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FRASER RIVER TERTIARY DRAINAGE-HISTORY __ 

IE\~ RELATION !co PLACER-GOLD DEPOSITS 
" 

In t roduct ion .  

t h e  Annual Report ,   Minister  of  Mines,   Brit ish  Columbia,   1938, 
f ield-work was commenced a t   t h e   e a r l y   p a r t  o f  the  1939  season 
i n  Beaver  Creek  Val.ley t o   d e l i n e a t e   f u r t h e r   t h e   T e r t i a r y   R o r s e -  
f ly   R ive r   d ra inage .  It then became evident ,   however ,   that   the  
Te r t i s ry   d ra inage -h i s to r i e s   o f   t he   P rase r  a.n3 Borsef ly   Rivers  
were so c l o s e l y   l i n k e d ,   t h a t   f u r t h e r   i n v e s t i g a t i o n   i n  tne 
Horsefly  area  should  be  preceded by  an  examination i n   t h e  
Fraser  River  Valley.  This was done. 

To supplement   the  report  on Horsef ly   area  publ ished i n  

During  the  year ,   t ime  only  permit ted  f ie ld-work  within 
t h a t  p a r t  o f  the  Fraser  River  Valley  between Chimney Creek 

based upon t h e   d e f i n i t e  evidence  afforded by exposures   in  
and  Cottonwood  Canyon. Conclusions.   reached  are   therefore  

t h i s   p a r t  of t he   va l l ey   coup led  w i t h  general  knowledge of  t h e  
remainder.  There i s ,  however ,   r ea son   t o   be l i eve   t ha t   t he   pa r t  
of t h e   v a l l e y  examined i s   h i g h l y   i m p o r t s n t ,   b u t   a s   c r i t i c a l  
exposures   t he re in   a r e  numerous  and l a r g e ,  a l l  o f  them could 
not  be  examined.  Althouah  the  result  of the  examination w a s  
t o  remove much from the   rea lm o f  mere conjec ture ,   cer t . a in   con-  

smination of   the   r iver   has   heen  made 
c l u s i o n s  cannot be o t h e r   t h a n   t e n t a t i v e   u n t i l  a complete  ex- 

W i t h  regard t o  the  T,o,,ver L,avas,  Fraser  River  formation, 
and Upper Volcanics  mentioned i n  t h i s  r e p o r t ,  the  r e s p e c t i v e  

cal   Survey,  Canada, Summary Repor t ,   1931,   ?ar t  A ,  e n t i t l e d  
ages  ass igned  herein  are   those  given  by  Cockfield  in   Geologi-  

" O i l  P o s s i b i l i t i e s  between  Soda  Creek  and  Q,uesnel,"  and by 

po r t   1932 ,   Pa r t  A l ,  psgas 84 and 85.   Paleontological   evidence 
Co-kfield and  Walker in  Geological  Survey,  Cansda, Summary Ee- 

c i ted  under   "Horsef ly   Area,"  Annual Report ,   Minis ter  of Mines, 
B r i t i s h  Columbia,  1938,  supp0rt.s t h i s  essignment. 

Concerning  the  drainage-his tory  of   the  lower  par t  of the  
Fraser   River ,  and i t s  l a r g e   t r i b u t a r i e s   t h e  Thompson, North 
Thompson?  and Clearwater  Rivers,   information will be found i n  
the   fo l lowing   pub l i ca t ions  o f  the  Geological  Survey,  Canada: 
"Geology o f  t h e  Thompson River   Val ley   be1 .0~ Kamloopa Lake," 
1912,  by  Charles W. Drysdale:  Guide Book No. 8 ,   P a r t  11, 1913, 
"Savona t o  Lvtton"  by C .  W. Drysdale, and "Lytton t o  Vancouver" 
by  Charles  Camsell; Summary Report ,   1921,  Part  A ,  "Geology  of 
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the   North Thompson Val ley Map-Area" by N. L .  U g l o ~ ;  and Sum- 
mary Report ,   1930,  Part  A, "Clearwater  River  and  Foghorn  Creek 
Map-Area" by J .  I'. Walker. 

To d e s i g n a t e   t h e   T r a s e r   R i v e r   a t   d i f f e r e n t   p e r i o d s   i n  i t s  
h i s t o r y   t h e   p r e f i x e s   " p r e "  and " i n t e r "   a r e   u s e d  i n  the   o rd inary  
geologic   sense.  The term  "pre-volcanic   Fraser   River"   desig-  
na tes   the   r iver   an teda t ing   the   vo lcanism  expressed  by t h e  
Lower Lavas. The te rm  " in te r -volcanic   Praser   River"  i s  a p -  
p l i ed   t o   t he   r i ve r   f l owing   be tween   t he  two  periods of vol -  

Volcanics.  The term  "intra-Lower Lavas  Fraser  River" i s  ap- 
canism  expressed  respectively  by t h e  Lower Lavas  and  Upper 

p l i ed   t o   t he   r i ve r   f l o -v ing   du r ing  or before   ac tua l   cessa- t ion  
of the  volcanism  expressed by t h e  Lower Lavas. 

deb r i s   w i th in   t he  i+"rser River   Val ley   dur ing   the   P le i s tocene  
per iod   might   have   caused   the   r iver   to   devia te  f r o m  i t s  l a t e  
Tert iary  channel .   Several   such  deviat ions  were  noted i n  the 

the i r   ind iv idu6 . l   s tudy  or del inea t ion .   Moreover ,   as   the   des-  
course of t h i s  examina t ion   bu t   t i r e  was n o t   a v a i l a b l e  for 

c r ibed   Te r t i a ry   d ra inage -h i s to ry  i s  n o t  obscured by changes 
consequent   upon  the   P le i s tocene   per iod ,   the   e f fec ts  of t h e  

i s  not  of cour se   t o   be   i n fe r r ed   t ha t ,   i n   t he   no r the rn   pa r t  of 
l a t t e r   a r e   n o t   d i s c u s s e d   h e r e i n   o t h e r   t h a n   v e r y   b r i e f l y .  I t  

t h e   r i v e r   n o t   y e t  examined i n  d e t a i l ,  and  not  covered  by t h i s  
report ,   changes  consequent upon the   P l e i s tocene   pe r iod  are 
n e c e s s a r i l y   l i k e l y   t o   p r o v e   u n i m p o r t a n t .  

I t  i s  of cour se   appa ren t   t ha t   depos i t i on   o f  much g l a c i a l  

I t  i s  des i r ed   t o   emphas ize   t he   f ac t   t ha t   t he   annua l   y i e ld .  

River more than e i g h t y  y e a r s  a f t e r  i t s  f i r s t  d i s c o v e r y   s t i l l .  
of placer-gold from  the many b a r s  and benches of the  Fra.ser 

f0rrn.s a c o n t r i b u t i o n  of major   impor t ance   t o   t he   t o t a l   ou tpu t  
of p l a c e r .  ?or th is  reason,  and  also  because it i s  the   mas ter  
d r a i n a g e   o f , t h e   C a r i b o o   d i s t r i c t ,  a d e t a i l e d   i n v e s t i g a t i o n  of 
i t s  very  complicated  drainage-hi.story seems well   warranted  be- 
cause it i s  c a l c u l a t e d   t o   t h r o w   l i g h t  on 2lacer   deposi ts   which 
e n g a g e   a t t e n t i o n   a t   t h e   p r e s e n t   t i m e .  

Summary. 

F o r  c l a r i t y ,  an o u t l i n e  o f  the   p resent   Fraser   River  
drainage i s  f i r s t  given,  followed by a summary of t h e  more 
impor t an t   f ac t s   a sce r t a ined  i n  the  course '  of t h i s   examina t ion .  
D e t a i l s  f o l l o w  i n  t h e  body of t h e   r e p o r t .  

The m o s t  obv ious   l ea tu re s  of t he   p re sen t   d ra inage   a r e :  

( a )  The g r e a t  bend of t h e   r i v e r   a t  i t s  most   nor ther ly   po in t ,  
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where it leaves   the  Rocky  Mountain  Trench,  and  changes 
t h e   d i r e c t i o n  of i- ts  flow  from  north-westerly t o  south- 
e r l y   a t   P r i n c e  George. 

val ley  between  Macal is ter  and  Prince  George,  and  the 
The s t r ik ing   con t r a s t   be txeen   t he   subdued   r e l i e f  of i t s  

gorge- l ike   charac te r  o f  t h e   v a l l e y   s o u t h  of Macal i s te r .  

The d ra inage   pa t t e rn  of a l l  m a j o r   t r i b u t a r i e s   n o r t h  of 
t h e  mouth  of t h e   C h i l c o t i n   R i v e r   i s   n o t   c o n s i s t e n t   w i t h  
a souther ly-f lowing  parent   s t ream. 

Mile  Lake  and  Soda  Creek, a d i s t a n c e  o f  over  50 mi les ,  
P l ank ing   t he   ea s t  or l e f t  bank of t he   r i ve r   be tween  Ten 

p i ed 'by   l akes   and  meadows.  The he ight  of t h i s  bench 
i s  an immense bench  with a cen t r a l   dep res s ion  now occu- 

a b o v e   t h e   r i v e r   v a r i e s  from  about 700 f e e t  a t  t h e   n o r t h  
end t o  1800 f e e t   a t   t h e   s o u t h   e n d .  I t  w i l l  be  noted 

miles ,   s lopes downwards t o  the   nor th ,   and   tha t  it i s  i n  
t h a t   t h i s  bench,  the  average  width  of  which i s  about 5 

nox occupied  by  the  lower p a r t  of Canyon Creek  (Peature 
c lose   a l ignment   wi th   the   l a rge   nor ther ly- t rending   va l ley  

" f , "  F i g .   1 ) .  

Fea tu res   ( a )  and t b )  cons ide red   i n   con iuno t ion 'w i th   ( c )  
. I  , ,  1 . .  

s t rongly   sugges t   s t ream-pi racy  of a once  northerly-i'lowing 
parent  stream,  and  reversal  of flow in the   Fraser   River   nor th  
of t h e  mouth of t h e   C h i l c o t i n   r i v e r .  The g r e a t   e x t e n t  of 
f e a t u r e   ( d )  and i t s  s lope dowrward t o   t h e  n o r t h  sugges t   t ha t  
it may be  the  preserved  erosion  remnant of the   anc ien t   nor th-  
er ly-f lowing  E ' raser   I i iver ,   and  that   the   ear l ies t   channel  of 
t h i s   r i v e r  may l i e   bu r i ed   benea th   t h i s   bench .  

Quite  independent of the   ques t ion  of r e v e r s a l  of dra in-  
age,  however, i s  the   pos i t i ve   ev idence  of i n t e r rup t ion   caused  
by lava  dawning,  afforded by a number o f  exposures.   This dam- 
ming t o o k   p l a c e   a t  two widely-separated  per iods;   by  the Lower 
Lavas  of  Eocene o r  e a r l i e r   a g e ,  and  by t h e  Upper Volcanics o f  Mi- 
ocene(?)age   as   ins tanced  i n  t he   Horse f ly   R ive r   a r e s .  A long 
per iod of sedimentation  expressed  by  the  Fraser  River  forma- 

These format ions   a re   d i scussed  a t   l e n g t h  by Cockfieid i n  " O i l  
t i o n  in   t he   F rase r   R ive r   Va l l ey  followed t h e   e a r l i e r  e rupt ion .  

P o s s i b i l i t i e s   b e t w e e n  Soda  Creek  and  Quesnel,  Cariboo  District, 
Br i t i sh  Columbia,"  pages 58A t o  65A of Summary Report  1931, 
P a r t  A,  Geological  Survey,  Canada, and a resume i s  given i n  
Annual Report ,   Minister  of  Wines,   Brit ish  Columbia,   1938, 
pages C20 and C Z l .  

In the   course  o f  the   p resent   examinat ion  it was d i s -  
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Fig. 1. Sketch-mag  showing former channels of Fraser River, and diagrammatic 
cross-section. 

closed  by a number of l a rge   exposures  t h a t  t he   d ra inage  h is -  
t o r y  may be  summarized t h u s : -  

(1) I n  Eocene o r  ear l ier   t ime,   between  Soda  Creek  and 
Quesnel ,   e rupt ion  o f  t h e  Lower Lavas  caused  extensive damming. 
L o c a l l y ,   l a v a   f i l l e d   t h e   v a l l e y   t o  a depth of 1,200 f e e t  o r  
more,  and t h e   e f f e c t s  of  damming were  evident  probably far 

t h e s e  dams through  which o r  p a s t  whioh t h e   r i v e r , n o w   f l o w s ,  
n o r t h  of Quesnel.  Large  and  noteworthy  remaining  remnants of 

tho  narrow  gorge of the   r iver   between  Margueri te   and  Soda 
a r e   t h o s e  i n  t h e   v i c i n i t y  of  t h e  mouth of Narcosli   Creek,  and 

Creek. 

( 2 )  A s  a r e s u l t  of damming caused by th i s   vo lcanism,  
basins  were  formed 1.n wh ich   t he   basa l  members of t h e   F r a s e r  
River  formation  were l a i d  down. These  sediments  must,   there- 
fore ,  be of unques t ionable   f reah-water   o r ig in .  

(3) On f i e ld   ev idenoe   t he   F rase r   R ive r   fo rma t ion  i s  sub- 
div ided   thus : -  



( a )   A u s t r a l i a n  members, b a s a l  members.  These conpr i se   t he  

Aus t r a l i an   a l though   t he re   a r e  many o u t c r o p s   a t   o t h e r  
now t i l t e d  lignite  coal  measures,  well.  exposed  near 

po in t s .  

(b)   Well-sor ted,   inbr iqated  gravel   and  overlying  sediments  of 
t he   i n t e r -vo lcan ic   F ra se r   R ive r .  

(c)   Diatomite   deposi ts ,   uppermost  member. 

Between ( a )  and (b) t h e r e  i s  a n g u l a r   u n c o n f o n i t y .  The a t t i -  
tude  of members jb )  and ( c )  i s  h o r i z o n t a l  or o n l y   s l i g h t l y  i n -  
GI ined. 

miles n o r t h  of Quesne l ,   demonst ra te   tha t   a f te r   the   depos i t ion  
of members ( a ) ,   t h e s e  members were t i l t e d ,  and s l i g h t l y   f o l d e d ,  
and that   drainage  over   them was res tored   by   the   in te r -volcanic  
F rase r   E ive r .  This r i v e r   f i n a l l y   r e a c h e d   l a c u s t r i n e   c o n d i t i o n s ,  
and t h e  numerous d e p o s i t s  of diatomite  were  formed i n  r i v e r -  
made Sakes. 

( 4 )  Exposures a t   t h e  Big Bend of t he   3 ra se r   R ive r ,   10  

( 5 )  I t  i s  proved,  however,  by  an  exposure on t h e   l e f t  
bank of Baker  Creek  immediately  belo-#  the  Fraser  Plateau on 
Pre-emption  Lot 86513 that   subsequent  t o  the  formation o f  t h e  
d i a tomi te   depos i t s ,   wh ich   a r e   ove r l a in   a t  some po in t s   by   t he  
Upper Volcanics ,   the   Fraser   River  was  damned by   t hese   vo l -  
can ics ,  

( 6 )  One mile  south.  of A u s t r a l i a n  Creek  on t h e   e a s t   s i d e  
o f  t h e   r i v e r ,   t h e   A u s t r a l i a n  members of the   Fraser   River  f o r -  
mation  are  exposed a t  water- level   and  overlain  by  basal t  of 
t h e  Upper Volcanics,  the  th ickness  o f  which v a r i e s  f r o m  a f e w  
f e e t   t o  40 f e e t .  The unusual   topographic   posi t ion of  the   ba-  
s a l t   d e m o n s t r a t e s   t h a t   t h e   r i v e r - v a l l e y  had  been  again i n -  
c i s e d   t o   t h i s   d e p t h   a t   t h i s   p o i n t  i n  Miocene ( ? )  t ime. 

( 7 )  The ex is tence  of the  Lower Lavas,   and  the  Fraser 
River   format ion   wi th in   the   p resent   Fraser   g iver   va l ley   p roves  

Eocene  by  which  time  therefore  the  capture of any  northerly- 
t h a t   t h i s   v a l l e y  had  been  incised t o  g r e a t   d e p t h   p r i o r   t o   t h e  

f lowing   r i ve r  must  have  been  effected, and a souther ly   f low 
e s t a b l i s h e d .  

*$uesneS  Sheet, Map Xc. 3G shows a l l  pre-emption l o t s  men- 
t ioned  and may be  obtained on a p p l i c a t i o n  t o  t h e  Department 
of L a n d s ,   V i c t o r i a ,   B r i t i s h  Columbia. 
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Topography. 

Trench i n  i t s  upper r eaches ,   t he  F r a s e r  River makes a g r e a t  
Af te r  flolving north-westerly w i t h i n  t h e  Rocky Mountain 

bend t o   e n t e r   t h e   I n t e r i o r   P l a t e a u x  and t h e r e a f t e r   t o  f l o w  
almost  due  south  from  the  confluence w i t h  the  Nechako River 
a t   P r i n c e  George. From P r i n c e  George t o  IJaCaliSter it flows 
w i t h i n  a wide v a l l e y  of n a t u r e   r e l i e f   i n c i s e d   i n   t h e   d e x s e l y -  
t imbered  Praser   Plateau,   whereas   just   south of Macal i s te r   the  
v a l l e y   c l o s e s  i n  a b r u p t l y  and t h e   r i v e r   e n t e r s  a narrow  gorge, 
which  becomes progressively  deeper  down-stream  reaching a 

t h e r  down-stream.  Although north of Macal i s te r   there   a re   sev-  
depth of 1 ,500   f ee t   nea r  Chimney Creek,  and  deeper s t i l l  far-  

bottom of a wide  val ley,   the   subdued  re l ief  of which i s  u n '  
era1  canyons, or g o r g e s ,   t h e s e   a r e   m e r e l y   i n c i s i o n s   i n  the 

obscured  by  the  canyons.  The f u r t h e r   c u r i o u s   f a c t  i s  a l s o  
evident  inasmuch  as  north of the  confluence of the   Chi lco-  
t i n   R i v e r ,   t h e   d i r e c t i o n  of f low of a l l  m a j o r   t r i b u t a r i e s ,  

I ' i i l low and Bowron Rivers  on the  east ,  and of the Nazko, West 
the  San  Jose  River ,  Hawks (Deep)  Creek.  Quesnel,  Cottomvood, 

Road (Blackwater)  and  Chilako  Rivers on t h e  west ,  i s  opposed 
t o  t h a t  of a souther ly-f lowing  parent   s t ream. (See Fig.  2 . )  

w e s t e r n   t r i b u t a r i e s  i s  d e n d r i t i c ,   w h e r e a s   t h a t  o f  e a s t e r n  
I t  i s  a lso a p o i n t  of  i n t e r e s t   t h a t   t h e   d r a i n a g e - p a t t e r n  of 

t r i b u t a r i e s  i s  of t r e l l i s - type ,   i nd ica t ing   absence   and   p re s -  
ence of s t r u c t u r a l   c o n t r o l   r e s p e c t i v e l y .  

t ~ g .  1) i s  t h e   g r e a t  bonch  averaging  about 5 mi les   in   wid th  
f o r  a d i s t a n c e  of 50 mi l e s ,   w i th  a central   depression  which 

Mile  Lake  and  Soda  Creek. The he ight   above   the   Fraser   River  
f l a n k s   t h e   e a s t  or l e f t  bank o f  the  Fraser   River   between Ten 

v a r i e s  from about  700 f e e t   a t  Ten  Wile Lake t o  1 1 5 5   f e e t   a t  
t h e ~ i n t e r m e d i a t e   p o i n t  of Alix Lake  and, t o  1808 f'eet j u s t  
nor th  o t  Soda  Creek. This cen t r a l   dep res s ion  i s  occupied 
by 'Pen Mile,Dragon,  Eveline,  Alix,  Cuisson  and McLeese l a k e s  
and much  meadow farm-land and o t h e r  smaller   lakes .  k l ength  
o f  a t   l e a s t  30 mil-es, n o r t h  of Soda  Creek,  stands  out  as a 
d is t inc t   phys iographic   un i t ,   because   hereabouts  its western 
c l i f f - l i k e  edge  drops  off   sharply  to f o r m  t h e   e a s t  rim of t h e  
Praser   River   Val ley .   Far ther   nor th   tho   wes te rn   edge   i s   no t   as  
s teep .  I t  w i l l  be   noted  that  it s lopes  downwards t o  t h e   n o r t h  
and  not t o  the   south .  The e l e v a t i o n  of i t s  f l o o r  i s  3,175 
f e e t  j u s t  n o r t h  of Soda  Creek, 2 ,622 f e e t   a t   A l i x  Lake, 2,300 
f e e t  a t  Ten Mile  Lake. i n   t h e   v i c i n i t y  of Dragon  Lake, t h e  
e l e v a t i o n  i s  2,025 fee t ,   bu t   hereabouts   the  flood ,waters of 
the  Quesnel  River  have a t  d i f f e r e n t  t inos  e f f ec t ed   cons ide r -  
able   erosion.   Souther ly   the  bench i s  terminated  abrupt ly  
immediately  north of Soda  Creek  where t h e   r i v e r  makes a sharp 

Bno the r   s ign i f i can t   t opograph ic   f ea tu re   (Fea tu re   "d" ,  
n. 



Lower 
EI.2235' 

Fig. 2.  Map of upper part of Fraser River, and sections of  former channels 
of Fraser River. 



bend e a s t e r l y ,  i t s  southern  edge  forming a rock   b luf f  many 
hundreds of f e e t  i n  he igh t .  From Quesnel. souther ly   the  bench 
i s  terminated on the   ea s t   by  a range of mountains,  which may 

Dragon  Mountain i s  t h e  most nor ther ly   po j .n t  of t h i s   r a n g e ,  
for  convenience b e   c a l l e d   t h e  Dragon  Mountain  Range  because 

which  separates  the  Fraser   4iver   Val ley  f rom  the  Quesnel   River  
and  Beaver  Creek Val leys .  

On t h e   e a s t   s i d e  of the  mountain  range  ment ioned, in   the 
Quesnel  River  Valley, a s imilar   smaller   bench  (Feature   "e" ,  
F ig .   1 )   f l anks   t he   wes t  o r  l e f t  bank o f  t he   Quesne l   R ive r   a t  
e l e v a t i o n  2,590 f e e t  or 600 f e e t  above the   Quesne l   River .  

Another s t r i k i n g   f e a t u r e  i s  t h e   l a r g e   s i z e  of t he   no r th -  

Pig.  1) s i t u a t e d  i n  l i n e   w i t h  and some dj .s tance  north of t h e  
e r ly - t r end ing   pa r t   o f  Canyon Creek  Valley  (Feature "f", 

bench  described. 

The foregoing   topographic   fea tures   s t rongly   sugges t   s t ream 
p i r a c y .  I t  t h e r e f o r e  seems p robab le   t ha t   i n   l a t e   Cre t aceous  
o r  e a r l y  Eocene  t ime,  there was a d i v i d e   n o r t h  of t h e  mouth  of 
the  Chi lcot in   River ,   f rom  which  the  drainage was n o r t h e r l y  i n t o  
the  Peace  River ,   whi le   south of t h e   d i v i d e   t h e   d r a i n a g e  was 
s o u t h e r l y   a s   a t   p r e s e n t .  The large  bench  mentioned  with i t s  
cent ra l   depress ion ,   s lop ing  downwards t o   t h e   n o r t h ,  i s  q u i t e  
l i k e l y  an  erosion  remnant of t h i s   n o r t h e r l y - f l o w i n g   r i v e r ,  
which may have originally  f lowed  norther1.y  by way o f  McLeese, 
Cuisson, Dragon  and Ten Mile  Lakes, and the   no r the r ly - t r end ing  
p a r t  of Canyon Creek  Valley. 

complished by a t r i b u t a r y  of the  Chilcotin  River  which  eroded 
n o r t h e r l y  i n  much t h e  same v a l l e y  as t h a t  now occupied  by  the 

versa1 of f low  in   the   Fraser   River   Val ley .  To a l e s s e r   e x t e n t  
Fraser   River   in   th i s   reg ion   and ,   f ina l ly ,   accompl ished  a r e -  

North Thompson, p robab ly   cu t   o fP   ea s t e rn   t r i bu ta ry   d ra inage .  
and i n  t h e  same way, the  Clearwater   River ,  a t r i b u t a r y  of the  

The evidence  very  s t rongly  supports   the  view of stream- 

Fur ther ,  it seems e v i d e n t   t h a t   p i r a c y  was c h i e f l y   a c -  

p i r a c y   a s   o u t l i n e d ,  and it i s  h ighly   p robable   tha t   such   p i racy  

because  the  occurrences of' t h e   l a t t e r ,   w i t h i n   t h a t   p a r t  of t h e  
took  place  before  the  volcanism  expressed.  by  the Lower Lavas, 

r i v e r  examined, a re   wi thout   except ion  of t h e   v a l l e y - f i l l   t y p e  

have  been  due t o   d i a s t r o p h i c  movement, and if t h e r e  was a 
i n  a deeply- incised  val ley.   Such  ear ly   deep  incis ion  must  

s t i l l  e a r l i e r   d r a i n a g e   t o   t h e   n o r t h   t h e n   e x i s t e n t   a s   i n d i c a t e d ,  
i t s   r e v e r s a l  would c e r t a i n l y  have  been  effected by t h i s  deep 
i n c i s i o n .  

Another  large  bench  (Feature  "g".  Fig.  1)  flanks  the 
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west or  r i g h t  bank of the   Fraser   Diver ,  400 f e e t  above r i v e r -  
l e v e l ,   i m e d i a t e l y   s o u t h  oi" Soda  Creek. 

t he i r   j unc t ion   w i th   t he   F rase r   R ive r ,  i s  noteworthy. The Sari 
The depth of t he   go rges   occup ied   by   t r i bu ta r i e s   p r io r  to 

Jose  River  and 'Nilliams Lake  Creek now occupy t h e  Same l a rge  
val ley,   which  t rends  south-easter ly   f rom i t s  junc t ion   w i th  
the   J raser   River   Val ley  for a d i s t a n c e  of a t   l e a s t  50 miles  
( see   F ig .  1). This   val ley,   near  i t s  junc t ion   wi th   the   F ' raser  
Eiver   Val ley,  i s  b u t   l i t t l e   i n f e r i o r   i n   s i z e   t o   t h e   l a t t e r ,  
and  both i n  t h i s   r e g i o n   a r e   g o r g e - l i k e .  Up-stream the  gorge-  

more ma tu re   r e l i e f .  Ceposi ts  of d ia tomi te  near   the e a s t  end 
l i k e  c h a r a c t e r  of  t h e  San ,Jose Val ley  gives  p l a c e   t o  .one of 

of .:filliams Lake bear   wi tness   to   the   age  of t h i s   v a l l e y ,  and 
i t s  s i z e ,   s u g g e s t s   t h a t   p r i o r  t o  t h e   p i r a c y  of i t s  headwaters, 
it was occupied  by a much la rger   s t ream  of   water   than   a t  
p resent .  Hawks Creek  (formerly named Deep Creek),   occupies 
f o r  many mi les   near  i t s  mouth, a deeply- incised  val ley  which 

Soda  Creek i s  a l so   conta ined  i n  a deep  gorge a t   i t s  c,!nf:iu- 
a t  i t s  confluence  with  the  Fraser   River  becomes a deep  gorge- 

up-stream i s  obviously  considerable .  The upper   par t s  o f  the  
ence  with  the  Fraser   River ,   and  the  depth of rock  cut  by it 

v a l l e y   a r e   l a r g e l y   d r i f t - f i l l e d ,  and t h e   w a t e r s  of t he   c r eek  
a r e  so super-charged w i t h  l i m e   t h a t  it has  been  unable  to 
move t h e   g l a c i a l   m a t e r i a l  owing t o   t h e   r a p i d   r a t e   a t  which 
ca l ca reous   t u fa  i s  depos i ted   wi th in  i t s  bed but  a s h o r t   d i s -  

n e l s .  The Quesnel  River, a t  t h e   p o i n t  where i t s  flow changes '  
tance from i t s  mouth, causing cons tan t  choking of new chan- 

from nor th -wes te r ly   t o   wes t e r ly ,  and f ina l ly   sou th -wes te r ly  
i s  contained i.n a rock-canyon 2 miles   long ,   ca l led   the   Big  
Canyon.  Down-stream for a f u r t h e r  3 mi l e s   t he   r i ve r   occup ies  
a deep  gorge  in.which  rock-outcrops  are  obscured.  Within  t .he 

benches  which  f lank  both  sides of' t h e  r i v e r  a t   h e i g h t s  varying 
Big Canyon t ight ly-compacted  res idual  grave l  o v e r l i e s  rock- 

from 10 t o  30 f e e t  above r i v e r - l e v e l .   T h i s   g r a v e l   w i t h i n   t h e  
canyon  i s . i r rmedia te ly   over la in   by   so i l  and dense  vegetat ion,  
except  above  the  north  wall   where it i s  over la in   by   g lac ia l  
mater ia l s .   Exposures   here  show t h a t   t h i s   g o r g e ,   t h e   d e p t h  of 
which  approaches 700 f e e t ,  i s  of pre-glacial   age,   and  the  can-  
yon i n c i s e d  i n  i t s  bottom i s  pos t -g l ac i a l , .   Th i s   r i ve r  was 

v a l l e y  by 2 parent   s t ream  rap id ly   deepening   i t s   bed .  A de- 
evident ly   compel led  to   deviate   f rom a s t r u c t u r a l l y - c o n t r o l l e d  

pression  in   the  plateau,   t rending  north-wester ly   towards Ten 

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

Mile L6ke a t  the  head of t h e  canyon and cont inuous   wi th   the  

Narcos l i  and  Baker  Creeks a re   bo th   conta ined   in   l a rge  
and  deep  scenic 'gorges,   / immediately  before  entering  the  Fraser 



River   Val ley.  

contained i n  a deeply- incised  val ley.   (Refer   to   knl lual  Re- 
p o r t ,  Minis te r  of Mines, B r i t i s h  Columbia, 1936, pages C17 

The Cottonwood Rive r   i n  i t s  down-stream p a r t  i s  a l s o  

t o  C28j.  

t o   t h a t   p a r t   s o u t h  of Quesnel, i s   t h e   o c c u r r e n c e  of f requent  
and extensive  rampart-like  rock-exposures,  which  cap  both 
val ley-r ims  forming  the floor of the  r ' raser   Plateau.   Becsuse 
the   lower   va l ley-s lopes   a re   f requent ly   obscured   wi th   vege ta-  

timbered, the   bo ldness   wi th   which   these   ou tcrops  s tand o u t  
t i o n  and t h e   p l a t e a u  and   le f le r   va l ley-s lopes   a re  densely 

on the  sky-l ine,  i s  accentuated.  North of t h e  mouth of Baker 
Creek t h i s   f e a t u r e  no l o n g e r   e x i s t s ,  and the  val ley-r ims,  un- 
f e a t u r e d  by rock-exposures ,   s lope  gradual ly  down t o   r i v e r -  
l eve l ,   nea r   wh ich   t hey   a r e   t e r r aced ,  f o r  a d i s t a n c e  or* about  
6 mi les .   Far ther   up-s t ream,   10   mi les   nor th  of' Quesne l ,   in .  
t h e   v i c i n i t y  of t h e  B i g  Bend which i s  composed of *NO h a i r p i n  
bends ,   the   charac te r  of the  rims changes  abruptly.  Conglom- 
e r a t e  of the   Fraser   River   format ion   over la in   by   c lay ,   sand ,  
s i l t ,  and  diatomite   capped  by  basal t   and  f inal ly  by boulder- 
c l ay ,   r i s e s   a lmos t   shee r  f r o m  t h e   r i v e r   t o   t h e   p l a t e a u ,  on 
the   wes t   s ide  a t  t h i s  p o i n t  760 f e e t  above t h e   r i v e r .  On the  
e a s t   s i d e   o f   t h e   r i v e r ,   t h e   o r d e r  of succession of s t r a t a  i s  
much t h e  same s a v e   t h a t   t h e   s l o p e  i s  more gradual,  and no ba- 
sa l t  i s  p r e s e n t .  I t  i s  apparent   tha t   the   l ava-cap   forming  
t h e   f l o o r  of  the  plateau  has  been  the  means o f  a v e r t i n g   s e r i -  
ous s l ides ,   and,   where it i s  no t   p re sen t ,   a s  on t h e   e a s t   s i d e  

ex tens ive  sloughing may r e s u l t .  F o r t u n a t e l y  t h e  w e l l - l i t h i -  
of  the  Big Bend f o r  i n s t ance   i n  the  region  of t h e  Big   S l ide ,  

f ied  conglomerate  a t  r i v e r - l e v e l  l imi t s  a movement which 7Nould 
otherwise be  even more serious.  Up-stream f r o m  t h e  Big  Bend, 
the   va l ley-s lopes   aga in  become less sharp, and  about 1 mile 
above the   junc t ion   of   the  Cottonwood River  sediments of t h e  

r o c k s   g r a d u a l l y   r i s e   t o   f o r m   t h e  s t e e p   w a l l s  of the   Cot ton-  
Cache  Creek ser ies   appear  i n  both banks of t h e   r i v e r .  These 

wood Canyon, the   he ight  of which approaches 375 f e e t  a t  t h e  
head  of  the  canyon, a t   t h e  mouth of ? h i t t i e r  Creek. 

One f e a t u r e  of  the  Praser  River  Valley,   applying  only 

The Eraser  River and  a l l  i t s  t r i b u t a r i e s   a r e  a t  present  
i n  a s t a t e  of a c t i v e   r e j u v e n a t i o n ,   s i m i l a r   t o   t h e   c o n d i t i o n  
exemplified by the  Peace  giver   and i t s  t r i b u t a r i e s .  I t  i s  ap- 
p a r e n t   t h a t  a race   for   cap ture  i s  i n  progress   between  these 

Peace  River a t   S m i t  Lake i s  wi th in  a few  miles  of T a y  Creek 
two l a r g e   p i r a t e   r i v e r s .  The m o s t  souther ly   d ra inage  of t h e  

a t r i b u t a r y  of t he   P rase r  River,  and d i a s t r o p h i c  movement 
might th row the   ba l ance  i n  favour of one r i v e r  or t he   o the r , .  
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I t  i s  a l s o   e v i d e n t   t h a t   t h e   a c t i v e   r e j u v e n a t i o n  of the   Fraser  
R i v e r   p e r s i s t s  t o  i t s  headwaters  where it i s  l i k e l y   t o  Capture 
the  headwaters o f  t h e  El!iette S i v e r   ( i n   A l b e r t a )  i n  a compara- 
t i v e l y   s h o r t   s p a c e  of geologic   t ime.  

Glacial  Geologli. 

During the   P le i s tocene   per icd ,   the   Fraser   River   Val ley  

b r i s ,  and t h e  many t e r r aced   g rave l   benches   i nd ica t e   t he   va r i -  
and t r i b u t a r y   v a l l e y s   r e c e i v e d , l a r g e  amounts of g l a c i a l   d e -  

ous l eve l s   occup ied   by   pos t -g l ac i a l   s t r eams   i n   cu t t i ng  down 
through t h i s  accumulation. Prom t h e  commercia1  point of view, 
the   concen t r a t ions  of placer-gold  accompanied, a t  some poin ts ,  
by the   p la t inum group o f  m e t a l s ,   t h a t   r e s u l t e d  f r o m  t h i s  r e -  
sor- t ing  process   are   important   a t   present ,   as   are   recent   con-  
c e n t r a t i o n s  on t h e  many r i v e r - b a r s .  The present   annual   re -  
covery  from  this  source,   from Chimney Creek  up-stream,  amounts 
t o  many thousands  of  dollars,   and  forms a major  contribution 
t o  t h e   t o t a l   o u t p u t  of  placer-gold.  The present   examinat ion 
was n o t  however concerned w i t h  the   s tudy  o f  g l a c i a l   p o l o g y  
s a v e   i n d i r e c t l y   a s ,   i n   t h a t   p a r t  of t h e   r i v e r  examined, i t  was 

The d i s t r i b u t i o n  of e r r a t i c s   w i t h i n   t h e  Beaver  Creek  Valley 
a p p a r e n t   t h a t   g l a c i a t i o n  had n o t  obscured   the   Ter t ia ry   h i s tory  

t h e   l a t t e r   i n d i c a t e s  a north-wester ly  movement of an i c e -  
and t h e  Quesnel  River  Va.lley  down-stream  from  the  junction of 

Beaver  Creek  Valley  numerous  erratics  of  micacems  rocks  were 
tongue,  which is a n   i n t e r e s t i n g  and   cu r ious   f ac t .   T i th in  

River .  On the  bench  immediately  east  of t h e   r i v e r   j u s t   n o r t h  
observed,  which  are  cut 'by the  upper  reaches oi' the   I io rsef ly  

of  Soda  Creek  an e r r a t i c   o f   micaceous   s ch i s t  was found  1,800 
f e e t  above t h e   r i v e r .  Most s t r i k i n g  i'ias a l a r g e   e r r a t i c   a b o u t  
1 2  f e e t   b y  8 f e e t  by 6 f ee t ,   pe rched  on top  of t he   no r th   wa l l  
of t h e  Big  Canyon of the   Quesne l   River   tha t   hsd   obvious ly  'or- 
ig ina ted   f rom Dragon  Mountain  Range. I t  seems l i k e l y   t h a t  
t h i s  l oca l   no r th -wes te r ly   d i s t r ibu t ion  of d r i f t  i s  t o  be a t -  

mountains a t   t h e  upper reaches or' the   Horsef ly   3 iver   a long   the  
t r i b u t e d   t o  a large  tongue of i c e  moving down from  the  high 

Horsefly  River,  Beaver  Creek  and lo-Ner p a r t  of the  Quesnel  
River   Val leys .  

Bed-rock  Geol-ogy. 

The rocks  exposed  within  the  Fraser  River  Valley  between 
Chimney Creek  and  the Cobtonwood  Canyon consis- t  of c h i e f l y  
sediments  of  the Cache  Creek s e r i e s  of  Carboniferous  age;  the 
Lower Lavas  of  Eocene or ea r l i e r   age ;   t he   F rase r   R ive r  r'orma- 
t i o n ;  and t h e  Upper Volcanics  of  Miocene(?)age.  These  volcanic 
rocks of two d i f f e ren t   ages   a l so   occu r  i n  me   J io r se f ly   a r ea ,  
and are   d i scussed  on pages C20 and C 2 1  o f  t h e  Annual ?eport ,  
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M i n i s t e r  o f  Mines,  1938. The respec t ive   ages   ass igned  t o  them 
i n   t h i s   r e p o r t   a r e   b a s e d  upon the  I ' indings o f  Cockfisld i n  Sum- 
mary Xeport,  1931,  Part A, Geological  Survey,  Canada,  pages 58 

A 1, Geological  Survey,  Canada,  pages '84: and 85,  and a l s o  upon 
t o  65,  and  upon ' those of Yalker i n  Summary Report,  1932,  Part 

pa l eon to log ica l   ev idence   a s   c i t ed  i n  the  Annual  Report,  Minis- 
t e r  of  Mines, B r i t i s h  Columbia,  1938. 

I n  a d d i t i o n ,   t h e r e   a r e  numerous large  exposures of s t r a t i -  
f i e d   b r e c c i a s ,   t u f f s  and water la in   sed iments ,   vary ing  f rom 
coa r se   cong lomera te s   t o   s i l t   i n t e rca l a t ed   w i - th   t he  Lower Lavas. 
These  exposures of Eocene or ear l ie r   Fraser   River   sed iments  
d i f fe r   markedly  f r o m  those  of   the  Fraser   River   formation,  i n  
t h a t   t h e y   a r e  much more p e r f e c t l y   l i t h i f i e d ;   t h e   c o n s t i t u e n t  
pebbles o r  g r a i n s   a r e  much more angular ;  and t h e y   a r e   e i t h e r  
invaded o r  over la in  and underlain  by  the Lower Lavas. 

The Vpper Volcanics   cons is t  o f  f r e sh - look ing ,   f l a t - ly ing  
or g e n t l y - i n c l i n e d   o l i v i n e   b a s a l t ,   b l a c k  i n  co lour ,   usua l ly  
ves i cu la r ,  and f r equen t ly   exh ib i t i ng   co lumnar   s t ruc tu re .  

The  Lower Lavas a r e   p r e v a i l i n g l y   l e s s   b a s i c ,  have  been 
d i s t u r b e d   t o  a much g r e a t e r   e x t e n t ,   e v i n c e  a grea te r   degree  
of metamorphism,  and a l so   f r equen t ly   exh ib i t   co lumnar   s t ruc -  
ture .   Al though some of   these  lavas   approach  the  composi t ion 
of a n d e s i t e ,   t h e   r a r i t y  of s i l i c e o u s   T e r t i a r y   l a v a s  i n  the  
Cariboo d i s t r i c t  i s  wel~l  known and  appears  strange i n  view of 
t h e   g r e a t   t h i c k n e s s  of ac id   tu f f   beds  in t h e  I!orse?i1: LI'CZ;. 

Attent ion  t o  t h i s   f a c t  i s  drawn  by  Louise  Stevens  Stevenson  in 
a paper  "Rhyodacite f r o m  the   T ranqu i l l e   P l a t eau ,  Br i t i sh  Col- 
umbia,"   presented  to   the  Mineralogical   Society of Anerica,  
December 29,  1938. The most   zcid  lava of t h i s   age ,   d i scove red  

v e s i c u l a r   q u a r t z - l a t i t e   ( t r i d y m i t e - l a t i t e )  on the  west  bank 
during  the  present   examinat ion,   i s .an  outcrop of greyish-white 

of a small   souther ly-f lowing  creek  which  enters   the  Fraser  
River on t h e   e a s t   s i d e  j u s t  north-west of Soda  Creek.  This 

tween  Pre-emption  Lots 5086 and  5087,  and  exposed on i t s  e a s t  
c reek   has   inc ised  a deep   gorge   c lose   to   the   boundary   l ine   be-  

west bank l a t i t e .  I n  t h i s   r e g i o n   t h e   P r o v i n c i a l  highway 
bank some limestone of the  Cache  Creek s e r i e s ,  and  on i t s  

passes   c lose   t o   t he   base  of a la rge   c l i f f - l ike   rock-exposure  
1 ,300   f ee t  i n  height  which  extends  west of t h i s  creek.  The 

and  pumice w i t h   i n t e r c a l a t e d   b e d s  of f i ne -g ra ined   wh i t e   t u f f ,  
e a s t e r n   p a r t  of t h i s   exposure   cons i s t s  of s t r a t a  of l a t i t e  

sandstone and coarse   tuffaceous  mater ia l . .  The sandstone  beds 
a r e  presumed t o  be  Eocene o r  ear l ie r   Fraser   Biver   sed iments .  
The tu f f   beds   s t r i ke   no r th  63 degrees   east   and  dip  south-east-  
ward a t  65 degrees .  Owing t o   t h e   p r e c i p i t o u s   n a t u r e  of t h e  
exposure,   closely  approaching 600 f e e t  i.n v e r t i c a l   h e i g h t ,  
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close  examinat ion  can  only  be made of t he   uppe r   pa r t  of t h i s  
large  exposure.  

on the   wes t   s ide 'o f  and 585 f e e t  above  the  h-aser  River i n  
c lose   p rox imi ty   t o   t he  Lower Lavas  but  the  contact i s  ob- 
scured.  

Beds of whi te   t u f f   a r e   a l so   exposed   no r th  of Xenn Creek 

With  regard to   exposures  of Eocene o r  e a r l i e r   P r a s e r  
giver  sediments:   These  remarkable  deposits  doubtless owe 
t h e i r   o r i g i n   t o   t h e   f a c t   t h a t   t h e y   w e r e  formed  during: t'ne 
f i n a l  s t ages  of vo lcan i sm  a f t e r   t he  main d i a s t r o p h i c  movement 
of th i s  per iod  when r e s t o r a t i o n  of flow of t he   F rase r  r(iVer 
had been  effected.  In some it i s  d i f f i c u l t   t o   d i s t i n g u i s h   b e -  
tween  breccias  o r  t u f f s  and w a t e r l a i n   s e d i m e n t s ,   a s   t h e   l a t t e r  
a r e  n o t  on ly   over la in   and   under la in  by f lo-wrocks   bu t  some EX- 

posures   are   invaded  by  the  lavas  o r  conta in   g ranula ted   l ava  

ment amounting  only t o  a few f e e t  and f a u l t s   a r e   f i l l e d   w i t h  
d i s t r i b u t e d   t h r o u g h  them. Others a r e   f a u l t e d ,   t h e   d i s p l a c e -  

dykes or chalcedony. Al?c such  exposures   are   we!l- l i thif ' ied.  
The presence of much driftwood  completely  replaced by a ra -  
goni te   somet i r res   unmis takably   revea ls   the   t rue   ident i ty  of 
a deposit ,   which would otherwise  perhaps  be deemed t o   c o n s i s t  
of b r e c c i a s .  In some, t h e   i d e n t i t y  of t he   i n t e rca l a t ed   s ed i -  
ments i s  su f f i c i en t ly   obv ious   and   t he   ang le  of i n c l i n a t i o n  
of such strata did  not   exceed 30 degrees   save   in  one instance:  
and i n  most  cases was c o n s i d e r a b l y   l e s s   t h a n   t h i s .   T h i s   f a c t  

movement t h a t  produced  the s teep  dips   which i n  main oharac- 
suggests  t h a t  they  cannot have  been  involved i n  t h e  t e c t o n i c  

t e r i z e   t h e   c o n t a c t   p l a n e s  of t h e  Lower Lavas, a movement which 
the   p re-ex is ten t   bed- rock   grave l  of the   pre-volcanic   south-  
flowing  Fraser  River  could  hardly  have  escaped. I t  i s  known 

t h i s  pe r iod   t he re  was a l s o  much volcanism of a n  explosive 
t h a t   a l t h o u g h  a g r e a t   t h i c k n e s s  of l a v a  was erupted  during 

c h a r a c t e r  i n  t h e   l a t e r   s t a g e s .  I t ,  therefore ,  seems e n t i r e l y  
r easonab le   t o   suppose   t ha t   t he   r i ve r  of th i s   per iod ,   which  i s  

much v o l c a n i c   e j e c t a m e n t a   i n   a d d i t i o n   t o  i t s  normal  stream- 
termed  the  intra-Lower  Lavas  Fraser  River,  would  be  conveying 

angular,   sub-angular,  and rounded  pebbles  exposed on the   wes t  
load.  I t  seems l i k e l y   t h a t   t h e   l a r g e   d e p o s i t s  of coarse,  

s i d e  of t he   r i . ve r   no r th  of Mackin  Creek,  which a r e   n o t   a c t u a l l y  
ove r l a in   by   t he  Lower Lavas ,   express   res tora t ion  of a l a r g e  
stream of water   to   which   the  name intra-Lower . i a ~ a s  F r a s e r  
River seems a p p r o p r i a t e .  The dykes  and s i l l s  and minor   f au l t s ,  

of t h e  Lower Lavas subsequent t o   t h e  formation of the   sediments .  
i n  t h e s e   d e p o s i t s  expres s   t he  f i n a l  stage's of t h e  volcanism 

On the   other   hand,   exposures  of f ine  sediments  and assoc ia ted  
s t ra t i f ied   b recc ias   a l ready   descr ibed   a re   p robably   . the   ou twash  
deposi- ts   of   the   intra- lower  Lavas  Fraser   River .   Their   invar i -  
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ab ly   h igh   t opograph ic   pos i t i on   i nd ica t e s   t he   he igh t  t o  which 
t h e  waters were  caused t o  r i s e  owing t o  d.amming by l ava .  

of Ca l i fo rn ia , "   P ro fes s iona l   Pape r  73,  published  by  Geologi- 
ca l   Survey ,   Uni ted   S ta tes ,   1911,   ca l l s   a t ten t ion  t o  what  ap- 
p e a r   t o   b e   s i m i l a r   s t r a t i f i e d   b r e c c i a s   o b s e r v e d  i n  C a l i f o r n i a .  
Re s t a t e s :  "By f a r   t h e   g r e a t e r   p a r t  of t h e   a n d e s i t e   o c c u r s  

flows.  These  breccias  must  have  issued  from  fissures  near  the 
i n  t.he  form  of a tufCaceous  breccia  i n  numerous  superimposed 

a t   t h e   t i m e  of i s sue  mixed w i t h  enormous q u a n t i t i e s  of water . .  
summit of the   range ,  and. w e r e   e i t h e r   b e f o r e   t h e i r   e r u p t i o n  o r  

... The d e r i v a t i o n  of t h e  water and the   exac t   node  of e rupt ion  

g in  of t he   wa te r  i s  afforded i n  t he   ca se  of t h e   P r a s e r   S i v e r  
a r e   d i f f i c u l t   t o   d e t e r m i n e . "  h ready  explanation  of  the o r i -  

depos i t s .  

Lindgren i n  "The Ter t ia ry   Grave ls  of t h e   S i e r r a  Nevada 

The geograph ic   d i s t r ibu t ion  and topographic   pos i t ion  o f  
t hese   rocks   i s   s ign i f i can t   and   impor t an t .  The rocks of t h e  
pre-volcanic Cache  Creek s e r i e s   a r e  t h o s e  in  which  the  Cotton- 
wood Canyon i s  inc i sed .  Down-stream  from the  head o f  the  Can- 
yon, these  rocks  are  exposed on both  banks o f  t h e   r i v e r  f o r  a 
d i s t a n c e  of about 1 1/2 miles ,  and i n  them  Baker  Creek Canyon 

Creek  and  from t h i s   p l a c e   t h e   r i v e r   h a s   i n c i s e d   i t s   d e e p  
i s  inc i sed .  They nex t   appea r   i n   t he   r i ve r -va l l ey   nea r  Soda 

gorge  wholly i n  them a s   f a r   a s  and  below Chimney Creek. A. 

between  Pre-emption  Lots  5086  and 5087 f r o m  the   h igh  bench 
small  unnamed creek  f lowing  southerly  near  the  boundary  l ine 

i n  th i s   r eg ion ,   has   i nc i sed  a deep  gorge  which  exposes on i t s  

b a n k   v e s i c u l a r   q u a r t z - l a t i t e   ( t r i d y m i t e . - l a t i t e )   i n t e r c a l a t e d  
eas t  bank  limestone of t h e  Cache  Creek s e r i e s  and on i t s  west 

w i t h   t u f f s  of t h e  Lower Lavas  and  Eocene o r  e a r l i e r   F r a s e r  
Xiver  sediments. 

a r e  exposed on both   s ides  of t h e   r i v e r   a t  a number of d i f f e r e n t  
p o i n t s   b e h e e n  Soda  Creek  and  Macalister,  the  gorges of the  
r i v e r  i n  t h i s  r eg ion   be ing   i nc i sed   i n  them.  Up-strean  from 
Macal i s te r ,  t o  and n o r t h  of 'Arindt Creek  these  lavas   are   ex-  
posed a t  a number of d i f f e r e n t   p o i n t s   h i g h  on t h e   v a l l e y -  
s lope on t h e   e a s t   s i d e  of t h e   r i v e r ,  a n d  on the  west   s ide of 

N o r t h  of this ,   up-s t ream on the   wes t   s ide  of t h e   r i v e r ,   t h e y  
t h e   r i v e r  they form an i n d i v i d u a l   u n i t  named Cas t le  Rock. 

are  very  prominently  exposed,  and  do-wn-stream  from  the mouth 
of Narcosli  Creek for some m i l e s   t h e y   r i s e   s h a r p l y  f ron  the  
r i v e r   t o  a he ight  of many hundreds of feet. In  them  Narcosli 
Creek  has   incised a s t eepwa l l ed   go rge ,   t he   dep th  of :vhich ap- 
proaches 1,000 f e e t ,  and v h i c h   c o n s t i t u t e s  one of t he   s cen ic  
spo t s  of the  neighbourhood. The most  northerly  exposure  out-  

The  Lower bavas   a r e   t yp ica l   va l l ey - f i l l   occu r rences  and 
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crops on the  west   s ide  and 2GO f e e t  above   the   r iver ,   a t   about  
3 rniles  south of auesnel.  Although  the  occurrence o f  t h e  
Lower Lavas i s   t y p i c a l   v a l l e y - f i l l ,   t h e y  and t h e i r   i n t e r c a l -  
a ted   sed iments   ex tend   a t  many p o i n t s   e a s t  of t h e   r i v e r  t o  t h e  

t h e  normal topographic   pos i t ion   o f   the  Upper Volcanics.  The 
top  o f  the   va l ley- r im,   where   the i r   c l i f f - l ike   exposures   occupy 

Lower Lavas  also  form  the  western  boundary of t h e   l a r g e   f l a t  
on t h e   r i g h t  bank of the   Fraser   River   south  of Soda  Creek. 

The Fraser   River   formation  ass igned  by  this   examinat ion 
to   unques t ionable   f resh-water   o r ig in ,  i s ,  on f i e ld   ev idence ,  
subdivided  thus:  

( a )   h s t r a l i a n  members.  This  term i s  a p p l i e d   t o   t h e   b a s a l  
members, t h e   w e l l  known l i g n i t e   c o a l   m e a s u r e s ,   t h e   b e s t  

Aus t ra l ian ,   a l though many o thers   occur   bo th   nor th  and 
exposures of which  are i n  the  Fraser  Xiver  Valley,   near 

sou.th  of t h i s   p l a c e .  The commercial   significance of the  
c o n t a i n e d   l i g n i t e   c o a l  seams h a s   a t   d i f f e r e n t   t i m e s   a t -  

Sumnary Repor t ,   Pa r t  A ,  1931,  pages 58 t o  65 a l s o   t o  An- 
t r a c t e d   a t t e n t i o n .   ( R e f e r  t o  Geological  Survev,  Canada, 

nual  Report,  Minister  of  Mines,  British  Columbia,  1930, 
pages  170 to   172) .   These  members have  been  gently  folded, 
and  angles of d ip   r each  20 t o  30 degrees .  

(b )   Imbr i ca t ed   we l l - so r t ed   g rave l ,   w i th   ove r ly ing   i n t e r s t r a t i -  
f i ed   beds  of f i n e   g r a v e l ,   s a n d ,  s i l t ,  c l a y ,   l i g n i t e ,  and 
ocohs iona l   t u f f   beds .   L ign i t e   s eam  r each  a maximum cb- 
served   th ickness  of 2 f e e t  3 inches.   These  beds  are  hori-  
zonta l  o r  n e a r l y  so .  

( c j   D ia tomi te   depos i t s .  These are  the  uppermost  nembers  over- 
l y i n g   ( b ) .  

formity  between  (a)  and ( b ) .  I n  the  case o f  the   d ia tomi te   de-  
I t  j.s t o  be   no ted   t ha t   t he re  is a d i s t i n c t   a n g u l a r  uncon- 

pos i t s ,   t he   s l i gh t   d ips   obse rved   a r e   p robab ly   l a rge ly  due t o  
slumping.  Although members (b )  and ( c )   a r e  composed of n e a r l y  
ho r i zon ta l   s t r a t a ,   t hey   a r e   subd iv ided   because  menioers (b )  
c l e a r l y   e x p r e s s   t h e   r e s t o r a t i o n  of  a souther ly   f lowing   r iver  

Fiver,   and i t s  g radua l   r educ t ion   t o   l acus t r ine   cond i t ions .  I t  
( a s  shown by the   imbr i ca t ed   g rave l ) ,   t he   i n t e r -vo lcan ic   F ra se r  

made lakes,   and  not i n  bas ins   due   to   l ava  ds.mrning, because  the 
i s   c l e a r   t h a t   t h e   d i a t o m i t e   d e p o s i t s  were l a i d  d0.m i n  r i v e r -  

d i a tomi te   depos i t s  i n  s eve ra l   exposures   a r e   ove r l a in  by  Miccene 
( ? )  b a s a l t ,  which i s  i n  tu rn   capped   wi th   g lac ia l   ' depos i t s .  
The complete  succession of t h e s e   s t r a t a ,   a s  above  given, i s  
c l ea r ly   appa ren t  from exposures a t   t h e  Big Bend of t h e   h - a s e r  
2 ive r   10   mi l e s   no r th  o f  Quesnel.   Here  the  angular  unconformi- 
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t y  between members ( a )  and ( b j  i s  well  exposed a t  l o w  s t ages  
of ->,rater . 

j a c e n t  t o  t he   F rase r   R ive r   where ,   a t  a number of  d i f f e r e n t  
points ,   they  form  the  lower  par t   of   the   val ley-r ims,  and  ex- 
tend   be low  r iver - leve l ,  They a l so   occur  at  h i g h   e l e v a t i o n s ,  
f o r  example on t h e   l e f t  or west bank of Baker  Creek  below  the 
Canyon a t  points ,   several   hundred  feet   above  the  Fraser   River ,  
and a l s o  i n  t h e   v a l l e y  of Aus t ra l ian   Creek .   In   th i s   sec t ion  
they  are   exposed  cont inuously i n  t h e   v a l l e y  f o r  h a l f  a mi le  
o r  more up t o   e l e v a t i o n  2 ,162  f e e t  (682 f e e t  above   the   Fraser  
River a t  t h e  mouth of t h i s  creek).  This  exposure  i.s a t  l e a s t  
2 miles   f rom  the  Fraser   River ,   proving  the  considerable   thick-  
ness of t h e  members and t h e   s i z e  of the   conta in ing   bas in .   In  
t h e  Annual  Report,  Minister of Mines, B r i t i s h  Columbia,  1930, 
on pages 170 t o  1 7 2  on account  of  diamond-dril l ing  carried o u t  
in   the   Aus t ra l ian   coa l   measures  i s  given. 
t h e   p o s i t i o n  of a d r i l l - h o l e  which was comrenced i n  1930  and 

A map a l s o  shows 

abandoned. An a c c o m t   o f   t h e   f i n d i n g s  i s  given  in   Geological .  
c a r r i e d  t o  a depth of 1 ,090   fee t   in   1931 and ,  subsequently 

Survey, Summary Report,  1931, P a r t  A. The pre-volcanic  i3-as- 
er   River   sediments  o r  the  Lower Lavas must u n d e r l i e   t h e  Rus- 
t r a l i a n  members ( a ) ,   b u t  it i s  not  known i f  t h e   d r i l l i n g  
penetrated  them.  Several   exposures   demonstrate   that   these 
coal  measures  have  been  burnt or  p o s s i b l y  baked at  d i f f e r e n t  

H i l l "  on t h e  highway  about  half c? mile  south o f  Quesnel.  No 
p o i n t s  by over ly ing   lava .  Of t h e s e ,   t h e   b e s t  known i s  "Red 

members o r  overlying members of  t he   F rase r   3 ive r   fo rma t ion  by 
evidence,  however,  was  found of i n t r u s i o n  of the   Austra . l ian 

igneous  bodies.  

Many exposures of  t h e   A u s t r a l i a n  members ( 6 )  occur  ad- 

formation  occur a t  and immediately  above and  below the   B ig  
Large  and continuous  exposures of members (b)  of t h i s  

Bend, 10 miles  n o r t h  o f  Quesnel. 

of t h e   F r a s e r  Ei-ver a t   t h e  B i g  Eend,  and a t   s e v e r a l   o t h e r  
Member ( c j   d i a t o m i t e  depos i t s   a re   exposed   on   bo th   s ides  

poin ts   near   Quesne l .  1.11 such   exposures   a re   ad jacent   to   the  
r i v e r .  To the   south ,  on the   wes t   s ide  of t h e   r i v e r ,   n o r t h  of 
the  Alexandria   Ferry,  on and ad jacent  t o  Pre-emption  Lot  8015, 
d i a tomi te   depos i t s   occu r   a t  a number o f   d i f f e r e n t   p o i n t s  and 

will be   no ted   these   l a t te r   occur rences   a re  f rom 2 t o  4 miles  
Occurrences  are   a lso  reported i n  Narcosli  Creek  Valley. I t  

west of t he   r i ve r .   The re  i s  every  reason t o  suppose   tha t  a 

normal   topographic   posi t ion of t hese   depos i t s  i s  700 t o  SO0 
l a rge   a r ea  in th i s   r eg ion   i s   unde r l a in   by   d i a tomi te .  The 

have  possibly  sloughed f rom t h e i r   o r i g i n a l   p o s i t i o n .  
f e e t  above the   Praser   River ,  and low- ly ing   i nd iv idua l   depos i t s  
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occur a t   t h e  t o p  o f  the   vel ley-r ims on b o t h   s i d e s  of the Frs.- 
se r   River ,  m d  t h -  rampert-lik.?  exposures  avsra.e;ing  about 50 
f e ? t   i n   h e i g h t ,  and  extending f o r  cons ide rab le   d i s t ances ,   a r e  
a f e a t u r e  of the  landscape s o u t h  of  ~G,uesnel. Such exposures 
do  not.  occur f a r   n o r t h  of Puesnel .  Owing t o  the   ex tens ive  
erosion  which  has   taken  place  within  the  Frsser   River   Vsl ley 
s ince t h i s  la.va  was e rup ted ,   va l l eg - f i l l   occu r rences   a r e  
l i k e l y   t o   b e   r a r e .  @ne  such,   however ,   exis ts   a t .water- level  
on t h e   e a s t  hank o f   t he   r i ve r   abou t  1 mile  below  Austra~l ian 
Creek,  where a maximum th ickness  of  4 0   f e e t  o f  v e s i c u l a r  bs- 

River formation.  The b a s a l t  i s  d i r e c t l y   o v e r l a i n  by a vary- 
s a l t  d i r e c t l y   o v e r l i e s  the   Aus t ra l ian  members o f  the  b'raser 

ing   th ickness  of  s i l t :  and at   the   up-stream  end of the  expos- 
sure,   which  occurs a t  a bend of t h e   r i v e r ,   t h e   A u s t r a l i a n  mem- 
be r s   a r e   ove r l a in  by i ron - s t a ined   r i ve r -g rave l .  Th i s  expos- 
u r e   v e r y   p l a i n l y   i n d i c a t e s   t h a t   a n   e a r l i e r   c h a n n e l  of the  
r i v e r   l i e s   b u r i e d   e s s t  of t h e   r i v e r   i n  t h i s  reg ion .  

The Upper i iolcanic:;   simost  always,   but  not  invariably,  

A t  a number o f  d i f f e r e n t   p o i n t s  t h e  Mi.ocene !?I ba.sa.:t 

an  observed maximum o f  25 f e e t .  A t  other  points,  however, it 
i s  o v e r l a i n  by a varying th ickness  o f   g l a c i a l   m a t e r i a l ,  up t o  

i s   e v i d e n t   t h a t   g l a c i a l   m a t e r i s l s  have  been  swept  off by post-  
g l a c i a l   w a t e r s ,  and l i t t l e  s a v e   s o i l  and v e g e t a t i o n   o v e r l i e  
t h i s   r o c k .  

Although  the norma.:l topogra.phic  posit ion o f  t.he  hiocene 
( ? )  b a s a l t   i s  a va l l ey -capp ing ,   i n  some i n s t a n c e s  it i s   appa r -  
e n t   t h a t   e r o s i o n   h a s  removed it e n t i r e l y ,   l e a v i n g   i n  i t s  p lace  
c l i f f - l i k e   e x p o s u r e s  of  invaded  Eocene  Fraser  River  sediments. 
For t h i s   r e a s o n  a d i s t a n t  view i s   a p t   t o  convey a wrong i m -  
p ress ion  o f  r e a l   i d e n t i t y .  

" 
Exposures  of Eocene o r  earlier  Fra.ser  River  eediment.s.  

Exposures  were  examined a t   t he   fo l lowing   po in t s :  

di>tance  of  about 2 miles   no r th  of Mackin Creek,   ere  3 adja-  
cen t   exposures .  

(1) Cin the  west   s ide of  t ,he  Fracer  River,   within a 

( 2 )  On t.he e a s t   s i d e   o f  t h e  Fraser   River :   (a )   bo th  
n o r t h  and  south  of 'Windt Creek, (h) 4 .1   mi l e s   sou th  of  the  
p o i n t   a t  which  the  highway  crosses   Austral ian  Creek,   (c)  1 2  
miles   south  of   the  point  a.t which  the highway c r c s s e s  Aus- 
t rad ian   Creek .  A 1 1  these   exposures   l i e   near   the   top  of the 
v a l l e y - r i m s   s n d   a l l   a r e   l a r g e  and c l i f f - l i k e ,  so t h a t  it i s  
on ly   the   lowes t   par t s  of  each  that.  can be closelv  examine&. 

(1) Zxpcsures t o  t he   no r th  of Nisckin Creek on t.he west 
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s i d e  of t h e   F r a s e r  'Ibiver, on Pre-emption  Lots 6106, 6107  and 
6109. 

Soda  Creek f e r r y .  A road  passable f o r  c a r s   f o r  a d i s t a n c e  of 
These  exposures   are   reached  by  crossing  the  r iver   by 

7.1 miles ,   switchbacks  up  the  s teep  val ley-s lope  f rom  the  north 
ferry- landing and t h e r e a f t e r   p a r a l l e l s   t h e   F r a s e r   R i v e r   n o r t h -  
wards a s   f a r   a s  hfackin  Creek. ?rom t h i s  p o i n t  a t r a i l  folloWS 
a f l a t   abou t   125   f ee t   above   and   f l ank ing   t he   r i ve r .  The expo- 
sures a re   r ead i ly   r eached  f r o m  t h i s   t r a i l   b y   c l i m b i n g   t h e  
s teep   va l ley-s lope .  Two of t he   t h ree   exposures   l i e   be tween  
Mackin  and Xenn Creeks,  and one i s  n o r t h ' o f   t h e   l a t t e r .  The 
e x p o s u r e s ,   i l l u s t r a t e d  on Fig .  2 ,  c o n s i s t  o f  conglomerate  beds 
of angular ,   sub-angular  and rounded  pebbles  and  boulders  vary- 
i n g   i n   s i z e  from 3 inches up t o  2 f e e t ,  and i n t e r s t r a t i f i e d  
beds of sandstone  underlain  by  the Lower Lavas. The pebbles 
and boulders  i n  t h e  conglomerate  are composed a lmos t   en t i r e ly  
of t h e  same rocks as those  i n  which  the  channel i s   i n c i s e d .  
These   c l i f f - l ike   exposures ,  some hundreds  of   feet  i n  length  

e l e v a t i o n s  of  the  tops  vary  from 910 f e e t  t o  1 ,230  feet   above 
ind iv idua l ly ,   vary  i n  he ight  f r o m  240 f e e t  to 400 f e e t .  The 

the   F rase r   R ive r .  

The m o s t  souther ly   and  most   norther ly   exposures   are  i m -  
mediately  underlain  by  the Lover  Lavas. The base  of  the  cen- 
t ra l  exposure i s  concealed  by  ta lus   and  vegetat ion.  The most 
souther ly   exposure i s  under la in  by b a s a l t  and a green-coloured 
f low-rock  s imilar   to   that   exposed on t h e  highway  on t h e   e a s t  
s i d e  of t h e   r i v e r   o p p o s i t e   t h i s   p o i n t .  I n  the   mos t   nor ther ly  
exposure  the  underlying  rock i s  b a s a l t .  The sediments show 
much evidence of minor faul t ing  both  normal   and  reverse ,   but  
no displacement  of more t h a n  a few f e e t  was observed. Some 
fau l t -p lanes   a re   hea led   wi th   se rpent in ized   bas ic   dykes ,  and 
a t   s e v e r a l   d i f f e r e n t   p o i n t s  s i l l s  of t h e  same m a t e r i a l ,  a fetv 
inches  wide,  invade  the  bedding-planes. The beds   a re   wel l -  
l i t h i f i e d ,   s t r i k e  due n o r t h  and  dip  west a t   a n g l e s   v a r y i n g  
f r o m  a few degrees  to 30 degrees i n  t h e   c a s e  of the 'mos t  nor- 
ther ly   exposure .  A t  the  t o p  of t h e s e   e x p o s u r e s   t h e   t e r r a i n  i s  
a t  some p o i n t s   q u i t e   f 1 a t : ' a t   o t h e r s ,  i s  occupied  by a shallow 
depression,  and elsewhere  r ises   f rom 20 degrees t o  30 degrees 
Up t o  rampart-l ike  exposures of t h e  Upper Volcanics,  which 
fo rm  the   f l oo r  of t he   F rase r   P l a t eau ,   t he   e l eva t ion  of which 

exposures.  
i s  2 ,995   fee t ,  o r  about   350  feet   above  the  top of t he   g rave l -  

A t  a p o i n t  330 f e e t  belo-;$ the   base  of t h e  m o s t  n o r t h e r l y  

posure of grey   ves i cu la r  f low-rook,  but  vegetation and t a l u s  
exposure,   white  volcanic tuf f   ou tcrops   c lose  t o  a l a r g e  ex- 

obscure   t he   s t r a t ig raph ic  r e l a t i o n s h i p .  
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I t  i s  c l e a r   t h a t   t h e s e   e x p o s u r e s   a r e  of  one a n d ' t h e  same 
stream. The s i z e  and  angular  character of t h e   g r a v e l   i n d i -  
ca t e s   ve ry   hu r r i ed   so r t ing   by  a heavi ly- loaded  rapid  s t ream 

a r e s t o r a t i o n  of a ma jo r   pa r t  of t h e  f l o w  of t he   r i ve r -wa te r s  
o f  water .  I n  vie+$  of   their   s ize   the  exposures   probably  express  

du r ing   t he   e rup t ion  o f  t h e  Lower Lavas  and may be  termed  the 
intra-Lower  Lavas  Fraser  'River. 

t h e s e  may be  readily  reached  from  the  highway by ascending 
B s u r e s  on t h e   e a s t   s i d e  of the   Fraser   River .  811 

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

below the   F rase r  Plateau, t he   e l eva t ion  of which i n  t h i s   r e -  
Exposures  north and south  of 'Windt Creek.  1:mmediately 

g i o n   v a r i e s  from  2,600 t o  2 , 7 0 0   f e e t ,   t h a t  i s  1 , 1 3 3   f e e t   t o  

rock-exposures ,   which  are   dis t r ibuted  over  a d is tance  of about 
1 , 2 3 3   f e e t  above t h e   F r a s e r   R i v e r ,   a r e   a d j o i n i n g   c l i f f - l i k e  

1 1/2 mi l e s ,   no r th  and  south of ' jfindt  Creek.  South of ? t ind t  

h igh ,   cons i s t s   o f   basa l t i c   f l ows  o f  the  Lower Lavas  with in -  
Creek  one  exposure someyvJhat over   1 ,000  feet   long and  135 f e e t  

t e r c a l a t e d   b e d s  of s i l t ,   s a n d s t o n e ,  and b r e c c i a .  These a r e  
overlain  by 2 0  f e e t  o f  columnar b a s a l t ,  and t h e   l a t t e r  i s  
again  overlain  by  breccia ,   which  extends  a lmost   to   the  pla-  

h i b i t s  columnar b a s a l t  of t h e  Lower Lavas both overlying and 
teau- leve l .   Nor th  of V i n d t  Creek  another l a rge  exposure  ex- 

underlying s i l t  beds o f  8. t o t a l   t h i c k n e s s  of  3 5   f e e t .  The 
s i l t  beds   a re   in t ruded   by   ves icu lar   dykes ,  and conta in  much 
granula ted   l ava .  The s t r i k e  of t h e  s i l t  beds i s  nor th  8 de- 
g r e e s   e a s t ,  and t h e i r   d i p   i s  5 degrees  south-eastward.  These 
e x p o s u r e s   i n d i c a t e   t h a t   t h e   L w e r  Lavas  extend i n  t h i s   r e g i o n  
t o  t h e   t o p  of the   val ley-r im,   and  any  once-exis tent   rocks of 
t h e  Upper Volcanics  have  'been  entirely  eroded.  These  expc- 

and exemplify t h e  he ight  t o  which the   wa te r s  o f  t h e   r i v e r   r o s e  
sures   are   probably  outrrash  deposi ts  of t h e  Eocene Fraser   River ,  

a s  a r e s u l t  of t h e   g r e a t   h e i g h t  o f  t h e   l a v a  dams of t h i s  
per iod ,  

Exposure  4.1  miles  souvh of the  highway-crossing  of 
Australian  Creek. ' Immediately  below  the Freser Plateau  high 
up  on t h e   e a s t  r i m  of the  Fraser   River   Val ley  connected  with 

prominent   knol l ,   the  summit e l e v a t i o n  of which i s  2,437 f e e t .  
t h e   P l a t e a u   b y  a peninsula-like  rock-remnant i s  a l a r g e  and 

The base of the   knol l .  i s  covered  by a long   ta lus   s lope  and 
dense   vege ta t ion .  The uppermost 60 f e e t   a r e  composed of wel l -  
l i t h i f i e d   b e d s  of ssnds tone ,   the   ind iv idua l   g ra ins  of which 
are   angular ,   sub-angular  ar.d rounded.  These  beds  str ike  north 
22 degrees  west,  and dip  nort 'n-eastward a t  5 degrees .   This  
d e p o s i t  i s  noteworthy for t h e   l a r g e  smount of drif twood  there-  
in ,   p ieces   ranging  up t o  6 inches i n  diameter .  T h i s  driftwood 
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has   been   en t i r e ly  changed t o  aragonite,   replacement by t h i s  min- 
e r a l   b e i n g   p e r f e c t .  I t  was n o t e d   t h a t  a number of b i r d s '   n e s t s  
had  been b u i l t   i n  deep  holes   in   the  exposure.  A t  f i r s t  it was 

deep  holes i n  such a w e ? l - l i t h i f i e d   r o c k   u n t i l  it was perceived 
ex t r eme ly   d i f f i cu l t   t o   unde r s t and  how sand.-martins  could  peck 

that   each  nest   represented  the  space  formerly  occupied by a p iece  
of drj~ftwood some hnches i n  diameter .  The b i rds   appa ren t ly   f i nd  

goni te .  The e l e v a t i o n  of t h e   F r a s e r   P l a t e a u   i n   t h i s   n e i g h b o u r -  
it p o s s i b l e  t o  peck t h e i r  way i n t o   t h e   c o m p a r a t i v e l y   s o f t   a r a -  

hood i s  about 170 f e e t  above t h e  .top  of t h i s   k n o l l .   T h i s  expo- 
su re   a l so   appea r s  t o  exem?lify  outwash  deposits of t h e  Eocene 

ming of t h i s   p e r i o d .  I n  t h e   r e a r   o f   t h i s   k n o l l   a n d  t o  the   south  
Fraser  River  caused t o  r i s e   t o  a g r e a t   h e i g h t  owing t o   l a v a  dam- 

Lower Lavas i s  exposed. 
of it, a t  t h e  edge of t he   P rase r   P l a t eau ,   co lumnar   basa l t  of t h e  

t r a l i a n  Creek.  This  exposure i s  i m e d i a t e l y  below  the  top of 
Exposure 1 2  mi les   south  of the  highway-crossing  of Aus- 

t h e   S r a s e r   P l a t e a u   a t   t h e   r e m  of the   l a rge   bench  on which a 
monument on t h e  highway has been  erected by t h e   H i s t o r i c   S i t e s  
and  Monuments Board. The e l e v a t i o n  of t he   base  of the  exposure 

b r e c c i a ,   w e l l - l i t h i f i e d   w a t e r l a i n  s i l t ,  sand  and  clay  beds,  ex- 
i s  2,477 f e e t .  A t  t h i s   l e v e l ,  a 90- foot   wid th   o f   s t ra t i f ied  

tends   for  a length  of some hundreds of f e e t  200 f e e t  below t h e  
F rase r   P l a t eau .   Basa l t  of t h e  Lower Lavas  which  extends t o   t h e  
p l a t eau   ove r l i e s   t hese .  A t  t he   base  of t h e   e x p o s u r e   i s  a long 
ta lus   s lope   th rough  which   basa l t  of t h e  Lower Lavas  emerges a t  
e l e v a t i o n  2,247 f e e t .  

Fraser  River  Formation.  Exposures  showing  the  three 
sub-divisions  of t h i s  fo rma t ion   a r e   s i t ua t ed  on thhc west   s ide 

a l t h o u g h   a l l  do n o t  appear   in   the  one sec t ion .   Ex tens ive  
of th,e  Praser  River a t   t h e  Big  Bend, 10 mj.les  north of Quesnel,  

t h i s   r eg ion ,   bu t  owing to   the  wel l -cemented  character  of t h e  
sloughing  has  taken  place of r ecen t   yea r s   be low  the   p l a t eau   i n  

grave ls  of the   in te r -volcanic   Fraser   River ,  and the  underlying 
incl ined  beds,   s loughing i s  conf ined   en t i r e ly . to   t he   ove r ly ing  
members. In Geological  Survey,  Canaaa, Memoir 118, 1920,  pages 
1 4  and  15,  Reinecke  gives a de t a i l ed   accoun t  of sec t ions   t hen  
v i s i b l e ,  f r o m  which it i s  c l e a r   t h a t   t h e   d i a t o m i t e   d e p o s i t s  
ove r l i e   t he   s ands  and c l a y s   w h i c h   i n ' t u r n   o v e r l i e   t h e   g r a v e l  
beds of t h e   i n t e r - v o l c a n i c   ? r a s e r   R i v e r .  A t  the   t ime of e x m i n -  
a t i o n  on Ju ly   12 th ,  it was apparent   that   the   gravel   beds  which 
a r e   h o r i z o n t a l  or n e a r l y  so r e s t  upon coa r se   g r i t   beds   con ta in -  
ing  well   carbonized  driftwood  which  strike  north 58 degrees   ea s t  
and d i p  30 degrees  north-westward. The exposure  of   these  incl ined 
beds i s  about 75 f e e t   l o n g  and of a maximurn he ight  of 20 f e e t .  
Di rec t ly   over ly ing   the   inc l ined   beds  i s  1 5   f e e t  of coarse   wel l -  
sorted  cemented  gravel,   the  imbrication 0:' which   ind ica tes  a 
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Outwash  sediments of intra-Lower Lams Fraser River  in  Lower Laws. 

Exposures of gravel of intra-Lower Laws Fraser River,  north of Maekin  Creek. 



Beds of inter-volcanic Fraser River,  at  Big  Bend,  showing 
differential  weathering. Pinnacle about  150  feet  high. 

Beds of intra-Lower Laws  Fraser River, north of Maekin Creek 



lcuards of 300 f e k t  of gravel  and sand  beds w e l l - l i t h i f i e d ,  
s o u t h e r l y  f1o.N. Overlying t h e  l a t t e r ,  i s  a th ickness  of UP- 

which  owing to   d i f f e re r< t i a l   wea the r ing   a r e   p innac led .  One 
pinnacle,   about 150 f ee t   h igh ,  capped  with  ferruginous  sand- 
s tone ,  IS p a r t i c u l a r l y   s t r i k i n g ,  and a photograph of it ap- 
pears  in t h i s   r e p o r t .  The inclined  beds  mentioned  are  cor- 
r e l a t e d  w i t h  t he   Aus t r a l i an  members ( a )  of the   Fraser   River  
formation.   These  exposures   prove  that   the   f low of t h e   F r a s e r  
River was r e s to red   ove r   t he   Aus t r a l i an  members of the   Fraser  
River   format ion   in  a s o u t h e r l y   d i r e c t i o n  for a long   per iod .  
Final ly ,   lacustr ine  condi . t ions  were  reached  through  the  opera-  
t i o n  of t hose   we l l  known processes  which  function i n  t h e   l i f e  
h i s t o r y  of r i v e r s ,  and in river-made  lakes .  (ox-bow,  etC.1, t h e  
diatomite   deposi ts   were  ] .a id  down. These  diatomite   deposi ts  
a r e   o v e r l a i n   b y   b a s a l t  of t h e  Upper Volcanics ,   and   the   l a t te r  
i s  o v e r l a i n  by boulder  cl.ay. 

On the   oppos i t e   s ide  of t h e   r i v e r   a t   t h e   B i g  Bend, a t  t h e  
southern  end of the   base  of t he   S ig   S l ide ,   j u s t   wes t  of Pre-  
emption L o t  1382,  well-sorted and w e l l - l i t h i f i e d   g r a v e l  of t h e  

' f e e t  above  the r i v e r .  Di rec t ly   over ly ing   the  l a t t e r ,  i n  a s -  
i n t e r - v o l c a n i c  Fraser  R i v e r   r i s e s   v e r t i c a l l y  t o  a he ight  of 20 

cend ing   o rde r ,   a r e   t he   fo l lowing   s t r a t a :   10   f ee t  of compacted 
s i l t ;  1 0   f e e t  o f  green  cl.ay; 3 f e e t  o f  white   c lay;  a 6-inch 
l i g n i t e  seam; 5 f e e t  of whi te   c lay ;  a 6 - i n c h   l i g n i t e  seam; 2 
f e e t  of whi te   c lay ;  a 2- foot   3 - inch   l ign i te  seam; 2 f e e t  of  
white   c lay;  a 2 - f o o t   l i g n i t e  seam; 4 f e e t  of c l a y  and s o i l .  
These s t r a t a   a r e   h o r i z o n t a l .  The top  of t h i s   s e c t i o n  i s  ob- 
scured   by   vege ta t ion ,   bu t   up-s t rem,   c lays   wi th   smal l   sems 
o f  l i gn i t e   ocour  up t o   t h e   b a s e  of  t h e   B i g   S l i d e   a t  a h e i g h t  
of 165 f e e t  above  the  r iver .   Coal-forming  2rocesses   a l though 
probably  commercially  unimportant  were  therefore  operative,  

E'raser  River  formation. Dovin-stream f r o m  t h e   l a s t - d e s c r i b e d  
subsequent t o  the  formation of t he   Aus t r a l i an  members or' t h e  

exposure ,   j u s t  be1o.N t h e  Big Bend on t h e   e a s t   s i d e  of t h e   r i v e r ,  

formation  which i s  descrj-bed  by  Reinecke on page  15 of Geo- 
i s  a large  exposure of the   upper  members of t he   F rase r   R ive r  

logical  Survey,  Canada, Memoir 118,  1920. On ?re-emption  Lot 
6182, a d j a c e n t   t o   t h e  highway two  individual  masses of d i a t o -  
mi te   occur   a t  a he ight  of 335 f e e t  above r i v e r - l e v e l .  I t  i s  
problemat ica l   whether   these   depos i t s   a re  i n  p lace  or n o t   a s  
t h i s   p o s i t i o n  i s  not  normally  occupied  by  diatomite.  

Exposure  of  Fraser  giver  Sediments Dammed  by t h e  Cpper 
Volcanics .   Earpar t - l ike  exposures  of b a s a l t  of t h e  Upper 
Volcanics,  capped by g l ac i a l   ma te r i a l s ,   f o rm  the   f l oo r  of t h e  
Fraser   P la teau ,   where  it i s  deeply  incised  by  Baker  Creek. 
These  esposures  extend  northwards i n t o  the   Fraser   River   Val -  
l e y  on t h e   l e f t   o r   w e s t  bank of t h i s   c r e e k  for about   haif  a. 
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mile.  Near the   po in t   where   the   va l leys  of Baker.Creek and 
Fraser   River  merge on Pre-emption  Lot  8651, a t  a h e i g h t  of 

l i e s  15 t o  20 f e e t  of g lac ia l   debr i s ,   and   over l ies   an   average  
$22 f e e t  above the   F rase r   R ive r ,   40  t o  45 f e e t  of basa l t   under -  

width of 8 f e e t  of well-washed  sand, s i l t ,  and grave l .  About 

The sediments  are  exposed,  discontinuously  for a t o t a l   l e n g t h  
10 fee t   o f   p i l low  lava   immedia te ly   over l ies   the   sed iments .  

of 500 f e e t ,  and the  pil low  leva.   extends beyond the  sediments .  
Imbricat ion of t h e   g r a v e l   i n d i c a t e s   t h a t  a souther ly-f lowing 

and d i p  7 degrees  west.  An a d i t  20 f e e t  long i s  run  south 55 
stream was dammed by the  lava.  The sed iments   s t r ike   due   nor th  

degrees  west i n  t h e   c e n t r a l   p a r t   a t   t h e   b a s e  o f  the  exposure 

The s teep  val ley-s lope  below this  exposure i s  obscured by t a l u s  
o f  sediments. The sediments  are  compacted  but  are  not  cemented. 

and   vege ta t ion ,   bu t   nor th   o f   the   mos t   nor ther ly   exposure  o f  

an members of the  Fraser  River  formation.  These members a r e  
sediments,  and some-what below i t ,   b a s a l t   o v e r l i e s   t h e   k u s t r a l i -  

a l s o  exposed on both  banks of Baker  Creek on Pre-emption  Lot 
1228. 

The above  exposure l i e s  due  west of the  channel  exposed 
on the  opposi te  bank  of  Baker  Creek,  described on pages C36 
t o  C39 of  the  Annual  Report ,   Minister of Mines, B r i t i s h  Col- 
umbia,  1938. 

Mining  Operat ions  concerned  with  the  Fraser   River  
Tertiary  Drainage-system. 

The only extensive  operat ion i s  t h e   T e r t i a r y  Mine. Other 

those  o f  t h e  Golden  Province  Mines Company. All of t h e s e   a r e  
o p e r a t i o n s   a r e :   t h e  Canyon Mine; t h o s e  of ?. Delong; and 

next   descr ibed.  

T e r t i a r y  Mine.   This   property  consis t ing o f  1 placer -  
mining  lease owned by D. D .  F r a s e r  and J. McHardie  of  Ques- 
ne l ,  i s  a t   t h e  lower end of t h e  Cottonwood Canyon on t h e  
nor th   s ide  of the  Fraser  River,   which flows b u t   l i t t l e   s o u t h  
o f  e a s t  i n  t h i s   r e g i o n .  

The proper ty  i s  reached by a road 6.5 miles  long,  which 
branches  from  the  Quesnel-Blackwater road a t  a point   3 .6  
miles  from Quesnel. The road,  passable for l i g h t   c a r s   w i t h  
high  c learance  in   dry  weather ,   a l though  there   are   several  
s o f t  spots ,   c rosses   the   Fraser   P la teau  i n  a n o r t h e r l y   d i r e c -  
t i o n ,  then  switchbacks down a s t eep   g rave l -bank   a t   t he   edge  
of t h e   p l a t e a u   t o  a l a r g e   f l a t  215 f e e t  above   t he   r i ve r .  Af -  
t e r   c r o s s i n g   t h e   l a t t e r   t h e   r o a d   d e s c e n d s  a s teep   grade   cu t  
i n  rook t o  a boa t - landing   a t   the   lower  end of t h e  Cottonwood 
Canyon oppos i te   the   mine-bui ld ings ,   the   r iver   be ing   c rossed  
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by  motor-boat. 

A t  t h e   j u n c t i o n  o f  '7Jhi t t ier   Creek,   the   Praser  River en- 
t e r s   t h e  Cottonwood Canyon.  The l e n g t h   o f   t h i s   s t e e r   r o c k -  
walled  canyon i s  about  1 mi le ;  t he   dep th ,  a t  i t s  head, of 
about 375 f e e t ,  decreases  down-strean,  and  the  r iver  emerges 
from it a t  t h e   T e r t i a r y  iMZ, although  rock i s  exposed on both  
banks of t h e   r i v e r  for a f u r t h e r   h a l f  a mile  dmm-stream. Be- 
low t h e  canyon  on  both  sides of t h e   r i v e r  a t  vary ing   he ights  
above   t he   l a t t e r ,   t e r r aced   benches  mark the   va r ious   l eve l s   oc -  
cup ied   by   t he   r i ve r  i n  cu t t i ng   t h rough   t he   g l ac i a l   deb r i s   oc -  

On the  south  bank of t h e   r i v e r ,  one  bench, 215 f e e t  above  the 
oupying i t s  v a l l e y  a t  t h e   c l o s e  of t h e   P l e i s t o c e n e   p e r i o d .  

wel l   t imbered.  
r iver   cont inues   a lmost   to   the   Big  Bend. The e n t i r e   r e g i o n  i s  

The fo rma t ion ,   i n   wh ich   t he   Te r t i a ry  Mine channel j.s 
whol ly   inc ised  a t  the  point   of   exposure,  i s  a r g i l l i t e  of t h e  
Cache Creek   se r ies .  The Cottonwood Canyon i s  o u t   i n   q u a r t z -  
i t e ,  l imes tone   and   a rg i l l i t e  of t h i s   s e r i e s .   T h i s   f o r m a t i o n  

about   ha l f  a mile below  the  canyon. I t  i s   i n t r u d e d   b y  a s tock  
i s  also  exposed on both   banks   o f   the   r iver  f o r  a d i s t a n c e  of 

near   the   head  of the  csnyon  and a t  t h i s  p o i n t   d i o r i t e   a l s o  
o f  d i o r i t e   o f   c o n s i d e r a b l e   s i z e  on t h e   s o u t h   s i d e  of t h e   r i v e r  

outcrops on t'ne north  sid.e of t h e   r i v e r .  

doubted   pre-g lac ia l   age ,   cu t   d iagonal ly   by   the   Fraser   Z iver  
and  exposed  on i t s  north  bank, a t  t h e  lower end  of t h e  Cot- 
tonwood  Canyon, .about  603  yards  below a south-wekterly-flow- 
i n g   t r i b u t a r y   l o c a l l y  named Killm Creek. The exposure i s  
of  pa r t i cu la r   i n fo rma t ive   va lue  as ihe  bed-rock, 2 5  f e e t  
above the   ' r raser   River ,   bo th  rims, and a th ickness  of 80 f e e t  
of c h a n n e l - f i l l i n g   a r e   c l e a r l y   r e v e a l e d .  A t  105 f e e t  above 
the   r i ve r   t he   d i s t ance   be tween  rims i s  approximately 1,140 
f e e t .  The apparent   cont inuat ion  of  t h i s  channel,  down-stream, 

Fraser   River   about  1 ,240 f ee t  i n  a down-s t r em  d i r ec t ion ,  a l -  
i s  exposed a t  t h e  Canyon Mine on the  opposi te   bank of t h e  

though  the  bed-rook of th.is   channel i s  not  here  exposed. 

The type   o f   p l ace r   occu r rence   i s  a buried  channel  of  un- 

Va lues   a r e   con f ined   a lmos t   en t i r e ly   t o  a th ickness  of 
6 feet   of   gravel   immediately  over1,ying  bed-rock,   and  to  

f a i r l y   c o a r s e  w i t h  occasional   nugzets .   Recovery  involves  
c r a c k s   a n d   c r e v i c e s   i n   t h e   l a t t e r .  The gold i s  s t a t e d  to be  

drift-mining  methods,  save tha t   t he   bed - rock   g rave l  i s  ce- 
mented,  and no t imber i s  r e q u i r e d .  

about  1903 when a small amou.nt of d r i f t i n g  and t e s t i n g  was 
The e a r l i e s t   r e c o r d  of xork  on t h i s   2 r o p e r t y   d a t e s  from 
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c a r r i e d   o u t   b y   t h e   l a t e  Senai;or  Xeid. I n  1907, a man named 
Killam, a pract ical   p lacer-miner ,   acquired  the  property,   which 
then  became knovm as t h e  "Killam Gravel  Nine,"  and  he  and h i s  
p a r t n e r   c a r r i e d  on sma l l - sca l e   d r i f t i ng   ope ra t ions  f o r  about 
10 yea r s .  'They d r i f t e d   a b o u t  650 f e e t   u p - s t r e a m   i n   t h e  ex- 
posed  cemented  gravel  immediately  overlying  bed-rock.  Mining 
was done in   the   win ter   and   the   cemented   grave l   s tacked  a t  t h e  
p o r t a l  of t h e   d r i f t ,   t h e r e b y   e x p o s i n g  it t o   t h e   d i s i n t e g r a t -  
i ng   ac t ion  of genera l   weather ing   and   f ros t ,  S O  t h a t  it could 
be  washed the   fo l lowing   sp r ing .  I t  i s  r epor t ed   t ha t   go ld  re- 
covered  by  these  operations amounted t o  about 1,000 0 2 s .  In 
1917 the   p rope r ty  vias acqui red   by   the   Ter t ia ry   Grave l  Company 
of Chicago,  and a compressed-air   plant  for  mining  with  machine 
d r i l l s  was i n s t a l l e d   a n d ,   a l s o  a m i l l  c o n s i s t i n g  of jaw-crush- 
er ,  ball-mill   and  Pearce  amalgamator.  The idea  prompting 
m i l l  cons t ruc t ion   j e ing   t ha t   on ly   by   c rush ing   cou ld   t he   p l ace r -  
go ld   be   f r eed   su f f i c i en t ly   t o   be   r ecove rab le   by   s lu i c ing .  The 
venture   apparent ly   d id  not prove a commercial  success,  and . 
operations  were  suspended  in  1922, when the   p resent   owners  BC-  
2 u i r e d   t h e   p r o p e r t y .   J t  was a sce r t a ined   by  them t h a t  if 63 
per  cent  dynamite was used   i n   min ing ,   t he   go ld  w s s  almost 
completely  freed  and  recoverable  by  ordinary  sluice-flume 
methods.  Accordingly,  they  continued  small-scale  drift-min- 
ing  unt i l   1926  by  which time a l e n g t h  of 1 , 2 5 0   f e e t  cf t h e  
channel  had  been  mined  from  the  surface  inwards'. At about 
t h i s   p o i n t ,  however, t h e  workings  broke  through  the  cemented 
g r a v e l   i n t o   p o s t - g l a c i a l  gravel ,  which  afr 'ording  f ree  perco- 
l a t i o n  of s u r f a c e  waters rendered   cont inua t ion   of   d r i f t ing  
impossible .  I t  w a s ,   t h e r e f o r e ,   e v i d e n t   t h a t   p a r t   o f   t h e   p r e -  
g l ac i a l   channe l  had  been en t i r e ly   e roded   by   pos t -g l ac i a l  wat- 
ers. The o p e r a t o r s   r e p o r t   t h a t  work was p r o f i t a b l y   c a r r i e d  
on up t o   t h i s   p o i n t  and a t o t a l   o f   a b o u t  1,000 ounces of gold 
was recovered. Ivork was suspended. i n  1926. 

On the assumption t h a t  the   eroded  par t   of   the   channel  
was of   l imi ted   ex ten t   on ly ,   an   op t ion  on the   p rope r ty  was ac- 

London,  and i n   t h a t  and the   fo l lowing   year  a d r i v e  waz con- 
qu i r ed   i n   1935   by   t he  B.  C .  Cevelopment Company, Limited, of 

t i n u e d   u p s t r e a m   b y   t h i s  company, i n  t h e   s o u t h  o r  r i g h t  rim 
of the   channel  for a t o t a l   d i s t a n c e  of 625 f e e t .  I n  addi. t icn,  

around. ea r l i e r   work ings   i n   t he   channe l .  P.s t he   e roded   pa r t  
f o r   s a f e t y ,  a d r i v e  was run 225 f e e t   i n   t h e  r i m  down-stream 

Keys tone-dr i l l   ho les  were bored   to   bed- rock   in   the   deeply-  
of  the  channol  proved more ex tens ive   than   an t ic ipa ted ,   t en  

i n c i s e d   v a l l e y  of Rillam Creek,  which  flows  sguth-westerly 
ove r   t he   wes t e r ly   ex t r emi ty  of the  underground  workings,  but 

Cur ing   the   pas t  two years ,   the   owners   have  carr ied on small-  
opera t ions   were   subsequent ly   d i scont inued   by   th i s  company. 

s c a l e   t e s t i n g  and  mining. 
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i s   a f forded   where   the   Fraser   River   cu ts  it on the   no r th  bank 
of t h e   r i v e r ,  ns bed-rock,  both rims, anC a mos t ly   v i rg in  set- 
-t ion'of t h e   c h a n n e l - f i l l i n g ,  80 f e e t  i n  th ickness ,  can be  Seen. 
This  exposure i s  about 600 yards  down-stream  from  Killam  Creek. 

S u r f a c e   ~ ~ p o s u r e s .  An exce l len t   exposure  of the  channel  

The two rims of t h e   c h a n n e l   a t  a he ight  of 105  feet   above 
the   r iver ,   were  found by   pac ing   to   be   1 ,140   fee t   apar t .  Im-  
media te ly   eas t  of t h e   p o r t a l  of t he   R i l l am  d r i f t ,   wh ich   fo l -  

h y d r a u l i c   p i t   r e v e a l s  a s e c t i o n  of the   channel - f i l l ing ,   which  
lowed the  bed-rock  gravels  inward for about  650  feet ,   an o l d  

f l a n k s   t h e   r i v e r   a t   t h i s   p o i n t ,  from bed-rock  up t o  t h e   t o p  Of 

a f l a t  1 0 5   f e e t  above t h e   r i v e r .  Channel  bed-rock was about 
25 f e e t  above r i v e r - l e v e l  on t h e   d a t e  of examination on J u l y  
8th.   Bed-rock  gravel   and  overlying  sediments   are   horizontal ly  
s t r a t i f i e d .  About 20 f e e t  of cemented  poorly-sorted  gravel 
r e s t s  on bed-rock. The g r a v e l   v a r i e s  f r o m  t h e   s i z e  o f  a pea 
t o  rounded  boulders  up t o  2 f e e t   i n   d i a m e t e r .  The average 

i n c h e s . ,   I n t e r s t i c e s  a r e  f i l l e d   w i t h   s a n d .  Many of ,  t h e  con- 
s i z e  of the  sub-angular and  rounded grave l  i s  f r o m  8 t o  10 

the  prevalence of which i s  noteworthy.  Other  pebbles  are 
s t i t u e n t   p e b b l e s  o.? the  bed-rock  gravel   consis t  of quartz ,  

composed of sediments of the  Cache Creek s e r i e s  and d i o r i t e .  
?fell-carbonized  driftwood i s  a l so   p re sen t   i n   cons ide rab le  
amount. Much of the  gold  recovered was coarse,  i t  i s  s t a t e d ,  

t h i s  gravel-s t ra tum i s  a th ickness  of 7 f e e t  of f i ne   g rave l ,  
some nuggets   having  adhering  par t ic les  o f  quartz.   Overlying 

on which r e s t s  1 2  f e e t  of ma in ly   c l ay .   Over ly ing   t he   l a t t e r  
immediately  overl.ain  by a seam of l i g n i t e  a few  inches  wide, 

gravel .   Rest ing on t h i s  i s  another  seam of l i g n i t e   a b o u t  1 
i s  a n o t h e r   m a l l   l i g n i t e  seam, and  above t h i s  B f e e t  of f i n e  

f o o t  th ick,   which  has   been  largely  replaced  by  aragoni te ,  and 
w h i c h  conta ins  numerous f i n e  specimens o f  a u t h i g e n e t i c   p y r i t e .  
This  stratum  marks  the  end of t h e   r e v e a l e d   T e r t i a r y   h i s t o r y  as 

which extends to   t he   su r f ace ,  near which  the  gravel i s  coa r ses t .  
it i s  d i r e c t l y  over la in  by 35 f e e t  of p o s t - g l a c i a l  gravel  

Thj.s exposure   ve ry   c l ea r ly   i nd ica t e s   t ha t  a stream, of l a rge  
propor t ions  and c u t t i n g  power, flowed for a comparatively 
short   t ime,  and was then  reduced  to   one of s luggish  flow.. 
Lacustr ine  condi t ions  were  f inal ly   reached,   and  again  s lug-  

by an   ev ident ly   l engthy   lacus t r ine   per iod ,   ev idenced   by   the  
g ish   f low >,vas res tored  Tor a short   t ime  to   be  again  fol lowed 

c l ay   beds   con ta in ing   au th igene t i c   pg r i t e  and conversion of 

the  bed--rock  gravel i s  not  calcium  carbonate  which seems 
carbonized  driftwood i n t o  a r q o n i t e .  Th.e b inding   mater ia l  of 

v i c i n i t y ,  and a l a r g e   d e p o s i t  of cal.careous  tufa  has  formed 
s t range   in   v iew of t h e   f a c t   t h a t   t h e r e  i s  l imestone i n  t h e  

posure .  The 'bed-rock gravel  exudes  alum, a mineral  which. forms 
ad jacent  t o  t he   sou th  or right  r im-rock  up-stream from the  ex- 

8. white   incrustat ion  where t h e  gravel  i s  exposed t o  t h e   a i r .  
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t h a t   t h e   d i r e c t i o n  of f low i n  t h i s   r e g i o n  i s  south 37  de- 
The underground  workings wi th in   t he  channel   ind ica te  

g r e e s   e a s t ,  and the  bed-rock g r a d i e n t  i s  2 . 1 7  per   cen t .  

on bed-rock  from  the  Fraser  River  following  the  channel up- 
UnderRround'IJorkings. Killam and h i s   p a r t n e r   d r i f t e d  

s t ream  for  a d i s tance  of abou t   650 ' f ee t ,  and  mined  bed-rock 
gravel  over a width of between  100 f e e t  and 125  f e e t .  N O  

t imber was necessary as the   g rave l  i s  tightly-compacted o r  

th rough  the  south rim of the  channel  connect ing  with the   f ace  
cemented. The l a t e r  operators   drove an a d i t  400 f e e t  10% 

of Killam's d . r i f t  and  from this p o i n t   c o n t i n u e d   d r i f t i n g   f o r  
a f u r t h e r  600 f e e t   u n t i l   t h e   s e c t i o n   e r o d e d  by p o s t - g l a c i a l  
waters  was reached. From t h i s   p o i n t  a rock-drive was  con- 
t i nued   fo r  625 f e e t  i n  the  south  r im-rock,  by B .  6.  Develop- 
ment Company, Limited.  For v e n t i l a t i o n  a v e r t i c a l   r a i s e ,  40 
f ee t   l ong ,  was d r iven   t o   t he   su r f ace  i n  Killam Creek  valley,  
a t  a poin t  250 f e e t  from t h e  end of the   rock-drive.  

on Killam  Creek,  but  WcEardie  Creek, a larger   approximately 
Rock-outcrops  are  obscured  by  unconsolidated  materials 

p a r a l l e l   t r i b u t a r y  of t he   F rase r   F ive r   abou t  2 1.;2 miles  up- 

above i t s  mouth, The gorge i s  most ly  rock-walled,  being in -  
strearn from Killam Creek,  f lows  in a deep  gorge  ending 1 n i l e  

c i sed  i n  sediments  of  the Cache  Creek s e r i e s ,   b u t   t h e r e  i s  a 
gap in   the   rock-wal l s   about  a q u a r t e r  of a mile  long  between 
p o i n t s  1 1/2 miles  and 1 3/4 miles  above i t s  mouth. A v e r t i -  
c a l   s h a f t ,  no:v f i l l e d  w i t h  water,  w s s  sunk t o  a s t a t ed   dep th  

owners, a s   t hey  deemed it l ike ly   tha t   the   up-s t ream  cont inua-  
of 100 f e e t  i n  t he   cen t r e  of t h i s  gap, i n  1927, by the  present  

t i o n  of t h e  Ter1;iary  Hine  channel  passes  through  this  gap,  and 

wards a p o i n t  on Canyon Creek  near t h e  mouth of Terry  Creek. 
a l s o   t h a t   n o r t h ,  of t h i s   p o i n t ,  it swings  north-eastward t o -  

I t  i s  unde r s tood ,   t ha t   t he  cmners   cons ide r   t ha t   t he   r e su l t s  of 
Keystone-dri l l ing on Killam Creek  coupled  with  the  existence 

by  them i n  1929 on Canyon Creek  near   the mouth of Terry  Creek, 
of t h i s  gap  and  information  obtained f r o m  c e r t a i n  work  done 

suppor t   th i s   v iew.  

Canyon Mine.  This  property i s  on t h e   r i g h t  bank  of t h e  
Frasei River ,  and immediately  doiun-stream  from the   boa t - land-  
i n g  a t   t h e  end of the   road   to   the   Ter t ia r :y  Mine,  and  access t o  
it i s  gained   by   the   l a t te r   road .  The p r o p e r t y   l i e s   i d l e   a t  
p resent ,  and no information i s  a v a i l a b l e   a s  t o  i t s  ear1.y h i s -  
t o ry .  In 1932 S.R. Craf t  and a s s o c i a t e s   c a r r i e d  o u t  some 
prospecting,  but  subsequentlj l   discontinued  operations.  

The only known exposure a t  t h e   p r o p e r t y   c o n s i s t s  of a 

what  obscured by vegetat ion,   but   both  r im-rocks  outcrop.   This  
la rge   bur ied   channel ,   the   exac t   p ropor t ions  of which a r e  some- 
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channel  has  been  cut  di .agonallj j   by  the Fraser R i v e r   l i k e   t h e  
T e r t i a r y  Mine channel on the  opposite  hank,  and  there i s  every 
i n d i c a t i o n   t h a t  it i s  t h e  down-stream  continuction of t h e   l a t -  
t e r .  The bed-rock i s ,  however ,   below  r iver- level ,   but   just  

a re   f looded .  I n  t h e   c e n t r a l   p a r t  of the  exposure 8 f e e t  above 
how much cannot now be  ascertained,  as  underground worlcings 

r i v e r - l e v e l ,  on July  6th,   an  incl ine  had  been run south 10 de- 

mater was w i t h i n  1 7  f e e t  of t h e  mouth o f  the  working,   but ,  
g r e e s   e a s t  on a 15-degree  s lope  in   t ight ly-compacted  gravel .  

it is s t a t e d   t h e   i n c l i n e  i s  45 fee t   long   and ,  f r o m  t h e  end 
of it a -;rirze i s  sunk a s h o r t   d i s t a n c e ,   t o  a pays t reak ,   bu t  
w h e t h e r   t h e   l a t t e r  i s  on bed-rock is not known. The f a c t  
t h s t   b e d - r o c k   l i e s   b e l o w   r i v e r - l e v e l ,   a n d ,   t h a t   t h e   g r a d e  
of bed-rock i s  unfavourable for drift-mining  methods,   has 
doubtless  discouraged  development o f  t h i s   p r o p e r t y .  The in-  
c l i n e  on t h i s   p r o p e r t y   l i e s   s o u t h  2 3  deg rees   ea s t  of t he   po r t -  

cu la ted   hor izonta l   d i s tance   be tween  these  two workings i s  
a1  of the  main  r im-rock  adit  of the  TeLSiary Mine,  and t h e   c a l -  

tiarx Mine channel i s  2.17  per   cent ,   wi thin  the  dis tance men- 
1 , 2 4 0   f e e t ,  s o  t h a t   a s   t h e   a v e r a g e  bed-roclc  grade of t h e  =- 
tioned  down-stream it might  be  expected t o  be somewhat below 
the   P rase r   ? ive r .  

- 

Immediately  above  the Canyon  Mine ex tens ive   benches   t e r -  
raced by pos t -g l ac i a l   wa te r s ,   f l ank   t he   sou th  or  r i g h t  bank 
of t he   F rase r   R ive r ,  a t  e levat ions  between 70 f e e t   t o  215 
f e e t  above t h e   r i v e r .  The h i g h e s t  i s  very  long  extending t o  
a p o i n t   j u s t  above  the  Big Bend. Up-stream  from  the C a s  

Canyon,  and some a re   unde r l a in   a t   sha l low  dep th  by rook. 
Some were  worked  by ea r ly   mine r s ,  and  subsequently,  about 40 
years  ago,  Cottonwood  Alluvial  Gold  ) l ining Company, Limited, 
under  the  management of? t h e   l a t e  C .  J .  Seymour Saker,  i n -  

Creek by d i t c h  and  flume-line a t  an   e l eva t ion  of 200 f e e t  
s t a l l ed   an   hydrau l i c   p l an t ,   b r ing ing  i n  water f r o m  " h i t t i e r  

above  the  Fraser   River ,   and  piped o f f  gravel   overlying a rock- 

m. A considerable  yardage we.8 hydraulicked i n  t h i s  r e -  
bench  immediately  upstream  from  and  adjacent   to   the Canyon 

g i o n   b u t   t h e  amount of gold  recovered i s  n o t  known. 

" 

- Mine, the  benches  extend  immediately  south of t h e  Cotxomood 

channel   by  the  Fraser   River ,  a concent ra t ion  i n  the  bed of 
Due t o   t h e   i n t e r s e c t i o n  of' t h e   T e r t i a r y  Mine-Canyon  Mine 

the   l a t te r   immedia te ly   be low  the   po in t  of  i n t e r s e c t i o n  seems 
a l o g i c a l   a n t i c i p a t i o n .  

Fraser   River ,   about  1 
Operations o f  F. 

R i v e r ,   a t   t h e  down-stream  end of 6n exposure of  rocks of t h e  
Cache  Creek s e r i e s  on Pre-em?tion  Lot 8608,  ?. Delong  has 
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d r i f t e d  220 f e e t  on a bea r ing   no r th  10 degrees   ea s t   15   f ee t  
above r i v e r - l e v e l .  F o r  t h e   f i r s t  160 f e e t   t h e   d r i f t  i s  on 
rock ,   thereaf te r   bed- rock   d i sappears  and t h e   d r i f t - f a c e  i s  
i n  conpact s i l t  and g rave l .  I t  i s  n o t  known what  values  were 
discovered. A t  t h i s   p o i n t ,  a rock-bench  about 200 f ee t   w ide ,  
f l a n k s  t h i s  bank of t h e   r i v e r   a t  a h e i g h t  of 1 5   f e e t   t o  35  
f e e t  above t h e   r i v e r ,  and i s  ove r l a in   by   15   f ee t  of  unCOnS01- 
ida t ed   ma te r i a l .   Nor th  of t h i s  bench,  -the r i m  of t h e   P r e s e r  
R ive r   Va l l ey   r i s e s   sha rp ly   t o  a heigl i t  of several   hundred 
f e e t  above   the   r iver .   Dis tan t  213 f e e t   n o r t h  40 degrees  west 
from t h e   p o r t a l  of t h e  d r i f t  mentioned and 55 f e e t  above th-e 
r i v e r ,  i s  a n o t h e r   d r i f t  no;*- caved,  and  d.istant  60  feet   south 
27 deg rees   ea s t  of t h i s  i s  a shaf t ,   a l so   caved .  About 300 
f e e t  down-stream  from t h e   f i r s t - m e n t i o n e d   d r i f t ,  J .  McHardie 
d r i l l e d  a h o l e   t o  a depth of 200 f e e t  f r o m  the   top  of the  low- 

p o r t s ,  t h a t  for t h e   g r e a t e r   p a r t  o f  i t s  l e n g t h   t h i s  h o l e  
l y i n g  bench mentioned, 50 f e e t   n o r t h  of t h e   r i v e r .  He r e -  

passed  through  ?vhite  clay,  which a t   c e r t a i n   s t a g e s   c f   w a t e r  
i s  s t a t e d   t o   b e   v i s i b l e  i n  t h e  bed  of t h e   r i v e r   a t   t h i s   p o i n t .  
it i s  apparent   tha t   the   workings  j u s t  desc r ibed   a r e  on the  
west r i m  o f  the  souther ly- . f lo ."~. ing  inter-volcanic   Fraser   2iver ,  
the  gravel   and  overlying  sediments  of which,  are  exposed a 
s h o r t   d i s t a n c e  down-strewn a t   t h e  Big  Bend. 

=ossible  up-stream  continuation a r t i a r y  Vis 
channel. U n t i l  fu r ther   f ie ld-work   has   been   car r ied   ou t ,  it 
is  imno~ss ib le   to   express  a der"i.nite  ooinion o n  this p o i n t ,  
b u t   c e r t a i n   f a c t s   a r e   c l e a r  from exposures.  The ex tens ive  

volcanic  Yraser  River i n  th i s   reg ion .   Exposures  of the  Cache 
exposures  near  the B i g  Bend prove  the  exis tence of , t h e   i n t e r -  

Creek s e r i e s  on both  s ides  of the  Fraser   River   below  the ;Ter- 
t i a r y  Mine extending as f a r   a s   t h e  xorki-ngs of  Frank  Delong, 
can  only  be  the  west rim of   this   channel . .   Further  it i s  high- 
ly   p robab le   t ha t   t he   cou r se  of   the   in te r -volcanic   Fraser   River  
c l o s e l y  f o l l o w s  t h a t  of t he   ea r l i e r   p re -vo lcan ic   sou the r ly -  
flowing  Fraser  River and i s  super-imposed upon it. Although 
no exposures of t h e  Lower Lavas  have teen  observed nea.r the  
Fraser   River   north of Guesnel, and qu i t e   poss ib ly   neve r   ex i s -  
ted   there ,   f rom  the  known he ight  of darning by these   l avas  
down-stream it is   apparent   tha t   consequent   bas ins  would  be 

t h e s e  b a s i n s ,   t h e  now-t i l ted A u s t r a l i a n  members ( a )  o f  t h e  
l i k e l y  t o  form a t  p o i n t s  many miles  north  of  Quesnel. I n  

Fraser   River   formation  were  la id  down. Hence, t h e   d i a g n o s t i c  
val-ue of exposures of these   beds ,  i n  de l inea t inc   approximate ly  
the  underlying  pre-volcanic  southerly-Plowing  Fraser  River,  
Al though  de ta i led   f ie ld-work   has   no t   ye t   been   under taken   nor th  
of the  Cottomood  River,   from known rock-outcrops,  and topo- 
graphy  in   th i s   reg ion  it seems r e a s o n a b l e   t o  assume t h a t   t h e  

north  of   the   nouth of the  Cottonwood River .  Tn t h i s  connec- 
up-stresm  course or" t hese   bu r i ed .   r i ve r s  must l i e  about  due 
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t i on ,   t he   l a rge   no r th - t r end ing   va l l ey  no,N occupied 'by t h e  

and , l i ke ly   t o   be   t he   con ta in i . ng   va l l ey  of t hese   anc ien t  
l a v e r   p a r t  of Canyon Creek seems of p a r t i c u l a r   s i g n i f i c a n c e  

r i v e r s .  The T e r t i a r y  Mi% channel  certain1.y  cannot  be  cor- 
r e l a t e d   w i t h   e i t h e r  of these .  Frorn the  evidence  secured t o  
date ,   re la t ionship  between  the  Tert iary=  channel   and  the 
one  exposed  on t h e   e a s t  bank  of  Baker  Creek,  and t h e   i n t r a -  
Lower Lavas  E'raser  River, seems qu i t e   poss ib l e .  

porated p r i o r  to   the  year   1899,   apparent ly   for   the  purpose of 
Golden Province Mines Company. This company was incor-  

o r  e a s t  bank o f  8aker  Creek,  described on pages C36 t o  C39 of 
inves t iga t ing   the   bur ied   r iver -channel   exposed  i n  t h e   r i g h t  

t h e  Annual Report ,   Minis ter  of % i n e s ,   B r i t i s h  Columbia,  1938. 
L i t t l e  i s  now known of t h i s   e a r l y   m i n i n g   e f f o r t  beyond t h e  

T u n n e l , "   i n   t h e   l e f t  or west  bank o f  Baker  Creek, 50 f e e t  
f a c t   t h a t   t h i s  company drove a r im-rock   ad i t ,  known a s  "Law's 

above  creek-level a t   e le -va t icn   1 ,707   fee t .   This   working  i s  
now caved  and  cannot  be  examined. Above t h i s  on t h e   s t e e p  
va l l ey - s lope   a t   e l eva t ion   2 ,097   f ee t   a r e   o the r   o ld   work ings  
possibly  undertaken by t h i s  company. A s h a f t  now completely 

F rase r   P l a t eau ,   no r th  of the  old  workings  mentioned, may a l s o  
caved, a t  e l e v a t i o n  2 ,272  f e e t ,  i n  t h e  talus slope  below  the 

have  been  sunk by t h i s  company. 

Conclusion. 

To sum up  the  evidence,   d i rect   and  ind-irect ,   obtained.   in  
the  course of th i s   examinat ion ,   the   fo l lowing   Ter t ia ry   d ra in-  
age-his tory of the   Fraser   River  i s  ind ica ted .  

t u l a t e d   t h a t  a pre-volcanic  P r a s e r  River ,   f lowed  norther ly  
Supported  by  indire'ct  but s t r o n g  evidence, it may be  pos- 

t a i n  Range. Immediately  east  of this   range,   the   Quesnel   River  
i n  l a te  Cretaceous timc o n  t h e  high  bench  west o f  Gragon Moun- 

t hen ,   a s  now, Plowed north-wester ly  i n  t h i s   r e g i o n ,   b u t  i t s  

p re sen t ,   poss ib ly   nea r  Ten Mile  Lake.  South of the   Chi lco t in  
junc t ion   w i th  i t s  parent   s t rewn was f a r t h e r   n o r t h   t h a n   a t  

R ive r ,   t he   P rase r   R ive r   t hen ,   a s  nmv, flowed  southerly.  

r iver-system, was reversed  by  the  rapid headward eros ion  of a 
t r i b u t a r y  of the  Chi lcot in   River ,   which was caused by favour- 

before  the  volcanism  expressed by t h e  Lower Lavas,  because it 
ab le   d i a s t roph ic  movement. Reversal  of flow, was accomplished 

i s  known t h a t  .the l a t t e r   f i l l e d  an already  deeply-entrenched 
v a l l e y   t o   t h e   w e s t  of t h e   e a r l i e r   n o r t h e r l y - f l o w i n g   r i v e r -  
system i n  the  region  above  descr ibed.  

The d i r e c t i o n  of f l o w ,  i n  t h i s   ea r ly   no r the r ly - f lowing  

The flow of t h i s  pre-volcanic  southerly-flowing  Fraser 
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River was subsequent ly   obstructed by the   . e rupt ion  of t h e  
Lower Lavas, more espec ia l ly   be tween Soda  Creek  and  Ques-. 
ne l .  The he ight  of t he   l ava  dams, i n  t h i s   p a r t  o f  t h e   r i v e r ,  
was l i k e l y   f e l t  i'ar nor th  of Quesnel,   al though, i n  t h e   l a t t e r  
r eg ion ,   t he re  i s  no   ev idence   tha t   ac tua l   e rupt ion  of the  Low- 
e r  Lavas  took  place. 

The e f f e c t  of damning  was the   format ion  of bas ins  i n  t h e  
v a l l e y   i n  which  were  deposited  the  Australian members ( a )  of 
the  Fraser  River  formation. 

mediately  north of Mackin  Creek,   represent   the  res torat ion of 
Exposures on the   wes t   s ide  of t he   F rase r   R ive r ,  more im- 

volcanism  and  before i t s  ac tua l   ce s sa t ion .   Th i s   r e s to red   r i v -  
flow of the   Fraser   River   towards   the   c lose  of t h i s   p e r i o d  of 

e r  i s  named the  intra-Lower  Lavas  Fraser   River .   Possibly  the 
channel  exposed on the   eas t   bank  of Baker  Creek  expresses  the 

w i t h  it t h e   T e r t i a r y  Mine channel may be  contemporaneous, bu t  
up-stream  continuation of t h a t  exposed  near  Mackin  Creek,  and 

mentioned  point. Down-stream the  intra-Lower  Lavas  Fraser 
t o  da t e  no d i rec t   ev idence   has  been obtained on t h i s  l a s t -  

River  may have  occupied  the  high  bench  described on the  west 
s ide  of t he   F rase r   R ive r   sou th  of Soda  Creek. 

Later   than  the  intra-Lower  Lavas  Fraser   River   are  numer- 

River ,   which  unconformably  overl ie   the  Austral ian members of 
ous large  exposures  of sediments of t h e   i n t e r - v o l c a n i c   F r a s e r  

the   Fraser   River   format ion .  The sediments of t he   i n t e r -vo l -  
can ic   Fraser   River   c lear ly   express   the   sus ta ined   f low of a 
r ive r   un in t e r rup ted  by  volcanism  within  the  area of exposures, 
and i t s   a r r i v a l  a t  lacus t r ine   condi t ions   th rough  the   opera-  
t i o n  of those   wel l  known p rocesses   rhnc t ion ing   i n   t he   l i f e  
h i s t o r y  of r i v e r s .  

The d e p o s i t s  of diatomite  were  formed  in  the  r iver-made 

g raph ic   and   s t r a t ig raph ic   pos i t i on  of t h i s   d i a t o m i t e  i s  a t   t h e  
l a k e s  of t h e   i n t e r - v o l c a n i c   F r a s e r   R i v e r  and t h e  normal  topo- 

tomi t e   a r e   ove r l a in  by t h e  Upper Volcanics.  
t o p  of the   Fraser   River   formation.   Certain  exposures  of d i a -  

Subsequent  to  the  formation of dia tomi te ,   the   descr ibed  
exposure on the   wes t  bank of Baker  Creek  proves t h a t   f l o w  of 
t h e   P r a s e r   2 i v e r  was dammed by t h e  Upper Volcanics.  

The p o s i t i o n  of the  successive  channels  occupied by the  

F ig .  1 acconpanying t h i s  r e p o r t .  
F r a s e r   R i v e r   i n   T e r t i a r y  t ime i s  approximately  indicated on 
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