   l e n g t h .  Some a r e  of f a i r l y  
c o n s t a n t   t h i c k n e s s ,  others vary   cons iderably  i n  thickness along s t r i k e .  
A mass on P a v i l i o n   B o u n t a i n ,   f o r   e x a m p l e ,   t h a t  is  a b o u t 2 m i l e s   l o n g ,  
ranges  f rom 200 f e e t  t o  about  2,000 f e e t  i n  t h i c k n e s s .  Most of the  

t i c e d .  and i n  o t h e r s   f u s u l i n i d s .  a l g a e ,  c o r a l s ,   p e l e c y p o d s ,  a n d   e c b i -  
l i m e s t o n e s  do  n o t  show bedding .  In a f e w  l o c a l i t i e s   o o l i t e s  were no- 

noderms ( ? ) .  I n   t h e   v i c i n i t y   o f   i n t r u s i o n s   t h e   l i m e s t o n e   h a s  re- 
c r y s t a l l i z e d   t o a   f i n e - g r a i n e d   m a r b l e   w h i c h   l o c a l l y  shows a f o l i a t i o n  
i n  t h e  form  of f i n e   d a r k   l a y e r s   r i c h  i n  ca rbonaceous   ma t t e r .  The 

be  worked oxut. On the   wes t   s ide   o f   the   Marble   Range  i t  occup ies  a 
t h i c k n e s s   o f t h i s  member i s u n c e r t a i n   b e c a u s e  i t s  s t r u c t u r e   c o u l d  n o t  

b e l t  1 m i l e  t o  1% m i l e s   w i d e .  The t h i c k n e s s   o f  the u n i t  i s  perhaps  
between 3,000 and 6,000 f e e t .  

e rn   par t   o f   the   Marble   Range  may be  summarized a s   f o l l o w s :  
The success ion  i n  t he   Marb le  Canyon fo rma t ion  i n  t he   sou thwes t -  

Member IV 3,000 - 6,000 f e e t .  C h e r t ,  a r g i l l i t e ,   1 i m e s . t o n e .   t u f f ,  

" 111 1 ,000  
v o l c a n i c   f l o w s .  

I1 500 - 1 ,000  " C h e r t ,   a r g i l l i t e ,   l i m e s t o n e ,   t u f f ,  
Limestone.  

v o l c a n i c   f l o w s .  
1 -  200 - 300 '* Limestone w i t h  i n t e rbedded   r i bbon  

4,700 - 8 . 3 0 0   f e e t  cher t .  
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6,000 feet  t h i c k  and c o n t a i n s   p e r h a p s  2,500 f e e t   o f   l i m e s t o n e .  As 
The  Marble  Canyon  formation i n  t h i s  a r e a   t h e n  i s  approx ima te ly  

t h e   l i m e s t o n e   f o r m s   c o n s p i c u o u s   c l i f f s  and t h e   o t h e r   r o c k s   a r e m o s t l y  
concea led  by overburden  the  p ropor t ion   o f   l imeq tone  i n  t h e   f o r m a t i o n  
has   been   ove res t ima ted   by   p rev ious   worke r s .  

3. STRUCTURE 

o f   b e d d i n g   a t t i t u d e s  a n d   s t r a t i g r a p h i c  t o p  d e t e r m i n a t i o n s  ( r e l a t e d  
B e c a u s e o f   f a c i e s  c h a n g e s ,   l a c k o f  marker  beds,   and the s c a r c i t y  

t o  the r e e f a l   c h a r a c t e r   o f t h e   l i m e s t o n e s )  the  whole s t r u c t u r a l   p i c -  
t u r e   h a s   n o t   b e e n   w o r k e d   o u t .  Some success ,   however ,   was  achieved 
i n   t h e   s o u t h e r n   p a r t   o f  the Narble   Range,   and the i n f o r m a t i o n   o b t a i n e d  

Marble  Canyon  formation t o  t h e  P a v i l i o n   g r o u p .  
i n  t h i s   a r e a  may b e   s u f f i c i e n t   t o   e s t a b l i s h   t h e   a g e   r e l a t i o n  of t h e  

of f o l d s :  
T h e   f o l l o w i n g   t h r e e   c r i t e r i a   h a v e   b e e n   u s e d   f o r t h e r e c o g n i t i o n  

s y s t e m a t i c   c h a n g e s   i n  s t r ike  and d i p   c o u l d   n o t   b e   o b s e r v e d i n   a l l   o f  
T h e   m o s t   i m p o r t a n t   c r i t e r i o n   a r e   b e d d i n g   a t t i t u d e s .   H o w e v e r ,  

t h e   p o s t u l a t e d   f o l d s .  
A V-shaped o r  U-shaped   l imes tone   ou tc rop   v i s ib l e  on a i r  photo- 

g raphs  i s  s u g g e s t i v e   o f t h e   n o s e   o f a   p l u n g i n g   f o l d   b e c a u s e  the lime- 
s t o n e s   i n m o s t   l o c a l i t i e s   f o r m   c o n s p i c u o u s   o u t c r o p s   w h e r e a s   t h e   o t h e r  
rock t y p e s .   w h i c h   a r e  less r e s i s t a n t  t o  wea the r ing ,   a r e   mos t ly   cov -  
e r e d  by overburden .   However , .   th i s  cr i ter ion a l o n e ,  i s  n o t  u s e d   t o  
e s t a b l i s h   a f o l d   b e c a u s e  the same o u t c r o p   s i t u a t i o n   c o u l d   h e   p r o d u c e d  
by t h e   d i f f e r e n t i a l   w e a t h e r i n g   o f a   s o l i d   m a s s   o f   l i m e s t o n e   o r h y f a -  
c ies  changes .  

The t h i r d   c r i t e r i o n  i s  f a u l t i n g  i n  t h e   c r e s t a l   a r e a s   o f   a n t i -  

accompl ishedby  very  l i t t l e  f l o w a g e   a n d m u c h   f r a c t u r i n g o f t h e   s t r a t a .  
c l i n e s  or i n  t he   t roughs   o f   sync l ines .   Apparen t ly   t he   fo ld ing   was  

I n  the extreme c a s e a b o x - t y p e   o f   f o l d  i s  produced w i t h  s t e e p l y   d i p -  
p i n g   l i m b s ,  a f l a t   l y i n g   c r e s t ,  and f a u l t s   b e t w e e n  the  c r e s t  and t h e  

a c t e r i z e d   b y   i r r e g u l a r   c o n t o r t i o n s .  
l i m b s .   H o w e v e r ,   i n   m o s t   l o c a l i t i e s  the  crests  o r   t r o u g h s   a r e   c h a r -  

form a n o r t h w e s t e r l y   p l u n g i n g   a n t i c l i n o r i u m   w h i c h  i s  o v e r t u r n e d   t o  
I n  t h e   s o u t h e r n   p a r t   o f  the Marble  Range, Member I a p p e a r s  t o  

t he  n o r t h e a s t   a n d  i s  composed of a t  least  f i v e   a n t i c l i n e s   a n d   t h e   c o r -  
r e s p o n d i n g   s y n c l i n e s   ( c r o s s - s e c t i o n  F -F’ ) .  A few f a u l t s ,   m o d i f y i n g  
t h e  an t i c l ino r ium,  are shown on the map; o the r sa re  probably   concea l -  
ed   by   overburden .  

T h e   o n l y   f o l d   r e c o g n i z e d  w i t h  a s s u r a n c e   i n   t h e   c e n t r a l   p a r t   o f  

wh ich   p lunges   t o  the sou theas t   and  f i t s  between two n o r t h w e s t e r l y  
the Marble  Range i s  a n   u p r i g h t ,   b r o a d ,   o p e n   s y n c l i n e  on  Mount Kerr. 

p l u n g i n g   a n t i c l i n e s   o u t l i n e d   b y  Member I .  A change i n  the d i r e c t i o n  
of d i p s   a n d   s t r o n g   d i s t o r t i o n s   a r e w e l l   d i s p l a y e d  in the c e n t r a l   p a r t  
o f   t h e   s y n c l i n e   w h i c h  i s  formed  by   the   in te r lamina ted   l imes tone   and  
c h e r t   o f  Member I I Ia .  

a re   mos t ly   modera t e   t o   l ow;  their  d i r e c t i o n s   a r e   u n i f o r m   w i t h i n   s m a l l  
I n   t h e   n o r t h e r n   p a r t   o f   t h e   M a r b l e   R a n g e  the d i p s   o f t h e   s t r a t a  

b e   o u t l i n e d .  A few f a u l t s   a r e  shown  on the map. I t  i s  b e l i e v e d   t h a t  
a r e a s   b u t   c h a n g e   a b r u p t l y   f r o m   o n e   a r e a   t o   a n o t h e r .  No f o l d s   c o u l d  

many o t h e r s   a r e   h i d d e n   b y   o v e r b u r d e n .  I t  seems t h a t   t h e   s t r a t a   h e r e  

The  dominance o f  f a u l t i n g   o v e r   f o l d i n g  i n  the northern p a r t   o f  the 
a r e   b r o k e n   i n t o   n u m e r o u s   f a u l t   b l o c k s   t i l t e d  i n t o  v a r i o u s d i r e c t i o n s .  
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map a r e a   p r o b a b l y   i s d u e  to  t h e g r e a t   t h i c k n e s s   o f   t h e   s t r a t a ,  t o  t h e i r  

o f   d e f o r m a t i o n .  
l e n t i c u l a r  ( ? I  shape,  and t o  low h e a t  and p r e s s u r e  d u r i n g  the t ime 

4. MODE OF ORIGIN 

o f   b i o l o g i c a l ,   c h e m i c a l ,   o r   f i n e - g r a i n e d   c l a s t i c   m a t e r i a l   s u g g e s t s  
T h e   a b s e n c e   o f   c o a r s e - g r a i n e d   c l a s t i c  rocks and the dominance 

t h a t   t h e   s o u r c e   a r e a  was of  low r e l i e f  or a t  a g r e a t   d i s t a n c e   f r o m  
t h e   b a s i n   o f   d e p o s i t i o n .  

i s  i n t e r l a m i n a t e d   n i t h  r i b b o n  c h e r t  (>!embers I a n d  I I I a ) .   T h e s e   d e -  
Three   t ypes   o f   l imes tone   can   be   d i s t i ngu i shed .  The f i r s t   t y p e  

pos i t s  a re   modera te ly   th ick ,   ranging   f rom  200  t o  500 f e e t  i n  t h i c k -  
ness and may cover  as  much a s  100 s q u a r e   m i l e s .  As t h e y  a r e   a s s o c i -  
a t e d  w i t h  c h e r t   t h a t  i s  p o s s i b l y   o f   r a d i o l a r i a n   o r i g i n ,   a n   a n a l o g o u s  
o r i g i n  i s   s u g g e s t e d   f o r   t h e   1 i m e s t o n e ; i t  may have  formed by t h e  ac-  
c u m u l a t i o n   o f f r e e   f l o a t i n g   c a l c a r e o u s   o r g a n i s m s ,   p o s s i b l y   f o r a m i n i -  
f e r a .  However, no fos s i l s   have   been   found  i n  t h e s e   r o c k s .   P e r h a p s  
the   s ed imen t s   were   depos i t ed   ve ry  s l o w l y  and  s u b j e c t e d  t o  s o l u t i o n  
and r e c r y s t a l l i z a t i o n  on the s e a   f l o o r .  The a l t e r n a t i v e  is  i n o r g a n i c  
p r e c i p i t a t i o n ,  b u t  i t  i s u n c e r t a i n   w h e t h e r  the c o n d i t i o n s   f o r  such a 
p r o c e s s   e x i s t e d .  

2 . 5 0 0   f e e t )  b u t  p robably   nar row.  C o r a l s ,  a lgae ,   b ryozoa .   and   ech i -  
The   s econd   t ype   o f   l imes tone   depos i t   i s   ex t r eme ly   t h i ck  ( u p  t o  

n o i d s  ( together w i t h  fu su l in ids )   have   been   found  i n  t h e s e  rocks. The 
f o s s i l s  and t h e   s h a p e s   o f   t h e   d e p o s i t s   s u g g e s t   t h a t   t h e y   a r e   r e e f s .  
However, Lowenstam ( 1 9 5 0 )   a r g u e s   t h a t  n o t  a n y   m a s s   o f   f o s s i l i f e r o u s  
l imes tone  showing r e e f - l i k e   d i m e n s i o n s   s h o u l d   b e   c a l l e d  a r e e f  and 

were   ab le  t o  e r e c t  wave r e s i s t a n t   s t r u c t u r e s .   C e r t a i n   c o l o n i a l   c o r -  
r e q u i r e s   e v i d e n c e   t h a t   s e d i m e n t - b i n d i n g   o r g a n i s m s  were p r e s e n t  which 

a l s  such  aswaaqenophyllum ( 7 )  which a r e   l o c a l l y   f a i r l y   a b u n d a n t  may 

masses  i n  t h e  v i c i n i t y  of Nount  K e r r   a r e   b e l i e v e d  t o  be r e e f s .  
have   been   r ee f   bu i lde r s   o f   t he  t y p e  r e q u i r e d .  The t h i c k  l imes tone  

A t h i r d  t y p e ,   o c c u r r i n g  i n  t h e  Nembers I1 and IV. i s  l e n t i c u l a r  
o r  pod- l ikeand  ranges   f rom 100 f e e t  to s e v e r a l   m i l e s  in  s t r i k e   l e n g t h .  

most of  them a r e   l a c k i n g  i n  f o s s i l s .   P e r h a p s  some were r e e f s  com- 
Many o f  t h e s e   b o d i e s   h a v e   d i m e n s i o n s   s i m i l a r  t o  t h o s e   o f   r e e f s   b u t  

p o s e d   o f   a l g a l   s t r u c t u r e s   t h a t   a r e  n o  l o n g e r   r e c o g n i z a b l e .  The o r -  
i g i n  o f   t h e s e   d e p o s i t s  i s  u n c e r t a i n .  

l o c a l   c u r r e n t   a c t i v i t y .  Some o f t h e   b e d s   c o n t a i n i n g   o o l i t e s  may have 
C a l c a r e n i t e s  a n d  b r e c c i a s  i n  t h e  Alembers I 1 1   a n d   I I I a   i n d i c a t e  

b e e n   d e p o s i t e d   a t   s h a l l o w   d e p t h  i n  the   zone   of  wave a c t i o n   ( I l l i n g .  

The o r i g i n  of   the   r ibbon chert  i s a c o n t r o v e r s i a l   s u b j e c t .  Ac- 
cord ing   tomodern   exper imenta l  work  (Krauskopf .   1956)  b o t h  f r e s h  wa- 

and n e i t h e r   c h a n g e s  i n  pH (be lowa  pH o f   9 )  nor i n  s a l i n i t y  a p p r e c i -  
t e r  and   s ea   wa te r   a r e  h i g h l y  u n d e r s a t u r a t e d  w i t h  r e s p e c t   t o   s i l i c a  

a b l y   a f f e c t   t h e   s o l u b i l i t y   o f t h a t   s u b s t a n c e .  Only t h r e e o f t h e   v a r i -  
o u s   h y p o t h e s e s   f o r   t h e   o r i g i n   o f   c h e r t  seem r e a s o n a b l e  i n  vierv of t h e  
r e q u i r e d   c h e m i c a l   c o n d i t i o n s   e s t a b l i s h e d   b y   K r a u s k o p f :   t h e d e p o s i t i o n  
o f   c o l l o i d a l   s i l i c a  from s i l i c e o u s   s o l u t i o n s  t h a t  may b e   r e l a t e d  t o  

d e p o s i t i o n   o f   s i l i c a   f r o m   v i t r i c   t u f f ,   a m a t e r i a l   t h a t   d i s s o l v e s  much 
volcanism  (Davis ,   1918;   Cai rnes .   1924b,   p .41) ;  the leaching   and  re- 

accumulat ion  of  debris from s i l i c e o u s   o r g a n i s m s   ( B r a m l e t t e .   1 9 4 6 ) .  
f a s t e r   t h a n   m i n e r a l i c   m a t t e r   ( G o l d s t e i n  and Hendricks,   1953) .   and t h e  

1954, PP.  35-44) .  
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B o t h   v o l c a n i c   f l o w s .   a n d   t u f f s   a r e   p r e s e n t  i n  t he   Yarh le  Canyon f o r -  
ma t ion .   The re  i s ,  however. no s t r i k i n g   a s s o c i a t i o n  of che r t   and   vo l -  
c a n i c   f l o w s   a n d   t h e   r e l a t i v e l y   s m a l l   p r o p o r t i o n  o f  t u f f   a p p e a r s  i n -  
s u f f i c i e n t   a s   s o u r c e  o f  t h e  m2ch larger   volume  of   cher t .   However .  
t h i n - s e c t i o n s   o f   c h e r t  show s p i n e - l i k e   a n d   n o d u l a r   s t r u c t u r e s   t h a t  
cou ld   be  o f  o r p a n i c   o r i g i n .   B e t t e r   p r e s e r v e d   s p e c i m e n s  o f  t h e  same 
type   have   been   found i n  g r e a t e r   q u a n t i t y  i n  t h e   c h e r t s  of D i v i s i o n  I 

t h e  Marble  Canyon  formation i s  l a r g e l y  of o r g a n i c  o r i g i n .  
of the P a v i l i o n   g r o u p .   T h e r e f o r e  i t  i s  b e l i e v e d  t h a t  the c h e r t  o f  

5. AGE OF CORRELATION 

G e o l o g i c a l  Rlap) were i d e n t i f i e d  by W.R. Danner:  

F 1   L o c a l i t y :  On r i d g e ,   a b o u t  1 mile eas t   o f   J e smond   road ,  

p a r t .  
1 . 2 5  miles nor thwes t  of Porcupine   Creek ,   upper  

F o s s i l s   c o l l e c t e d   a t   e l e v e n   l o c a l i t i e s i n   t h e   M a r b l e   R a n g e   ( s e e  

Nember IV 

Yabeina  sp.  

Schlvaqerina  sp.  

Verbeekina sp.  
Glomospi ra   sp .  

Gyropore l l a   sp .  

A s s o c i a t e d :   a l g a e ,   c o r a l ,   s m a l l   f u s u l i n i d s  

Age:  Upper  Permian, 

F2 L o c a l i t y :  On r i d g e ,   a b o u t  1 mile eas t   o f   J e smond   road ,  
2 miles s o u t h e a s t  of ?daunt Bowman. 

blember 111 

Yabeina  sp.  

one   smal l   Verbeekina   type   fus !u l in id  
f o r a m i n i f e r a ,   o n e  s i m i l a r  t o  Pachvplo ia  

T e t r a t a x i s   s p .  

Gyropore l l a   sp .  

A s s o c i a t e d :   e c h i n o i d   d e b r i s .   m o l l u s c   s h e l l s ,   a n d  a c o r a l .  

Age : Upper Permian. The a s s e m b l a g e   c o u l d   k s l i g h t -  
l y  o lde r   t han   t hose   f rom t h e  
other l o c a l i t i e s .  

F 3   L o c a l i t y :  On r i d g e   a b o u t  2 miles eas t   o f   J e smond   road ,  
2 miles nor theas t   o f   head   o f   Po rcup ine   Creek .  

Member: I11  

Yabeina minuta 
Schwaqerina 

Condonofus ine l l a  sp 
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T e x t u l a r i a   s p .  

Age : Upper Permian.  

F4 L o c a l i t y :  2 miles so l r theas t   o fMor~n t  Kerr. .7mile  n o r t h -  
west o f  F i f t y s e v e n   C r e e k .  

Xember I l l  

Yabeina  columbiana 

‘tNeoschwaqerina  sp. 

PVerbeekina   sp .  

A s s o c i a t e d :   o t h e r   f o r a m i n i f e r a  (? ) ,  c o r a l s .   a l g a e ,   c o a r s e  
p l a t e s  o f  e c h i n o d e r m s ,   c r i n o i d   s t e m s ,  a bryo-  
z o a n   f r a g m e n t .   a n d   o o l i t e s .  

Age : Upper Permian.  

F5 L o c a l i t y :  . 1 . 5  miles west o f  Mount Ker r .  

Member I11 

Yabeina minuta 
Schwaqerina acris 
Condonofus ine l l a   sp .  

Age : Upper Permian.  

F6 L o c a l i t y :  3 .2  m i l e s   e a s t  o f  Mount Bowman, . 2  mile n o r t h  
of  Mann Creek .  

Member I1 l? 

Yabeina  sp.  

C o n d o n o f u s i n e l l a   s p .  

Clomospi ra   sp .  

Ape : Upper Permian.  

F7 L o c a l i t y :  3 .5  m i l e s   e a s t - n o r t h e a s t  of h l o r ~ n t  Bowman. . 5  
mile n o r t h   o f  hlann Creek. 

Vember I I I?  

PWaaqenophyllum s p .  

A s s o c i a t e d :   a t   l e a s t .  two P e r m i a n   t y p e   f o s u l i n i d s .  

Age : Permian.  

F8 L o c a l i t y :  2 miles e a s t   o f  hlount Bowman. . 5  mile south-  
wes t  of head o f  Nann Creek .  

ivlember I I I ?  

Yabeina  sp.  

Age: I!pper Permian.  



F9 L o c a l i t y :   a b o u t   S m i l e s   e a s t   o f   J e s m o n d ,  1 mile n o r t h e a s t  
of  head o f  Jesmond  Creek. 

Member III? 

Two b r y o z o a n   f r a g m e n t s .   c o r a l s  ( ? I ,  p r i m i t i v e  
f u s u l i n i d s  ('?I a l g a l   r e m a i n s  (? ) ,  o o l i t e s .  

Age : unknown bu t   p robab ly  !Ipper P a l a e o z o i c .  

F10   Loca l i ty :   About  3 mile n o r t h  no r thwes t  of  F9. 

hlember III? 

C o r a l s ,   f o r a m i n e f e r a ,   e c h i n o i d   s t e m s .  

Age : unknown 

F11   Loca l i t y :   Eas t e rn   bank   o f   B ig   Ba r  Creek ,  about  2.5 m i l e s  
northwest   of   Jesmond.  

h n b e r  IV 

F u s u l i n i d s ,   p e l e c y p o d s ,   c o r a l ,   a l g a e   o r   e c h i n o d e r m s .  

Age: Permian.  

W . R .  Danner s t a t e s   t h a t   m o s t   o f   t h e   c o l l e c t i o n s   c o n t a i n  fusul-  
i n i d s  common t o  the  Amer ican   and   As ia t ic   Te thys   sea .  "The a s s o c i -  
at.ion  of Yabeina-Schwaqerina-Condonofusinella i s  t y p i c a l   a s   f a r   a s  
i s  known fo r   t he   uppe rmos t   fu su l in id   zone  i n  Nor th  America  and is con- 

m i g h t   b e   s l i g h t l y   o l d e r   t h a n  t he  o t h e r s   b u t   t h e   f u s u l i n i d s   a r e   t o o  
s i d e r e d   t o   b e  Upper Pe rmian . "   Accord ing   t o   Danner   co l l ec t ion   No .2  

r e c r y s t a l l i z e d   t o   e s t a b l i s h  whether they  are  Neoschwaoerina  and  hence 
a zone lower i n  the Upper Niddle   Permian .  

All f o s s i l s   w e r e   c o l l e c t e d  i n  the  Alembers I11 and 1V o r  i n  r o c k s  
t h a t   a r e   b e l i e v e d   t o   b e   c o r r e l a t i v e  w i t h  these members.  Both mem- 
b e r s   t h e r e f o r e   a p p e a r  t o  be mos t ly  Upper P e r m i a n ;   b u t   t h e  lower p a r t  
o f  I11 may be Upper  Middle  Permian. T h e  ilembers I and I1 a r e   p e r -  
haps   Niddle   Permian .  
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PAVILION GROUP 

INTRODUCTION 

The   Pe rmo-Tr i a s s i c   Pav i l ion   g roup  i s  composed o f   c h e r t ,   a r p i l -  
l i t e ,   v o l c a n i c   f l o w - r o c k s   a n d   t u f f ,   v o l c a n i c   s a n d s t o n e s ,   l i m e s t o n e ,  
s i l t s tone ,   cong lomera te ,   s ed imen ta ry   b recc ia ,   and   t he   me tamorph ic  
e q u i v a l e n t s   o f   t h e s e   r o c k s .  Two D i v i s i o n s   a r e   d i s t i n g u i s h e d .  Chert 
a n d   a r g i l l i t e   a r e   d o m i n a n t   i n  the l o w e r   p a r t   ( D i v i s i o n  I )  and  vol-  

o f   t h e  Upper Permian  Marble Canyon l i m e s t o n e  marks the boundary of  
c a n i c  r o c k s  and   s ands tones  i n  the  u p p e r   p a r t  ( D i v i s i o n  TI). The t o p  

t h e   P a v i l i o n   g r o u p  w i t h  the Permo-Pennsylvanian  Cache  Creek  group. 
The   rocks  now a s s i g n e d   t o  t he  P a v i l i o n   g r o u p   w e r e   f o r m e r l y   i n c l u d e d  
w i t h  t h e   C a c h e   C r e e k   g r o u p .   S t r a t i g r a p h i c   r e l a t i o n s  i n  no r thwes te rn  
Brit ish C o l u m b i a   s u g g e s t s a m a j o r   u n c o n f o r m i t y   e i t h e r   a t   t h e   b a s e  o f  
the  q roup  or be tween  Div is ion  I and   D iv i s ion  I1 ( K .  Rigby ,   pe r sona l  
communica t ion )   bu t   t ha t   unconfo rmi ty   has   no t   been   obse rved .  

DIVISION I 

1. DISTRIBUTION  AND THICKNESS 

t y   o f   t h e  map a r e a .  On Big  Bar  Creek, where the  D i v i s i o n   i s c o n t i n u -  
D i v i s i o n   I e x t e n d s   f r o m   t h e s o u t h e a s t e r n   t o  t h e  n o r t h e r n   e x t r e m i -  

ous ly   exposed   and  i t s  b o u n d a r i e s  w i t h  the u n d e r l y i n g   a n d . o v e r l y i n g  
f o r m a t i o n s   a r e w e l l   e x p o s e d ,   i t f o r m s a   z o n e   a b o u t  5% m i l e s   w i d e .  I t s  

b l y  i n  the  v i c i n i t y   o f  3,000 f ee t .  
t h i c k n e s s  may be  anywhere  between  1 ,000  and 5,000 f e e t  and i s  p o s s i -  

2. LITHOLOGY 

metamorph ic   equ iva len t s   and  some l imes tone ,  t u f f .  and l i t h i c  sand- 
D i v i s i o n  I c o n s i s t s   d o m i n a n t l y  of chert a n d   a r g i l l i t e  and their  

s t o n e .   V o l c a n i c  f lows a r e   r a r e   o r   a b s e n t .  
L a r g e   b o d i e s o f   t u f f   a n d   l i m e s t o n e ,   l o c a l l y   a c c o m p a n i e d b y  l i t h -  

tween Kel ly   and   Butcher  Creeks. They  probably  belong i n  the  upper  
i c  s a n d s t o n e ,   a r e  folund o n l y   i n   t h e   v i c i n i t y   o f  the F r a s e r  River be-  

p a r t   o f   D i v i s i o n  I .  S m a l l   m a s s e s   o f   t u f f .   l i m e s t o n e ,   a n d   r a r e l y   l i t h -  
i c   s a n d s t o n e   o c c u r   a t   v a r i o u s   l o c a l i t i e s  and  probably  occupy  differ- 
e n t   s t r a t i g r a p h i c   p o s i t i o n s .  

T h e   c h e r t   v a r i e s   f r o m   l i g h t   g r e y   t o   b l u i s h   b l a c k  i n  c o l o u r .  I t  
m o s t l y  occurs as " r i b b o n   c h e r t , "   t h a t   i s ,  i n  l a y e r s  w h i c h  a r e  i n  the 

g i l l i t e  or p b y l l i t e .  The chert l a y e r s   h a v e  a c h a r a c t e r i s t i c  swell- 
o r d e r   o f 1   t o  3 i n c h e s  t h i c k  a n d   a r e   s e p a r a t e d   b y  t h i n  sheets of a r -  

i n g   a n d   p i n c h i n g   c r o s s - s e c t i o n .   C h e r t y   a r g i l l i t e s   o r   c h e r t s   t h a t  
c o n t a i n a h i g h   p r o p o r t i o n   o f   a r g i l l a c e o u s   m a t e r i a l a r e   m o s t l y   m a s s i v e .  

L i g h t   g r e y  cher t  i s  composed   dominan t lyo f   qua r t z .   and   t oa   sma l l  
p r o p o r t i o n   o f   c h a l c e d o n y   a n d   " c l a y , "   t h a t   i s ,   c l a y - s i z e d   m i n e r a l s  of 
the ch lo r i t e - ep ido te   mica   g roups .   Dark   che r t   con ta ins   sma l l   amoun t s  
o f   c a r b o n a c e o u s   m a t t e r .   T h e   q u a r t z  i s  p r e s e n t  i n  a n h e d r a l   g r a i n s  
w h i c h  range  f rom a few t o  approx ima te ly  30 microns  i n  d i ame te r   and  

mosa ic   o r   nod , r l e s .   These  n o d u l e s   a r e   c o a r s e r   g r a i n e d  than  the "mo- 
show  lundulose e x t i n c t i o n .  T h e   q u a r t z   e i t h e r   f o r m s  a s t r u c t u r e l e s s  

of "c lay ."   The   nodules  a r e   s p h e r i c a l  o r  e l l i p t i c a l  i n  s e c t i o n   a n d  
sa i c"   and   have  a h i g h e r  c o n t e n t  o f  chalcedony  and a lower   con ten t  
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range  from .03 t o  .3 millimeter i n  d i a m e t e r ;   t h e   a v e r a g e   d i a m e t e r  
p robab ly   l i e s   be tween  .15 and . 2  millimeter. A few  nodules show a 
r a d i a t i n g   p a t t e r n   a r o u n d   t h e   m a r g i n ;  one h a s   a s p i n e - l i k e   p r o j e c t i o n .  
T h e y   b e a r   a c l o s e   r e s e m b l a n c e   t o   r a d i o l a r i a n   c h e r t s   i n w e l l - p r e s e r v e d  
specimens o f  C a l i f o r n i a   ( J e n k i n s ,   1 9 4 3 ,   p p . 3 1 5 .   3 1 9 ) .   C h e r t   o f  t h i s  
t y p e  was seen  i n  thirteen o u t  o f   e i g h t e e n   t h i n - s e c t i o n s   o f   s p e c i m e n s  
f r o m   v a r i o u s   l o c a l i t i e s .  Most s e c t i o n s   c o n t a i n  numerous minu teve in -  
l e t s o f   q u a r t z  and c a r b o n a t e .   C a r b o n a t e   a l s o   o c c u r s  i n  i s o l a t e d   g r a i n s  
w i t h i n  the c h e r t .  

The a r g i l l i t e  i s  b l u i s h   b l a c k   a n d   l a m i n a t e d   t o   m a s s i v e .  Under 
the microscope  minute c r y s t a l s  of m i c a ,   c h l o r i t e ,   c a r b o n a t e , a n d   p a r -  
t i c l e s  o f   c a r b o n a c e o u s   m a t t e r   a r e   s e e n   t o b e  embedded ina( l ro? lndmass  
of low b i r e f r i n g e n c e   t h a t  i s  t o o   f i n e - g r a i n e d   f o r   i d e n t i f i c a t i o n .  
The   o rgan ic   ma t t e r  i s  d i s p e r s e d   t h r o u g h o u t  the a r g i l l i t e .   b u t  i n  
p h y l l i t i c   s p e c i m e n s  i t  i s  c o n c e n t r a t e d  i n  p a r a l l e l   l a y e r s .  Some of  
t h e   a r g i l l i t e   c o n t a i n s   m a s s i v e  or n o d u l a r   a g g r e g a t e s   o f   f i n e - g r a i n e d  
s i l i c a  a n d   g r a d e s   i n t o  cher t .  hlost o f   t h e   a r g i l l i t e   h a s a   s i l t - f r a c -  
t i o n .  composed l a r g e l y  of f e l d s p a r   f r a g m e n t s .  

l o c a l i t i e s   a r e   a s s o c i a t e d  w i t h  l imes tone .  
The t u f f s  do n o t   f o r m   b e d s   b u t   l e n t i c u l a r   m a s s e s  w h i c h  i n  most 

b rowni sh   g reen   and   composedof   angu la r  or l e n t i c u l a r   f r a g -  
A hand  specimen  of a l i t t l e  a l t e r e d   t u f f a c e o u s   r o c k  i s  

ments ranging   f rom a f r a c t i o n  of a millimeter t o  aboslt 3 
millimeters i n   d i a m e t e r .   T h e   s e c t i o n   c o n s i s t s   d o m i n a n t l y  
o f   f i n e - g r a i n e d   h i g h l y   a l t e r e d   g r a i n s  o f  v o l c a n i c   r o c k s  

p o r t i o n  o f   c h l o r i t e ,  w h i c h  may r e p r e s e n t   a l t e r e d   v o l c a n i c  
someof which a r e   v e s i c u l a r  o r   amygda lo ida l .  a sma l l e r   p ro -  

g l a s s ,  and a few pe r  cent o f   q u a r t z ,   f e l d s p a r .   h o r n b l e n d e .  
c l ino -pyroxene ,   and   " i ron   o re . "   The   t u f f aceous   o r ig in   o f  
t he  r o c k  is apparent   f rom two f e a t u r e s :  the c l ino-pyroxene .  

d e t r i t a l  m i n e r a l  i n  any sed imentary   rock  o f   t h e  map a r e a ,  
a m i n e r a l  which has  n o t  been  observed  by t h e  writer a s  a 

shows  subhedral t o  eubedra l   forms;   and  the q u a r t z   h a s  i n -  
c l u s i o n s   a n d   r i m s o f e x t r e m e l y   f i n e - g r a i n e d   v o l c a n i c   r o c k ,  
p r o b a b l y   r h y o l i t e  o r  d a c i t e .  As the t u f f  was d e p o s i t e d  i n  
wa te r  i t  may h a v e   i n c o r p o r a t e d  some d e t r i t a l   m a t e r i a l .  

A specimen  from t h e  s l o p e   n o r t h   o f   t h e   , u p p e r   p a r t   o f  
S i w a s h   C r e e k   p r o b a b l y   r e p r e s e n t s   a s h e a r e d a n d a l t e r e d   l i m y  
t u f f .  T h e   h a n d   s p e c i m e n   i s b l u i s h   g r e e n   a n d   c o n t a i n s   l i g h t  
t o  dark  coloured,  rather a n g u l a r   f r a g m e n t s   i n a   l i g h t   g r e e n  
groundmass .   The   f ragments   range   f romlcent imeter   to   about  

v o l c a n i c   r o c k s  embedded i n  an abundant  m a t r i x  o f   c h l o r i t e  
1 m i l l i m e t e r  i n  s i z e .  The t h i n - s e c t i o n  shorvs f ragments   o f  

a n d   c a r b o n a t e .   T h e   f r a g m e n t s   a r e   p o r p h y r i t i c   a n d   v i t r o -  
phyr ic   andmost ly   amygdalo ida l .   They  show l a t h - l i k e   m i c r o -  
l i t e s  a n d   b r o a d   p r i s m s   o f   p l a g i o c l a s e   i n a g r o u n d m a s s   t h a t  

c a r b o n a t e .   T h e   c a r b o n a t e o f   t h e  cement i s  s t r o n g l y   t w i n n e d ,  
i s  a l t e r e d   t o   c h l o r i t e  and   very   f ine-gra ined   deep   brown 

i n  some p l a c e s   i n a   f e a t h e r y   f a s h i o n .  The c h l o r i t e   o f   t h e  

made  up o f  r a d i a t i n g   s h e a v e s  or f e l t e d   m a s s e s .  
groundmass  occurs i n  n a r r o w   s t r i n g e r s   a n d   l a r g e   p a t c h e s  

The limestones o f   D i v i s i o n  I form  pods   and   lenses ,   Shor t   beds  
were observed  i n  o n l y   a f e w   l o c a l i t i e s .   T h e   l a r g e s t   o f t h e   l e n t i c u l a r  
masses  is  l o c a t e d  on the s l o p e  n o r t h  o f t h e   u p p e r   p a r t o f s i w a s h  Creek 
and  has   been mapped a s  a s e p a r a t e  u n i t .  Excep t   fo r   gas t ropods ,   no  



f o s s i l s   h a v e   b e e n   f o u n d  i n  these l i m e s t o n e s .  Some of t h e   l i m e s t o n e s  
c o n t a i n   o o l i t e s   a n d   p i s o l i t e s   t h a t   r a n g e  from a f r a c t i o n   o f a m i l l i -  
me te r  t o  s e v e r a l  millimeters i n  d i a m e t e r .  Most o f t h e m   a r e   e l l i p s o i -  
d a l ;  less  commonly t h e y  a r e  spherical orspindle-shaped. The o o l i t e s  
a r e  made u p   o f c o n c e n t r i c   l a y e r s  of v e r y   f i n e - g r a i n e d   c a r b o n a t e .  Ra- 
d i a l  s t ructures  a r e   r a r e l y   d e v e l o p e d .   T h e   c e n t r e   o f   t h e   o o l i t e s  i s  
o c c u p i e d   b y   c o a r s e - g r a i n e d   c a l c i t e ,  i n  some specimens  by a s i n g l e  
c r y s t a l   o r ,  l ess  commonly, b y   c h l o r i t e   a n d   c h e r t   n o d u l e s .  

c o n t a c t s  the two rocks a r e   m i x e d .   S o m e o f t h e   l i m e s t o n e   n e a r  the  con- 
Most of the l i m e s t o n e s   a r e   a s s o c i a t e d  w i t h  t u f f s ,   a n d   n e a r  the 

which i n  some s p e c i m e n s   a r e   a s s o c i a t e d  w i t h  cha lcedony .   Angu la r   f r ag -  
t a c t s   c o n t a i n s   g r e e n i s h   o r   b r o w n i s h   w e a t h e r i n g   s t r i n g e r s o f   c h l o r i t e  

ments o f   l i m e s t o n e  or i r r e g u l a r   b l e b s  w i t h  r o u n d e d   o u t l i n e s   a r e  i n -  

of feet  t o  a f r a c t i o n   o f  a c e n t i m e t e r .  
c o r p o r a t e d  i n  the  t u f f .  The s i z e o f  these i n c l u s i o n s   r a n g e s   f r o m . t e n s  

The l i t h i c   s a n d s t o n e s   o c c u r  w i t h  t u f f ,   a r g i l l i t e ,   a n d   c h e r t .  
A t  some l o c a l i t i e s   t h e y  show g r a d e d   b e d d i n g   a n d   a r e   s i m i l a r  i n  ap- 
p e a r a n c e   t o   t h o s e  of D i v i s i o n  11. 

3. METAMORPHISM 

they   a re   h ighly   metamorphosed .   Most  of the   metamorphism i s  r e l a t e d  
Where r o c k s  of D i v i s i o n  I a r e   i n   c o n t a c t   w i t h   C o a s t   I n t r u s i o n s  

t o  the p l u t o n   b e t w e e n   K e l l y  Creek and Leon Creek   and   t he   bes t   expo-  

Creek  where a migmati te   complex c o n s i s t i n g o f d i o r i t i c d y k e s .  amphib- 
S u r e s  a r e  on bo th   banks   o f  the  F r a s e r   R i v e r   n e a r  the  mouth of  K e l l y  

o l i t e s .   a n d   b a n d e d   h o r n f e l s e s   h a s   b e e n  mapped a s  a s e p a r a t e   u n i t .  
I t  i s  n o t   c e r t a i n ,   h o w e v e r ,   i f   a l l   o f  t he  r o c k s   b e l o n g   t o   D i v i s i o n  
I ;  some o f  t h e  rocks   on  the west shore may b e  p a r t  of D i v i s i o n  11. 

Near   the   mouth   o f   Kel ly   Creek ,  a f a c i e s   o f   D i v i s i o n  I r i c h   i n  
t u f f a c e o u s   r o c k s   h a s   b e e n   i n t r u d e d   b y   d i o r i t i c   d y k e s .   T h e   c o n t a c t  
between the  dykes  and the h o s t  rock is g e n e r a l l y   g r a d a t i o n a l   a n d  the 
h o s t   r o c k  i s  c u t  by numerous l e n s e s   a n d   v e i n - l i k e   s t r i n g e r s   r i c h   i n  
q u a r t z   a n d   f e l d s p a r .  

A t y p i c a l   s p e c i m e n  of t h e   t r a n s i t i o n  cock .   ab lue-grey .  

white q u a r t z - f e l d s p a r   v e i n l e t s   t h a t   a r e   f r o m   o n e   t o  a few 
f i n e - g r a i n e d .   m a s s i v e   a m p h i b o l i t e  i s  c u t  by f i ne  g r e y i s h  

m i l l i m e t e r s   w i d e .  A t h i n - s e c t i o n   f r o m  t h i s  r o c k   c o n t a i n s  
a p p r o x i m a t e l y   7 5 p e r   c e n t  of h o r n b l e n d e   ( g r a i n   s i z e   a p p r o x -  
i m a t e l y  .05-.5 millimeter) a s s o c i a t e d  w i t h  " i ron ore" and 

-.25 m i l l i m e t e r )   q u a r t z   a n d   f e l d s p a r .   T h e   p l a g i o c l a s e ,  
a t r a c e   o f   b i o t i t e ,  and  25  per cent of f iner  g r a i n e d  ( .a05 

most ly   twinned .  A l a r g e   p r o p o r t i o n   o f  the  f e l d s p a r  i s  wa- 
c a l c i c   a n d e s i n e .  i s  p a r t l y   a n h e d r a l ,   p a r t l y   s u b h e d r a 1 , a n d  

t e r - c l e a r .  

t h e  same  area i s  f i n e l y   l a y e r e d   a m p h i b o l i t e s   a n d   h o r n f e l s e s .  The 
A p a r t   o f   t h e   r o c k s  on the wes tern   bank  o f  the F r a s e r   R i v e r  i n  

rocks   be long  i n  t h e   h o r n b l e n d e - h o r n f e l s   f a c i e s   ( F y f e ,   T u r n e r ,   a n d  
Verhoogen,  1958,  p.   209).   and may o r i g i n a l l y   h a v e   b e e n   p h y l l i t e s  o r  
s t r o n g l y   j o i n t e d   a r g i l l i t e s .  

A specimen  of these f o l i a t e d   r o c k s  i s  composed o f   l i g h t  
g r e y   a n d   b l a c k   l a y e r s   r a n g i n g  from lmillimeter t o  1.5 c e n t i -  
meters i n  t h i c k n e s s   t h a t  show f i n e   c r y n u l a t i o n s .   T h e   d a r k  
l a y e r s   c o n s i s t   m a i n l y   o f   s u b h e d r a l   h o r n b l e n d e   c r y s t a l s ,  
a b o u t   . 1  millimeter l o n g   t h a t   a r e   s t r o n g l y   p l e o c h r o i c  ( z :  



, 

b l u i s h g r e e n :   y :   g r e e n ,   x :   p a l e   b r o w n i s h   g r e e n ) .   T h e   l i g h t -  
c o l o u r e d   l a y e r s   a r e  made u p o f   c l o u d y ,   p a r t l y   t w i n n e d   c a l -  

meter ,   and  a l i t t l e   q u a r t z ,   H o r n b l e n d e   a n d   p l a g i o c l a s e  
c i c   o l i g o c l a s e   w i t h a g r a i n   s i z e o f   a p p r o x i m a t e l y  .05mil l i -  

a r e   p r e s e n t  i n  a p p r o x i m a t e l y   e q u a l   p r o p o r t i o n s .  

s i z e d   g r a i n s   o f   f e l d s p a r  i s  c h a r a c t e r i s t i c o f   a n o t h e r   l a r g e   g r o u p   o f  
A grey,   massive,   very  f ine-grained  specimen  showing some med im-  

r o c k s  on the  w e s t   s i d e o f t h e   F r a s e r   R i v e r ,   o p p o s i t e  the  m o u t h  of Kel- 
l y  Creek. The o r i g i n a l   n a t u r e   o f  the r o c k ,  w h i c h  now be longs  i n  t h e  
e p i d o t e - a l b i t e   h o r n f e l s   f a c i e s ,  i s  u n c e r t a i n :   p e r h a p s  i t  w a s a n a c i d -  
i c  v o l c a n i c   f l o w .  

42 per c e n t o f   q u a r t z ,  5 per   cen t   o f   ep idote . : !  p e r   c e n t   o f  
I t  c o n s i s t s   o f   a p p r o x i m a t e l y 5 0 p e r  cent o f   f e l d s p a r ,  

c h l o r i t e ,   l p e r   c e n t   o f   c a r b o n a t e   a n d   t r a c e s   o f   s p h e n e   a n d  
" i r o n   o r e " .   T h e   g r o u n d m a s s   i s a t i g h t l y   i n t e r l o c k e d   a g a r e -  
g a t e o f   a n h e d r a l   q u a r t z ,   a n d   s u b h e d r a l   t o a n h e d r a l   f e l d s p a r .  
bo th   r ang ing   approx ima te ly   f rom .05 t o  .5 m i l l i m e t e r  i n  
s i z e .   t h a t  i s  c u t  by s t r i n g e r s   o f   e p i d o t e ,   c h l o r i t e ,  and 

a l b i t e :   p o t a s s i c   f e l d s p a r   i s r a r e  o r  a b s e n t .  The a l b i t e   o f  
c a r b o n a t e .   T h e   f e l d s p a r   c o n s i s t s   m o s t l y   o f   t w i n n e d   s o d i c  

the groundmass i s  c loudy w i t h  i n c l u s i o n s   o f   e p i d o t e :   t h e  

m i l l i m e t e r s   l o n g   c o n t a i n   i n c l u s i o n s   o f   q u a r t z ,   b u t   n o t   o f  
l a r g e r   c r y s t a l s ,   f o r m i n g   a n h e d r a l ,   t w i n n e d   g r a i n s  up t o  1 .5  

m a s s   a n d   s o m e o f t h e   q u a r t z   a r e   t h o u g h t   t o b e o r i g i n a l   c o n -  
e p i d o t e ,   T h e   f i n e - g r a i n e d   c l o u d y   f e l d s p a r   o f  the ground- 

s t i t u e n t s   o f t h e   r o c k s :  the i n c l u s i o n - f r e e   p l a g i o c l a s e ,  and 
some o f   t h e   q u a r t z  may have   been   i n t roduced .  

4. STRUCTURE 

The   contac t   be tween  Div is ion  I and the Marble  Canyon  formation 
i s  exposed   on ly  i n  the  v i c i n i t y  o f  Sa l lus   Creek   and   Keat ley   Creek ,  
no r th   o f   Pav i l ion   Lake ,   and   on   B ig   Ba r   Creek .   In   t hese   l oca l i t i e s  
n e i t h e r   a n   u n c o n f o r m i t y   n o r a m a j o r   f a u l t   c o u l d   b e   o b s e r v e d   a l t h o l l a h  
t h e   c o n t a c t s   b e t w e e n   l i m e s t o n e   b e d s   a n d   a r g i l l i t e   a r e   l o c a l l y   s h e a r e d .  
T h e   c o n t a c t   a p p e a r s t o b e   g r a d a t i o n a l   a n d  the p r o p o r t i o n  of i n t e r h e d -  

c o n t a c t  w i t h  t he  uppermost p a r t   o f   t h e  Xarb le  Canyon format ion   one  
ded   l imes tone  i n c r e a s e s  i n  an   eas tward  d i r e c t i o n .  As D i v i s i o n  I i s  i n  

m i g h t   c o n c l u d e   t h a t  i t  o v e r l i e s   t h e   l i m e s t o n e s .  However the westward 
t r a n s i t i o n   f r o m   l i m e s t o n e   t o  chert and a r g i l l i t e   c o u l d   r e p r e s e n t  a 
f a c i e s   c h a n g e  i n  i s o c l i n a l l y   f o l d e d   s t r a t a ,  and i n  t h i s  c a s e   D i v i s i o n  
I would   be   par t ly   contemporaneous  w i t h  the  upper  hlarble  Canyon  forma- 
t i o n .  

I n  m o s t   l o c a l i t i e s   t h e   s t r a t a  of D i v i s i o n  I s t r ike  n o r t h w e s t e r l y  
and d i p   s t e e p l y .   M a r k e r   b e d s   a r e   s c a r c e   a n d   s t r a t i g r a p h i c   t o p s   c o u l d  
b e   d e t e r m i n e d   o n l y   a t a   f e w   l o c a l i t i e s .   J u d g i n g   f r o m   t h e w e l l   s t r a t i -  
f i e d  and p l a s t i c   n a t u r e o f t b e   r o c k s   t h e y   a r e   t i g h t l y   f o 1 d e d : t h e p a t -  

w h i c h  has  a comparable  l i t h o l o g y .   D r a g f o l d s   a r e   d e v e l o p e d  on ly  i n  
tern o f   f o l d i n g  may b e  s i m i l a r   t o t h a t o f t h e   y o u n g e r   L i l l o o e t  group,  

the  v i c i n i t y  of f a u l t s   a n d   a r e   h e r e   o f   v e r y   v a r i e d   p l u n g e .   I n  some 
l o c a l i t i e s  the l i m e s t o n e s  show a l i n e a t i o n   i n   t h e   f o r m   o f   g r o o v e s ,  
b u t  the p l u n g e s   o f t h e s e   l i n e a t i o n s   a r e   a l s o   i r r e g u l a r .   D i v i s i o n  I i s  
p a r t l y   b o u n d e d b y   f a u l t s   b u t   n o e x t e n s i v e   i n t e r n a l   f a u l t s   w e r e   r e c o g -  
n i z e d .   H o w e v e r ,   t h e r e a r e b r o a d   a r e a s   u n d e r l a i n  by s h e a r e d   r o c k s   t h a t  
a r e   c r o s s e d h y n u m e r o u s   m i n o r   i r r e g u l a r   f a u l t s .  T h e  most e x t e n s i v e  of 
these s h e a r   z o n e s  i s  exposed  betlveen Moran and  Kel ly   Creek,   Other  
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s h e a r   z o n e s  of t h i s  t y p e  were s e e n o n t h e   s l o p e   n o r t h o f G i b b s   C r e e k ,  
i n  High  Bar  Canyon,  and on the s lopes   above   Big   Bar   Creek ,   near  the  
m o u t h  o f   S t a b l e  Creek. In a d d i t i o n   t o  these l a r a e   z o n e s  shown  on t h e  
map, there are   numerous   smal l  ones t h a t   h a v e n o t b e e n   i n d i c a t e d .  A l -  
most a l l   c o n t a c t s   b e t w e e n   m a s s i v e   r o c k s ,  such a s   l i m e s t o n e ,   t u f f ,  o r  
l i t h i c   s a n d s t o n e  on the o n e   h a n d ,   a n d   l a m i n a t e d   a r g i l l i t e   a n d   c h e r t  
on t he  o t h e r  hand a r e   s h e a r e d ,  Some o f t h e   d i s t o r t i o n s  may have  been 
c a u s e d   b y   d i f f e r e n t i a l   m o v e m e n t s   o f   s e d i m e n t a r y   s t r a t a   d u r i n g   f o l d -  
i n g .   o t h e r s  seem t o   b e   r e l a t e d   t o  movements   o f   Coas t   In t rus ions .  

5. MODE OF ORIGIN 

R e m n a n t s   o f   r a d i o l a r i a n   s k e l e t o n s i n  the  chert s u g g e s t   t h a t  D i -  
v i s i o n  I was l a i d  down i n  amar ine   env i ronmen t .   The   p re sence  of ca r -  

G a r r e l s .   1 9 5 2 ) .   T h e   s c a r c i t y   o f c o a r s e - g r a i n e d   c l a s t i c   s e d i m e n t s   a n d  
b o n a c e o u s   m a t t e r   i n d i c a t e s  a " res t r ic ted"   envi ronment   (Krumbein   and  

t h e   d o m i n a n c e   o f f i n e - g r a i n e d   c l a s t i c   a n d   b i o c l a s t i c   s e d i m e n t s   i n d i -  
c a t e s   t h a t  the s o u r c e   a r e a   w a s  o f  low r e l i e f   o r   a t  a g r e a t   d i s t a n c e  
from the s i t e  o f   d e p o s i t i o n .   T h e r e   w a s  l i t t l e  v o l c a n i c   a c t i v i t y  i n  
the  a rea .   The   env i ronmen t   o f   D iv i s ion  I a p p e a r s   s i m i l a r   t o   t h a t   o f  
t h e  A l a r b l e   C a n y o n   f o r m a t i o n ,   e x c e p t   t h a t   c o n d i t i o n s   f o r   t h e g r o w t h   o f  
reefs  were r a r e   o r   l a c k i n g .   I f   D i v i s i o n  I i s  p a r t l y   c o n t e m p o r a n e o u s  
w i t h  the  Marble   Canyon  formation i t  probably   was   depos i ted   seaward  
from the  r e e f   z o n e .  

The o r i g i n o f  the c h e r t ,   t u f f ,  a n d   l i m e s t o n e   p o s e   s p e c i a l   p r o b -  
lems. 

M i c r o s c o p i c   e x a m i n a t i o n   s h o w s   t h a t   t h e c h e r t s   a r e  composed  of a 

mains o f   r e l a t i v e l y   w e l l - p r e s e r v e d   ( c o m p a r e   J e n k i n s ,   1 9 4 3 ,   p p .   3 1 5 ,  
c o n s i d e r a b l e   p r o p o r t i o n   o f n o d u l e s   t h a t   r e s e m b l e  the r a d i o l a r i a n  re- 

319) r o c k s .  A few o f  t h e s e   n o d u l e s  show r a d i a t i n g   s p i n e - l i k e  s t ruc-  

o r i g i n .   B e c a u s e o f   t h e   m i c r o s c o p i c   e v i d e n c e   a n d   t h e   s c a r c i t y  of  vol-  
tures around the m a r g i n s   t h a t   a r e   s t r o n g l y   s u g g e s t i v e   o f  an o r g a n i c  

c a n i c   c e n t r e s  i n  t he  a r e a ,  i t  i s  b e l i e v e d   t h a t  the  c h e r t  is of o r g a n i c  
o r i g i n .   T h e   a l t e r n a t i o n s o f  chert  a n d   a r g i l l i t e  may b e d u e  t o  season-  
a l   c h a n g e s   t h a t   g o v e r n e d  the l i f e   o f  the  s i l i c e o u s   o r g a n i s m s  o r  t h e  
d e p o s i t i o n   o f   t h e   a s s o c i a t e d   i n o r g a n i c  mat ter ,  

The l e n t i c u l a r   s h a p e o f  the t i l f f   b o d i e s   a n d   f e a t u r e s  of b r e c c i a -  
t i o n   n e a r  their  m a r g i n s   i n d i c a t e   t h a t  the t u f f s  were d e p o s i t e d  by cur- 
r e n t s ,   p e r h a p s   d e n s i t y  mrrents .  t h a t   o r i p i n a t e d  when the t u f f a c e o u s  
m a t e r i a l   e n t e r e d   t h e   w a t e r .  

The o r i g i n   o f  the l i m e s t o n e  i n  D i v i s i o n  I i s  a d i f f i c v l t   p r o b -  
lem, 

The   b ig ,   pod- l ike   mass   nor th   o f   S iwash  Creek i s  r e e f - l i k e  i n  
shape ,   bu t   no   fo s s i l s   have   been   found  i n  i t .  Regarding t h e  s m a l l e r  
b o d i e s  two c o n s i s t e n t   f e a t u r e s  may b e   o f   g e n e t i c   s i g n i f i c a n c e :  t h e  
a s s o c i a t i o n   D f t h e   l i m e s t o n e  w i t h  t u f f s ,  and the s i g n s o f c u r r e n t   a c -  

r e l a t i o n s   c o u l d   b e   e x p l a i n e d i n   d i f f e r e n t   w a y s .  The   l imes tones   maybe  
t i v i t y  such a s   o o l i t e s   a n d   c e r t a i n   f e a t u r e s   o f   b r e c c i a t i o n .   T h e s e  

r e n t s   t h a t   c a r r i e d   t h e   t u f f a c e o u s   m a t t e r .  The s o l u b i l i t y  o f  ca lc ium 
ino rgan ic   and  their  p rec ip i t a t ion   cou ld   have   been   ca ,usedby  the  clir- 

c a r b o n a t e  i n  s ea   wa te r   (Reve l l e ,   1934)   depends  on the  c a r b o n   d i o x i d e  
c o n t e n t   o f   t h e   w a t e r ,  on i t s  t empera tu re ,   p re s su re   and  pH. The  cur- 
rents descend inq   f rom  the   su r f ace  may have  warmed up the bot tom wa- 

However, the amount   o f   1 imes t .one   p roduced   by   sucha   process   would   be  
t e rs  and   thus   caused  the  p r e c i p i t a t i o n  of some c a l c i u m   c a r b o n a t e .  

r e l a t i v e l y  small. I t  i s  a l s o   p o s s i b l e   t h a t   t h e   c u r r e n t s   c o l l e c t e d  u n -  
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c o n s o l i d a t e d   l i m y   m a t e r i a l   f r o m t h e s e a   b o t t o m   a n d   s a e p t   i t a l o n g   t o -  
g e t h e r  w i t h  the t u f f a c e o u s   m a t e r i a l .  A t h i r d   p o s s i b i l i t y  i s  t h a t   t h e  
d e p o s i t i o n  of b o t h   t u f f   a n d   l i m e s t o n e  was c o n t r o l l e d   b y d e p r e s s i o n s  on 
the s e a   f l o o r .   T h e   l i m e s t o n e  may have   been   depos i t ed  i n  such   depres-  
sions owing t o b i o l o g i c a l  or phys ico-chemica l   condi t ions   and  the den- 

f a c t o r s .  
s i t y   c u r r e n t s  may have  dropped the i r  load  here because  of   dynamic 

G .  AGE 

The s t r u c t u r a l   r e l a t i o n s  show t h a t   D i v i s i o n 1  i s  either contem- 

e r .  I t i s  o v e r l a i n   b y   D i v i s i o n  I1 which i s  p r o b a b l y   T r i a s s i c .   T h e r e -  
poraneous w i t h  t h e   u p p e r   p a r t   o f   t h e   ~ l a r b l e  Canyon fo rma t ion  or young- 

f o r e  i t  i s  Upper   Permian   and/or   Tr iass ic  i n  age .  

DIVISION 11 

1. DISTRIBUTION  AND  THICKNESS 

Rocks a s s i g n e d t o D i v i s i o n  I1 u n d e r l i e  two s e p a r a t e   a r e a s .  They 
h a v e   b e e n   c o r r e l a t e d   b e c a u s e o f   t h e i r   s i m i l a r   l i t h o l o g y   b u t   t h e y  may 
n o t  be e x a c t l y   o f  the  same a g e .  

long  and u p  t o  1% m i l e s   w i d e  i n   t h e   v i c i n i t y   o f   t h e   l o w e r   p a r t  of Big 
T h e   o u t c r o p s   o f t h e   B i g  Bar   assemblage   forma  zone   about  3 miles 

Bar   Creek .   Thei r  th ickness  i s  o f  t he  o r d e r   o f  2,500 f e e t .  
T h e   P a v i l i o n   a s s e m b l a g e   u n d e r l i e s  an a r e a   a b o u t  IO miles long 

a n d   u p   t o 3 m i l e s   w i d e   s i t u a t e d   m o s t l y  on the e a s t   s i d e o f t h e   F r a s e r  
River   be tween  Sa l lus   Creek   and   h loran .   The   un i t  i s  b o u n d e d b y   f a u l t s ,  
and so l i t t l e  i s  known abou t  i t s  i n t e r n a l   s t r u c t a r e   t h a t a n   a c c s r a t e  

s t r a t a   a r e   p r o b a b l y   p r e s e n t .  
s t a t e m e n t   o f   t h e   t h i c k n e s s   c a n n o t   b e g i v e n .   S e v e r a l   t h o u s a n d   f e e t   o f  

2. BIG BAR  ASSEMBLAGE 

A .  L i t h o l o g ~  

Because   o f   fac ies   changes   and   lack   of   ou tcrop  the s t r a t i g r a p h y  
of the   Big   Bar   assemblage  h a s  not   been  worked  out .  

A b r o a d   b e l t   o f   l i t h i c   s a n d s t o n e  w i t h  i n t e r l a m i n a t e d   a r g i l l i t e  
e x t e n d s  from the west s l o p e   o f  ;vlount K o s t e r i n p  across Big  Bar  Creek 

a r e   g r a d a t i o n a l .   T h e   r o c k s  show graded  beddina  and  abgndant   contor-  
t o   t he   sou th   s lope   o f   B ig   Ba r   Moun ta in .   The   con tac t s  o f  t h i s  b e l t  

t i o n s  t h a t   a p p a r e n t l y   w e r e   p r o d u c e d   b e f o r e   t h e   l i t h i f i c a t i o n  o f  t h e  
sed imen t s .  To t h e   e a s t   o f  t h i s  b e l t  i n t h e  v i c i n i t y o f B i g   B a r   C r e e k .  
f l o w s   o f a n d e s i t e   a n d   d a c i t e   a r e   e x p o s e d .   T h e   o t h e r   p a r t s   o f t h e   a r e a  
a r e   u n d e r l a i n   b y   t u f f .   r i b b o n   c h e r t ,   a r g i l l i t e ,  and  l imestone.  The 

i n   l e n s e s   a n d   p o d s   a s s o c i a t e d  w i t h  t u f f ,   o r  i n  t h i n  l a y e r s   i n t e r l a m -  
l i m e s t o n e   o c c u r s  i n  b e d s .   n o t   e x c e e d i n g   h a l f a  mi l e in  s t r i k e   l e n g t h ,  

i n a t e d  w i t h  a r g i l l i t e .  
A t y p i c a l   s p e c i m e n   o f   i n t e r l a m i n a t e d   a r g i l l i t e .   s i l t s t o n e ,   a n d  

sands tone   f rom  the  west s l o p e   o f  Mount Kos ter ing   weathers   b rownish  
g r e e n .  I t s  l a m i n a e   o f   a r g i l l i t e   a r e   f r o m  1 c e n t i m e t e r   t o  a f r a c t i o n  
of  a m i l l i m e t e r  t h i c k :  a l aye r   cons i s t ing   mos t ly   o f   s ands tone   and  
s i l t s t o n e  i s  a b o u t 3 c e n t i m e t e r s   t h i c k .   A p p r o x i m a t e l y   t w o - t h i r d s   o f  
the  a r g i l l i t e   c o n s i s t  of c l a y - s i z e d   m i n e r a l s ,  one-thirdof silt-sized 
ca rbona te .   f e ldspa r ,   and   qua r t z ,   and  a s m a l l   f r a c t i o n  of carbonaceous  
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m a t t e r .   T h e   s a n d s t o n e   a n d   t h e   s i l t s t o n e   a r e  made up   dominant ly   o f  
c a r b o n a t e ,   f e l d s p a r ,   a n d   q u a r t z ,   a n d  a s m a l l e r   p r o p o r t i o n   o f   c l a y .  
The  specimen  shows  graded  bedding  and some cross-bedding .  A g raded  
u n i t  r a n g e s   f r o m   v e r y   f i n e - g r a i n e d   s a n d s t o n e   a t  the bot tom  through 

e d   b y a c o n c e n t r a t i o n   o f   c a r b o n a c e o u s   m a t t e r   a n d   f l s l t i n g s   i n  the ar-  
s i l t s t o n e  t o  a r g i l l i t e .  The   contac t   be tween  twograded  u n i t s  i smark -  

g i l l i t e ,  and   by   an   ab rup t   change   i n   g ra in   s i ze .  
The   vo lcan ic  f l o w  r o c k s   w e a t h e r   g r e e n i s h   g r e y   a n d   a r e   m o s t l y  

p o r p h y r i t i c .  Two spec imens  of a l t e r e d   a n d e s i t e   c o n s i s t   d o m i n a n t l y   o f  
a l b i t e  which  forms microlites a n d   p h e n o c r y s t s ,   a n d a s m a l l e r   p r o p o r -  
t i o n   o f   e p i d o t e ,   ( l a r g e l y   p i s t a c i t e ) .   c h l o r i t e ,   a n d   c a r b o n a t e ;   o n e  
specimen  shows  replacement   by  prehni te .   The  lack of z o n i n g ,   t h e   a l -  
b i t i c   c o m p o s i t i o n ,   a n d   t h e   a b u n d a n c e   o f   e p i d o t e   i n d i c a t e s  t h a t  the 
p l a g i o c l a s e   h a s   b e e n   a l t e r e d .  

c i c  a l b i t e  are embedded i n  a f ine-grained  groundmass  con-  
I n a   t h i n - s e c t i o n   o f  me ta -dac i t e ,   phenoc rys t s   o f  ca l -  

s i s t i n g   l a r g e l y  of a l b i t e   a n d   q u a r t z .   T h e   p l a g i o c l a s e   h a s  
r e l a t i v e l y   f e w   i n c l u s i o n s .   T h e   p a r t l y   j a g g e d   o u t l i n e s   o f  
t h e   c r y s t a l s a n d n n d u l o s e   e x t i n c t i o n   i n d i c a t e   r e c r y s t a l l i -  
z a t i o n .   T h e   r o c k  i s  v e i n e d   b y   q u a r t z   a n d   e p i d o t e .  

6. Stwrctxre 

T h e   S o u t h w e s t e r n   c o n t a c t   o f t h e   B i g  Bar a s semblage ,   exposed   nea r  
t h e   r o a d  t o  the H i g h   B a r   f e r r y ,   p r o b a b l y  i s  f a u l t e d .   T h e   r o c k s   a r e  
s t r o n g l y   s h e a r e d ,   a n d   t h e   t r a n s i t i o n   f r o m   t u f f   t o   c h e r t a n d a r g i l l i t e  

unconformi ty  c o u l d   n o t   h e   o b s e r v e d   a l t h o u g h  i t  may b e   p r e s e n t .  No 
i s  a b r u p t .  T h e   n o r t h e a s t e r n   c o n t a c t   a p p e a r s  t o   b e  g r a d a t i o n a l .  An 

major  f a u l t  i s  v i s i b l e  here, h u t   t h e   c o n t a c t s   b e t w e e n  masses of t u f f  
and chert  a n d   a r g i l l i t e   a r e   l o c a l l y   s h e a r e d  and a l t e r e d .   I n  the 
s o u t h e a s t   t h e   u n i t   t a p e r s   a n d  forms a n o s e .  The   no r thwes te rn   con tac t  
i s  n o t   e x p o s e d .   T h e   s t r a t a   s t r i k e   a p p r o x i m a t e l y   n o r t h  40 d e g r e e s  
west a n d   d i p   m o d e r a t e l y  t o  s t e e p l y   n o r t h e a s t .  A t  many d i f f e r e n t  10- 
c a l i t i e s   i n   t h e   s o u t h w e s t e r n  ha l f  o f t h e  u n i t  t h e  s t r a t i g r a p h i c   t o p s  
were found t o  f a c e   t h e   n o r t h e a s t .  A t  three l o c a l i t i e s  i n  the  n o r t h -  
e a s t e r n   h a l f   t h e y   w e r e   s e e n  t o  f a c e   t h e   s o u t h w e s t .  I t  a p p e a r s   t h a t  
the  s t r a t a  form a sync l ine   wh ich  i s  o v e r t u r n e d   t o   t h e   S o U t h w e s t   a n d  

on the s l o p e  n o r t h  o f   B ig   Ba r  Creek g e n t l y   d i p p i n g   s t r a t a  were seen  
p robab ly   p lunges  t o  the n o r t h w e s t .  I n  the  c e n t r a l   p a r t  of t h e  u n i t  

alous a t t i t u d e s  were p r o d u c e d   b y   d i s t r u b a n c e s   b e f o r e  or a f t e r  the 
t h a t   a p p e a r e d t o l i e   u p s i d e  down. I t  i s u n c e r t a i n   w h e t h e r   t h e s e  anom- 

companiedby much d i f f e r e n t i a l   s l i p p a g e  on bedding  planes  whichmay ex- 
l i t h i f i c a t i o n  of t h e   r o c k s .  The f o l d i n g   o f t h e   u n i t   p r o b a b l y  was  ac- 

p l a i n   t h e   s h e a r e d   a n d   f a u l t e d   c o n t a c t s .  A s c h i s t o s i t y  which s t r i k e s  
n o r t h w e s t e r l y   a n d   d i p s   s t e e p l y t o  the n o r t h e a s t  was   on ly   obse rved   i n  

p l a n e   o f   t h e   i n f e r r e d   s y n c l i n e .  
t h e   c e n t r a l   p a r t s   o f  the  B i g   B a r   a s s e m b l a g e ,   t h a t i s .   n e a r   t h e   a x i a l  

3. PAVILION  ASSEMBLAGE 

A .  Lithology 

Approx ima te ly   two- th i rds   o f the   Pav i l ion   a s semblage  is madeup  of 
v o l c a n i c   r o c k s ,   m o s t l y   t u f f s   a n d   l e s s   f l o w s , a n d   a b o u t   o n e - t h i r d   c o n -  

and   conglomera te .  
s i s t s  o f l i t h i c   s a n d s t o n e ,   a r g i l l i t e ,   l i m e s t o n e ,   s i l t s t o n e ,   b r e c c i a ,  
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a n g u l a r   f r a g m e n t s   o n l y o n   f r e s h   s u r f a c e s .   T u f f s   r i c h   i n   l i t h i c   m a t e r -  
The t u f f s a r e   g r e e n i s h   w e a t h e r i n g   m a s s i v e  rocks w h i c h  s h o w f i n e ,  

i a l  can h a r d l y   b e   d i s t i n g u i s h e d  from v o l c a n i c   g r e y w a c k e .   T h e   v i t r i c  
f r a g m e n t s   a r e   a l t e r e d  t o  c h l o r i t e  o r  f i n e l y   r e c r y s t a l l i z e d ;   s h a r d -  

m o s t l y   o f   t w i n n e d   p l a g i o c l a s e   a n d a   s m a l l   p r o p o r t i o n o f   q u a r t z ;   h o r n -  
like o u t l i n e s   a r e   r a r e l y   p r e s e r v e d .   T h e   c r y s t a l   f r a c t i o n   c o n s i s t s  

h l e n d e  i s  r a r e .  Some p y r o c l a s t i c   c r y s t a l s   a r e   e u h e d r a l .   o t h e r s  are 
b r o k e n ;   t h e y   a r e   f r e s h e r   l o o k i n g  and less r o u n d e d t h a n   d e t r i t a l   g r a i n s  
i n  the sed imen ta ry   rocks .  

The v o l c a n i c   r o c k s o f t h e   P a v i l i o n   a r e a   r a n g e   f r o m   b a s a l t   t o   f e l -  
s i t e ,  Many o f  them c o n t a i n   p h e n o c r y s t s  o f  q u a r t z .  

A g r e y i s h   g r e e n   w e a t h e r i n g   a p h a n i t i c   ( t h o l e i t i c )   b a -  
s a l t  c o n t a i n s   a p p r o x i m a t e l y  8 p e r   c e n t   o f   q u a r t z ,  3 per 
cent of  e n d i o p s i d e   ( t 2 v   m o d e r a t e ;  n,, 1 .673)  which forms m i c -  
ro -phenocrys ts ,   and  10 p e r   c e n t  of c h l o r i t e   a n d   f i n e - g r a i n -  
e d   a l t e r a t i o n   m i n e r a l s ;  the b a l a n c e  i s  made u p  of   twinned 
a n d   z o n e d   p l a g i o c l a s e   m i c r o l i t e s   w h i c h   r a n g e   f r o m   c a l c i c  
l a b r a d o r i t e  t o  sodic   by towni te   in   composi t ion .   The   rock  i s  
c r o s s e d  by na r row  zoneso fmylon i t e   and   by   ve ins  of carbon-  
a t e  and c h l o r i t e .  

composi t ion   compr ises   about  40 p e r   c e n t   o f   f r a c t u r e d   a n d  
A b l u e   g r e y   p o r p h y r i t i c   a p h a n i t i c   f l o w   r o c k o f f e l s i t i c -  

meter) i n   a n   e x t r e m e l y   f i n e - g r a i n e d   p a r t l y   g l a s s y   g r o u n d -  
c o r r o d e d   p h e n o c r y s t s   ( g r a i n   s i z e 2 m i l l i m e t e r s  - .5 milli- 

m a s s   ( g r a i n   s i z e   a p p r o x i m a t e l y l -  5 microns) .   Most   of  the  
p h e n o c r y s t s   a r e o f   q u a r t z ; a   s m a l l e r  number c o n s i s t s o f   z o n -  

which   probably   has   rep laced  a maf ic   minera l .   The   ground-  
ed  and  twinned  andesine,   and a few g r a i n s   a r e  of " i r o n  ore". 

mass is t o o   f i n e g r a i n e d   f o r   i n d e n t i f i c a t i o n .   B e s i d e s   q u a r t z  

abundant .   The   spec imen  inc ludes  a few f ragments  of r e l a -  
a n d   f e l d s p a r  minerals o f   t h e   c h l o r i t e   a n d   m i c a   g r o u p s  are 

t i v e l y   c o a r s e - g r a i n e d   a c i d i c  f l o w  r o c k s .  I t  i s  veined  and 
r e p l a c e d   b y   q u a r t z .   c a r b o n a t e ,   a n d   r a d i a t i n g   c h l o r i t e .  

A g r e y i s h   p o r p h y r i t i c   v o l c a n i c   r o c k   w h i c h   a p p a r e n t l y  

p h e n o c r y s t s   ( g r a i n  s ize  . 5  millimeter - 3 m i l l i m e t e r s )  and 
has  been  metamorphosed  has  about 3 p e r   c e n t  o f  p l a g i o c l a s e  

a mosa ic - l ike   g roundmass   composedofanhedra l   qua r t z .   p l ag -  
i o c l a s e ,  and p o t a s s i c   f e l d s p a r .  The  phenocrysts,   unzoned 
b u t   t w i n n e d   a l b i t e   a r e   r e p l a c e d   a r o u n d   t h e   m a r g i n s   b y  the  
g roundmass   and   con ta in   numerous   i nc lus ionso fqua r t z ,   ep i -  
d o t e ,  and   minor   f e ldspa r .  Some v e r y   f i n e - g r a i n e d   a l i g n e d  
i n c l u s i o n s   o f   q u a r t z   r e s e m b l e   m y r m e k i t i c   i n t e r - g r o w t h s .  
Q u a r t z   p r o b a b l y   h a s   b e e n   i n t r o d u c e d   i n t o  the rock.  The 

p i s t a c i t e .  
s p e c i m e n i s   v e i n e d  by m i n e r a l s   o f t h e   e p i d o t e   g r o u p .   m o s t l y  

A b e l t  o f  l a m i n a t e d   l i t h i c   s a n d s t o n e  w i t h  some a r g i l l i t e ,  con- 
g l o m e r a t e ,   b r e c c i a ,   a n d   s i l t s t o n e  i s  exposed i n  t h e   v i c i n i t y   o f  the 
r a i l road   be tween   Pav i l ion   and   $ lo ran .  As the c o n t a c t s   o f  t h i s  b e l t  
are g rada t iona l   and   poor ly   exposed  i t  could  n o t  bemapped a s  a s epa r -  
a t e  u n i t .  The  rocks show graded   bedding   and   contor t ions   formed  be-  
f o r e  t h e  l i t h i f i c a t i o n   o f  the  sediments .  

The l i t h i c   s a n d s t o n e   w e a t h e r s  b r o w n i s h g r e e n a n d i s g r e y o n  fresh 
s u r f a c e s .   T h r e e   s p e c i m e n s   a n a l y z e d   c o n t a i n   a p p r o x i m a t e l y  10 t o  40 
p e r  cent of f e l d s p a r ,  1 p e r   c e n t   o f   q u a r t z ,  45 t o  85 p e r   c e n t  of l i t h -  
i c  f r a g m e n t s   a n d   c h l o r i t e ,   a n d  less  than  1 p e r   c e n t   o f  " i r o n  ore"  and 



e p i d o t e .  The f e l d s p a r  i s  m o s t l y  twinned   and   zoned   p lag ioc lase   tha t  
has  n o t  b e e n   a l b i t i z e d .  The l i t h i c   f r a g m e n t s a r e   m o s t l y   d e r i v e d  from 
v o l c a n i c   r o c k s  ( d o m i n a n t l y o f i n t e r m e d i a t e  composi t ion)   and some from 
c h e r t  and a r g i l l i t e .  Some specimens show graded  bedding and a r e   w e l l  

rock   has   on lya   sma l l  c o n t e n t o f  c l a y  m a t r i x  ( l e s s   t h a n  10 p e r   c e n t ) .  
s o r t e d   b u t  i n  o t h e r s  t h e   s o r t i n g   i s  poor .  A compara t ive ly  u n a l t e r e d  

a n d  i t s  p a r t i c l e s   a r e   r o u n d e d  or subrounded .   O the r s   a r e   t oo  h i g h l y  
a l t e r e d  t o  d e t e r m i n e   t h e   o r i g i n a l   r o u n d n e s s   a n d   c l a y   c o n t e n t .   T h e s e  
rocks a r e   c l a s s i f i e d   a s   v o l c a n i c   a r e n i t e s .  

A s e d i m e n t a r y r o c k   t r a n s i t i o n a l f r o m   c o a r s e - g r a i n e d   g r e y w a c k e   t o  
g r a n u l e   c o n g l o m e r a t e   h a s   t h e   f o l l o w i n g   c o m p o s i t i o n :  

p l a g i o c l a s e  10% 
q u a r t z  1% 
c h l o r i t e  and e p i d o t e  1% 

v o l c a n i c   f r a g m e n t s  
hornblende  and " i r o n  o r e "  -1% 

67% 

c h e r t  
l imes tone  20% 

1% 
The f r a p e n t s   a r e  embedded i n  a c lay  matr ix   which  probably  makes  up 
more than   10   per   cen t   o f   the   rock .   Both   rounding   and   s ize   sor t ing  
a r e   p o o r ,  The g r a i n   s i z e   r a n g e s   f r o m 4 m i l l i m e t . e r s   t o  .1 m i l l i m e t e r .  

Assoc ia t ed  w i t h  t h e   l i t h i c   s a n d s t o n e  and   conglomera teare   b rec-  
c i a s   t h a t   a r e  made up  o f   t h e  same  components   bu t   loca l ly   conta in   a  
l a r g e r   f r a c t i o n   o f   l i m e s t o n e ,   c h e r t ,  and a r g i l l i t e .   T h e s e   b r e c c i a s  
are be tween2  and   20   fee t  t h i c k  and  can  be  t raced a long  strike f o r  a 
f ew  hundred   f ee t .  I n  m o s t   b r e c c i a s   t h e   f r a g m e n t s d o n o t   e x c e e d  a  few 
c e n t i m e t e r s i n   d i a m e t e r .  However.  on the r i d g e   n o r t h o f   K e a t l e y  Creek, 
abou t  2 m i l e s   n o r t h e a s t   o f   G l e n   F r a s e r .  a s e c t i o n  was   measured   tha t  
c o n t a i n s   s e v e r a l   v e r y   c o a r s e   b r e c c i a s   o r   c o n g l o m e r a t e s .  

Th ickness  
i n  Feet L i tho logy  

Top of   measured   sec t ion  

4 L i t h i c   s a n d s t o n e  w i t h  g r a n u l e s  and sand-sized g r a i n s   o f  

3 Lamina ted   s ands tone   and   s i l t s tone  showing some c r o s s -  

12 Li th ic  sands tone  w i t h  f r agmen t s  of l imes tone  up t o  1 inch  

3 L i t h i c   s a n d s t o n e  w i t h  abundan t   a rg i l l aceous   ma t r ix  and a 

l imes tone .  

bedding .  

l ong .  

s m a l l e r  p r o p o r t i o n  of  sand  than  normal.  

24 Limy c o n g l o m e r a t e ,   c o n s i s t i n g   m o s t l y  o f  limestone cob- 
b l e s ,   a b o u t  4 i n c h e s  i n  d i a m e t e r ,  some f r agmen t so f  l i t h -  

6 i n c h e s  long .  Laminated  sandstone and s i l t s t o n e   l o c a l -  
i c   s a n d s t o n e  and c h e r t ,  and o n e   l e n s o f   a r g i l l i t e ,   a b o u t  

l y  show graded  bedding.   The  conglomerate  i s  c l o s e l y  
packed  and  the  fragments  are  well   rounded and s i z e - s o r t -  
e d .  

2 C o v e r e d   i n t e r v a l .  

2 C a l c a r e n i t e  and g ranu le   cong lomera tewi th  l i m y  f r agmen t s  
i n  a m a t r i x   o f   l i t h i c   s a n d s t o n e .  
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Thickness  
i n   F e e t  

2 

12 

4 

6 

6 

5 
16 

6 

6 

6 

6 
1 

32 

4 

1 

L i t h o l o g y  

C a l c a r e n i t e a n d g r a n u l e   c o n g l o m e r a t e   c o n s i s t i n g o f l i m e -  
s t o n e   f r a g m e n t s   i n  a m a t r i x   o f   l i t h i c   s a n d s t o n e .  

C o v e r e d   i n t e r v a l .  

L i t h i c   s a n d s t o n e .  

F i n e - g r a i n e d   c a l c a r e n i t e .  

L i t h i c   s a n d s t o n e   w i t h g r a n u l e s  o f   l imes tone   g rad ing  down- 
ward in to   cobble   conglomera te   conta in ing   dominant ly   f rag-  
ments  of limestone a n d   m i n o r   a r g i l l i t e .   T o w a r d s  the t o p  
of the  l a y e r  the s a n d   g r a i n s  become s c a r c e r   a n d t h e m a -  
t r i x  more a r g i l l a c e o u s .  

D o m i n a n t l y   a r g i l l i t e  mixed w i t h  m a r l   a n d   l i t h i c   s a n d -  
s t o n e .   T h e   u p p e r 6 f e e t   c o n t a i n   w e l l - r o u n d e d   c o b b l e s   o f  
limestone and a r g i l l i t e   a b o u t  6 i n c h e s  i n  d i a m e t e r .  

L i t h i c  s a n d s t o n e .  

Granu le   cong lomera te .   One- th i rd   o f   t he   f r agmen t s   i s   o f  
limestone and t w o - t h i r d s   o f   c h e r t .  The m a t r i x   c o n s i s t s  
dominant ly   o f   l imes tone .  

L i t h i c  s a n d s t o n e .  

C o v e r e d   i n t e r v a l .  

B r e c c i a   c o n s i s t i n g   d o m i n a n t l y  of l imes tone   pebbles ,   ap-  
p r o x i m a t e l y  1 inch i n  d i a m e t e r ,  and a few  f ragments  of 
a r g i l l i t e   a h o u t b i n c h e s   l o n g  i n  a m a t r i x  of l i t h i c   s a n d -  
s t o n e .  

C o a r s e   l i m e s t o n e   b r e c c i a .  Most of the  limestone i s   b l u e  
g r e y ,  some browni sh   f r agmen t s  may b e   d o l o m i t i c ,  Some 
b o u l d e r s a r e a n g u l a r   o t h e r s   r o u n d e d ,  A s m a l l   f r a c t i o n o f  
t h e   f r a g m e n t s   r a n g i n g   u p   t o 6 i n c h e s   i n   l e n g t h   a r e  com- 
p o s e d o f c h e r t .  T h e   m a t r i x   c o n s i s t s o f   l i t h i c   s a n d s t o n e .  
L i t h i c   s a n d s t o n e   w i t h   s c a t t e r e d   g r a n u l e s   o f   l i m e s t o n e .  

L i t h i c   s a n d s t o n e .  

A r g i l l i t e .  

C o v e r e d   i n t e r v a l :   f a u l t ?  

C o a r s e   b r e c c i a  composed most ly   of   l imestone  and some 
c h e r t .   T h e   s i z e  o f  t h e   l i m e s t o n e   f r a g m e n t s   r a n g e s   f r o m  
p e b b l e s   o n e - h a l f   i n c h   i n   d i a m e t e r   t o  a b o u l d e r  8 f e e t  
l ong ,  4 f e e t   w i d e .  Most f r a g m e n t s  are  well r o u n d e d :   t h e  
l a r g e r   o n e s   m o s t l y   e l l i p s o i d a l .  The m a t r i x  i s  l i t h i c  
s a n d s t o n e ;   t h e   g r a n u l e   g r a d e  i s  p o o r l y   r e p r e s e n t e d .  

L i t h i c   s a n d s t o n e .  

F i n e   b r e c c i a .   F r a g m e n t s   d o m i n a n t l y o f l i m e s t o n e   a n d  m i -  
n o r  c h e r t ,   a r g i l l i t e .   a n d   v o l c a n i c   r o c k s   a r e  embedded i n  
a m a t r i x  of l i t h i c   s a n d s t o n e .   T h e   f r a g m e n t s   a r e   u p   t o 1  
inch i n  d iameter   and   mos t ly  well roonded. 

F a u l t .  
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Thickness  
i n  Fee t  

10 

1 

48 

60 
5 
3 

4 

Li tho logy  

L i t h i c  s ands tone  w i t h  g r a n u l e  t o  pebb le - s i zed   f r agmen t s  
of   l imes tone .  

A r g i l l i t e .  

L i t h i c  s a n d s t o n e   t h a t  i s  most ly   mass ive   bu t  shows bed- 

n e a r   t h e   c o n t a c t  w i t h  the o v e r l y i n g   a r g i l l i t e .   C o n t a i n s  
d ing  i n  t h e  form of b l u i s h ,  s i l t y  or  a r g i l l a c e o u s   l a m i n a e  

a  few e l l i p s o i d a l   f r a g m e n t s o f a r g i l l i t e  and some l ime-  
s tone   pebbles .  

C o v e r e d   i n t e r v a l  

F i n e - g r a i n e d   d i o r i t e   s i l l .  

brachiopods,   and  echinoids  and some o o l i t e s .  The  lime- 
F o s s i l i f e r o u s   l i m e s t o n e   c o n t a i n i n g   c o r a l s ,   g a s t r o p o d s ,  

some p l a c e s   l i t h i c   s a n d s t o n e   a n d t u f f a c e o u s   m a t e r i a l  i s  
s t o n e  i s  i n t e r m i t t e n t l y   e x p o s e d   ' f o r   a b o u t  200 f e e t .  I n  

i n t e r l a m i n a t e d .  

Ribbon c h e r t .  
Bottom  of  measured  section 

323 f e e t  

L imes tone ,aminor   component   o f  t h i s  D i v i s i o n ,  o c c u r s i n  pods or 

t i o n  of such   bodies   occurs   near   Pavi l ion   Creek  a b o u t  one-ha l f  mile 
l e n s e s   t h a t   d o n o t   e x c e e d  200 f e e t  i n  l e n g t h .   T h e   g r e a t e s t   c o n c e n t r a -  

C r i n o i d   s t e m s   w e r e   c o l l e c t e d  on t h e  e a s t   s i d e  o f   t he   F ras6 r   R ive r  
east  of  the F r a s e r   R i v e r .  A t  o n l y  two l o c a l i t i e s   f o s s i l s   w e r e   f o u n d .  

a b o u t l m i l e   s o u t h   o f  t h e  mouthof  McKay Creek,   and  f ragments   of   cor-  
a l s .   p e l e c y p o d s ,   g a s t r o p o d s ,   a n d e c h i n o i d s   a b o u t  2 m i l e s   n o r t h e a s t o f  
Glen F r a s e r   ( F 1 2 ) .  

E .  Mrtamorphism and Alteration 

i e s a c o n s i d e r a b l e   p r o p o r . i o n o f t h e   r o c k s  show contact   metamorphism.  
A s t h e   P a v i l i o n   a s s e m b l a g e   i s  i n t r u d e d  by numerous d i o r i t i c  bod- 

B o t h  t h e   h o r n b l e n d e - h o r n f e l s   a n d   t h e   a l b i t e - e p i d o t e   h o r n f e l s   f a c i e s  

g roups   (See   Tab le  1 ) .  
a r e   r e p r e s e n t e d .  Some s p e c i m e n s   a r e   t r a n s i t i o n a l   b e t w e e n   t h e s e  two 

Most  of t h e   m e t a m o r p h i c   r o c k s   a r e   d a r k   g r e e n ,   f i n e - g r a i n e d  

o l i t e s  whichmay  havebeen  derived  from  t luffs.  l i t h i c  sands tones ,   and  
( g r a i n   s i z e   . 0 1  - .15 m i l l i m e t e r )   m a s s i v e o r   w e a k l y   f o l i a t e d   a m p h i b -  

b a s a l t s .  In some of   the  specimens an o r i g i n a l   f r a g m e n t a l   c h a r a c t e r  
can s t i l l b e   d e t e c t e d   u n d e r t h e m i c r o s c o p e .   b u t   p y r o c l a s t i c   r o c k s   c a n -  
n o t  b e   d i s t i n g u i s h e d  from  sedimentary  rocks.  All o f   t h e s e  rocks con- 

45 per c e n t   o f   p l a g i o c l a s e .  In rocks   o fa   modera te   g rade   o f   metamor-  
t a i n  more than  40 per  cent  of  amphibole  and  most  of  them  have 20 t o  

phism t h e  amphibole i s   r e p r e s e n t e d b y   h o r n b l e n d e .  The m i n e r a l   v a r i e s  
i n  habi t   f rom  broad  t o  s l e n d e r   p r i s m a t i c  and i s   s t r o n g l y   p l e o c h r o i c  

ish g reen   o r   pa l e   b rown . )  In a spec imen  showing  re t rogress ive   meta-  
( z :  b lue -g reen ;  y :  greenor g r e e n i s h  w i t h a  brown t i n t ; x :  p a l e  brown- 
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morphism the hornblende  i s  p a r t l y   r e p l a c e d   b y   c h l o r i t e .  A low-grade 
me tamorph ic rock   cons i s t s   dominan t ly  of a c i c u l a r ,   p l e o c h r o i c   ( z :  bllue- 
g r e e n )   a c t i n o l i t e .  The   p l ag ioc la se .   r ang ina in   compos i t ion   f rom  ca l -  

and amphibole .  a n d   p a r t l y  twinned.  E p i d o t e  appea r s  i n  a p p r e c i a b l e  
c i c  a n d e s i n e  t o  a l b i t e ,  is  a n h e d r a l .  f u l l  o f  i n c l u s i o n s  o f   e p i d o t e  

q u a n t i t y   o n l y  i n  rocks o f   i n t e r m e d i a t e   t o  lorv gradeof   metamorphism.  
Quartz forms  ~up   to  30 p e r   c e n t   o f  some specimens.  As a c c e s s o r i e s  
“ i r o n   o r e ” ,   s p h e n e ,   a n d   a p a t i t e   a r e   p r e s e n t .  

Some metamorphosed l i t h i c  sands tones   have   the   same  minera l   as -  
s o c i a t i o n s a s  these a m p h i b o l i t e s   b u t a r e   r e l a t i v e l y   p o o r  i n  amphibole .  
Where l i t h i c  s a n d s t o n e   w a s   i n t e r l a m i n a t e d  w i t h  a r p i l l i t e ,   a l t e r n a -  
t i o n s   o f   h o r n b l e n d e - r i c h   a n d   f e l s i c   l a y e r s   a r e   v i s i b l e   w h i c h  i n  some 
l o c a l i t i e s  show  boudinage structures. 

Two g r e y i s h ,   f i n e - g r a i n e d ,   m a s s i v e   r o c k s   c o n s i s t i n g   d . o m i n a n t l y  
o f  f e l d s p a r   ( a l b i t e   i n   o n e   s p e c i m e n ;   a l b i t e   a n d   o r t h o c l a s e   i n  the 

and   ca rbona te   appa ren t ly   have   beenmetamorphosed   unde r   cond i t ions   o f  
other).  quar tz .   and   smal l   amounts  of c h l o r i t e ,   e p i d o t e ,  “ i ron  o r e ’ .  

the  a l b i t e - e p i d o t e   h o r n f e l s   f a c i e s .   T h e   p o r p h y r i t i c   t e x t u r e   o f   o n e  
s p e c i m e n   a n d   t h e   f i n e - g r a i n e d   l a t h - l i k e   h a b i t  of the p l a g i o c l a s e  i n  
t h e   o t h e r   o n e   i n d i c a t e   t h a t   t h e y   w e r e   ( a c i d i c )   v o l c a n i c   f l o i v   r o c k s .  

q u a r t z i t e  and the l i m e s t o n e s   t o   m a r b l e .  
N e a r   i n t r u s i o n s  the r ibbon   che r t s   have   been   me tamorphosed   t o  

numerous  minor  ones, b r e c c i a t i o n a n d m y l o n i z a t i o n  a r e  common i n  these 
As the u n i t  i s  b o u n d e d b y m a j o r   f a u l t s   a n d   b r o k e n   i n t e r n a l l y   b y  

b o n a t e ,   e p i d o t e .   c h l o r i t e .   a n d   q u a r t z .  
r o c k s .   A s s o c i a t e d  w i t h  the  dynamic  metamorphism i s  a l t e r a t i o n  by c a r -  
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TABLE 2 .  

MINERAL-COMPOSITION OF SOME  METAMORPHIC  ROCKS, PAVILION GROUP,  DIVISION 11. 
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To the west t h e   P a v i l i o n   a s s e m b l a g e  i s  i n f e r r e d  t o  be i n  f a u l t  
c o n t a c t   w i t h  Lower C r e t a c e o u s   v o l c a n i c   r o c k s .   T h e   c o n t a c t  i s  nowhere 
exposed   bu t  i s  b e l i e v e d  t o  be a f a u l t   b e c a u s e   t h e  Lower Cre t aceous  
s t r a t a  seem t o   d i p   u n d e r   t h o s e   o f t h e   C a c h e   C r e e k   g r o u p .   T h e   r o c k s o f  
the P a v i l i o n   a s s e m b l a g e   i n  the v i c i n i t y o f t h i s   c o n t a c t   a r e   s h e a r e d ,  
b r e c c i a t e d ,  and l o c a l l y   a l t e r e d .  

n a t u r e  and e x a c t  l o c a t i o n   o f  t h i s  b o u n d a r y   a r e   o n l y   p a r t l y  known.  
To the e a s t  the   assemblage  i s  i n  c o n t a c t  w i t h  D i v i s i o n  I .  The 

The c o n t a c t  i s  well e x p o s e d   o n l y o n t h e   s l o p e   n o r t h   o f   P a v i l i o n  Creek. 
Here an ab rup t   b reak   f rom  amph ibo l i t e s  i n  the s o u t h w e s t   t o   r i b b o n  
c h e r t   i n   t h e   n o r t h e a s t   c a n   b e s e e n .  The c h e r t   a d j a c e n t  t o  the  c o n t a c t  
i s  s t r o n g l y   s h e a r e d a n d   p a r t l y   c a r b o n a t i z e d ;   t h e a m p h i b o l i t e  is shear -  
e d   a n d   a l t e r e d i n  some p l a c e s   a n d   a p p a r e n t l y   l i t t l e   d i s t u r b e d  i n  o th -  
ers. Between t h i s  l o c a l i t y  and thes lope   above   Moran the   boundary  Of 
t h e  two u n i t s  i s  covered  by  overburden.  I t  seems t o  c u t   a c r o s s  the 
r e g i o n a l  s t r i k e  of  t he  s t r a t a  i n  a n o r t h w e s t e r l y   d i r e c t i o n .   S o u t h -  
e a s t   o f  Moran t h e   c o n t a c t  i s  n o t   e x p o s e d   b u t   c a n b e   l o c a t e d  w i t h i n  a 
few  hundred  feet .   The  appearance  of  the r o c k s  on e i ther  s i d e  of the 
c o n t a c t  i s  t h e  same a s  on  P a v i l i o n  Creek. I t  seems t o   b e   c e r t a i n  
t h e r e f o r e   t h a t   b e t w e e n   P a v i l i o n  Creek and  hlorantheboundary  between 
t h e  two d i v i s i o n s  i s  a f a u l t .  There a r e   a l m o s t  no outcrops   be tween 

o f   t h e   F r a s e r   R i v e r ,   a p p r o x i m a t e l y  Zmiles downstream  from the mouth 
the r a i l r o a d  and t h e   F r a s e r   R i v e r  i n  t h i s  v i c i n i t y .  On the west s i d e  

o f   Ke l ly   Creek ,  a sha rp   b reak   was   no t i ced   f rom  ho rn fe l s i c   rocks  i n  
the n o r t h e a s t   t o  l i t t l e  metamorphosed  sedimentary and t u f f a c e o u s r o c k s  

T h e   h o r n f e l s e s   n e a r  the c o n t a c t   a p p e a r  l i t t l e  d i s t u r b e d   b u t t h e   s e d i -  
i n  the southwest .   The  contact   between the two r o c k s  i s  no t   exposed .  

m e n t a r y   a n d   t u f f a c e o u s   r o c k s   a r e  i n  some p l a c e s   s c h i s t o s e a n d c a r b o n -  
a t i z e d .   T h i s   c o n t a c t   a p p r o x i m a t e l y  l i nes  u p w i t h  t he  f a u l t   s o u t h e a s t  
o f  kloran  and may b e  i t s  c o n t i n u a t i o n .  However, i t  i s  n o t  e n t i r e l y  
c e r t a i n   w h e t h e r  the me tamorph ic   rocks   be long   t o   D iv i s ion  I .  

S o u t h   o f   P a v i l i o n  Creek the c o n t a c t  i s  poorly  exposed.   Only on 
the r i d g e   n o r t b o f   K e a t l e y   C r e e k   c a n   i t b e   l o c a t e d  w i t h  a c c u r a c y ,   b u t  
i t s  n a t u r e  i s  u n c e r t a i n .   T h e   l a c k   o f   a t r a n s i t i o n   z o n e   b e t w e e n  l i t h -  
i c  s a n d s t o n e ,   t u f f ,   a n d   a m p h i b o l i t e i n t h e   w e s t   a n d   c h e r t   a n d   a r g i l -  
l i t e  i n  t h e  e a s t ,  t h e  unusual   narrowness  o f  D iv i s ion  I w h i c h i s  here 

w h i c h  f a c e  the n o r t h e a s t   s u g g e s t  a f a u l t   c o n t a c t .  
o n l y   a b o u t l m i l e   w i d e ,   a n d  the  o r i e n t a t i o n o f  the s t r a t i g r a p h i c   t o p s  

B e c a u s e   o f   t h e   s c a r c i t y  o f  m a r k e r   b e d s ,   i n s u f f i c i e n t   e x p o s u r e ,  

g r a p h i c   t o p s  i n  s h e a r e d   a n d   a l t e r e d   a r e a s ,  the i n t e r n a l   s t r u c t u r e  o f  
and the d i f f i c u l t y   t o   d e t e r m i n e  t he  r e l a t i v e   p o s i t i o n   o f t h e   s t r a t i -  

D i v i s i o n  I1 i s  u n d e r s t o o d   l i t t l e .  

5 d e g r e e s  t o  10 d e g r e e s  west o f   no r th ,   and  the d i p s   a r e   s t e e p .  A 
Between  Pavi l ion  and Moran t h e   g e n e r a l   s t r i k e   o f   t h e   s t r a t a  i s  

marker  bed  of chert  s h o w s   e x t r e m e   l o c a l   d i s t o r t i o n s   b u t  a uniform 
t r e n d   o v e r   l a r g e   d i s t a n c e s .  A few s t r a t i g r a p h i c   t o p s  i n  the  e a s t e r n  
p a r t  of the  a r e a   f a c e   t h e   e a s t   a n d   a t   o n e   l o c a l i t y  i n  t h e  western p a r t  
a t  t he  west. 

exposed   be tween  Pavi l ion   and  Woran.  Most o f   t h e s e   z o n e s ,   p r o b a b l y  
A g r e a t  number  of   zones  composedof   rusty or s c h i s t o s e   r o c k s   a r e  

f a u l t s ,   a r e   p a r a l l e l  t o  the r e g i o n a l   s t r i k e .  A f e w o f   t h e   l a r g e r   o n e s  
are shown on the map. 
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4. MODE OF ORIGIN 

bonaceous   mat te r  in  the  a r g i l l i t e  shows t h a t  i t  w a s o f   t h e   " r e s t r i c t -  
F o s s i l s   i n d i c a t e a m a r i n e   e n v i r o n m e n t ,  and t h e   p r e s e n c e   o f   c a r -  

G r a d e d   b e d d i n g   a n d   t h e   d e p o s i t i o n   o f b r e c c i a s   a r e   a t t r i b u t e d   t o  tur- 
ed" t y p e  i n  w h i c h  t h e   c a r b o n a c e o u s   m a t t e r  h a s  n o t  been o x i d i z e d .  

b i d i t y   c u r r e n t s .   C o n t o r t i o n s   t h a t   p r o b a b l y   f o r m e d   b e f o r e t h e   l i t h i f -  
i c a t i o n o f   t h e  sediments a re   p robab ly   due  t o  submarine  slumping.  Both 
t u r b i d i t y   c u r r e n t s  and   s lumping   maybe   re la ted   to   t ec tonic   movements  
t h a t  were   p robab ly   accompan iedby   vo lcan ic   ac t iv i ty .  The presence   o f  
a c i d i c   v o l c a n i c   f l o w s   s l u g g e s t s   t h a t   s o m e o f   t h e   v o l c a n i c   c e n t r e s  l a y  
i n  t h e   v i c i n i t y   o f   P a v i l i o n  and  Big  Bar. 

5. AGE AND  CORRELATION 

D i v i s i o n  I1 a p p e a r s   t o b e  younger t h a n   t h e  Upper  Permian  Marble 
Canyon fo rma t ion   and   t he   Pe rmian   and /o r   T r i a s s i c   D iv i s ion  I ,  and i t  
i s   o l d e r   t h a n   u l t r a b a s i c  intrusions o f a   p r o b a b l y  Upper T r i a s s i c a g e .  
T h e s e   r e l a t i o n s   s u g g e s t a   T r i a s s i c   a g e .  T h i s  c o n c l u s i o n  i s  suppor ted  
by f o s s i l s  found on  the   r i dge   no r th   o f   Kea t l ey   Creek  on w h i c h  Helen 
Duncan  of t h e  United S t a t e s   G e o l o g i c a l   S u r v e y   r e p o r t s   a s   f o l l o w s :  

The c o r a l s   a r e   v e r y  much r e c r y s t a l l i z e d  and  corroded,, b u t  
I am v i r t u a l l y  p o s i t i v e   t h e y   a r e   h e x a c o r a l s .  So f a r   a s  I 
can t e l l ,   t h e y   l o o k   l i k e   t h i n g s   t h a t   h a v e   b e e n   i d e n t i f i e d  
a s   M o n t l i v a u l t i a  by S q u i r e s  and i n  t h e   l i t e r a t u r e . .  The 
s p e c i m e n s   c e r t a i n l y   a r e  n o t  t h e   t y p e o f   t h i n g  I s h o u l d  ex- 
p e c t   t o   f i n d  i n  t he   Pe rmian ,  so I t h i n k a   T r i a s s i c   a s s i g n -  
ment i s   t h e   b e s t   p o s s i b i l i t y  on t h e   e v i d e n c e   a v a i l a b l e .  

As no Lower T r i a s s i c   f o s s i l s   h a v e  so fa r   been   found i n  a d j a c e n t   p a r t s  
of  Bri t ish Columbia,  a Middle T r i a s s i c   a g e  i s  p r o b a b l e .  The s t r a t i -  
g r a p h i c   r e l a t i o n  t o  t h e   N i c o l a   g r o u p   h a s  s t i l l  t o  be worked o u t .  

LILLOOET GROUP 

1. DISTRIBUTION  AND  THICKNESS 

between t h e  m o u t h  of the Br idge   River   and   the  town of L i l l o o e t .  I t  
The L i l l o o e t  g r o u p   i s e x p o s e d i n  the v i c i n i t y  o f t h e  F rase r   R ive r  

has   been   subdiv ided  i n t o  t h r e e  d i v i s i o n s ,  A. B. and C .  Because  of 
f o l d i n g a n d   f a u l t i n g   t h e   t r u e   t h i c k n e s s e s   o f   t h e s e  un i t s  are n o t  known. 
The base   o f   Div is ion  A ,  w h i c h  appea r s  i n  the c e n t r e   o f  an a n t i c l i n -  
or ium, i s  n o t  exposed.  In the p r e s e n t  map a r e a  i t  i s  p r o b a b l y   l e s s  
t h a n  3,000 f e e t .   D i v i s i o n  B h a s  a minimum t h i c k n e s s  of  2,500 f e e t .  
C does  n o t  d i r e c t l y   o v e r l i e   B b u t  i s  i n  f a u l t   c o n t a c t  w i t h  t h a t   d i v i -  
s i o n .  The exposed   t h i ckness   o fC  i s  approx ima te ly  900 f e e t .  The con- 
c e a l e d   p a r t   o f   D i v i s i o n  C may b e   o f   c o n s i d e r a b l e   t h i c k n e s s .  

2. LITHOLOGY 

DivisioE A 

Div i s ion  A consists m o s t l y   o f   a r g i l l i t e   t h a t  i s  mass ive  o r  i n -  
t e rbedded  w i t h  s i l t y  a r g i l l i t e ,   s i l t s t o n e ,  a n d   f i n e - g r a i n e d   l i t h i c  
sands tone .   Ind iv idua l   l aminae   range   f rom  a   few  mi l l imeters  t o  a few 
c e n t i m e t e r s i n   t h i c k n e s s .   G r a d e d   b e d d i n g   a n d   c r e n u l a t i o n s   a t t r i b u t e d  
t o  d e f o r m a t i o n s o f   t h e   s e d i m e n t s   b e f o r e   t h e i r   l i t h i f i c a t i o n  a re  com- 
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mon f e a t u r e s ;   c r o s s - b e d d i n g  i s  r a r e .   L o c a l l y  the  a r g i l l i t e   c o n t a i n s  
l i m y   c o n c r e t i o n s .  

The a r g i l l i t e  i s  d a r k   b l u e - g r e y .   I t   c o n t a i n s   a b o u t  10 per cent 

The   ca rbonaceous   ma t t e r  i n  many specimens i s  c o n c e n t r a t e d  in l a y e r s  a 
of   carbonaceous   mat te r   and  a f ew  pe r   cen t   o f  s i l t  i n  a c l a y   m a t r i x .  

f r a c t i o n   o f a m i l l i m e t e r   t h i c k   a l o n g  w h i c h  j o i n t s   a r e   d e v e l o p e d .   T h e  
s i l t  f r a c t i o n   c o n s i s t s o f f e l d s p a r .   c h l o r i t e ,   q u a r t z .   a n d   c a r b o n a t e .  

L i t h i c  s a n d s t o n e   a n d   g r a n q l e   c o n g l o m e r a t e   a r e   r a r e   i n   D i v i s i o n  
A .  A b o u t 2 m i l e s   s o u t h  o f  Seton  Creek on the w e s t  s i d e   o f  the  F r a s e r  

bedded w i t h  the a r g i l l i t e .  The a r e n i t e h a s  approx ima te ly  the fo l low-  
R ive r  a few f e e t  o f   v o l c a n i c  a r e n i t e   a n d  a seam o f   c o a l  a r e  i n t e r -  

i ng   compos i t ion :  
f e l d s p a r  30% 
l i t h i c  f r agmen t s  4 3% 

c a r b o n a t e   a n d   " i r o n   o r e "  
c h l o r i t e   a n d   m i c a  2% 

5% 
q u a r t z  20% 

f r o m   v o l c a n i c   r o c k s  a n d   h i g h l y   a l t e r e d ;  someare   p robably  c h e r t .  The 
T h e   f e l d s p a r  i s  m o s t l y   a l b i t e .   T h e  l i t h i c   f r a g m e n t s  a r e   l a r g e l y  

f r a g m e n t s   a r e   o f  medium t o   f i n e   s a n d   g r a d e .   s u b a n g u l a r t o   s u b r o u n d e d .  
a n d   f a i r l y  well s o r t e d .   T h e i r  cement c o n s i s t s   o f   r u s t y   w e a t h e r i n g  
c a r b o n a t e   a n d  i r o n  ox ide .  

Dieisimt C 

D i v i s i o n  B consis ts  of  l i t h i c  s a n d s t o n e ,   s i l t s t o n e ,   a r g i l l i t e ,  

the  L i l l o o e t   g r o u p   t h a t   a r e   a t   l e a s t a  few f e e t   t h i c k ,  mark the b a s e  
and  conglomerate .   The  lowest   beds  of   sandstone or conglomera te  i n  

o f   t h a t   d i v i s i o n .   A r g i l l i t e  i s  the most common rock  i n  the lower 

and the p r o p o r t i o n   o f   p e b b l e   c o n g l o m e r a t e   i n c r e a s e s .  
p a r t ,   b u t   h i g h e r   i n   t h e   s e c t i o n  l i t h i c  sandstone  becomes  dominant,  

A s t r a t i g r a p h i c   s e c t i o n   m e a s u r e d  i n  the u p p e r   p a r t   o f   D i v i s i o n B  
n e a r   t h e  mo!jth o f   Br idge   R ive r  on t h e  west s h o r e  of t h e   F r a s e r   R i v e r  

t y p e s   a r e   b a s e d  on r a p i d   e s t i m a t e s . )  
shows the   i nc rease   o f   coa r se r   s ed imen t s   upwards ,   (Pe rcen tages  of rock-  

F e e t  

Top of   measured   sec t ion .  

26 L i t h i c  sandstone,   b lue-grey.   b lue-grey to (Ireen weather- 

a t e d .   g r a d e d   b e d d i n g ,   r e s i s t a n t ;   g r a d e s  downward i n t o  
ing .   mos t ly   f i ne   g ra ined .   py r i t e .   t h i ck   bedded  t o  lamin- 

s i l t s t o n e ,   l i g h t  grey toblue-grey, l i g h t   g r e y  t o  b l u e -  

b l u i s h   g r e y ,   d a r k   b l u i s h   g r e y   w e a t h e r i n g ,   r e c e s s i v e ;  
g r e y   w e a t h e r i n g ;   s i l t s t o n e   g r a d e s   i n t o   a r g i l l i t e .   d a r k  

s i l t s t o n e  and a r g i l l i t e   l a m i n a t e d t o  t h i n  bedded;  pene- 
contemporaneous   deformat ions .  
ss:  90% s t :  5% a r g :  5% 

7 L i t h i c   s a n d s t o n e ,  medium t o   v e r y   c o a r s e   g r a i n e d .   g r a d e s  

9 L i t h i c   s a n d s t o n e ,   m o s t l y   f i n e   g r a i n e d ,   t h i c k   b e d d e d  t o  

downward i n t o   g r a n u l e   c o n g l o m e r a t e .   i n c l u d e s   f r a g m e n t s  
o f   a r g i l l i t e .   u p   t o  2 f e e t   l o n g .  

ss :  50% s t :  45% a r g :  5% 
l a m i n a t e d ,   s i l t s t o n e  w i t h  p y r i t e ,   a r g i l l i t e .  
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Feet 
8 

1.5 
1 

10 

10 

8 

2 

5 
45 
1 

16 

7 

2 

1 
1 

1.5 
4.5 

1 

15 
20 

Covered  interval 
Lithic  sandstone,  medium  grained, laminated. 
Argillite,  grading  downward into  siltstone. pyrite. 
Fault,  contortions. 
Lithic  sandstone,  medium  to  fine  grained,  siltstone, 
argillite; thin  bedded. 
ss.  st: 90% arg: 10% 
Fault. 
Conglomerate,  volcanic  pebbles and granules,  rounded  to 

massive, cliff-forming. 
subangular,  matrix of lithic  sandstone, poorly sorted, 

Lithic  sandstone,  mostlyfine  grained,  siltstone,argil- 

ss:  50% st: 30% arg: 20% 
lite: thin  bedded to laminated. 

Lithic  sandstone,  fine  tomedium  grained,  pyrite, frag- 
ments  of  argillite 2 mi.llimeters long, massive. 
Siltstone, thin bedded to laminated. 
Argillite,  massive,  strongly  contorted. 
Lithic  sandstone,  fine  to  medium  grained, massive. 
Argillite. medium  bedded. 

ated. argillite  massive. 
Siltstone,  mostly  massive,  partly thin heddedto lamin- 

st: 60% arg: 40% 
Siltstone,  argillite; thin bedded  to laminated. 
st: 80% arg: 20% 
Siltstoneand  argilliteas  above,  shearedand  carbonated. 
Fault. 
Lithic  sandstone,  thick  bedded, strongly carbonated. 

ated. 
Siltstone,  argillite, thin beddedto  laminated, carbon- 

st: 50% arg: 50% 
Lithic  sandstone,  medium  grained,  carbonated. 
Siltstone,  massive. 
Siltstone,  argillite; thin beddedto  laminated,  carbon- 
ated. 
st: 60% arg: 40% 
Siltstone.  argillite;  thin  bedded  to laminated. 
s t :  90% arg: 10% 
Lithic sandstone,  fine  grained,  mostly  massive. 
Siltstone,  argillite, lithic sandstone:medium  beddedto 

st: 40% arg: 40% ss: 20% 
laminated,  pene-contemporaneous  deformations. 
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Feet 
12 
10 

4 

4 

17 

4 

6 

11 

5.5 
25 

1 

14 

3 

4 

12 
26 
5.5 

2.5 
. 5  

Lithic sandstone,  fine  to  medium grained. massive. 
Siltstone, argillite: thin bedded to laminated. 
st: 90% arg: 10% 
Lithic  sandstone,  fine  to  medium  grained, thin  bedded 
to laminated. 
Siltstone, argillite: thin bedded to laminated 
s t :  90% arg: 10% 
Conglomerate,  mostly  granules, partly pebbles of volcan- 
ic rocks,  poorly  tomoderately  sortedand  rounded, large 
fragmentsof  siltstone and argillite  forming intraforma- 
tional breccia:  massive. 

thin  bedded to laminated. 
Siltstone,  argillite,  lithic  sandstone, medium grained: 

st: 85% arg: 10% ss: 5% 
Fault. 

gillite; thin bedded to laminated. 
Siltstone, lithic sandstone,  coarse to fine  grained, ar- 

st: 50% ss: 40% arg: 10% 
Siltstone, argillite.  lithic sandstone, fine grained: 
thin bedded  to laminated. 
st: 60% arg: 30% ss: 10% 
Diabase sill. 
Siltstone,  argillite, lithic sandstone,  coarse  to  fine 
grained:  thin  bedded  to  laminated, graded  bedding. 
st: 65% arg: 30% ss: 5% 
Siltstone,  argillite, lithic sandstone,  coarse to fine 
grained:  medium  bedded,  graded bedding. 
st: 65% arg: 30% ss: 5% 
Siltstone,  argillite, lithic sandstone,  fine  grained; 
thin bedded t o  laminated. 
st: 50% arg: 40% ss: 10% 
Argillite,  massive, platy jointing. 
Lithic sandstone,  medium  to fine grained. siltstone, ar- 
gillite:  medium bedded to  laminated,  graded bedding. 
ss: 50% st: 30% arg: 20% 
Siltstone,  massive. 
Lithic  sandstone. medium  to  coarse grained. massive. 
Lithic  sandstone,  fine  grained, argillite. siltst,one: 

tions. 
thin beddedto  laminated, pene-contemporaneous deforma- 

ss: 40% arg: 40% st: 20% 
Diabase sill. 
Siltstone,  argillite; thin  bedded to  laminated, strongly 
indurated  by  sills. 
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Feet 
1.5 
13 

5 
8 

24 

18 
2 
12 

4 

13 

7 

14 

2 
4 

9 

20 

3 
15 

Diabase sill. 
Lithic  sandstone,  fine  to  medium grained. siltstone, 
argillite;  medium  bedded  to  laminated,  graded bedding. 
ss:  50% st: 35% arg: 15% 
Argillite,  silty,  massive. 
Lithic  sandstone,  fine  to  medium  grained,  massive. 

medium  beddedto laminated. graded  bedding pene-contem- 
Lithic  sandstone,  fine  grained,  siltstone,  araillite; 

poraneous  deformations. 
s s :  50% st: 30% arg: 20% 
Covered interval. 
Lithic  sandstone,  medium to coarse grained.  thick bedded. 
Lithic  sandstone, medilum to  fine  grained,  siltstone, 
argillite; thick bedded  to  laminated,  graded bedding. 
ss: 50% st: 40% arg: 10% 

bedded, locally massive. 
Lithic  sandstone,  mostly  medium  grained,  mostly thin 

Siltstone,  lithic  sandstone,  fine  grained,  argillite; 
medium  bedded to laminated, pene-contemporaneousdeforma- 
tions. 
st: 60% s s :  20% arg: 20% 
Lithic  sandstone,  coarse  grained,  with  granules and peb- 
blesof altered  volcanic  rock and fragmentsof  argillite 
up t o  2 inches long: massive. 
Siltstone,  argillite,  lithic  sandstone,  fine grained: 
thin  bedded to laminated. 
st: 55% arg: 25% ss:  20% 
Diabase  sill. 
Lithic  sandstone,  fine  grained,  siltstone:  medium  to 
thin bedded. 
s s :  80% st: 20% 
Siltstone, argillite.  lithic sandstone,  fine  arained; 
thin bedded to laminated. 
st: 40% arg: 40% ss:  20% 
Lithic sandstone,  medium  to  fine  grained,  siltstone, 
argillite:  thin  bedded to laminated. 
ss: 80% st:  10% arg: 10% 
Argillite, lithic sandstone,  coarse  to fine grained. 
siltstone. argillite; thin bedded to laminated. araded 
bedding. 
arg: 40% s s :  30% st: 30% 

. .. 

Lithic  sandstone,  medium  to  coarse grained. massive. 

ed; thin  bedded to  laminated, upper part carbonated. 
Siltstone, argillite,  lithic sandstone, mostly fine grain- 
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Feet 
5 

20 

5.5 

6.5 

6 

5.5 

4 

5.5 

2 
1.5 

4 

4 

10 

20 

3 

Lithic  sandstone,  mostly fine grained,  siltstone, argil- 
lite: thick bedded to laminated, graded  bedding. 
ss: 80% arg: 10% st: 10% 
Lithic sandstone,  mostlyfine grained, siltstone, argil- 
lite;  mostly thin  bedded tolaminated. a few  beds 1 foot 
thick. 
s s :  40% arg: 30% st: 30% 
Lithic sandstone,  coarse  grained,  grades  downward into 
pebble  conglomerate. includes  fragments  of laminated 
siltstone and argillite;  massive. 

gillite:  medium  beddedto laminated,  pene-contemporane- 
Lithic  sandstone, medium to fine  grained,  siltstone, ar- 

ous  deformations,  graded bedding. 
s s :  50% arg: 30% st: 20% 

Lithic sandstone,  fine  grained, partly  thick bedded, 
siltstone, argillite:  thin  bedded to laminated, all 
strongly carbonated. 
s s :  70% st: 20% arg: 30% 
Siltstone, lithic sandstone,  fine  grained,  argillite: 
thin bedded to laminated,  carbonated. 
st: 40% s s :  30% arg: 30% 
Lithic sandstone,  finegrained. thick beddedtolaminat- 
ed. siltstone, argillite: thin bedded to laminated, all 
carbonated. 
ss :  70% st: 20% arg: 10% 
Lithic  sandstone,  fine  grained,  siltstone,  argillite: 
thin bedded to laminated, graded bedding, carbonated. 
ss: 40% st: 40% arg: 20% 
Lithic  sandstone,  fine  grained,  massive,  carbonated. 
Siltstone,  argillite, lithic sandstone,  fine  grained: 
thin bedded to laminated, carbonated. 
st: 50% arg: 30% s s :  20% 
Lithic sandstone, fine grained,  massive, carbonated. 
Siltstone,  argillite,  lithic  sandstone, fine grained: 
thin bedded  to  massive,  carbonated. 
st: 50% arg: 30% ss:  20% 
Lithic sandstone,  coarse  grained, locally grading into 
granule  conglomerate, siltstone, arvillite:  lithic  sand- 

ded to laminated. 
stone  mostly  massive;  siltstoneand  araillite thin  bed- 

Siltstone. argillite, lithic sandstone, fine grained; 
thin bedded to laminated, graded bedding, pene-contem- 
poraneous deformations. 

gillite:  medium bedded to  laminated. 
Lithic  sandstone,  coarse to fine  grained,  siltstone, ar- 

ss: 90% st: 5% arg: 5% 
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F e e t  

16 L i t h i c  s a n d s t o n e ,   m o s t l y   f i n e   g r a i n e d .   s i l t s t o n e ,   a r g i l -  
l i t e ;  t h i n  b e d d e d t o   1 a m i n a t e d ; o n e   b e d o f   a r g i l l i t e  w i t h  
s t r o n g   p r e - l i t h i f i c a t i o n   c o n t o r t i o n s .  
ss: 40% s t :  40% a r g :  20% 

bedded.  
L i t h i c   s a n d s t o n e ,  medium t o   f i n e   g r a i n e d ,  medium t o  t h i n  3 . 5  

15 S i l t s t o n e ,   a r g i l l i t e ,   l i t h i c   s a n d s t o n e ,   m o s t l y f i n e   a r a i n -  
e d ;  medium beddedto  laminated,   pene-contemporaneogsde-  
fo rma t ions ,   g raded   bedd ina .  
s t :  60% a r g :  30% ss: 10% 

F a u l t .  B o t t o m  o f   measu red   s ec t ion .  

- 
685 

The l i t h i c  sandstones areblue-grey. Six  specimens  analyzed  con-  
t a i n  10 t o  40 p e r   c e n t   o f   f e l d s p a r   a n d  1 t o  5 p e r   c e n t  of q u a r t z .  
T h e   b a l a n c e   c o n s i s t s   d o m i n a n t l y   o f   v o l c a n i c   f r a g m e n t s ,  a small pro- 
p o r t i o n  of c h l o r i t e ,  and a c l a y   m a t r i x .  

I n   u n a l t e r e d   s p e c i m e n s   t h e m a t r i x   c o n s t i t u t e s   o n l y a   f e w   p e r c e n t  
of t he  r o c k s ;  i n  many a l t e r e d   s p e c i m e n s   t h e   c l a y   c o n t e n t   S e e m s t o   b e  
h i g h e r .  B u t  i n   t h e s e   r o c k s  the m a t r i x   c a n n o t   b e   d i s t i n g u i s h e d   f r o m  
t h e   m a r g i n s   o f   a l t e r e d   v o l c a n i c   f r a g m e n t s ,   a n d  the results o f   p o i n t  

p r o b a b l y   t o o   h i g h .  
c o u n t e r   a n a l y s e s   t h a t   r a n g e   u p   t o  20 p e r   c e n t  of  c l a y   c o n t e n t   a r e  

The l i t h i c   f r a g m e n t s   a r e   m o s t l y   v o l c a n i c   b u t   i n c l u d e   p a r t i c l e s  
o f   a r g i l l i t e   r a n g i n g  from s a n d t o   p e b b l e   s i z e .   p r o b a b l y   d e r i v e d  from 
contemporaneous   sed iments .  

cons i s t  l a r g e l y   o f p l a g i o c l a s e   a n d   c h l o r i t e   b u t   a l s o   c o n t a i n   p o t a s s i c  
T h e   v o l c a n i c   f r a g m e n t s a r e f i n e   g r a i n e d a n d h i g h l y   a l t e r e d .  They 

f e l d s p a r ,   q u a r t z ,   " i r o n   o r e " ,   a n d   s e c o n d a r y   m i n e r a l s   s u c h   a s   c a r b o n -  
a t e ,   s e r i c i t e .   e p i d o t e ,   c h l o r i t e ,  and z e o l i t e s .  The l a r g e s t  number 
o f   f r a g m e n t s   r e s e m b l e   o r i g i n a l   a n d e s i t e s  o r  k e r a t o p h y r e s ;   s m a l l e r  
p r o p o r t i o n s  seem t o b e   d e r i v e d   f r o m b a s a l t s   o r   s p i l i t e s .   f r o m   d a c i t e s  
or q u a r t z - k e r a t o p h y r e s ,   a n d  from f e l s i t i c   r o c k s .  Some comple t e ly  
c h l o r i t i z e d   f r a g m e n t s   m a y b e   a l t e r e d   v o l c a n i c   g l a s s .  Some o f   t he   de -  
t r i t a l   f e l d s p a r  and q u a r t z  may have  formed  phenocrysts   in   such  rocks.  
The   f r agmen t s   a r e   mos t ly   subangu la r .   The   so r t ing  i s  b e t t e r   t h a n   i n  
t y p i c a l   g r e y w a c k e s   b u t   p o o r e r   t h a n  i n  t y p i c a l   q u a r t z   a r e n i t e s .  

The   cong lomera te s   a r e  made u p   o f   g r a n u l e s   o r   p e b b l e s .  I n  many 
l o c a l i t i e s  the  f r a g m e n t s   a r e   r a t h e r   a n g u l a r .  They seem t o   h a v e   b e e n  
d e r i v e d   f r o m t h e  same s o u r c e   a s t h e   s a n d s t o n e s   b u t  are  r i c h e r   i n   l i t h -  
i c  f ragments   and   poorer  i n  f e l d s p a r   a n d   q l a r t z .  

Divisioa C 

D i v i s i o n  C .  sepa ra t ed   f rom B b y a   f a u l t ,  i s  made u p   e s s e n t i a l l y  
o f   t h e  same r o c k   t y p e s   a s  B b u t   c o n t a i n s  a l a r g e r   p r o p o r t i o n   o f  the 

nant   rock- type   and   granule   andpebble   conglomera tes   composed  o f r a t h -  
c o a r s e r   g r a d e s   a n d  i s  m o s t l y   m a s s i v e .   L i t h i c   s a n d s t o n e  i s  the domi- 

er a n g u l a r   f r a g m e n t s  a re  no t  uncommon i n  t h e   l o w e r   p a r t  of the d i v i -  
s i o n ,  S i l t s t o n e  and a r g i l l i t e  which  form  only a s m a l l   f r a c t i o n   o f  
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t h e   e x p o s e d   r o c k s   a r e   p r e s e n t  i n  laminae  and t h i n  beds .  A covered  
i n t e r v a l   o f  350 f e e t  i n  t h e   u p p e r   p a r t   o f t h e   d i v i s i o n  may c o n t a i n  a 
h i g h e r   p r o p o r t i o n  o f  t h e s e   r o c k s .  

s i d e   o f  t h e  F r a s e r   R i v e r ,   a p p r o x i m a t e l y l m i l e   n o r t h  o f  the mouth  of 
T h e   f o l l o w i n g   s t r a t i g r a p h i c   s e c t i o n  was measured on  the wes t  

B r i d g e   R i v e r .   P e r c e n t a g e s o f   r o c k   t y p e s   a r e   b a s e d o n   r a p i d   e s t i m a t e s ,  

Top of   I leasured   Sec t ion :  

Ilember A l .  Jackass   Nounta in   Group 

F e e t  

61 

23 
1 

9 

3 

16 

370 
38 

4 

44 

2 

8 

33 

47 

L i t h i c  s a n d s t o n e .   l i g h t   b l u i s h   g r e y .   a r e e n i s h   g r e y ,   l o -  
c a l l y   b r o w n i s h   g r e y   w e a t h e r i n g .  medium t o   f i n e   q r a i n e d .  
mos t ly   mass ive  w i t h  a few t h i n  i n t e r b e d s  of s i l t s t o n e ,  
l i g h t   g r e y ,   g r e e n i s h   g r e y   w e a t h e r i n g ,   a n d   a r g i l l i t e ,  
d a r k   b l u i s h   q r e y .   d a r k   b l u i s h   g r e y   w e a t h e r i n g .  

F a u l t .  

L i t h i c   s a n d s t o n e  a s  above,   upper  3 f e e t   c a r b o n a t e d .  

L i t h i c  sands tone ,  f i n e  g r a i n e d .   s i l t s t o n e ,   a r g i l l i t e ;  
medium bedded t o  l amina ted .  
ss :  70% s t :  20% a r g :  10% 

L i t h i c   s a n d s t o n e ,   c o a r s e   t o   f i n e   g r a i n e d ,   p a r t l y  mas- 
s i v e ,   p a r t l y  t h i n  b e d d e d t o   l a m i n a t e d ,   i n c l u d e s  a 1 f o o t  
l e n s  of v o l c a n i c   p e b b l e   c o n g l o m e r a t e .  

g r a i n e d ;  t h i n  bedded t o  l a m i n a t e d ,   S t r o n g l y   s h e a r e d .  
S i l t s t o n e ,   a r g i l l i t e .   l i t h i c   s a n d s t o n e ,   c o a r s e  t o  f i n e  

s t :  50% a r g :  30% ss:  20% 

e r a t e ,  1 i n c h   f r a g m e n t s   o f   a r g i l l i t e ,  some pebb les   o f  
L i th i c   s ands tone ,   ve ry   coa r se   g ra ined .   g ranu le   cong lom-  

v o l c a n i c   r o c k s ,   p o o r l y   s o r t e d ,   m a s s i v e ,  

C o v e r e d   i n t e r v a l .  
L i t h i c   s a n d s t o n e ,   f i n e   t o   c o a r s e   g r a i n e d ,   m a s s i v e :  t h i n  

ss :  98% s t :  a r g :  2% 
i n t e r b e d s   o f   s i l t s t o n e   a n d   a r g i l l i t e .  

C o v e r e d   i n t e r v a l ,   r e c e s s i v e .  

L i t h i c   s a n d s t o n e ,   f i n e   t o   c o a r s e   g r a i n e d .   m a s s i v e .  

t h i n  bedded LO l amina ted .  
L i t h i c   s a n d s t o n e ,   f i n e   g r a i n e d .   s i l t s t . o n e ,   a r g i l l i t e ;  

C o v e r e d   i n t e r v a l ,   r e c e s s i v e .  

L i t h i c  s a n d s t o n e ,   f i n e   t o   c o a r s e   g r a i n e d ,   m a s s i v e ,  t h i n  
i n t e r b e d s  of s i l t s t o n e  and a r p i l l i t e   f o r m i n g  less  t h a n  
1 p e r   c e n t  of t h e  u n i t .  

u l e s a n d p e b b l e s  of v o l c a n i c  r o c k   a n d   f r a p m e n t s o f   a r g i l -  
L i t h i c   s a n d s t o n e ,  c o a r s e   t o  f i n e   g r a i n e d .  w i t h  somegran- 

l i t e ,   m o s t l y   m a s s i v e ,   p a r t l y  t h i n  bedded, a few t h i n  i n -  
t e r b e d s   o f   s i l t s t o n e   a n d   a r g i l l i t e .  
ss :  95% s t :  a r g :  5% 
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F e e t  

4 

40 

7 

40 

0 

32 

3 

2 . 5  

2 

0 

1 

1.5 

.5  

2 

1 

8 

1 

L i t h i c   s a n d s t o n e ,   s i l t s t o n e ;  medium t o   t h i n   b e d d e d ,  re- 

ss: 60% st:  40% 
c e s s i v e .  

L i t h i c  s a n d s t o n e ,   c o a r s e   t o  f ine  g r a i n e d ,   u p p e r   p a r t  
f i n e   g r a i n e d ,   m a s s i v e .  some g r a n u l e s  and pebbles   o f   vo l -  
c a n i c   r o c k s ,   p o o r l y   s o r t e d .  

L i t h i c   s a n d s t o n e ,   c o a r s e   t o   f i n e   g r a i n e d ,   g r a d i n g  upward 
i n t o   s i l t s t o n e ,   s i l t s t o n e   g r a d e s  upward i n t o a r g i l l i t e ;  
m o s t l y   m a s s i v e ,   t h i n   b e d d e d  i n  u p p e r   p a r t .  
s s :  60% s t :  30% a r g :  10% 

L i t h i c  s a n d s t o n e ,   c o a r s e   t o   f i n e a r a i n e d .   c o a r s e r  i n  low- 
er p a r t ,   m a s s i v e .  

L i t h i c   s a n d s t o n e ,   c o a r s e   t o   f i n e g r a i n e d ,   s i l t s t o n e ,   a r -  
g i l l i t e .   t h i n   b e d d e d  t o  l amina ted ,   g raded   bedd ina .  
s s :  40% s t :  30% a r g :  30% 
C o n g l o m e r a t e ,   v o l c a n i c   p e b b l e s a n d g r a n u l e s .   r o u n d e d   t o  

w i t h   f r a g m e n t s   o f   s i l t s t o n e   a n d   a r g i l l i t e  2 i n c h e s  t o  
s u b a n g u l a r .   m a t r i x   o f  l i t h i c  s a n d s t o n e   a n d   s i l t s t o n e ,  

5 feet  l o n g ;   p o o r l y   s o r t e d ,   m a s s i v e .  

L i t h i c   s a n d s t o n e ,   f i n e   g r a i n e d .   s i l t s t o n e ,   a r g i l l i t e ;  
t h i n  bedded t o  l a m i n a t e d ,   u p p e r   p a r t  f i s s i l e ,  pene-con- 
temporaneous   deformat ions .  
ss: 40% s t :  30% a r g :  30% 

L i t h i c   s a n d s t o n e ,   c o a r s e   t o   f i n e   g r a i n e d ,   t h i n b e d d e d  t o  
l amina ted ,   g raded   bedd ing .  

L i t h i c   s a n d s t o n e ,   f i n e   g r a i n e d ,  s i l t s tone .  a r g i l l i t e ,  
t h i n  b e d e e d   t o   l a m i n a t e d .  
ss: 60% s t :  30% a r g :  10% 

g r a n u l e s ,   m a s s i v e ,   u p p e r   p a r t  medium t o  f i ne  g r a i n e d ,  
L i th i c  s a n d s t o n e ,  lower p a r t   v e r y   c o a r s e   g r a i n e d ,  w i t h  

p a r t l y   m a s s i v e ,   p a r t l y  medium bedded t o  l a m i n a t e d .  

A r g i l l i t e ,   f i s s i l e ,   s i l t s t o n e ;   t h i n   b e d d e d .  
. a rg :  70% s t :  30% 
Sands tone ,  medium t o  f i n e   g r a i n e d ,   g r a d e s  upward i n t o  
s i l t s t o n e   a n d   a r g i l l i t e ;  medium bedded t o  l a m i n a t e d .  

S i l t s t o n e ,   a r g i l l i t e ,  l i t h i c  s a n d s t o n e ,  f i ne  g r a i n e d ;  
t h i n   b e d d e d  t o  l a m i n a t e d .  
s t :  40% a r g :  40% ss:  20% 

L i t h i c   s a n d s t o n e ,   f i n e   g r a i n e d .  medium bedded to   l amin -  
a t e d .  
ss: 90% s t :  2% 
C o v e r e d   i n t e r v a l ,   r o a d .  

L i t h i c   s a n d s t o n e ,   f i n e g r a i n e d .   g r a d e s   u p w a r d   i n t o  s i l t -  
s t o n e :   m o s t l y   m a s s i v e ,   p a r t l y  t h i n  bedded  to   laminated.  

A r g i l l i t e ,   s i l t s t o n e ,  l i t h i c  s a n d s t o n e ,   f i n e   g r a i n e d ;  

a r g :  40% s t :  40% ss:  20% 
t h i n   b e d d e d   t o   l a m i n a t e d .  
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Q U A R T Z  

VOLCANIC  ARENITE 

FELDSPARS 
CHLORITE,MICAS, 
ROCK  FRAGMENTS 

EPIDOTE 
Fig.2:  COMPOSITION OF FRAGMENTS 

SANDSTONES.LILLOOET GROW6 

Classification  adaoted  from Gilbert(1955). 
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F e e t  

20 

1 . 5  

4 

2 . 5  

4 

1 

27.5 

m e d i u m t o   f i n e   g r a i n e d ,   m o s t l y   m a s s i v e ,   u p p e r   p a r t   t h i n  
L i t h i c   s a n d s t o n e ,  lower p a r t   c o a r s e   g r a i n e d ,   u p p e r   p a r t  

bedded: lens of l i m e s t o n e  3 X 0 .5  f e e t ,   l i g h t  grey,  brown- 
i s h  w e a t h e r i n g .   f i n e   g r a i n e d .  

S i l t s t o n e ,  l i t h i c  sands tone ,  medium t o   f i n e g r a i n e d .   a r -  
g i l l i t e :  t h i n  bedded   t o   l amina ted .  
s t :  50% s s :  30% a r g :  20% 

L i t h i c   s a n d s t o n e ,   m o s t l y  f i n e  g r a i n e d ,   m o s t l y t h i n   b e d -  
d e d   t o   l a m i n a t e d ,   p a r t l y  medium bedded: some interlam- 
i n a t e d   s i l t s t o n e .  

L i t h i c  s a n d s t o n e ,   c o a r s e   t o  fine g r a i n e d ,   s i l t s t o n e ,   a r -  
g i l 1 i t e : t h i n   b e d d e d t o   l a m i n a t e d ,   g r a d e d   b e d d i n g .   p e n e -  
con temporaneous   de fo rma t ions .  
s s :  55% s t :  30% a r g :  15% 

L i t h i c  s a n d s t o n e ,  medium t o   f i n e   g r a i n e d ,  t h i n  bedded t o  
l amina ted .  

L i m e s t o n e ,   l i g h t   g r e y ,   g r e y i s h   b u f f   w e a t h e r i n g ,   g r a i n s o f  
s i l t  s i z e .  
L i t h i c   s a n d s t o n e ,   m o s t l y   f i n e   t o m e d i u m   g r a i n e d ,   p a r t l y  
c o a r s e   g r a i n e d ,   m o s t l y   m a s s i v e ,   p a r t l y   t h i n   b e d d e d .  s i l t -  
s t o n e ,   a r g i l l i t e .   b o t h  t h i n  bedded t o  l amina ted .  

medium g r e y ,   l i g h t   g r e e n i s h   g r e y   w e a t h e r i n g ,   v e r y   f i n e  
A t  20 f e e t  from  bottom lens of   l imes tone  7 X 0.75 f e e t ,  

m i c r o - c r y s t a l l i n e ,   p y r i t e .  
ss :  99% s t :  a r g :  1% 

88 1 B o t t o m :   w a t e r   l e v e l   o f   F r a s e r   R i v e r  

o f   f e l d s p a r ,   l a r g e l y   a l b i t e ,  40 p e r  cent of v o l c a n i c   r o c k   f r a g m e n t s ,  
A t y p i c a l g r a n u l e - c o n g l o m e r a t e   c o n t a i n s   a p p r o x i m a t e l y  10 p e r c e n t  

and 10 p e r   c e n t   o f   c h l o r i t e :  the  c l ay   ma t r ix   makes   up   abou t  40 p e r  

h i g h l y   a l t e r e d   t u f f a c e o u s   m a t e r i a l .  
c e n t   o f   t h e   r o c k .  Some of  the s a n d s t o n e s   a n d   c o n g l o m e r a t e s   c a r r y  

T h i s  u n i t  s h o r v s a   h i g h   d e g r e e o f   a l t e r a t i o n   t o   a l b i t e ,   c h l o r i t e ,  

b r a n c h e s   o f   t h e   F r a s e r   R i v e r  f a u l t  zone .  
and   ca rbona te ,  the a l t e r a t i o n   a p p a r e n t l y   b e i n g   r e l a t e d   t o   s e v e r a l  

these r o c k s :   f e l d s p a r ,   q u a r t z .   a n d   l i t h i c   f r a g m e n t s   t o g e t h e r  w i t h  
F i g u r e  2 shows t h e   r e l a t i v e   p r o p o r t i o n   o f  three components of 

c h l o r i t e a n d   m i c a .  I n  the  f r a m e w o r k   o f   G i l b e r t ' s   c l a s s i f i c a t i o n  (Wil- 

as  v o l c a n i c   a r e n i t e s .  A few  volcanic   g reywackes  may b e   r e p r e s e n t e d ,  
l i a m s .   T u r n e r ,   G i l b e r t ,  1955, p.293)  the r o c k s   w o u l d   b e   c l a s s i f i e d  

b u t   t h e   c o n t e n t   o f   o r i g i n a l   c l a y   m a t r i x  i n  these r o c k s i s   u n c e r t a i n .  

3. THE  PROBLEM OF ALBITIZATION 

As po in ted   ou tby   Duf fe l l   and   McTaggar t   (1952 ,   p .37 )  most of  the 

though  one   g ra in   observed   by  the a u t h o r  i n  one o u t  of s e v e n t e e n   t h i n -  
f e l d s p a r  i s  p l a g i o c l a s e   a n d  has the  c o m p o s i t i o n o f s o d i c   a l b i t e ,   a l -  

s e c t i o n s  i s  zoned  from An6 t o  Anlo. Abundan t   i nc lus ions  of e p i d o t e ,  
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and the z o n a l   d i s t r i b u t i o n   o f   s e r i c i t e  i n  some g r a i n s   i n d i c a t e   t h a t  
the a l b i t e  w a s   d e r i v e d   f r o m   m o r e   c a l c i c   p l a g i o c l a s e   b y   a l t e r a t i o n .  

a l t e r a t i o n  b y   h y d r o t h e r m a l   s o l u t i o n s   s o o n   a f t e r  the f o r m a t i o n   o f t h e  
The a l b i t i z a t i o n  may have   occur red  i n  a n y   o f   t h r e e   p e r i o d s :   a s  

v o l c a n i c   r o c k s ,  o r  by a l b i t i z a t i o n   o f t h e   d e r i v e d   s e d ' i m e n t a r y   r o c k s .  
l a v a s   f r o m   w h i c h   t h e   a r e n i t e s   a r e   d e r i v e d ,   b y   m e t a m o r p h i s m   o f  these 

va t ion .   In   one   t h in - sec t ion   an   amygdu le  i n  a s c o r i a c e o u s   v o l c a n i c  
L a t e   m a g m a t i c   a l b i t i z a t i o n  i s  s u g g e s t e d b y   t h e   f o l l o w i n g   o b s e r -  

b i t e :   b u t  n o  such p l a g i o c l a s e   c a n   b e   s e e n  i n  f r a c t u r e s   o r   c a v i t i e s  
f ragment  i s  f i l l e d   w i t h   w a t e r - c l e a r   p l a g i o c l a s e   w h i c h  i s  probably  a l -  

o f  t he  sedimentary   rock .  
A n o t h e r   t h i n - s e c t i o n   c o n t a i n s b o t h   a l b i t e   a n d z o n e d c a l c i c   p l a g i -  

o c l a s e   w h i c h   i n d i c a t e s   t h a t  the  a l b i t e  i n  t h i s  rock  i s  d e t r i t a l .  
On t h e   o t h e r   h a n d ,  a s i l l  i n t r u d i n g  the L i l l o o e t   g r o u p   n e a r  a 

m a j o r   f a u l t   h a s   b e e n   p r e h n i t i z e d   ( D u f f e l l   a n d h l c T a g g a r t .   1 9 5 2 ,   p . 9 2 ) .  
and the gabbros  west o f   L i l l o o e t  w h i c h  a r e   s p a t i a l l y   c l o s e   t o  the 

P r o b a b l y   t h e   s e d i m e n t a r y   r o c k s   w e r e   e x p o s e d   l o c a l l y   t o  t he  same a l -  
s t r a t a   o f   t h e  L i l l o o e t  g r o u p   h a v e   b e e n   a l b i t i z e d   a n d   p r e h n i t i z e d .  

t e r i n g   s o l u t i o n s .  
The r e l a t i v e   i m p o r t a n c e   o f   e a c h   o f  t h e  t h r e e   p o s s i b l e   p e r i o d s  

o f   a l t e r a t i o n   r e m a i n s   u n c e r t a i n .  

4. STRUCTURE 

ly .   Judging   f rom the d i s t r i b u t i o n   o f   r o c k   t y p e s   a n d a   f e w   d e t e r m i n a -  
T h e   b e d s o f   D i v i s i o n s   A a n d B s t r i k e   n o r t h w e s t e r l y   a n d   d i p   s t e e p -  

t i c l i n e  w h i c h  i s  i n  p a r t   o v e r t u r n e d   t o  the s o u t h w e s t .   I n   D i v i s i o n  
t i o n s o f   s t r a t i g r a p h i c   t o p s  t he i r  m a j o r   s t r u c t u r e   i s a n   i s o c l i n a l  an- 

A t h e   m a j o r   a n t i c l i n e  i s  m o d i f i e d   b y a g r e a t e r  number o f   m i n o r   f o l d s  
t h a t   a r e   i n d i c a t e d   b y  the r e l a t i v e   d i r e c t i o n s   o f  the s t r a t i g r a p h i c  
t o p s .  A few f o l d s   n e a r  the lower pa r t   o f   D ickey   Creek   a r e  shown  on 
the map.  The t h i c k n e s s   o f  their  l imbs   p robab ly  i s  of  t he  o r d e r   o f  a 

t h i s  p a t t e r n   o f   t i g h t   s e c o n d a r y   f o l d i n g .  
few  hundred   fee t .   The   more   competent   beds   o f   Div is ion  B do no t  show 

To the w e s t   t h e   r o c k s   a r e   p r o b a b l y  i n  f a u l t   c o n t a c t  w i t h  b a s i c  
a n d   u l t r a b a s i c   i n t r u s i o n s .   T h e   c o n t a c t  i s  n o t  exposed.  To the e a s t  

o f  D i v i s i o n  C and   o f   t he   J ackass   Moun ta in   g roup .  
t h e y   a r e  i n  f a u l t   c o n t a c t  w i t h  f l a t   l y i n g  or g e n t l y   d i p p i n g   s t r a t a  

D i v i s i o n  C,  p r o b a b l y   o f   m a r i n e   o r i g i n ,  i s  o v e r l a i n   b y  the con- 
t i n e n t a l  member AI of the Jackass h loun ta in   g roup .   The   t r ans i t i on  

angu la r   d i sco rdance   be tween  the two  groups  has   not   been  observed.  
f r o m   m a r i n e   t o   c o n t i n e n t a l   d e p o s i t s   s u g g e s t s   a n   u n c o n f o r m i t y   b u t   a n  

5 .  MODE OF ORIGIN 

i n  a marine  environment ,   and t h e  a s s o c i a t i o n   o f   c a r b o n a c e o u s   m a t t e r  
The   p re sence   o f   Auce l l a   i nd ica t e s   t ha t   D iv i s ion   Awas   depos i t ed  

w i t h  t h e   s e d i m e n t s   s h o w s   t h a t  i t  was a t  times o f   t h e   r e s t r i c t e d   t y p e  

ed   bedding   the   sed iments   p robablywere   depos i ted  by t u r b i d i t y  wr ren t s .  
i n  w h i c h   r e d u c i n g   c o n d i t i o n s   p r e v a i l .  As most of   the   rocks  show grad-  

The   t h i ckness   o f   un i fo rmly   l amina ted   rocks  i s  remarkable .   Contor -  
t i o n s   a n d c r e n u l a t i o n s  i n  the  r o c k s   a p p a r e n t l y   f o r m e d   b e f o r e  t h e l i t h -  
i f i c a t i o n  of the s e d i m e n t s   s u g g e s t   t h a t  some of these t u r b i d i t y  cur- 

may b e   t e c t o n i c   d i s t u r b a n c e s  of  the  b a s i n .  
r e n t s  are  r e l a t e d  t o  submarine s lumping .   The   causes   o f  s!~ch s lumping 
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of   D iv i s ion   B .  T h e   g r a d u a l   t r a n s i t i o n  i n  t h i s   u n i t  from a r g i l l i t e  
The  same c o n d i t i o n s   a p p a r e n t l y   p e r s i s t e d   d u r i n g  t h e   d e p o s i t i o n  

t o   s a n d s t o n e   a n d   c o n g l o m e r a t e ,   h o w e v e r .   s u g g e s t s   a n   u p l i f t   o f   b a s i n  
o r   s o u r c e   a r e a .  A sma l l  seam o f  c o a l  i n  D i v i s i o n  B p r o b a b l y   o r i g i n -  
a t e d  i n  a con t inen ta l   o r   nea r - shore   mar ine   env i ronmen t .  

D i v i s i o n s  A and B a r e   t i g h t l y   f o l d e d  and  intruded  by  numerous 
dykes  and s i l l s  w h e r e a s   D i v i s i o n  C a n d   t h e   o v e r l y i n g   s t r a t a  o f  t h e  
J a c k a s s   M o u n t a i n   g r o u p   l i e   a l m o s t   h o r i z o n t a l l y   a n d   a r e  c u t  b y   v e r y  
few i n t r u s i v e   r o c k s .   T h e s e   r e l a t i o n s   s u g g e s t   t h a t  the  f o l d i n g   a n d  

a n d   t h a t  B and C a r e   s e p a r a t e d , b y  an angu la r   unconfo rmi ty .  B u t  a s  
t he  i n t r u s i o n  took  p l a c e   s h o r t l y   a f t e r  the d e p o s i t i o n o f   D i v i s i o n  B,  

B and C a r e i n   f a u l t   c o n t a c t ,   a n d   t h e   s t r a t a   b e t w e e n  them a r e   n o t  ex- 
posed ,   such   an   unconformi ty   can   on ly   be   in fer red   and   no t   observed .  

A f t e r a   p e r i o d o f   u p l i f t  and   e ros ion  the a r e a  was  again  submerg- 
e d ;   t h e   b e l e m n i t e s   i n   D i v i s i o n  C i n d i c a t e  a mar ine   envi ronment .  As 
t h i s  u n i t  consists mos t ly   o f   s ands tone   and  some c o n g l o m e r a t e ,   t h e  
sed imen t s   p robab ly  were d e p o s i t e d   n o t   f a r  from the  shore .   The  t u f -  
f a c e o u s   m a t e r i a l  i n  t h e s e   r o c k s   s u g g e s t s   c o n t e m p o r a n e o u s   v o l c a n i s m .  

a r e a   a g a i n   r o s e   a b o v e   s e a   l e v e l .   T h e   b a s a l   s a n d s t o n e   c o n g l o m e r a t e  
A t  the end   o f  the time r e p r e s e n t e d   b y  t he  L i l l o o e t   g r o u p  the 

u n i t  o f  the Jackass   Mounta in   g roup   probably  was l a i d  down i n  a con- 
t i n e n t a l   e n v i r o n m e n t .  

F. AGE  AND  CORRELATION 

The L i l l o o e t   g r o u p   w a s   f i r s t   d e f i n e d   a n d   d e s c r i b e d   b y   D u f f e l l  

t h e   g r o u p  were i d e n t i f i e d  by J.A. J e l e t z k y   a s   " A u c e l l a   s p .   i n d .   ( e x  
and  McTaggart.  Specimens  found  by these a u t h o r s  i n  t h e   l o w e r   p a r t   o f  

a f f .   c r a s s i c o l l i s )   K e y s e r l i n g "   a n d   c o n s i d e r e d  t o  b e e a r l y  Lower Cre- 
taceous  (Lower  Neocomian) i n  age  (Duffel l  andMcTaggart .   1952,  p.39).  

B ( F 1 3 )   a r e   a c c o r d i n g   t o   J e l e t z k y   " i n d e t e r m i n a t e  true be lemnoids  of 
Some foss i l s  found  dur ing  the p r e s e n t   i n v e s t i g a t i o n  i n  D i v i s i o n  

g e n e r a l   J u r a s s i c   o r  Cretaceousage".Similarbut v e r y   p o o r l y   p r e s e r v -  
ed  specimens were n o t i c e d   i n   D i v i s i o n  C .  

D i v i s i o n  A o f  t h e   m o d i f i e d  Dewdney C r e e k   g r o u p   o f t h e   P r i n c e t o n   a r e a  
Duffell and   McTaggar t   ' have   cor re la ted  the L i l l o o e t   g r o u p  w i t h  

and w i t h  t h e  Dewdney C r e e k   g r o u p   o f t h e   C o q u i h a l l a   a r e a .   T h e   c o r r e l -  
a t i o n  i s  b a s e d   m a i n l y o n   l i t h o l o g y   a n d   s t r a t i g r a p h i c   p o s i t i o n   o f  the 
r e s p e c t i v e   u n i t s ,  

I f t h e  unconfo rmi ty   be tween   D iv i s ions  B and C were   p roved   Div i -  

ass  Mountain  group.  However, s i n c e a t  t h i s  time i t s  p re sence   can  on-  
s i o n c s h o u l d   b e   t r e a t e d   a s a   s e p a r a t e   u n i t   o r   i n c l u d e d  w i t h  the  Jack -  

l y   b e   i n f e r r e d ,  these r o c k s ,   f o l l o w i n g   e a r l i e r   w o r k e r s ,   h a v e   b e e n  
l e f t  i n  the  L i l l o o e t   g r o u p .  

JACKASS  MOUNTAIN GROUP 

1. DISTRIBUTION  AND  THICKNESS 

Duffe l l   and   McTaggar t   have   subdiv ided  the Jackass   Moun ta in   g roup  
i n t o   t h r e e   s t r a t i g r a p h i c   u n i t s   c a l l e d   D i v i s i o n  A,  D i v i s i o n  B,  and 
D i v i s i o n  C .  I n   t h e   p r e s e n t  work three l i t h o l o g i c a l   u n i t s ,  members 
AI,  AII. and AI11 a r e   d i s t i n g u i s h e d   i n   D i v i s i o n  A .  

t a i n   R i d g e   a n d  o f t h e  n o r t h  s i d e   o f t h e   F r a s e r   R i v e r   b e t w e e n   F o u n t a i n  
D i v i s i o n  A u n d e r l i e s  the  lower a n d   i n t e r m e d i a t e   1 e v e l s o f F o u n -  

46 



and  the   mouth   o f   Br idge   River .   Div is ion  B f o r m s   c o n s p i c u o u s   c l i f f s  
on  the h i g h e r   l e v e l s   o f   t h e  same a r e a ,   D i v i s i o n  C u n d e r l i e s   l a r g e  
pa r t s   o f   Foun ta in   R idge   and   o f  t h e  Camelsfoot  Range. 

s l o p e   o f   F o u n t a i n   R i d g e  AI1 i s  abou t  2,500 f e e t   t h i c k   b ' l t   p o s s i b l y  
hlember AI has  an a p p r o x i m a t e   t h i c k n e s s   o f 1 5 0   f e e t .  On the  n o r t h  

r e p e a t e d   b y   f a u l t i n g .  On the  sou th   s lope   o f   t he   Camel s foo t   Range .  
1% miles n o r t h e a s t   o f   t h e  m o u t h  o f   Br idge   R ive r ,  AI11 comprises   ap-  
p r o x i m a t e l y   1 , 0 0 0   f e e t  o f  s t r a t a .  

R i v e r ,   D i v i s i o n  B i s  abou t  1 , 0 0 0   f e e t  t h i c k  and  onFountain Ridge  ap- 
About 1% miles n o r t h  o f F o u n t a i n  on the n o r t h   s i d e  of the  F r a s e r  

p rox ima te ly  1,500 f e e t .   D u f f e l 1   a n d   M c T a g g a r t   s t a t e   ( p . 4 0 )   t h a t  the 
d i v i s i o n i s   1 , 7 5 0   f e e t  t h i c k  o n t h e  west s l o p e   o f t h e   C a m e l s f o o t  Range 
near the  nor thwes tern   edge  o f  the  Ashc ro f t  map a r e a   o u t s i d e  Of t h e  
p r e s e n t  map a r e a .  

The t o p   o f   D i v i s i o n  C i s  removed  by e r o s i o n .   A c c o r d i n g   t o  D u f -  

91).  
f e l l  and  hlcTaggart a t  l e a s t   5 , 0 0 0   f e e t  of s t r a t a   a r e   r e p r e s e n t e d   ' ( p .  

2. LITHOLOGY 

/Iivisioa A 

Mrntbcv AI 

Member AI c o m p r i s e s   c o n g l o m e r a t e a n d l i t h i c   s a n d s t o n e   t h a t   c a r -  
r i es  some plan t   remains .   The   conglomera te  i s  e x p o s e d   o n l y   f o r  1 mile 

U n d e r l a i n b y D i v i s i o n  A .  I t  d i s a p p e a r s  further e a s t ,   p r o b a b l y   b e c a u s e  
a l o n g  the s h o r e s   o f  the F r a s e r  River i n t h e   w e s t e r n   p a r t   o f  the a r e a  

t o  t h e  eas t e rn   boundary   o f   D iv i s ion  A bu t   where  the conglomera te  i s  
o f a   g e n t l e   d i p  t o t h e  e a s t .  The  sandstone w i , t h  p l a n t   r e m a i n s   e x t e n d s  

l a c k i n g  hlember AI i s  d i f f i c u l t   t o   d i s t i n g u i s h  from A I I .  

n o r t h   s i d e   o f   t h e   F r a s e r   R i v e r   a b o u t  1 mile n o r t h e a s t   o f   t h e  m o u t h  
T h e   f o l l o w i n g   s t r a t i g r a p h i c   s e c t i o n   o f  AI was  measured on  t h e  

ma tes .  
o f   B r i d g e   R i v e r .   P e r c e n t a g e s   o f   r o c k   t y p e s   a r e   b a s e d  on r a p i d  e s t i -  

F e e t  Top o f  s e c t i o n  

8 Cong lomera te ,   b rowni sh   g reen   wea the r ing .   vo lcan ic   peb -  
b l e s ,  1 t o 3  i n c h e s ,  well r o u n d e d ,   m a t r i x o f  l i t h i c  sand- 
s t o n e ,   m a s s i v e .  

9 Cong lomera te ,   g ranu le s   and   f i ne   pebb les ,  well rounded 
t o  subrounded,   massive.  

16 Cong lomera te ,   vo lcan ic   pebb les ,   mos t ly  1 t o  4 inches ,  
well rounded,   abundant   mat r ix  of l i thic   sandstone,   s t rong-  
l y   c a r b o n a t e d .  

'8 L i t h i c  s a n d s t o n e ,   l i g h t   b l u i s h   g r e y ,   g r e e n i s h   g r e y  t o  
b r o w n i s h   g r e y w e a t h e r i n g ,   s c a t t e r e d   l e n s e s   o f p e b b l e   c o n -  
g l o m e r a t e ;   m a s s i v e ,   s t r o n g l y   c a r b o n a t e d .  

2 Conglomerate ,  15 f e e t   l e n s ,   v o l c a n i c   p e b b l e s ,   m o s t l y  1 

2 L i t h i c  sands tone ,   medium-gra ined .   compara t ive ly   loose ly  

t o  3 inches,  well rounded.  

cemen ted ,   l enses   o f   pebb le   cong lomera te ,  t h i n  beds   o f  
a r g i l l i t e ;   s t r o n g l y   c a r b o n a t e d .  
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L i t h i c   s a n d s t o n e ,  mediom g r a i n e d ,  t h i n  bedded,  compara- 
t i v e l y   l o o s e l y   c e m e n t e d .  

g r e y   w e a t h e r i n g ,   a r g i l l i t e ,   d a r k   b l i ~ i s h   g r e y .   d a r k   b l u -  
L i t h i c   s a n d s t o n e ,   s i l t s t o n e ,   l i g h t   b l u i s h g r e y .   g r e e n i s h  

i s h  grey   weakening .  t h i n  b e d d e d   t o   l a m i n a t e d .   s t r o n g l y  
sheared   and   lamina ted .  

L i t h i c   s a n d s t o n e .  medium t o  f i n e   g r a i n e d ,   m a s s i v e .  

C o n g l o m e r a t e ,   v o l c a n i c   p e b b l e s ,  well rounded,   mos t ly  . 5  
t o  2 i n c h e s .  

es o f   vo lcan ic   pebb le   and   g ranu le   cong lomera te .  
L i t h i c   s a n d s t o n e ,  f i n e  tomediumgra ined ,   mass ive ,   l ens-  

Cong lomera te ,   vo lcan ic   pebb les ,   we l l   rounded ,   mos t ly  .5  
t o  2 i n c h e s .  

L i t h i c   s a n d s t o n e ,   m e d i t m   g r a i n e d .   m a s s i v e .  

Cong lomera te   a s   above .  

Lens o f  l i t h i c   s a n d s t o n e   a s   a b o v e .  
Cong lomera te   a s   above .  

C o n g l o m e r a t e .   g r a n u l e s   a n d   p e b b l e s   o f   v o l c a n i c   r o c k s ,  
compara t ive ly  loose ly  cemented,  massive. 
L i t h i c  s a n d s t o n e ,  medium t o   f i n e   p r a i n e d ,   m o s t l y   m a s s i v e ,  
a few t h i n  beds  very loose ly   cemented ,   p robably   t l . l f face-  
ous, a few t h i n  i n t e r b e d s   o f  s i l t s t o n e  and a r g i l l i t e ;  
s t r o n g l y   c a r b o n a t e d .  

F a u l t .   c o n t i n u i t y  of s e c t i o n   u n c e r t a i n .  

L i t h i c   s a n d s t o n e ,  mediom t o   c o a r s e   g r a i n e d ,   m a s s i v e ,  a 
few t h i n  i n t e r b e d s   o f   a r g i l l i t e  and s i l t s t o n e ,   s t r o n g l y  
s h e a r e d .  

L i t h i c  s ands tone ,  medium t o   f i n e   g r a i n e d .   m a s s i v e ;  t h i c k -  
n e s s   u n c e r t a i n   b e c a u s e   o f   f a . r l t i n g .  

F a u l t .  

a few t h i n   i n t e r b e d s   o f   s i l t s t o n e   a n d   a r g i l l i t e ;  t h i c k -  
L i t h i c   s a n d s t o n e ,   m e d i m   t o   f i n e   g r a i n e d ,   m a s s i v e ,  w i t h  

ness u n c e r t a i n   b e c a u s e   o f   f a u l t i n g .  

L i t h i c   s a n d s t o n e ,   f i n e   g r a i n e d ,   s i l t s t o n e ,   a r g i l l i t e ;  
medium t o  th in   bedded .  
s s :  s t :  80% a r g :  20% 

w i t h  f r a g m e n t s   o f   p l a n t   m a t t e r ,  some c o a l y  wood. a few 
L i t h i c  s ands tone ,  medium to c o a r s e   g r a i n e d ,   t u f f a c e o u s .  

g r a n u l e s   a n d   p e b b l e s   o f v o l c a n i c   r o c k s ,   l o o s e l y   c e m e n t -  
e d ,   m o s t l y   t h i n   b e d d e d ,   p a r t l y   m a s s i v e :   r e c e s s i v e .  

B o t t o m   o f   s e c t i o n :   t o p   o f   D i v i s i o n  C. L i l l o o e t  gro:lp. 

c 
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f e e t .  
The s t r a t a   c h a n g e   c o n s i d e r a b l y   o v e r   d i s t a n c e s  a s  s h o r t  as  LOO 

The  ro,undstonesof t h e  cong lomera te   a r e   mos t ly  made s p   o f   l i g h t  

g r a i n e d   p h e n o c r y s t s .  Two typica l   spec imens   examined  i n  t h i n - s e c t i o n  
g r e y   w e a t h e r i n g   m a s s i v e   a p h a n i t i c   r o c k s  some of  which  showa  few  fine 

a r e   q u a r t z - k e r a t o p h y r e s .   T h e y   c o n t a i n   m i c r o - p h e n o c r y s t s  o f  a l b i t e  
a n d   c h l o r i t e   a s s o c i a t e d  w i t h  " i r o n   o r e "   p s e u d o m o r p h o u s   a f t e r a   p y r i -  
b o l e .   T h e   g r o u n d m a s s   c o n s i s t s   d o m i n a n t l y   o f   p l a g i o c l a s e   m i c r o l i t e s ,  
some q u a r t z ,   a n d   m i n e r a l s   t o o   f i n e - g r a i n e d   f o r   i d e n t i f i c a t i o n .   T h e  
p l a g i o c l a s e  i s  a l t e r e d   t o   s e r i c i t e  and   ca rbona te .  

mos t ly   remnants   o f  stems. a r e   c h a r a c t e r i s t i c   o f  some o f   t h e   l i t h i c  
R e l a t i v e l y  weak cemen ta t ion   and   t he   p re sence   o f   p l an t   ma t t e r ,  

s a n d s t o n e s   a s s o c i a t e d   w i t h  the c o n g l o m e r a t e .   T h e   l i t h i c   s a n d s t o n e s  
c o n t a i n   l i t t l e   q u a r t z  ( I  pe r  cent o r   l e s s )  a n d   f e l d s p a r  ( 3  per  c(v t .  

Some of the f r agmen t s  show s h a r d - l i k e   o u t l i n e s ,   o t h e r s   a p p e a r  t o  h e  
or l e s s )  and a r e  composed m a i n l y o f v o l c a n i c   f r a g m e n t s   a n d   c h l o r i t e .  

ves i cu la r   and   p robab ly  many of them a r e   o f   t u f f a c e o u s   o r i g i n .  As the 
v o l c a n i c   f r a g m e n t s   a r e   h i g h l y   a l t e r e d  t h e y  c a n n o t   b e   d i s t i n g u i s h e d  
e a s i l y   f r o m  the o r i g i n a l   c l a y   m a t r i x .  

s o r t e d .  In their  roundness   and   so r t ing   t he   s ands tones   r e semble  v o l -  
The   f ragments   a re   subrounded t o  subangular   and   modera te ly   wel l  

c a n i c   a r e n i t e s .  

F o u n t a i n   s t a t i o n  i s  o f   v e r y   f i n e   s a n d   g r a d e ,   f a i r l y  well 
A c a r b o n a t i z e d   l i t h i c   s a n d s t o n e   f r o m  the  v i c i n i t y   o f  

g u l a r  i n  s h a p e   b u t   r e p l a c e d   a t   t h e   m a r g i n s  by c h l o r i t e .  
s o r t e d   a n d   c o n t a i n s   f r a g m e n t s   t h a t   a r e   s u b r o u n d e d   t o   s o b a n -  

The rock c o n t a i n s   a p p r o x i m a t e l y  30 p e r   c e n t   o f   f e l d s p a r ,  

f r a g m e n t s .   C h l o r i t e ,   m i c a ,   e p i d o t e .   a n d   c l a y  make  up  abo'ut 
15 p e r   c e n t   o f   q u a r t z .   a n d 7 p e r   c e n t   o f   r e c o g n i z a b l e   r o c k  

20 p e r   c e n t   o f  the r o c k .  T h e   b a l a n c e   c o n s i s t s   o f c a r b o n a t e  

m a t r i x   t o a   l a r g e   e x t e n t .  T h e   f e l d s p a r ,   m o s t l y   p l a g i o c l a s e .  
a n d   d e r i v e d   " i r o n   o r e "  w h i c h  has r e p l a c e d   t h e   o r i g i n a l   c l a y  

i s  p a r t l y   c l e a r ,   p a r t l y   a l t e r e d .  and r i ch  i n   e p i d o t e .  A l l  
g r a i n s   o f   p l a g i o c l a s e   d e t e r m i n e d   h a v e   t h e   c o m p o s i t i o n   o f  
a l b i t e .  

Jlr.rnbo. AI1 

l a r g e l y   o f  l i t h i c  s a n d s t o n e  blut c o n t a i n s   b e d s   o f   c o n g l o m e r a t e   t h a t  
: l emberAI I   s t rong ly   a l t e r ed .  f a u l t e d ,  and poor ly   exposed   cons i s t s  

a r e a  few f e e t   t h i c k ,  s eams   o f   p l an t   ma t t e r  i n  t he  l o w e r   p a r t   o f  the 
s e c t i o n .   a n d  an i n c r e a s i n g   p r o p o r t i o n o f   i n t e r h e d d e d   s i l t s t o n e  i n  t h e  
u p p e r   p a r t .  On t h e   w e s t   s l o p e   o f   F o u n t a i n   R i d g e ,   e a s t  of the  r a i l -  
r o a d   b r i d g e   n e a r   L i l l o o e t   t h e   t y p i c a l   g r e e n i s h   w e a t h e r i n g   m a s s i v e  

n e s s .  
l i t h i c   s a n d s t o n e  is u n d e r l a i n  by d a r k   s i l t s t o n e   o f c o n s i d e r a b l e  t h i c k -  

f a c e s ,   a n d   g r e e n i s h  on wea the red   f aces .   S ix   spec imens   ana lyzed   con-  
The t y p i c a l   l i t h i c   s a n d s t o n e  i s  mass ive ,   b lue-grey  on f r e s h  s1.1~- 

t a i n  3 t o  10 per c e n t   o f   f e l d s p a r ,   m o s t l y   a l b i t e . 2 t o  5 pe r  cent o f  
q u a r t z ,   a n d  a f e w   p e r   c e n t   o f   e p i d o t e   a n d   m i c a ; t h e   b a l a n c e   c o n s i s t s  
d o m i n a n t l y   o f   v o l c a n i c   f r a g m e n t s .   T h e   f r a g m e n t s   a r e   f a i r l y   c l o s e l y  
p a c k e d .   I n t e r s t i c e s   a r e   f i l l e d   b y   c h l o r i t e .  The   f ragments   a re  a l -  
t e r e d  on  t h e   o u t s i d e   t o   " c l a y " .  >!inor c o n s t i t u e n t s   a r e   " i r o n   o r e "  

g r e y i s h   l a m i n a e  about  1 millimeter th ick   and  spaced a f r a c t i o n  of  a 
and   carbonaceous  m a t t e r .  Some of the lowest beds   o f  t h e  member sholv 

4c) 



c e n t i m e t e r   a p a r t .   h i i c r o s c o p i c   e x a m i n a t i o n   s h o w s   t h a t   t h e y   a r e   l a y e r s  
r i c h  i n  p y r i t e .  As the mineral i s  modera t e ly  well rounded i t  prob- 
a b l y  i s  of d e t r i t a l   o r i g i n .  

T h e   p a r t i c l e s   a r e   m o s t l y   s u b r o u n d e d . '  of f i n e   g r a d e ,   a n d   b e t t e r  
s o r t e d  t h a n  i n   a n y   o t h e r   u n i t   o f  the Jackass   Mountain  group.   The 

( G i l b e r t .  1955). . ' 

l i t h i c   s a n d s t o n e  of klember AI1 c a n   b e c l a s s i f i e d   a s   " v o l c a n i c   a r e n i t e "  

Mcwbcv A I I I  

Member AI11 consis ts  of a r g i l l a c e o u s   s i l t s t o n e ,   l a m i n a t e d   a r g i l -  

few f e e t   t h i c k .  
l i t e , '  l i t h i c  s a n d s t o n e ,   a n d   l e n s e s   a n d   b e d s   o f   l i m e s t o n e   t h a t   a r e  a 

A section measured on  the south s l o p e  o f  t h e  Camelsfoot  Range 
can   be   summar ized   as   fo l lows:  

Fee t  

520 S i l t s t o n e ,   d a r k   b l u e - g r e y ,   d a r k   b l u e - g r e y   w e a t h e r i n g ,  

w e a t h e r i n g ,   f i n e   t o c o a r s e   g r a i n e d ,   a r g i l l i t e ,   d a r k   b l u e -  
p a r t l y   c o n c r e t i o n a r y ,   l i t h i c   s a n d s t o n e ,   g r e y ,   g r e e n i s h  

g r e y ;   d a r k   b l u e - g r e y . w e a t h e r i n g ,   l e n s e s a n d b e d s  oflime- 
s t o n e ,   l i g h t   g r e y ,   l i g h t   g r e y   w e a t h e r i n g ;   m a s s i v e  to lam- 

s t :  50% s s :  35% a r g :  10% lms: 5% 
. . i n a t e d .  

450 S i l t s t o n e ,  a s  a b o v e   w i t h   a r g i l l i t e   f r a g m e n t s ,   f o s s i l -  - i f e r o u s .   b e l e m n i t e s ,   p e l e c y p o d s ,   m o s t l y   m a s s i v e ,   w i t h  a 
970 ,few lenses   and   beds   o f  limestone as above.  

l i t h i c   s a n d s t o n e   a n d   l i m e s t o n e   a r e   n o t   p r e s e n t  i n  e v e r y   s e c t i o n .  
The s t r a t a   v a r y   c o n s i d e r a b l y   o v e r   d i s t a n c e s   o f a  few m i l e s ,   a n d  

A - t y p i c a l   m a s s i v e   a r g i l l a c e o u s  s i l t s t o n e  i s  made  up 
of abou t  50 p e r   c e n t   o f   s i l t - s i z e d   m i n e r a l s ,   m o s t l y   f e l d -  
spa r ,   qua r t z ,   ep ido te ,   mica ,   and   ch lo r i t e .   The   ma t r ix   con -  

bonaceous   mat te r .   The   spec imen  conta ins   approximate ly  40 
s i s t s  l a r g e l y   o f   c l a y   b u t   i n c l l u d e s  a few  per cent o f   c a r -  

p e r   c e n t  of s p h e r i c a l  o r  e l l i p t i c a l   p e l l e t s  of a r g i l l i t e  

than  t h e  s i l t s tone .  
t h a t  a r e   d a r k e r   c o l o u r e d  and r icher i n  c a r b o n a c e o u s   m a t t e r  

A t yp ica l   l amina ted   spec imen  i s  composed m a i n l y o f l a y  

c e n t i m e t e r   i n  thickness  a n d a   s m a l l e r   f r a c t i o n o f l a m i n a e o f  
ers  o f   d a r k   a r g i l l i t e   r a n g i n g   f r o m  a few m i l l i m e t e r s   t o  1 

g r e y i s h   s i l t y   a r g i l l i t e   t h a t   a r e   L m i l l i m e t e r o r  a fervmilli- 
m e t e r s  t h i c k .  T h e   d a r k   a r g i l l i t e   c o n t a i n s   a b o u t 8 p e r   c e n t  
o f   s i l t - s i z e d   m i n e r a l s   a n d 5 p e r  cent of  carbonaceous  mat-  

g r e y i s h   a r g i l l i t e , c o m p r i s e s   a p p r o x i m a t e l y  45 p e r   c e n t   o f  
ter .  and the b a l a n c e   c o n s i s t s  o f  c l a y - s i z e d   m a t e r i a l .   T h e  

c l ay .   The  s i l t  f r a c t i o n  consis ts  o f   f e l d s p a r ,   m i c a ,   e p i -  
s i l t ,  3 p e r   c e n t  of   carbonaceous matter and 52 p e r   c e n t   o f  

do te ,   ch lor i te . ,   and   carbonate .   The   spec imen i s  well s i z e -  
sor ted   and   shows  graded 'bedding .   The   dark   co lour  i s  pro- 
duced by t h e   c a r b o n a c e o u s   m a t t e r .  
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Diuirioa C 

I n  the p r e s e n t   i n v e s t i g a t i o n   D i v i s i o n   B o f  the Jackass   l l oun ta in  
group  was   examined   on ly   b r ie f ly .  Few a d d i t i o n s   c a n   b e  made t o   t h e  
account   given  by  Duffel l   and  SlcTaggart .  

a t e ,   l i t h i c   s a n d s t o n e ,   a r g i l l i t e .  and s i l t s t o n e .  
The d i v i s i o n   c o n s i s t s ,  i n  t h e  o rde ro fabundance .   o f   cong lomer -  

T h e   c o n g l o m e r a t e i s  made u p m o s t l y  of cobb les   and   pa r t lyo f   bou ld -  
e r s   a n d   p e b b l e s .   G r a n u l e   c o n g l o m e r a t e  i s  c o m p a r a t i v e l y   r a r e .  !lost 
o f  the  r o u n d s t o n e s   a r e   d e r i v e d f r o m   g r a n i t i c   r o c k s ,   o t h e r s   f r o m   v o l -  
c a n i c   r o c k s ,   c h e r t ,   a n d   a r g i l l i t e .  They a r e  embedded i n  an  abundant 
m a t r i x   o f   l i t h i c   s a n d s t o n e   a n d   f a i r l y   w e l l   s o r t e d  w i t h  r e s p e c t   t o  
s i z e .   I m b r i c a t e   s t r u c t u r e s   a r e   v e r y   r a r e .  I n  some l o c a l i t i e s  the 
long   axes   o f   the   rounds tones  seem t o  l i e  i n  t h e  p l ane   o f   bedd ing .  
b u t   e x a c t   b e d d i n g   a t t i t u d e s   c a n n o t   b e   m e a s u r e d  i n  t h e s e   r o c k s .  In a 
sec t ion   measu red  by Duffell   and  AlcTagqart   on  Jackass  Mountain the  
conglomera te   beds   ranpe  i n  t h i c k n e s s   f r o m   5 t o  100 f e e t ,  most  of them 
b e i n g  8 t o  20 f e e t  t h i c k .  They a r e  n o t  c o n s p i c u o u s l y   l e n t i c u l a r   b u t  
c a n   b e   t r a c e d   f o r  scores o f   f e e t .  

e d ,   a n d   r e s e m b l e s   t h e   s a n d s t o n e o f   D i v i s i o n  C .  The   rocks  show  no i n -  
The l i t h i c   s a n d s t o n e   w e a t h e r s   p r e e n i s h .  i s  medirlm t o   f i n e   p r a i n -  

from 1 f o o t  t o  50 f e e t   t h i c k  and   have   an   approximate   th ickness   o f   10  
t e r n a l   s t r a t i f i c a t i o n .  On J ackass   3 loun ta in  the s a n d s t o n e   b e d s   a r e  

f e e t .  

ones  i n  member AIl. In the  p r e s e n t  map a r e a   o n l y   a f e w   p o o r l y   e x p o s -  
The  interbedded s i l t s tones  and a r g i l l i t e s   a r e   s i m i l a r   t o  the 

e d   s t r a t a  were s e e n .  
I n  the p r e s e n t  map a r e a   t h e   l o w e s t   b e d s   o f   c o n f l l o m e r a t e i n m o s t  

p l a c e s   r e s t   c o n f o r m a b l y  on  200 t o  300 fee t  of  l i t h i c  s ands tone .  On- 
l y   a t  the road-cu t   wes t  of F o u n t a i n   a n d   a t  two l o c a l i t i e s   o n F o u n t a i n  
Ridge were t h e y   s e e n   t o   o v e r l i e   d a r k   s i l t s t o n e  and a r g i l l i t e .   a t   l e a s t  
10 f e e t   t h i c k ,  w i t h  e r o s i o n a l   u n c o n f o r m i t y .  

L i th ic   sands tone   makes   up   perhaps  one-quarter of the  middle   and 

r e c t i o n   a n d  i s  dominant i n  t h e   b a s a l   p a r t   o f   D i v i s i o n  C.  The l i t h i c  
u p p e r   p a r t o f D i v i s i o n  B. I t  becomes  more  abundant i n  the  upward d i -  

s ands tone  i s  con t inuous  w i t h  the m a t r i x   o f t h e   c o n g l o m e r a t e ,  and the 

T h e  o n l y   e x a m p l e   o f a c u t - a n d - f i l l   s t r u c t u r e   i n   t h e   p r e s e n t  map a r e a  
r e l a t i o n   b e t w e e n   t h e   t w o   r o c k   t y p e s   i n m o s t   l o c a l i t i e s i s   c o n f o r m a b l e .  

w a s   n o t i c e d o n  the south   s lopeof the   Camels foot   Range   where   conglom-  
e r a t e   o v e r l i e s  a bed o f  a r g i l l i t e  w i t h  e r o s i o n a l   u n c o n f o r m i t y .  

nivinio,r C 

A c c o r d i n g t o   D u f f e l l   a n d   l l c T a g p a r t   ( p . 4 3 )   D i v i s i o n C   o f   t h e   J a c k -  
a s s  hlountain  Group  has   approximately  the  fol lowing  composi t ion:  

g r e y n a c k e ,   i . e . .  
l i t h i c   s a n d s t o n e  60-70% 
a r g i l l i t e  
conglomera te  

25-336 
4% 

T h e   f o l l o w i n g   s t r a t i g r a p h i c   s e c t i o n   o f  a p a r t   o f  Div is ion  C was 
measured  by  the  author  on t h e   e a s t   s l o p e   o f   F o u n t a i n   R i d g e ,   a b o u t  1 
mile s o u t h w e s t   o f   t h e   I n d i a n   s e t t l e m e n t  o f  Founta in   Val ley .  
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F e e t  
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- 
1 , 7 4 5  

Top o f   s e c t i o n .  

L i th i c   s ands tone ,   l i gh tb l lu i sh   g rey .   u reen i sh   g rey   wea th -  

a i l l i t e ;   l a m i n a t e d  t o  t h i n   b e d d e d .  
e r i n g ,   f i n e  t o  c o a r s e   g r a i n e d .   m a s s i v e ,   s i l t s t o n e ,   a r -  

ss :  98% s t ,   a r g :  2% 
C o v e r e d   i n t e r v a l .   s l i g h t l y   r e c e s s i v e .  

L i t h i c   s a n d s t o n e ,   a s   a b o v e .   m o s t l y   m a s s i v e .  A t  4 3 0   f e e t  
from the b o t t o m   l i t h i c   s a n d s t o n e   f i n e  t o  v e r y   f i n e g r a i n -  
e d ,   l a m i n a t e d ; 8 0 t o e 5 f e e t   l i t h i c   s a n d s t o n e  w i t h  s c a t -  
t e r e d ,   p o o r l y   s o r t e d   p e b b l e s  and c o b b l e s ,  well rounded,  
m o s t l y   g r a n i t i c ,   p a r t l y   v o l c a n i c ;   a t  45 f ee t   f rom  bo t tom 
of u n i t  a f e w   l a m i n a e   o f   s i l t s t o n e   a n d   a r a i l l i t e .  

L i t h i c  s a n d s t o n e ,  a s  above .   g rad ing   upward   in to  s i l t -  

r o u n d e d ,   m o s t l y   g r a n i t i c .  
s tone and a r g i l l i t e ,   s c a t t e r e d   c o b b l e s  and  pebbles,rvell 

L i t h i c  s a n d s t o n e ,   a s   a b o v e ,   m o s t l y   m a s s i v e .  A t  700 f e e t  
f rom  the   bo t tom a few  laminae  of  l i t h i c  s a n d s t o n e   f i n e  

g l o m e r a t e ,   p e b b l e s   m o s t l y  o f  vo lcan ic   rocks ,   we l l   round-  
t o   v e r y   f i n e   g r a i n e d ;   a t   6 5 0   f e e t a 5 - f o o t  lens of  con- 

a t  140 f e e t  f r o m   t h e   b o t t o m   l a m i n a e o f   l i t h i c   s a n d s t o n e  
e d ;  a t  330 feet a few laminae of s i l t s t o n e   a n d   a r g i l l i t e ;  

f i n e  t o   v e r y   f i n e   g r a i n e d   a n d   s i l t s t o n e .  

w e a t h e r s   g r e e n i s h .   F o u r   s p e c i m e n s   a n a l y z e d   c o n t a i n :  
The t y p i c a l   l i t h i c   s a n d s t o n e   i s m a s s i v e .   l i g h t   b l u i s h   g r e y .   a n d  

f e l d s p a r   1 0  - 42% 
q u a r t z  3 - 14% 
mica 4 - 5% 
e p i d o t e  1 - 2% 
rock   f ragments   and  

" i r o n   o r e " ,   c a r b o n -  
c h l o r i t e  15- 55% 

a c e o u s   m a t t e r ,  
a p a t i t e ,   s p h e n e   t r a c e  

As t h e   l i t h i c   f r a g m e n t s a r e   m o s t l y   a l t e r e d   a r o u n d   t h e i r   m a r g i n s  
the c o n t e n t   o f   o r i g i n a l   c l a y   m a t r i x  i s  v e r y   d i f f i c u l t   t o   d e t e r m i n e .  

A l l   f e l d s p a r   c r y s t a l s   e x a m i n e d   a r e o f s o d i c   a l b i t e .  Most  of the 

ments o f   a r g i l l i t e   r a n g i n g  \up t o   p e b b l e   s i z e   a n d   p e b b l e s   o f   o t h e r  
r o c k   f r a g m e n t s   a r e   v o l c a n i c   a n d  some a re   me tamorph ic .   Angu la r   f r ag -  

r o c k s   a r e   p r e s e n t  i n  some beds  i n  sma l l   amoun t s .   The   f r agmen t s   a r e  

o f   D i v i s i o n  A b u t   b e t t e r   t h a n  i n  t y p i c a l   h i q h   r a n k   a r e y w a c k e s .  A l l  
s u b r o u n d e d   t o   s u b a n g u l a r .   T h e   s o r t i n g  i s  poore r   t han  i n  Alember AI1 

spec imens   examined   a r e   o f   f i ne   o r  medium sand   g rade .  
I n  sec t ions   measured  by D u f f e l l  and  \IcTa(rgart the b e d s   o f   l i t h i c  

s a n d s t o n e   a v e r a g e   6 0   f e e t  i n  thickness.  
A r g i l l i t e i s   i n t e r b e d d e d  w i t h  t h e  l i t h i c  s a n d s t o n e   i n d i s c o n t i n -  

!.IO'JS s t r i n g e r s .  >up t o   3 f e e t   l o n g ,   o r  i n  m o r e   e x t e n s i v e   l a m i n a e   t h a t  
a r e l t o  2 i n c h e s   t h i c k .   T h e   a r g i l l i t e  commonly c o n t a i n s  a r e l a t i v e -  

s i s t s  o f   f e l d s p a r ,  q u a r t z .   a n d   e p i d o t e .  
1y l a r g e   f r a c t i o n  of sand  and s i l t  w h i c h  i n  one  specimen  s tudied  con-  
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CHLORITE,MICAS, 

Fig.3: COMPOSITION OF FRAGMENTS, 
SANDSTONES 
JACKASS MObNTAlN GROUP. 
Classification  adapted from Gilbert (1955). 
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t h e   c o n g l o m e r a t e   o f   D i v i s i o n  B. I n  most l o c a l i t i e s   t h e   b e d s  a re  n o t  
I n  c o m p o s i t i o n   t h e   c o n g l o m e r a t e   o f   D i v i s i o n C c l o s e l y   r e s e m b l e s  

west of  Ward Creek may be   s eve ra l   hundred  feet  t h i c k .  
t h i c k e r   t h a n 3 0 f e e t :   b u t a c o n g l o m e r a t e   u n d e r l y i n g  the s l o p e s   s o u t h -  

Near the m o u t h   o f F o u n t a i n   C r e e k a f e w   h u n d r e d   f e e t   o f   c o n t i n e n -  

b u t   a l s o   c o m p r i s e   b e d s  of p e b b l e   a n d   c o b b l e   c o n g l o m e r a t e   t h a t   a r e  a 
t a l   b e d s   a r e   e x p o s e d .   T h e  rocks c o n s i s t   m o s t l y   o f  l i t h i c  s a n d s t o n e  

few f e e t  thick a n d   s e v e r a l   s e a m s   o f   f o s s i l   p l a n t   m a t t e r .   T h r e e   c h a r -  
a c t e r i s t i c  s p e c i m e n s   o f a f i n e - g r a i n e d   l i t h i c   s a n d s t o n e   c o n t a i n  4 t o  
18 p e r  cent o f   f e l d s p a r ,   m o s t l y   a l b i t e ,   a n d  3 t o 7   p e r  cent of q u a r t z .  
T h e   b a l a n c e   c o n s i s t s   m o s t l y o f f i n e - g r a i n e d ,   h i g h l y   a l t e r e d   v o l c a n i c  

The p a r t i c l e s   a r e   s u b r o u n d e d  t o  a n g u l a r .  T h e   p r o p o r t i o n   o f   o r i g i n a l  
f r agmen t s ,  less c h l o r i t e ,   a n d   s m a l l   a m o u n t s o f   e p i d o t e   a n d  mica. 

c l a y   m a t r i x   c a n n o t   b e   d e t e r m i n e d .  

f o l l o w i n g   c o m p o s i t i o n :  
A s p e c i m e n   o f   v o l c a n i c   a r e n i t e   h a s   a p p r o x i m a t e l y  the 

f e l d s p a r   ( m o s t l y   a l b i t e )  36% 
q u a r t z  19% 
m i c a ,   e p i d o t e ,   a n d   c h l o r i t e  4% 
l i t h i c ,   d o m i n a n t l y   v o l c a n i c  

f r agmen t s  31% 
c a r b o n a t e   a n d   " i r o n   o x i d e "  1 0% 

The g r a i n s   a r e o f   f i n e  sand g rade   and  a n g u l a r  t o  sub- 
rounded.  The c e m e n t   c o n s i s t s  of c a r b o n a t e   a n d   " i r o n   o x i d e "  
w h i c h  may have   been   i n t roduced   by   hydro the rma l   so lu t ions  
a s  t h e s e   b e d s  a re  n e a r  a major f a u l t  zone .  
Seams o f   p l a n t   m a t t e r   i n t e r b e d d e d  w i t h  l i t h i c   s a n d s t o n e   a r e   a l -  

so exposed  on the  western banks  of  t he  F r a s e r   R i v e r ,   n e a r   F o u n t a i n .  
S t r a t a   c o n t a i n i n g a   s m a l l   p e r c e n t a g e o f   p l a n t   r e m a i n s   w e r e   f o u n d   n e a r  

Creek and   B lackh i l l   C reek .  
t h e  mou th   o f   Sa l lu s  Creek a t a f e w   l o c a l i t i e s  i n  t he  v i c i n i t y   o f  Lee 

F i g u r e 3 s h o w s  the r e l a t i v e   p r o p o r t i o n   o f   q u a r t z .   f e l d s p a r ,   a n d  

from the Jackass   l i lounta in   g roup .  All s p e c i m e n s   a r e  i n  t h e   r a n g e   a s -  
l i t h i c   f r a g m e n t s   w i t h   t h e i r   a l t e r a t i o n   p r o d u c t s  i n  twelve   spec imens  

g r e y w a c k e .   A c c o r d i n g   t o   t h e   f a i r   s o r t i n g   a n d   r e l a t i v e l y   c l o s e   p a c k -  
s i g n e d   b y   G i l b e r t   t o   v o l c a n i c   a r e n i t e .   v o l c a n i c   w a c k e ,  o r  v o l c a n i c  

i n g   m o s t o f t h e   r o c k s   a r e   a r e n i t e s  rather than  wackes or greywackes.  

g r a d e s  of three c h a r a c t e r i s t i c   s p e c i m e n s   f r o m  Member AI1 a n d D i v i s i o n  
I n   F i g u r e  4 the s i z e   d i s t r i b u t i o n  i n  the  sand   and   coarse  s i l t  

C i s  shown.  The maximum sec t iona l   d i ame te r   o f   400   g ra ins   was   measu r -  
ed   and   the   cumula t ive  s ize  d i s t r i b u t i o n   c u r v e   o b t a i n e d   w a s r e c o n s t r u c t -  
ed w i t h  the  a i d   o f   t a b l e s   g i v e n   b y  Packham (1955) .  

T h e   s o r t i n g   c o e f f i c i e n t   o f t h e   s p e c i m e n   f r o m  AIIis 2 . 2 ;   t h e  two 
spec imens  of D i v i s i o n C h a v e   s o r t i n g   c o e f f i c i e n t s   o f   2 . 0   a n d   3 . 2  re- 
s p e c t i v e l y .  

v i ronments   Trask   (1932,  pp. 71-72)   ob ta ined  the f o l l o w i n g   d i s t r i b u -  
On the  b a s i s   o f  170 sediments   f rom many d i f f e r e n t   t y p e s   o f  en- 

t i o n   o f   s o r t i n g   c o e f f i c i e n t s  (So):  
So l e s s  than  1.9 - 10% 

'' 2.5 - 25% 
11 4 . 5  - 75% 
" 5.0 - 90% 

The extremes a r e   1 . 2 6  and 9 . 4 .  The mode i s  2.9.  He conc ludes :  

t h a n   4 . 5  the sediment  i s  p o o r l y   s o r t e d :   a n d  i f  i t  i s  abou t  3.0  the 
I f  So i s  less t h a n   2 . 5  the sample i s  well s o r t e d ;  i f  i t  i s  g r e a t e r  

d e p o s i t  i s  n o r m a l l y   s o r t e d .  
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Fig.4: JACKASS  MOUNTAIN  GROUP.GRAIN  SIZE  DISTRIBUTION  IN 
S A N D   A N D   C O A R S E  SILT GRADES. 
Thin s o s t i o n  o n o l y a i s  of 3 1 4 0 0 0 r a i n ~ . ~ ~ l s u l ~ l s a   a l t e r  Pockharnl19551. 

55 



A c c o r d i n g t o T r a s k ' s   c l a s s i f i c a t i o n   t h e   s p e c i m e n   f r o m  3lember AI1 
would  h e w e l l   s o r t e d ,   a n d   t h e   s p e c i m e n s   f r o m   D i v i s i o n  C a r e   n o r m a l l y  
sor ted.   However ,   compared w i t h  s t u d i e s  by Krumbein  and  Tisdel   (1940) .  
and Hough (1942)  the resu l t s  o b t a i n e d   a r e   t o o   h i g h .  Krumbein  and 
T i s d e l   f o u n d   t h a t   c r y s t a l l i n e   r o c k s   w h i c h   h a v e d i s i n t e p - a t e d   i n   p l a c e  
have  a c o e f f i c i e n t  of  s o r t i n y   t h a t   p l a c e s  them i n t o  the  r a n g e  o f  
T r a s k ' s   w e l l - s o r t e d   s e d i m e n t s .  Hough p o i n t s   o u t t h a t  most nea r - shore  
marine s e d i m e n t s   h a v e   s o r t i n g   c o e f f i c i e n t s   b e t w e e n  1 .0  and 2.0. 

T h e   s u b j e c t s   o f  s ize  a n a l y s i s   f r o m   t h i n - s e c t i o n   a n d   s o r t i n g   c o -  
e f f i c i e n t s   o f   g r e y w a c k e s   a n d   r e l a t e d   r o c k s   n e e d   m o r e   i n v e s t i g a t i o n  
(compare  a lso  Greenman.   1951;   Krumbein.   1953;   Rosenfeld,   Jacobsen,  
and  Ferm. 1953) 

3. THE  PROBLEM O F  ALBITIZATION 

,. 

T h e   p l a g i o c l a s e  i n  t h e   J a c k a s s   M o u n t a i n   g r o u p   c o n s i s t s   d o m i n a n t -  
l y   o f   a l b i t e   a l t h o u g h  a few g r a i n s  o f  o l i g o c l a s e   w e r e   n o t e d .  As ad- 
j a c e n t   s t r a t a   o f t h e   y o u n g e r   S p e n c e s   B r i d g e   a n d   K i n g s v a l e   g r o u p s   a n d  
the o l d e r   P a v i l i o n   g r o u p   a r e   n o t   a l b i t i z e d  the a l b i t e o f t h e   J a c k a s s  
Woluntain g r o u p   a p p e a r s  t o  b e   d e t r i t a l .  From d i f f e r e n t   o b s e r v a t i o n s  
Duf fe l1   and   McTaggar t   a r r ived   a t   t he   s ame   conc lus ion   (p .92 f ) .   The  
problem  remains,   however ,  whether the a l b i t e  was produced by s p i l i t i -  
z a t i o n  o r  by   reg iona l   metamorphism  of   the   source   rocks .  

4. STRUCTURE 

The s t r a t a o f t h e  Jackass   Moun ta in   g roup  l i e  m o s t l y   f l a t   o r   d i p  

b e e n   t i t l e d   i n t o   a l m o s t   v e r t i c a l   p o s i t i o n s .  On the  n o r t h e r n   p a r t   o f  
a t  low a n g l e s .  In the v i c i n i t y  o f   ma jo r   f au l t s ,   however ,   t hey   have  

Founta in   Ridge  the three d i v i s i o n s  form a s h a l l o w   s y n c l i n e .  As t h e  

a b l y  was  accompanied  bymuch d i f f e r e n t i a l   s l i p p a g e o n   b e d d i n g   p l a n e s .  
c o n t a c t s   h e r e  a r e a l l  s t r o n g l y   a l t e r e d   a n d   s h e a r e d ,  the  f o l d i n g   p r o b -  

The  group i s  b r o k e n   b y   s e v e r a l   l o n g i t u d i n a l   a n d   t r a n s v e r s e   f a g l t s  
t h a t  w i l l  b e   d i s c u s s e d . i n  a l a t e r   c h a p t e r .  

5. MODE OF ORIGIN 

g r o u p   c a n   b e o b t a i n e d   f r o m   t h r e e   s o u r c e s :   f r o m   t h e   t e x t u r e   a n d  compo- 
In fo rma t ion   abou t  the mode o f   o r i g i n   o f  the Jackass   Mounta in  

s i t i o n   o f  the  sedimentary   rocks ,   f rom the inc luded   fo s s i l s ,   and   f rom 
the h i s t o r y   o f   t h e   F r a s e r   R i v e r   f a u l t   z o n e .  

m a r i n e   f o s s i l s   p r o b a b l y  was l a i d  down i n  a c o n t i n e n t a l   e n v i r o n m e n t .  
Member AI c o n t a i n i n g   c o n g l o m e r a t e ,  much p l a n t   m a t t e r ,   a n d   n o  

V o l c a n i c   e r u p t i o n s   r e s u l t i n g  i n  the d e p o s i t i o n   o f t u f f   p r o S a b l y   t o o k  . 
p l a c e   a t  the same time. 

a n d   a s s o c i a t e d   c a r b o n a c e o u s   m a t t e r   s h o w s   t h a t   t h e   b a s i n   w a s   " r e s t r i c t -  
F o s s i l s   i n d i c a t e a m a r i n e   e n v i r o n m e n t   f o r   \ ? e m b e r s  AI1 and AIII, 

ed . "  As t h e  g r a i n   s i z e  i n  these members i s  compara t ive ly  f i n e  t h e  
s ed imen t s  were l a i d  down r e l a t i v e l y   f a r  from the s h o r e   o r w e r e   d e r i v -  
ed  from a s o u r c e   a r e a   w i t h o u t   p r o n o g n c e d   r e l i e f .  

T h e   r e l a t i v e l y   c o a r s e   g r a i n  s ize  i n  the  beds   o f   t he   l ower   pa r t  
o f   D i v i s i o n B i s   s u g g e s t i v e  of anear-shore env i ronmen t   o f   depos i t i on  
o r  u p l i f t  of the  s o v r c e   a r e a .  

lems. 
The o r i g i n o f t h e   c o n g l o m e r a t e   i n   D i v i s i o n   B p o s e s   s e v e r a l   p r o b -  

T h e   g r e a t   t h i c k n e s s   o f   t h e   c o n g l o m e r a t e   s u g g e s t s a   r a p i d   u p l i f t  
of the source   a r ea   and  may have   been   caused ,   asDuffe l1   and   McTaggar t  
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sugges ted   (p .  47), by e a r l y  movements o f  the  F r a s e r  River f a u l t   z o n e .  
T h e   p r e s e n t   s t u d y   o f t h i s   f a u l t   z o n e   i n d i c a t e s t h a t   b e f o r e   t h e d e p o s i -  
t i o n  o f the   Spences   Br idge   g roup   ag raben   had   fo rmed   wh ich   con t ro l l ed  
the s e d i m e n t a t i o n   o f   D i v i s i o n C a n d   p e r h a p s   a l s o   o f   D i v i s i o n B o f   t h e  
Jackass   Moun ta in   g roup .   The   p re sen t   f au l t   zone  i s  complex  and com- 
p r i s e s   a t   l e a s t   f o u r   m a j o r   l o n g i t u d i n a l   f a u l t s   w i t h   r e l a t i v e  down- 
ward  movement o f t h e   e a s t e r n   f a u l t   b l o c k   a n d  one f a u l t  w i t h  r e l a t i v e  
downward  movement o f   t h e  western b l o c k .  I n  t h e   s o u t h e r n   p a r t  o f  t h e  
a r e a  the f a u l t   z o n e   h a s   a w i d t h o f   a p p r o x i m a t e l y 7 m i l e s   a n d   t h e   g r a b -  
en i t s e l f  of a p p r o x i m a t e l y l m i l e .   T h e   g r a b e n   h a s b e e n   t r a c e d   t h r o u y h -  

west and t o t h e  sou theas t .   The   l a t e s t   movemen t s   on  one of  t he  f a u l t s  
o u t   t h e w h o l e  map a r e a   a n d   p r o b a b l y   e x t e n d s  much f a r t h e r   t o   t h e   n o r t h -  

t o o k   p l a c e   i n   e a r l y   o r   m i d d l e   T e r t i a r y .  

e a r l y  Lower C r e t a c e o u s .   B u t   t h e   p r e s e n t   s i t u a t i o n   p e r h a p s   p i v e s  a 
The f a u l t s   v i s i b l e  now may n o t  c o i n c i d e  w i t h  the f a u l t s  of the 

p i c t u r e   o f  the c o n d i t i o n s   i n t h e   p a s t .   T h e r e  may h a v e   e x i s t e d  a nar -  
row,   e longa te   t rough  w h i c h  was  perhaps i n  t h e  order   o f  10 m i l e s   w i d e  
and  more  than l00miles long.   The  conglomerate  of D i v i s i o n  R i s  found 
i n  the western p a r t  o f  the  p r e s e n t   f a u l t   z o n e   a n d   p e r h a p s   w a s   l a i d  
down a long  the wes tern   margin   o f  the i n f e r r e d   t r o u g h .   T h e   s t r a t i -  
g r a p h i c   e q u i v a l e n t s  o f  the  c o n g l o m e r a t e   i n   t h e   m i d d l e   a n d   e a s t e r n  
p a r t  of the  a rea   a r e   no t   exposed .   Recause   o f  the s c a r c i t y  of  bed- 
d i n g   a t t i t u d e s  a n d   c o m p l i c a t i o n s   b y   f a u l t i n g   n o t   e n o u g h   i n f o r m a t i o n  

g l o m e r a t e .  B u t  i t  was   men t ioned   t ha t   t he  conglomerate   on the  nor th -  
c o u l d   b e   o b t a i n e d  a b o u t   t h e   v a r i a t i o n s  i n  t h e   t h i c k n e s s  o f  the con- 

western edge of the Ashcroft map a r e a  is  pe rhaps  750 feet  t h i c k e r  
t han   oppos i t e   Foun ta in .   These   s can ty   da t a   sugges t   an   i nc rease  i n  
t h i c k n e s s   t o  the n o r t h e a s t .  

map a r e a   t h a t   c o n t a i n s  a m a j o r   p r o p o r t i o n  of g r a n i t i c   m a t e r i a l .  
D i v i s i o n B  i s  t h e   o l d e s t  known s t r a t i g r a p h i c  u n i t  i n  the p r e s e n t  

f o s s i l s ,   b u t i t  i s  unce r t a in   whe the r   t he   bas in   was   pe rmanen t lyo r   on -  
Some a r g i l l i t e   i n t e r b e d d e d  w i t h  c o n g l o m e r a t e   c o n t a i n s   m a r i n e  

s u p p o r t s  the  t h e o r y  of  a permanent ly   mar ine   envi ronment .  
l y   t e m p o r a r i l y   f l o o d e d  by the s e a .   T h e   l a c k   o f   p l a n t  matter perhaps  

If the environment   was  marine the d e t r i t a l   m a t e r i a l  may i n  p a r t  
have   been   roundedby   t r anspor t ion  i n  s t reams  which  descended  f rom the 
b o r d e r i n g   m o a n t a i n s   w i t h a   s t e e p   g r a d i e n t   a n d  i n  par t   by   wave   ac t ion  
on  beaches.  A problem i s  the  mechanism of  d i s t r i b u t i o n  i n  t h e  b a s i n  

were a c t i v e .  The erosion s u r f a c e s   l o c a l l y   o b s e r v e d  may have  been 
over  a width  of  more  than 1 mile. I t  may b e   a s s u m e d   t h a t   c u r r e n t s  

c u r r e n t s ,   h o w e v e r ,   a r e   u n c e r t a i n .   T h e   s e d i m e n t s  o f  D i v i s i o n B d o  n o t  
produced by s u c h   a g e n t s .   T h e   n a t u r e   a n d   o r i g i n   o f   t h e   p o s t u l a t e d  

r e semble  the t u r b i d i t y   c u r r e n t   d e p o s i t s o f t h e   L i l l o o e t   g r o u p  o r  the 
Cache Creek group.   Laminat ions ,   g raded   bedding ,  sllrmp s t r u c t u r e s ,  
a n d   i n t r a f o r m a t i o n a l   b r e c c i a s   a r e   i n c o n s p i c u o u s   o r   l a c k i n g .   P e r h a p s  
the d i s t r i b u t i o n   o f  the  g r a v e l  was g r e a t l y   a i d e d b y r e l a t i v e l y   s t e e p  
s u b m a r i n e   s l o p e s   p r o d u c e d b y f a u l t i n g .   T h e   a r e a s   o f   g r e a t e s t   d e p r e s -  
s i o n   a l s o  may h a v e   s h i f t e d   l a t e r a l l y  i n  the  b a s i n .  

I n  o r d e r   t o   e x p l a i n   t h e   g r e a t   w i d t h   o f  the cong lomera te ,   Duf fe l l  
and   h l c ' l ' agga r t   supges t ed   depos l t i on   ona   f l ood   p l a in   t ha t  was o n l y   a t  
times inunda ted   by   t he   s ea .  They ment ion ,   however ,   tha t   such   char -  
a c t e r i s t i c   f e a t u r e s   o f  a f l o o d   p l a i n   a s   c u t - a n d - f i l l  s tructure and 
l e n t i c u l a r   s h a p e   o f   t h e   d e p o s i t s   a r e  uncommon, 

p l a n t   m a t t e r   w e r e   d e p o s i t e d   i n a c o n t i n e n t a l o r n e a r   s h o r e   m a r i n e  en- 
Some of the s t r a t a  o f  D iv i s ion  C conta in inp   conplomera te   and  

v i ronment .  Others. i n c l u d i n g   i n v e r t e b r a t e   f o s s i l s ,   a r e   o f   m a r i n e  
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o r i g i n .   C a r b o n a c e o u s   m a t t e r   a s s o c i a t e d  w i t h  the a r g i l l i t e   i n d i c a t e s  
t h a t   t h e   e n v i r o n m e n t   a t   t i m e s  was r e d u c i n g .  The r o c k s   r a r e l y  show 
s t r u c t u r e s   s u g g e s t i v e   o f   c u r r e n t   a c t i o n .  A f a i r l y  cont inuous  u p l i f t  
Of t h e   b o r d e r l a n d   c a n   b e   i n f e r r e d   f r o m   t h e   g e n e r a l l y   c o a r s e   g r a i n  

vo lcan ic   rocks   and  a sma l l e r   p ropor t ion   o f   Coas t  Intrusions.  
s i z e   o f   t h e   s e d i m e n t s .  The source   a r ea   was   unde r l a in   dominan t ly   by  

D i v i s i o n  B were   depos i ted  i n  a   na r row  e longa te   t rough   t ha t   subs ided  
I n  summary it c a n   b e   s t a t e d   t h a t   D i v i s i o n  C and   probably   a l so  

r a p i d l y  w i t h  r e s p e c t   t o   b o r d e r i n g   h i g h l a n d s   b u t   f l u c t u a t e d  w i t h  r e -  
s p e c t  t o  s e a   l e v e l .  Most of t h e   t i m e  i t  may have  formed a r e s t r i c t -  
ed   mar ine   envi ronment   bu t   t emporar i ly  i t  may h a v e   b e e n a c o n t i n e n t a l  
v a l l e y   t h a t  was p o s s i b l y   o c c u p i e d  by a l a r g e   r i v e r .  

6 .  AGE AND CORRELATION 

The name "Jackass   Mountain  Conglomerate   group" was g iven  by S e l -  
wyn t o  the s a n d s t o n e ,   q u a r t z i t e ,   s h a l e ,  and  pebble   conglomerate   of  
J ackass   Moun ta in .  He r e c o g n i z e d   t h a t   t h e  rocks a r e   y o u n g e r   t h a n   t h e  
Cache  Creek  group. 

Dawson r e f e r s   t o   t h e  rocks a s  "Queen C h a r l o t t e   I s l a n d "   g r o u p  
w h i c h  he   ass igned  t o  the Cre taceous .  

D u f f e l l  and McTaggar t   appl ied   the  name Jackass   Mountain  group 
and e s t a b l i s h e d  a mid Lower Cre t aceous   age .  On ground of l i t h o l o p i -  
c a l  and p a l a e o n t o l o g i c a l   c o r r e s p o n d e n c e s   t h e y   c o r r e l a t e   D i v i s i o n s A .  
B,  andC  of   the   Jackass   Mounta in   g roup  w i t h  Div is ions  B,  C ,  and D of  
the  Dewdney C r e e k   g r o u p o f t h e   P r i n c e t o n   a r e a ,   t h e   P a s a y t e n  c r o u p  of 
the  Similkameen  River  d i s t r i c t ,  and  "Lower Cre t aceous"   rocks   o f   t he  
Coqu iha l l a  map a r e a ,  

J e l e t z k y   c o n f i r m   t h e m i d  Lower Cre taceous   age  of t h e  Jackass   Mountain 
Foss i l s   found   du r ing  the present  mapping  and i d e n t i f i e d b y J . A .  

I n  Member AI1 on t h e   n o r t h w e s t e r n   s l o p e o f F o u n t a i n   R i d g e   a b o u t  
o n e - h a l f   m i l e   e a s t   o f  the m o u t h  o f   t he   Br idge   R ive r   t he   fo l lowing  
f o s s i l s ,   i d e n t i f i e d  by J.A. Je le tzky .   were   found ( F 1 4 ) :  

group .  

Pseudomelania ? s p .  i n d e t .  
( a   g a s t r o p o d )  

"P te roce ra"?  s p ,  i n d e t  
( a   g a s t r o p o d )  

Ostrea sp .  i n d e t .  

Pec ten  ( E n t o l i u m )  sp .  i n d e t .  

Mvtilus sp.  i n d e t .  

A c c o r d i n g   t o   J e l e t z k v   t h e   c o l l e c t i o n   " c a n n o t   b e   d a t e d   b e y o n d  a 
- ? s p .  i n d e t .  

t e n t a t i v e   s u g g e s t i o n   t h a t '  i t s  gas t ropods   and   pe lecypods  show some 
s i m i l a r i t y  w i t h  t hose   o f   t he   undesc r ibed  mid Lower Cre taceous   (Bar -  
remian  o r  ? A p t i a n )   f a u n a s o f t h e   Q u a t s i n o   S o u n d ,   V a n c o u v e r   I s l a n d . "  

J e l e t z k y   i d e n t i f i e d  a f o s s i l   f o u n d   a p p r o x i m a t e l y  1% mi le s   due  
n o r t h  of t h e  m o u t h  of   Br idae   River  i n  Member AI11 (F15) a s :  

T h i s  ammonite " i s   c h a r a c t e r i s t i c o f t h e   A p t i a n   r o c k s  (so c a l l e d  
A n c y l o c e r a s   ( H e l i c a n c v l u s )   c f .   a e q u i c o s t a t u m  Gabb 

Alderson and  Argonaut  zones  of Anderson, 1930,  G.S.A.  Sp.  Paper 16, 
p. 65-66, t a b l e  2 ) .  The s t a t e  of p re se rva t ion   o f   t he   on ly   spec imen  
a v a i l a b l e   i s ,   h o w e v e r ,   t o o   p o o r  t o  exc lude  i t s  r e f e r e n c e  t o  o t h e r   a l -  



i n  C a l i f o r n i a   a n d   e l s e w h e r e .   T h e  writer p r e f e r s   t h e r e f o r e  t o  d a t e  
l i ed   fo rms   o f   Ancv loce ras ,   wh ich   r ange  down i n t o  Upper Barremian  rocks 

the l o t  here d i s c u s s e d   a s   o f  Upper Barremian (?)  o r   A p t i a n   a g e   i n  
terms o f   t h e   i n t e r n a t i o n a l   s t a n d a r d   s t a g e s .  

Lower Cre t aceous   age   have   been   knownfor  some time  from the r o c k s   o f  
"In B r i t i s h  C o l u m b i a ,   f a u n a s   o f   s i m i l a r   a n d   s l i g h t l y   o l d e r   m i d  

the J a c k a s s   h l o u n t a i n   g r o u p o f t h e   A s h c r o f t   a r e a  (see Duf fe l l   and  SIC- 
Taggar t ,   1952,   pp .  48-52) and  from the Dewdney Creek  group of the 
P r i n c e t o n   a r e a  (see Rice ,  1947, p.18-19)"  

a n   e l e v a t i o n  of  1,700 f e e t ,   a p p r o x i m a t e l y  1% miles n o r t h e a s t  of the 
A f o s s i l   c o l l e c t e d o n t h e   s o u t h   s l o p e o f  the Camelsfoot   Range.at  

m o u t h  o f  the  B r i d g e   R i v e r   ( F l 6 )   w a s   i d e n t i f i e d   b y   J e l e t z k y   a s :  

He s t a t e s :   " T h i s   b e l e m n i t e   g e n u s   i s r e s t r i c t e d  t o  t h e   e a r l y  mid 
Lower C r e t a c e o u s   r o c k s  n o t  o l d e r   t h a n t h e B e r r i a s i a n   ( = I n f r a v a l a n g i n -  
i an )   and   no t   younger   t han  the Barremian   s tages  o f  the i n t e r n a t i o n a l  

N o r t h   A m e r i c a   o r   i n   E u r a s i a . "  
s t a n d a r d .  I t  i s  n o t  known t o  r a n g e   i n t o  the A p t i a n   s t a g e  e i ther  i n  

s i d e   o f  the  F r a s e r   R i v e r   o p p o s i t e   t h e   m o u t h   o f   F o u n t a i n   C r e e k   ( F 1 7 )  
An " i n d e t e r m i n a t e   ( p h y l l o c e r a t i d ? )   a m m o n i t e "   f o u n d  on t h e   n o r t h  

" c a n   o n l y   b e   d a t e d   a s o f t h e   g e n e r a l   J u r a s s i c  or Cre t aceous   age"   bu t  
i n d i c a t e s  a mar ine   envi ronment .  

A c r o t e u t h i s   s p .   i n d e t .  

SPENCES  BRIDGE  GROUP 

1. INTRODUCTION 

between t h e   s o u t h e a s t e r n  e x t r e m i t y  of  the  map a r e a  and the s l o p e s  
A b e l t o f   i n t e r c a l a t e d  v o l c a n i c  and sed imentary  r o c k s  i s  exposed 

n o r t h   o f  McKay Creek .  Dawson inc luded  these r o c k s  w i t h  h is  "lower 
Volcanic   group"  which he cons ide red   t o   be   Miocene .   Drysda le   (1914)  
renamed this   group  Spences  Bridge  group,   and  F.K.   Knowlton  regarded 
p l a n t   f o s s i l s   f o u n d   b y   D r y s d a l e   t o b e L o w e r   C r e t a c e o u s   b u t  w i t h  Jur- 

made  by Duffel l   and  McTaggart  t o  t h e  ear ly  Upper Lower Cretaceolrs  
a s s i c   a f f i n i t i e s .  Bell r e f e r r e d   t h e  same f o s s i l s   a n d n e w   c o l l e c t i o n s  

show t h a t  some of  the r o c k s  are l a t e  Lower Cre t aceous   (A lb ian )   and  
( A p t i a n   s t a g e ) .  New f o s s i l s   f o u n d   d u r i n g  the p r e s e n t   i n v e s t i g a t i o n  

t h e r e f o r e   c o r r e l a t i v e  w i t h  t h e  Kingsva le   g roup .   Consequent ly  t h e  
v o l c a n i c   r o c k s   h a v e   b e e n   s u b d i v i d e d   i n t o   s e v e r a l  u n i t s .  Some u n i t s  

K i n g s v a l e   g r o u p .   T h e   a g e   a n d   c o r r e l a t i o n   o f   s e v e r a l  u n i t s  i s o l a t e d  
h a v e   b e e n   c o r r e l a t e d  w i t h  t h e   S p e n c e s   B r i d g e   g r o u p ,   o t h e r s  w i t h  t h e  

by f a u l t i n g   a r e  unknown. 

LOWER  DIVISION 

A. nASAL MEMBER 

Between S a l l u s  Creek andGibbs   Creek   a r e   two   i so l a t ed   sma l l   a r eas  
u n d e r l a i n  by v o l c a n i c   r o c k s .  

The n o r t h e r n   o u t c r o p s ,   l o c a t e d   a p p r o x i m a t e l y  1% miles n o r t h  of 
G i b b s   C r e e k ,   c o n s i s t o f a p h a n i t i c a n d   a p h a n i t i c - p o r p h y r i t i c   a n d e s i t e ,  
of a n d e s i t i c   f l o w - b r e c c i a ,   t u f f   a n d   d a c i t e .  A l a y e r  of t u f f   c o n t a i n s  
r e m n a n t s   o f   p l a n t  stems. The   contac ts   be tween two f l o w s   d i p  70 de- 
g r e e s   t o  the n o r t h e a s t .  

i s  made up  of p o r p h y r i t i c   d a c i t e .  In the e a s t e r n  h a l f  o f  the a r e a  
The o t h e r  a r e a ,   s i t u a t e d   a b o u t  one-ha l f  mile t o  the s o u t h e a s t .  
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the  d a c i t e   w e a t h e r s   r e d d i s h  brown  and l o c a l l y  shows f ine  f l o w   l a y e r -  
i n g   a n d   p a r a l l e l   o r i e n t a t i o n   o f   p l a g i o c l a s e   p h e n o c r y s t s .  Some of  

d a c i t e  i s  u n i f o r m l y   g r e e n i s h   g r e y   a n d   c o n t a i n s   c o a r s e   p h e n o c r y s t s .  
t h e s e   f l o w   l a y e r s  show s t r o n g   c o n t o r t i o n s .  In t h e   w e s t e r n   h a l f  the 

g e n e r a l l y   h a v e   c o n s t a n t   a t t i t u d e s   o v e r   s e v e r a l   h u n d r e d   f e e t ;   b u t  i n  
I n  a f e w   l o c a l i t i e s t h e   p l a g i o c l a s e   p h e n o c r y s t s   f o r m   f l o w   l a y e r s   t h a t  

o n e   p l a c e  a t i g h t   a n t i c l i n e  of f l o w   l a y e r s ,   a b o u t  2 feet  a c r o s s  was 
seen. The   -d ips   o f   t he   f l ow  l aye r s   r ange   f rom 80 d e g r e e s   t o   2 5   d e -  
g r e e s  and t h e   s t r i k e s   f r o m   n o r t h e a s t   t o  northwest. 

i n a n t l y  of p l a g i o c l a s e ,  and c h l o r i t i z e d   p a l a g o n i t e   o r   c h l o r -  
A s p e c i m e n   o f t h e g r e y   p o r p h y r i t i c   d a c i t e c o n s i s t s  dom- 

o p h a e i t e .   a n d   c o n t a i n s   a p p r o x i m a t e l y  10 p e r   c e n t   o f   q u a r t z ,  

b i o t i t e ,   a n d   a p a t i t e .  M o s t   o f   t h e   p h e n o c r y s t s   a r e   p l a g i o -  
1 5 p e r   c e n t   o f   c h l o r i t e ,   a n d   s m a l l   p o r p o r t i o n s   o f   " i r o n   o r e " ,  

c l a s e .   b u t a  few c o n s i s t   o f   q u a r t z  or b i o t i t e .  A g r a i n   o f  
p l a g i o c l a s e   s h o w i n g   o s c i l l a t o r y   n o r m a l   z o n i n g  has  an  ap- 

m a r g i n .   B o t h   p l a g i o c l a s e   a n d   q u a r t z   p h e n o c r y s t s   i n c l u d e  
proximate   composi t ion   o f  An42 i n  the co re   and  An30 a t  the  

f i n e   g r a i n e d   m i n e r a l s   o f t h e   g r o u n d m a s s .   T h e   q u a r t z   p h e n o -  
c r y s t s   a r e   s u r r o u n d e d   b y   r i m s o f f e l d s p a t h i c   m a t e r i a l ,   a n d  

No f l o w   s t r u c t u r e s   a r e   a p p a r e n t   i n  the r o c k .  
some i n c l u d e   p l a g i o c l a s e   c r y s t a l s  o f  i n t e r m e d i a t e  s ize .  

g r a p h y a n d   s t r u c t u r e   s u g g e s t   t h a t t h e y   o v e r l i e   D i v i s i o n   I o f   t h e   P a v i l -  
T h e   c o n t a c t s  of  t h e s e   v o l c a n i c   r o c k s   a r e   n o t   e x p o s e d   b u t   t o p o -  

a r e a   r e m n a n t s   o f  a b r e c c i a ,  one t o  a f e w   i n c h e s   t h i c k   w e r e   s e e n   t o  
i o n  group  unconformably.   Near  t h e  margin  of  the s o u t h e r n   o u t c r o p  

o v e r l i e   b e d r o c k   o f . c h e r t   a n d   a r g i l l i t e .   T h e   b r e c c i a  i s  composed  of 

a n d   t r a v e r s e d   b y   v e i n l e t s  o f  q u a r t z .  I t  p r o b a b l y   o r i g i n a t e d  on the 
t h e  same  rock  types (chert  and a r g i l l i t e ) .   c e m e n t e d   b y   c a r b o n a t e ,  

Lower Cre t aceo1 . t~   e ros ion  surface a n d   l o c a l l y   m d e r l i e s  t he  v o l c a n i c  
f l o w s ,  

Accord inpto   Duffe l1   and   b lcTaggar t  the  Spences   Br idge   group lo- 
c a l l y  r e s t s  unconfo rmab lyon the   Cache  Creek g r o u p   ( p . 5 4 ) .   T h e r e f o r e  

Br idge   group.  
t h e s e   r o c k s  are though t  t o  r e p r e s e n t   t h e   b a s a l   u n i t   o f   t h e   S p e n c e s  

R. GIRRS CREEK  ASSEMBLAGE 

1. DISTRIBUTION  AND  THICKNESS 

T h e   u n i t '   u n d e r l i e s  t.he r i d p e   s o u t h   o f G i b b s   C r e e k   a n d  small a r -  
e a s   n o r t h   o f   t h a t   c r e e k .  I t  has   been   subd iv ided   i n to   t h ree   members .  
The  base  of  A ,  the lowes t  member, i s  no t   exposed .  It  has  a m i n i m u m  

Member B i s  approx ima te ly  700 f e e t   t h i c k   b u t  i t  t h i n s   t o   t h e   s o u t h  
t h i c k n e s s   o f  200 f ee t .  On the  s l o p e   i m m e d i a t e l y   s o u t h   o f G i b b s  Creek 

and   d i sappea r s   abou t  1 mile south  of   Gibbs  Creek.   The t o p  o f  Member 
C has   been   removed  by   e ros ion;  i t s  minimum t h i c k n e s s  i s  500 f e e t .  

2. LITHOLOGY 

.?IPmhur A 

MemberA i s  v e r y   u n i f o r m   c o n s i s t i n g   o n l y   o f   d a r k   g r e y   o r   g r e e n i s h  
w e a t h e r i n g   p o r p h y r i t i c   a n d e s i t e w i t h m e d i u m -   t o   c o a r s e - g r a i n e d   p h e n o -  

g i t e .  No d i r e c t i o n a l  textures were seen. 
c r y s t s  o f  p l a g i o c l a s e   a n d  medium- t o   f i n e - g r a i n e d   p h e n o c r y s t s o f a u -  
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p l a g i o c l a s e  phenoc rys t s ,   r ang ing   approx ima te ly  from 2 milli- 
About 50 p e r   c e n t  of a t yp ica l   spec imen  c o n s i s t s  of 

meters t o  .1 m i l l i m e t e r  i n  s ize .  The   p lag ioc lase .   complex-  
ly   twinned   and   zoned .   ranges   f rom  in te rmedia te   o l igoc lase  
t o   c a l c i c   a n d e s i n e .  The   minera l  is  much a l t e r e d   a n d h a s i n -  

a u g i t e  form a s m a l l e r   f r a c t i o n  o f  the  phenocrys ts .   The  
c l u s i o n s  of ser ic i te .  c a r b o n a t e ;   a n d c h l o r i t e .   C r y s t a l s  of 

aug i t e   has   anapprox ima te   compos i t ion   o fCaq lMg48Fe l l .   ( ny  
= 1 .684) .   The   mine ra l  i s  p a r t l y   t o   c o m p l e t e l y   r e p l a c e d   b y  

g r a i n e d   p l a g i o c l a s e   m i c r o l i t e s   a n d   s m a l l   a m o u n t s  of ch lo-  
c h l o r i t e .  The   groundmass   cons is t s   mos t ly  of v e r y   f i n e -  

b y   c h l o r i t e   a n d   f i l l e d   b y   q u a r t z   a n d   c a r b o n a t e .  Clots o f  
r i t e ,   " i r o n  ore*'. a u g i t e ,   a n d   q u a r t z .   C a v i t i e s   a r e   l i n e d  

a n   e x t r e m e l y   f i n e - g r a i n e d   m i n e r a l   o f h i g h   b i r e f r i n g e n c e a m i  
h i g h   r e l i e f   a r e   d i s p e r s e d   t h r o u g h   t h e   r o c k .   T h e   m i n e r a l  
i s  p o s s i b l y  a c a r b o n a t e .  

v o l c a n i c   f l o w s .  I t s  c o m p o s i t i o n   v a r i e s  w i t h i n  s m a l l   a r e a s   a n d   t h e  
Member B i s  composed  of   sedimentary  and  pyroclast ic   beds  and of  

c o n t a c t s  w i t h  t h e u n d e r l y i n g   a n d o v e r l y i n g  rocks a r e   m o s t l y   g r a d a t i o n -  
a l .  

Creek, p a r t i c u l a r l y  i n  t h e   n o r t h e a s t e r n   p a r t  of  t h e  a r e a .  A s e c t i o n  
The   s ed imen ta ry   rocks   a r e  most abundant  i n  t h e   v i c i n i t y   o f G i b b s  

h e r e   c o n t a i n s   a p p r o x i m a t e l y  450 f e e t  of s a n d s t o n e ,   s i l t s t o n e ,   s i l t y  
a r g i l l i t e ,  and  conglomerate .  

I n t e r c a l a t e d   v o l c a n i c   f l o w   r o c k s   r a n g e  from a n d e s i t e   t o   r h y o l i t e  
i n  composi t ion .   L ight   co loured   f low  rocks   form  conspicuous  c l i f f s  
around the r i d g e   s o u t h o f G i b b s   C r e e k   a n d   m a r k  the upper   boundary of 
h1emberB.A  few  specimens  examined  in   thin-sect ion  have the composi- 
t i o n  of d a c i t e .   q u a r t z - l a t i t e ,   a n d   r h y o l i t e .   T h e y   a l l   a r e   v e r y   p o o r  
i n   b i o t i t e ,   c h l o r i t e ,  and   " i ron  ore" a n d   c o n t a i n  10 pe r  cent  or more 
o r   q u a r t z   w h i c h  i n  some spec imens   forms   phenocrys ts  or micropheno- 
c r y s t s .   S i g n i f i c a n t   m i n e r a l o g i c a l   d i f f e r e n c e s  exis t  o n l y i n t h e  com- 
p o s i t i o n  o f  the  f e l d s p a r .   T h e   d a c i t e   c o n t a i n s   p l a g i o c l a s e   i n   z o n e d  

o f  o l i g o c l a s e .  The q u a r t z - l a t i t e   c o n t a i n s   s o d i c   o l i g o c l a s e a n d p o t a s -  
p h e n o c r y s t s   r a n g i n g   f r o m   o l i g o c l a s e   t o   c a l c i c   a n d e s i n e a n d m i c r o l i t e s  

s i c  f e l d s p a r w h i c h   b o t h   f o r m m i c r o p h e n o c r y s t s .   T h e   r h y o l i t e   h a s p h e n o -  

p o t a s s i c   f e l d s p a r .  The   rock   fo rmsa f low  b recc ia   and   shows   unde r   t he  
crysts  of s o d i c   a n d e s i n e   a n d  a groundmass cons is t ing  dominant ly  of 

m i c r o s c o p e a   s p h e r u l i t i c   t e x t u r e .   N o s t  of t h e   s p h e r u l i t e s   a r e   m a d e u p  
o f  r a d i a t i n g   f i b r e s   b u t  one shows c o n c e n t r i c   d i f f e r e n t i a t i o n .  

The   andes i t e s   o f  hlember B resemble  the ones  found i n  the hlembers 
A and C.  

P y r o c l a s t i c   r o c k s   a r e   w i d e l y   d i s t r i b u t e d   b u t   f o r m   o n l y  a small 
p r o p o r t i o n  of t h e   t o t a l   a s s e m b l a g e .  

A t u f f   f r o m  the n o r t h   s i d e o f t h e  lower p a r t  o f  Gibbs  
Creek w e a t h e r s   l i g h t   g r e y i s h   g r e e n b u t   c o n t a i n s   d a r k   f r a g -  
ments t h a t   a r e  up t o  5 millimeters long .  I t  c o n s i s t s   o f  
a p p r o x i m a t e l y 5 0   p e r   c e n t  of l a r g e   p a r t l y   b r o k e n   c r y s t a l s o f  
p l a g i o c l a s e   t h a t   h a v e   t h e   a p p e a r a n c e   o f   p h e n o c r y s t s .   T h e y  

A g r a i n   e x h i b i t i n g   t h e   t y p i c a l   o s c i l l a t o r y   z o n i n g i s   s o d i c  
show complex twinning   and   in  many i n s t a n c e s   f i n e   z o n i n g .  

margin .  Some g r a i n s   h a v e   a b u n d a n t   i n c l u s i o n s o f r e l a t i v e l y  
l a b r a d o r i t e  i n  the  c o r e   a n d   s o d i c   a n d e s i n e   a t   t h e   o u t e r  
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of  crystals  are of clinopyroxene. Lithic fragments con- 
coarse-grained apatite and of "iron ore." A small  number 

stitute a little  less than  half of  the  rock. Most of them 
are  from  volcanic  rocks of intermediate composition but sane 
a r e f m  metamorphic rocks, including  carbonaceous  siltstone 
and  fine-grained meta-quartzite, 

Crystals and lithic  fragments  are embedded in amatrix 
of  glass  shards and  dust-like glassy  matter.  Cavities  are 

carbonate. 
filled with  radiating  or felted aggregatesof  chlorite and 

M w n b w  C 

Member C consists  mostly of  porphyritic  andesite,  less  dacite. 
and a small proportion o f  intercalated  sandstone and siltstone. 

The  andesite is uniform in composition  and texture. It  is dark 
grey,  porphyritic, and lacking in flow structures. The phenocrysts 
in  the  order of  their abundance  are  plagioclase,  clinopyroxene, and 
hornblende.  The  plagioclase  is twinned  and zoned and ranges in com- 

have a spongy or  skeletal  structure and contain  inclusions of seri- 
position from intermediate  oligoclaseto  calcic  andesine.  Some  grains 

cite,  carbonate,  chlorite, and volcanic  glass.  The  clinopyroxene, 

birefringence around the  margins. The composition of the  minerals 
partly  replaced by chlorite,  is  twinned.  Some  grains  have a lower 

lie in  the  boundary  field  of  augite,  endiopside, and diopside (n = 
1.6875. 2v = 53.5O; Fel3Caqq Ilg auaite; n = 1.6755. 2v = 4qoq 
Fe6Ca38Sfg56, endiopside;ny = 1 . 8 3 . 2 ~  540. JelO~aqq~gq6, augite). 

The groundmass i s  very  fine  grained and consists  dominantly  of 
oligoclase  microlites with minor "iron ore"and chlorite.  Other  mafic 
minerals and glassy  matter maybe present but are difficult to identi- 
fy. Some  rocks  containa low percentageof quartz. Apatite  is a  com- 
mon  accessory. 

The  rocks  aredominantly  alteredby  carbonate and chlorite.Veins 
are filled with  quartz,  carbonate, and zeolites (too fine grained and 
too  scarce for further identification). 

3. STRUCTURE,  CORRELATION, MODE OF ORIGIN 

The  rocks  dip uniformly at  moderate  angles  to  the  northwest. 
To  the  west they are inferred to  be in fault  contact  with  the  Foun- 
tain  Valley  assemblage (see below). Unless  the unit is separated 
from  the rockstothe north bya concealed  fault, Member A i s  correla- 

to  rest unconformably  on  a Lower Cretaceous land surface. The prob- 
tive  with  the basal memberof  the Spences  Bridge group  which  appears 

lem of  correlationhasnot  been solved. Neither  has  evidence for such 
a fault been obtained  norhave  underlying  rocksofthe  Pavilion  group 
been  observed south of Gibbs  Creek.  Perhaps  the  Lower  Cretaceous 
erosion surface  sloped down  to the  south. The  unit  is  tentatively 
referred  to  the lower division of the  Spences  Bridge  group. 

UPPER DIVISION 

1. DISTRIBUTION 

The  rocks  referred  to  the  uppermost part of the  Spences  Bridge 
group  are exposed  on the  west  side  of  the  Fraser  River  between the 
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mouth   o f   Lee   Creek   and   t he   s lopes   no r th   o f  McKay Creek .  South of 
Leon C r e e k   t h e y   a r e   c o n c e a l e d  by ove rburden   and   ove r ly ing   midd le  or 

mos t ly  unknown their  t h i c k n e s s  i s  u n c e r t a i n .  
l a t e   T e r t i a r y   o l i v i n e   b a s a l t s .  As the s t r u c t r l r e   o f   t h e s e   r o c k s  i s  

2. LITHOLOGY 

The u n i t   c o n s i s t s   m o s t l y o f a n d e s i t e ;   b a s a l t ,   r h y o l i t e ,   a n d   t u f f  
a r e  less  common. 

T h e   a n d e s i t e s  are g r e y   o r   r e d   a n d   a p h a n i t i c o r   a p h a n i t i c - p o r p h y -  
r i t i c .  The   phenoc rys t s   a r e   o f  f iner  g r a i n   t h a n  i n  the  Gibhs  Creek 
assemblage.   Flow structures a r e   r a r e .  

sections c r y s t a l s  o f  c l inopyroxene .   ho rnb lende ,  or b i o t i t e   o r   t h e i r  
T h e   p h e n o c r y s t s   c o n s i s t   m o s t l y   o f   p l a g i o c l a s e   b u t i n  some t h i n -  

a l t e r e d   e q u i v a l e n t s   a r e   p r e s e n t .   I n s o m e   r o c k s   t r a n s i t i o n a l t o d a c i t e .  
a few o f  the p h e n o c r y s t s   a r e   o f   q u a r t z .  

few p e r  c e n t  o f   " i ron   o re" .   and   va ry ing   amoun t s   o f   g l a s s .  
T h e   g r o u n d m a s s   c o n s i s t s   d o m i n a n t l y   o f p l a g i o c l a s e   m i c r o l i t e s .  a 

I n  most s p e c i m e n s   t h e p l a g i o c l a s e i s   c a l c i c   a n d e s i n e o r   a n d e s i n e -  
l a b r a d o r i t e   z o n e d   o v e r  a n a r r o w   r a n g e .   P l a g i o c l a s e   p h e n o c r y s t s   a r e  
mos t ly   tw inned ;  the  g r o u n d m a s s   m i c r o l i t e s   a r e  i n  par t   un twinned .   The  
m i n e r a l  i s  r e p l a c e d   b y   c a r b o n a t e ,   s e r i c i t e ,   a n d a n   u n i d e n t i f i e d  zeo- 
l i t e .  T h e   m a f i c   p h e n o c r y s t s   a r e   p a r t l y  or comple t e ly   r ep laced   by  
c h l o r i t e ,  " i r o n  o re" ,   and   cha lcedony .   O the r   mine ra l s   p re sen t  a s  a l -  
t e r a t i o n  o r  c a v i t y   f i l l i n g   a r e   p r e h n i t e .   c h a l c e d o n y ,   a n d   z e o l i t e s .  

The textures a r e   i n t e r g r a n u l a r ,   t r a c h y t i c ,  o r  h y a l o p h i t i c .  Some 
s p e c i m e n s   a r e   f l o w   b r e c c i a s .  

i t i c ,  a n d   v e s i c u l a r .   M a c r o s c o p i c a l l y  i t  c a n   h a r d l y   b e   d i s -  
A t y p i c a l   s p e c i m e n   o f   b a s a l t  is  brownish  grey,   aphan-  

t i ngu i shed   f rom the a n d e s i t e s   o f  the u n i t .  A t h i n - s e c t i o n  

m a i n d e r   c o n s i s t s   d o m i n a n t l y o f   c l i n o p y r o x e n e a n d  some " i r o n  
c o n t a i n s   a p p r o x i m a t e l y  80 pe r  cent o f   p l a g i o c l a s e :   t h e  re- 

o r e " .   T h e   p l a g i o c l a s e  i s  euhedra l  or subhedra l   and  forms 
l a t h - l i k e   c r y s t a l s .  I t  i s  twinned  and  shows f ine  zoning ,  
the  composi t ion  ranging  f rom An45 t o  An70.  The c l inopyroxene  

c o m p o s i t i o n o f t h e   l a r g e r   g r a i n s  was de t e rminedas   Fe7   Ca43  
i s  euhedra l ,   subhedra l .   o r   anhedra l   and   pa r t ly   zoned .  The 

Mg50, e n d i o p s i d e   ( n y  = 1.679.   2v = 53' 1. 

i t i c ,  and   lack ing  i n  f l o w  structures. The  phenocrysts  are 
A s p e c i m e n o f   r h y o l i t e  is l i g h t  buff, porphyri t ic-aphan-  

up t o 2 m i l l i m e t e r s   l o n g   a n d   c o n s i s t   o f   p l a g i o c l a s e ,   a n d e -  

a n d e s i n e  i s  c l e a r ,   u n t w i n n e d .   f r a c t u r e d ,   a n d   i n c l u d e s  
s i n e ,   q u a r t z ,   a n d  a f e w   s m a l l e r   c r y s t a l s   o f   b i o t i t e .   T h e  

q u a r t z ,   b i o t i t e ,  a n d   p l a g i o c l a s e   c r y s t a l s  of f i n e   t o i n t e r -  
med ia t e  s ize .  The   p lag ioc lase   has   an   approximate   com,pos i -  
t i o n   o f  An33, Most g r a i n s   a r e   t w i n n e d .  The p l a g i o c l a s e  
has i n c l u s i o n s   o f   s e r i c i t e   a n d   g l a s s  and one g r a i n  i s  re- 

g r a i n s   h a v e  a spongy s t ruc ture .  The q u a r t z  i s  rounded  and 
placed  by a z e o l i t e   w h i c h  i s  p o s s i b l y   l a u m o n t i t e .  Some 

rimmed  by f i b r o u s   i n t e r g r o w t h s o f   f e l d s p a r   a n d   s i l i c a   t h a t  
embayed  by  minerals  of the g r o u n d m a s s .   T h e   c r y s t a l s   a r e  

a r e   o r i e n t e d   a p p r o x i m a t e l y   p e r p e n d i c u l a r t o  the f a c e s .  The 
groundmassconsistsdominantly o f f i b r o u s p a r t l y   s p h e r u l i t i c  

a n d   s m a l l   a m o u n t s o f   b i o t i t e .   A p a t i t e   a n d   " i r o n   o r e "   o c c u r  
i n t e r g r o w t h s   o f   s i l i c a   a n d   p o t a s s i c   f e l d s p a r ,   o f   q u a r t z ,  

a s   a c c e s s o r i e s .  
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3. STRUCTURE, AGE,  CORRELATION 

Near t h e  mouth of Slok  Creek  the rocks d i p a t  low a n g l e s  t o  the 

a r e   i n f e r r e d  t o  be i n  f a u l t   c o n t a c t  w i t h  t he   J ackass   Moun ta in   g roup  
s o u t h e a s t  and   s eemto   unde r l i e   t he   K ingsva le  g r o u p .  To t h e   w e s t  they 

and t o  the e a s t  w i t h  the  Cache  Creek  group.  

l y  i s  A p t i a n .  
As t h e  u n i t  u n d e r l i e s   s e d i m e n t a r y   r o c k s o f   A l b i a n   a g e  it probab- 

KINGSVALE GROUP 

1. DISTRIBUTION AND THICKNESS 

River about  1% m i l e s  n o r t h o f  Glen F r a s e r   f o r m e r l y  inc luded  w i t h  t h e  
Sedimentary  and v o l c a n i c   r o c k s  on t h e   e a s t  s i d e  of t h e   F r a s e r  

Spences   Br idge   g roup   a r e  now c o r r e l a t e d  w i t h  t he   K ingsva le  c roup .  
The rocks  have  been  subdivided i n t o  two d i v i s i o n s , A  and B.  D iv i s ion  
A i s  approx ima te ly  700 f e e t  t h i c k .  A l though   t he   t op  of B has  been 
removed by eros ion ,   more  t h a n  700 f e e t   o f   v o l c a n i c   r o c k s   a r e  s t i l l  
p re sen t   (Re inecke .   1912 .  p.  1 2 ) .  

2. LITHOLOGY 

Dizisio,?. A 

Div i s ion  A c o n s i s t s   d o m i n a n t l y  of v o l c a n i c   a r e n i t e   t h a t   g r a d e s  

haps   one - th i rd  of t h e   s e q u e n c e ;   s i l t s t o n e  i s  c o m p a r a t i v e l y   r a r e .  
i n t o  b o t h   p e b b l e   c o n g l o m e r a t e   a n d s i l t s t o n e .   C o n g l o m e r a t e   f o r m s   p e r -  

Most o f   t h e   v o l c a n i c   a r e n i t e i s   g r e y  b u t  some beds   a r e   r ed .   The  
r o c k s   c o n s i s t   d o m i n a n t l y  of v o l c a n i c   f r a g m e n t s ,  of l e s s   t h a n  50 pe r  

t i t e .  The l i t h i c   f r a g m e n t s   a r e   m o s t l y   a n d e s i t i c i n c o m p o s i t i o n ;  some 
c e n t  of p l a g i o c l a s e  and  small   amounts  of  quartz.  " i r o n  ore".   and h i o -  

a r e   b a s a l t i c  and f e l s i t i c .  Where the g r a i n s   a r e   n o t   r e p l a c e d  by t h e  
groundmass   they   a re   subrounded  to   rounded .  I n  one   spec imen  ne i ther  
c a r b o n a t e  n o r  " i r o n  oxide"  n o r  q u a r t z   c a n b e d e t e c t e d   a s   c e m e n t .  An- 
o t h e r   s p e c i m e n   c o n t a i n s   a p p r o x i m a t e l y 5 0 p e r   c e n t   o f   r u s t y   w e a t h e r i n g  
c a r b o n a t e   a s   m a t r i x .   P e r h a p s   t h e   c a r b o n a t e  was in t roduced  by hydro- 
t he rma l   so lu t ions   and   has   r ep laced  some o f t h e   s e d i m e n t a r y   m a t e r i a l .  

Most r o c k s   a r e   w e l l   b e d d e d   a n d   s i z e - s o r t e d .   L o c a l l y   t h e   " i r o n  
0 r e " i s   c o n c e n t r a t e d  i n  t h i n  laminae.  I n  some l o c a l i t i e s   g r a d e d   b e d -  
ding  and  cross-bedding  can  be  observed.  

A cobb le  c o n g l o m e r a t e o n   t h e   e a s t   s i d e o f t h e   F r a s e r   R i v e r ,   n e a r  
t h e   h i d d e n   c o n t a c t  w i t h  the   Spences   Br idge   group,   cons is t s   dominant ly  
o f   v o l c a n i c   r o u n d s t o n e s   b u t   a l s o   c o n t a i n s  some g r a n i t i c   c o b b l e s .  

Diuisiox C 

c i t e ,  and s e v e r a l  t h i n  l a y e r s  of t u f f a c e o u s  and  sedimentary  rocks.  
D i v i s i o n  B c o n s i s t s   d o m i n a n t l y   o f   a n d e s i t e ,  a  few  flows  of  da- 

t h e   r o c k s   a r e   a p h a n i t i c - p o r p h y r i t i c   b u t  some a r e   a p h a n i t i c .  
The a n d e s i t e  i s  d a r k   g r e y ,   l i g h t   g r e y ,  or red-brown. Most of  

r a n g e s   i n c o m p o s i t i o n   f r o m   i n t e r m e d i a t e   a n d e s i n e t o   i n t e r m e d i a t e   l a b -  
Most Of the   phenoc rys t s   a r e   tw inned   and   zoned   p l ag ioc la se   t ha t  

r a d o r i t e ;  the ave rage  composi t ion seems t o  b e   c a l c i c   a n d e s i n e .  Some 
r o c k s   a l s o   c o n t a i n   p h e n o c r y s t s  of oxyhornblende .  I n  the   g roundmass .  
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which is inmost specimens  very  fine  grained,  abundant  microlites  of 
plagioclase and a few per cent of "iron ore"  can be recognized.  Mafic 
silicates, too fine grained for  identification, and volcanic  glass 
are  present in small amounts.  Apatite  occurs a s  an accessory.  Light 
coloured  rocks  that  are  transitional  to  dacite  contain fine-grained 
quartz in the  groundmass.  The  rocks  are altered hy sericite.  chlor- 
ite, and carbonate. 

A specimenofdaciteis  porphyritic-aphanitic and contains elon- 
Some  specimens  have a trachytic texture. 

iilicroscopic examination shows that  the amphibole is 
oxyhornblende. In the  groundmass a few micro-phenocrystsof 
plagioclase, lath-like plagioclase  microlites. a small frac- 
tion of "iron  ore", and very fine-grained interstitial 
quartz  canheidentified.The  microlites are sodic andesine; 
the  micro-phenocrysts  are  zoned and range in composition 
from sodic to  calcic  andesine. 

gate  prisms  of  amphibole in a light greenish grey  groundmass. 

3. STRUCTURE 

The  contact  of  Division A  with the  Spences  Bridge  group  is not 
exposed.  The  presence  of  cobble  conglomerate  near  the  base  of Divi- 

formably. To the  west  the Kingsvale group is in fault  contact with 
sion  A  suggests.an unconformity.  DivisionB probably overlies A con- 

Pavilion  group and possibly with  rocks  of  the  Spences  Bridge  group 
the  Jackass Rlountain group,  to the  east in fault  contact  with  the 

overlying  the  Cache  Creek group. In the vicinity of  the  fault con- 
tacts  the strata dip steeply,  elsewhere  the  dips  are low tomoderate. 

4. MODE OF ORIGIN, AGE, CORRELATION 

The well-sorted  and generally coarse-grained character  of  the 

the  abundance of  plant matter a continental environment.  Apparently 
sediments of  Division A indicates  deposition by running  water, and 

they were laid down on the flood  plain  of  a  stream that  drained a 
terrain underlain  by  volcanic  rocks,  mostly andesites. 

Plant  fossils found in the lower half of blember A (F18) were 

Menispermites 
identified by  Professor G.E. Rouse as  follows: 

(cf. with Bell (1957). p .  130)) (Alhian-Rlaestrichtian) 
Upper  Blairmore-Whitemud 

Celas.trophyllum (celastrinites?) 
(acutidens) 

(Albian-Basal Eocene) 

Trochodendroides (Cereidiphyllum?) 
(cf. potomacensis) 

Upper  Blairmore 
(Albian) 

Platanus sp. (Albian through Tertiary) 

or: cf. Rlaanoliaephyllum 
cf. Myrtophyllum boreale 

Cissites sp. 
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(Albian-Tertiary) 
(Upper  Cretaceous) 
(Albian of Portugal) 
(Patapsco of Rlaryland) 
(Lower  Cretaceous) 
(Upper Cretaceous o f  

U.S. Rockies) 
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f i v e   o f  the  s i x   s p e c i e s   h a v e   b e e n   r e c o r d e d i n t h e   ( A l b i a n )   K i n g s v a l e  
P ro fes so r   Rouse  s t a t e s  i n  h is  r e p o r t   t h a t   “ f o u r   a n d   p o s s i b l y  

by Bell. b u t   n o n e o f   t h e s e  i s  f o u n d i n  the Spences   Br idge   (Ap t i an )  . . .  
t h e   m a t e r i a l  . . .  i s  younger   t han   Ap t i an   and   hence   younger   t han   t he  
Spences   Br idge   group.”  

D u f f e l l   a n d   h k T a g g a r t   s t a t e   t h a t   t h e   K i n g s v a l e   g r o u p i n  the Ash- 

800 t o  1 , 0 0 0   f e e t   t h i c k   a n d  consists o f a r k o s e ,   g r i t ,   m u d s t o n e ,   c o n -  
c rof t  map a r e a   h a s  a sed imentary  u n i t  a t  i t s  base  which i s  l o c a l l y  

g l o m e r a t e ,   a n d   a r g i l l i t e .   O u t c r o p s o f t h e s e   r o c k s   e x t e n d   f o r 1 6 m i l e s  
a l o n g   N i c o l a   R i v e r .  Many of  the beds  on  N i c o l a   R i v e r   c o n t a i n   f r a g -  
ments   o f  stems and   leaves ,   and  the muds tones   ca r ry   we l l -p re se rved  
p l a n t   f o s s i l s .  One o f   t h e  foss i l s  c o l l e c t e d   n e a r   G l e n   F r a s e r .  m- 
McTaggart. 1952, pp. 57-58), These r e l a t i o n s   s u g g e s t   t h a t   D i v i s i o n  A 
Germites. was a l s o  found i n  the b e l t  on   Nicola   River   (Duffe l l   and  

a t  Glen Frase r   and  the  s e d i m e n t a r y   b e l t  on N i c o l a   R i v e r  are perhaps  
cor re la t ive  a n d m a y   r e p r e s e n t   t h e  same f l o o d   p l a i n .   H o w e v e r ,   a s  these 
are c o n t i n e n t a l   d e p o s i t s o f p o s s i b l y   s m a l l   e x t e n t  the c o r r e l a t i o n  i s  
n o t  c e r t a i n .  

SPENCES  BRIDGE  GROUP OR KINGSVALE  GROUP 

F l o w s   o f   a n d e s i t e   a n d   d a c i t e   w h i c h   c o u l d   b e   a s s i g n e d  e i ther  t o  
the S p e n c e s   B r i d g e o r K i n g w a l e   g r o u p s   a r e e x p o s e d   i m m e d i a t e l y   n o r t h -  
east  o f   G len   F rase r ,  on the east  s i d e   o f  t he  r o a d   t o   P a v i l i o n .  

A s p e c i m e n o f a n d e s i t e   t r a n s i t i o n a l t o b a s a l t   c o n t a i n s  
c o a r s e   p h e n o c r y s t s o f   p l a g i o c l a s e a n d   c o m p l e t e l y   c h l o r i t i z -  
ed   py r ibo le s   and  a ve ry   f i ne -g ra ined   g roundmass  i n  which 

T h e   p l a g i o c l a s e  of t h e   p h e n o c r y s t s   h a s a   s p o n g y   s t r u c t u r e ,  
p l a g i o c l a s e  microli tes a n d   “ i r o n  ore” c a n   b e   i d e n t i f i e d .  

i s  twinned   and   zoned ,   and   ranges in   composi t ion   f rom  ande-  

a re  o f   andes ine - l ab rador i t e .   The   rock   shows   ca rbona te   and  
s i n e - l a b r a d o r i t e  t o  l a b r a d o r i t e - b y t o w n i t e .   T h e  microli tes 

c h l o r i t e   a l t e r a t i o n .  
The d a c i t e   w e a t h e r s   l i g h t   g r e y   a n d f o r m s f l o w   b r e c c i a s  w h i c h  con- 

t w i n n e d ,   z o n e d .   a n d   s t r o n g l y   a l t e r e d ,  of a p y r i b o l e  t h a t  is 
A spec imenhasphenocrys t so fca l c i c  a n d e s i n e   t h a t   a r e  

c o m p l e t e l y   r e p l a c e d   b y   c h l o r i t e   a n d   “ i r o n   o r e “ .   a n d   o f  

h i g h   p r o p o r t i o n  o f  qua r t z  a n d a  low p r o p o r t i o n  of  “ i r o n  ore“ 
q u a r t z .  The   g roundmass   con ta ins   p l ag ioc la se ,  a r e l a t i v e l y  

d a n t .  Some of t h e   p h e n o c r y s t s   a r e   r e p l a c e d   n e a r   c l e a v a g e s  
and c h l o r i t e .   A p a t i t e  i s  r e l a t i v e l y   c o a r s e   g r a i n e d  and abun- 

by a mine ra l  w i t h  a low n e g a t i v e   r e l i e f  and  low h i r e f r i n -  
gence  which i s  e i ther  o r t h o c l a s e  o r  a z e o l i t e .  No o r tho -  
c l a s e   c o u l d   b e   i d e n t i f i e d  i n  the groundmass.  
The o u t c r o p s a r e   s e p a r a t e d   f r o m c l i f f s  of D i v i s i o n  B o f  the   Kings-  

v a l e   g r o u p   b y  an expanse   o f   overburden   about   one-ha l f  mile wide. 
T h e   s t r a t i g r a p h i c   p o s i t i o n   o f  these r o c k s  i s  u n c e r t a i n   b e c a u s e  

t h e   l o c a t i o n o f  the boundary   f au l t   be tween   t he   Pav i l ion   g roup   and   t he  
K i n g s v a l e   g r o u p   i n   t h i s   a r e a  i s  unknown. I f  t h i s  l o n g i t u d i n a l   f a u l t  
i s  n o t   o f f s e t   b y a   t r a n s v e r s e   f a u l t  i t  c o n t i n u e s   u n d e r  the overburden 
i n  t h e   v i c i n i t y o f   t h e   P a v i l i o n   r o a d   a n d   t h e   r o c k s   b e l o n g   t o t h e  low- 

group.   However ,   the   rocks  i n  the  v i c i n i t y   o f  t h e   r o a d  show n o  s i g n s  
er  d i v i s i o n  of the Spences  Bridge  group  which o v e r l i e s  t h e   P a v i l i o n  

o f   a l t e r a t i o n   a n d   s h e a r i n g .  The l o n g i t u d i n a l  f a u l t  may b e   o f f s e t   b y  

t a i n  f r agmen t s  of d a r k   c o l o u r e d   v o l c a n i c   r o c k s .  
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a t r a n s v e r s e   f a u l t   a l o n g  the s o u t h e r n   b o r d e r   o f  the s t o c k  s o u t h  of  

B o f   t h e   K i n p s v a l e   g r o u p ,   T h e   a l t e r n a t i v e s   a r e  shown on F i p u r e  5 .  
P a v i l i o n  i n  w h i c h  c a s e   t h e   v o l c a n i c   r o c k s   w o u l d   b e   p a r t   o f   D i v i s i o n  

FOUNTAIN  VALLEY  ASSEMBLAGE 

1. DISTRIBUTION AND THICKNESS 

The   Founta inVal ley   assemblage   made  up l a r g e l y o f v o l c a n i c   r o c k s ,  
i s  exposed  on  b o t h   s i d e s   o f   t h e   F r a s e r   R i v e r   e a s t . o f F o u n t a i n  Creek. 
I t  h a s   b e e n   s u b d i v i d e d   i n t o  three members, A, B. and C .  The  base  of  
Member A, which i s  in  f a u l t   c o n t a c t  w i t h  the Jackass   Mounta in   g roup ,  
i s  no t   exposed .  Xember A b a s a m i n i m u m   t h i c k n e s s   o f   1 , 2 0 0   f e e t .  Xem- 
b e r  B is l e n t i c u l a r ;  i ts t h i c k n e s s   r a n g e s   f r o m  600 f e e t t o 2 . 5 0 0   f e e t .  
The   uppe r   pa r t   o f  Member C w h i c h  i s  i n   i n f e r r e d   f a u l t   c o n t a c t  w i t h  
t he   G ibbs   Creek   a s semblage  i s  not   exposed .   The  member i s  abou t  1,000 
f e e t  t h i c k .  

2. LITHOLOGY 

Membev A 

Member A c o n s i s t s   m o s t l y o f i n t e r l a y e r e d   f e l s i t i c   a n d   a n d e s i t i c  

G ibbs  Creek a s h o r t  lens o f  cong lomera te  i s  i n t e r c a l a t e d  w i t h  the 
r o c k s .   A b o u t   1 , 0 0 0   f e e t   s o u t h w e s t   o f  t he  l o n g   r a i l r o a d   t u n n e l   n e a r  

v o l c a n i c   f l o w s .  
S u c c e s s i o n s o f a n d e s i t i c   r o c k s   f o r m   u n i t s   a b o u t  100 f ee t  t h i c k ,  

a n d   i n d i v i d u a l   f e l s i t i c   f l o w s   r a n g e  up t o  20 f e e t  i n  t h i c k n e s s .  
The f e l s i t i c   r o c k s   a r e   l i g h t   g r e y   t o b u f f ,   a p h a n i t i c ,  and  lack-  

i n g   i n   f l o w   s t r u c t u r e s .  
A t h i n - s e c t i o n   o f a d a c i t e   c o n s i s t s   m a i n l y o f a n d e s i n e  

m i c r o l i t e s ,  10 t o  15 pe r  cent of quar tz   and   smal l   amounts  
o f   " i r o n   o r e " a n d v o 1 c a n i c   g l a s s .   T h e   m i c r o l i t e s  show sub- 
p a r a l l e l   o r i e n t a t i o n .  The rock i s  a l t e r e d  by   carbonate   and  
c h l o r i t e .  

a n d   r h y o l i t e ;   b u t   t h e   e x a c t   c o m p o s i t i o n  o f  t h e s e   r o c k s   c a n n o t   b e   d e -  
O t h e r   s p e c i m e n s   e x a m i n e d   a r e   p r o b a b l y   l a t i t e   o r   q u a r t z   l a t i t e  

t e rmined   because   o f  their  ex t r eme ly  f i n e  g r a i n  .size. 
A t y p i c a l   s p e c i m e n   o f   a n d e s i t e i s   r e d d i s h b r o w n .   a p h a n i t i c ,  

and  forms a f l o w   b r e c c i a .  I n  t h i n - s e c t i o n  a few mic ro -phenoc rys t s  
o f   p l a g i o c l a s e   a r e   v i s i b l e   i n  a groundmass t h a t  c o n s i s t s   m o s t l y   o f  
m i c r o l i t e s  of  a n d e s i n e .   W i t h i n   s m a l l   a r e a s   o f   t h e   t h i n - s e c t i o n   t h e  
m i c r o l i t e s  show p a r a l l e l   a l i g n m e n t .   I n c o r p o r a t e d   f r a g m e n t s   h a v e   t h e  
same  mineral   composi t ion a s  t h e   m a t r i x   b u t   d i f f e r   i n   g r a i n   s i z e  and 
i n  t h e   o r i e n t a t i o n   o f   t h e   m i c r o l i t e s .   C a v i t i e s   a r e   f i l l e d   b y   v e r y  
f i n e - g r a i n e d   q u a r t z   a n d   c h l o r i t e .   T h e   s e c t i o n  i s  s t a i n e d   b y   " i r o n  
oxide" .  

Member B 

XemberB, a c o n s p i c u o u s ,   c l i f f - f o r m i n g   u n i t ,  i s  made u p o f   a c i d i c  
v o l c a n i c   f l o w s   r a n g i n g   f r o m   d a c i t e   t o   r h y o l i t e .  I t  seems t o  c o n s i s t  
o f  a m u l t i t u d e   o f   f l o w s   b u t  the boundar i e s   be tween   i nd iv idua l   f l ows  
a r e   d i f f i c u l t   t o   d e t e r m i n e .   T h e   r o c k s  are  l i g h t   g r e y  on fresh sur- 

t i c   o r  a p h a n i t i c - p o r p h y r i t i c .  I n  some l o c a l i t i e s  the  p l a g i o c l a s e  
f a c e s  and   r edd i sh  or brownish b u f f   o n w e a t h e r e d   s u r f a c e s  and  aphani-  
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p h e n o c r y s t s   a r e   a l i g n e d   a n d   p r o b a b l y   o r i e n t e d   p a r a l l e l   t o  the  l a y e r -  
i n g   o f  the  f lows .  

s i s t s  of about  30 p e r   c e n t o f p h e n o c r y s t s .   a n d  70 p e r   c e n t  
A t h i n - s e c t i o n  o f a p o r p h y r i t i c - a p h a n i t i c  d a c i t e  con- 

o f  groundmass.  Most  of the p h e n o c r y s t s   a r e o f p l a g i o c l a s e ;  
a few c o n s i s t   o f   b i o t i t e ,   " i r o n  ore" t h a t   h a s   r e p l a c e d   b i o -  
t i t e ,  and   qua r t z :   The   p l ag ioc la se ,  w h i c h  has  the composi- 

c l a s e  phenoc rys t s  show a spongy strlucture which i s  d u e   t o  
t i o n  o f  c a l c i c   a n d e s i n e ,  i s  twinned  and  zoned.  The p l a g i o -  

r ep lacemen t   by   mine ra l s  of the   g roundmass   and   carbonate .  
The b i o t i t e i s   r e p l a c e d   i n w a r d   f r o m  i t s  margins   and   c leav-  
ages .   The   g roundmass   cons i s t s   dominan t ly  o f  l a t h - l i k e  so- 
d i c   o l i g o c l a s e .  About 10 t o  15 per cent o f   t he   g roundmass  
i s  m a d e   u p o f   a n h e d r a l   q u a r t z ,   S m a l l e r   f r a c t i o n s   a r e   f o r m -  
e d   b y   " i r o n   o r e " ,   b i o t i t e ,   a n d   v o l c a n i c   g l a s s .   P o t a s s i c  

m i n e r a l .  
f e l d s p a r  i s  r a r e   o r   a b s e n t .   A p a t i t e   o c c u r s a s   a n   a c c e s s o r y  

l i g h t   g r e y i s h   h u f f   o n f r e s h   s u r f a c e s .  Under the microscope  
A spec imen   o f   rhyo l i t e   wea the r s   b rowni sh   bu f f   and  i s  

f i n e - g r a i n e d   p h e n o c r y s t s o f a n d e s i n e   a n d   q l l a r t z a r e   v i s i b l e  
i n a m i c r o f e l s i t i c   g r o u n d m a s s .  The m i n e r a l s   o f  the  ground- 
m a s s ,   p r o b a b l y   i n t e r g r o w t h s o f   p o t a s s i c   f e l d s p a r a n d   c r i s t o -  
b a l i t e  (? )  a re   f i b rous   and   fo rm  aggrega te s   mos t   o f  w h i c h  
show a r a d i a t i n g   s t r u c t u r e .   U n d u l a t i n g ,   b r e c c i a t e d   f l o w  
l a y e r s  made u p o f   r e l a t i v e l y   f i n e - g r a i n e d a g g r e g a t e s  a l t e r -  
n a t e  w i t h  l a y e r s   o f   c o a r s e r   a g g r e g a t e   s i z e .   F r a c t u r e s  i n  
t h e   s p e c i m e n   a r e   f i l l e d  w i t h  " i ron   ox ide" .  

Member C 

d e s i t e .   a n d e s i t i c   f l o w   b r e c c i a ,   a n d  a few f e e t  o f   l i t h i c   s a n d s t o n e  
Only the l o w e s t   p a r t  of MemberCis  exposed.  I t  c o n s i s t s   o f  an- 

t h a t   c o n t a i n s   s e a m s   o f   p l a n t   m a t t e r .  
A t y p i c a l   a n d e s i t e   s p e c i m e n   f r o m t h e e a s t   s h o r e o f t h e   F r a s -  
er R i v e r   w e a t h e r s   p u r p l e   t o   g r e y i s h   g r e e n .   T h e   r o c k  i s  
a p h a n i t i c - p o r p h y r i t i c   a n d   c o n t a i n s  a sma l l   pe rcen tage  of 

bonate .   The  groundmass i s  made  up d o m i n a n t l y o f m i c r o l i t e s  
p l a g i o c l a s e   p h e n o c r y s t s   t h a t   a r e   l a r g e l y   r e p l a c e d   b y   c a r -  

o f  s o d i c   a n d e s i n e .   a n d   a . f e w   p e r  cent of   " i ron   ore"   and  

T h e   r o c k   c o n t a i n s   v e i n l e t s o f   c a r b o n a t e ,   q u a r t z .   a n d   c h l o r -  
c h l o r i t e .  The microl i tes  show s u b p a r a l l e l   o r i e n t a t i o n ,  

i t e .  

3. STRUCTURE, MODE O F  ORIGIN,  AGE 

The   vo lcan ic   f l ows  s t r ike approx ima te ly   no r th  20 degrees  west 
a n d   d i p  a t  m o d e r a t e t o   s t e e p   a n g l e s t o  t h e  n o r t h e a s t .  A t  o n e   l o c a l i t y  
n e a r  t he  c o n t a c t   o f  the  Alemhers A a n d   B a f e l s i t i c   f l o w o f B   i n c l u d e s  
f r agmen t s   o f  a more   bas ic   rock   probably   f rom Member A :  t h e   s t r a t i -  
g r a p h i c   t o p s   t h e r e f o r e   p r o b a b l y   f a c e   t o  the n o r t h e a s t .  

and t o   t h e   e a s t .  The f a u l t  c o n t a c t  w i t h  t he   J ackass   Uoun ta in   g roup  
The u n i t  s e e m s t o o c c u p y a   g r a b e n   b e t w e e n   o l d e r   r o c k s t o t h e  west 

t o  t h e  west i s  e x p o s e d   a t   s e v e r a l   l o c a l i t i e s  on  b o t h   s i d e s  of t h e  

g r o u p  i s  covered   by   an   expanse   o f   overburden;  a f a u l t   b e t w e e n  these 
F r a s e r   R i v e r .   T h e   c o n t a c t  w i t h  the lower   pa r t  o f  the Spences   Br idge  
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two uni t s  i s  s u g g e s t e d   b y   c r o s s - s e c t i o n  B-B' ( F i g u r e   1 ) .   T h i s  i n -  
f e r r e d   f a u l t   p e r h a p s  i s  c o n n e c t e d   w i t h   t h e   n o r m a l   f a u l t   t h a t   f o r m s  
the w e s t e r n   b o u n d a r y   o f t h e   C a c h e C r e e k   g r o u p  i n  t h e   c e n t r a l  and n o r t h -  
ern p a r t s   o f   t h e  map a r e a .  

w i t h   s a n d s t o n e   c a r r y i n g   s e a m s   o f   p l a n t  matter i n d i c a t e s a   c o n t i n e n t a l  
T h e   a s s o c i a t i o n  of t h e s e   v o l c a n i c   r o c k s  w i t h  conglomerate   and 

o r i g i n .  
The s t r u c t u r e   s u g g e s t s   t h a t   t h e   F o u n t a i n   V a l l e y   a s s e m b l a g e  i s  

younger   than  the Gibbs  Creek  assemblage.  I t s  age  may l i e  anywhere 
b e t w e e n   t h e   A p t i a n   s t a g e   o f  the  Lower Cretaceous  and the e a r l y  or 
m i d d l e   T e r t i a r y .  

WARD CREEK ASSEMBLAGE 

1. DISTRIBUTION AND THICKNESS 

r o w   e l o n g a t e   b e l t   o n  the west s i d e   o f   t h e   F r a s e r   R i v e r   b e t w e e n  Leon 
V o l c a n i c   r o c k s  of Cre t aceous  or E a r l y   T e r t i a r y   a g e  form a na r -  

Creek and the northwestern e x t r e m i t y   o f   t h e  map a r e a .  As the b e l t  
i s i n  f a u l t   c o n t a c t  w i t h  o t h e r  u n i t s  on two s i d e s ,   a n d   a s  i t s  internal  

c a n   b e   g i v e n ;   s e v e r a l   t h o u s a n d   f e e t o f v o l c a n i c   r o c k s   m a y b e   p r e s e n t .  
s tructure i s  l a r g e l y  unknown, n o  a c c u r a t e   s t a t e m e n t  of i t s  t h i c k n e s s  

2. LITHOLOGY 

s i t i c   r o c k s ,  a n d   m i n o r   t u f f ,   b a s a l t ,  l i t h i c  s a n d s t o n e ,   a n d . c o a 1 .  

F low  band inq   and   po rphyr i t i c  textures were r a r e l y   s e e n .  

The u n i t i s  m a d e   u p   d o m i n a n t l y o f a n d e s i t e ,  less d a c i t e  and f e l -  

T h e   a n d e s i t e   w e a t h e r s   d a r k   g r e y   o r p u r p l e   a n d   i s m o s t l y   m a s s i v e .  

made up   dominan t ly   o f  microlites o f c a l c i c   a n d e s i n e .   a b o u t  
A t h i n - s e c t i o n   o f  a t y p i c a l   a n d e s i t e   f l o w   b r e c c i a  i s  

ex t r eme ly   f i ne -g ra ined ,   pa r t lyg la s sy   g roundmass .   A l though  
.05 millimeter long,  and a few c r y s t a l s   o f   b i o t i t e   i n   a n  

d i v i d u a l   b r e c c i a   f r a g m e n t s   c a n   b e d i s t i n g u i s h e d b y  the  va r -  
the  m i n e r a l   c o m p o s i t i o n i s   u n i f o r m   t h r o u g h o u t t h e   s l i d e  i n -  

i a t i o n   i n   t h e   o r i e n t a t i o n o f t h e  micro l i tes .  The s e c t i o n i s  
ve ined   by   cha lcedony.  

s c o p i c a l l y  the r o c k s   a r e   f i n e l y   l a y e r e d   a n d   p o r p h y r i t i c .   T h e   f l o w  
I n a  few l o c a l i t i e s   f l o w - b a n d e d   d a c i t e  (?I was  observed .  $1' , i c ro-  

l a y e r s   r a n g e  from p u r p l e   t o c r e a m   i n  c o l o u r  and a r e a  few millimeters 
t h i c k .  They  show s m a l l   f l o w   f o l d s   o n e  or a few fee t  a c r o s s   a n d   f i n e  
c r e n u l a t i o n s .  

of p l a g i o c l a s e ,   q u a r t z .   a n d b i o t i t e .   ' I h e p l a g i o c l a s e ,  most- 
Under t h e   m i c r o s c o p e   p h e n o c r y s t s  are s e e n   t o   c o n s i s t  

g l a s s .  The q u a r t z   p h e n o c r y s t s   a r e   p a r t l y  embayed  and co r -  
l y   s o d i c   a n d e s i n e ,  i s  twinned ,   zoned   and   has   inc lus ions  of  

r o d e d   b y   m i n e r a l s  of the  groundmass.   The  groundmass  con- 
s i s t s  of m i n u t e   m i c r o l i t e s  of p l a g i o c l a s e ,   a n d   v e r y   s m a l l  
c r y s t a l s o f   q u a r t z a n d b i o t i t e  embedded i n a m a t r i x o f g l a s s .  
The microli tes f o r m   f l o w   l a y e r s   t h a t   c u r v e   a r o u n d   t h e   p h e n -  
o c r y s t s .  Some f l o w   l a y e r s ,  more coarse-gra ined   than   mos t& 
the g r o u n d m a s s ,   a r e   r e l a t i v e l y  r i c h  i n  q u a r t z .  

Creek i s  v e r y   d a r k o n   f r e s h   s u r f a c e s ,   w e a t h e r s  d a r k   g r e e n ,  
A spec imen  of   basa l t   f rom the u p p e r   p a r t  of T r imble  

and i s  a p h a n i t i c .  I t  c o n t a i n s   m i c r o p h e n o c r y s t s  o f   p l ag io -  
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c l a s e  a n d   c l i n o p y r o x e n e .   T h e   p l a g i o c l a s e .   s o d i c   b y t o m i t e  
i n  composi t ion ,  i s  l a th - l ike ,   tw inned .   and   f i ne ly   zoned .  
Some of  the c l i n o p y r o x e n e .   d i o p s i d e - a u g i t e .   ( n y = 1 . b 0 3 5 ,  
2 ~ 5 5 ~ .  Ca45lIgqbFeq)  shows  twinning,  and a few g r a i n s   h a v e  
rims of  lower b i r e f r i n g e n c e .  Some o f   t h e   c r y s t a l s   a r e  re- 
p l aced  by c h l o r i t e .  The   groundmass   cons is t s   dominant ly  o f  
m i n u t e   p l a g i o c l a s e   m i c r o l i t e s .  some " i r o n   o r e " .   c h l o r i t e ,  
and other m a f i c   m i n e r a l s   t o o  f ine a r a i n e d   f o r   i d e n t i f i c a -  
t i o n ,   a n d   v o l c a n i c   g l a s s .  
The r o c k s o f  t h i s  u n i t  show n o  s i g n s o f m e t a m o r p h i s m   b u t   a r e  10- 

c a l l y   a l t e r e d .   S o m e a r e   v e i n e d o r p a r t l y   r e p l a c e d h y c a r b o n a t e .   c h l o r -  
i t e ,   c h a l c e d o n y ,  o r  e p i d o t e .   F e l s i t i c   r o c k s i n  the shea r   zone   sou th -  
west o f   t h e   B i a   B a r   f e r r y   c o n t a i n   c r y s t a l s   o f   p y r i t e ;  the amygdules 
i n  a n   a n d e s i t e   f l o w   a r e   f i l l e d  w i t h  q u a r t z   a n d   p i s t a c i t e .  

3. STRUCTURE 

The Ward Creek assemblage l ies approx ima te ly  on s t r i k e  w i t h  p a r t s  
of  the Kingsvale   g roup ,  the  Spences  Bridge  group.   and  the  Fountain 
Val ley   assemblage ,   and  l ike  these i t  i s  b e l i e v e d  t o  occupy a g raben .  
Between Leon Creek and  Big  Bar  Creek the u n i t  i s  i n  f a u l t   c o n t a c t  w i t h  

fo rmah ly   ove r l a in   by  t he  French Bar   formation.   To t h e  southwes t  the 
the P a v i l i o n   g r o u p t o  n o r t h e a s t .  North  of  Big  Bar Creek i t  i s  uncon- 

rocks a r e   i n f e r r e d   t o   b e   i n   f a u l t   c o n t a c t   w i t h   D i v i s i o n   C o f  the Jack -  
ass  Nountain g roup .   They   a r e   s epa ra t ed   f rom the u p p e r   d i v i s i o n   o f  
t h e   S p e n c e s   B r i d g e   g r o u p   b y   o v e r b u r d e n   a n d   o v e r l y i n g   m i d d l e   o r   l a t e  
T e r t i a r y   o l i v i n e   b a s a l t .  

About 1 mi le   sou thwes t   o f  the B i g   B a r   f e r r y  a zone   o f   shea r ing  
a n d   a l t e r a t i o n i s   e x p o s e d f o r   a p p r o x i m a t e l y  1.000 f e e t .  The   s ch i s tos -  
i t y  of t h i s  z o n e   d i p s   s t e e p l y   t o  the west. T h e   s h e a r   z o n e   p o s s i b l y i s  
p a r t   o f   a m o r e   e x t e n s i v e   f a u l t   t h a t  may te rmina te   the   French   Bar   form-  
a t i o n  on t h e   e a s t   s i d e  of the F r a s e r   R i v e r .  However, the  p o s s i b l e  
c o n t i n u a t i o n s   o f  the  shear z o n e   t o  the n o r t h a s  well a s  t o  the sou th  
are covered   by   expanses   o f   overburden .  

a s s e m b l a g e   b e c a u s e   d e t e r m i n a t i o n s  of a t t i t u d e s a n d   s t r a t i g r a p h i c   t o p s  
L i t t l e  i s  known about  the i n t e r n a l   s t r u c t u r e   o f  the Ward Creek 

and  Big  Bar  Canyon t h e   r o c k s i n  t he  western p a r t o f  t h e  v o l c a n i c   b e l t  
i n  m o s t   l o c a l i t i e s   a r e   d i f f i c u l t t o   o b t a i n .  Between Watson  Bar Creek 

d i p   s t e e p l y  and s t r i k e  a p p r o x i m a t e l y   n o r t h  35 degrees   wes t .   The  
s t r a t i g r a p h i c   t o p s  f ace  t o  the northeast. A t  several l o c a l i t i e s  no r th -  
west of Big  Bar  Canyon m o d e r a t e   n o r t h e a s t e r l y   d i p s  were obse rved .  

4. MODE OF ORIGIN,  AGE,  CORRELATION 

The  presence  of   coal   seams i n d i c a t e s a   c o n t i n e n t a l   e n v i r o n m e n t .  

f o r m a t i o n .  I t  maybe c o r r e l a t i v e  w i t h  the u p p e r   d i v i s i o n o f   t h e   S p e n -  
T h e   u n i t  i s  o l d e r   t h a n  the unconformably  overlying  French  Bar  

c e s   B r i d g e   g r o u p ,  w i t h  p a r t s   o f t h e   K i n g s v a l e   g r o u p o r   E a r l y   T e r t i a r y  
v o l c a n i c   r o c k s o f  the Quesnel  map a r e a .  I t s  a g e  may l i e  anywhere  be- 
tween the A p t i a n   s t a g e   o f  the  Lower Cre t aceous   and   t he   O l igocene .  

fo rma t ion .   However ,   a s  t h i s  f o r m a t i o n   a l s o   i n c l u d e s   o l i v i n e   h a s a l t s  
MacKenzie (1920) r e f e r r e d  these r o c k s   t o  h i s  Ol igocene   Taseko  

i t  probably   compr ises  r o c k s   r a n g i n g   f r o m   E a r l y t o M i d d l e o r   L a t e   T e r -  
t i a r y  and may have t o  h e   r e d e f i n e d .  
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FRENCH BAR FORMATION 

w e s t e r n   e x t r e m i t y   o f   t h e  map area near   French  Bar   Canyon.  Near Big 
The   F renchBar fo rma t ion   ex tends   f rom  B igBar  Creek t o  the n o r t h -  

m o s t l y o f c o b b l e - p e b b l e   a n d   g r a n u l e   c o n g l o m e r a t e ,   l e s s   v o l c a n i c   a r e n -  
Bar  Creek i t  i s  a t   l e a s t   2 , 1 0 0   f e e t  t h i c k .  The  formation consis ts  

i t e .  a n d   s m a l l   a m o u n t s   o f   s i l t s t o n e .  
Beds   o f   a r en i t e   and   cong lomera te   a r e   mos t ly   f rom 1 t o  20 feet  

t h i c k ,  a n d   i n d i v i d u a l   b e d s o f a r e n i t e   a n d   c o n g l o m e r a t e   c a n   b e   t r a c e d  
f o r   s e v e r a l   h u n d r e d  f ee t .  A u n i t  composed  dominant ly   of   volcanic  
a r e n i t e   a n d  some in t e rbedded   cong lomera te  i s  e x p o s e d   f o r   a b o u t  1% 
miles. 

T h e   r o c k s   w e a t h e r   y e l l o w i s h o r h r o w n i s h   a n d   c o n g l o m e r a t e   s t r a t a  

b e e n   d e r i v e d   f r o m   v o l c a n i c   r o c k s   t h a t   w e r e   m o s t l y   o f   a n d e s i t i c  com- 
a r e   d a r k e r   c o l o u r e d   t h a n  a ren i te .  T h e   s e d i m e n t s   a l l  seem t o   h a v e  

p o s i t i o n .   T h e   c o n g l o m e r a t e s c o n s i s t   a l m o s t   e n t i r e l y o f   v o l c a n i c   f r a g -  
men t s .   The   a r en i t e s ,  i n  a d d i t i o n  t o  t h e   v o l c a n i c   f r a g m e n t s , c o n t a i n  a 
s m a l l   a m o u n t o f   f e l d s p a r ,   q u a r t z ,   b i o t i t e ,   a n d   " i r o n   o r e " .   T h e  s i l t -  
s t o n e s   a r e  made  up  of the  same mine ra l s   and   ch lo r i t e .   Round ing   and  
s o r t i n g   v a r y   c o n s i d e r a b l y ,   b u t  i n  g e n e r a l  the b e d s a r e   m o d e r a t e l y  well 
s i z e - s o r t e d  and the   f r agmen t s   sub rounded .   Cong lomera te s   and   a r en i t e s  
have a m a t r i x   o f   s i l t - s i z e d   r o c k - f l o u r   a n d   a r e   p a r t l y   c e m e n t e d   b y  
" i r o n   o x i d e " a n d   r a r e l y   c a r b o n a t e .  Some a r e n i t e s   a r e v e r y   p o o r l y   c o n -  
s o l i d a t e d ,   L o c a l l y  the  a r e n i t e   c o n t a i n s   s e a m s   o f   f o s s i l   p l a n t s .  

where the sands tone  i s  i n t e r l a m i n a t e d   w i t h   s i l t s t o n e .  
Graded   bedding   andcross-bedding  a re  r a r e a n d   w e r e   o b s e r v e d   o n l y  

conformably .  I t  i s  o v e r l a i n   b y  a v o l c a n i c   s e q u e n c e   t h a t  i s  i n   f a u l t  
T h e   F r e n c h   B a r   f o r m a t i o n   o v e r l i e s t h e  Ward Creek  assemblage un- 

c o n t a c t  w i t h  the P a v i l i o n   g r o u p ,   T h e   s t r a t a  s t r i ke  un i fo rmly   abou t  
n o r t h 2 5   d e g r e e s  west and d i p   s t e e p l y   o r   m o d e r a t e l y t o t h e   n o r t h e a s t .  
I n   t h e   s o u t h e a s t e r n   p a r t  near the b o u n d a r y   f a u l t   o f  the P a v i l i o n   g r o u p  
the d i p s  are  approx ima te ly  80 degrees   and  i n  the n o r t h w e s t   t h e y   a r e  
c l o s e  t o  45 degrees .   Near   Big   Bar   Creek   exposures   o f  the conglomer- 
a t e   e n d   a b r u p t l y .   P o s s i b l y  the fo rma t ion  here i s  c u t   o f f   b y a   f a u l t :  
a s t r o n g   s h e a r   z o n e   t h a t  may b e   p a r t   o f   s u c h  a f a u l t  i s  exposed   i n  
the v o l c a n i c   r o c k s o n   t h e  west s i d e  of t h e   r i v e r .   A l t e r n a t i v e l y ,  the  
b a s i n o f   d e p o s i t i o n  may have   ended   here .   The   format ion  is in t ruded   by  
numerous   basa l t i c   dykes   and  s i l l s .  

f o r  the fo rma t ion .  T h e   g e n e r a l l y  r o u n d e d   n a t u r e o f t h e   f r a g m e n t s   a n d  
The a s s o c i a t e d  p l a n t   m a t t e r  i n d i c a t e s a   c o n t i n e n t a l   e n v i r o n m e n t  

l o c a l   l a m i n a t i o n s   s u g g e s t   d e p o s i t i o n   b y   r u n n i n g   w a t e r ,   B e d s   t h a t  
show poor   sor t ing   and   rounding  may have   been   depos i ted   as   mudf lows .  
T h e   c o a r s e   s i z e   o f   t h e   f r a g m e n t s  i s  i n d i c a t i v e   o f   s t e e p   g r a d i e n t s .  
T h e s e   g r a d i e n t s  may b e   r e l a t e d  t o  con temporaneous   vo lcan i smor   t ec ton -  
ism. 

P l a n t   f o s s i l s   f o u n d  i n  t h e   u p p e r   p a r t o f  the  f o r m a t i o n ,   n e a r  Bia 
Bar   Creek were i d e n t i f i e d  b y   P r o f e s s o r  G . E .  Rouse a s  f o l l o w s :  
DIVISION SPERMATOPHYTA 
C l a s s  GYMNOSPERMAE 
Order  CONIFERALES 

1. Metasequoia   occidental is   (Newb.)   Chaney.   Paleocene-Miocene 

2 .  ? S e q u o i a   n o r d e n s k i o l d i  Heer. Paleocene-Eocene 

C l a s s  ANGIOSPERIAE 
Sub-c l a s s  DICOTYLEDONAE 



3. Cinnamomum sp. - cf. affine Lg. Upper  Cretaceous-Eocene 
4 .  Carpinus  qrandis  Unger. Tertiary 
5 .  ? Salix sp. - cf. s .  wyominaensis Kn. Paleocene-Miocene 

and Cock 
6 .  ? Laurophyllum sp. - cf. L. laraminurn Paleocene 

( D N )  Bell 
7.  Tetracera sp. - cf. x. castaneafolia  Eocene 

Slac G .  
8. Hamamelis ? - Hollick  Paleocene-Eocene 
9 .  Ainus sp. cf. 4. cremastoqynoides  Berry  Eocene-Oligocene 
Rouse  states in his  report: 

"As can be  noted,  the  determinations  indicateadefinite  Terti- 

However, it is possible that  the beds  are  either earlier Tertiary or 
ary  age  for  the  strata,  with a  preference towards  an  Eocene dating. 

Oligocene; a more  definite  age  determination  cannot  be based on  the 
relatively poorly preserved  fragmentary remains.  It  is  the writer's 
considered  opinion  that  the Big Bar flora is closely contemporaneous 
with  those from other  Tertiary  basins in B.C. e.g. Chu-Chua, and 
Princeton. The  ages  of  these latter sediments have been  variously 
ascribed  as  Eocene  to Miocene. The  closest  more probably age  would 
seem to be Upper-Eocene  or Oligocene  for  the  Big  Bar  flora." 

as follows: (pp. 76A - 77A) 
In 1920  MacKenzie  describedanddefinedthe French Bar  formation 

underlies  the country westward  across  the  ridges in which Yalakom 
"This formation  is  well exposed  on upper French Bar  creek, and 

river  heads  as far as  upper  Churn  Creek  drainage basin. It  may  have 
a considerable  extension in the area southeast of that  just described. 

ateswith  lenticular  sandstone  beds in subordinate  amounts.  The  rocks 
"The  French Bar  formation is made  up  of very coarse conglomer- 

are  much less  indurated  than any ofthe  sedimentsof  those included in 

ders  easily  weather  outoftheir sandy matrix.  The  formationis char- 
the  Eldorado series" (Lower Cretaceous). "and the pebbles and boul- 

acterized bya high percentageof  large,  well rounded boulders o f  the 
plutonic rocksofthe  Coast  Mountains . . .  The  conglomerate beds  range 
from 10 to 100 feet thick, and the  formation a s  a whole  gives the im- 
pression of  being  of  fluviatile origin. 

the creek of that name  is  approximately 2,000 feet." 
. . . .  The thickness of  the  French Bar formation as exposed near 

tively  correlated with  the  Coldwater  group  of Damon. supposedly  of 
"On lithologic and strluctural grounds.  this formation is tenta- 

Oligocene age". 

proximately 6 miles  to  the  east  of  the  French  Bar  formation and as 
As the  conglomerate and arenite on the  Fraser  Riverlie  only ap- 

they havea  comparable  lithology,  sedimentary  structureand  thickness 
they are tentatively correlated  with  that formation. The  pranitic 
boulders  reported by LlacKenzie are  probablyof local origin  and were 
not transported into the Big  Bar  area,  The  deposits appear to  be 
older than the  Tertiary  sedimentary  rocks on Big Bar  Creek, on  Leon 
Creek, and near  Pavilion  because  they  are  much stronger deformed. 
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VOLCANIC ROCKS OVERLYING  THE  FRENCH  BAR FORMATION 

o f   t u f f ,   a n d e s i t e ,   b a s a l t ,   f e l s i t e .  and  minor   seams  of   coal .  
The  French  Bar  formation i s  over la in   by   aminimum  of   2 ,000  f e e t  

mass ive .  A spec imen   o f   basa l t   wea the r s   g rey i sh   b rown   and   has  a ves- 
The a n d e s i t e  i s  g e n e r a l l y   g r e y i s h   b r o w n ,   a p h a n i t i c ,   a n d   m o s t l y  

i c , u l a r .   a p h a n i t i c  texture.  
I t  c o n s i s t s o f   a b u n d a n t   m i c r o p h e n o c r y s t s o f   p l a g i o c l a s e   a n d  
a u g i t e  i n  a g r o u n d m a s s   o f   v e r y   f i n e - g r a i n e d   p l a g i o c l a s e ,  
c l i n o p y r o x e n e .   " i r o n   o r e " .   a n d   v o l c a n i c g l a s s   a n d  i t s  a l t e r -  
a t i o n   p r o d u c t s .   T h e   p l a g i o c l a s e   m i c r o p h e n o c r y s t s .   i n t e r -  
m e d i a t e   t o   s o d i c   l a b r a d o r i t e ,   a r e   l a t h - l i k e ,   t w i n n e d ,   a n d  

o r i e n t a t i o n .  Some of  t he  a lug i t e   phenoc rys t s   (ny=1 .6905 :  
show o s c i l l a t o r y   n o r m a l   z o n i n g .   T h e y   h a v e  a s u b p a r a l l e l  

2v=5Zo;  Caq3Jlgq1Fe16) a l s o  s h o a  tw inn ing .  

r o c k   c o n t a i n s a   f e w   c o r r o d e d   p h e n o c r y s t s o f   p l a p i o c l a s e   a n d  
A th in-sec t ion  of a w h i t i s h   r e l a t i v e l y   l i g h t  f e l s i t i c  

q u a r t z   i n  a v e s i c u l a r   g l a s s y   g r o u n d m a s s .  

t h e   P a v i l i o n   g r o u p .   T h i c   c o n t a c t  i s  n o t   e x p o s e d   b u t  a f a u l t   c a n   b e  
To the n o r t h e a s t   t h e   v o l c a n i c   r o c k s   a r e  i n  f a u l t   c o n t a c t  w i t h  

t i a r y   v o l c a n i c s ,   f r o m   t h e   s t e e p   d i p s   n e a r   t h e   c o n t a c t s ,   a n d   f r o m  
i n f e r r e d   f r o m  the  f a c t   t h a t   t h e p a v i l i o n   g r o u p  str ikes i n t o  the Ter-  

s h e a r i n g  and a l t e r a t i o n .  

MIOCENE-PLIOCENE  SEDIMENTARY AND VOLCANIC ROCKS 

1. SEDIMENTARY ROCKS NEAR  PAVILION 

A. Distribution and Thickness 

? i l i d d l e   o r   L a t e   T e r t i a r y   o u t c r o p s   n e a r   P a v i l i o n  l i e  in a nor th -  
e a s t e r l y   t r e n d i n g   z o n e   t h a t i s   a p p r o x i m a t e l y . 5 m i l e s   l o n g a n d  1% m i l e s  
wide. The  exposnres  a re  c o n f i n e d  t o  n a r r o w   z o n e s   a l o n g   h i l l s i d e s .  
T h e   e l e v a t i o n o f  t he  l o w e s t   o ' l t c r o p s  is  3 , 2 0 0   f e e t a t  the n o r t h e a s t e r n  
e x t r e m i t y   a n d   n e a r l y  4,000 f e e t   a t  the s o u t h w e s t e r n   e x t r e m i t y .  In- 
d i v i d , . ! a l   e x p o s u r e s d o   n o t   e x c e e d   2 0 0   f e e t i n   t h i c k n e s s   h u t  the  v e r t i -  
c a l   r a n g e   o f  the d e p o s i t s   o n  t h e  s l o p e   s o u t h   o f   P a v i l i o n   C r e e k  i s  
g r e a t e r   t h a n  500 f e e t .   O n t h e   n o r t h   s i d e o f t h e  same va l ley ,   however .  
the  r o c k s   a r e  less t h a n   1 0 0   f e e t   t h i c k .  

A small o , r t c r o p o f   s i m i l a r   r o c k   w a s   n o t e d   a t   a p p r o x i m a t e l y  4,000 
f e e t   e l e v a t i o n  on the s l o p e   a b o v e   \ l o r a n ,   a n d   a n o t h e r o n e  l i e s  immedi- 
a t e l y  northeast o f  the r a i l r o a d   C r o s s i n g   n e a r  Glen F r a s e r .  

E. Lithology 

T h e   r o c k s   c o n s i s t   o f   l i t h i c   a r e n i t e .   c o n g l o m e r a t e ,   a n d  a small 
p r o p o r t i o n   o f   c a r b o n a c e o u s   s h a l e .   T h e   c o n t a c t s   b e t w e e n  these rock  
t y p e s   a r e  well d e f i n e d ,   b u t   t h e   r o c k s  show  no  pronounced i n t e r n a l  
s t r a t i f i c a t i o n .  The  rocks  and the s o i l   d e r i v e d   f r o m  them a r e   b r i c k -  
red .   In   hand   spec imens  o fcong lomera teanda ren i t e .  a r g i l l i t e .   c h e r t ,  
q u a r t z ,   a n d   r a r e l y   c h l o r i t e   f r a g m e n t s   c a n   b e   r e c o g n i z e d .   T h e s e   p a r -  

r e s u l t e d  i n  the fo rma t ion  of numerous c a v e s ,   a n d   i n a m a j o r   l a n d s l i d e  
t i c l e s   r a n g e  from  sand  to   cobbles .   The  weakness  o f  the i r  cement   has  

abou t  I mile e a s t   o f   P a v i l i o n .  

74 



Three   spec imensof  l i t h i c  a ren i t e   examined   unde r   t he   mic roscope  
c o n t a i n  10 t o  35 pe r  cent q u a r t z ,  0 t o 9   p e r   c e n t   f e l d s p a r .   1 1   t o  35 

g i l l i t e  and a small   proport ion  of   other   sedimentary  and  metamorphic  
p e r   c e n t   c h e r t ,   a n d   2 0 t o  SO p e r   c e n t   l i t h i c   f r a g m e n t s ,  most ly  o f a r -  

r o c k s .   M i n o r   d e t r i t a l  const i tuents  a re   ca rbona te ,   muscov i t e .   and  
to l J rmal ine .  

The  f ragments  inmost specimens are  well s i z e - s o r t e d .   O r i g i n a l -  

by t h e   m a t r i x   w h i c h   c o n s i s t s   o f   c a r b o n a t e   a n d   " i r o n   o x i d e " .  
l y   t h e y  were subrounded  to   roundedbut  t h e y  h a v e   p a r t l y   b e e n   r e p l a c e d  

c. Stl'ZrcbLre 

The u n i t  o v e r l i e s   u n c o n f o r m a b l y   s t r a t a o f t h e P a v i l i o n   g r o u p   a n d  
s m a l l   b o d i e s   o f   i g n e o u s   r o c k s   a s s i g n e d   t o   t h e   C o a s t   I n t r u s i o n s .   T h e  
beds  l i e  h o r i z o n t a l l y   o r   d i p   a t  angles of  l e s s   t h a n  10 degrees   and  
appea r   nea r ly   eve rywhere  l i t t l e  d i s t u r b e d .  An i s o l a t e d   o u t c r o p   b y  

p a r a l l e l   t o  bedding ,  t h a t   d i p s  55 d e g r e e s   e a s t .  
the  P a v i l i o n  Mountain road,   however ,   has .prono1. tnced  joint ing.   possibly 

Al though  the   exposures   o f  the  T e r t i a r y   r o c k s o n  the s l o p e  n o r t h  
of P a v i l i o n   C r e e k   t e r m i n a t e a t  the f a u l t   c o n t a c t   b e t w e e n   D i v i s i o n s  I 
and I1 o f   t h e   P a v i l i o n   g r o u p .  there i s  n o e v i d e n c e   t h a t  the  T e r t i a r y  

t h a t   t h e   c o n t a c t   f o r m e d a t o p o g r a p h i c   c o n t r o l  o f  d e p o s i t i o n .   T h e  am- 
sedimentary  rocks were d i s p l a c e d   b y   t h a t   f a u l t .  I t  i s  more l i k e l y  

p h i b o l i t e s  t o  t h e  west of t h a t   c o n t a c t   w h i c h   a r e   i n d u r a t e d   b y a d i o -  
r i t i c  i n t r u s i o n  a re  p r o b a b l y   m o r e   r e s i s t a n t   t o   w e a t h e r i n g   t h a n  the 

margin of a bas in   and   r ece ived  no sed imen t s .  
r i b b o n   c h e r t s t o   t h e   e a s t .  In T e r t i a r y  time they  may have  formed t h e  

D. Mode of Origin 

The  sediments   appear  t o  b e   d e r i v e d   m o s t l y   f r m   r o c k s  of the Cache 
Creek   and   Pav i l ion   g roups   and tominor   ex t en t   f rom  Coas t  In t rus ions .  
As t h e y   c o n s i s t o f   r e l a t i v e l y   c o a r s e ,   w e l l - s o r t e d   m a t e r i a l   t h e y   p r o b -  
a b l y   r e p r e s e n t  a f l o o d   p l a i n .  The   r ed   co Io? t r   o f   t he   rocks   i nd ica t e s  
o x i d i z i n g   c o n d i t i o n s   w h i c h   p r e v a i l   o n l y  i n  a e l l - d r a i n e d   a r e a s .  The 
b l a c k   s h a l e ,   h o w e v e r .   s h o w s   t h a t   l o c a l l y  swamp c o n d i t i o n s   e x i s t e d .  

T h e   o r i g i n a l  limits of the  d e p o s i t s   a r e   o n l y   p a r t l y  known. On 
t h e  n o r t h e a s t   t h e y   l a p   a g a i n s t a  piston which r i ses  above the Terti-  

d isappear .   Theymay  have   been   la id  down i n  a v a l l e y   t h a t  was  connect-  
a ry   beds ,   and   no r th   o f   Pav i l ion  Creek they  become t h i n  and  probably 

p r e s e n t   F r a s e r   R i v e r   v a l l e y .  
ed w i t h  t he  a r e a   s o u t h   o f  Leon Creek   and   pa r t ly   co inc ided  w i t h  t he  

E,  A g c  

the  b a s a l t   p l a t e a u   o n L e o n   C r e e k a n d   p l a c e d  them i n  the  middle  hliocene 
Dawson c o r r e l a t e d   t h e   s e d i m e n t s  w i t h  t h e   s a n d s t o n e s   u n d e r l y i n g  

Coldwater  Beds ( ? I  o f  the Kamloops  gro?lp  which i s  c o n s i d e r e d   t o   b e  
(Dawson. 1895, p .   2128) .   Duf fe l l   and3 lcTaggar t   i nc lude  them w i t h  the  

M i o c e n e   o r   e a r l i e r   ( p .  66). 

t h o s e  on  Hat Creek t h e y   d i f f e r  i n  s t r u c t u r e .  The s t r a t a   o n f i a t  Creek 
A l t h o u g h   t h e   r o c k s   n e a r   P a v i l i o n   a r e   s i m i l a r  i n  l i t h o l o g y   t o  

most h o r i z o n t a l l y .  
d i p   a t   a n g l e s   u p   t o 6 0   d e g r e e s   w h e r e a s   t h e b e d s   n e a r   P a v i l i o n   l i e   a l -  



D a w s o n ' s   c o r r e l a t i o n   o f   t h e   s e d i m e n t s   n e a r   P a v i l i o n  w i t h  those 
s o u t h  o f  Leon Creek i s  s u p p o r t e d   b y   s e v e r a l   f e a t u r e s .   B o t h   s t r a t a  

a n d   b o t h   a p p e a r   t o   b e   o l d e r   t h a n  the l a t e s t   v o l c a n i c   r o c k s   o f  the  
a r e   a p p r o x i m a t e l y   a t   t h e  same e l e v a t i o n ,   b o t h  seem t o   h e u n d i s t u r b e d  

a r e a .  I t  w i l l b e m e n t i o n e d   t h a t  the s t r a t a   s o u t h   o f  Leon Creek prob- 
a b l y   u n d e r l i e   M i d d l e t o   L a t e   T e r t i a r y   o l i v i n e   b a s a l t s .   T h e   s e d i m e n t s  
on  P a v i l i o n   C r e e k   a r e   a t   a s l i g h t l y  lower e l e v a t i o n   t h a n   a n   i s o l a t e d  
r e m n a n t   o f   T e r t i a r y   a n d e s i t e   s i t u a t e d a b o u t  1% m i l e s   t o  the n o r t h e a s t  
on the p l a t e a u  on  Pavi l ion   Mounta in .  Duffell and  McTaggart   pointed 
o u t   t h a t  the  s e d i m e n t a r y   o u t c r o p   n e a r  Glen F r a s e r i s   c u t  by two dykes  

t i v i t y .  
( p .  6 5 ~ ) .  Such dykes  may well b e   r e l a t e d   t o  the l a t e s t   v o l c a n i c   a c -  

T h e   u p p e r   s u r f a c e   o f t h e   s e d i m e n t a r y   r o c k s   n e a r   P a v i l i o n i s c o n -  
t i n u o u s  w i t h  a w e l l - p r e s e r v e d   e r o s i o n   p l a i n  on P a v i l i o n  Alountain of 
approx ima te ly  20 s q u a r e  miles. I t  i s  b e l i e v e d   t h a t   s u r f a c e s   o f  t h i s  
t y p e   a r e   n o t   o l d e r   t h a n  Miocene (Thornbury .   1954,   p .   26) .  

2. SEDIMENTARY  ROCKS  ASSOCIATED  WITH  THE  OLIVINE  BASALTS 

NEAR  LEON  CREEK  AND  ON  BIG  BAR  CREEK 

R i v e r   p o o r l y   c o n s o l i d a t e d   s e d i m e n t s a r e   e x p o s e d   f o r   a b o u t l m i l e   a l o n g  
About 2 miles sou th   o f  Leon Creek  and 1 mile west o f t h e   F r a s e r  

m a t e l y  3,500 fee t .  T h e   t h i c k n e s s   o f  the e x p o s e d   s t r a t a  i s  l ess  than  
the  s t e e p l y   s l o p i n g   m a r g i n   o f  a p l a t e a u   a t  an e l e v a t i o n   o f   a p p r o x i -  

100 f e e t ,   b u t  the u n i t   m a y b e m u c h  th i cke r .  The  rocks,   most ly   brown- 
ish and   reddish ,   range   f rom  sands tone   to   boulder   conglomera te   and   a re  
i n  p a r t  well b e d d e d .   D i f f e r e n t   l a y e r s   c a n b e   d i s t i n g u i s h e d  by c o l o u r  

m a t e r i a l  c o n s i s t s   m a i n l y  o f  c h e r t  and a r g i l l i t e .   a n d  some g r a n i t i c  
o r   g r a i n  s ize .  The  beds a r e  from 1 t o  10 f e e t  t h i ck .  The d e t r i t a l  

f r a g m e n t s .   P e b b l e s   a n d   s a n d   g r a i n s   a r e   p o o r l y   r o u n d e d .   T h e  cement 
c o n s i s t i n g   o f   c a r b o n a t e   a n d   " i r o n   o x i d e "  i s  mostly  weak.  The  beds 
res t  unconformably on q u a r t z   d i o r i t e .  A low d i p   h a s   p r o b a b l y   b e e n  
produced   by   recent   s lumping .   The   sed iments  seem t o   h a v e   b e e n   d e r i v e d  
f rom  rockso f  the i m m e d i a t e   v i c i n i t y .  They p r o b a b l y   u n d e r l i e   o l i v i n e  
b a s a l t  b u t  may o n l y   b e   s l i g h t l y   o l d e r   t h a n   t h a t   v o l c a n i c   r o c k .  

A t  many l o c a l i t i e s   a r o u n d   t h e m a r g i n s  o f t h e  T e r t i a r y   b a s a l t   t h e  
so i l  c o n t a i n s   u n u s u a l l y  well-rounded pebbles andcobbles .   These  roun&- 
s t o n e s   a r e   p r o b a b l y   d e r i v e d   f r o m   c o n g l o m e r a t e s  w h i c h  u n d e r l i e  the  
b a s a l t s   b u t   a r e   h i d d e n   b y  the a b u n d a n t   t a l u s   t h a t   s u r r o u n d s  the i r  
c l i f f s   a t   t h e   m a r g i n s .  Such conglomerates   would he c o r r e l a t i v e  w i t h  
the  o u t c r o p   d e s c r i b e d   a b o v e a n d  w i t h  the s e d i m e n t a r y   r o c k s  near P a v i l -  
i o n .  

f o r   a p p r o x i m a t e l y l m i l e   a l o n g  the upper   margin o f  the  p l a t e a u   n o r t h  
F l a t   l y i n g   s e d i m e n t a r y   r o c k s ,  2 0 0 t o  300 fee t  t h i c k ,   a r e   e x p o s e d  

o f  Big  Bar   Creek.  To the e a s t  t h e y   i n t e r f i n g e r   w i t h   o l i v i n e   b a s a l t ,  
a n d   t o  the west t h e i r  c o n t a c t  i s  covered .   The   rocks   a re   mos t ly   peb-  
b l e   o r   cobb le   cong lomera te   bu t   i nc lude   bou lde r   cong lomera te ,   s ands tone ,  
and minor amounts  of  mudstone.  The  roundstones  are made u p o f   c h e r t ,  
a r g i l l i t e ,   l i m e s t o n e ,   a n d g r e e n s t o n e , a l l   d e r i v e d   f r o m t h e   C a c h e   C r e e k  
or P a v i l i o n   g r o u p s  and f r o m   g r a n i t i c   r o c k s ,   a n d h i g h l y   v e s i c u l a r   T e r -  
t i a r y   b a s a l t s .  T h e   f r a g m e n t s   a r e   w e l l   r o u n d e d   a n d   f a i r l y  well s o r t e d  
and  cemented  by  carbonate .  The s t r e n g t h  o f  t h e  cement v a r i e s   i r r e g -  
u l a r l y   t h r o u g h o u t   t h e   r o c k .   T h e   s e d i m e n t s  seem t o h a v e   b e e n   d e p o s i t -  
ed   by   runn ing   wa te r   and   appa ren t ly   a r e   con temporaneous  w i t h  the o l -  



s e d i m e n t a r y   r o c k s   n e a r  Leon Creek   and   near   Pavi l ion .  
i v i n e   b a s a l t s .  They a r e   p r o b a b l y   s l i g h t l y  yolunger than  the T e r t i a r y  

a t o m i t e   o f  the  Quesnel   a rea   which   ? Inder l ies  o l i v i n e  b a s a l t s  and  oc- 
Recen t ly  lilcCammon ( 1 9 6 0 ,   p . 1 6 0 )   h a s   f o u n d   p l a n t   f o s s i l s  i n  d i -  

c u p i e s   a p p r o x i m a t e l y   t h e   s a m e   s t r a t i g r a p h i c   p o s i t i o n   a s  the sedimen- 
t a r y   r o c k s  on Big  Bar Creek, Leon Creek ,   and   nea r   Pav i l ion .   Th i s  

t o   t h e   l o w e r  Upper  Miocene  althouah i t s  age  may l i e  anywhere  between 
fauna  \vas i d e n t i f i e d  by p r o f e s s o r  G . E .  R o u s e a n d   t e n t a t i v e l y   a s s i g n e d  

the e a r l y   P l i o c e n e   a n d  the Upper Xiocene. 

3. OLIVINE  BASALT 

A .  Distribution and Thiokness 

The  ou tcrops  of M i o c e n e - P l i o c e n e   o l i v i n e   b a s a l t s   a r e   c o n f i n e d  

River   between hlcKay Creek and  Watson  Bar Creek: the o t h e r   o n e ,   l o c a t -  
t o  two  narrow zones. One i s  s i t u a t e d  on t h e  west s i d e   o f   t h e   F r a s e r  

ed   approximate ly  10 miles t o t h e  n o r t h ,   e x t e n d s   a l o n g  the lower p a r t  
of   Big  Bar  Creek. T h e   e l e v a t i o n   o f  the u p p e r   s u r f a c e   o f  the  f i r s t  
zone   g radua l ly   d rops   f rom 4,400 f e e t  i n  the s o u t h   t o  3,900 feet  i n  
t h e   n o r t h   o v e r a   d i s t a n c e o f   a p p r o x i m a t e l y 1 0 m i l e s ;   t h e   u p p e r   s u r f a c e  
of t he   s econd   zone   d rops   f rom 3,900 feet  i n  t h e  west t o  3.600 feet  
i n   t h e   e a s t   o v e r  a d i s t a n c e   o f   a p p r o x i m a t e l y  5 mi l e s .   These   uppe r  
s u r f a c e s  seem t o r e p r e s e n t   t h e   o r i g i n a l   t o p   o f t h e   v o l c a n i c   f l o w s   b e -  
c a u s e   t h e y   a r e  of g r e a t   r e g u l a r i t y  and   marked   by   coa r se   ves i c l e s .  
They a r e   o v e r l a i n   o n l y   b y  a t h i n  veneer  of s o i l  and   form  p la teaus  
w h i c h   a r e   w e l l   a x p r e s s e d  on topographic   maps .   The   e leva t ions   o f  the  

by t a l u s  and   because  the  o u t e r   m a r g i n s   o f t h e  v o l c a n i c   p l a t e a u s   h a v e  
l o w e r   c o n t a c t s  are known w i t h  less  accuracy  b e c a u s e   t h e y   a r e   h i d d e n  

s lumped  a lmost   everywhere.   Probably the b a s a l t s   a r e   n o w h e r e  thicker 
t h a n  200 fee t .  The   shee t  s o u t h  o f  Leon Creek seems t o  t h i n  o u t   t o  
t h e  west: t h e   f l o w s o n B i g   B a r   C r e e k   a p p e a r t o   b e   t h i c k e r   i n  the west 

f lows   a r e   f rom 10 t o  50 f e e t   t h i c k ,  Some of them  were t r a c e d   a l o n g  
than  i n  the  e a s t   w h e r e   t h e y   i n t e r f i n g e r  w i t h  s e d i m e n t s .   I n d i v i d u a l  

the  margin of t h e   p l a t e a u s  f o r  s e v e r a l   h u n d r e d   f e e t   b u t   t h e y  may b e  
much more e x t e n s i v e .  

E .  Lithologv 

g r a i n e d .  Dark g r e e n  c r y s t a l s o f o l i v i n e  a b o u t l t o 2 m i l l i m e t e r s  long 
The r o c k s  are  red-brown  and some of  them a r e  re la t ive ly  c o a r s e  

c a n   b e   d e t e c t e d  w i t h  t he   una ided   eye .   The   uppe r   pa r t s  o f  the  f lows  
a r e   h i g h l y   v e s i c u l a r .   C o l u m n a r   j o i n t i n g  i s  a  common f e a t u r e .   N o r t h  
of Big  Bar Creek e l l i p s o i d a l   s t r u c t u r e s   a b o u t  1 f o o t   o r  a few f e e t  
t h i c k   t h a t   r e s e m b l e   p i l l o w s  were seen. 

of  50 t o  60 p e r  cent p l a g i o c l a s e ,  7 t o  2 2   p e r   c e n t   o l i v i n e ,   a n d  3 t o  
S e v e n   s p e c i m e n s   s t u d i e d   i n   t h i n - s e c t i o n   c o n s i s t   a p p r o x i m a t e l y  

5 p e r   c e n t   “ i r o n   o x i d e ” .   T h e   b a l a n c e  is made up   dominant ly  of c l i n o -  
p y r o x e n e .   O r t h o p y r o x e n e ,   n o t   i d e n t i f i e d   i n   a l l  of the  specimens,  

unknown m i n e r a l   o c c u r r i n g   a s v e r y   f i n e - g r a i n e d  needle-like inclusions 
forms less t h a t  1 pe r  cent o f   t h e   r o c k .   A p a t i t e ,   z i r c o n  (?I, and  an 

i n  t h e   p l a g i o c l a s e  are p r e s e n t   o n l y  i n  m i n u t e   p r o p o r t i o n s .  
T h e   p l a g i o c l a s e   f o r m s   e u h e d r a l t o   s l u b h e d r a l   m i c r o l i t e s   t h a t   e x -  

h i b i t   C a r l s b a d a n d a l b i t e   t w i n n i n g .   T h e   o t h e r  t w i n  l a w s a r e  less  com- 
monly   represented .   The   minera l   shows  zoning ,   mos t ly   o f  the normal 
t y p e ,   a n d h a s  an ave rage   compos i t ion   nea r  An60. I t  i s  l i t t l e  a l t e r e d .  
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a r e   a n h e d r a l .  The  composition  of the mine ra l   r anges   f rom  Fog4   t o  
Some c r y s t a l s   o f   o l i v i n e   a r e   s u b h e d r a l .   b u t   m o s t   o f   t h e   g r a i n s  

Fo72 and a v e r a g e s   F o g o ,   I n   s e v e r a l   s p e c i m e n s   t h e   o l i v i n e   i s   p a r t l y  
a l t e r e d   t o   b r o w n i s h   “ i r o n   o x i d e ” .  The a l t e r a t i o n   i s   s t r o n g e s t   a r o u n d  
the ou te r   marg ins   o f  the g r a i n s   a n d   n e a r   f r a c t u r e s   b i l t   a l s o   o c c u r s  
i n  their  i n t e r i o r .  

The  or thopyroxene i s  s u b h e d r a l   a n d   c o l o u r l e s s   u n l e s s   a l t e r e d .  
I n  one  specimen i t s   c o m p o s i t i o n  was   de t e rmined   a s  En79 ( n y  = 1.685. - 2 v ) .  I n  some specimens the m i n e r a l  i s  a l t e r e d   b y   “ i r o n   o x i d e . “  

The c l i n o p y r o x e n e   f o r m s   v e r y   f i n e - g r a i n e d   s . r b h e d r a l o r a n h e d r a 1  
g r a i n s  the composi t ion  of  w h i c h  i s  d i f f i m l t   t o   i d e n t i f y .   i l o s t   o f  
t h e   c l i n o p y r o x e n e   s e e m s   t o b e   a u g i t e   h u t  some p i g e o n i t e  may b e   p r e s -  
e n t .  I n  one   spec imen  the   augi te   has   an   approximate   composi t ion   o f  
CaqlMg4qFel5 (ny = 1.689). 

m a g n e t i t e .  
Of t h e  “ i r o n   o r e “   m i n e r a l s   i l m e n i t e  i s  much more  abundant t h a n  

s p e c i m e n s t h e p l a g i o c l a s e   m i c r o l i t e s  show s u b p a r a l l e l   a l i g n m e n t .   T h e  
The t e x t u r e   o f   t h e   r o c k s   i s   s e r i a t e   a n d   i n t e r g r a n u l a r .  In some 

ranges   approx ima te ly   f rom 2 m i l l i m e t e r s   t o   . 0 2  rnillimeter and i n  a 
s i z e o f  the e s s e n t i a l   m i n e r a l s   i n a   r e l a t i v e l y   c o a r s e - g r a i n e d s p e c i m e n  

f ine -g ra ined   rock   f rom 1 m i l l i m e t e r   t o  ,015 m i l l i m e t e r .  Two t y p e s  
of textlure m a y b e d i s t i n g u i s h e d :  e i ther  o l i v i n e   a l o n e   f o r m s t h e   l a r g e  
g r a i n s   ( t y p e   1 ) o r  t h e  l a r g e   g r a i n s   c o n s i s t o f   p l a g i o c l a s e  and  o r t h o -  

d o m i n a t e d   b y   p l a g i o c l a s e   b u t   a l s o   c o n t a i n s  some o l i v i n e a n d   c l i n o p y -  
py roxene   a s  well a s   o l i v i n e   ( t y p e  1 1 ) .  T h e  i n t e r m e d i a t e   r a n g e  i s  

r o x e n e .   T h e   f i n e s t   g r a d e   i s m a d e   u p o f   m o s t l y   c l i n o p y r o x e n e   a n d   s m a l l  
a m o u n t s   o f   p l a g i o c l a s e .  
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TABLE 3 

JIINERAL COMPOSITION OF SEVEN SPECIMENS OF OLIVINE BASALT 

COmDOS- I 
ition in 
% of  An 

olivine 

61 
+ .GO2 

60 1.6893 
t .GO2 

60 1.6900 
t .002 

60 1.6991 
+ .001 

1.6855 
- 

- 

- 

61 1.7100 
t ,001 l -  
1.6900 
+ ,001 

1,6910 
+ .002 

3" 

' I Comp. 
in % 

t 1% Texture 

72.5 

taxitic 
pilo- 

81.5 
trachy- 

tic 
81 

Specimens l a ,  b .  and c,  are taken from three successive  flows o f  the  plateau  south of Leon  Creek, and specimens Za, 
b .  ana  c,  are from three  successive flows from the  plateau  north of Leon  Creek. The two  localities  are  approximately 
Z miles  apart.  Specimen 3 is from north of  Big Bar Creek. 



p o s i t i o n .  The  p r e s e n c e  o f   o r t h o p y r o x e n e   i n  some f lows   p robab ly  i s  
The p r e s e n t  sampling i n d i c a t e s  n o   s y s t e m a t i c  v a r i a t i o n  i n  com- 

n o t   s i g n i f i c a n t   b e c a u s e   t h e   m i n e r a l   o c c u r s   o n l y i n   s m a l l   q u a n t i t i e s .  
The  one  f low (2b) t h a t   c o n t a i n s   a n   o l i v i n e   c o m p a r a t i v e l y   r i c h   i n   i r o n  
showsno   dev ia t ion   f rom the  ave rage  i n  t h e   c o m p o s i t i o n o f  i t s  p l a g i o -  
c l a s e .   T h i s   l a c k   o f   c o r r e l a t i o n   b e t w e e n   o l i v i n e   a n d   p l a g i o c l a s e  may 
pe rhaps   be   exp la ined   by  the f a c t   t h a t  the t e x t u r e   o f  t he  r o c k  i s  o f  
t y p e  ( 1 )  a n d   a p p r o a c h e s   t h a t   o f   a n   o l i v i n e   p o r p h y r y ,  

c. stl.nct2<vc 

T h e   b a s a l t s  res t  unconformably on r o c k s   o f  t he  P a v i l i o n   g r o u p  
a n d   o n   p o o r l y   c o n s o l i d a t e d   T e r t i a r y   s e d i m e n t s .   T h e i r   u p p e r   s u r f a c e  
s l o p e s   a b o u t  50 f e e t   p e r  mi le to  the n o r t h   c o r r e s p o n d i n g   t o  a d i p   o f  

a n y   s i g n s   o f   d i s t u r b a n c e .  
less t h a n 1   d e g r e e .   T h e y   o v e r l i e   t h e   F r a s e r   R i v e r   f a u l t   z o n e   w i t h o u t  

B e i n g   r e l a t i v e l y   r e s i s t a n t   t o w e a t h e r i n g   t h e   b a s a l t s   f o r m   c l i f f s  
and  have  produced uncommonly s t e e p   p r o f i l e s  i n  the u n d e r l y i n g   r o c k s  
w h i c h  t h e y   p r o t e c t .   A p p a r e n t l y  these w e a k e r   r o c k s   a r e   n o t   a b l e   t o  
s u p p o r t  t h e  l o a d   o f t h e   b a s a l t s a t   s u c h   s l o p e s   a n d   y i e l d  by s lumping.  
T h e   m a r g i n s o f t h e   b a s a l t   p l a t e a u s   a r e   a l s o   c h a r a c t e r i z e d   b y   n u m e r o u s  
f r ac tu res   a long   wh ich   open ings   f rom a few f e e t   t o   t e n s   o f   f e e t   w i d e  
deve lop .  

Leon C r e e k   a r e   v i s i b l e  on  a i r   p h o t o g r a p h s .  
T h e   t e r r a c e - l i k e   f a u l t   b l o c k s   a r o u n d   t h e   b a s a l t   p l a t e a u s   n e a r  

D. Mode of Oyiqin 

There  can b e  l i t t l e  doubt  t h a t  the f o u r   o u t c r o p  areas between 
McKay Creek  and  Watson  Bar Creek a r e   r e m n a n t s   o f  a c o n t i n u o u s   s h e e t  
o f   v o l c a n i c   f l o w s   w h i c h   o r i g i n a l l y   f i l l e d a v a l l e y .   S o m e o f t h e  moun- 
t a i n  s l o p e s   t h a t   b o u n d e d  t h i s  v a l l e y  on the w e s t a r e  s t i l l  p r e s e r v e d .  
T h e   s l o p e s   a r e   u n d e r l a i n   b y   r o c k s   o f   t h e   J a c k a s s   M o u n t a i n   g r o u p   a n d  
o f   t h e  Ward Creek as semblage .   The   va l l ey  i n  which the b a s a l t s  were 

p a r t l y   o f  f l u v i a t i l e  o r i g i n .  
l a i d  down a p p a r e n t l y  c o n t a i n e d   s a n d s   a n d   g r a v e l s   t h a t  may have  been 

The d i s t r i b u t i o n o f  the b a s a l t s   o n B i g   B a r   C r e e k ,  their  a s s o c i a -  
t i o n  w i t h  f l u v i a t i l e   s e d i m e n t s ,  and the p r e s e n c e   o f   p o s s i b l e   p i l l o w  
s t r l u c t l u r e s   s u g g e s t i n g   s u b m e r g e d   d e p o s i t i o n   i n d i c a t e  t h a t  t h e s e   f l o w s  
l i k e  the u n d e r l y i n g   T e r t i a r y   s e d i m e n t s ,   a l s o   o c c u p i e d  a v a l l e y .  

Becauseof  the u n i f o r m i t y o f l i t h o l o g y  a n d   e l e v a t i o n a n d  the sim- 

Creek were   connec ted  w i t h  t h o s e   s o u t h  of Watson  Bar  Creek. 
i l a r i t y   o f   e n v i r o n m e n t  i t i s  p r o b a b l e   t h a t   t h e   b a s a l t s   a l o n g   B i g   B a r  

Creek such  a connec t ion  must h a v e   u n d e r l a i n   a r e a s   t h a t   h a v e   s u b s e -  
A s n o   b a s a l t s   a r e   p r e s e r v e d   b e t w e e n   W a t s o n   B a r  Creek andBig  Bar  

quen t ly   been   e roded  down t o   e l e v a t i o n s   l o w e r   t h a n  3,900 f e e t ;   t h e r e -  

ent v a l l e y   o f  the  F r a s e r   R i v e r .  
f o r e  i t  must h a v e   o c c u p i e d a n a r r o w   z o n e   a l o n g   t h e  l ine o f   t h e   p r e s -  

It  w a s   m e n t i o n e d   t h a t   t h e   u p p e r   s u r f a c e o f  t he  n o r t h e r n   o u t c r o p  
z o n e   d i p s   a t a   g r a d i e n t   o f   a p p r o x i m a t e l y  50 fee t  p e r  mile t o  the n o r t h  
a n d   t h a t  the uppe r   su r f ace   o f  the f lows   onBig   Ba r  Creek s l o p e w i t h  a 
s i m i l a r   g r a d i e n t  t o  t h e   e a s t .  One i s  tempted t o  c o n c l u d e   t h a t  the 
s o u r c e   o f  the v o l c a n i c  flows was l o c a t e d   n o t   f a r   f r o m  the sou the rn  
e x t r e m i t y   o f  their  p resen t   ou tc rops   and   t ha t   t hey   f l owed   no r thward  
a n d   e a s t w a r d   a l o n g   v a l l e y s   t h a t   c o i n c i d e  i n  p a r t   w i t h t h e p r e s e n t v a l -  
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upper  s u r f a c e s  o f  the  b a s a l t s  south  ofWatson Bar Creek  and n o r t h  of 
l e y s  o f   F r a s e r  River  and  Big Bar  Creek,  The f a c t ,  however. t h a t  t h e  

B i g   B a r   C r e e k   h a v e   t h e s a m e   e l e v a t i o n o f 3 , 9 0 0   f e e t  2 50 f e e t a n d t h a t  
n o   g r a d i e n t  i s  n o t i c e a b l e   i n d i c a t e s   t h a t  some t i l t i n g   h a s   o c c l r r r e d  
s i n c e   t h e   d e p o s i t i o n  of t h e   f l o w s .   T h e   d i r e c t i o n   o f  t i l t  and there- 
f o r e   t h e   o r i g i n a l   s l o p e  of the a n c i e n t   v a l l e y s  are u n k n o w n .  

a r e a   t h a t   c o n t a i n   o l i v i n e .  Thei r  appearance   marks  the end  of   the 
T h e s e   b a s a l t s   a r e   t h e   o l d e s t   v o l c a n i c  rocks i n   t h e   p r e s e n t  map 

phase   dominated  by a n d e s i t e ,  I t  i s  g e n e r a l l y   t h o u g h t   t h a . t  sslch f lows  

d e e p   r e a c h i n g   f r a c t u r e s .  As t h e   f l o w s   o v e r l i e   o n e  o r  two m a j o r   f a u l t s  
a r e   d e r i v e d  from a b a s a l t i c   l a y e r  i n  t h e   e a r t h ' s   c r u s t   a n d r i s e  t h r o u g h  

F r a s e r   R i v e r   f a u l t  zone b u t   a f t e r  t h e y  ceased  t o  b e   a c t i v e .  
t h e y  may well h a v e   a s c e n d e d   t h r o u g h   f r a c t u r e s   a s s o c i a t e d  w i t h  t h e  

T h i s   c o n c l u s i o n   c o n f o r m s   i n a g e n e r a l  way w i t h  Dawson's  concept 
the the f l o w s   a r e   o f   l o c a l   o r i g i n  (Dawson.  1895.  p.  216B). 

E .  Age 

h e   p l a c e d  i n  t h e  Upper Miocene .   Duf fe l l andWcTaggar t   co r re l a t ed  them 
Dawson inc luded  t h e   b a s a l t s   i n h i s  "Upper  Volcanic  Group" which 

w i t h  the Kamloops g r o u p   c o n s i d e r e d   a s   M i o c e n e   o r   e a r l i e r .   H o w e v e r ,  
i n   t h e  Kamloops a r e a   t h e   o l i v i n e   b a s a l t s  rest unconformably on the 
Kamloops group (W.H. Mathews,   personal   communicat ion.)  

As Dawson r e m a r k e d   " t h e i r   p r e s e n t   a p p e a r a n c e   r e p r e s e n t s  a v e r y  
g r e a t  amount  o f   r i v e r   e r o s i o n  s ince t h e   d a t e   o f  their  format ion"  

than  3,000 f ee t .  As t h e   F r a s e r   R i v e r   c o n t a i n s   P l e i s t o c e n e   d e p o s i t s  
(1895, p.216B).  The d e p t h   o f   e r o s i o n   s i n c e  their  d e p o s i t i o n  i s  more 

i t  i s  i m p r o b a b l e   t h a t   t h e   v o l c a n i c   r o c k s a r e   y o u n g e r t h a n e a r l y   P l e i s -  
tocene. 

erate  b e c a u s e   u n l i k e   t h a t   f o r m a t i o n   t h e y   h a v e   n o t   b e e n   a f f e c t e d   b y  
O n t h e   o t h e r   h a n d ,   t h e y   a r e   y o u n g e r   t h a n   t h e   F r e n c h  Bar conglom- 

m o v e m e n t s o f . t h e   F r a s e r   R i v e r   f a u l t   z o n e .  They a r e   a l s o   y o u n g e r   t h a n  

McCammon. 1960,  p.160).   The u n i t  i s  c o r r e l a t i v e  w i t h  b a s a l t s   o f  the  
t h e  lower Upper (?)  Miocene   d ia tomi te  of t h e  Quesnel area (compare 

Quesnel map a r e a   a s s i g n e d b y   T i p p e r  (1959) t o  the Niocene .   P l iocene ,  
a n d   p o s s i b l y   P l e i s t o c e n e .  A r e c e n t  a s  y e t   u n p u b l i s h e d   r a d i o a c t i v e  
a g e   d e t e r m i n a t i o n  suggestsahliocene-Plioceneage (W.H. Mathews.  per- 
sona l   communica t ion) .  

2.  INTRUSIVE  ROCKS 

ULTRABASIC  INTRUSIONS 

ULTRABASIC  ROCKS  NEAR  LILLOOET 

1. DISTRIBUTION 

A b e l t   o f   u l t r a b a s i c   r o c k s  l i e s  b e t w e e n   T r i a s s i c o r o l d e r   r o c k s  
t o  the west and the L i l l o o e t  g r o u p   t o  the e a s t  i n  the v i c i n i t y   o f  
L i l l o o e t .  A l t h o u g h   o u t c r o p s   a r e   s c a r c e  the s e r p e n t i n i t e s   a p p e a r   t o  
b e   o n e - h a l f  mile wide .   The   be l t   p robably   ex tends   beyond the p r e s e n t  
map a r e a t o t h e   n o r t h e a s t   a n d   m a y b e l i n k e d   w i t h   t h e   u l t r a b a s i c   r o c k s  
o f  t he   Shu laps   Range .  



2. LITHOLOGY 

A l l  specimens  examined are  s e r p e n t i n i z e d   h a r z b u r g i t e .   I n  most 
o f  them medium- t o   c o a r s e - g r a i n e d   l i g h t   g r e e n   e n s t a t i t e   o r   b a s t i t e  
i s  set  i n  a b l ack   o r   da rk   o l ive -g reen   g roundmass .  

fo l lowing   compos i t ion  of p r i m a r y   m i n e r a l s :  
A p a r t l y   s e r p e n t i n i z e d   s p e c i m e n   h a s   a p p r o x i m a t e l y  the 

o l i v i n e   6 6 %  
e n s t a t i t e  30% 
c l inopyroxene  3% 
chromi te  1% 

The t e x t u r e   o f  the rock  i s  allotriomorphic-seriate. 
The o l i v i n e  i s  a n h e d r a l   a n d   r e l a t i v e l y   f i n e - p r a i n e d .  

ranging   approximate ly   f rom . 5  t o  .2 millimeter in s e c t i o n -  

= 1 . 6 7 4 ) .  Some g r a i n s   c o n t a i n   i n c l u s i o n s   o f   c h r o m i t e ,  
a1   d i ame te r .   The   compos i t ion   o f   t he   mine ra l  i s  F a l o  ( n y  

The e n s t a t i t e  En91 (rmY = 1 .670)  i s  subhedra l   o r   an -  

meter t o   o n e - h a l f   m i l l i m e t e r .  I t  h a s   i n c l u s i o n s   o f  c l ino-  
h e d r a l a n d   r a n g e s  i n  g r a i n   s i z e   a p p r o x i m a t e l y   f r o m  1 c e n t i -  

p y r o x e n e   t h a t   a r e   o r i e n t e d   p a r a l l e l   t o  the  o p t i c   p l a n e   o f  

l a e   o f   u n i f o r m   w i d t h  C.025 millimeterx . S  millimeter) and 
the h o s t .  Two t y p e s   o f   i n c l u s i o n s   c a n b e   r e c o g n i z e d :   l a m e l -  

meter). A l l  i n c l u s i o n s   w i t h i n a   s i n g l e   g r a i n   h a v e  the same 
sp ind le - shaped   o r  i r r e g u l a r  p a t c h e s   ( e . g . ,  . 4  x .8 milli-  

c r y s t a l l o g r a p h i c   o r i e n t a t i o n .  T h e  o r i e n t a t i o n   o f  the i n -  
c l u s i o n s  is n o t  t h e  same a s  t h a t   o f t h e   h o s t  b,.!t i n  c e r t a i n  
s e c t i o n s   t h e   e x t i n c t i o n   p o s i t i o n  of g u e s t  a n d   h o s t   c o i n c i d e .  
T h e  b i r e f r i n g e n c e   o f   t h e   i n c l u s i o n s   d e c r e a s e s   f r o m   t h e i r  
centre toward t h e i r  o u t e r   m a r g i n : a s  many as ten d i f f e r e n t  
z o n e s   o f   d i s t i n c t   i n t e r f e r e n c e  co1o:Ir  can b e   o b s e r v e d .  
s e rvcd .  

Cl inopyroxene  a l s o  o c c u r s  a s  i n d i v i d u a l   g r a i n s   t h a t  
p robab ly   have   t he   Compos i t ion   o f   d iops ide   (ny  = 1.678). 
The g r a i n s   a r e   s u b h e d r a l  t o  anhedra l   and  o f  s m a l l e r   s i z e  
than  the  o r t h o p y r o x e n e .   T h e i r   s e c t i o n a l   d i a m e t e r  l ies  be- 
tween l and  one-half  millimeter. 

The  chromite  i s  opaque 'or   brownish  t ranslucent   and  an-  
h e d r a l .  I t  i s  r e l a t i v e l y   f i n e   g r a i n e d .   r a n g i n ?   f r o m  aho'dt 

m e t e r .  
o n e - q u a r t e r   t o   o n e - e i g h t h   o f a m i l l i m e t e r  i n  s e c t i o n a l   d i -  

3. SERPENTINIZATION 

\ lost   of  the u l t r a b a s i c   r o c k s   a r e   s t r o n g l y   o r   c o m p l e t e l y   s e r p e n -  
t i n i z e d ; t h e   l e a s t   a l t e r e d   s p e c i m e n  seen c o n s i s t s o f   a b o v t 6 5   p e r   c e n t  
s e r p e n t i n e .  

p e n t i n i z a t i o n .  The d i o p s i d e  i s  l i t t l e   a l t e r e d .  Some comple t e ly  ser- 
The three main s i l i c a t e s   a r e   a f f e c t e d   d i f f e r e n t l y  by t h e  ser- 

p e n t i n i z e d   c r y s t a l s  of  e n s t a t i t e   c o n t a i n   u n a l t e r e d   i n c l u s i o n s   o f   d i -  
o p s i d e .  

g o r i t e .  T h e   s e r p e n t i n i z a t i o n  has  p rogres sed   f romthemarg in   and   f rom 
Most of the e n s t a t i t e  i s  p a r t l y   o r   c o m p l e t e l y   r e p l a c e d b y a n t i -  

c l e a v a g e s   a n d   t h e   b l a d e s   o f a n t i g o r i t e   l i e   a p p r o x i m a t e l y   p a r a l l e l   t o  
t he   c l eavage   o f   t he   hos t . .  

p lacement   f rom  the   margin   and   f rom  f rac tures   has   p roduced  two t y p e s  
T h e   o l i v i n e  i s  s t r o n g l y   a f f e c t e d  by the s e r p e n t i n i z a t i o n .  Re- 
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a few b l a d e s   o f   a n t i g o r i t e .  In some specimens the a n t i g o r i t g  shows 
of  mesh structures.  I n  the f i r s t  t y p e  " se rpoph i t e "  i s  surrounded  by 

v e r y   r o u g h l y a p r e f e r r e d   o r i e n t a t i o n   w h i c h   m a y b e t h e  resul t  of s t ress  
(Leech. 1953,   p .   32) .  In o t h e r s  the s e r p o p h i t e  i s  sur rounded by one 
o r   s e v e r a l   l a y e r s   o f   v e r y   f i n e   f i b r e s   t h a t   g r o w   p e r p e n d i c u l a r l y   t o  
the w a l l s o f t h e   s e r p o p h i t e   c o r e .   T h e   f i b r e s   ( l e n g t h   s l o w ,  low b i r e -  
f r i n g e n c e )   a r e   p o s s i b l y   " c h r y s o t i l e " .   T h e   i n t e r s t i c e s   b e t w e e n   c h r y -  
s o t i l e  l a y e r s   c o n t a i n   m a t e r i a l   t h a t  is i s o t r o p i c o r   h a s  low b i r e f r i n -  
g e n c e   t o g e t h e r  w i t h  g r a i n s   o f   a n   o p a q u e   m i n e r a l  w h i c h  is probably sec- 
onda ry   magne t i t e .   These   g ra ins   r ange   f rom a f r a c t i o n  o f  a micron i n  
s ize  t o   l a r g e r ,   v e i n - l i k e   a g g r e g a t e s   r a n g i n g  tup t o  . 4  m i l l i m e t e r  i n  
l ength   and  .02 m i l l i m e t e r  i n  wid th .  

ilte a c i c u l a r   i n c l u s i o n s   w h i c h   r a n g e   f r o m  ,005 t o  .03 millimeter i n  
The   "serpophi te"  and some  of the f i b r o u s  serpentine c o n t a i n  m i n -  

a r e   a l s o   f o u n d  i n  the m a r g i n a l   z o n e s   o f   o l i v i n e   g r a i n s   b u t   n e v e r  i n  
l e n g t h   a n d   a r e   a p p r o x i m a t e l y  ,001 millimeter t h i c k .  The i n c l u s i o n s  

t h e  core of t h a t   m i n e r a l ,   T h e s e   o u t e r   z o n e s   a p p a r e n t l y   h a v e   b e e n   a l -  

g r a i n s .  
t e r e d   a s   t h e y  show a l o w e r   b i r e f r i n g e n c e   t h a n  the inner p a r t   o f   t h e  

The r e f r a c t i v e   i n d i c e s o f t h e   m i n e r a l  l ie  between 1.51 and 1.53. 

a s s o c i a t e d  w i t h  t a l c  was syn thes i zed   by  Bowen and T u t t l e  a t  tempera- 
I t  m a y b e   s e p i o l i t e .   a m i n e r a l  w h i c h  o c c u r s  i n  s e r p e n t i n e .   S e p i o l i t e  

tures around 350 d e g r e e s   c e n t i g r a d e   a n d  a pressure   o f   15 ,000   pounds  
p e r   i n c h  (Bowen and T u t t l e ,   1 9 4 9 ,   p .   4 4 3 ) .  

4. CARBONATE-SILICA  ALTERATION 

On t h e   r i d g e   n o r t h e a s t   o f  Town Creek t h e   s e r p e n t i n i z e d   u l t r a b a s i c  
rocks   have   been   r ep laced   by   ca rbona te   and   qua r t z .  The a l t e r e d   r o c k s  

these o u t c r o p s   r e m n a n t s o f  serpentine a r e   p r e s e r v e d   b u t  i n  o t h e r s  on- 
f o r m   c o n s p i c u o u s .   r u s t y   w e a t h e r i n g   c l i f f s .  In some specimens  from 

u l t r a b a s i c .  
l y  t h e  p r e s e n c e o f   c h r o m i t e   i n d i c a t e s   t h a t   t h e  rocks o r i g i n a l l y  were 

The c o m p o s i t i o n o f t h e   c a r b o n a t e   l i e s   n e a r  the  boundary  of  mag- 

work o f   v e i n l e t s   t h a t   e n c l o s e s   q u a r t z   a n d   n o d u l e s   o f   c a r b o n a t e  some 
n e s i a n   d o l o m i t e   a n d   p a r a n k e r i t e  ( n o  = 1 . 6 9 9 ) .  It  is p r e s e n t  i n  a n e t -  

o f   which   inc lude  a few f i n e   g r a i n s   o f   " i r o n   o r e " .  T h e  c e n t r e   o f   t h e  
v e i n l e t s   c o n t a i n  much secondary   " i ron   ox ide" .  I n  some specimens t h e  
c a r b o n a t e  i s  c u t   b y   v e i n l e t s   o f   q u a r t z .  

5. AGE AND ORIGIN 

the i n t e r n a l   s t r u c t u r e o f  the u l t r a b a s i c   r o c k s   a r e  )unknown.  Howeuer, 
Because o f  i n s u f f i c i e n t   e x p o s u r e  the n a t u r e o f t h e   c o n t a c t s  and 

the  fo l lo rv inp   obse rva t ionsmay   have  some b e a r i n g  on their  age  and or -  
i g i n .  

l i e r  r o c k s t o t h e  west and the L i l l o o e t   g r o u p   t o t h e   e a s t  w h i c h  sou th  
( 1 )  The u l t r a b a s i c   r o c k s   o c c u p y  a zone b e t w e e n   T r i a s s i c   o r   e a r -  

Of  the p r e s e n t  map a r e a   a r e  i n  f a u l t   c o n t a c t   ( D u f f e l l  and  McTaggart, 
1953,  p. 27) .  

rocks o f  the  P a v i l i o n   g r o u p .  
( 2 )  Other u l t r a b a s i c   i n t r u s i o n s  i n  the map a r e a   o c c u r   o n l y  i n  

the u l t r amaf i c   complex   o f the   Shu laps   Range  t o  which  they  bear  a close 
(3) The s e r p e n t i n i t e s   a r e o n s t r i k e a n d   p o s s i b l y   c o n t i n u o u s w i t h  

t r u S i O n S  i n  the Shulaps  Range cuts Upper T r i a s s i c   s t r a t a ,  and  heob-  
l i t h o l o g i c a l   r e s e m b l a n c e .  Leech f o u n d   t h a t  the main  mass  of  the i n -  
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se rved   ch romi te ,   p robab ly   de r ived   f rom these i n t r u s i o n s ,   i n  Lower 
J u r a s s i c   s e d i m e n t s   ( p .   3 9 ) .  He i n f e r r e d   t h a t   t h e   u l t r a b a s i c   r o c k s  
were emplaced i n  the  Upper T r i a s s i c .  

(4) I n t r u s i o n s   o f   s i m i l a r   l i t h o l o y y   a r e   w i d e   s p r e a d   i n   B r i t i s h  
Co lumbiaand   a t t r i bu ted   by   Whi t e   t o  the @per T r i a s s i c   C a s s i a r   o r o g e n y  
(Whi te ,  1959). 

t i n i t e s   w e s t o f  L i l l o o e t  a r e o f  a n   o r i g i n a l  Upper T r i a s s i c  a g e .   T h e i r  
Because  of the  l a s t  t h r e e  p o i n t s  i t  is  t h o u g h t   t h a t  t h e   s e r p e n -  

a s s o c i a t i o n   w i t h   t h e   r e g i o n a l  f a u l t  c a n   b e   e x p l a i n e d   i n  two ways.  
E i t h e r   t h e y   a r e   i n   i n t r u s i v e   c o n t a c t  w i t h  Cache   Creek   type   o f   rocks  
t o  t h e  west a n d i n   f a u l t   c o n t a c t   w i t h   t h e   L i l l o o e t   g r o u p   t o  the e a s t  
a n d   a n t e d a t e  the f a u l t i n g ,   o r  the u l t r a b a s i c   r o c k s ,   o r i g i n a l l y  em- 
p l a c e d i n   t h e   T r i a s s i c ,  were remobi l i zed  i n  o r   a f t e r   t h e  Lower Cre ta -  
c e o u s   a n d   s q u e e z e d   i n t o   t h e   f a u l t .   " C o l d   i n t r u s i o n s "   h a v e   b e e n   d e s -  
c r i b e d   b y   T a l i a f e r r o   ( 1 9 4 3 ,   p .   2 0 5 ) a n d   T h a y e r  (1948. pp.   64-651,and 

and McTaggart  (1953,  p. 76). and t o  the Shulaps  Rangeby  Leech (1953. 
t h e  concept  was r e f e r r e d  t o  the F r a s e r  R ive r  f a u l t   z o n e   b y  D u f f e l 1  

p .  39). 

PERIDOTITE  INTRUDING  THE  PAVILION  GROUP 

D i v i s i o n s  I and I1 o f   t h e   P a v i l i o n   g r o u p .  
A t  a f e w   l o c a l i t i e s   s e r p e n t i n i z e d   d y k e s   w e r e   s e e n   t o   i n t r u d e  

A hand  specimen  from a dyke  exposed on t h e   e a s t   b a n k  
o f t h e   F r a s e r   R i v e r ,   a p p r o x i m a t e l y l m i l e  nor th  of the mouth 

b l a c k   t o   o l i v e   g r e e n   o n   f r e s h   s u r f a c e s ,   a n d   f i n e - g r a i n e d .  
of   Siwash  Creek,  i s  r e d d i s h  brown  on  weathered  surfaces ,  

About 15 p e r   c e n t  o f  t he  p r i m a r y   m i n e r a l s   a r e   c l i n o -  
py roxene   ( end iops ide  ? ny = 1.675), t h e   b a l a n c e   c o n s i s t s  
of f o r s t e r i t e   ( + 2 v   l a r g e r   t h a n  87 d e g r e e s )  and a small  amount 
of  a brownish  opaque  mineral   which i s  p robab ly   ch romi te .  
The   end iops ide  is  s u b h e d r a l   a n d   t h e   o l i v i n e   a n d   t h e   c h r o m i t e  
a r e   a n h e d r a l .  T h e  g r a i n   s i z e  i s  n e a r  . 5  millimeter. 

o l i v i n e   o r   s e r p o p h i t e  c o r e s  sur rounded by r e l a t i v e l y  b r o a d   b l a d e s o f  
S e r p e n t i n i z a t i o n  has  produced a mesh s t ructure  c o n s i s t i n g   o f  

a n t i g o r i t e   t h a t  l i e  i n   s u b p a r a l l e l   o r i e n t a t i o n .   T h e   c l i n o p y r o x e n e  
h a s   b e e n   a f f e c t e d   b y  the s e r p e n t i n i z a t i o n   t o  a  much lesser e x t e n t  
t h a n   t h e   o l i v i n e .   T h e r e  i s  a l s o  some c a r b o n a t e   r e p l a c e m e n t .  

As t h e s e   d y k e s  c u t  r o c k s   t h a t a r e   p o s s i b l y o f L o w e r   T r i a s s i c   a g e  
b u t   h a v e  n o t  b e e n   s e e n i n   t h e   a d j a c e n t  Lower C r e t a c e o u s   s t r a t a  their  

n o t   i d e n t i c a l  w i t h  t h e   u l t r a b a s i c   r o c k s  west of L i l l o o e t .  B u t  a s   t h e  
a g e  may l i e  a n y w h e r e   b e t w e e n   t h o s e   l i m i t s .   L i t h o l o g i c a l l y   t h e y   a r e  

e m p l a c e m e n t   o f   u l t r a b a s i c   r o c k s  i s  a r a r e   e v e n t   i n   t h e   h i s t o r y  of  a 

m a s s e s   n e a r   L i l l o o e t   a n d  i n  t h e   S h u l a p s   R a n g e ,   T h e r e f o r e   t h e y . a r e  
s m a l l   a r e a i t  i s  l i k e l y   t h a t  these dykesare   contemporaneous  w i t h  t h e  

t e n t a t i v e l y   r e f e r r e d  t o  the U p p e r , T r i a s s i c .  

COAST INTRUSIONS 

1. EARLY  LOWER  CRETACEOUS OR OLDER 

1. DISTRIBUTION 

I n  t h e   p r e s e n t   a r e a   d i o r i t i c   r o c k s   c o n s i d e r e d   t o  be e a r l y  Lower 
C r e t a c e o u s o r o l d e r a r e  the most  abundant  of the i g n e o u s   r o c k s   a s s i g n -  
e d   t o   C o a s t   I n t r u s i o n s .  
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. he   sou theas t e rn   edge  of I A s tock u n d e r l i e s   i l o u n t   N a r t l e y  on  t .he 
map a r e a   ( s e e   F i g u r e 6 ) .   A n o t h e r ,   a b o u t   5 m i l e s   l o n g   a n d  up t o   2 m i l e s  
wide ,   ex t ends   f rom  the   mou th   o f   Ke l ly   Creek   t o  Leon C r e e k .   P a r t s   o f  
a small s t o c k   a r e   e x p o s e d   s o u t h  of P a v i l i o n .   T h e   p r e s e n t  map ( F i g u r e  
1) s u g g e s t s   t h a t  it i s  l e s s   e x t e n s i v e   t h a n   i n d i c a t e d  on previous  maps,  
and   i n s t eadof   one   l a rge   mass   anumbcr   o f   sma l l   i n t rus ions   a r e   shown .  
Some  of t h e s e  may be off-shoots of a s t o c k   o r   b a t h o l i t h   h i d d e n   a i   d e p t h .  
A zone  of   small  i n t rus ions  e x t e n d s   f r o m   P a v i l i o n   t o  Kelly Creek .  A 
r e l a t i v e l y   s m a l l  plslg , . ~ n d e r l i e s   t h e   s l o p e s   a t   t h e  n o r t h  end  of P a v i l i o n  
Lake.  In the n o r t h e r n   p a r t   o f t h e   a r e a  t h e  C o a s t   I n t r u s i o n s   a r c   r e p -  

which i s  about  I mile long and a few h:mdred f e e t  wide.  
r e s e n t e d  on ly  by a dyke - l ike  mass on t h e  lotvest p a r t  of  Big  Bar  Creek 

2. LITHOLOGY 

The intrusions a r e  composed  of d i o r i t e .   q u a r t z   d i r o i t e .   a r a n o -  
d i o r i t e ,  a n d   d a c i t e .   Q u a r t z   d i o r i t e i s  the commonest  rock  type.  The 
p l u t o n i c   r o c k s   h a v e  a h y p i d i o m o r p h i c   e q u i g r a n u l a r   t e x t u r e   a n d   a r c  
mos t ly  medium g r a i n e d .  Many of  the  d y k e   r o c k s   a r e   p o r p h y r i t i c .  

The e s sen t i a l  m i n e r a l s   p r e s e n t   a r e   p l a g i o c l a s e .   q u a r t z ,   h o r n -  
b l e n d e .   a n d   b i o t i t e ;   a u g i t e  was n o t i c e d   o n l y  i n  one  specimen.   "Iron 
o r e "   c o n s t i t u t e s   u p  t o  2 p e r   c e n t  of t h e   r o c k .   A p a t i t e  i s  compara- 
t i v e l y  common a s a n   a c c e s s o r y   m i n e r a l ;   a n d   z i r c o n a n d   s p h e n e   a r e   r a r e .  
One dyke   rock   con ta ins   muscov i t e   bu t  no m a f i c   s i l i c a t e s .  

zoning  i s  most commonly of t he  n o r m a l   o s c i l l a t o r y  type .  The mineral 
The p l a g i o c l a s e  i s  most ly  subhedra l .   zoned .  and twinned;  the 

c o n t a i n s   i n c l u s i o n s   o f   s e r i c i t e ,   e p i d o t e .   a n d   c a r b o n a t e .   P o t a s s i c  
f e l d s p a r ,   i f   p r e s e n t   a t   a l l .   f o r m s  less  than  1 p e r   c e n t  of t h e   r o c k s .  

The  hornblende i s  subhedral   and some g r a i n s   a r e   t w i n n e d .  I t  

p a l e   b r o w n i s h   g r e e n   i n   t h e   x - d i r e c t i o n .   T h e   b i o t i t e  i s  a n h e d r a l   o r  
shows p r o n o u n c e d   p l e o c h r o i s m   b e i n g   d a r k   g r e e n i n   t h e   z - d i r e c t i o n   a n d  

subhedral   and brown o r   g r e e n  i n  c o l o u r .  

a p a t i t e   a n d   a r c  in many s p e c i m e n s   p a r t l y  or c o m p l e t e l y   r e p l a c e d  by 
B o t h   h o r n b l e n d e a n d b i o t i t e   c o n t . a i n   i n c l u s i o n s o f   " i r o n  ore" and 

c h l o r i t c .  
The q u a r t z i s   a n h e d r a l   a n d   m o s t   g r a i n s a r e   f r e e   f r o m   i n c l u s i o n s ,  

seems t o  be t r u e  i n  a g e n e r a l  way t h a t  the  p lag ioc lase   becomes  more 
Tab le  4 shows the r ange  i n  the c o m p o s i t i o n   o f   t h e   r o c k s .   I t  

s o d i c   a n d   t h a t  the p e r c e n t a g e  of m a f i c   ' m i n e r a l s   d e c r e a s e s  a s  the con- 
tent o f   q u a r t z   i n c r e a s e s ;   b u t   t h e r e   a r c  except ions.  

Near t h ?  c o n t a c t s  w i t h  r o c k s o f  t he  P a v i l i o n   g r o u p t h e  Coas t  In- 

t i o n   o f   h o r n b l e n d e .  
t r u s i o n s a r e   l o c a l l y   c o n t a m i n a t e d a n d   c o n t a i n a   r e l a t i v e l y  high  propor- 
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TABLE 4 

MINERAL  COMPOSITION OF EIGHT  SPECIMENS FROM COAST INTRUSIONS. EARLY  LOWER  CRETACEOUS OR OLDER 

Localitv 

Dyke on loser  Big  Bar  Creek 

South of mouth  of  Kelly  Creek 

Pluton,  southeast  of  Pavilion, east side 

Dyke near Moran 

Pluton  between  Leon  Creek  and  Kelly  Creek 

Stock  southeast of  Pavilion,  west  side 

Mount  Martley  Stock 

Stock  at north  end of  Pavilion  Lake 

Composition  of mafic 
Classification of  rock  minerals quartz plagioclase 

% of 
% o f  

Calcic andesine. I 0 I 35 I diorite 

Zoned  from  calcic 

sodic  labradorite 
oligoclase to 

diorite Lb 5 

altered t o  albite 0 27 diorite,  transitional  to 
auartz  diorite 

Calcic  andesine. 
zoned 

I1 

andesine.  zoned 
Intermediate 

quartz  diorite 

23 quartz  diorite 

Zoned  from  sodic  to 
intermediate  andesine 

22 33 

andesine 
itional to granodiorite 
quartz  diorite, trans- 

oligoclase  to sodic 
13 32 Zoned from calcic 

itional to granodiorite oligoclase  to sodic 
andesine 

quartz  diorite, trans- 19 30 Zoned from calcic 

quartz  diorite 
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3 .  ASSOCIATED  MINERALIZATION 

S m a l l   s u l p h i d e   d e p o s i t s   a r e   a s s o c i a t e d w i t h   t h e s e   i n t r u s i o n s   i n  
many l o c a l i t i e s   b u t   o n l y , t h e   B i g   S l i d e  Mine (311 n e a r  the m o u t h  o f  

economic   impor tance .   The   proper ty  was i n s p e c t e d  by G.M.  Dawson i n  
Ke l ly  Creek which   ope ra t ed   fo ra   f ew  m o n t h s  i n  1887  has  been  of some 

1887 and  by A.11. Richmondof the B r i t i s h  Columbia  Dcpartmentof  \ l ines 
i n  1932. A compi l a t ion   o f  a l l  p r e v i o u s   r e p o r t s  was g iven   by   Duf fe l l  
a n d   M c T a g g a r t   ( p . 1 0 3 f . ) .   T h e   m i n e r a l i z a t i o n   h e r e   c o n s i s t s o f p y r i t e .  
p y r r h o t i t e .   a r s e n o p y r i t e ,   c h a l c o p y r i t e ,   m a r c a s i t e ,   l i m o n i t e ,   n a t i v e  
go ld .   and   ca rbona te  i n  tx'o p i n c h i n g   a n d   s w e l l i n g   q u a r t z   v e i n s   t h a t  
a r e   u p   t o 4  feet  w i d e   a n d   h a v e   a n   a v e r a g e   t h i c k n e s s   o f 8   i n c h e s .   T h e  
h o s t  rock  i s  a s m a l l   d i o r i t i c   m a s s   t h a t   i n t r u d e s   c h e r t ,   a r g i l l i t e ,  
and minor  v o l c a n i c   r o c k s   o f   D i v i s i o n  I o f   t h e   P a v i l i o n   g r o u p .   S o u t h  
of  K e l l y  Creek, i n  t h e  same v i c i n i t y .   a n o t h e r  small  d e p o s i t  was ex- 
p l o r e d   b y a   s h a f t a n d t w o   s h o r t   l e v e l s .   T h e  writer no ted  some p y r i t e ,  
b o r n i t e ,   m a l a c h i t e ,   a n d  a z u r i t e  i n  an abundant   gangue  of  q u a r t z  and 
c a r b o n a t e  on  a s u r f a c e  dump. 

D i s s e m i n a t e d   p y r i t e a n d a r s e n o p y r i t e   f o r m   r u s t y   z o n e s  in the d i -  
o r i t e   o u t c r o p s  on  T i f f i n   C r e e k   a n d  i n  c h e r t ,   a r g i l l i t e .  and d i o r i t e  
o n  the u p p e r   p a r t   o f   S a l l u s  Creek. 

A specimen o f  b o r n i t e  shown t o  the writer was s a i d t o   h a v e   b e e n  
c o l l e c t e d  on  t he  g p p e r   p a r t o f   S i w a s h   C r e e k   n e a r  the contac t   be tween 
g r a n i t i c   d y k e s   a n d   l i m e s t o n e .  Smal l  amo?ln ts   o f   copper   minera ls   have  
been  foxnd i n  t h e   p l u t o n   s o u t h  o f  Leon Creek. 

4. STRUCTURE,  MODE O F  ORIGIN 

Al though  e longate   masses  are p a r a l l e l  t o  t h e   s t r i k e o f  the h o s t  
r o c k s  the i n t r u s i o n s   l o c a l l y   c u t   a c r o s s   t h e p r e - e x i s t i n g   s t r u c t u r e s .  
F o l i a t i o n s  and l i n e a t i o n s   a r e   r a r e l y   a p p a r e n t .  The m a j o r   r e g i o n a l  
f a u l t s   p a s s   a r o u n d   t h e   p l 7 J t o n i c   m a s s e s ,   b v t   m i n o r   z o n e s   o f   s h e a r i n r  
and a l t e r a t i o n   a r e   p r e s e n t   l o c a l l y .  

by p r o c e s s e s   o f   g r a n i t i z a t i o n  i s  s , J g g e s t e d b y   t h e   c r o s s c u t t i n g   r e l a -  
That  the q u a r t z   d i o r i t e   h a s   b e e n   e m p l a c e d  by i n t r u s i o n  and  not 

morphism i n  the c o u n t r y   r o c k s   s u g g e s t i n p a   s h a l l o w   d e p t h  o f  emplace- 
t i o n  o f  the g r a n i t i c   r o c k s  and the ve ry  loxl g r a d e   o f   r e q i o n a l   m e t a -  

ment. C r y s t a l l i z a t i o n   f r o m a m a g m a  i s  a l s o   i n d i c a t e d  by the  o s c i l l a -  
to ry   normal   zoning   of  the  p l a g i o c l a s e .  

5 .  AGE 

T h e   r o c k s   i n t r u d e   D i v i s i o n s  I and 11 of the  Pav i l ion   g roup   and  
t h e r e f o r e   t h e y   a r e   n o t   o l d e r   t h a n   T r i a s s i c .  They  were n o t  observed  

gro.rp  of tnid  Lower C r e t a c e o u s   a g e .  I t   i s  a l s o  p r o b a b l e   t h a t   t h e y  were 
i n  i n t r l u s i v e   c o n t a c t  w i t h  the  S p e n c e s   B r i d g e   g r o u p   o r   t h e   K i n g s v a l e  

e m p l a c e d   b e f o r e   t h e   e a r l i e s t  movement on f a x l t  "e" of the F r a s e r  River 
f a u l t   z o n e   ( s e e   F i g : l r e  61, which i s  t h o ' i g h t   t o   h a v e   t a k e n   p l a c e  i n  
t h e   e a r l y  Loiver C r e t a c e o ' l s .  

I n  the p r e s e n t  map a r e a  t h i s  group of Coas t   1n t r . t s ions   canno t  

d i o r i t e   t h a t   i n t r v d e s   t h e   L i l l o o e t   g r o u p .   k T a g p a r t   a n d   D u f f e l l .  
b e   d i s t i n p i s h e d   l i t h o l o g i c a l l y  f rom  the   ea r ly  Loiver Cre taceol i s  qlmrtz 

h o w e v e r .   c o r r e l a t e  them w i t h  the  'iiount L y t t o n   b a t h o l i t h   a n d   p r e s e n t  
s t r u c t ! j r a l   s t 2 d i e s   s u p p o r t  t h i s  c o r r e l a t i o n ,   D u f f e l l  and   h lcTagpr t  
s u g g e s t   t h a t  the hlount L y t t o n   b a t h o l i t h  i s  o l d e r   t h a n  the i n t r u s i o n s  

08 



west   of  the F r a s e r   R i v e r  and perhaps  contemporaneous w i t h  the  Guichon 
C r e e k   b a t h o l i t h ,   a n d   r e f e r  i t  t o  the Jurassic  ( p .   0 1 ) .  

11. EARLY  LOWER  CRETACEOUS 

1. DISTRIBUTION 

T h e   C o a s t   I n t r u s i o n s  known t o   b e   e a r l y  Lower Cre taceous   occu r  
a s   dykes   and  s i l l s  i n  the  L i l l o o e t   g r o u p .   T h e   l a r g e s t   o f  these in-  
trusions i s a   l e n t i c u l a r   p l u t o n   a b o u t   o n e - h a l f  mile long   and   severa l  
hslndred f ee t   w ide   wh ich  i s  exposed on t h e   e a s t   s i d e  of  t h e   F r a s e r  
R i v e r   n e a r   t h e   r a i l r o a d   b r i d g e  i n  t h e   v i c i n i t y   o f   L i l l o o e t .  

2. LITHOLOGY 

A l l  s p e c i m e n s   e x a m i n e d a r e   q u a r t z   d i o r i t e  or d a c i t e .   C o a r s e -  o r  
medium-gra ined   rocks   havea   hypid iomorphic   g ranular  texture bu t   po r -  

f i n e - g r a i n e d o r a p h a n i t i c   g r o u n d m a s s .  Some r o c k s   a r e   e n t i r e l y   a p h a n -  
p h y r i t i c   t y p e s  consis t  of medium- t o  c o a r s e - g r a i n e d   p h e n o c r y s t s i n  a 

i t i c .  

b r i d g e   n o r t h e a s t  of L i l l o o e t i s   c o m p o s e d o f  the fo l lowing   pr imary   min-  
A specimen from the l e n t i c u l a r   s i l l - l i k e p l u t o n   n e a r t h e   r a i l r o a d  

e r a l s :  
f e l d s p a r  70% 
q u a r t z  21% 
hornblende  0% 
b i o t i t e  1% 
" i r o n  o r e " ,   a p a t i t e ,   s p h e n e   t r a c e  

a n d e s i n e  t h a t  i s  twinned  and  shows  normal or o s c i l l a t o r y  
The f e l d s p a r   c o n s i s t s   d o m i n a n t l y   o f   s u b h e d r a l   s o d i c  

m a k e s u p   o n l y a s m a l l   f r a c t i o n  of the t o t a l   f e l d s p a r .  Some 
normal   zoning .   Or thoc lase   which  i s  s u b h e d r a l   o r   a n h e d r a l  

of t h e   f e l d s p a r  i s  s t r o n g l y   s e r i c i t i z e d .  
Most of  the hornblende  i s  subhedra l .   The   mine ra l  i s  

d a r k   g r e e n  i n  t h e   z - d i r e c t i o n .   T h e   b i o t i t e  i s  subhedra l  
o r  a n h e d r a l   a n d   p l e o c h r o i c  .in browns .   The   quar tz  i s  an- 
h e d r a l   a n d   r e l a t i v e l y   f r e e   f r o m   i n c l u s i o n s .  

As a l t e r a t i o n   m i n e r a l s   s e r i c i t e .   c a r b o n a t e ,   a n d   c h l o r -  
i t e   a r e   f a i r l y   a b u n d a n t .  

The texture o f  t h e  rock i s  g r a n i t i c   a n d  the s ize  of  
t h e   e s s e n t i a l   m i n e r a l s   r a n g e s  from 2 . 5 m i l l i m e t e r s   t o  1 mil- 
limeter. 
The  phenocrysts  of d y k e   r o c k s   c o n s i s t o f p l a g i o c l a s e   w h i c h  com- 

monly i s  zoned   andes ine .   Hornb lende   and   qua r t z   a r e   r a r e   a s   pheno-  
c r y s t s .  The   groundmass   o f   the   porphyr ies   conta ins  i n  a d d i t i o n   t o  
t h e s e   m i n e r a l s   b i o t i t e ,   a n d  i n  some spec imens   muscovi te .  

H i g h l y   a l t e r e d   r o c k s   f o u n d  i n  t he  v i c i n i t y   o f   m a j o r   f a u l t s   a r e  
r ich i n  c h l o r i t e ,   m u s c o v i t e ,   c a r b o n a t e ,   a n d   p q e h n i t e .  

3. AGE 

L i l l o o e t   g r o u p   w h i c h a r e   t i g h t l y  f o l d e d   b u t   l a c k i n l r i n  the f l a t  l y i n g  
G r a n i t i c   d y k e s   a r e   a b u n d a n t  i n  the  lower  and  middle   par t  of the 

slpper p a r t ,   D i v i s i o n C .   a n d   v e r y  s c a r c e  i n  t h e  Jackass M o u n t a i n  group.  
I t  i s  p o s s i b l e   t h a t   t h e   i n t r u s i o n  t o o k   p l a c e   s h o r t l y   a f t e r  the depos i -  
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t i on   o f   t he   s ed imen t s   and   was   nea r ly   con temporaneous   w i th  the main 
p e r i o d   o f   f o l d i n g .   T h e   a g e o f   t h e s e   q d a r t z   d i o r i t e s   p r o b a b l y  i s  e a r -  
l y  Lower Cre taceous .  

111. LATE  BARREMIAN 

1. DISTRIBUTION 

The C o a s t   I n t r u s i o n s  o f  t h i s  grolup occgr   on ly   a s   dykes  or  sma l l  
p l u g s   i n  the Jackass   Mounta in   g roup .  In the s o u t h e r n   a n d   c e n t r a l  

n o r t h   s i d e   o f   t h e   F r a s e r   R i v e r   o p p o s i t e   t h e   m o u t h o f   F o u n t a i n   C r e e k .  
p a r t s   o f   t h e  map a r e a   t h e y   a r e   r a r e .  A few  dykes   a re   exposed  on the 

b o n a t e   a l t e r a t i o n   a r e   v i s i b l e  on the  s h o r e s o f  the  F r a s e r   R i v e r  some 
Between  Fountain  and the  mou thof   Br idge   R ive r   s eve ra l   zones   o f   ca r -  

of w h i c h   a r e   a s s o c i a t e d  w i t h  s m a l l   g r a n i t i c   d y k e s .   S i m i l a r  zones o f  
a l t e r a t i o n  i n  the  v i c i n i t y o f  Lee Creek and   B lackh i l l   C reek   t ha t   ap -  
p a r e n t l y a r e   n o t   r e l a t e d   t o   m a j o r   f a u l t s m a y   i n d i c a t e   i n t r l u s i v e   b o d i e s  
a t   g r e a t e r   d e p t h ,  In t h e n o r t h e r n   p a r t  of the  map a r e a ,  i n  the v i c i n -  

e s t  o f  t h e s e  i n t r u s i o n s  i s  shown on F i g u r e  1 .  
i t y  o f  Watson Bar   Creek,  g r a n i t i c  r o c k s   a r e m o r e   a b u n d a n t .  T h e  lara- 

2. LITHOLOGY 

o f   C o a s t  Intrgsions in  the a r e a :   t h e y  a r e   p o r p h y r i t i c  q u a r t z   d i o r i t e s .  
L i t h o l o g i c a l l y  t h e s e d y k e s  do n o t  d i f f e r  from the  two o t h e r   g r o u p s  

A t y p i c a l   s p e c i m e n   h a s   c o a r s e   p h e n o c r y s t s o f   z o n e d   a n d e s i n e a n d a   f i n e -  
g r a i n e d   g r o u n d m a s s   c o n s i s t i n g o f   p l a g i o c l a s e ,   q u a r t z ,   h o r n b l e n d e . b i -  
o t i t e .  and   minor   o r thoc la se .   “ I ron   Ore”   and   apa t i t e   were   no ted   a s  
a c c e s s o r i e s ,   S e c o n d a r y   m i n e r a l s   p r e s e n t   a r e   s e r i c i t e ,   e p i d o t e ,   c h l o r -  
it.e. a n d   c a r b o n a t e .  

A dyke which p r o b a b l y   l i e s  i n  the  immedia t e   v i c in i ty   o f   f a ! ! l t  
“d” o f  t h e   F r a s e r   R i v e r   f a u l t   z o n e   h a s   b e e n   a l t e r e d   c o m p l e t e l y .   T h e  
p l a g i o c l a s e   h a s   b e e n   a l t e r e d   t o   a l b i t e   a n d   e p i d o t e   a n d   t h e   m a f i c  m i n -  
e r a l s   t o  ch lor i te .  The  rock i s  e x t e n s i v e l y   r e p l a c e d   b y   c a r b o n a t e .  

3. ASSOCIATED  MINERALIZATION 

On t h e u p p e r   p a r t  of S t i r r i r p  Creek f o u r   s m a l l   ( e p i t h e r m a l ? )   d e -  
p o s i t s  o f  s t i b n i t e ,   c i n n a b a r ,   g o l d ,   w e h r l i t e ,   a n d   b a r i t e   ( P r o f e s s o r  
H . V .  Warren ,   personal   communica t ion)  i s  a s s o c i a t e d  w i t h  p o r p h y r i t i c  

the  Jackass   Mounta in  group (M2). The m i n e r a l s   o c c u r  i n  q u a r t z  v e i n s  
q u a r t z   d i o r i t e   t h a t  h a s   i n t r u d e d  l i t h i c  sands tone  o f  D i v i s i o n  C o f  

t h a t   c u t   b l e a c h e d   p o r p h y r i t i c   q u a r t z   d i o r i t e a n d   s t r o n g l y c a r b o n a t i z -  
ed   coun t ry   rock .   Occur rences   o f  t h i s  t y p e   a r e   p r o b a b l y  the s o u r c e  
of t . h e   n u m e r o u s   g o l d   p l a c e r s o n   S t i r r u p   C r e e k   ( o u t s i d e t h e  map a r e a ) .  

4. AGE 

As thesr d y k e s   i n t r u d e   D i v i s i o n C o f   t h e   J a c k a s s  Mo!lntain groop 
b!lt have   no t   been   foxnd i n  t h e   S p e n c e s   B r i d g e   g r o u p   o r   K i n g s v a l e   g r o u p  

y o u n g e s t   C o a s t   l n t r ! ~ s i o n s  known i n  t h e   g e n e r a l   a r e a .  
they  probably  were  emplaced i n  t h e   l a t e   B a r r e m i a n .  They a r e   t h e  
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GABBRO AND  DIABASE  NEAR LILLOOET 

1. DISTRIBUTION,  STRUCTURE 

p o i n t  on the wes t   bank   o f   t he   F rase r   R ive r   abou t  2 miles southe .as t  
Gabbros   and   d i abases   a r e   exposed   fo r   abou t  .6  miles between a 

of  L i l l o o e t  and  the  head of Town C r e e k o n   t h e   r i d g e   n o r t h w e s t  o f  L i l -  

o v e r b u r d e n ;   l a r g e r   m a s s e s a r e . e x p o s e d   o n l y i n  the v i c i n i t y   o f t h e  pow- 
looe t .   The   o? l t c rops   a r e   mos t ly   sma l l   and   s epa ra t ed   by   expanses   o f  

e r h o u s e  on Seton Creek. 

one l a r g e  intrlusion o r   w h e t h e r   t h e y   r e p r e s e n t  numerous sma l l  i n t r u -  
I t  i s  no t  known whether  the o u t c r o p s a r e   c o n n e c t e d   a n d  t h u s  form 

s i o n s .  
The b e l t   a s a w h o l e  s t r ikes  a p p r o x i m a t e l y   n o r t h  30 d e g r e e s  west 

b a s i c   r o c k s .  To the  e a s t t h e   i n t r u s i o n s   a r e   p o s s i b l y i n   f a u l t   c o n t a c t  
and  forms the e a s t e r n   m a r g i n   o f a   z o n e   o c c u p i e d   d o m i n a n t l y   b y   u l t r a -  

w i t h  the L i l l o o e t   g r o u p ,   b u t  t h i s  c o n t a c t  i s  nowhere  exposed. 

2. LITHOLOGY 

map a r e a   h a v e   n o t   b e e n   s t u d i e d   d u r i n g t h e   p r e s e n t   i n v e s t i g a t i o n .  Ac- 
The   rocks  on the e a s t   s h o r e o f  the F r a s e r   R i v e r ,   o u t s i d e  of the 

c o r d i n g t o B r o c k  (1956) they   a re   hypers thene   gabbros   tha t  show d i f f e r -  
e n t i a t i o n .  

g ra ined ,   and  show no s t r a t i f i c a t i o n .  They a r e   h i g h l y   a l t e r e d ,   a n d  
T h e   i n t r u s i o n s o n  the west s i d e a r e   g r e y i s h   g r e e n ,  medium t o   f i n e  

t h e i r   o r i o i n a l   c o m p o s i t i o n  i s  r e c o g n i z a b l e   o n l y  i n  a few  specimens 
t h a t   r a n g e  from b r o n z i t e   g a b b r o   t o   a u g i t e   d i o r i t e .  

i n  composi t ion .  In o n e   t h i n - s e c t i o n   t h e   a u g i t e   h a s   " h o u r   g l a s s "  
A l l  s p e c i m e n s   c o n t a i n   a u g i t e w h i c h   s h o w s n c   s y s t e m a t i c   v a r i a t i o n  

n i z e d .  I n  one  specimen it was b r o n z i t e  i n  the o the r   one   hype r s thene ,  
s t r u c t u r e .  I n  two o u t  of n ine teen   spec imens   o r thopyroxene   was   recog-  

b u t  the two m i n e r a l s   p r o b a b l y   d o   n o t   d i f f e r  i n  composi t ion  by more 
t h a n 5   p e r   c e n t o f  the  e n s t a t i t e   m o l e c u l e .  In some o f  t h e   o t h e r   r o c k s  
o r thopyroxene  may h a v e   b e e n   p r e s e n t   o r i g i n a l l y   b u t   p r o b a b l y h a s   b e e n  
rep laced   by   minera1 .s  o f  t h e   c h l o r i t e   g r o u p .  O n l y  i n  two specimens 
the o r i g i n a l   p l a g i o c l a s e   a p p e a r s   t o   b e   p r e s e r v e d .  I n  the b r o n z i t e  
gabbro  i t s  composi t ion  l i e s  near  An60, In t h e   a u g i t e   d i o r i t e  i t  i s  
z o n e d   f r o m   c a l c i c   a n d e s i n e   t o   c a l c i c   o l i g o c l a s e .  B u t  a s  the c o r e s  
of many p l a g i o c l a s e   c r y s t a l s i n  th i s  r o c k a r e   h i g h l y   a l t e r e d  they may 
have  had a more ca l c i c   compos i t ion   o r ig ina l ly .   A l though   mos t  of t h e  

m i n e r a l  o f  p r i m a r y   o r i g i n .  
r o c k s   c o n t a i n   h o r n b l e n d e   p e r h a p s   o n l y  i n  the  a i l g i t e   d i o r i t e  i s  t h i s  

The d i f f e r e n c e s   b e t w e e n  the b a s i c  and a c i d i c   t y p e s  i s  a p p a r e n t  
i n  the f o l l o w i n g   t a b l e :  

b r o n z i   t e   q a b b r o  

p l a g i o c l a s e  
a u g i t e  
b r o n z i t e  
c h l o r i t e   g r o u p ,   r e p l a c i n g  

" i r o n   o r e "  

50% 
37% 
5% 

( b r o n z i t e  7) 6% 
2% 
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auqite  diorite 
plagioclase 60% 
augite 
hornblende 

30% 
8% 

"iron ore" 
chlorite  group 1% 

1% 
Table 5 shows  the  determinations  of  the  main primary minerals 

in  four  characteristic specimens. 
Itis  apparent  that  these  gabbros  are not uniformin  composition 

but owing to  the lack of  exposure and the high degree  of  alteration 
the  trends and mechanismsofdifferentiation could notbe  worked  out. 

gabbro and have a hypidiomorphic  granular texture. Most  of them are 
The  outcrops north  of  Lillooet  are o f  medium- to fine-grained 

equigranular,  but  some  are seriate. In some  of  the  specimens  the 
augite  appears strained. The  original  texture  of  the  rocks  has  been 
obliterated  to a  large extent by alteration. 

higher. Some  rocks seem to  have  been fine-grained gabbros  with a 
In the  outcrops on Seton  Creek  the  degreeof  alteration is even 

hypidiomorphic  granular  texture. Two specimens  resemble  originaldi- 
abases;  one of them shows a variolitic  texture. 
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Spec 

w 9 

TABLE 5 

MINERAL COMPOSITION OF FOUR SPECIMENS. OF ALTEREO GABBROIC AND DIORITIC ROCKS 

Orthopyro- 
xene, comp. 
- X 

En -i 1% 89 - 
bronzi te  

Magnesian 
hypersthene 

absent o r  
completely 
a l t e r e d  

absent o r  
a l t e r e d  

Measurements 

( - 1 2 ~  c lose  
t o  90° 

x H . H .  Hess and H.A. Phi l l ips   (1940)  

+ H . H .  Hess 11949) 
* R.M. Crump and K.H.  Ketner  (1953) 

Composition  Measurements 

Ca41Mg44Fe15 1 nv = 1.604+ 
+2% ,002 

2v = 490 

Ca37"49Fe14 = 1.685: 
+ a  - zv = 440 

,002 

Hornblende 
Plagioclase 

Measurement 

Absent An61+ 2% nx' = I 1.559+ I 1 .001- 

present b u t  An,, I nx '  = 
probably 
secondary probably 

a l t e r e d  

Lfu 1.5472+ 
,001 

- 

absent  completely 
a l tered 

present 
replacing 
aug i t e  

nx' = 
1.554- 
1.540 I 



3. METAMORPHISM AND ALTERATION 

I n   s e v e n t e e n   o u t o f   n i n e t e e n   s p e c i m e n s   t h e   p l a g i o c l a s e   h a s   b e e n  
a l tered t o  a l b i t e  and m i n e r a l s  of t h e   e p i d o t e   g r o u p  among w h i c h   p i s t a -  
c i t e  seems t o b e   a b u n d a n t .   T h e   o r t h o p y r o x e n e h a s   b e e n   r e p l a c e d   p a r t l y  
o r   c o m p l e t e l y   b y   m i n e r a l s   o f  the c h l o r i t e   g r o u p .  A mineral o f  t h a t  
g roup   showing   b l aded ,hab i t .  low b i r e f r i n g e n c e ,   a n d   p o s i t i v e   e l o n g a -  

o t h e r   m i n e r a l s   b u t   p a r t l y   r e p l a c e d b y m i n e r a l s o f  the c h l o r i t e   a r o u p .  
t i o n   p r o b a b l y i s a n t i g o r i t e .  The a u g i t e  i s  b e t t e r   p r e s e r v e d   t h a n   t h e  

by   ho rnb lende ,   o r   " i ron   o re" .  
The r o c k s a r e   r e p l a c e d  by p r e h n i t e .   c a r b o n a t e ,   a n d  less commonly 

by tremolite and   poss ib ly  the a m p h i b o l e   n e p h r i t e .  As v e i n   f i l l i n g  
p r e h n i t e ,   c a r b o n a t e ,   a n d   a l b i t e   o c c u r .  

s t r a i n e d   a n d   b e n t .  
One specimen i s  m y 1 o n i t i z e d ; i n   o t h e r s  the a u g i t e   a p p e a r s  t o  b e  

4. AGE 

T h e   c o n t a c t s   o f   t h e  gabbros were n o t  s een .  An i n d i c a t i o n  of 

C r e e k ,   i n  the v i c i n i t y  of f a u l t   " d " a   s p e c i m e n   w a s   c o l l e c t e d  t h a t  i s  
t h e i r   a g e  i s  g iven   by  the f o l l o w i n g   o b s e r v a t i o n .   E a s t   o f   F o u n t a i n  

composed   o f   ch lo r i t i zed   c l inopyroxene   and   ho rnb lende  i n  a m a t r i x   o f  
p r e h n i t e   a n d   s h o w s a   s t r o n g   s c h i s t o s i t y .  I t  r e sembles  t he  h i g h l y   a l -  

rocks s u g g e s t s   t h a t   t h e y  were i n t r u d e d  i n t o  m a j o r   f a u l t   z o n e s   a n d  
t e r e d   g a b b r o s  o r  d i o r i t e s  west o f   L i l l o o e t .   T h e   o c c u r r e n c e   o f  these 

t h e r e f o r e   a r e   e a r l y  Lower C r e t a c e o u s  or y o u n g e r .   T h e i r   a l t e r a t i o n  
may have   been   produced   by   l a te   magmat ic   so lu t ions .  

ANDESITIC  AND  BASIC DYKES 

A l l  r o c k   u n i t s ,   e x c e p t  fo r  t h e   M i d d l e   o r   L a t e   T e r t i a r y   o l i v i n e  
b a s a l t s  are i n t r u d e d b y a n d e s i t i c .   d i a b a s i c , o r b a s a l t i c   d y k e s .   T h e s e  
dykes  may r a n g e   i n   a g e  from e a r l y   M e s o z o i c   t o   L a t e   T e r t i a r y .   T h e y  
a r e   t o o   s m a l l  t o  b e  shown on the accompanying  map. 
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CHAPTER 11. THE  FRASER  RIVER  FAULT ZONE 

1. INTRODUCTION 

Rive r   a r ea   a s  a s e r i e s   o f  t i g h t  f o l d s   h e   n o t i c e d   t h e   s h a t t e r e d  and 
Although Dawson (1895)   cons ide red   t he   s t ruc tu re   o f  the F r a s e r  

a l t e r e d   n a t u r e o f   t h e  rocks i n  many l o c a l i t i e s a n d   s u g a e s t e d   t h a t  some 
o f   t h e   m a j o r   c o n t a c t s   a r e   f a u l t s .  He desc r ibed ,   fo r   example ,   t he  
s t r u c t u r e  i n  t h e   v i c i n i t y   o f   S t e i n   C r e e k   a s   f o l l o w s :  
"but  i n  t h i s  v i c i n i t y ,  on b o t h   s i d e s   o f   t h e   r i v e r  en t i r e  masses  of 
the   rocks   have   become  reddened  and  decomposed by a c t i o n   s u b s e q u e n t  
t o  the i r  d e p o s i t i o n .  The b e d s   a r e   a l l  much s h a t t e r e d ,  and l i n e s   o f  

appa ren t ly   bounds  the Cre taceous  t r o u g h  on t h e   e a s t   s i d e o f   t h e   v a l -  
f a u l t i n g  i n  t h i s  p lace   undoubtedly  r u n  a long  the val ley  oneof   which 

l e y . "  ( p .  1478, f . )  
He s t a t e d   o f   t h e   c o n t a c t o f   t h e   J a c k a s s   M o u n t a i n  g r o u p  w i t h  t h e  

rocks o f t h e S p e n c e s   B r i d g e   g r o u p   ( w h i c h h e   c o n s i d e r e d  to be T e r t i a r y )  
between McKay Creek  and Leon Creek:  

"The boundary  between the Cre taceous   rockson  the west and v o l -  
c a n i c   T e r t i a r y   r o c k s ,   i s   h e r e   r e m a r k a b l y  d i s t i n c t  and s t r a i g h t ,  and 
f o l l o w s a w e l l - m a r k e d   v a l l e y  w h i c h  i s  n e a r l y   p a r a l l e l   t o   t h a t   o f   t h e  
F r a s e r .   T h e r e  i s  some r e a s o n   t o   s u p p o s e   t h a t  t h i s  boundary may be  a 
f a u l t e d   o n e ,   b u t  t h i s  i s  no t  so c e r t a i n . "  ( p .  2158.1 

I n  1912 N . L .  Bowen i n a r e c o n n a i s s a n c e   s u r v e y o f  the Fraser   Riv-  
er v a l l e y  f r o m   L y t t o n t o V a n c o u v e r   o b s e r v e d   t h a t t h e   C r e t a c e o u s   s t r a t a  
s o u t h  of L y t t o n  occupy  a   g raben   be tween  gran i t ic   rocks :  

grees west   and  the  beds  are   commonlyat  low a n g l e s ,   b u t   c l o s e  t o  t h e  
"The a v e r a g e   s t r i k e  of t h e   C r e t a c e o u s   b e d s  is about  n o r t h  15  de- 

g r a n i t e s   t h e   a t t i t u d e  may b e   n e a r l y  or q u i t e   v e r t i c a l .  The g r a n i t e  
does n o t ,  however ,   g ive   any   ev idence   o f   be ing   in t rus ive .  The r e l a -  
t i o n  shown i s  due t o  t h e  down f a u l t i n g  of the Cre taceous   beds .  T h i s  
p a r t  o f  t h e   F r a s e r   V a l l e y  i s ,  i n  f a c t ,   e x c a v a t e d   a l o n g a b e l t   o f  com- 
p a r a t i v e l y   s o f t   s e d i m e n t a r i e s   t h e m s e l v e s   p r e s e r v e d  by g r a b e n   f a u l t -  

p o s i t i o n   t o t h i s   f a u l t i n g ,   f o r   t h e   s t r i k e   o f   t h e i r   b e d s  makes a s h a r p  
ing .  The s t r i p s   o f   P a l e o z o i c   r o c k s ,   t o o ,   p r o b a b l y  owe the i r  p r e s e n t  

angle w i t h  t h e   e l o n g a t i o n  o f  t h e   s t r i p s . "  

the southern p a r t   o f  the Ashc ro f t   a r ea  the Fraser River Cretaceous 
Duf fe l1  and McTaggar t   cor robora ted   Bowen 's   observa t ion   tha t  i n  

be l t   occupiesa   g raben .   Nor th   o f   Cinquefo i l   Creek   however ,   they   no t -  
e d a   s e r i e s  of f a u l t s i n  w h i c h  t he   rocks to   t he   wes t   have   been   e l eva t -  
ed r e l a t i v e  t o  t h o s e  i n  t h e   e a s t .  They g a v e   e v i d e n c e o f   i n t e r m i t t e n t  
a c t i v i t y  from Lower C r e t a c e o u s   t o  post  Eocene  time  and  showed t h a t  
c a r b o n a t e ,   p r e h n i t e ,   a n d   a l b i t e   a l t e r a t i o n   a r e   a s s o c i a t e d  w i t h  the 
f a u l t   z o n e .  As the p r o b a b l e   c a u s e o f t h e   f a u l t i n g   t h e y   s u g g e s t e d  up- 
l i f t  and t i l t i n g  of   the  Coast   Mountains .  

Leech  (1953)  mapped  a f a u l t   z o n e  i n  t h e  Yalakom a r e a   t h a t  i s  
probably  connected w i t h  a   ma jo r   f au l t   d i scove red  by Duf fe l1  and Mc- 
T a g g a r t   n e a r   L i l l o o e t .  

on t h e   F r a s e r  River o b s e r v e d   s e v e r a l   f a u l t s i n   t h e   n o r t h e r n   p a r t s   o f  
McCammon and  Nasmith  (1956)   duringa s t u d y  o f   poss ib l e   dams i t e s  

t h e   p r e s e n t  map a r e a   w h i c h   t h e y   c o n s i d e r e d   t o b e   p o s s i b l e   e x t e n s i o n s  
of t h e   F r a s e r   R i v e r   f a u l t   z o n e   o f   t h e   A s h c r o f t   a r e a .  

( 1 )   T h o s e   f a u l t s o f  the Ashcrof t   shee t   (Duffe l land   McTaggar t ,   1953)  
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t h a t   a r e   s i t u a t e d i n   t h e   p r e s e n t  map a rea   have   been   mapped ingrea t e r  
d e t a i l  b u t  w i t h o u t  major   changes .  

a n o t h e r   f a u l t   o f   t h e   F r a s e r  River f a u l t   z o n e .  The  movement on t h i s  
(2) I t  i s  shown t h a t   t h e   w e s t e r n   c o n t a c t   o f   t h e   P a v i l i o n   g r o u p  i s  

f a u l t i s  i n  the  o p p o s i t e   s e n s e  t o  t h a t  of the  o t h e r   f a u l t s   o f   t h e   z o n e .  

t u r e  of t h e   p r e s e n t  map a r e a   t h e r e f o r e   a p p e a r s   t o   b e  a complex  graben. 
s h o w i n g a   r e l a t i v e  downward  movement o f t h e  western b l o c k .  The s t r u c -  

I t  i s  s u g g e s t e d   t h a t   f a u l t  movements on t h i s  g r a b e n   c o n t r o l l e d  the 
d e p o s i t i o n   o f   D i v i s i o n s  B and C of   the   Jackass   Mounta in   g roup .  
(3)  A n o t h e r   l o n g i t u d i n a l   f a u l t .   t h e   n a t u r e o f   i t s  movement  unknown, 
has  been  mapped w i t h i n  t h e   P a v i l i o n  g r o u p .  
(4) I t  i s  shown t h a t   t h e   l a t e s t  movement on o n e   o f   t h e   l o n g i t u d i n a l  
f a u l t s   p r o b a b l y   t o o k . p l a c e  i n  M i d d l e   T e r t i a r y   t i m e .  

2. DESCRIPTION OF THE FRASER RIVER FAULT ZONE 

F i g u r e  6. The main f a u l t s  of  the  zone t r e n d  n o r t h w e s t e r l y  t o  no r th -  
The main branches  of  t h e  F r a s e r  River  f a u l t   z o n e   a r e  shown on 

e r ly  and a r e   r e f e r r e d  t o  a s   l o n g i t u d i n a l   f a u l t s .   F a u l t s   t r e n d i n g  
w e s t e r l y , i n   p a r t   a p p a r e n t l y   o f f s e t t i n g   t h e   l o n g i t u d i n a l   f a u l t s ,   a r e  
r e f e r r e d  t o  a s   c r o s s - f a u l t s .  

S i x   m a j o r   l o n g i t u d i n a l   f a u l t s   h a v e   b e e n   r e c o g n i z e d  i n  t h e  map 
a r e a .  A t  l e a s t  two o f  them a r e   c o n t i n u o u s  t h r o u g h o u t  t h e   a r e a  and 
some of  them  have  been shown t o  e x t e n d   f a r   t o   t h e  s o u t h .  I t  i s  a s -  

of   thick  overburden  and l ack  of   obvious  o f f s e t  i n  t h e   f o r m a t i o n s  
sumed t h a t   o t h e r   f a u l t s  e x i s t  b u t  have n o t  been r ecogn ized   because  

t r a n s e c t e d .  The l o n g i t u d i n a l   f a u l t s   s t r i k e   n o r t h w e s t e r l y   t o   n o r t h -  
erly, and, j udged  by t h e i r   l a c k   o f   d e f l e c t i o n o n  the map i n  c r o s s i n g  
r i d g e s  o r  v a l l e y s ,  ' d i p  s t e e p l y .  

F a u l t   " a "   ( s e e   F i g u r e  6 )  s e p a r a t e s   t h e   L i l l o o e t  g r o u p  on the 
e a s t  from T r i a s s i c   o r   o l d e r   r o c k s  t o  t h e  west. The f a u l t  i s  no t  ex- 

McTaggart ,   1953)   and  is   probably  cont inuous t o  the n o r t h   w i t h a m a j o r  
posed i n  t h e  map a r e a   b u t   h a s   b e e n   s e e n   f a r t h e r  s o u t h  ( D u f f e l l  and 

h a s   a s s o c i a t e d  w i t h  i t  s e r p e n t i n i z e d   u l t r a b a s i c   i n t r u s i o n s ,   g a b b r o s  
f a u l t  i n  the Yalokom a rea   (Leech .   1953) .  I n  the p r e s e n t  map a r e a  i t  

and d i a b a s e  which  e i t h e r   l o c a l i z e d   t h e   b r e a k   o r   i n t r u d e d   t h e   f a u l t  
zone .  

F a u l t  "b" b r i n g s t h e   i i l l o o e t   g r o u p   i n t o   c o n t a c t  w i t h  the Jack -  
a s s   M o u n t a i n   g r o u p .   I t   h a s   s e v e r a l   b r a n c h e s   n e a r  the  m o u t h  of  Bridge 
R i v e r   t h a t  seemto c o n v e r g e   t o a   s i n g l e   b r e a k  t o  t h e  s o u t h  and t o  the 
n o r t h .  The f a u l t  i s  p o o r l y  exposed  and  has no topographic   express ion  
on  the   wes te rn   s lopes   o f   the   Camels foot   Range   andof   Founta in   Ridge .  
Where t h e   i n d i v i d u a l   b r a n c h e s  cross F r a s e r   R i v e r ,   t h e   s t r a t a a r e  d i s -  
t u rbed   ove r  w i d t h s  u p  t o  s e v e r a l   h u n d r e d   f e e t .  

A l l  t h r e e   d i v i s i o n s o f t h e   g r o u p   a r e   e x p o s e d i n   t h e   w e s t e r n   b l o c k   b u t  
F a u l t  "c" d iv ides   the   Jackass   Mounta in  group i n t o  two main  blocks.  

on ly   D iv i s ion  C i n  the e a s t e r n   b l o c k .   N e a r   F o u n t a i n   S t a t i o n   t h r e e  
c l o s e l y   s p a c e d   b r a n c h e s   w e r e   o b s e r v e d o r   i n f e r r e d  b u t  e l sewhere  o n l y  

row b e l t   o f   s t e e p l y   d i p p i n g   a n d   d i s t o r t e d   s t r a t a   e a s t  and nor theas t  
one c o u l d  b e   e s t a b l i s h e d .  The e a s t e r n   b r a n c h  i s  i n d i c a t e d  by a  nar- 

o f   F o u n t a i n   S t a t i o n   a l o n g   t h e   w e s t   s h o r e   o f   t h e   F r a s e r   R i v e r .  The 
western branch  i s  marked by i n t e n s e l y   s t a i n e d  a n d   s h e a r e d   c l i f f s  a 
few  hundred   fee t   above   the   road   wes t  o f  F o u n t a i n   S t a t i o n .  The cen- 

c o n t i n u e s  t o  t h e   s o u t h .  I t  t r u n c a t e s   D i v i s i o n  B and b r i n g s  i t  i n t o  
t r a l   b r a n c h  i s  exposed o n l y  on t h e   s h o r e   o f   t h e   r i v e r   b u t   p r o b a b l y  

c o n t a c t  w i t h  a f a u l t  s l i ce  of   Div is ion  C. 
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F a u l t  "d"   forms  the contac t  o f  D i v i s i o n  C of  the J a c k a s s  Poun- 
t a i n  g roup  w i t h  v o l c a n i c   r o c k s   o f   t h e   F o u n t a i n   V a l l e y   a s s e m b l a g e ,  the 

b l a g e .   T h e   f a u l t   z o n e  i s  e x p o s e d   e a s t  of Foun ta in  Creek a t  the sou th  
uppe r   d iv i s ionof   t he   Spences   Br idge   g roup .   and   t he   Nard  Creek assem- 

s h o r e   o f  the  F r a s e r   R i v e r ,   a n d   a g a i n   n o r t h e a s t   o f t h e  mouth  of  Black- 
h i l l  Creek. S e v e r a l   m i n o r   f a u l t s   p a r a l l e l  w i t h  f a u l t  "d" o c c u r   n e a r  
the m o u t h  o f   Foun ta in   Creek .  Between the mouths o f  Gibbs  Creek  and 
B l a c k h i l l   C r e e k ,   o n  the west s i d e o f t h e   F r a s e r   R i v e r ,   t h e   s t r a t a   o f  
D i v i s i o n  C. commonly f l a t   l y i n g  or g e n t l y   d i p p i n g .   h a v e   b e e n   t i l t e d  
i n t o   a l m o s t   v e r t i c a l   a t t i t u d e s   f o r   d i s t a n c e s   o f   a t  l eas t  one-ha l f  
mile west o f   t h e   f a u l t   z o n e .   M i n o r   h r a n c h e s   o f   t h e   z o n e   a r e   e x p o s e d  
a t  t h e  m o u t h s   o f   S a l l u s   a n d   B l a c k h i l l  Creeks. In t h i s  v i c i n i t y ,  the 
main f a u l t  seems t o   h a v e   c o n t r o l l e d  the course   o f  the F r a s e r   R i v e r .  
Between the u p p e r   p a r t   o f  McKay Creek  and Leon Creek the f a u l t  i s  
c o v e r e d   f o r   a b o u t  2% miles by f l a t   l y i n g   M i o c e n e  o r  P l i o c e n e  ( ? I  ba- 

on  Watson  Bar  Creek, the f a u l t  i s  marked   by   i n t ense   ca rbona te   a l t e r -  
s a l t s  t h a t  a p p a r e n t l y h a v e n o t b e e n o f f s e t b y t h e  f a u l t .  To t h e   n o r t h ,  

a t i o n  i n  t he  l i t h i c   s a n d s t o n e s  and the v o l c a n i c   r o c k s .  

well exposed on a c l i f f   i n   B i g   B a r   C a n y o n ,  where the  f a u l t   d i p s   7 4  
F a u l t  "e" the wes tern   boundary  f a u l t  of  the P a v i l i o n   g r o u p  i s  

d e g r e e s   t o  the sou thwes t .   The   t r ace   o f  t h e  f a u l t   p l a n e  on the c l i f f  

cons i s t s  o f   r i b b o n   c h e r t   t h a t  l i e s  a p p r o x i m a t e l y   p a r a l l e l t o t h e   f a u l t  
i s  s t r a i g h t ,   s u g g e s t i n g  l i t t l e  v a r i a t i o n  i n  d i p .  The   foo twa l l  here 

p l a n e   a n d   c o n t a i n s   n u m e r o u s   v e i n l e t s   o f   q u a r t z   a n d   c a r b o n a t e .   T h e  
hangingwal l  i s  a n d e s i t e   t h a t   h a s   b e e n   c o n v e r t e d  i n t o  a l a y e r   o f   g o u g e  
a b o u t   4 0   f e e t   t h i c k .  

a f a u l t  c o n t a c t  i s  i n d i c a t e d   b y   t h e   s t e e p   d i p s   o f t h e   o t h e r w i s e   f l a t  
Between Watson  Bar  Creek  andFrench  Bar  Canyon the e x i s t e n c e  of 

t o  McKay Creek the  r o c k s   a d j a c e n t   t o t h e   c o n t a c t   a r e   p o o r l y   e x p o s e d .  
l y i n g  o r  m o d e r a t e l y   d i p p i n g   v o l c a n i c   r o c k s .  From Watson  Bar Creek 

Between b1cKay Creek  and a l o c a l i t y   a b o u t  1 mile nor thwes t   o f   G len  
F r a s e r  the f a u l t  i s  not   exposed   bu t   ind ica ted   by   anomalous   d ips   and  
s i g n s   o f   s h a t t e r i n g   a n d   a l t e r a t i o n ,   I m m e d i a t e l y   n o r t h   o f G l e n   F r a s e r  

of G ibbs   Creek   t he  e a s t e r n  c o n t a c t   o f  the P a v i l i o n   g r o u p  i s  covered  
t h e  l o c a t i o n   o f t h e  f a u l t  i s  u n c e r t a i n .  From Glen   F rase r  t o  the mouth 

by  overhurden.   Southwest   of  the m o u t h  o f   G i b b s   C r e e k a   f a u l t   b e t w e e n  
the l o w e r   d i v i s i o n   o f  the Spences   Br idge   g roup   and the   Foun ta in   Va l -  
l ey   a s semblage  was i n f e r r e d   f r o m  a c r o s s - s e c t i o n  ( B - B ' ) .  This   i n -  
f e r r e d   f a u l t   p r o b a b l y  is con t inuous  w i t h  t h e   e a s t e r n   b o u n d a r y   f a u l t  
o f   t h e   P a v i l i o n  group t r aced   f rom northwest of  Glen F r a s e r  t o  n o r t h  
of   Big  Bar   Creek.  

masses .  No m a j o r   p l u t o n s  i n  the p r e s e n t  map a r e a   a r e   e x p o s e d  t o  the 
F a u l t  "e" l i e s  c l o s e  t o  t h e   w e s t e r n   m a r g i n  of s e v e r a l   g r a n i t i c  

e a s t   o f  t h i s  f a u l t .  

the  P a v i l i o n   g r o u p .  The f a u l t  is  exposedon t h e  s l o p e   n o r t h   o f   P a v i l -  
F a u l t   " f "  forms t h e   c o n t a c t   b e t w e e n   D i v i s i o n  I and  Divis ion I1 of 

T h e   n o r t h w e s t e r n   c o n t i n u a t i o n   o f   t h e   c o n t a c t  i s  obscured  by l a c k   o f  
i o n  Creek   and   i nd ica t ed   by   shea r ing   and   a l t e r a t ion   sou th  o f  Moran. 

outcrop  and  metamorphism.   South  of   Pavi l ion  Creek the c o n t a c t  i s  
ve ry   poor ly   exposed .  On Kea t l ey  Creek a f a u l t   r e l a t i o n  was i n f e r r e d  

D i v i s i o n  I and an a n o m a l o u s   s t r a t i g r a p h i c   t o p   n e a r  the c o n t a c t .  
f rom  an   abrupt   l i tho logica l   change ,   f rom the unusual   narrowness   of  

r e l a t i v e  downward m o v e m e n t o f   t h e   e a s t e r n   b l o c k ;   f a u 1 t " e "  i s  a n o r m a l  
The f a u l t s   " a " ,  "b".  "c".  and  "d"  appear t o  b e   n o r m a l   f a u l t s  w i t h  

f a u l t  w i t h  r e l a t i v e  downward  movement o f   t h e  western b lock .   These  
f i v e   l o n g i t u d i n a l   f a u l t s   f o r m a   c o m p l e x   g r a b e n .  The s e n s e o f  movement 
on f a u l t  "f" i s  u n c e r t a i n .  
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Cross-faults, approximately  normal  to the  longitudinal faults, 
seem to  be comparatively short and to show  small offsets. Although 
horizontalandvertical  displacements  canbeestablished in some plac- 
es, in others  offsets  cannot  berecognized at all and faulting is in- 
dicated only by abrupt  changes in attitude.  The cross-fault zones 
consist  of  single  breaks  or,  as on Fountain  Ridge,  of a series of 
closely spaced  faults. One  of the cross-faults offsetsa longitudin- 
al fault hut  others  appear  to  stop  at them. 

3. ASSOCIATED  ALTERATION 

The  most  common  alteration  associated  with  the  Fraser Riverfault 
zone is carbonatization.  The  carbonate  weathers  rusty brown.  In  an 
altered  rock  fromBig  Bar  Canyon it has  the  composition  ofmagnesiodol- 
omite (no = 1.6795). In  conglomerates,  sandstones, and siltstones 

occurs in veinlets and irregular patches. In many  localities vein- 
the  carbonate  replaces  mostly  the  matrix,  but in the other  rocks it 

lets of quartz  are  associated  with  the  carbonate. 

of low-grade or  retrogressive  metamorphism.  Calcic and intermediate 
Igneous  rocksand  lithic  sandstones near major  faults  show signs 

minerals  to chlorite. Chlorite and epidote in many of these  rocks 
plagioclase  have been converted to albite and epidote and the mafic 

Duffel1 and McTaggart  have pointed out  that in many  localities  the 
form veinlets and apparently  have been redistributed by solutions. 

albitization  is  accompanied  by  prehnitization.  The  prehnite  appears 
in veinlets or replaces  the  plagioclase  of  the host. In the  present 
map area the  mineral  was found inthe  gabbroic  belt  westof  Lillooet, 
in a dioritic  dyke  near  the  mouth  of  Bridge  River, in a gabbroic or 
dioritic  dyke and  a lithic  sandstone east  of Fountain  Creek, and in 
the  diorite  mass  southeast  of  Pavilion.  All  these  localities  are in 
the  vicinity  of  major  fault  zones.  It is possible that  the altering 
solutions and the  gabbroic  dykes  ascended  through such fractures and 
that  dykes and solutions  are  related in origin. West of  Lillooet the 
gabbros  are  also  veinedbytremolite and possiblytheamphibole  neph- 
rite. 

4. HISTORY OF THE IPRASER RIVER FAULT ZONE 

and  complex  sequenceof intermittent  movements.  The  evidence for the 
The history  of  the Fraser  River  fault  zone  probably  is a long 

earlier  movements  is  incomplete,  indirect, and lies mostly in the 
stratigraphic  record. Only the latest movements can be  established 
directly from the  present structure. 

Cross-section C-C' shows  that  the  faulting  is  younger than the 
folding of  the  Lillooet  group  which  probably took place in the  Neocom- 
ian. 

The  earliest indication of the  existence of the  fault  zone is 
the  conglomerate of Division B  (Barremian) of  the  Jackass  Mountain 
group.  The  great  thickness of  coarse  sediments in this  unit  suggests 
rapid  uplift of the  source area which  may  have  been  accomplished  by 
normal faulting. 

There is also some  evidence  thatthe  fault  zonewas  active  during 
the  deposition  of  Division C (Barremian) orat the end of that time. 

About  1 mile  north of  the  mouth of Gibbs  Creek  volcanic  rocks 
ofthe  Spences  Bridgegroup  apparently  overlie the Pavilion  group  with 
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u n c o n f o r m i t y .   A b o u t l m i l e  t o  t h e   w e s t   s t r a t a   o f   D i v i s i o n  C. s e v e r a l  
thousand feet  t h i c k  a re   exposed .   The  un i t s  a r e   p r o b a b l y   s e p a r a t e d  
by two f a u l t s  the l a t e s t  movement  on  which t o o k  p l a c e  i n  the middle  
(?)  T e r t i a r y   ( c r o s s - s e c t i o n  C - C ' ) .  The s i t u a t i o n   c a n   b e   e x p l a i n e d  
i n  two  ways. Either the s t r a t a  of the   J ackass   Moun ta in   g roup   neve r  
e x t e n d e d t o  the l o c a l i t y  where t h e   S p e n c e s   B r i d g e   g r o u p w a s   l a i d  down 
l a t e r ;  or the e a s t e r n   p a r t  o f  D i v i s i o n  C was  removed  by u p l i f t  and 
e r o s i o n   b e f o r e  t h e  d e p o s i t i o n   o f  the Spences   Br idge   group.  I n  the 

r a p i d l y   s u b s i d i n g   t r o u g h  whoseeasternboundaryapproximately co inc id -  
f i r s t   c a s e  the sediments  o f   D iv i s ionCmus t   have   been   depos i t ed  i n  a 

ed w i t h  the p r e s e n t   f a u l t .   T h e   s e c o n d   e x p l a n a t i o n   i m p l i e s  a r a p i d  
u p l i f t o f   g r e a t   m a g n i t u d e   i m m e d i a t e l y t o  the  e a s t o f  the  p r e s e n t   f a u l t  
z o n e .   B o t h   e x p l a n a t i o n s   s u g g e s t   m o v e m e n t s o f t h e   p r e s e n t   f a u l t   z o n e ;  

c e o l ( s   ( B a r r e m i a n ) ; i n   t h e   s e c o n d c a s e   s l i g h t l y   l a t e r   ( e a r l y   A p t i a n ? ) .  
i n  the f i r s t   c a s e  i t  would  have  taken  place i n  the mid  Lower C r e t a -  

u n i t  o f  the Spences   Br idge   group i n  the t y p e   a r e a ,   b u t   y o u n p e r .   t h e  
I f   t h e   r o c k s   n o r t h   o f G i b b s   C r e e k   a r e   n o t   c o r r e l a t i v e  w i t h  t h e   b a s a l  

f a u l t i n g   m i g h t   b e   m i d d l e   o r   l a t e   A p t i a n .  

b e   e s t a b l i s h e d ,   b u t   p e r h a p s  the vo lcan i smof  t h i s  time i s  r e l a t e d  t o  
Middle   and Upper C r e t a c e o u s a n d E a r l y   T e r t i a r y   m o v e m e n t s   c a n n o t  

t h e   F r a s e r   R i v e r   f a u l t  zone (compare  Cloos,  1939). 

i c  f l o w s a n d   t u f f s   t h a t  overlie the French  Bar  formation  (Eocene-Olig- 
T h e   y o u n g e s t   r o c k s   d i s t u r b e d b y f a u l t   m o v e m e n t s   a r e  the volcan-  

w i t h o u t  s i g n s o f d i s t u r b a n c e ,  a n d   t o p o g r a p h i c   e v i d e n c e o f   P l e i s t o c e n e  
ocene). The  l l iocene - P l i o c e n e   o l i v i n e   b a s a l t s   o v e r l i e   f a u l t  "d" 

or Recent f a u l t i n g   h a s   n o t   b e e n   f o u n d .  

.5. CAUSES OF FAULTING 

Duffe l1   and   McTaggar t   have   re la ted  the movementon f a u l t s   a ,  b. 
c ,   a n d   d ,  w h i c h  show r e l a t i v e   d e p r e s s i o n   o f  the e a s t e r n   b l o c k s ,  t o  
u p l i f t   a n d   t i i t i n g   o f   t h e   C o a s t   M o u n t a i n s  i n  the  west. By ana logy  

b e   r e l a t e d   t o   u p l i f t  o f  the p l u t o n i c   m a s s e s   s i t u a t e d   i m m e d i a t e l y   t o  
f a u l t  "e". s h o w i n g   r e l a t i v e   d e p r e s s i o n   o f  the western b l o c k ,   c o u l d  

t h e   e a s t .   P e r h a p s   t h e s e   p l u t o n s   a r e   p a r t   o f  a l a r g e r   m a s s   h i d d e n   a t  
g r e a t e r   d e p t h   t h a t  i s  connec ted  w i t h  the Mount L y t t o n   b a t h o l i t h .  

g r e a t e s t   g r a b e n s  o f  t h e  wor ld   p robably  were produced  by  broad  domal 
On t he  other   hand,   f lans   Cloos (1930) h a s   s u g g e s t e d   t h a t  the 

u p l i f t s   a n d   a r e   t h e   r e s u l t   o f t e n s i o n .  An u p l i f t   o f  the  F r a s e r   R i v e r  
area i n . t h e  Lower Cretaceous i s  i n d i c a t e d  by the g r a d u a l   s h i f t  from 
m a r i n e   t o   c o n t i n e n t a l   c o n d i t i o n s .  

P e r h a p s   b o t h   p r o c e s s e s   a r e   r e l a t e d .  
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CHAPTER 111. GEOLOGICAL HISTORY OF THE  AREA 

s t r i c t e d  m a r i n e   b a s i n  i n  w h i c h  carbonaceous  m a t t e r  was n o t  o x i d i z e d ,  
In the Permian  and T r i a s s i c  the  a r e a  w a s   p a r t  o f  a somewhat re- 

I n  the  Upper P e r m i a n a r e e f   z o n e   e x t e n d e d   t h r o u g h  the p r e s e n t   M a r b l e  
Range  and  Pavi l ion  Mountains .  I n  Upper   Pe rmian   o r   Te r t i a ry  time t o  
the west of the Marb le   Range   a l t e rna t ing   1aye r s .o fmud   and   r ad io l a r -  
i a n   d e b r i s   w e r e   l a i d  down .   The   cond i t ionswere   modera t e ly   s t ab le   bu t  
some v o l c a n i c   e r u p t i o n s   t o o k   p l a c e .  I t  i s  unknown whe the r   t hese   de -  
p o s i t s a r e   s e p a r a t e d   f r o m  the u n d e r l y i n g   r e e f a l   u n i t   o r   t h e   o v e r l y i n g  
c l a s t i c - v o l c a n i c  su i te  b y a m a j o r   u n c o n f o r m i t y .  In the   h l idd le  o r  Up- 
p e r   T r i a s s i c t h e   a r e a   w a s   e x t r e m e l y   u n s t a b l e .   T e c t o n i c   m o v e m e n t s  re- 

by   s t rong  v o l c a n i s m .   T h e   d e p o s i t s   o f  t h i s  e p o c h   c o n s i s t e d   o f  l i t h i c  
s u l t i n g i n  s u b m a r i n e   s l u m p i n g a n d   t u r b i d i t y  c u r r e n t s  were accompanied 

and s i l t .  The t e c t o n i c   a c t i v i t y  may have  cu lmina ted  i n  the  C a s s i a r  
s a n d ,   t u f f ,  v o l c a n i c f l o r v s ,   a r g i l l a c e o u s m u d .  r a d i o l a r i a n   d e b r i s ,   l i m e ,  

orogeny (White. 1959). However. i n  the p r e s e n t  map a r e a  the o n l y  i n -  
t r u s i o n s   m a r k i n g   t h a t   e v e n t a r e  Upper T r i a s s i c  ( ? )  u l t r a b a s i c  i n t r u -  
s i o n s  west o f   L i l l o o e t   a n d   e a s t   o f   t h e   F r a s e r   R i v e r ,  

No sedimentary  or v o l c a n i c  rocks of the t i m e   i n t e r v a l   b e t w e e n  
T r i a s s i c   a n d  Lower Cre t aceous   a r e   exposed .   TheLower   Cre t aceous   s ed -  
iments, however ,   were   der ived   f rom  volcanic   rocks   tha t   p robably  were 
d e p o s i t e d   d u r i n g  t h i s  i n t e r v a l .   T h e s e   v o l c a n i c   r o c k s   w e r e   r i c h  i n  

w e r e   p o s s i b l y   J u r a s s i c   a n d   e x p o s e d   t o   t h e   n o r t h e a s t   a n d / o r  southwest 
a l b i t e   a n d   p r o b a b l y   b e l o n g   t o   t h e   s p i l i t e - k e r a t o p h y r e  s u i t e .  They 

o f   t h e   F r a s e r   R i v e r   f a u l t   z o n e .   T h e   s o u r c e   r o c k s  may have  been re- 

Brit ish Columbia   (Bur ley .   1954) .  
l a t e d t o   t h e  Aliddle J u r a s s i c   k e r a t o p h y r e s   e x p o s e d n e a r   H a r r i s o n  hlills. 

t a k e n   p l a c e   i n  the J u r a s s i c .  
I n t r u s i o n   o f   g r a n i t i c   r o c k s   i n t o  the P a v i l i o n   g r o u p  may have  

In t h e   e a r l i e s t  Lower C r e t a c e o u s   d u r i n g  the d e p o s i t i o n o f   D i v i -  

m a r i n e   b a s i n   w h i c h   w a s   t e c t o n i c a l l y   u n s t a b l e ,   T h e  mud o f   D i v i s i o n s  
s i o n s  A and B o f t h e   L i l l o o e t   g r o u p  the a r e a  was p a r t   o f a   r e s t r i c t e d  

A and B a n d a n   i n c r e a s i n g   p r o p o r t i o n o f  l i t h i c  sand i n  D i v i s i o n  B were 
d e p o s i t e d   b y   t u r b i d i t y   c u r r e n t s   t h a t  were accompanied  by  submarine 
s lumping.   During the d e p o s i t i o n o f   D i v i s i o n B   t h e   a r e a   g r a d u a l l y   r o s e  
and then was f o l d e d ,   i n t r u d e d   b y   d i o r i t i c   d y k e s ,   e l e v a t e d   a b o v e   s e a  
l eve1 ,and   e roded .   The   uppe rmos t   pa r to f  the  L i l l o o e t   g r o u p ,   D i v i s i o n  
C. c o n s i s t i n g  of   tu f faceol t s  l i t h i c  sands tone ,   g ranu le   cong lomera te ,  

onment   perhaps   under   near -shore   condi t ions .  A t  the e n d   o f   t h a t  time 
and a s m a l l   p r o p o r t i o n   o f   a r g i l l i t e   w a s   d e p o s i t e d  i n a m a r i n e   e n v i r -  

(Neocomian ?) the a r e a   a g a i n   r o s e   a b o v e   s e a   l e v e l ,  and the basa l   con-  
g l o m e r a t e   s a n d s t o n e  u n i t  o f t h e   J a c k a s s   M o u n t a i n   g r o u p   w a s   l a i d  down 
i n a   c o n t i n e n t a l   e n v i r o n m e n t . ' A s s o c i a t e d   t u f f a c e o u s   m a t t e r   i n d i c a t e s  
contemporaneous  volcanism.  

and   o f  the b a s a l   p a r t   o f   D i v i s i o n  B of  t he  Jackass   Mounta in   g roup  
During the  d e p o s i t i o n   o f t h e  Members AI1 and AI11 o f   D i v i s i o n  A 

( B a r r e m i a n )   t h e   a r e a  was p a r t   o f a   r e s t r i c t e d   m a r i n e   b a s i n .  The  sed- 
i m e n t s o f  AI1 c o n s i s t e d   d o m i n a n t l y o f   f i n e   s a n d ,   t h o s e o f  AI11 of mud, 

medium-gra ined   sand .   This   change   in   g ra in  s ize  may r e f l e c t  a r e l a -  
s i l t  and f ine  sand,  and the b a s a l   p a r t o f   D i v i s i o n  B was  composed  of 

t i v e   d e p r e s s i o n   o f   t h e   b a s i n   f o l l o w e d   b y  a g r a d u a l   r i s e .  
The   t h i ck   cong lomera te   o f   D iv i s ion  B i s  the ear l ies t  e v i d e n c e  

o f   a c t i v i t y o n t h e   F r a s e r   R i v e r   f a u l t   z o n e   w h i c h   c o n t i n u e d   i n t e r m i t -  
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t e n t l y   t o  the M i d d l e   T e r t i a r y .   T h e   f a u l t i n g  may b e   r e l a t e d  t o  the 
r i s e  o f   C o a s t   I n t r u s i o n s t o t h e  ea s t  a n d   t o  the west or a n   u p l i f t   o f  
t h e  whole a r e a .  A complex  graben  s t ructure   was  produced  which  prob-  
a b l y   c o n t r o l l e d   t h e   s e d i m e n t a t i o n o f   D i v i s i o n s  B and C o f t h e   J a c k a s s  
Mounta in   g roup .   Div is ions  B and C cons i s t ingofcong lomera te ,  l i t h i c  

e l o n g a t e   t r o u g h  w h i c h  s u b s i d e d   r a p i d l y  w i t h  r e s p e c t   t o   t h e   b o r d e r i n g  
s a n d s t o n e ,   a n d   m i n o r   a r g i l l i t e   p r o b a b l y   w e r e   l a i d  down i n  a narrow 

m o u n t a i n s   h u t   f l u c t u a t e d  w i t h  r e s p e c t   t o   s e a   l e v e l .   D u r i n g  most of  
the  t i m e ,  i t  probably  formed a r e s t r i c t e d   m a r i n e   b a s i n ;   t e m p o r a r i l y  

ed   bedd ing   and   s lump   s t ruc tu res  are v e r y   r a r e ,   a n d   i n  t h i s  r e s p e c t  
i t m a y   h a v e   b e e n a   c o n t i n e n t a l   v a l l e y   o c c u p i e d   b y a   l a r g e   r i v e r .   G r a d -  

t h e s e   " p o s t   t e c t o n i c "   r o c k s   d i f f e r   m a r k e d l y   f r o m  the o lde r   geosyn-  

v o l c a n i c   r o c k s   a n d  t o  a lesser e x t e n t   f r o m   g r a n i t i c   i n t r u s i o n s .  
c l i n a l   f a c i e s .  The  sediments  were m o s t l y   d e r i v e d   f r o m   a l b i t e  r i c h  

R o c k s   y o u n g e r   t h a n t h e   e a r l y  Lower C r e t a c e o u s   a r e   o n l y   f o u n d   t o  

are o f   c o n t i n e n t a l   o r i g i n .  
t h e  east  of  the Lower C r e t a c e o u s   s e d i m e n t a r y   b e l t ,   a n d   a l l  of them 

I n   t h e   m i d d l e   a n d   l a t e  Lower C r e t a c e o u s   v o l c a n i c   r o c k s o f g r e a t  
t h i c k n e s s   c o n s i s t i n g   d o m i n a n t l y  of a n d e s i t e  were d e p o s i t e d   t h a t   a r e  

i c  flows a s c e n d e d   t h r o u g h   f r a c t u r e s   o f   t h e   F r a s e r   R i v e r   f a u l t  zone. 
l o c a l l y   i n t e r c a l a t e d   w i t h   c o n t i n e n t a l   s e d i m e n t s .   P e r h a p s t h e   v o l c a n -  

B e c a u s e o f t h e   l a c k o f  foss i l s  the  Upper   Cretaceous and Pa leocene-  
E o c e n e   h i s t o r y  of t h e   F r a s e r   R i v e r   v a l l e y  i s  u n c e r t a i n .   P r o b a b l y  the 
v o l c a n i c   a c t i v i t y   c o n t i n u e d .  

n e s s   d e r i v e d  from v o l c a n i c  rocks were l a i d  down o n a   f l o o d   p l a i n   b e -  
In  Eocene-Oligocene time g r a v e l   a n d   l i t h i c   s a n d o f   g r e a t   t h i c k -  

were o v e r l a i d   b y   a n o t h e r  series of v o l c a n i c   r o c k s   r a n g i n g  from ba- 
tween Big  Bar Creek and the   F rench   Ba r   Canyon .   The   r i ve r   depos i t s  

s a l t i c  t o  f e l s i t i c  c o m p o s i t i o n s .   T h e s e   v o l c a n i c  flows and t u f f s   a r e  
the younges t   rocks   found i n  t h e a r e a   t h a t   h a v e   b e e n   d i s t u r b e d b y m o v e -  
ments o f   t h e   F r a s e r   R i v e r   f a u l t   z o n e .  

I n  the   Miocene  ( ? )  l i t h i c  sands  were d e p o s i t e d  on f l o o d   p l a i n s  
n e a r   P a v i l i o n ,   s o u t h   o f  Leon Creek,  and on Big   Bar   Creek .   Poss ib ly  
t h e s e   d e p o s i t s  were c o n n e c t e d   a n d   f o r m e d   i n a v a l l e y   t h a t   p a r t l y  CO- 
i n c i d e d   w i t h   t h e   p r e s e n t   F r a s e r   R i v e r   v a l l e y .   T h e s e   s e d i m e n t s   w e r e  
s u c c e e d e d   b y   o l i v i n e   b a s a l t s   w h i c h  may have r isen t h r o u g h   f r a c t u r e s  
a s s o c i a t e d  w i t h  t he  F r a s e r   R i v e r   f a u l t   z o n e .   T h e i r   a p p e a r a n c e   m a r k s  

r o c k s .  
t h e  end o f a  long   pe r iod  of v o l c a n i c   a c t i v i t y   d o m i n a t e d   b y   a n d e s i t i c  

A l t h o u g h t h e a r e a  was covered  by g l a c i e r s  i n  the P l e i s t o c e n e   a p -  
p a r e n t l y  l i t t l e  g l a c i a l   e r o s i o n   t o o k   p l a c e .   P r o b a b l y   a t  t h e  end o f  

g l a c i a l   l a k e s   a n d   m o r e   t h a n  1.000 f e e t  of g r a v e l ,   s a n d ,  s i l t ,  and mud 
t h e   l a s t   g l a c i a t i o n  the v a l l e y  was occup ied   by   b ra ided   s t r eams   and  

f lows  were d e p o s i t e d .  I n  Recent  time the  F rase r   R ive r   has   been  re- 
j u v e n a t e d   a n d   h a s  cu t  through the u n c o n s o l i d a t e d   m a t e r i a l  i n t o  bed- 
r o c k .   T h e   n o r t h w e s t e r n   a n d   c e n t r a l   p a r t   o f  the a r e a   r e c e i v e d  t h i n  
d e p o s i t s   o f   v o l c a n i c   a s h .  
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APPENDIX I. DETERMINATION OF MINERAL  COMPOSITIONS 

The  following optical properties and references  have been  used 

Hiqh - temperature plaqioclase: extinction  angles in zone normal to 

measured, the  Tsuboi-index. nx' of 001 - cleavage  fragmentswas  used; 
(010); van der  Kaaden, 1.951. Where extinction angles could  not be 

Crump and Ketner. 1952. 

The  Tsuboi  indices  have  been  worked  out, so far,  onlyfor low-temper- 
ature plagioclases. But in the present  study it was found  that de- 
terminations based on Crump and Ketner's curves  do not deviate far 
from those based on van der Kaaden's extinction  angle  curves. 

Low-temperature plaqioclase: Tsuboi-indices;  Crump and Ketner 1952. 
Extinction-angles;  Winchell and Winchell. 1951. 

Owingto  the  uncertainty  about  the optical properties  of  plagioclase 
the  determinations probably havean  accuracy  onlyof? 2-5%. However, 
the  curves used have been  interpreted as closely  as  possible. 

Clinopvroxene: nY, 28; Hess, 1949. 
Orthopyroxene: ny, optical sign;  Hess and Phillips,  1940,  Polder- 

vaart, 1950. 
Olivine:  ny optical sign;  Poldervaart. 1950. 
Carbonates: N o ;  Winchell and Winchell. 1951. 

The Tsuboi-indices  have  been  determined  with  anaccuracy  of  approxi- 
mately 2 .001. other  indices  withan  accuracyof  approximately+.002. 
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