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i FIGURES 

I '  

Figure  1, Index map showing l o c a t i o n  of t h e  Highland Va l l ey  
a r e a  (shaded) and t h e  p r i n c i p a l  copper  d e p o s i t s  

' i n  t h e  Guichon Creek b a t h o l i t h .  

F igu re  2. Proper ty  index map f o r  1966. 

F igure  3. Geological  map of t h e  Highland Val ley a r e a  (two s h e e t s )  I n  Pocket 

F igure  4 ,  Sketch-map showing t h e  r e g i o n a l  graben p a t t e r n  i n  
southwestern B r i t i s h  Columbia. 

F igure  5 ,  Sketch-map showing d i s t r i b u t i o n  of porphyr ies  and 
b r e c c i a  i n  t h e  Highland Val ley  a r e a ,  

F igure  6. Quar t z  t e x t u r e s  i n  some Highland Val ley  rocks.  

F igure  7. Chemical comparison of t h e  Bethsaida g r a n o d i o r i t e  
and breccia-forming porphyr ies  a t  Highland Va l l ey  
w i t h  some average  igneous rocks. 

F igure  8. Geological  map of p a r t  of t h e  Bethlehem property, I n  Pocket 

Figure 9. Simplified geological  map of p a r t  of t he  Bethlehem 
p rope r ty ,  

In  Pocket F igure  10, Geologica l  level p l an  and s e c t i o n  of t h e  J e r s e y  and 
East J e r s e y  a r e a ,  Bethlehem proper ty .  

F igu re  11. Level p l an  showing copper  d i s t r i b u t i o n  i n  t h e  Jersey  
and East orebodies .  

F igure  1 2 .  Plan of t h e  4840 bench, East J e r sey  p i t ,  showing t h e  
fault p a t t e r n  and g e n e r a l i z e d  o r e  o u t l i n e  (from a 
company drawing) . 

Figure  13. 

F igure  14. 

Figu.re 15. 

F igure  16. 
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F igure  17. .. 

Figure  18. 

F igure  19. 

Cross-sec t ions  of t h e  East  J e r s e y  orebody (from 
company drawings) . 
Geologfcal  map of t h e  Tro jan  mine a rea .  

Tro jan  mine a r e a ,  diamond-dri l l  ho le s ,  

Geologica l  s e c t i o n s  of t h e  Tro jan  mine a r e a .  

Geological  l e v e l  p lan  of t h e  West o r e  zone, 
Tro jan  mine. 

Geological  map of p a r t  of t h e  Krain proper ty .  

Geological  map of t h e  Krain minera l ized  zone. 

I n  Pocket 

I n  Pocket 

In  Pocket 
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FIGURES 
I,! 

Figure  20. Geological  s e c t i o n s  iof t h e  Krain minera l ized  zone. 
I 

Figure  21. Location-map of showkngs and d r f l l h o l e s  on t h e  
i / l  

1 ,  ' 

Transvaal  claim groulp (from company plans) 

Figure  22. Geological  level plain of t h e  Transvaal  a d i t .  

F igu re  23. 

F igure  24. 

Ceologica l  map of tqe Vic to r  showings. 

Geologica l  level p l an  of t h e  Victor a d i t  (pace and 
compass survey)  e 1 

Figure  25. Cross-sec t ion  of t h e  ,mineral ized zone on t h e  J a y  
No. 101 claim. 

F igure  26. Level  p l an  and l o n g i t u d i n a l  s e c t i o n  of t h e  O X ,  mine 
(from o ld  p l ans ) .  
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PHOTOGRAPHS 

P l a t e s  I, '11, Rock Types i n  Hand Specimen ( sma l l e s t  scale  d i v i s i o n  
and 1x1 is 1 m i l l l i m e t r e )  . (See explana tory  t e x t )  . 

P l a t e  I (a) ' 

(b) *I) 
I 

I 

P la te  11 (a ) ,  
I 
i 

(b) 

(d) 

I 

I. , 

Guichon q u a r t z  d i o r i t e .  

Bethlehem q u a r t z  d i o r i t e  (medium g ra ined) ,  Skeena 
Si lver  , /p roper ty  . 
Bethlehem q u a r t z  d i o r i t e  ( p o r p h y r i t i c )  , South 
Simons lzone. 

I ,  

Bethlehem q u a r t z  d i o r i t e  ( f i n e  g ra ined ,  p o r p h y r i t i c ) ,  
n e a r  Foot Lake. 

Bethlehem g r a n i t e  (quar tz  monzonite f a c i e s )  , w e s t  of 
Iona  zone. 

Bethsad'aa g r a n o d i o r i t e ,  Bethsaida proper ty .  B i o t i t e  
shows ve ry  da rk ,  magnet i te  shows medium-dark and is 
intermtxed wi th  sphene whose appearance is l i g h t e r .  

I 

Quartziiite mine ra l i zed  by c h a l c o p y r i t e .  
i n  t h e  b e t h s a i d a  g r a n o d i o r i t e ,  M.D. No. 5 caaim, 
Bethsaida proper ty .  Banding r e p r e s e n t s  bedding. - 

Included r a f t  

Breccia-forming q u a r t z  porphyry (P3), c h i l l e d  and 
showing f low banding a t  t h e  edge of an i n t r u s i v e  s h e e t  
i n  t h e  'East  J e r sey  open p i t ,  Bethlehem proper ty .  

Breccia-forming q u a r t z  porphyry (P3), a p h a n i t i c  var- 
i e t y ,  firom f e e d e r  dyke (D-D) t o  west of t h e  Iona orebody. 

Breccia-forming q u a r t z  porphyry (P3), a p l i t i c  v a r i e t y .  

Breccia-forming q u a r t z  porphyry (Trojan r h y o l i t e )  , 
a p h a n i t i c  v a r i e t y .  

( g )  . Breccia-f orming q u a r t z  porphyry (Krain porphyry) , 
a p l i t i c  v a r i e t y .  The lower p a r t  i s  weathered. 

(h) I ,  
' ' / I /  1 1 ;  

Breccialrf orming (?) q u a r t z  porphyry (brown porphyry a t  
t h e  Tro,jan b r e c c i a  p ipe ,  probably equ iva len t  t o  Krain 

, porphyry), a p l i t i c  v a r i e t y .  
I I 

P l a t e  III (ai) Crowded q u a r t z  porphyry, no r th  of ? the  Iona orebody. 
Dark aeeas are most ly  ep idote .  , 

I 

I 10 

. Typical- b r e c c i a ,  Iona zone, Bethlehem p rope r ty  (pol- 
i i shed  f h c e ) ,  The fragments shown are from f r a c t u r e d  

rocks ,  c h i e f l y  t h e  Bethlehem q u a r t z  d i o r i t e  and 
I 

, 
I porphyrbt ic  q u a r t z  d i o r i t e  and t h e  P3 a p l i t i c  and 
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P l a t e  IV 

1 

a p h a n i t i b  q u a r t z  porphyry. A t  lower c e n t r e  a da rk  
1 c e n t i m e t r e  a c r o s s  is of a l t e r e d  u n i d e n t i f i e d  

Guichon q u a r t z  d i o r i t e  f ragments  a r e  p re sen t  
own. The ma t r ix  c o n t a i n s  abundant c r y s t a l s  

and minute rock fragments  and it is v a r i a b l y  b i o t i t i z e d .  

Breccia  :from East  J e r sey  orebody, d r i l l  h o l e  No, B-82 
a t  156 f e e t ,  Bethlehem proper ty .  The c l o s e  f i t  of f r ag -  
m e n t s ,  a,nd t h e  sha rp  s e p a r a t i o n  between fragments of 
one rock type  and ano the r  (mostly hidden by s c a l e )  i n d i -  

and f laws and caused l i t t l e  r e l a t i v e  displacement  of 

I1 111 

(C 1 
I 

, c a t e s  b r e c c i a t i o n  was here r e s t r i c t e d  t o  f r a c t u r e s  

' '* 

(d) Breccia drom Krain p rope r ty  (pol i shed  f a c e )  It 
c o n s i s t s ,  most ly  of sub-angular f ragments  of both 
aphanitic and a p l i t i c  porphyry ( t o p  c e n t r e )  i n  a 
granular , ,  l o c a l l y  f o l i a t e d  ma t r ix  mostly of p a r t l y  
broken q u a r t z  and f e l d s p a r  c r y s t a l s .  
g r a i n e d ,  a l t e r e d  rock  fragment and a n  ep ido te - r i ch  

respectively. 

Breccias i n  Outcrops 

Typica l  b r e c c i a ,  e a s t  end of t o p  (No. 2) t r e n c h ,  

by a l t e r a t i o n  p r i o r  t o  b r e c c i a t i o n .  

Breccia,l E a s t  J e r s e y  orebody, 775N d r i f t  on 4600 
l e v e l .  

. t h e  Guicihon q u a r t z  d i o r i t e  with some of porphyry and 
a few da'rk ones of u n i d e n t i f i e d  rock type.  

A dark ,  f i ne -  

I r ock  fragment occur  a t  t o p  r i g h t  and bottom c e n t r e ,  

1 

(a 1 
(b 1 Iona zone, Bethlehem proper ty .  Some fragments  are bleached 

(c 1 
Here t h e  b r e c c i a  is coloured  red  by potash  

I fe ldspar;  i n t r o d u c t i o n ,  The fragments  are most ly  of 

(d) I Complex f r a c t u r e  zone, Ann No. 8 mineral  c la im,  e a s t  
I 
j of Gnawed Mountain. This rock is cons idered  d i s t i n c t  
1 from b r e c c i a s  desc r ibed  i n  t h e  t e x t .  It c o n s i s t s  of 
It I 
I a s i n g l e  rock type (Bethlehem q u a r t z  d i o r i t e )  which 

i s  s t r o n g l y  a l t e r e d ,  c h i e f l y  by po ta sh  f e l d s p a r  
in t roduc ' t ion ,  a long  numerous hea led  f r a c t u r e s  of 
v a r i e d  a t t i t u d e .  Quartz and s p e c u l a r  hemat i t e  occur. 

' I  

1 

I.. , , 
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P l a t e  V 

PHOTOGRAPHS (cont 'd)  

omicrographs of Rock Types 

chon q u a r t z  d i o r i t e .  Showing mainly subhedra l  
i o c l a s e  and p o i k i l i t i c ,  wedge-textured q u a r t z  

i t ' h  hornblende,  b i o t i t e ,  and magnet i te  occupying 
of t h e  bot tom-right .  (X n i c o l s ) .  

lehem q u a r t z l  d i o r i t e  (po rphyr i t i c ) .  Note p o r t i o n  
s i e v e - l i k e  hornblende phenocryst  ( f a r  r i g h t ) ,  

t i z e d  b i o t i t e  p l a t e s  (bottom), m i c r o p e r t h i t i c  
o c l a s e  ( l e f t  c e n t r e ,  t u r b i d  a f t e r  s t a in - t r ea tmen t )  , 
d and p a r t l y  t u r b i d  p l a g i o c l a s e ,  magnet i te ,  and 
- r e l i e f  monazite ( cen t r e )  Quar t z  shows whi t e  and 

l a r l y  shaped. (X n i c o l s ) .  

s a i d a  g r a n o d i o r i t e  ( s t a ined  s e c t i o n )  . Due t o  
s t a i n i n g ,  o r t h o c l a s e  shows dark and p l a g i o c l a s e  shows 
u n n a t u r a l l y  t u r b  Together  w i th  q u a r t z  t h e s e  a r e  t h e  
on ly  mine ra l s  i n  

~ 

aai 'da p o r p h y r i t i c  g r a n o d i o r i t e ,  
a phenocryst  i s  p a r t l y  shown a t  r i g h t ;  

c r y s t a l s  a r e  zon d,  twinned and p a r t l y  t u r b i d ;  p e r t h i t i c  
o r t h o c l a s e  is  e i t h e r  l i gh t -g rey  o r  i n  t h e  dark  e x t i n c t i o n  
p o s i t i o n ;  b i o t i t e  occurs  a s  anhedra l  c r y s t a l  a t  f a r  
l e f t ,  (X n i c o l s ) .  

Breccia-forming q u a r t z  porphyry (P3) ,  a p h a n i t i c  v a r i e t y  
(as shown i n  P l a t e  11, d) .  

Quartz is c lear  
p l a g i o c l a s e  

The v i s i b l e  c r y s t a l s  a r e  
g i o c l a s e  and q u a r t z ,  wi th  magnet i te  enclosed i n  t h e  

(X ni 'cols) .  

Breccia-forming q u a r t z  porphyry (P3), phaner ic  v a r i e t y  
( a p l i t i c  P3). 
plagi ,oc lase  phenocrysts  and a p l i t i c - t e x t u r e d ,  quartzo-  
fe ( lds ,pa th ic  groundmass. 

Seen a r e  a n  embayed q u a r t z  phenocryst ,  

Dark minera ls  do not show. 
CX n i c o l s ) .  

Brec,cia-forming q u a r t z  porphyry, (Trojan r h y o l i t e )  
( s t a ined  s e c t i o n )  . Dark c r y s t a l s  are o r t h o c l a s e  p a r t l y  
rep laced  by ser ic i te ,  wh i t e  c r y s t a l s  are q u a r t z ,  l i g h t -  
g r e y ' a r e a s  are  c h l o r i t e  ( f i l l i n g  vesicles and r e p l a c i n g  
hornblende c r y s t a l s ) ,  and t h e  h i g h - r e l i e f  c r y s t a l  a t  
upper  r i g h t  i s  monazite. (x n i c o l s ) ,  

I 



P l a t e  v (h)  

PHOTOGRAPHS (c on t  d 1 
Breccia-forming q u a r t z  porphyry ( a p l i t i c  Krain porphyry) . 
Quartz shows up whi te  as phenocrysts  and i r r e g u l a r  
aggrega tes  of groundmass c r y s t a l s .  P l ag ioc la se  phenocrysts  
a r e  s t r o n g l y  a l t e r e d  and t h e r e f o r e  t u r b i d ,  a s  i s  f e l d s p a r  

he groundmass. A z o i s i t e  g r a i n  shows up i n  h igh  r e l i e f  
r d  t h e  loweror ight .  C h l o r i t i z e d  b i o t i t e  i s  p re sen t  
no t  conspicuous.  
r e d  hornblende c r y s t a l s  do not  e n t e r  t h e  f i e l d  of view. 

Small gr 'ains of magnet i te  a r e  r a r e ,  

The groundmass t e x t u r e  is i r r e g u l a r l y  a p l i t i c .  (p lane  l i g h t ) .  

Breccia forming ( ? )  q u a r t z  porphyry ( a p l i t i c  brown porphyry 
a t  t h e  nor th  l i m i t  of t h e  Trojan b recc ia  p ipe ) .  
equiva len t  t o  t h e  Krain porphyry. S t rong ly  embayed q u a r t z  
$,enocrysts and t u r b i d ,  a l t e r e d  p l a g i o c l a s e  phenocrysts  a r e  
conspicuous,  a s  is t h e  c rude ly  a p l i t i c  na tu re  of t h e  
q u a r t z o f e l d s p a t h i c  groundmass. (plane l i g h t ) .  

Probably 

Breccia-forming q u a r t z  porphyry (Gnawed Mountain) . 
Brecc ia ted ,  c h i l l e d  se lvage  wi th  fragments of phenocrys t ic  
quartz ( c l e a r ) ,  p l a g i o c l a s e  (turbid) and c h l o r i t i z e d  b i o t i t e  
(grey, s t r eaky)  i n  an a p h a n i t i c  groundmasso (p lane  l i g h t )  , 

Crowded qva r t z  porphyry. 
br;eccia , a t  East J e r s e y  orebodq, 
resorbed q u a r t z ,  ;,::and rare ep ido te ,  )sphene, and magnet i te  
a$e set i n  an a p h a n i t i c  mat r ix  

Chi!Ped se lvage  of dyke c u t t i n g  
Turbid p l a g i o c l a s e ,  

(X n i c o l s ) .  
I 

s p a r  porphyry Type D. The 1 - m i l l i m e t r e  twinned c r y s t a l  
pper  c e n t r e  and t h e  s m a l l  angu la r  c r y s t a l  nearby t o  t h e  

The grou#dmass is an P r regu la r  mosaic mainly of 
p l a g i o c l a s e  and qua r t z  which is t y p i c a l  of t h i s  t ype  of 
porphyry dyke. ('X n i c o l s ) .  

both hoqnblende; t h e  o t h e r  phenocrysts  a r e  plagio-  

Bqeccia, Gnawed Mountain. 
fqagments mainly of qua r t z ,  po tash  ( f e ldspa r ,  and plagio-  
c l /a$e  a r e :  s ca t t eked  i n  an  uneven f ine-gra ined  mat r ix  l a r g e l y  
of; t h e s e  minera ls .  C h l o r i t e ,  sphene, and magnet i te  a l s o  
ocicur. (X n i c o l s ) .  

Larger  broken and f r e t t e d  

Breccia ,  Trojan mine ( d r i l l  h o l e  No,. S-1 a t  209 f e e t ) ,  
Feagments mostly1 of q u a r t z ,  pllagioclase,  and c h l o r i t i z e d  
hornblende o r  b i o t i t e  a r e  s c a t t e r e d ,  i n  a c h l o r i t i c  c l a s t i c ,  
filne-gcained matr!ix i n  which tourmaFine r o s e t t e s  a r e  
dev'eloped ~ (p lane  l i g h t )  . 

, 
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PHOTOGRAPHS (cont '  d) 

Plate V I  General  Regional Photographs 

Nor ther ly  view ac ross  Highland Va l l ey  showing L i t t l e  
Divide Lake and vo lcan ic  capped h i l l s  a t  t h e  South Sirnons 
zone (Bethlehem p rope r ty )  and Forge Mountain, September, 1959. 1 

I 

Sou the r ly  view a c r o s s  Sproa t  Lake t o  t h e  Bethlehem p rope r ty  
(middle d i s t a n c e )  and Gnawed Mountain ( f a r  d i s t a n c e ) ,  1958, 

The wes tern  p a r t  of Highland Val ley seen from t h e  nor thern  
s l o p e  of Gnawed Mountain, 1964. 

Sou the r ly  view of t h e  Imper ia l  c l a im and South Forge 
Mountain, 1958. 

Old headframe and bu i ld ings  on t h e  Imper ia l  c la im,  
September, 1960. 

Trojan mine, 1957. 

Headframe a t  t h e  Trojan mine, 1963. 

Truck-mounted r o t a r y  d r i l l  on t h e  Lodge minera l  c la ims ,  
June, 1958, 

No, 3 t r ench ,  Iona orebody, Bethlehem Copper Corporat ion,  
one yea r  a f t e r  being made i n  1955. 

P3 porphyry w i t h  j o i n t s  p a r a l l e l  t o  i n f e r r e d  c o n t a c t s  
of t h e  P3 i n t r u s i v e  s h e e t .  L o c a l i t y  between t h e  Iona 
and J e r s e y  orebodies ,  Bethlehem Copper Corporat ion proper ty .  

The 4600 l e v e l  a d i t  p o r t a l ,  Bethlehem Copper Corporat ion,  
August, 1958. 

Banding due  t o  s t r o n g  a l t e r a t i o n  and m i n e r a l i z a t i o n  i n  P3 
porphyry i n  c o n t a c t  w i th  q u a r t z  d i o r i t e ,  GOlXCN,  4600 
l e v e l ,  J e r sey  orebody, Bethlehem Copper Corporat ion.  

Diamond d r i l l  a t  t h e  East  Je rsey  orebody, Bethlehem 
Copper Corporat ion,  1960. 

The f i r s t  t rench  t o  expose t h e  Hues t i s  orebody, 
Bethlehem Copper Corporat ion,  1960. 

M i l l  a t  Bethlehem Copper Corporat ion,  June, 1963. 



PHOTOGRAPHS (cont ' d )  

(p) East  J e r s e y  p i t ,  Bethlehem Copper Corporat ion,  June, 1963. 

(q) Sou the r ly  view of t h e  East  Jersey p i t ,  Bethlehem Copper 
Corporat ion,  1963. 

(r) Bottom of t h e  East  J e r sey  p i t ,  Bethlehem Copper Corporat ion,  
1963. 

(s) Futu re  s i t e  of t h e  J e r s e y  p i t  seen from t h e  e a s t ,  Bethlehem 
Copper Corporat ion,  June, 1963. 

(t) I n i t i a l  c l e a r i n g  and s t r i p p i n g  a t  t h e  Jersey p i t ,  Bethlehem 
Copper Corporat ion,  August, 1964. 

(u) Sou the r ly  view of t h e  E a s t  J e r sey  p i t ,  Bethlehem Copper 
Corporat ion,  August, 1964. Note t h e  f a u l t s  of opposing d ips .  

(v) Norther ly  view of t h e  E a s t  J e r sey  p i t ,  Bethlehem Copper 
Corporat ion,  August, 1964. 

I 
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CHAPTER I -0 INTRODUCTION 

The Highland Val ley  a r e a  is in southern  B r i t i s h  Columbia, i n  

t h e  Kamloops Mining Div i s ion  about 20 miles s o u t h e a s t  of Ashcrof t  and 130 

miles n o r t h e a s t  of t h e  deep-sea p o r t  of Vancower (see Fig. 1). 

which measures approximately 50 squa re  miles, is o u t l i n e d  on Figure 1 and 

The areaJ  

l ies  a t  t h e  c e n t r e  of a wide ly  minera l ized  reg ion  t h a t  is  under l a in  by t h e  
II 

Guichon Creek b a t h o l i t h .  This  b a t h o l i t h  is a t  t h e  no r th  end of t h e  so- 

c a l l e d  Nicola Copper Belt, a r i c h  minera l ized  reg ion  ex tending  northwards 

f o r  a d i s t a n c e  of 100 m i l e s  from t h e  I n t e r n a t i o n a l  Boundary and con ta in ing  

t h e  l a r g e  copper  mines of Copper Mountain, Craigmont, and Bethlehem and 

t h e  c e l e b r a t e d  Nickel P l a t e  gold mine a t  Hedley. 

The respective l o c a t i o n s  of t h e  Bethlehem and Craigmont mines 

a r e  shown an F igu re  1, which a l s o  shows t h e  p o s i t i o n s  of o t h e r  copper  

d e p o s i t s  in t h e  Guichon Creek b a t h o l i t h  numbered as fo l lows:  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11 . 
12. - 

13. 
14. 
15. 
16 . 
17. 
18. 
19. 
20. 
21 . 
22 . 
23. 
24. 
25, 

Glossy 
ia D R 
Kra i n  
Imper ia l  and Transvaal  
14 i gh 1 and 
Trojan  
Dansey, or C L 
OK and Alwin 
13ethsaida 
V i c t o r  
Dora Kay 

Figure 1 - Index map showing l o c a t i o n  
of t h e  Highland Val ley  a r e a  (shaded) 
and t h e  p r i n c i p a l  copper  d e p o s i t s  i n  
t h e  Guichon Creek b a t h o l i t h  

13mp i re I 

ICa t h 1 een 
Lornex 
Jay No. 101 
Jeri cho 
Gnawed Mountain 
Born i t e  Ridge 
F i d d l e r  
Jray 
SHO 
SS 

Abe r d e en 
Marb 

V i m Y  
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26. E r i c  
27. WIZ (No. 4 zone) 
28. Nigger ( l o c a t i o n  approximate) 
29. Highmont 
30. Yubet 
31. Val l ey  

Prospec t ing  mainly for copper  has  gone on a t  Highland Va l l ey  

s i n c e  be fo re  t h e  t u r n  of t h e  c e n t u r y  and has  r e s u l t e d  i n  minor product ion  

from i s o l a t e d  copper  lodes  and i n  c u r r e n t  major product ion  from t h e  open- 

p i t  Bethlehem1 mine, which from 1962 t o  December 1968 shipped 185 m i l l i o n  

pounds of copper  i n  concen t r a t e s .  

The a r e a  has  become an important  porphyry copper  camp con ta in ing  

e s t a b l i s h e d  l a r g e  low grade  copper-molybdenum d e p o s i t s  which undoubtedly 

w i l l  be m:lned on the Bethlehem, Lornex, Val ley ,  and Highmont p r o p e r t i e s ;  

similar, i f  smaller, known deposits on various other properties; and 

r e l a t i v e l y  smal l  and h igh  g rade  copper  d e p o s i t s  which may prove mineable 

on t h e  Alwin proper ty .  The e n t i r e  mapped a r e a  is  occupied by minera l  claims, 

which are c u r r e n t l y  formed i n t o  p r o p e r t i e s  extending w e l l  beyond t h e  

area and ghown most ly  on F igu re  2. 
I 

1. 
2. 
3. 
4. 
5 .  
6 .  
7. 
8. 
9 .  

10. 
11 . 
12. 
13. 
14 . 
15. 
16  . 
17. 

18. 
19. 

Bear (North P a c i f i c  Mines Ltd.) 
Krain (North P a c i f i c  Mines Ltd.) Mining p r o p e r t i e s  nea r  Highland 
Lux, Cindy (Canzac Mines Ltd.) 
W.D.R., Mona 
Tran svaa l  
Salmo Pr ince  Mines Limited 
Trojan (South Seas Mining Limited)  
Sam (Burl ington Mines Ltd. ) 
N I M  (New Indian  Mines Ltd . )  
IIAF, TAM, MER, J A C  (Cleveland Mining 6L Smelt ing co.  Ltd.) 
Heaver, Lodge, Dave, O u t r i d e r  (Val ley Copper Mines Limited) 
.iB (North P a c i f i c  Mines Ltd.)  
&ZZ (Alwin Mining Company Limited)  
AL, I C  (Cont inenta l  Consol ida ted  Mines Ltd. ) 
13ethlehem Copper Corpora t ion  Ltd. 
13X ( B O X ,  Mining Company Limited) 
Eden, Ezra, Job, C.L. (New Indian  Mines Ltd. ti Vananda 

Explora t ion  Ltd.) 
13ethsaida, Tom, BL (Valley Copper Mines Limited)  
Noranda Explora t ion  Company, Limited 

F igu re  2 - Index map of 

Va l l ey  a s  of 1966. 

A 
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20. 
21. 
22 . 
23. 
24 . 
25. 
26. 
27. 
28 . 
29. 
30 . 
31. 
32. 
33 . 
34 . 
35 . 
36 . 
37 . 
38 . 
39 . 
40 . 
41. 
42 . 
4 3 .  

i d a t e d  Skeena Mines Ltd.)  
sou rces  Limited) 

A p r i l ,  UP (Red Rock Mines Ltd.)  
Gaza Mines Lt  
.Jericho Mines 
Lake, Laken, (T.C. Exp lo ra t ions  Ltd.) 
Lorex (Northlode Explora t ion  Ltd.)  
lkmnex Minfng' Corpora t ion  Ltd e 

c o  Explora t ions  , (Western) Limited) 
Mining Corp. Ltd. 

Mining Company Limited) , / 1  AM, IDE, etc .  (Minex Development Ltd . )  
Cal (General Resources Ltd.) 
Born i t e  Ridge, Mines Ltd. 
P r i c e  ( O r 0  Mines Ltd.) 
130 (Benson Mines Ltd.) 

e r a 1  Resources Ltd.) 
e l l a k o  Mining Co. Ltd.) 

Chataway'. Explora t ion  Co. Ltd. 
Ilio ( R i o .  T i n t o  Canadian Explora t ion  Limited) 
Jae (Ear l ' c res t  Resources L td . )  
A l a m o  (Sa, Jacinto Explora t ions  Limited) 
Oro, MOM: (Oro Mines Ltd.) 
l b y a l ,  Cana, R.C. (Royal Canadian Ventures Ltd.) 

P r o p e r t i e s  most ly  r e f e r r e d  t o  in t h i s  r e p o r t  are those ,  shown on t h e  

accompanying g e o l o g i c a l  map (Pig. 3), which e x i s t e d  i n  1958 when mapping 

was mainly done, and they  p a r t l y  d i f f e r  from t h e  c u r r e n t l y  e x i s t i n g  ones. 
I 

Unfor tuna te ly  theleibase map employed for p a r t  of t h e  a r e a  l y i n g  sou th  of 

Highland Val ley  has  proved t o  be  i n a c c u r a t e  accord ing  t o  more recrent maps 

and surveys ,  and t h u s  on F igure  3 t h e  r e l a t i v e  l o c a t i o n s  of t h e  Lornex 

d e p o s i t  and ad jacen t  d e p o s i t s  a r e  t o  some e x t e n t  d i s t o r t e d .  The base  

map employed t o  t h e  n o r t h  of Highland Val ley  is a composite one, u t i l -  

i z i n g  par t : ly  a topographic  map by Hunting A i r  Surveys Ltd. (now Lockwood 

Survey Corpora t ion  Ltd.)  and p a r t l y  Government p l an ime t r i c  maps. 

ACCESS AND CLIMATE 

Highland Va l l ey  is reached from Ashcroft  by a pub l i c  highway 

27 miles long,, which services t h e  Bethlehem mine. 

e a s t e r l y  t o  Guichon Creek and thence  t o  Savona, Kamloops, o r  Merritt. 

A g r a v e l  road con t inues  
In 
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A l l  t h e s e  p l a c e s  a re  served  by r a i l  and a l l  bu t  Merritt l i e  on t h e  main 

t r a n s c o n t i n e n t a l  road and r a i l  rou te s .  Kamloops is t h e  n e a r e s t  a i r p o r t ,  

and a landing  s t r i p  f o r  l i g h t  a i r c r a f t  has  r e c e n t l y  been b u i l t  a t  Highland 

Val ley.  A l l  t h e  mining p r o p e r t i e s  a re  a c c e s s i b l e  by roads ,  and r e c e n t l y  

a f a i r  road has  been completed southward from Highland Va l l ey  t o  j o i n  

pub l i c  roads on t h e  sou th  and e a s t  s i d e s  of  t h e  b a t h o l i t h .  

which l i es  e a s t  of t h e  mapped area, starts w e s t  of t h e  Jer icho  camp and 

extends p a s t  B i l l y  Lake t o  Chataway Lake, where i t  d i v i d e s  into a wes te rn  

road j o i n i n g  Highway No. 8 a t  M i l e  14 east of Spences Bridge and i n t o  

This  road,  

an e a s t e r n  road reaching  t h e  Craigmont mine v i a  Dot Lake and Broom Creek, 

Being on t h e  p l a t e a u  t h e  a r e a  has  a more moderate c l i m a t e  than  

much of t l h e  "dry b e l t "  count ry .  P r e c i p i t a t i o n  is about 2 5  i nches ,  

d i s t r i b u t e d  f a i r l y  evenly  throughout  t h e  yea r ,  and tempera tures  seldom 

reach  much below ze ro  i n  w i n t e r  or above 90 degrees  Fahrenhei t  i n  summer. 

Highland Val ley is broad and f l a t ,  w i t h  small l a k e s ,  hay meadows, and 

marsh, and t h e  surrounding h i l l s  a r e  f o r e s t e d  wi th  jack-pine,  Douglas 

f i r ,  and poplar .  

Nicola Fores t  Reserve. 

employees commuting from Ashcroft .  

There is no logging because t h e  a r e a  is w i t h i n  t h e  

There are few permanent r e s i d e n t s ,  most mine 

TOPOGRAPHY AND GLACIATION 

The a r e a  is p a r t  of t h e  Thompson P la t eau ,  which is a moderately 

d i s s e c t e d  u n i t  of t h e  I n t e r i o r  P la teau .  

f e e t  i n  Highland Val ley t o  6,400 f e e t  on t h e  no r th  s i d e  of t h e  v a l l e y  a t  

Forge Mourntain, and n e a r l y  t o  6,000 f e e t  on t h e  s o u t h  s i d e  of t h e  v a l l e y  

a t  Gnawed Mountain. 

E leva t ions  range from 3,900 9 

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

from T e r t i a r y  e r o s i o n  w a s  modified s t r o n g l y  i n  d e t a i l  by P l e i s t o c e n e  

g l a c i a t i o n  and r ecen t  stream a c t i o n .  Highland Va l l ey  i t s e l f  is a 



f la t -bot tomed nor thwes te r ly  v a l l e y  a s  much as 1 m i l e  wide and 1 5  miles 

long  whose w a l l s  mostly r i s e  s t e e p l y  t o  t h e  p l a t e a u  s u r f a c e  a t  about  

4,800 feet: e l e v a t i o n .  It c o n t a i n s  t w o  smal l  m i s f i t  s t reams,  Puka i s t  

Creek and Witches :Brook, which f low w e s t  and east ,  r e s p e c t i v e l y ,  and 

are sepa ra t ed  'by a l o w  d i v i d e  on t h e  v a l l e y  f l o o r  a t  Q u i l t a n t o n  (Divide) 

Lake. Beyond Highland Va l l ey  t h e  two s t reams flaw r a p i d l y  through 

rock-cut canyons t o  Thompson River and Guichon Creek, r e s p e c t i v e l y .  

According t o  Masmith (1957), Highland Val ley probably w a s  p a r t  of a 

T e r t i a r y  d ra inage  system on t h e  i n t e r i o r  p l a t e a u  and became i s o l a t e d  

h igh  above gene ra l  base level due t o  d i s r u p t i o n  of t h e  system and t o  

subsequent downcutting by t h e  p re sen t  major streams, 
/ 

Ple i s tocene  ice  s h e e t s  moved south-southeastward ove r  t h e  

area,  scour ing  t h e  bedrock s u r f a c e  and p a r t l y  mant l ing  i t  wi th  g l a c i a l  

d r i f t .  On mel t ing  they  l e f t  hummocky moraine and i r r e g u l a r  g r a v e l  

d e p o s i t s  s t rewn on t h e  p l a t e a u  s u r f a c e ,  p a r t l y  t o  depths  o f ' t e n s  of f e e t ,  

I n  the v a l l e y s ,  where i c e  tongues remained longes t ,  mel twater  channels  

were r e p e a t e d l y  c u t  i n  t h e  walls and abandoned ( f o r  example, n e a r  t h e  

Tro jan  mine and t h e  Lornex d iscovery  zone); 

a long  t h e  edges of s t a g n a n t  o r  s h r i n k i n g  tongues of ice;  

of s t r a t i f i e d  d e p o s i t s  f i l l e d  t h e  v a l l e y s  t o  g r e a t  depths .  

g r a v e l  t r a i n s  were depos i t ed  

and a v a r i e t y  

I n  Highland 

Val ley  a h o l e  d r i l l e d  v e r t i c a l l y  n e a r  t h e  road,  w e s t  of t h e  Iona switch-  

back, pene t r a t ed  857 f e e t  of t a l u s  and o t h e r  d e p o s i t s  wi thout  reaching  

o l e s  d r i l l e d  a t  a c l o s e  spac ing  a c r o s s  t h e  n o r t h e r l y  v a l l e y  

l ead ing  t o  t h e  Trojan mine reached t h e  bedrock s u r f a c e  a t  g r e a t l y  vary- 

i ng  depths  and so i n d i c a t e  t h e  presence  of bur ied  canyons t h a t  were 

probably carved by meltwaters. 

a t  Award Creek, south  of Highland Val ley ,  revea led  t h a t  t h i s  s u b s i d i a r y  

Recent d r i l l i n g  of t h e  Lornex d e p o s i t  
I 
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v a l l e y  i s  mantled by s u p e r f i c i a l  d e p o s i t s  as much a s  250 f e e t  t h i c k ,  

and h o l e s  d r i l l e d  t o  exp lo re  t h e  Va l l ey  d e p o s i t  nea r  Qu i l t an ton  (Divide) 

Lake revea led  overburden a s  t h i c k ,  i n  p l a c e s ,  a s  848 f e e t .  

Bedrock exposures  are most ly  on t h e  h i g h e r  ground and probably 

amount t o  about 3 p e r  c e n t  of  t h e  whole a rea .  Topography bea r s  l i t t l e  

r e l a t i o n s h i p  to t h e  type  of bedrock, except  t h a t  Bose H i l l  ,and Forge 

Mountain owe t h e i r  prominence t o  cappings ,  o r  co res ,  composed of T e r t i a r y  

vo lcan ic  rocks.  S t r a i g h t  topographic  f e a t u r e s  abound i n  the area and are  

termed l ineaments;  

s t r u c t u r e  i s  unce r t a in  but  some a t  least are  t h e  expres s ion  of f a u l t s ,  

t h e  e x t e n t  t o  which they  are r e l a t e d  t o  bedrock 

Highland Val ley i t s e l f  mainly comprises two west-northwester ly  l ineaments ,  

which are o f f k e t  from one another  a t  Divide Lake and may reklect a struct-  

u r a l  c o n t r o l  of u n i d e n t i f i e d  n a t u r e ,  Numerous l ineaments  i n  the a r e a  

e i t h e r  are occupied by c r e e k s  and g u l l i e s  o r  are  f a i n t ,  narrow f e a t u r e s  

b e s t  seen on a i r  photographs, and e s p e c i a l l y  on r e c e n t  b lack  and wh i t e  

i n f r a r e d  photographs (e.g., Nos. B,C. 5312/1 t o  45 flown August, 1968). 

They possess  numerous d i f f e r e n t  s t r i k e s  and are p a r t l y  i n  groups of 

p a r a l l e l  l ineaments .  Some nor thwes te r ly  ones correspond wi th  t h e  d f r -  

e c t i o n  of g l a c i a l  grooving and may have less s i g n i f i c a n c e  than  do o the r s .  

A few, f a i n t  n o r t h e r l y  and n o r t h e a s t e r l y  l ineaments  a r e  proved by t rench-  

I i ng  and d r i l l i n g  t o  c o i n c i d e  wi th  f a u l t s ,  and probably many o t h e r  l i n e a -  

ments of v a r i o u s  t r e n d s  a l s o  r e p r e s e n t  f a u l t s .  

ex tending  through Q u i l t a n t o n  (Divide) Lake and recognized from a i r  photos 

by N,D. McKechnie i n  about  1956 is now known t o  c o i n c i d e  c l o s e l y  wi th  a 

A n o r t h e r l y  l ineament  

f a u l t  on t h e  w e s t  s i d e  of t h e  Lornex d e p o s i t  and p o s s i b l y  on t h e  east 
I 

s i d e  of t h e  Val ley  depos i t  (see Ann. Rept., 1968, Fig. 20). I 
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, 

II. 

1 

/I' 

M I N I N G  HISTORY 

Mining c la ims  were recorded i n  the a r e a  a s  e a r l y  As 1899, and 

by World War I,  capper  showings had been d iscovered  on o r  c+ose  t o  many 
I 

of t h e  p r e s e n t l y  known major depos i t s .  The names and l o c a t i o n s  of t h e  

p r i n c i p a l  claiins he ld  a t  t h a t  time are shown on a map i n  t h e  Annual 

Report for: 1975. 

b o r n i t e  was sh ipped  from veins a t  t h e  Snowstorm mine (on thd  p r e s e n t  

Bethlehem p rope r ty )  and t h e  O.K. (Chataway) mine, t h e  q u a n t i t i e s  being: 

from t h e  Snowstorm, 136 tons  y i e l d i n g :  Gold,, 8 ounces; s i lver ,  78 

Between 1915 and 1918, high-grade o r e  con$aining 
I 

I 

I 

ounces; 

Gold, n i l ;  s i l v e r ,  869 ounces; copper ,  529,748 pounds. A c o n c e n t r a t o r  

copper ,  76,754 pounds, and from t h e  O.K., 2,064 t o n s  y i e l d i n g :  

was b u i l t  a t  t h e  O.K, mine which, accord ing  t o  a l a t e r  r e p o r t ,  i n  1916-17 

t r e a t e d  about 10,000 tons  of m a t e r i a l  con ta in ing  approximately 3.6 p e r  

c e n t  copper ,  from ,which 1,487.8 tons  of c o n c e n t r a t e  (wet) was produced 

, 

II 
//I ,. 

wi th  an average  a s say  of 20.33 p e r  c e n t  copper  and 1.19 ounces s i l v e r  

(Min i s t e r  of Mines, B.C., Ann. Rept . ,  1922, pp. 140-141). 

1 I 

I n  1919-20 t h e  B r i t i s h  Columbia Department of Mines diamond- 

d r i l l e d  e i g h t  ho le s  t o t a l l i n g  5,736 f e e t  on t h e  Snowstorm claim and 

sampled wLdespread m f n e r a l i z a t i o n  on t h e  nearby Iona claim by means of 

a n  a d i t  280 f e e t  long, a 4o-foot s h a f t , ,  and numerous sha l low p i t s .  Low 

copper  p r i c e s  discouraged f u r t h e r  work and the a r e a  r ece ived  l i t t l e  ex- 

p l o r a t i o n  i n  t h e  per iod  between t h e  w a r s .  I n  1943, Ventures  Limited d i d  

2,778 f e e t  of diamond-dri l l ing in f i v e  ho le s ,  f o u r  being on' t h e  Iona 

l;i 

claim and one on t h e  J e r s e y  claim sou th  of t h e  p re sen t  Bethlehem mine. 
I 

Present-day a c t i v i t y  began i n  1955, when Bethlehem Copper 

Corpora t ion  Ltd. was formed t o  exp lo re  a l a r g e  number of c1,aims l o c a t e d  

previousl-y by Messrs .  H.H. Hues t i s ,  P.M. Reynolds, and J.A.1 McLallen. 

1, 

A 
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The company t renched  and bulk-sampled t h e  Iona zone, t h e  sou the rn  f r i n g e  

of t h e  Jersey  orebody, and o t h e r  showings be fo re  op t ion ing  t h e  p rope r ty  

t o  American Smelt ing and Refining Company Ltd. 

when the o p t i o n  was dropped, t h e  l a t t e r  company d id  68,000 f e e t  of diamond, 

From 1955 t o  1958, I 

r o t a r y ,  and churn d r i l l i n g  t h a t  v a r i o u s l y  d iscovered  and o u t l i n e d  t h e  

J e r s e y  and East Je rsey  orebodies ,  i n v e s t i g a t e d  t h e  Iona zone, and i n t e r -  

s e c t e d  m i n e r a l i z a t i o n  a t  numerous o t h e r  p l a c e s  on t h e  proper ty .  I n  1958 

and 1959 Bethlehem Copper Corpora t ion  drove a mile-long a d i t  w i t h  d r i f t s  

and c r o s s c u t s  i n  order t o  hulk-sample t h e  Je r sey  and East Je rsey  orebodies .  

I n  1960 the Bast J e r s e y  orebody w a s  f u r t h e r  t e s t e d  by r a i s i n g  and 

diamond drilling from s u r f a c e  and underground. 

I 
I 

I n  1961, with the f inan-  

c i a l  support of t h e  Sumitomo group of companies of Japan, the company 

began p repa r ing  t h i s  orebody f o r  open-pit mining. 

Product ion began from t h e  East J e r sey  orebody i n  November 1962, 

and a m i l l  of r a t e d  c a p a c i t y  3,400 t ons  pe r  day was opened o f f i c i a l l y  i n  

February 1963. Concentrates  were t rucked t o  Vancouver f o r  shipment t o  

Japan under  a 10-year exc lus ive  c o n t r a c t .  

t o  6,000 tons  p e r  day. 

from t h i s  orebody and t h e  t o t a l  d ry  tonnage mi l l ed  amounted t o  

t o n s  w i t h  average heads of 0.971 p e r  c e n t  copper. 

93  p e r  c e n t  and t h e  grade  of c o n c e n t r a t e  produced w a s  about  42 p e r  c e n t .  

I n  1964 c a p a c i t y  was i nc reased  

Up t o  February 1965, mining was almost e n t i r e l y  

2,941,968 

I 

Recovery w a s  about  

The cut-off  g rade  was 0.40 p e r  c e n t  copper  and t h e  s t r i p p i n g  r a t i o  of 

waste t o  ore v a r i e d  dur ing  t h e  l i f e  of t h e  p i t ,  from n e a r l y  3:l t o  a s  l o w  

as 0.5: le  
, 

Beginning i n  March 1964, t h e  company produced t h e  f i r s t  molyb- 

denum c o n c e n t r a t e s  to be made i n  B r i t i s h  Columbia and, i n  t h e  y e a r  ending 

February 1966, some 40,000 pounds of t h i s  metal was shipped t o  Japan from 

t h e  mine. 
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I n  February 1965, w i t h  over 1 m i l l i o n  t o n s  of known o r e  i n  

t h e  Eas t  J e r s e y  orebody remaining f o r  f u t u r e  product ion ,  mining switched 

e n t i r e l y  t o  t h e  J e r s e y  p i t  and, i n  t h e  y e a r  ending February 2 8 ,  1966, 

t h e  d r y  tonnage mi l l ed  amounted t o  2,007,883 tons  wi th  average  heads 

of 0.710 pe r  c e n t  copper .  

c o n c e n t r a t e  produced was 31.86 p e r  c e n t .  

Recovery w a s  83.31 p e r  c e n t  and the grade  of 

The r a t e d  p l a n t  c a p a c i t y  was inc reased  i n  1966 t o  10,000 tons  

p e r  day and t o  12,000 tons  pe r  day i n  l a t e  1967, w i th  mining and d e l i v e r y  

of o r e  t o  t h e  p l a n t  done hence fo r th  by t h e  company wi th  new equipment 

i n s t e a d  of  under c o n t r a c t .  Product ion exceeded 40 m i l l i o n  pounds of 
I 

copper  i n  t h e  y e a r  ending February 1968 and 50 m i l l i o n  pounds i n  t h e  

y e a r  ending February 1969. 

13,920 tons per  day; 

I n  t h a t  l a t e s t  y e a r  t h e  m i l l i n g  ra te  was 

m i l l  heads graded 0.581 p e r  c e n t  copper;  cut-off  

grade  was 0.35 p e r  c e n t  copper;  and t h e  s t r i p p i n g  r a t i o  of waste t o  o r e  

was  2.06:1 w i t h  t h e  expec ta t ion  t h a t  t h i s  r a t i o  would s h o r t l y  be reduced 

t o  0*5:1 f o r  t h e  remaining l i f e  of  t h e  Jersey  p i t .  A t  t h e  end of t h a t  

-year, recovery  was 85 p e r  c e n t  and copper  c o n c e n t r a t e  g rade  w a s  35.2 

p e r  c e n t .  T o t a l  p roduct ion  of t h e  Bethlehem mine t o  t h e  end of 1967 

is recorded a s :  go ld ,  9 ,725 ounces; s i l v e r ,  572,309 ounces; copper ,  

135,475,106 pounds; molybdenum, 93,995 pounds, a l l  from 11,190,116 

1 

t ons  of o r e  mi l l ed .  I n  February 1968 t h e  company s t a t e d  t h a t ,  a t  a 

cu t -of f  grade of 0.35 pe r  c e n t  copper ,  t o t a l  proven reserves e x i s t i n g  

i n  t h e  J e r s e y ,  Hues t i s ,  Iona,  and Eas t  J e r s e y  orebodies  were 70,060,772 

t o n s  grad lng  0.60 p e r  c e n t  copper  wi th  a n  average was te  t o  o r e  r a t i o  

While t h e  Bethlehem p rope r ty  underwent development t h e  neigh- 

bouring p r o p e r t i e s  r ece ived  much a t t e n t i o n ,  c h i e f l y  from small Vancower- 

based companies bu t  i n  some i n s t a n c e s  from major companies which obta ined  
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I 

op t ions .  Between 1955 and 1958, s u r f a c e  and underground work was done 

on t h e  Transvaa l ,  Tro jan ,  and Vic to r  p r o p e r t i e s  and s u r f a c e  work was 

done on t h e  Bethsaida,  Krain, and o t h e r  p r o p e r t i e s .  Large amounts of 

diamond d r i l l i n g  were done on t h e  Tro jan  and Kra in  showings t h a t  i nd i -  

c a t e d  s i z e a b l e  bodies  of copper  m i n e r a l i z a t i o n .  Many p a r t s  of t h e  area,  

mainly on1 t h e  no r th  s i d e  of Highland Val ley  but  i nc lud ing  t h e  Bethsaida 

proper ty  on t h e  s o u t h  s i d e ,  were covered by geochemical and geophys ica l  

surveys  whose r e s u l t s  are  p a r t l y  recorded i n  assessment  r e p o r t s  f i l e d  

wi th  t h e  Department of Mines and Petroleum Resources. 

Xn 1958 and 1959 i n t e r e s t  i n  t h e  a r e a  s lackened  t empora r i ly ,  

i n  p a r t  due t o  t h e  d i scove ry  of the Craigmont orebody n e a r  Merritt and 

a consequent ,  i f  unsuccessfu l  search of that area for s i m i l a r  copper- 

iron s k a m  d e p o s i t s ,  

A c t i v i t y  subsequent ly  quickened in t h e  Highland Val ley  and 

ad jo in ing  a r e a s ,  and new f i n d s  of copper  m i n e r a l i z a t i o n  were made i n  1962 

on t h e  Jay No. 101 claim and t h e  A.M. and Xde c la ims  of t h e  Sheba and 

Highmont p r o p e r t i e s  r e s p e c t i v e l y ,  and i n  1963 on t h e  J e r i c h o  proper ty .  

These and l a t e r  developments a r e  t r e a t e d  o n l y  b r i e f l y  i n  t h i s  r e p o r t  

because they  pos t -da te  t h e  main pe r iod  of f ie ldwork  and p a r t l y  l i e  

o u t s i d e  t h e  desc r ibed  a r e a ,  bu t  t hey  are more or less fully r e f e r r e d  t o  

i n  Annual Reports of t h e  Min i s t e r  of Mines, From 1964 onward t h e  camp 

developed s w i f t l y  t o  i t s  p resen t  importance, the p r i n c i p a l  even t s  being:  

1, The discovery  by E.H. Lorntzsen i n  1964 of showings t h a t  were sub- 

sequen t ly  extended and proved t o  b e  t h e  huge Lornex d e p o s i t ,  which 

is scheduled for open p i t  mining s t a r t i n g  i n  1972 a t  t h e  r a t e  of 

38,000 tons  pe r  day, under  c o n t r o l  of Rio Algom Mines Limited and 

The Yukon Consol ida ted  Gold Corpora t ion  Limited. This  orebody 

i s  *s t a t ed ,  on t h e  b a s i s  of s u r f a c e  and underground e x p l o r a t i o n  

t .  z 1 , , !,!i . I ~ 
I ,  ! 
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and sampling, t o  inc lude  293 m i l l i o n  tons  con ta in ing  0.427 per  

c e n t  copper  and 0.014 pe r  c e n t  molybdenum. 

2.  The d iscovery  i n  1967 and subsequent underground e x p l o r a t i o n  by 

1 Alwin Mining Company Ltd. of copper  lodes  n e a r  t h e  o ld  O . K .  mine, 

amounting t o  as much a s  1 m i l l i o n  tons  of m a t e r i a l  c o n t a i n i n g  

between 2 and 3 per  c e n t  copper  on t h e  evidence of work completed 

t o  1969. 

The d i scove ry  by Cominco i n  1968 of a ve ry  l a r g e  copper-molybdenum 3. 

d e p o s i t  l y i n g  immediately w e s t  of Qu i l t an ton  (Divide) Lake, mainly 

on t h e  Val ley  Copper p rope r ty  and p a r t l y  on t h e  Bethlehem prop- 

ert:y. 

d e p o s i t  c o n t a i n s  600,000 tons  p e r  ve r t i ca l  foot of material grad- 

ing; a t  l e a s t  O e 4  p e r  c e n t  copper ,  exc lus ive  of an e s t ima ted  200 

Company estimates based on d r i l l i n g  sugges t  t h a t  t h e  Val ley  

m i l l i o n  t o n s  of roughly s i m i l a r  ma te r i a l  w i t h i n  t h e  Bethlehem 

p o r t i o n  of t h e  depos i t .  

The per iod  of t h e s e  d i s c o v e r i e s  a l s o  saw work begun o r  renewed 

on p r o p e r t i e s  throughout  t h e  a r e a ,  and t h e  f i n d i n g  of new copper  occurrences  

on t h e  Gaza, Cleveland,  Chataway, Stellako, and o t h e r  p r o p e r t i e s .  The 

Tro jan  d e p o s i t  was f u r t h e r  explored by underground work and s u r f a c e  

d r i l l i n g ;  t h e  Krain d e p o s i t  w a s  aga in  d r i l l e d ;  and underground explor-  

a t i o n  and sampling accompanied s u r f a c e  d r i l l i n g  of t h e  main Highmont 

d e p o s i t  which, accord ing  t o  a company estimate made whi le  work cont inued  

i n  1969, i nc ludes  70 m i l l i o n  tons  of m a t e r i a l  w i th  more than  0.3 pe r  

c e n t  :clopper and a p p r e c i a b l e  amounts of molybdenum. I n  1967 and 1968 a t  

t h e  Vic to r  showing, cha lcopyr i t e -bea r ing  m a t e r i a l  was s t o c k p i l e d  for 

l each ing  and r educ t ion  i n  a p i l o t  hydrometa l lu rg ica l  p l a n t  by companies, 

i nc lud ing  Copper-Can Developments L t d . ,  which held a p a r t  of t h e  Consol- 

i d a t e d  Skeena proper ty  on opt ion .  

$1 ' <  
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< I  

I ' *  PREVIOUS GEOLOGICAL WORK 
I 

Prior t o  1955 no d e t a i l e d  geo log ica l  i n v e s t i g a t i o n s  had been 

made of t h e  Highland Valley a rea .  

shown i n  o u t l i n e  on success ive  maps of t h e  Geologica l  Survey of Canada 

The Guichon Creek b a t h o l i t h  was 

andl'was b r i e f l y  descr ibed  t o g e t h e r  w i t h  some of i t s  copper  showings i n  

t h e  Nico1.a and Ashcroft  memoirs which accompanied t h e  l a t e s t  of t h e s e  
ii 

maps (Coekfield, 1948); (Duf fe l1  and McTaggart, 1952). Duffel1 and 

McTaggart showed that i n  the v i c i n i t y  of Ashcroft  t h e  b a t h o l i t h  was 

emp!aced between e a r l y  Upper T r i a s s i c  and e a r l y  Middle J u r a s s i c  t i m e .  

1 

'+ i l  

The g e o l o g i s t s  employed in 1955 on t h e  Bethlehem p r o j e c t  gave 

an  account of Highland Val ley geology which desc r ibed  t h e  geo log ica l  

s e t t i f n g  and  mineralogy mainly of the Bethlehem deposits and to some e x t e n t  

t h e  bll[lrojan, Krain,  Vic tor ,  and Bethsaida d e p o s i t s  (White, Thompson, and 
ti ' 

McTaggart, 1957) . These au tho r s  recognized a "Younger Complex" t h a t  

i n t ryded  t h e  Guichon q u a r t z  d i o r i t e  and was s a i d  t o  comprise, i n  appar- 

e n t l y  decreas ing  order of age: (1) t h e  Bethsaida g r a n o d i o r i t e  s t o c k  

and $ts marginal  o r  cupola  phase, t h e  Bethlehem q u a r t z  d i o r i t e ;  

dacite porphyry dykes and i r r e g u l a r  masses, p a r t l y  marginal  phases of t h e  

Bethlehem q u a r t z  d i o r i t e ;  (iii) q u a r t z  d i o r i t e  porphyry dykes; (iv) 

(ii) 
I , 

b r e c c i a  p ipes  formed by vo lcan ic  and sub-volcanic  a c t i v i t y .  The au tho r s  

recorded t h a t  emplacement of t h e  "Younger Complex'' was fol lowed success-  

i v e l y  by f a u l t i n g ,  m i n e r a l i z a t i o n ,  and emplacement of a n d e s i t e  dykes and 

they  [recognized a s t r u c t u r a l  a s s o c i a t i o n  of  porphyry i n t r u s i o n s  , explos ion  
i 

brecciias, and copper  d e p o s i t s .  

paragenes is  of t h e  o r e  minera ls  and concluded t h a t  the deposits assoc-  

i a t e d  w i t h  b r e c c i a  could be c l a s s i f i e d  as xenothermal 

They a l s o  gave a va luab le  account of t h e  

or sub-volcanic ,  

having beer1 formed a t  sha l low depths  and h igh  tempera tures .  The d e p o s i t s  
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were khought t o  be g e n e t i c a l l y  r e l a t e d  t o  t h e  "Younger Complex", whose 

age from i n t r u s i o n  t o  f i n a l  c o n s o l i d a t i o n  might range from Cretaceous 

t o  T e r t i a r y .  

From long exper ience  a t  t h e  Bethlehem proper ty  Coveney (1962) 

.revi,ewed t h e  geology of i t s  d e p o s i t s  and emphasized t h e  r o l e  played 

lby f a u l t s  f n  l o c a l i z i n g  g e o l o g i c a l  s t r u c t u r e s  and c o n t r o l l i n g  mine ra l i za t ion .  

An i n v e s t i g a t i o n  of t h e  geology of t h e  Bethlehem d e p o s i t s  by 

Aaan W0od,~'.!(1966) r e s u l t e d  i n  a d e s c r i p t i o n  whfch u n f o r t u n a t e l y  ignores  

t h e  f i e l d  evidence f o r  r e l a t i o n s h i p s  t h a t  exis t  between v a r i o u s  rock types  

nea r  t h e s e  depos i t s  . 
Since  1955, exp lo ra t ion  of much of t h e  b a t h o l i t h  has  r e s u l t e d  

i n  numerous, r e p o r t s  and geo log ica l  maps covering v a r i o u s  p r o p e r t i e s ,  many 

of which are on pub l i c  f i l e  a t  t h e  Department of Mines and Petroleum 

Resources (see l ists  of assessment r e p o r t s  i n  Min i s t e r  of Piines, B.c., 

Ann. Repts., 1958 and subsequent yea r s ) .  

b a t h o l i t h  i n  t h e  Merritt and Ashcroft  a r e a s  a r e  descr ibed  i n  r e p o r t s  by t h e  

w r i t e r  (Minis te r  of Mines, B.C., Ann. Repts., 1960 and 1962, r e s p e c t i v e l y ) ,  

R e s t r i c t e d  marginal p a r t s  of t h e  

Geological  reconnaissance mapping of t h e  e n t i r e  b a t h o l i t h  by 

F O E .  Northcote  i n  1964 and 1965 accompanied rad iometr ic  d a t i n g  of  t h e  

c o n s t i t u e n t  rocks,  p a r t l y  by Northcote  and p a r t l y  by o t h e r s  (White e t  ale , 
1967; Northcote ,  Bul l .  56, 1969). Th i s  work showed t h a t  emplacement of 

major and minor phases of t h e  b a t h o l i t h  occurred w i t h i n  a ve ry  l i m i t e d  

time Gpan, because a l l  t h e  da t ed  rocks possess  e s s e n t i a l l y  t h e  same 

a b s q l d t e  agest which is determined a s  200 2 5 m i l l i o n  years .  

ob ta ined  no t  on ly  f o r  t h e  Guichon and Bethlehem q u a r t z  d i o r i t e s  and t h e  

Bethsaida g r a n o d i o r i t e ,  bu t  a l s o  f o r  t h e  P porphyry and b i o t i t e  i n  t h e  

Ions;, b recc i a  (Dirom, 1965) . 

This d a t e  was 

3 

A 
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FIELDWORK AND ACKNOWLEDGMENTS 

a ,  Fieldwork f o r  t h i s  r e p o r t  t o t a l l e d  about 10 months between 

19561 and I960 and inc luded  f u l l  seasons  i n  1957 and also i n  1958, when 

a senior a s s i s ' t a n t ,  Randolph Lee (now Dr, Randolph Lee, M . D . ) ,  completed 

t h e  mapping ofl outcrops between showings on t h e  no r th  s i d e  of Highland 

1 

1 

lky.  Lack of  time prevented s imi la r  outcrop  mapping being done on 
I 

t h e  south  s i d e  of t h e  v a l l e y ,  where work was mostly conf ined  t o  inves t -  

iga tgng  and mapping t h e  known showings. 

w a s  gone by t h e  wri ter  i n  1960 around t h e  summit of Gnawed Mountain and 

However, some f u r t h e r  mapping 
1, : 

* I  

wag hided by g'eological maps provided by companies. From 1961 to  1968 
I 

sitsl  were made t o  t h e  area i n  a l l  yea r s  except  1965, and t o  

t obse rva t ions  made-a t  t h e s e  times a r e  inco rpora t ed  i n  t h i s  

Also inco rpora t ed  are  a few obse rva t ions  and comments re lat ing  

I 

r e p o r t ,  

formaltion a v a i l a b l e  as r e c e n t l y  a s  Play 1970. 
I 

he  w r i t e r  g r a t e f u l l y  acknowledges t h e  ind i spensab le  h e l p  

-opera t ion  rece ived  from t h e  personnel  of companies act ive i n  t h e  

e s p e c i a l l y  f o r  t h e  p rov i s ion  of maps and informat ion  of a l l  kinds.  
I 

ery a.ble a s s i s t a n c e  given in t h e  f i e l d  by Randolph Lee is acknow- 

ledged above. 

PI. Mealing, A, J e l l i n e k ,  W.L. Cousens, B.L, Barman, and t h e  l a t e  L.S. 

Redivo. Thanks are  a l s o  due t o  K.S. Crab t ree  f o r  draught ing  t h e  maps 

and f i g u r e s  and t o  W, Playe r  f o r  prepar ing  numerous t h i n  s e c t i o n s  of 

rockd. 

rocks f o r  t h i s  r e p o r t ,  

F i e ld  a s s i s t a n c e  was a l s o  g iven  i n  v a r i o u s  yea r s  by 
I 

R,V. Kirkham k i n d l y  d i d  pe t rographic  modal ana lyses  of some 
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CHAPTER 11 -- GENERAL GEOLOGY 

GEOLOGICAL HISTORY OF THE GUICHON CREEK BATHOLITH 

Geologica l ly ,  t h e  Highland Val ley  a r e a  i s  a c e n t r a l  and h igh ly  

d i v e r s i f i e d  p a r t  of t h e  Guichon Creek b a t h o l i t h .  

miles long, as much as 16 miles wide,and is shaped like a lozenge,  being 

e longated  in a d i r e c t i o n  s l i g h t l y  t o  t h e  w e s t  of n o r t h  and possess ing  

r a t h e r  po in ted  ends and f a c e t t e d  s i d e s .  It is emplaced mainly i n t o  

Upper T r i a s s i c  vo lcan ic  and sedimentary s t r a t a  of t h e  Nicola Group and 

The b a t h o l i t h  is 40 

l o c a l l y  on t h e  w e s t  s i d e  i n t o  more or  less similar Upper Palaeozoic  

s t r a t a  of t h e  Cache Creek Group. On i t s  w e s t  and southwest s i d e s  i t  

is emplaced l o c a l l y  i n t o  q u a r t z i t e ,  s c h i s t s .  and gne i s ses  whose ages 

a r e  unknown (see Ann. Rept., 1962, pp. 35-37). 

t h e  Nicola s t r a t a  a r e  upturned a t  t h e  south edge of t h e  b a t h o l i t h ,  and 

nea r  Ashcroft  t h e  Cache Creek and Nicola rocks occupy t i l t e d  f a u l t  

blocks which are t r ansg res sed  by t h e  b a t h o l i t h .  C h i e f l y  a t  i t s  margins 

t h e  b a t h o l i t h  is p a r t l y  o v e r l a i n  by sedimentary and vo lcan ic  rocks t h a t  

range in age from e a r l y  Ju ras s i c  t o  Miocene. S t r u c t u r a l l y ,  t h e  batho- 

l i t h  occupies  t h e  p o s i t i o n  of a p o s i t i v e  compound f au l t -b lock  t h a t  is 

surrounded by grabens (Fig. 4 )  and, perhaps because of t h i s  weak s t r u c t u r a l  

s e t t i n g ,  it has  undergone repea ted  f r a c t u r i n g  and i n t r u s i o n .  

At t h e  Craigmont mine 

I r 

The successive emplacement d i n t r u s i v e  bodies  was probably 

p a r t l y  c o n t r o l l e d  by f r a c t u r i n g  of t h e  b a t h o l i t h  i n  response t o  mvement 

on under ly ing  b lock  f a u l t s ,  whose e x i s t e n c e  is i n f e r r e d  from mapping nea r  

Ashcroft  (see Ann. Rept., 1962. pp. 43-44).  YThe d i s t r i b u t i o n  of t h e  

v a r i o u s  i n t r u s i o n s  i n  t h e  b a t h o l i t h  is more 'or  less known, mainly from 

t h e  work of company g e o l o g i s t s  and reconnaissance mapping by K.E. Northcote. 

4; Sketch-map showing t h e  r eg iona l  graben p a t t e r n  in southwestern 
B r i t i s h  Columbia. 
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Older  rocks predominate and are  mainly q u a r t z  d i o r i t e s  of s e v e r a l  

var ie t ies ,  which are  probably not  of p r e c i s e l y  one age,* D i o r i t e  and dark ,  
t, 

IGf e l d s p a r ,  q u a r t z  

monzonite has  more o r  less equal  amounts of both  f e l d s p a r s ,  and grano- 

d i o r i t e ' ,  and q u a r t z  d i o r i t e  have mainly p l a g i o c l a s e  f e l d s p a r .  

laslt-named rocks  d i f f e r  e s s e n t i a l l y  on ly  i n  t h e  composi t ion of t h e i r  p lag io-  

c lase  and are imposs ib le  t o  s e p a r a t e  i n  t h e  f i e l d .  

The two 
1. 

o l : i t h i c ~ ~ ~ n a r g i n s  and as long sc reen - l ike  bodies  i n  t h e  i n t e r i o r ,  where they  
I 

r a t e  and grade  i n t o  successive i n t r u s i o n s  of q u a r t z  d i o r i t e .  

nowhere been observed a t  t h e  l i m i t e d  exposed margins of t h e  

Gabbro which i s  r epor t ed  n e a r  M a m i t  Lake (see Nicola memoir, 
I 

t h o l i t h .  
I 

I ,  ? I 

p. 16) may be a l o c a l  phase of t h e  o l d e r  rocks.  I n  g e n e r a l ,  t h e  o l d e r  

q c k s  a r e  I/ mebium g ra ined  and possess  a p e r c e p t i b l e  f o l i a t i o n  t h a t  commonly 
I, , 

is s t e e p l y  aldgned more o r  less p a r a l l e l  t o  t h e  o u t l i n e s  'of the b a t h o l i t h  
I 

1 

I I  ' 
see Chapl in ,  1958, map No. 3). I n  common wi th  t h e  l a t e r  rocks ,  they  (- 

c o n t a i n s a p l i t e  dykes bu t  r a r e l y  ones of pegmati te ,  sugges t ing  t h a t  t h e  

rocks e i t h e r  were "dry" or f a i l e d  t o  e n t r a p  v o l a t i l e s  r e l e a s e d  by t h e i r  

c r y s t a l l i z a t i o n .  Some of t h e  o l d e r  q u a r t z  d i o r i t e s  may have been emplaced 

, l a te r  t can  o t h e r s  because they  possess  a p o r p h y r i t i c  tendency, a complex 

zoning of p l a g i o c l a s e ,  and o t h e r  pe t rog raph ica l  f e a t u r e s  resembling those  

of t h e  younger rocks i n  t h e  b a t h o l i t h .  I n  t h e  Highland Val ley  a r e a  two 

v a r i e t i e s  of t h e  o l d e r  q u a r t z  d i o r i t e  a r e  p re sen t ,  of which t h e  Beaver 

r i t e  may be l a t e r  t han  t h e  Guichon q u a r t z  d i o r i t e .  

a v e r  q u a r t z  d i o r i t e  i s  shown a s  p a r t  of t h e  Bethlehem q u a r t z  

I 

On Morthcote's 

d i o r i t e  . 
I 

I, 
/ I  
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A younger qua r t z  d i o r i t e  grades  i n  p l aces  t o  q u a r t z  monzonite 

and comprises numerous bodies ,  both l a r g e  and small, which occur  widely 

both i n  and pa r t ly ' beyond  t h e  b a t h o l i t h .  Probably t h e  l a r g e s t  body is one 

t h a t  extends ac ross  t h e  p re sen t  a r e a  from sou th  of South Forge Mountain t o  

Gnawed Mountain and also p e r s i s t s  f a r t h e r  southeastward t o  beyond Roscoe 

Lake f o r  a t o t a l  known d i s t a n c e  of 11 miles. I t s  western margin, which is 

sepa ra t ed  from t h e  main mass of t h i s  body by a l a t e r  s tock  of g r a n o d i o r i t e ,  

extends southward through p o i n t s  east of Ca l l ing  and Pimainus Lakes, 

r e spec t ive ly .  I n  t h e  sou theas t e rn  p a r t  of t h e  b a t h o l i t h  o t h e r ,  incomplete- 

l y  mapped bodies  occur  n e a r  Gypsum and F a r r  Lakes, r e s p e c t i v e l y ,  and i n  

the southwestern p a r t  ano the r  l a r g e  body occurs  on t h e  w e s t  f l a n k  of 

Skwilkwakwil Mountain, Other bodies near Basque and at Jesse Creek, near 

Merritt,  resemble t h e  l a t t e r  body i n  being of q u a r t z  monzonite; they  l i e  

I 

__ ________ __ -- _____ 

p a r t l y  arid wholly o u t s i d e  t h e  b a t h o l i t h ,  r e s p e c t i v e l y  (see Minister of 

I 

I Mines, &C., Ann. b p t . ,  1962, pp. 39 and 5 6 ) .  The one n e a r  Ashcroft  'I .'I (( 

I d  
! 1. 

1 'Il, , ll/Jl 

is s t r u c t u r a l l y  i n t e r e s t i n g  because it is emplaced appa ren t ly  between 

f a u l t  blgcka a t  t h e  edge of t h e  b a t h o l i t h  (op. c i t . ,  p. 44). 

! 

i t  

I . \ I  1 

I 
0 -  - _ _  

The younger q u a r t z  d i o r i t e ,  o r  q u a r t z  monzonite, i s  g e n e r a l l y  a 
I 

more o r  less p o r p h y r i t i c  rock whose average g r a i n  size ranges from r a t h e r  

f i n e  gra ined  t o  medium gra ined  according t o  t h e  s i z e  of t h e  body and t h e  

degree of i t s  c h i l l i n g ,  which is  never  extreme. I n  t h e  p re sen t  a r e a  t h i s  

rock is named t h e  Bethlehem q u a r t z  d i o r i t e  and i t  inc ludes  a v a r i e t y  

popular ly  termed t h e  Skeena qua r t z  d i o r i t e ,  On t h e  Bethlehem proper ty  

t h e  Bethlehem qua r t z  d i o r i t e  enc loses  a sma l l ,  r e l a t e d  body of g r a n i t e  

and qua r t z  monzonite which i s  named t h e  Bethlehem g r a n i t e  and regarded 

as p a r t  of t h e  younger qua r t z  d i o r i t e  i n t r u s i o n s .  

I ,! 
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A c e n t r a l ,  a p p a r e n t l y  l a t e r  s t o c k  of t h e  Bethsaida g r a n o d i o r i t e  

is emplaced mainly, i f  no t  e n t i r e l y ,  i n  t h e  Bethlehem q u a r t z  d i o r i t e .  

The s t o c k  has  an  average  width of about  5 miles and it  extends southward a 

d i s t a n c e  of 1 2  miles from t h e  Bethsaida p rope r ty  t o  Skuhun Creek. I ts  

c o n t a c t s  are l a r g e l y  hidden, and t o  w i t h i n  s h o r t  d i s t a n c e s  of them t h e  I 

g r a n o d i o r i t e  r e t a i n s  a medium-grained, somewhat p o r p h y r i t i c  appearance. 

Minor i n t r u s i o n s  i n  t h e  b a t h o l i t h  a r e  c h i e f l y  dykes t h a t  i nc lude  

d a c i t e  arid o t h e r  porphyr ies  of pre-mineral age and post-mineral lampro- I 

phyres arid a n d e s i t e s ,  The porphyry dykes occur  p r i n c i p a l l y  in t h e  Highland 

Valley area, where they  form a swarm 10 miles long whose width decreases  

northward from about 5 miles t o  less than  3 miles (Fig. 5). The swarm 

is at least  p a r t l y  l a t e r  than  t h e  s t o c k ,  s i n c e  some of i t s  dykes c u t  t h e  

BethsaidaL g r a n o d i o r i t e .  Some d i s s i m i l a r  porphyry dykes occur  s e p a r a t e l y  ' . : I  

t o  t h e  ea!s t  of t he  main swarm, p a r t l y  w i t h i n  t h e  mapped a r e a .  Dykes a t  

Gnawed Mountain may con t inue  southward beyond t h e  a r e a  and o t h e r s  occur  

f a r t h e r  s o u t h e a s t  in t h e  reg ion  of Roscoe, Chataway, Dot, and Gypsum 

Lakes. 

t o  t r end  northeastward south  of C a l l i n g  Lake, n e a r  t h e  Kathleen s h a f t  

A porphyry dyke s imilar  t o  t h o s e  a t  Gnawed Mountain is r e p o r t e d  

(K,E. Northcote ,  pe r s .  comm., and see Assessment Report No. 750, Map No. 1). I .  

Porphyry dykes occur  i n  q u a r t z  monzonite a t  t h e  wes tern  margin of t h e  

- ____ --- 
b a t h o l i t h  nea r  Basque and o u t s i d e  t h e  b a t h o l i t h  a t  Jesse Creek, and a r e  
of-tZ-lXCite a n d - l x i t e ,  re spec t ive ly  (Minister O f - N I I ,  BmC. ,- 
Ann. Rept., 1962, pp. 39 and 56) .  

are emplaced i n  country rocks outs ide  the batho l i th  w e s t  of t h e  Craigmont 

Porphyry dykes of dac i t i c  composition 

mine and near Ashcroft, r e s p e c t i v e l y  ( W n i s t e r  of Mines, B o C m ,  Ann. Repts., I 

1960, p. 35: 1962, DD. 40-41). 
Brecc ias  were formed s imul taneous ly  wi th  some porphyry dykes a t  

Highland Va l l ey  and a r e  i n t r u s i v e  bodies  p a r t l y  of c o n s i d e r a b l e  s i z e .  
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They occllr roughly a t  t h e  l o c a l i t i e s  shown on Fig. 5. S i m i l a r  b r e c c i a s  

a r e  known elsewhere on ly  o u t s i d e  t h e  b a t h o l i t h ;  

I 

0' for example, a t  Jesse 

Creek and s e v e r a l  miles t o  the west of t h e  Craigmont mine, r e s p e c t i v e l y ,  

where t h e  b r e c c i a s  a r e  l i kewise  a s s o c i a t e d  wi th  porphyry. 

Post-mineral dykes i n c l u d e  brown p o r p h y r i t i c  a n d e s i t e s  i n  t h e  

southwestern p a r t  of t h e  b a t h o l i t h .  These may w e l l  r e l a t e t o  a s u i t e  of 

such dykes c u t t i n g  vo lcan ic ' /  of t h e  Spences Bridge Group, which f l a n k s  
rocks 

t h a t  p a r t  of t h e  b a t h o l i t h  and whose a s s igned  age is Lower Cretaceous 

(Aptian) Post-mineral dykes a t  Highland Va l l ey  inc lude  l i gh t - co lou red  

a n d e s i t e s  ( leuco-andes i te  of White, Thompson, and McTaggart, 1957) ,  which 

may c h i e f l y  occupy minera l ized  f a u l t s  and c l o s e l y  resemble post-mineral 

dykes i n  areas such as Brenda Lake, Endako, and Promontory Hills n e a r  

t h e  Craigmont mine. I n  t h e  l a t t e r  a r e a  t h e  dykes c u t  vo lcan ic  rocks 

ass igned  t o  t h e  Kingsvale  Group, whose minimu age h a s  been determined 

r a d i o m e t r i c a l l y  a s  80 m i l l i o n  yea r s  (Upper Cretaceous)  a1 though micro- 

ntt 

f o s s i l s  i n  t h e  under ly ing  sedimentary rocks a r e  thought  t o  i n d i c a t e  a 

T e r t i a r y  age (pers. comm. from D r .  G.E. Rouse, 1961; a l s o  see Geol. 

Surv., Cainada, Paper 62-17, p. 19;  Ann. Repts., 1960, p. 35; 1961, p. 33) .  

One of t h e  dykes a t  Highland Va l l ey  is r epor t ed  t o  have an i s o t o p i c  age 

of 50 m i l l i o n  y e a r s ,  (White e t  a l . ,  1967, p. 689) i n d i c a t i n g  an Eocene 

age  and a.greeing w i t h  t h e  f i e l d  obse rva t ion  t h a t  t h e  dykes c l o s e l y  resemble 

some of t h e  lowermost l a v a s  on Forge Mountain i n  gene ra l  composi t ion and 

appearance. I n  common wi th  l o c a l  post-mineral b a s a l t  dykes on Forge 

Mountain, t h e  l igh t -co loured  a n d e s i t e  dykes a r e  t h e r e f o r e  regarded as t h e  

i n t r u s i v e  expres s ion  of t h e  Kamloops Group of l avas ,  specimens of which 

from nor th  of Highland Val ley  have been v a r i o u s l y  da ted  as 4 5  m i l l i o n  yea r s  

and 49 m i l l i o n  y e a r s  (see map, Geol. Discuss ion  Club 6U$deboOk, Vancouver, 

1960, r e v i s e d  1968). 



AS i n  many o t h e r  camps, lamprophyre dykes occur  mainly i n  f a u l t s  

0 

and a t  Highland Va l l ey  are v i r t u a l l y  unmineral ized.  

t h a n  t h e  l i gh t - co lou red  a n d e s i t e  dykes, a l though t h i s  re la t ive  age  is  

unc onf i rmed , 

They may be e a r l i e r  

f i e  ages of t h e  c h i e f  i n t r u s i v e  rocks forming t h e  b a t h o l i t h  have 

been s t u d i e d  r e c e n t l y  by White and h i s  co-workers, w i t h  t h e  r e s u l t  t h a t  

t h e  Guic’hon q u a r t z  d f o r i t e ,  t h e  Bethlehem q u a r t z  d i o r i t e ,  t h e  Bethsaida 

g r a n o d i o r i t e ,  t h e  P porphyry,and b i o t i t e  in brecc ia  on t h e  Bethlehem 

p rope r ty  a l l  provide a r a d i o m e t r i c a l l y  determined age of 200 m i l l i o n  yea r s  

(White e t  a l e ,  19671, 

3 

This  a b s o l u t e  age must be  accepted  a s  uppermost 

T r i a s s i c  or lowermost J u r a s s i c ,  s i n c e  the o l d e r  rocks  v i s i b l y  i n t r u d e  

Upper Triaslslc s t r a t a  and a r e  o v e r l a i n  by e a r l y  J u r a s s i c  conglomerates 

n e a r  Ashcrof t  (see Ashcrof t  memoir, p. 79; Ann, Rept., 1962, pp. 37-39; 

Frebold and Tipper ,  1969).* Moreover, t h e  conglomerates c o n t a i n  boulders  

of t h e  Gtiichon q u a r t z  d i o r i t e  and pebbles  of d a c i t e  porphyry and o t h e r  

rocks ,  i nc lud ing  p o r p h y r i t i c  q u a r t z  d i o r i t e s  t h a t  b e a r  a p a r t i a l  resemblance 

t o  t h e  younger q u a r t z  d i o r i t e .  No d e b r i s  w a s  found of t h e  Bethsaida 

granodior:it,e, whose absence from t h e  conglomerates may i n d i c a t e  t h a t  i t s  

s t o c k  remained roofed i n  t h e  Middle J u r a s s i c .  

Highland Va l l ey  was a p p a r e n t l y  emplaced s c a r c e l y  l a t e r  t h a n  t h e  c h i e f  

The porphyry dyke swarm a t  

i n t r u s i v e  rocks, a t  t h e  c l o s e  of t h e  T r i a s s i c  per iod,  because t h e  da ted  

b i o t i t e  is i n  b r e c c i a  t h a t  formed s imul taneous ly  wi th  porphyry, 

I * Having re-examined f o s s i l  c o l l e c t i o n s  from t h e  o l d e s t  f o s s i l i f e r o u s  
J u r a s s i c  s t r a t a  n e a r  Ashcroft ,  Frebold and Tipper  (1969) concluded t h a t  
t h e s e  s t r a t a  and t h e  under ly ing  conglomerates t o g e t h e r  r e p r e s e n t  t h e  first 
two s t a g e s  of t h e  Lower J u r a s s i c  (Het tangian and Sinemurian) and t h a t  t h e  
b a t h o l i t h  was  emplaced in t h e  uppermost (Rhaet ian)  s t a g e  of t h e  T r i a s s i c .  
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2 1  

The age of copper-molybdenum m i n e r a l i z a t i o n  a t  Highland Val ley  

l i es  somewhere between 200 m i l l i o n  y e a r s  and 49 m i l l i o n  y e a r s ,  or between 

t h e  T r i a s s i c  and Eocene. White and h i s  co l l eagues  (1967, p. 682) c o n s i d e r  

t h a t  b i o t i t e  i n  minera l ized  b r e c c i a  a t  t h e  Bethlehem p rope r ty  is hydrothermal 

and t h a t  t h e  a s s o c i a t e d  m i n e r a l i z a t i o n  has  a s i m i l a r  age t o  t h e  b i o t i t e ,  

t h a t  is, 199 m i l l i o n  yea r s  a s  determined. Boulders i n  t h e  Middle J u r a s s i c  

conglomerates were examined for evidence of conta ined  m i n e r a l i z a t i o n  and 

a l l  t h a t  was found w a s  p y r i t e ,  a p p a r e n t l y  of hydrothermal o r i g i n ,  i n  por- 

phyry peb;bles t h a t  are no t  n e c e s s a r i l y  from w i t h i n  t h e  b a t h o l i t h .  The 

Craigmont orebody is a p p a r e n t l y  t h e  same age as t h e  b a t h o l i t h ,  namely 

198 m i l l i o n  yea r s ,  accord ing  t o  rubidium-stront ium d a t l n g  of IC-feldspar 

associated with chalcopyrite i n  veins a t  Craigmont (see Chrismas, e t  a l .  

1968). 

F rac tu r ing  and f a u l t i n g  a r e  probably concen t r a t ed  i n  c e r t a i n  

p a r t s ,  a r e a s ,  o r  b e l t s  of t h e  b a t h o l i t h ,  perhaps l a r g e l y  i n  response t o  

stresses imparted by f a u l t  movements i n  t h e  under ly ing  or surrounding 

count ry  rocks (see Carr, 1969). Present  mapping is not  s u f f i c i e n t l y  

advanced t o  a l l o w  complete r e c o g n i t i o n  of t h e  e x t e n t  of t h e  probable  b e l t s  

of f r a c t u r e  and deformation.  F rac tu r ing  of each i n t r u s i v e  body probably 

began as soon as the newly emplaced rock w a s  s u f f i c i e n t l y  cooled  and con- 

s o l i d a t e d  t o  s u s t a i n  b r i t t l e  deformation,  and i t  may have proceeded i n  

success ive  s t a g e s  more or less accompanied by rock a l t e r a t i o n  and i n  p l a c e s  

by f a u l t i n g .  

rocks ,  though p o s s i b l y  n o t  u n t i l  a f t e r  mine ra l i za t ion .  Recent ly ,  evidence 

sugges t s  t h a t  important  l a t e r a l  movements have occurred  on f a u l t s  su&-.-_-_ 

sequently t o  mineralization (see Minister of Mines, B.C., Ann. b p t . ,  

1968, F i g .  20). 

Fau l t ing  may have dominated l a t e r  i n  deformation of these 

- -  _ _ _ _ _  ~ _ _  -- -- ..e - 
- /  

I___--- ___- - -_ ---------- -- ~ - -  I 

Even now, f e w  f a u l t s  5,n the  area are  located precisely k ! !  % --i 

“b 

enough to  show on a de ta i l ed ,  
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f a c t u a l  geo log ica l  map. 

r ep resen ted  by some of t h e  many topographic  l ineaments  t h a t  a r e  v i s i b l e  

on topographic  maps and a i r  photographs of t h e  a r e a .  

Other  f a u l t s  could be surmised which may be 

GUICHON QUARTZ DIORITE 

This  ch ie f  r e p r e s e n t a t i v e  of t h e  o l d e r  rocks is r e s t r i c t e d  on 

t h e  map (Pig. 3) t o  t h e  no r th  s i d e  of Highland Val ley ,  where i t  u n d e r l i e s  

much of a l a r g e  area l y i n g  east of a l i n e  t h a t  extends n o r t h  almost  t o  t h e  

Tro jan  mine and thence  northwestward. To t h e  west i t s  c o n t a c t  w i th  t h e  

Beaver q u a r t z  d i o r i t e  is obscured by ove r ly ing  T e r t i a r y  l a v a s  and by 

s u p e r f i c i a l  d e p o s i t s .  To t h e  east ,  no t  far beyond t h e  mapped a r e a ,  i t  

appa ren t ly  grades  t o  da rke r  q u a r t z  d i o r i t e s  and d i o r i t e s  which occur  east 

of a l i n e  ex tending  more o r  less northward through a po in t  about  1 1 / 2  

miles east  of B.X. Lake. To t h e  south  i t  g i v e s  way on t h e  Bethlehem 

p rope r ty  t o  a l a r g e  younger i n t r u s i o n  of t h e  Bethlehem q u a r t z  d i o r i t e ,  

and f a r t h e r  east ,  roughly a long  Witches Brook, t o  a d i f f e r e n t  v a r i e t y  of 

t h e  o l d e r  q u a r t z  d i o r i t e  named t h e  Chataway q u a r t z  d i o r i t e ,  which is ex- 

posed on ly  beyond A former ex- 

t e n s i o n  of t h e  Guichon q u a r t z  d i o r i t e  t o  t h e  sou th  i s  i n d i c a t e d  by i t s  

occurrence  as fragments i n  a b r e c c i a  on Gnawed Mountain. To t h e  n o r t h  

t h e  rock probably ex tends  beyond t h e  mapped a r e a  but  is l a r g e l y  hidden 

by s u p e r f i c i a l  d e p o s i t s .  

t h e  p re sen t  area (see Nor thcote ' s  map). 

r 

The Guichon q u a r t z  d i o r i t e  forms massive outcrops  of a l i g h t  

grey  colotzr and has  a g e n e r a l l y  u n i f o m  appearance except  where a l t e r e d .  

It i s  a moderately dark ,  equ ig ranu la r  and medium-grained rock wi th  a weak, 

p e r c e p t i b l e  f o l i a t i o n  t h a t  i s  due t o  alignment of c r y s t a l s  p r i n c i p a l l y  of 

p l a g i o c l a s e  and, t o  a lesser degree,  of hornblende. The f o l i a t i o n  i s  
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g e n e r a l l y  s t e e p  and from p lace  to place it varies widely i n  s t r i k e  about  

nor th .  J o i n t s  are v a r i a b l e  i n  a t t i t u d e  and belong t o  several sets, of 

which one appears  more or less t o  fo l low t h e  f o l i a t i o n  and o t h e r s  may 

re late  q a r t l y  t o  ad jacen t  f a u l t s ,  n e a r  which t h e s e  j o i n t  sets become 

s t r o n g e r  and more c l o s e l y  spaced. The rock con ta ins  scarce i n c l u s i o n s ,  as 

much as 1 f o o t  across, which are more o r  less rounded and are composed of 

a dark ,  f ine-grained d i o r i t i c  rock r i c h  i n  hornblende and b i o t i t e .  The 

q u a r t z  d i o r i t e  is c u t  r a r e l y b f  narrow, pale-coloured a p l i t e  ve ins  and, in 

some p laces ,  more p l e n t i f u l l y ,  by pink a p l i t e  v e i n s  which mainly occur  close 

t o  younger i n t r u s i o n s .  

The Gufchon q u a r t z  d i o r i t e  is d i s t ingu i shed  from o t h e r  rocks by 

t h e  fol lowing f e a t u r e s ,  which a r e  visible e i t h e r  with the unaided eye or 

under  a pocket lens:* (1) A c o a r s e l y  speckled  appearance,  which r e s u l t s  

0 
from t h e  even d i s t r i b u t i o n  of dark  minera ls  as i r r e g u l a r l y  shaped aggre- 

g a t e s  (Plate I a ) ;  (2) t h e  wedge t e x t u r e  of q u a r t z  (Fig. 6 and P l a t e  Va): 

(3) a l a c k  of o s c i l l a t o r y  zoning i n  p l ag ioc la se .  The l i g h t  minera ls  i n  

t h e  rock are c lear  qua r t z ,  whi te  o r  g r e y  p l a g i o c l a s e  f e l d s p a r ,  and pink 

o r t h o c l a s e  f e l d s p a r .  

g reen  hornblende. Present  i n  small amounts are t h e  accessory  minera ls  

a p a t i t e ,  magnet i te ,  sphene, monazite, and z i rcon .  The rock t e x t u r e  is 

hypidiomorphic-granular, w i t h  p l a g i o c l a s e  and hornblende occurr ing  most ly  

as f a i r l y  well-shaped c r y s t a l s  and q u a r t z ,  o r t h o c l a s e ,  and b i o t i t e  most ly  

as i r r e g u l a r l y  p o i k i l i t i c  or enclos ing  masses, 

t h e  rock conso l ida t ed  from an i n i t i a l  spongy mass of c r y s t a l s  some of which, 

by a d d i t i o n s  from t h e  c r y s t a l l i z i n g  l i q u f d ,  a t t a i n e d  a p o i k i l i t i c  h a b i t .  

* I n  a l l  Highland Val ley  rocks,  t h e  t e x t u r a l  r e l a t i o n s h i p s  of the f e l d s p a r s ,  

The dark  minera ls  are c h i e f l y  black b i o t i t e  and dark  

This t e x t u r e  sugges t s  t h a t  

q u a r t z  and f ine-grained groundmass, if p r e s e n t ,  are more r e a d i l y  seen  if t h e  
s u r f a c e  t o  be examined is f i r s t  wet ted.  
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The average c r y s t a l  s i z e  is 2 millimetres and c r y s t a l s  of e i t h e r  p l a g i o c l a s e  

o r  hornblende l a r g e r  than 4 millimetres a r e  r a r e .  P o i k i l i t i c  masses of 

e i t h e r  o r t h o c l a s e  o r  b i o t i t e  a r e  a s  much a s  one-half a centimetre wide, 

whi le  p o i k i l i t i c  qua r t z  is cont inuous i n  some c a s e s  f o r  a d i s t a n c e  of 1 

cent imet re .  Or thoc lase  c o n t a i n s  microscopic  in te rgrowths  of a l b i t e  and is 

t h e r e f  o r e  mic rope r th i t e .  P l ag ioc la se  shows a gradual  i n t e r i o r  zoning and 

a s t r o n g e r  marginal zoning; according t o  o p t i c a l  measurements it ranges 

i n  composition from An t o  An45 and is t h e r e f o r e  andesine.  A modal a n a l y s i s  35 
of t y p i c a l  [Guichon q u a r t z  d i b r i t e  is given  i n  Table  I; t h e  s p e c i f i c  g r a v i t y  

of 2.76 is t h e  h ighes t  measured of Highland Val ley rocks (Table 11). Some 

v a r i a t i o n  i n  t h e  r e l a t i v e  propor t ions  of t h e  mineral  components is apparent  

from place to place; 

t h e i r  t o t a l  is  f a i r l y  cons t an t  a t  about 15  o r  20 per c e n t  by volume of t h e  

thus hornblende may exceed b i o t i t e  i n  amount although 

rack. I n  t h e  no r the rn  and e a s t e r n  p a r t s  of the a r e a  t h e  rock  con ta ins  more 

o r t h o c l a s e  than elsewhere,  having a s  much a s  20 p e r  cent of t h i s  mineral .  

I n  t h e s e  p a r t s ,  too ,  t h e  rock e x h i b i t s  a s l i g h t l y  d i f f e r e n t  t e x t u r e ,  i t s  

q u a r t z  being p a r t l y  more open-textured wt th  occas iona l  compact a r e a s  o r  

"eyes", and t h e  da rk  minera ls  beipg less aggregated.  Southeas t  of t h e  

Highland s h a f t ,  nea r  t h e  Novak road,  t h e s e  t e x t u r a l  d i f f e r e n c e s  a r e  so 

pronounced t h a t  t h e  outcrops  may in f a c t  belong t o  t h e  Beaver q u a r t z  d i o r i t e .  

e BEAVER QUARTZ DIORITE 

Named a f t e r  a group of former mineral  c l a ims ,  t h e  Beaver q u a r t z  

d i o r i t e  occupies  t h e  southern  and wes tern  s l o p e s  of South Forge Mountain 

and fs confined on t h e  sou th  by t h e  Bethlehem q u a r t z  d i o r i t e  and o v e r l a i n  

t o  t h e  no r th  by T e r t i a r y  lavas .  

qua r t z  d i o r i t e  is hidden under  deep overburden and is l oca t ed  approximately 

To t h e  east, a c o n t a c t  w i t h  t h e  Guichon 

by examination of t h e  c u t t i n g s  from a number of r o t a r y - d r i l l  ho les .  To 

I ,  

I 
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t h e  w e s t ,  t:he Beaver q u a r t z  d i o r i k e  may extend i n  d r i f t - cove red  t e r r a i n  

beyond t h e  l i m i t  of p re sen t  mapping. 

This q u a r t z  d i o r i t e  h a p l a c e d  with t h e  o l d e r  rocks  because i t  
I 

l 

is appa ren t ly  in t ruded  by t h e  Bethlehem q u a r t z  d i o r i t e .  It neve r the l e s s  

s h a r e s  some pe t rog raph ica l  f e a t u r e s  wi th  t h e  l a t t e r  and so is cons idered  
3 

t o  be in t e rmed ia t e  i n  age between t h e  Guichon and Bethlehem q u a r t z  d i o r i t e s .  

It resembles t h e  Guichon q u a r t z  d i o r i t e  i n  forming massive outcrops which * /I 
!i' 

a r e  t r a v e r s e d  by rare p a l e  a p l i t e  v e i n s  and a l s o  by!'/joints of v a r i a b l e  

spac ing  and a t t i t u d e ;  i n  bef;ng pedium g ra ined ;  and i n  possess ing  a weak 

f o l i a t i o n ,  which, where recocded, is a l l  n o r t h e r l y  and s t eep .  

from t h e  Guichon qua r t z  d i o r i t e  i n  t h e  fol lowing f i e l d  c h a r a c t e r s :  

is lighter-coloured because of lesser quantities of dark minerals (see 

It d i f f e r s  
L 

I 

(1) It 

t h e  modal analysis, Table I) and consequent ly  has a ,lower s p e c i f i c  g r a v i t y  

(see Table  II)j 

not  aggrega tes ;  

of i n f r equen t ,  well-shaped hornblende c r y s t a l s  whose s i ze  p a r t l y  exceeds 

I 

(2) t h e  da rk  minera ls  are most ly  as s e p a r a t e  c r y s t a l s ,  

(3) it is somewhat p o r p h y r i t i c  due mostly t o  t h e  presence  

one-half centimetre; 

appearance,  being more o r  less r i d d l e d  by small enclosed c r y s t a l s  of plagio-  

c l a s e  and q u a r t z ;  

(4) these hornblende c r y s t a l s  have a s i e v e - l i k e  

(5) q u a r t z  has  an open t e x t u r e  (pig. 6b) and is a l s o  

p a r t l y  i n  compact, shape le s s  masses of "eyes" whose s i z e  reaches  3 m i l l i -  

metres; 

well-shaped p l a t e s  and books of s i z e  a s  much as 3 millimetres; 

clase has o r sc i l l a to ry  zoning, which may be v i s i b l e  under  a pocket l ens .  

Other t e x t u r a l  and composi t ional  f e a t u r e s  of t h e  rock a r e  g e n e r a l l y  sim- 

(6) b i o t i t e  is not  a s  g e n e r a l l y  p o i k i l i t i c  and it p a r t l y  forms 

(7) plagio-  
1 

i l a r  t o  t h o s e  of t h e  Guichon q u a r t z  d i o r i t e .  

m i c r o p e r t h i t i c  and is r a t h e r  inconspicuous because of i t s  p a l e  c o l o u r  

and i t s  d i v i s i o n  i n t o  s m a l l  p o i k i l i t i c  a r e a s ,  which a r e  seldom l a r g e r  t han  

Or thoc lase  i n  t h e  rock is 
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1 m i l l i m e t r e  and p a r t l y  occur  as . ;narrow r i m s  on p l a @ o c l a s e  c r y s t a l s .  

According t o  o p t i c a l  measurement t h e  bulk  of t h e  p l a g i o c l a s e  is c a l c i c  

andesine,  of composition between An and Anso, which is mantled by a more 40 
sod ic  p l a g i o c l a s e  t h a t  is probably o l i g o c l a s e ,  

BETHLEHEM I QUARTZ DIORITE 

This  u n i t ,  known a l s o  a s  t h e  younger q u a r t z  d i o r i t e ,  comprises 

p a r t  of a main body and numerous o t h e r  smaller bodies  i n  t h e  a r e a ,  The 
I 

main body extends beyond t h e , a r e a  a s  a s t o c k  t h a t  is elongated p a r a l l e l  

t o  t h e , b a t h o l i t h  i n  a nor th-nor thwes ter ly  d i r e c t i o n .  
I 

I t s  c e n t r e  is occupied 

by t h e  Bethsaida s tock ,  whose age is probably l a t e r .  The western  edge of 

t h e  main body l i es  w e s t  of t h e  a r e a  and it  extends northward probably 

through a pboint about 3 miles west of Indian Reserve No. 12.  The e a s t e r n  

edge extends northward under  cover  from a point about 2 miles east of 

Gnawed Mountain; i t  e n t e r s  t h e  arela n e a r  Indian  Reserve No. 14 and thence  

c r o s s e s  t h e  Bethlehem p rope r ty  t o  t h e  Beaver claims wi th  an i r r e g u l a r ,  

no r thwes te r ly  t r a c e .  
I 

Any f u r t h e r  ex tens ion  of t h e  body i n  t h i s  d i r e c t i o n  

is unknown. Within t h e  a r e a  t h e  madn body is emplaced v a r i o u s l y  i n  t h e  

Guichon and Beaver q u a r t z  d i o r i t e s .  The s m a l l e r  bodies  are s c a t t e r e d  

throughout t h e  n o r t h  and n o r t h e a s t  p a r t s  of t h e  a r e a  a t  d i s t a n c e s  of as 

much a s  5 miles from t h e  main body, 

p a r t l y  l a r g e  dykes which t r end  predominantly w e s t  of nor th  and are a l l  

emplaced i n  t h e  Guichon q u a r t z  d i o r i t e .  

They a r e  p a r t l y  i r r e g u l a r  bodies  and 

The main body c o n s i s t s  most ly  of weakly p o r p h y r i t i c ,  medium- 

gra ined  qua r t z  d i o r i t e  which p e r s i s t s  i n  p l aces  t o  wi th in  s h o r t  d i s t a n c e s  

of t h e  edge of the body; 

western: edge o u t s i d e  t h e  a rea .  

t h a t  fohn t h e  edge of t h e  body a r e  hidden by c o v e r e d i i n t e r v a l s  a l l  as much 

f o r  example, on t h e  Beaver group and along t h e  

A t  t h e s e  p l aces ,  any f i n e r  g ra ined  rocks 

I 

I 
I 

1 0 
I 

I 
I I 

I 
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as1 200 f e e t  wide. 

main body is p a r t l y  w e l l  exposed and is formed partl ly of f i n e r  gra ined  

rocks ,  mainly p o r p h y r i t i c  qua r t z  d i o r i t e  and a d i s t i n c t  phase,  t h e  Bethlehem 

I n  c o n t r a s t ,  on t h e  Bethlehem p rope r ty  t h e  edge of t h e  

g r a n i t e .  

more o r  less s i m i l a r  t o  t h a t ' o f  t h e  main body on t h e  Bethlehem property.  

A t  some c o n t a c t s  t h e  p o r p h y r i t i c  q u a r t z  d i o r i t e  grades  t o  an unusual marginal 

type  known as t h e  c o n t a c t  q u a r t z  d i o r i t e ,  which l o c a l l y  forms s e p a r a t e  

small bodies .  

The s m a l l e r  bodies  i cons i s t  mostly of  p o r p h y r i t i c  q u a r t z  d i o r i t e  I 

1 

I 

I I 

The a t t i t u d e  of a l l  t h e  va r ious  bodies  ils g e n e r a l l y  unknown, I 

I 

except  on t h e  Bethlehem proper ty  where numerous wedges and s h e e t s  p r o j e c t  

from t h e  main body a t  a l l  a t t i t u d e s .  

quartz d i o r i t e  forms a bas in- l ike  surface beneath 

I 

A t  t h e  Jerse 

s i m i l a r  shape may o b t a i n  f o r  'a body p a r t l y  under ly ing  t h e  Krain depos i t  

(see Figs. 9 and 19 ) .  In  d e t 4 a i l ,  c o n t a c t s  tend  t o  j o g  and s h i f t  in a t t i -  I 

tude  and they  appear  p a r t l y  90 fo l low l o c a l l y  t h e  d i i rec t ions  of j o i n t s  

i n  t h e  Guichon qua r t z  d i o r i t e .  

t a c t s  on t h e  Bethlehem p rope r ty  varies; 

Jersey  orebody, where an unusual v a r i e t y  of t h e  mediium-grained Bethlehem 

q u a r t z  d i o r i t e  e x h i b i t s  a pronounced c r y s t a l  alignment of hornblendes par- 

I 

Thei degree of c h i l l i n g  ev iden t  a t  t h e  con- 

none is apparent  south of t h e  East 

a l l e l  t o  t h e  s t e e p  a d j o i n i n g < c o n t a c t .  On t h e  4600 l e v e l  t o  t h e  w e s t  of t h e  

J e r s e y  orebody, t h e  p o r p h y r i t i c  q u a r t z  d i o r i t e  appeared t o  show no c h i l l i n g  

a g a i n s t  t h e  Guichon q u a r t z  d i ' o r i t e .  

of t h e  Iona zone and a t  o t h e r  s i m i l a r  c o n t a c t s  seen elsewhere i n  t h e  area, 

t h e  p o r p h y r i t i c  q u a r t z  d i o r i t e  shows an  i n c r e a s i n g l y  f i n e r  g r a i n  wi th in  

2 f e e t : o f  t h e  c o n t a c t ,  w h i c h ' i s  commonly occupied by a one-half i nch  wide 

In c o n t r a s t ,  on s u r f a c e  t o  t h e  e a s t  

r, 

s e lvage  of pink granophyric  

younger rock and possess ing  

metre. II Contact metamorphic 

q u a r t z  monzonite, r ep resen t ing  t h e  edge of t h e  

an average g r a i n  s i z e  of1 about one-half rnilli- , 

e f f e c t s  in t h e  a d j a c e n t  Guichon q u a r t z  d i o r i t e  
I 

I !  
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a r e  not d e f i n i t e l y  evidenced, being hard t o  t e l l  a p a r t  from hydrothermal 

a l t e r a t i o n ,  but  e f f e c t s  such a s  s i l i c i f i c a t i o n  and a p a r t i a l  r e c r y s t a l l i z a t i o n  

of t h i s  rock nea r  some c o n t a c t s  on t h e  Bethlehem p rope r ty  may be due a t  l e a s t  

i n  p a r t  to metamorphism. As a l r e a d y  mentioned, i n  p l aces  pink a p l i t e  dykes ' 

i n c r e a s e  i n  numbers i n  t h e  o l d e r  rock  toward t h e  bodies  of younger q u a r t z  

d i o r i t e  and so may be i n j e c t i o n s  from t h e  l a t t e r ,  

The Bethlehem q u a r t z  d i o r i t e  forms pale-coloured outcrops  i n  

which the spac ing  of j o i n t s  v a r i e s  cons ide rab ly ,  p a r t l y  being c l o s e  enough t o  

d i v i d e  t h e  rock  i n t o  narrow s l a b s  and prisms. The rock con ta ins  a few in-  

c l u s i o n s  which a r e  much l i k e  those  i n  t h e  o l d e r  rocks and it mostly possesses  

a weak, s c a r c e l y  p e r c e p t i b l e , f o l i a t i o n ,  o r  c r y s t a l  a l ignment ,  t h a t  has  not  

been s y s t e m a t i c a l l y  mapped, It is cut by a p l i t e  dykes, no d i f f e r e n t  appar- 

e n t l y  from those  i n  t h e  o l d e r  rocks ,  and which a r e  e i t h e r  wh i t e  and as much a s  

4 f e e t  wide or p ink  and more numerous and narrower. 

Compared t o  t h e t o l d e r  q u a r t z  d i o r i t e s  t h e  rock is d i s t i n c t i v e  i n  

t h e  f i e l d  due t o  t h e  fol lowing assemblage of f e a t u r e s :  

(5) 

I t s  l i g h t  c o l o u r  (dark minera ls  g e n e r a l l y  amounting t o  less than 10  

p e r  cent$ 

Dark c r y s t a l s  s epa ra t ed  d i s c r e t e l y  and not  aggregated.  

Its more o r  less porphyr f t i c  appearance,  p r i n c i p a l l y  due t o  occas iona l  

l a r g e  hornblendes and p l a g i o c l a s e s  

Well-shaped hornblendes,  p a r t l y  a s  l a r g e  s i e v e - c r y s t a l s  and p a r t l y  small  

needles .  

Compact, smal l  p l a t e s  and books of b i o t i t e ,  which is not  p o i k i l i t i c  and 
I 

I 

! 

mostly e i t h e r  equals  o r  exceeds hornblende i n  amount. 

Complex p l a g i o c l a s e  zoning, seen u s u a l l y  wfth a pocket l e n s .  
, 

Dilstincztive shapes of q u a r t z ,  p a r t l y  as phenoc&stic  "eyes" and p a r t l y  

i n  eitlher dappled o r  open t e x t u r e  (see F igo  6, b and c )  , 
I 

I 
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I 

Other d i s t i n c t i v e  f e a t u r e s  may a l s o  be p re sen t  , i nc lud ing  pink o r t h o c l a s e  

rims p a r t l y  surrounding t h e  p l a g i o c l a s e  c r y s t a l s ,  
I / I  

Typical  medium-grained q u a r t z  d i o r i t e  occurs  on e i t h e r  s i d e  of t h e  

Bethsaida s t o c k  t o  t h e  sou th  of Highland Val ley  where it used t o  be known a s  

t h e  Skeena q u a r t z  d i o r i t e .  Where f r e s h  i t  forms l igh t -co loured ,  massive out-  

c rops  in which t h e  rock has  a l i g h t  grey  t o  p ink i sh  c a s t  and is speckled by 

dark minera ls  (see P l a t e  l b ) .  

dark,  r e c t a n g u l a r  o u t l i n e s  of hornblendes a s  much a s  1 cen t ime t re  i n  s i ze  which 

appear  s i e v e - l i k e  due t o  t h e  i n c l u s i o n  of numerous smal l  p l a g i o c l a s e  g ra ins .  

On c l o s e  examfnapion t h e s e  hornblendes also i nc lude  g r a i n s  of o t h e r  components 

of t h e  rock such as b i o t i t e ,  magnet i te ,  and r a r e l y  qua r t z ,  Besides hornblende, 

o t h e r  l a r g e  cqys,tals i n  t h e  rock are variously of pl 'agioclase fe ldspar ,  quartz, 

A p o r p h y r i t i c  n a t u r e  ,is evidenced c h i e f l y  by 

? 

(I 

l 

and b i o t i t e .  The p l a g i o c l a s e  ph cr)rs ts  reach  one-half centimetre i n  

size and a r e  w e l l  shaped, a s  is usual  for t h i s  mineral  i n  a l l  t h e  Highland 

Val ley  rocks. 

t h e y  r e t a i n  a d i s c r e t e  appearance,  they  may t o t a l l y  )enc lose  minute plagio-  

c l a s e  g r a i n s  and t h e i r  o u t l i n e s  a r e  p a r t l y  ragged dule t o  a d d i t i o n  of late- 

c r y s t a l l i z i n g  qua r t z ,  

w h e d r a l  s h o r t  books and p l a t e s .  

t o  perhaps 20 p e r  c e n t  of t h e  rock, t h e  remalning c r y s t a l s  range widely 

i n  s i z e  from one-half 

appearance t o  t h e  rock under c l o s e  examination. 

morphic-granular,  wi th  abundant well-shaped c r y s t a l s  v a r i o u s l y  of p l a g i o c l a s e ,  

hornblende, and b i o t i t e  being surrounded by o t h e r s ,  c h i e f l y  of q u a r t z  and 

oqthoclase ,  which a r e  poor ly  shaped and a r e  adapted t o  f i t  between t h e  

I 

I 

Quartz phenocrysts  a r e  4 millimetres i n  s i z e  and, a l though 
I 

I 

B i o t i t e  phenocrysts  a r e  4 millimetres wide and are 

Excepting phenocrysts ,  which may amount 

millimetre to 3 millimetres, g iv ing  a n  inequ ig ranu la r  

The t e x t u r e  i s  hypidio- 

well-shaped ones. Quar tz  is d i s t i n c t l y  g ranu la r ,  t h e  phenocrysts  being 
I 

seen under t h e  
I, 

microscope t o  c o n s i s t  of aggregated g r a i n s  which formed 

A 
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probably due t,o i nve r s ion  of a s i n g l e  ind iv idua l  duking coo l ing  of t h e  

'rock, !The ove,raill qua r t z  t e x t u r e  ranges between t h e  dappled and open 
I /  

I 

t e x t u r e s  which1 a r e  i l l u s t r a t e d ,  and t h e  open-textured qua r t z  comprises 

i n t e r l o c k i n g  g r a i n s  of s i z e  most ly  between one-half m i l l i m e t r e  and 1 

millimetre. Or thoc lase  is pink and most ly  non-pe r th i t i c  and, a l though 

p a r t l y  , 'occur r ing  a s  i n t e r s t i t i a l  g r a i n s  and a s  r i m s  on t h e  plagiocLase 

c r y s t a l s ,  i t  is seen microscopica l ly  i n  p laces  t o  enc lose  o t h e r  minera ls  

i n  p o i k i l i t i c  t e x t u r e  and a l s o  t o  be intergrown c o a r s e l y  with q u a r t z ,  

P l ag ioc la se  has  a zoning more complex and wi th  more numerous r e v e r s a l s  than 

t h a t  i n  p l a g i o c l a s e  of t h e  Beaver q u a r t z  d i o r i t e ,  and t h e  c r y s t a l s  have 

wide margins whose composition is a s  sod ic  a s  o l igoc la se .  

measured compositions of the  i n t e r i o r s  of crys ta l s  are as c a l c i c  as andesine 

1 

The o p t i c a l l y  

I 

'[An ). Although most b i o t i t e  is w e l l  shaped, a c e r t a i n  amount of t h i s  40 
mineraJI has a shreddy,  i n t e r s t i t i a l  h a b i t  due t o  i t s  la te  c r y s t a l Z i z a t i o n .  

I i 
I 

Accessory minera ls  i n  t h e  rock  a r e  those  common t o  most Highland Va l l ey  

rocks ;  t hey  inc lude  a p a t i t e ,  magnet i te ,  sphene, and monazite which a r e  

s c a t t e r e d  ars most ly  well-shaped smal l  g r a i n s  of e a r l y  c r y s t a l l i z a t i o n .  The 

t y p i c a l  medium-grained rock has  a mine ra log ica l  composi t ion,  o r  mode, which 

I 

I 

~ 

is g e n e r a l l y  s i m i l a r  t o  t h a t  given i n  Table  1 f o r  t h e  f i n e r  gra ined  por- 

phyr i t i i c  q u a r t z  d i o r i t e ,  a l though medium-grained rocks on t h e  Lornex 

p rope r ty  may show a s  much a s  15  pe r  c e n t  by volume of dark minera ls  i n s t ead  
, 

of t h e  'lesser amounts which a r e  more g e n e r a l l y  p re sen t ,  

has a (measured s p e c i f i c  g r a v i t y  of 2.69, which is c l o s e  t o  t h a t  of o t h e r  

The t y p i c a l  rock 

p r i n c i p a l  v a r i e t i e s  of t h e  Bethlehem q u a r t z  d i o r i t e  (see Table 11). 

Medium-grained Bethlehem q u a r t z  d i o r i t e  t h a t  occurs  on t h e  Beaver 
1 

c la ims  d i f f e r s  from t h e  t y p i c a l ,  o r  Skeena, v a r i e t y  i n  t h e  fo l lowing  ways: 

(1) 

I 

Quartz phenocrysts  p a r t l y  reach  a s i z e  of 1 cen t ime t re ,  
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(2) Quartz i n  t h e  groundmass,has  t h e  open t e x t u r e  and, l i k e  t h e  accompany- 

ing  o r thoc la se ,  i t  is i n  s e m i - p o i k i l i t i c  g r a i n s  which reach  a s i z e  of 

2 t o  3 millimetres, 

Hornblende equals  o r  exceeds b i o t i t e  i n  amount and is p a r t l y  i n  (3) 

needles  a s  long a s  3 m i l l i m e t r e s ,  

Quartz d i o r i t e  occur r ing  t o  t h e  southwest of t h e  Iona zone on t h e  

Bethlehem p rope r ty  is a markedly inequigranula , r  rock  which is assumed t o  

grade  i n t o  nearby p o r p h y r i t i c  q u a r t z  d i o r i t e  and resembles t h e  rock on t h e  

I 

I 

Beaver c la ims  i n  items 2 and 3f above. It d i f f e r s  from most o t h e r  v a r i e t i e s  
, 

of thelBethlehgm q u a r t z  d i o r i t e  i n  lack ing  q u a r t z  phenocrysts  of s i z e  

g r e a t e r  t han  3 : m i l l i m e t r e s  and i n  con ta in ing  a s  much as 17 p e r  c e n t  of dark  

minerals, which give it  a measured specific gravity as abnormally high as 

I/ 
2.75. 

t h e  rock is between An4* and An45, and t h e r e f o r e  not  much d i f f e r e n t  t o  

t h a t  in o t h e r  v a r i e t i e s .  

I 
i 

The measured composition of t h e  c e n t r e s  of p l a g i o c l a s e  c r y s t a l s  i n  

11 
I 

Host of t h e  Bethlehem q u a r t z  d i o r i t e  of t h e  maimbody on t h e  

Bethlehem proper ty  and of t h e  s m a l l e r  bodies  f a r t h e r  no r th  and e a s t ,  re- 

s p e c t i v e l y ,  is t h e  v a r i e t y  termed p o r p h y r i t i c  q u a r t z  d i o r i t e ,  This is a 

I 
i 

l igh t -co loured ,  more o r  less f ine-gra ined ,  i nequ ig ranu la r  rock whose v a r i e d  

appearance is i l l u s t r a t e d  ( P l a t e  1, c and d) .  About ha l f  t h e  rock c o n s i s t s  

of c r y s t a l s  of 2 millimetre s i z e  o r  g r e a t e r ,  of which a smal l  p ropor t ion  

a r e  phenocrysts  whose s i z e  is1 3 millimetres of g r e a t e r .  The rest of t h e  

rock c o n s i s t s  of s m a l l e r  c r y s t a l s  whose average'  s i z e  determines t h e  e x t e n t  

t o  which t h e  rock is Pine gra ined .  Phenocrysts a r e  of t h e  same minera ls  

a s  phenocrysts  i n  t h e  t y p i c a l  medium-grained q u a r t z  d i o r i t e ,  which they  

mostly resemble in s i z e  and c h a r a c t e r .  I n  much of t h e  p o r p h y r i t i c  q u a r t z  

d i o r i t e  however, ,i b i o t i t e  phe,nocrysts a r e  p l a t e s  r a r e l y  exceeding 3 m i l l i -  

metres ,and qua r t z  phenocrysts ,  a l though p a r t l y  occurr ing  a s  l a r g e  a s  1 
/ I  I 

A 
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I 

I t  

1 

I' 

I' 

, 

cen t ime t re ,  may elsewhere be  missing. 

squa t  and s i e v e - l i k e  and p a r t l y  long needles  and prisms, which by t h e i r  

Hornblende phenocrysts  a r e  p a r t l y  
I 

alignment g i v e  t h e  rock anl  i m p e r s i s t e n t  f o l i a k i o n .  The medium-sized 

c r y s t a l s  i n  t h e  rock a r e  mostly of p l ag ioc la se ,  which has  t h e  usua l  complex 

zoning and possesses  c o r e s  whose composition bas  been measured v a r i o u s l y  

as being as c a l c i c  a s  Anso,, bu t  most ly  about An4o. 

of t h e  rock i b  d i s t i n c t l y  pink;  

o r t h o c l a s e ,  and some p l a g i o c l a s e ,  and, by s e p a r a t i n g  and enc los ing  t h e  

l a r g e r  c r y s t a l s ,  it g ives  a markedly porphyr ik ic  o v e r a l l  a spec t  t o  t h e  

rock. 

;I I /  

The f i n e r  gra ined  p a r t  
1 

i t  c o n s i s t s  c h i e f l y  of q u a r t z ,  p e r t h i t i c  

This f i n e r  gra ined  p a r t  has an average g r a i n  s i z e  ranging from 1 

millimetre i n ;  some rocks t o  one-half millimetre i n  o the r s .  

is t y p i c a l l y  dappled, involv ing  t h e  wide d i s p k r s a l  of qua r t z  as small grains 

and patches which v a r i o u s l y  a r e  set between c k y s t a l s  of o t h e r  minera ls  and 

are margina l ly  intergrown wi th  d i s c r e t e  but g e n e r a l l y  shape le s s  o r t h o c l a s e  

Its t e x t u r e  

l 

(see P l a t e  IC and P l a t e  Vb). I n  $he f i n e r  gr,ained rock t h e  dappled t e x t u r e  

is so , f i n e  as t o  appear  a p l i t i c .  I n  t h e  c o a r s e r  gra ined  rocks ,  o r t h o c l a s e  

p a r t l y  fonms prominent r i m s  on p l a g i o c l a s e  c r y s t a l s  and t h e  q u a r t z  t e x t u r e  

is p a r t l y  open and p a r t l y  dappled, A p ropor t ion  of t h e  dark  minera ls  is 
, 

f i n e  g r a i n e d , ;  and b i o t i t e  e s p e c i a l l y  is p a r t l y  shapeless .  
I 

i The measured mode of t h e  p o r p h y r i t i c  q u a r t z  d i o r i t e  (Table 1) is 

not  e n t i r e l y  r e p r e s e n t a t i v e ,  f o r  in many p laces  t h e  rocks possess  b i o t i t e  

and hornblende amounting t o g e t h e r  t o  about 1 0  p e r  c e n t  of t h e  whole, and 

they may v a r i o u s l y  possess  a s  much a s  10 p e r  c e n t  o r t h o c l a s e  and 30 p e r  

l 

$1 
* I  

1 

cen t  qua r t z .  B i o t i t e  may exceed hornblende, or v i c e  v e r s a ,  and i n  some 

p laces  b i o t i t e  is accompanied by only  s c a r c e  hornblende. 

s p e c i f i c  g r a v f t y  of specimens is v a r i o u s l y  2 , 6 8  and 2.69  (see Table 11). 

The measured 

A 



e 
33 

I 

'I 

A so-ca l led  c o n t a c t  qua r t z  d i o r i t e  is i n  f a c t  a h o l o c r y s t a l l i n e  
I 

porphyry whos,e occurrences r a r e l y  are g r a d a t i o n a l  t o  t h e  Bethlehem porphy- 

I 
' r i t i c  q u a r t z  d i o r i t e  and more commonly are s e p a r a t e ,  more or less i r r e g u l a r  

p a r t l y  dyke-like bodies  t h a t  are emplaced i n  t h e  Guichon qua r t z  d i o r i t e ,  

g e n e r a l l y  c l o s e  t o  bodies  of t h e  po rphyr i t i c  qua r t z  d i o r i t e .  

no t  s e p a r a t e l y  d i s t ingu i shed  on t h e  geo log ica l  maps accompanying t h i s  

The rock i s  
I 

r e p o r t ,  being mainly includdd wi th  t h e  hos t  Guichon qua r t z  d i o r i t e  and 

r a r e l y  shown as p a r t  of t h e  Bethlehem q u a r t z  d i o r i t e .  

The occurrences a r e  p a r t l y  v a r y  l i m i t e d  i n  ou tcrop  and they  a r e  

, a l l  l oca t ed  n,prth of Highland Va l l ey  i n  two groups.  Bodies forming a 

nor thern  group are s c a t t e r e d  i n  an e a s t e r l y  d i r e c t i o n  from south  of t h e  Kra-in 

minera l ized  zone, as follows: 
, 

(a) ,  Severa l  ou tcrops  p a r t l y  sepa ra t ed  by t h e  Guichon q u a r t z  d i o r i t e ,  

extending n o r t h e r l y  f o r  as much a s  1,000 f e e t  on t h e  w e s t  s i d e  of 

t h e  Krain road,  

Krain camp, n e a r  t h e  c o l l a r  of d r i l l  h o l e  No. 24, and it  shows a 

rapid g rada t ion  eastwa,rd t o  t h e  p o r p h y r i t i c  q u a r t z  d i o r i t e  (see map, 

Fig.  17) .  

The northernmost ou tcrop  is 350 f e e t  s o u t h  of t h e  
I 

Contact q u a r t z  d i o r i t e  nea r  t h e  s u r f a c e  i n  t h e  d r i l l  

ho le ,  is however not  g r a d a t i o n a l  t o  t h e  p o r p h y r i t i c  q u a r t z  d i o r i t e ,  

from which it  is sepa ra t ed  i n  t h e  hole  by a long s e c t i o n  of t h e  Guichon 

q u a r t z  d i o r i t e ,  The southernmost outcrops occupy an area measuring 

300 f e e t  by 200 f e e t ,  ,and they  a r e  t h e  l a r g e s t  seen anywhere of t h e  

c o n t a c t  q u a r t z  d i o r i t e ;  t h e y  represent  p a r t  of an i r r e g u l a r  body 

emplaced i n  t h e  Guichon q u a r t z  d i o r i t e  bu t  no t  s e p a r a t e l y  d i s t i n -  

guished on t h e  map, 

An outcrop ,  without  exposed c o n t a c t s  and not  d i s t i n g u i s h e d  from t h e  (b) 

Guichon qua r t z  d i o r i t e : , ,  l o c a t e d  immediately sou th  of the.Salmo Pr ince  

access  road about 1,000 f e e t  e a s t  of mapped porphyry dykes. 
I 

I 
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( I  , 
Fakther  sout ,heast , ,  a t  a l oca t&on  8,000 f e e t  west-southwest of Big 

Meadow Lake,I a 10-foot wide no r thwes te r ly  dyke d i p s  t o  t h e  southwest 

!in' t h e  Guichon q u a r t z  d i o r i t e ,  and is c l o s e  t o  a1 mapped body of t h e  

(c )  : I 
I 

I I 

iBeth1ehem :lqu,artz d i o r i t e .  1 

I 

I 
, 

' Bodies 'farming a sou the rn  group extend southward from Bose Lake, _ _  

as fo l lows:  

(a )  A small. ou tc rop  1,000 f e e t  t o  t h e  s o u t h e a s t  of Bose Lake, s h a m  as 

t h e  Bethlehem q u a r t z  d i o r i t e .  

A narrcbwly exposed,, nor th- t rending  dyke s e p a r a t e d  on t h e  e a s t  from a 

l a r g e r  body of t h e  Bethlehem q u a r t z  d i o r i t e  and l o c a t e d  1,300 f e e t  

(b) 

east  of Copper Lake. 

( c )  An' ou tc rop  4,,500 f e e t  f a r t h e r  , t o  t h e  s o u t h e a s t ,  l y i n g  immediately e a s t  

of t h e  Outi,riider road and shown a s  t h e  Guichon q u a r t z  d i o r i t e .  

a r i  hidden; and t h e  body ' l ies  ' apparent ly  between t h e  Bethlehem and 

/I 
Contac ts  

I 

I 
I ,I ! j  1 1  , 

, I  

Guichon quar ' tz  iI d i o r i t e s  : t o  t e a s t  and w e s t ,  r e s p e c t i v e l y .  
, I ,  

(d)  A small  exposure,  w e s t  of a 

of t h e  w e s t  end of Spud Lake,' of t h e  c o n t a c t  q u a r t z  d i o r i t e  i n  sha rp ,  

i r r e g u l a r  c o n t a c t  t o  t h e  ,nor th  w i t h  t h e  Guichon q u a r t z  d i o r i t e ,  from 

which i t  is  not  distingu1i:shed' on t h e  map. 

e porphyry dyke 2,000 fee t  due s o u t h  

This occurrence  is a t  a 
I 

about 1,000 Ifieet from t h e  n e a r e s t  mapped body of t h e  , 

I Bethlehem g u a r t z  d i o r i t e ,  
I 

*The rock  is  da rk  g r e y  and has  a s t r o n g l y  p o r p h y r i t i c  inequigran-  

u l a r  t e x t u r e  t h a t  may not  be immediately ev iden t ,  bu t  is p a r t l y  shown by 

conspicuous hornblende phenocrysts  1 c e n t i m e t r e  i n  s i z e .  Smal le r  pheno- 

c r y s t s  amounting t o  about  ha l f  t h e  rock  c o n s i s t  v a r i o u s l y  o f :  

zoned p l a g i o c l a s e  whose s i z e  i s  r a r e l y  as much as one-half c e n t i m e t r e ;  

! '  

, 

s t r o n g l y  
11 

need le - l ike  hornblendes which a r e  3 millimetres long,  l a r g e l y  unor i en ted ;  

and a r e  perhaps t h e  b e s t  c r i t e r i o n s  f o r  r e c o g n i t i o n  of t h i s  rock and r a r e  

b i o t i t e  p l a t e s  which are ragged, 

g ra ing ,  , p a r t l y  of t h e  same minera ls  and p a r t l y  of q u a r t z  and pink or tho-  

These phenocrysts  a r e  set  amongst s m a l l e r  

c l a s e ,  r e s p e c t i v e l y .  These las t -mentioned minera ls  reach  1 o r  2 millimetres 
I 

I 

j I '  

' 1  
l l  

' 1  A 
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i n  s i ze ,  a r e  p a r t l y  intergrown g r a p h i c a l l y  and enc lose  shreds  and g ranu les  9 

specimens of t h e  rock c o n t a i n  pa tches  ,of a ve ry  f ine-gra ined  groundmass, 

which is taken t o  i n d i c a t e  a l oca l i zed , ,  unduly rap id  c r y s t a l l i z a t i o n .  The 

average g r a i n  s i z e  of t h e  rock is g e n e r a l l y  between 1 and 2 millimetres 

and t h e  dark  minera l  conten t  i s  es t fmated  a t  about 8 p e r  cen t .  

appearance is l a r g e l y  due t o  rock  a l t e r a t i o n ,  which i s  commonly s t r o n g  

The grey 

and s a u s s u r i t i c  i n  na ture .  

BETHLEHEM GRANITE 

A body comprising both  g r a n i t e  and q u a r t z  monzonite is exposed a 

s h o r t  d i s t a n c e  w e s t  of t h e  t o p  t r e n c h  of t h e  Iona zone on t h e  Bethlehem , 

property and is emplaced ent ire ly  w i t h i n  t h e  Bethlehem quartz diorite 

(see map, Fig. 7). I ts  exposed area measures some 1,000 f e e t  long i n  a 

n o r t h e a s t e r l y  d i r e c t i o n  and has  a width of about 600 f e e t ,  bu t  t h e  body 

may extend f u r t h e r  south  beneath a d r i f t - cove red  h i l l s i d e .  Its r e l a t i o n s  

wi th  t h e  q p a r t z  d i o r i t e  a r e  not  w e l l  exposed, bu t  i n  p l aces  on t h e  e a s t  

side t he  two rocksoccur  w i t h i n  a few f e e t  and r e t a i n  t h e i r  d i s t i n c t i v e  
,f 

c h a r a c t e r s .  Consequently t h e  Bethlehem g r a n i t e ,  a s  t h e  u n i t  i s  known, 1s 

l i k e l y  i n  p l aces  t o  be i n t r u s i v e  r a t h e r  than g r a d a t i o n a l  i n t o  t h e  q u a r t z  

d i o r i t e ,  t o  which it is probably r e l a t e d  i n  both  o r i g i n  and t i m e  of em- 

placement. 

The g r a n i t e  and a s s o c i a t e d  q u a r t z  monzonite a r e  conspicuously 

pink, l igh t -co loured ,  more or less p o r p h y r i t i c  rocks which a r e  v a r i a b l y  

f i n e  g ra ined ,  r a t h e r  s t r o n g l y  j o i n t e d ,  and weather  p a r t l y  t o  shades of 

purple .  

c u t  a l s o  t h e  ad jacen t  Bethlehem q u a r t z  d io r i t e , ,  

t h e  c e n t r a l  and no r the rn  outcrops  and is probably g r a d a t i o n a l  t o  g r a n i t e  

They a r e  c u t  by pink,  o r  whi te ,  granophyric  a p l i t e  dykes which 

Quar t z  monzonite occupies  

A 



7 

36 

which occupies  t h e  e a s t e r n  and southern  outcrops.  A l l  t h e  rock is s i m i l a r  

i n  having a g r a n i t i c - t e x t u r e d  groundmass composed of c r y s t a l s  averaging 

._ 

I 

:j l  

between one-half and 1 m i l l i m e t r e  i n  s i z e  and phenocrysts  amounting t o  a s  

much a s  10 p e r  c e n t  of t h e  rock (see P l a t e  Ie). Quartz i n  t h e  groundmass 

mostly appears  dappled, a s  i n  t h e  Bethlehem q u a r t z  d i o r i t e ,  and t h e  ground- 

mass of the rock  is pink due t o  i t s  h igh  con ten t  of o r thoc la se .  I n  o r d e r  of 

abundance, p l a g i o c l a s e ,  q u a r t z ,  and b i o t i t e  make phenocrysts  of s i z e  between 

2 and 3 millimetres, and a r e  accompanied by equa l ly  l a r g e ,  s i e v e - l i k e  horn- 

blende phenocrysts  on ly  i n  the nor the rn  ou tc rops  which a r e  of q u a r t z  monzonite. 

Compared t o  t h e  g r a n i t e ,  qua r t z  monzonite shows a r e l a t i v e  i n c r e a s e  i n  t h e  

amount of p l a g i o c l a s e  p re sen t  a s  chalky-white phenocrysts  and s m a l l e r  g ra ins .  

I n  both  rocks ,  t h e  plagioclase phenocrysts have a complex zoning and an opti- 

cally determined composi t ion,  which i s  bas i c  andes ine ,  t h a t  make them s i m i l a r  

t o  phenocrysts  i n  t h e  Bethlehem qua r t z  d i o r i t e ;  

n e a r l y  a l b i t e  i n  composition. 

t o  those  of t h e  q u a r t z  d i o r i t e  in being composed of i n t e r l o c k i n g  small  g ra ins .  

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

Quartz phenocrysts  of both rocks a r e  similar 

B i o t i t e ,  which forms p l a t e s  and shreds  i n  t h e  groundmass a s  w e l l  a s  r a r e  p l a t y  

phenocrysts ,  i s  commonly t h e  only dark  mineral  p re sen t  a p a r t  from magnetite.  

Or thoc lase  is  p e r t h i t i c  and most ly  forms shape le s s ,  moderate s i z e d  g r a i n s  

which, a s  seen  under  t h e  microscope, v a r i o u s l y  a r e  moulded t o  p l a g i o c l a s e  

and b i o t i t e ,  mutual ly  i n t e r f e r e  wi th  q u a r t z ,  and l o c a l l y  enc lose  sma l l e r  q u a r t z  

I1 

g r a i n s ,  I n  t h e  g r a n i t e ,  o r t h o c l a s e  p a r t l y  combines w i t h  q u a r t z  t o  form 

r a d i a l ,  g raphic  o r  granophyric  in te rgrowths  s e v e r a l  millimetres i n  s i ze  

which occupy a cons ide rab le  volume of rock,  e s p e c i a l l y  t h a t  of t h e  southern-  
/ r  

most outcrops.  This  s t r o n g l y  granophyric  rock c o n t a i n s ,  i n  a d d i t i o n ,  small  

c a v i t i e s  l i n e d  wi th  p r o j e c t i n g  q u a r t z  c r y s t a l s ,  ep ido te ,  and r u s t e d  c h l o r i t e ,  

or mica . 
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The model composition of q u a r t z  monzonite from t h e  c e n t r a l  ou tcrops  is 
S 

given  i n  Table  I; t h a t  of g r a n i t e  is not  g iven  but  would d i f f e r  mainly by 

showing a lower r a t i o . o f  p l a g i o c l a s e  t o  o r thoc la se .  

BEl'HSAIDA GRANODIORITE 

This  incompletely mapped u n i t  forms a s t o c k  which u n d e r l i e s  t h e  Bethsaida 

p rope r ty  amd extends southward and eastward f o r  a f u r t h e r  d i s t a n c e  of more 

than 1 0  miles, 

Bethlehem q u a r t z  d i o r i t e  and has  poor ly  exposed c o n t a c t s  i n  t h e  p re sen t  

The s t o c k  is surrounded l a r g e l y ,  i f  no t  e n t i r e l y ,  by t h e  

I 

I 

a r e a ,  

probably is c l o s e  t o  i t s  nor thern  l i m i t .  

of t he  s t o c k  is mapped nea r  t h e  O.K. mine (see F i g .  3) from w h e r e  it  

goes southwestward beyond t h e  mapped a r e a  f o r  1 1/2 m i l e s ,  be fo re  

No exposures of it a r e  known t o  t h e  n o r t h  of t h e  O.K. road,  which 

The approximate western c o n t a c t  

t u rn ing  southward t o  t h e  west end of Pimainus Lake and cont inuing  f a r t h e r  

t o  t h e  south-southeast .  The e a s t e r n  c o n t a c t  is p r e c i s e l y  loca t ed  only 

nea r  t h e  Lornex d e p o s i t ,  whence it probably ex tends  southeastward t o  t h e  

headwaters of Skuhun Creek, On Gnawed Mountain a mapped body of porphy- 

r i t i c  g r a n o d i o r f t e  is less than 1,000 f e e t  wide,  is h e a v i l y  d i s s e c t e d  by 

porphyry and b recc ia  i n t r u s i o n s ,  and is thought t o  be a connected,  e a s t e r l y  

prong of t h e  Bethsaida s tock ,  which a s  a whole is thereby  i n d i c a t e d  t o  be 

i n t r u s i v e  i n t o ,  and somewhat younger than,  t h e  surrounding Bethlehem 

qua r t z  d i o r i t e .  

There a r e  few p laces  where t h e  s t o c k  is seen i n  a c t u a l  c o n t a c t  w i t h  

t h e  Bethlehem q u a r t z  d i o r i t e .  

by overburden and h e r e  t h e  two rocks outcrop  l o c a l l y  w i t h i n  200 f e e t  of 

one ano the r  wi thout  apprec i ab le  change i n  t h e  g r a i n  s i z e  of e i t h e r .  

The western c o n t a c t  is everywhere obscured 

The 

e a s t e r n  c o n t a c t  a s  seen  i n  Lornex d r i l l h o l e s  is p a r t l y  a f a u l t e d  one and 

A 



I !  I 8  

38 
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I 

i; 

p a r t l y  one a t  which t h e  g r a n o d i o r i t e  grades  margina l ly  t o  porphyry i n  

c o n t a c t  w i t h  t h e  q u a r t z  d i o r i t e .  

porphyry, is seen  in d r i l l  h o l e  No. 57 and i n  a t r e n c h  a t  approximately 

This porphyry, named t h e  Bethsaida 

36 South on t h e  Lqrnex base  l i n e .  A t  Gnawed Mountain t h e  Bethsaida por- 

phyry oc:curs as a marginal phase of t h e  p o r p h y r i t i c  g r a n o d i o r i t e  i n  

outcrops  n e a r  t h e  summit bu t  is absen t  a t  some o t h e r  p l aces  on t h e  c o n t a c t ;  

for example, nor th  of t h e  Minex c a b i n  where a dyke of u n c h i l l e d  porphy- 

r i t i c  g r a n o d i o r i t e  c u t s  t h e  q u a r t z  d i o r i t e ,  and l i k e w i s e  i n  t h e  Highmont 

a d l t .  

s y s t e m a t i c a l l y  t h e  Bethsaida porphyry from a l a t e r  breccia-forming 

porphyry has  n e c e s s i t a t e d  its i n c l u s i o n  w i t h  t h e  l a t t e r  as u n i t  No. 5 

The d i f f i c u l t y  experienced a t  Gnawed Mountain i n  d i s t i n g u i s h i n g  

on the m a p  ( P i g .  3 ) .  

In  t h e  p re sen t  a r e a  t h e  Bethsaida g r a n o d i o r i t e  and p o r p h y r i t i c  

g r a n o d i o r i t e  form l igh t -co loured  outcrops  which most ly  show some degree  

of f r a c t u r i n g  and a l t e r a t i o n  and are n e i t h e r  as massive no r  as f r e s h  

as many neen f a r t h e r  south .  I I n  p l a c e s  t h e  rocks are c u t  by p ink  a p l i t e  

v e i n s  which are most ly  less ' than  a few inches  wide and which on Gnawed 

Mountain p a r t l y  c o n t a i n  l a r g e  q u a r t z  phenocrys ts  resembling those  i n  

t h e  h o s t  g r a n o d i o r i t e .  

from t h e  medium- g ra ined  Skeena v a r i e t y  of t h e  Bethlehem q u a r t z  d i o r i t e  

The g r a n o d i o r i t e  d i f f e r s  i n  i t s  f i e l d  appearance 

p r i n c i p a l l y  as fo l lows:  

1. It i s  c o a r s e r  g ra ined ,  having phenocrysts  of s i z e  between one-half 

and 1 cen t ime t re ,  w i th  in te rmedia te -s ized  c r y s t a l s  and a groundmass 

of crystals  averaging  about  1 m i l l i m e t r e  i n  s i z e .  The phenocrysts  

are of q u a r t z ,  b i o t i t e ,  and p l a g i o c l a s e  and are  conspicuous ly  

l a r g e r  than those  i n  t h e  Skeena rock (see P l a t e  l l a ) .  

A 
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2 ,  It is somewhat l i g h t e r  coloured and con ta ins  lesser amounts of dark 

minera ls ,  which commonly form between 5 and 7 p e r  cen t  of t h e  rock. 

e 

3. It i s  l a r g e l y  f r e e  of hornblende, not  only a s  phenocrysts  bu t  a l s o  

a s  _smaller c r y s t a l s ,  and t h e  groundmass t h e r e f o r e  l a c k s  t h e  f i n e  

speckl ing  seen i n  t h e  Skeena rock. 

B i o t i t e  phenocrysts  form t h i c k e r  books, f r e q u e n t l y  measuring as 4 .  

much i n  t h i ckness  as i n  width.  

The mode of t h e  g r a n o d i o r i t e  given i n  Table  1 is no t  e n t i r e l y  

r e p r e s e n t a t i v e ,  being unduly low i n  q u a r t z  and cor respondingly  h igh  

i n  t h e  f e l d s p a r s ,  whose t r u e  amounts are probably n e a r l y  as fo l lows:  

Quartz,  2 5  pe r  c e n t ;  p l a g i o c l a s e ,  60 pe r  c e n t ;  o r t h o c l a s e ,  8 p e r  c e n t ,  

The determined s p e c i f i c  g r a v i t y  (Table 11) is of a specimen from outside 

the a r e a  that con ta ins  minor amounts of hornblende; it is 2.67 and less 

than  t h o s e  of a l l  t h e  p rev ious ly  desc r ibed  rocks. :  The analyzed chemical 

composition and t h e  c a l c u l a t e d  n o m a t i v b  composition of t h e  Bethsaida 

g r a n o d i o r i t e  a s  shown i n  Table  111. 

0 
I Under t h e  microscope t h e  g r a n o d i o r i t e  e x h i b i t s  an hypidio- 

morphic g r a n u l a r  t e x t u r e  which is p o r p h y r i t i c ,  i nequ ig ranu la r ,  and 

much l i k e  t h a t  of t h e  Skeena rock,  

volume 117 both rocks but they  reach l a r g e r  s i z e s  i n  t h e  g ranod io r i t e .  

Quartz phenocrysts  comprise s e v e r a l  aggrega ted ,  i n t e r l o c k i n g  g r a i n s ,  and 

possess  p a r t l y  anhedral  o u t l i n e s  which accommodate to t h e  shape of 

neighbouring bet ter-formed p l a g i o c l a s e  c r y s t a l s  (Plate Vc). They may 

deeply enc lose  smal l  c r y s t a l s  of f e l d s p a r ,  magnet i te ,  and o t h e r  

minera ls ,  

a l though r e l a t i v e l y  w e l l  shaped, t hey  too have p a r t l y  anhedra l  o u t l i n e s ,  

P l ag ioc la se  phenocrysts  a r e  broad and w e l l  shaped and they show a v e r y  

complex o s c i l l a t o r y  zoning which ceases  a t  a wide marginal zone of 

Phenocrysts occupy much t h e  same 

B i o t i t e  phenocrysts  s i m i l a r l y  enc lose  o t h e r  minera ls  and, 

I 

~ 
~ 
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sod ic  composi t ion,  

of a phenocryst  is An 

from t h e  analyzed chemical composi t ion of t h e  rock t h e  average  plagio-  

clase composi t ion i n  t h e  g r a n o d i o r i t e  is probably t h a t  of an  o l i g o c l a s e  

The o p t i c a l l y  determined composi t ion of t h e  c e n t r e  

i n  view of t h e  zoning p resen t  and judging  35; 

c l o s e  t o  An3o. 

The same minera ls  t h a t  form phenocrysts  occur  a l s o  in smaller 

sizes t o g e t h e r  w i t h  o r t h o c l a s e  and accesso ry  minera ls ,  which, i n c l u d e  

magnet i te ,  sphene, a p a t i t e , ,  and z i roon .  Only a small amountsof b i o t i t e  
I 

occurs  as smal l  c r y s t a l s ,  which are g e n e r a l l y  poor ly  shaped and p a r t l y  

enc lose  minute g r a i n s  of q u a r t z ,  p l a g i o c l a s e ,  and o t h e r  minera ls  t o  

form s i e v e - l i k e  c r y s t a l s .  Whatever t h e i r  s i z e ,  a l l  p l a g i o c l a s e  c r y s t a l s  

i n ,  t h e  rock a r e  zoned in like manner to the phenocrysts. Ort)hoclase, 

which is pink i n  hand specimens, forms poor ly  shaped g r a i n s  of I s i z e  

as much a s  2 millimetres and p o i k i l i t i c  masses which are contdnuous 

s p a t i a l l y  f o r  4 millimetres and o p t i c a l l y  f o r  g r e a t e r  d i s t a n c e s  (see 
P l a t e  V c )  . Although p a r t l y  s t r u c t u r e l e s s ,  o r t h o c l a s e  e x h i b i t s ,  i n  

s e p a r a t e  specimens of rock,  several k inds  of i n t e r n a l  s t r u c t u r e  which 

i n c l u d e  weakly o r  s t r o n g l y  developed vein-  and p a t c h - p e r t h i t e  and micro- 

c l i n e  twinning. 

is a micrographic  in te rgrowth  of p l a g i o c l a s e  and q u a r t z  t h a t  is common 

i n  g r a n i t i c  rocks and whose o r i g i n  is d i s p u t e d  (Deer, Howie and Zussman, 

1963, p. 76). 

t o  p l a g i o c l a s e  c r y s t a l s ,  and it  thus  forms a t e x t u r e  which ma< be 

desc r ibed  as a d iscont inuous  v a r i e t y  of t h e  open t e x t u r e  i l l u s t r a t e d  

by Figure  6b. 

of i t s  i n v e r s i o n  t o  a d i f f e r e n t  s t r u c t u r a l  s t a t e ,  e i t h e r  du r ing  coo l ing  

It enc loses  occas iona l  patches of mymeki te ,  which 

Quartz i n  g r a n u l a r  aggrega te s  is n o t i c e a b l y  i n t e r s t i t i a l  
' 

I 

Its g ranu la r ,  i n t e r l o c k i n g  h a b i t  is probably t h e  r e s u l t  

o r  p o s s i b l y  through l a t e r  metamorphism o r  pervas ive  hydrothermal a l t e r a -  '1 

t ion i .  Accessory minera ls  i n  ' t h e  rock i n c l u d e  magnet i te ,  sphene, a p a t i t e ,  
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and z i r con ,  of which magnet i te  is i n  g r a i n s  of s i z e  0.2 m i l l i m e t r e  t h a t  

p a r t l y  coa le sce  t o  form shape le s s  masses a s  l a r g e  as 1 millimetre. 

Sphene is g e n e r a l l y  i n  shape le s s  masses r a r e l y  a s  much a s  2 m i l l i m e t r e s  

i n  s i z e  which a r e  ev ident  i n  hand specimen and commonly enc lose  g r a i n s  

of magnet i te ,  q u a r t z ,  and o t h e r  minerals .  A p a t i t e  forms r e l a t i v e l y  l a r g e ,  

wePl-sha,ped prisms a s  much a s  1 millimetre i n  length .  

I n  c o n t r a s t  t o  t h e  above-described rock i n  t h e  mapped nor the rn  

po r t ion  of t h e  Bethsaida s t o c k ,  g r a n o d i o r i t e  f a r t h e r  south  c o n t a i n s  horn- 

blende a s  prominent s c a t t e r e d ,  s i e v e - l i k e  phenocrysts  and needle- l ike  

sma l l e r  c r y s t a l s  and it  a l s o  c o n t a i n s  cor respondingly  less b i o t i t e ,  

which remains t h e  predominant dark mineral  in t h e  rock. Under t h e  micro- 

scope t h e  sou the rn  Bethsaida granodiorite shows a strongly poikilitic 

t e x t u r e  of both qua r t z  and o r t h o c l a s e ,  o r  mic rope r th i t e .  

Po rphyr i t i c  g r a n o d i o r i t e  d i f f e r s  from t h e  desc r ibed  grano- 

d i o r i t e  c h i e f l y  i n  t h e  dappled texture!  and s m a l l e r  g r a i n  size of i t s  

groundmans (see P l a t e  Vd), 

h a l f  t h e  rock by volume and they resemble t h e  l a r g e r  c r y s t a l s  i n  t h e  

Phenocrysts of vary ing  s i z e  make up about 

dook- o r  concert ina-shaped and they  r a r e l y  exceed one-half cen t ime t re  

i n  width.  Hornblende is r a r e l y  seen,  and then  only a s  smal l  c r y s t a l s .  

Accessory minera ls  a r e  those  u s u a l l y  found in t h e  b a t h o l i t h i c  rocks and 

they  inc lude  magnet i te ,  a p a t i t e ,  and sphene. The dappled groundmass is 

composed p a r t l y  of t h e  same minera ls  a s  t h e  phenocrys ts ;  
-I 

namely, q u a r t z ,  

p l a g i o c l a s e ,  and b i o t i t e ,  It a l s o  c o n t a i n s  o r t h o c l a s e ,  which shows pink 
I L 

i n  ou tcrop  and has  a tendency t o  form rims on p l a g i o c l a s e  c r y s t a l s  a s  

, 
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w e l l  a s  t o  occur  a s  smal l ,  d i s c r e t e  g r a i n s .  

on o t h e r  minerals .  

of 0.2 millimetre 

Quartz is l o c a l l y  moulded 
t 

The groundmass has  an  average g r a i n  s i z e  of t h e  o r d e r  

and t e x t u r a l l y  i t  resembles t h a t  of t h e  Bethlehem 

p o r p h y r i t i c  q u a r t z  d i o r i t e  (see Fig.  6d) ,  

The Bethsaida porphyry d i f f e r s  i n  appearance from t h e  por- 
I *  

p h y r i t i c  g r a n o d i o r i t e  c h i e f l y  i n  possess ing  a f ine-gra ined  a p l i t i c  ground- 

mass, which is whi te  o r  f a i n t l y  pink and i n  which t h e  phenocrysts  of 

qua r t z ,  p l a g i o c l a s e  f e l d s p a r ,  r a r e l y  potash f e l d s p a r ,  and bookish b i o t i t e  

e x h i b i t  a cons ide rab le  range i n  s i z e  and s tand  out  sharp ly .  

Unique Occurrences of sedimentary rock l i e  w i t h i n  t h e  Bethsaida 

g r a n o d i o r i t e  i n  t h e  easternmost  t r enches  on t h e  Bethsaida proper ty .  

pac t  grey q u a r t z i t e ,  t h e  1 i k e : o f  which I s  unknown elsewhere in the vicinity 

of t h e  Guichon b a t h o l i t h ,  is y a r t l y  w e l l  banded and forms two appa ren t ly  

s e p a r a t e  bodies  430 f e e t  apar6 i n  an  e a s t - n o r t h e a s t e r l y  d i r e c t i o n  i n  

t r enches  A and C, which a r e  on' t h e  M.D. No. 5 c l a i m  and F.C. No. 1 

Com- 
I 

I 

I 

1 ,  

I 

f r a c t i o n a l  c la im,  r e s p e c t i 6 e l y  (see map, Fig, 30). Both bodies  a r e  some 

5 f e e t  wide a s  exposed, w i th  walls, banding, and j o i n t s  t h a t  a l l  s t r i k e  

e a s t - n o r t h e a s t e r l y  and d i p  sou the r ly .  

t i g h t  i s o c l i n a l  a r c h  whose a x i a l  p lane  d i p s  southward a t  50 degrees ,  and 

t h e  wal l s  of t h e  body arebaheared and d i p  southward a t  about 60 degrees.  

Banding i n  t h e  western body is poor ly  def ined  and t h e  n o r t h  wa l l  of t h i s  

Banding i n  t h e  e a s t e r n  body makes a 

body has a low s o u t h e r l y  dip.  Both bodies  a r e  r e l a t i v e l y  w e l l  minera l ized  

and they p a r t l y  c o n t a i n  an  es t imated  1 p e r  c e n t  copper  a s  c h a l c o p y r i t e  which 

is disseminated f i n e l y  throughout and whkch t o  some e x t e n t  fol lows banding, 

o r  bedding ( see  P l a t e  I I b ) .  Under t h e  microscope, t h e  rock is mostly a 

granu la r ,  i n t e r l o c k i n g  aggregat le  of q u a r t z  g r a i n s  whose average s i z e  is 
i 1 

I ' I  

approximately 0.2 millimetre and which a r e  s t r o n g l y  clouded al though 
1 ,  

I -  
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margined by c l e a r  qua r t z .  Between one-tenth and o n e - f i f t h  of t h e  rock is 

s e r i c i t e ,  occur r ing  a s ' f i n e  l a t h s  and b lades  which l i e  d i s o r i e n t e d  w i t h  
1 %  

r e spec t  t o  t h e  banding @ut which a r e  p a r t l y  concent ra ted  s e l e c t i v e l y  i n  

c e r t a i n  bands. 

c h a l c o p y r l t e ,  and probably k a o l i n i t e .  

Minerals p re sen t  i n  s m a l l e r  amounts i nc lude  c a l c i t e ,  splhene, 

The source  and manner of emplacement of t h e  q u a r t z i t e  bodies ,  

and why they  appa ren t ly  l i e  on s t r i k e  wi th  each o the r ,  a r e  i n t r i g u i n g  and 

unsolved problems . 

PORPHYRIES 
I 

These minor, i n t r u s i o n s  of pre-mineral  age may be emplaced i n  

any of t h e  above descr ibed  rocks but a r e  mostly i n  t h e  Guichon and Bethlehem 

q u a r t z  d i o r i t e s .  

extends northward through t h e  c e n t r a l  p a r t  of t h e  mapped a r e a  and is  sep- 

a r a t e d  by a d i s t a n c e  of about12 miles from a few dykes of more o r  less 

d i f f e r e n t  porphyr ies  nea r  Foot Lake t o  t h e  e a s t .  

They inc lude  c o u n t l e s s  porphyry dykes i n  a swarm t h a t  

Severa l  f a i r l y  l a r g e ,  

i r r e g u l a r l y  shaped porphyry bodies  a r e  connected t o  dykes i n  t h e  swarm and 

occur  roughly a t  t h e  same l o c a t i o n s  a s  does b r e c c i a  (see Fig. 5).  

The dyke swarm is mapped f o r  a l e n g t h  of 10 miles and is roughly 

from 3 t o  5 miles wide (see Fig. 5 ) .  

by T e r t i a r y  vo lcan ic  rocks on korge Mountain and curves  southwestward 

through t h e  Bethsaida showings. 

Its western l i m i t  is p a r t l y  hidden 

I ts  e a s t e r n  l i m i t  s k i r t s  t h e  e a s t e r n  edge 

of vo lcan ic  rocks on Bose H i l l ' a n d  extends due south  p a s t  Spud Lake t o  t h e  

e a s t e r n  s l o p e  of Gnawed F u n t a i n .  

a t  i n t e n t a l s  ranging from 300 f e e t  t o  1,000 f e e t  and they a r e  p a r t i c u l a r l y  

abundant on t h e  Bethlehem,,property and o t h e r  p r o p e r t i e s  nea r  t h e  c e n t r e  of 

Dykes a r e  spaced a c r o s s  t h e  swarm mainly 

, 

' I  
t h e  swarm. They most ly  s t p i k e  lmore o r  less p a r a l l e l  t o  t h e  swarm and t h e i r  

I 
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average s t r i k e  v a r i e s  from <p lace  t o  p l ace  a s  shown (see Fig.  5 )  They 

l o c a l l y  fo l low s e v e r a l  c o n t r a s t e d  d i r e c t i o n s  as ,  f o r  example, n e a r  t h e  Trans- 

vaal and Krain properti ies.  

t ,  I 

!I 

, 
For  d e s c r i p t i v e  purposes a d i s t i n c t i o n  is made 

between dykes, which a<e '%teep  and tend  t o  p e r s i s t  a long s t r i k e ,  and sheetis, 
j 

which a r e  o f f shoo t s  of t h e  l a r g e r  i n t r u s i o n s  and possess  r a p i d l y  vary ing  

a t t i t u d e s ,  p a r t l y  low tb .modera t e  ang le s  of d ip ,  and a marked tendency t o  

pinch out  r ap id ly .  
6 

The dykes have d ips lmos t ly  w i t h i n  20 degrees  of v e r t i c a l  and they  

are r a r e l y  more than  100 ; fee t iwide  and mostly about 40 f e e t  wide. 

t h e i r  edges are  c h i l l e d ' a n d  t h e  ad jacen t  rock is commonly devoid of shear ivng 

Since  

o r  a l t e r a t i o n ,  they  w e r e  emplaced i n  c o l d  rock and d id  not, i n  general, 
I 

, I  

fo l low f a u l t s .  

numerous o t h e r s  are  more p e r s i s t e n t  and have been v a r i o u s l y  mapped and 

While many dykes probably extend only for short  d is tances , ,  

c o r r e l a t e d  f o r  d i s t a n c e s  of several hundred f e e t .  

p e r s i s t s  for c e r t a i n l y  asl'much: a s  1 m i l e  and probably much f a r t h e r ,  s i n c e  

a dyke shown on s t r i k e  6 miles t o  t h e  s o u t h  is v i r t u a l l y  i d e n t i c a l ,  J o i n t s  

i n  t h e  dykes are mostly :wiade-spaced and p a r t l y  i n  s t e e p  sets, of which gen- 

e r a l l y  one i s  roughly p a r a l l e l l  t o  t h e  dyke and ano the r  crosses i t ,  

narrow porphyry s h e e t s  d o s e l y j  spaced j o i n t s  may d i v i d e  t h e  rock i n t o  irre- 

A t  Spud Lake a wide dyke 
1 

I n  
1 

I 

g u l a r  s l a b s  which are m&r,e,  o r  less p a r a l l e l  t o  t h e  s h e e t  (see P l a t e  V I j ) .  

Except f o r  one o r  two dyldes r e p l e t e  w i th  x e n o l i t h s ,  t h e  porphyry bodies  a r e  

, 
*I 

g e n e r a l l y  f r e e  of i n c l u s i o n s  , o r  d e b r i s  of t h e  coun t ry  r o c k s k n d  they  are 

l i k e w i s e  mainly f r e e  of l a te r  a p l i t e  v e i n s ,  a l though t h e  l a t t e r  do occur  
f 

s p o r a d i c a l l y  i n  t h e  l a rge r ,  porphyry bodies .  A f o l i a t i o n  due t o  crystal  

al ignment  is l o c a l l y  ev id  

d i r e c t i o n  i s  h igh ly  v a r i a  

con ta in ing  body. The dyk 

,in I t h e  dykes and o t h e r  bodies  and, s i n c e  i t s  

,, i t  is a poor guide t o  t h e  a t t i t u d e  of t h e  

and o t h e r  bodies  have l i t t l e  or no topographic  

4 2  

1 

I 
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express ion  and cannot t h e r e f o r e  be  loca ted  r e a d i l y  by t h e  s tudy  of a i r  

photographs o r  ground forms . Nicroscopic  examination has  shown t h a t  most 

of t h e  Highland Va l l ey ,po rphyr i e s  a r e  d a c i t e s  o r  rhyodac i tes  which, s i n c e  

t h e i r  prec:ise p l ag ioc la se  compositions are mostly unknown, a r e  i n d i s t i n g u i s h -  

a b l e  and accord ingly  a r e  a l l  termed d a c i t e s  i n  t h i s  r e p o r t .  A few porphyries  

a r e  found t o  be q u a r t z  l a t i t e s  and r h y o l i t e s , *  and a l l  are l igh t -co loured  

rocks which have smal l  ,amounts of da rk  minerals .  

An a t tempt  i s ' m a d e  t o  subdiv ide  t h e  porphyries  i n t o  types  on t h e  

b a s i s  of t h e i r  d i f f e r i n g  f i e l d  appearances,  a l though n o t  as s u c c e s s f u l l y  as 

more d e t a i l e d  work would i n  p l aces  probably allow. On t h e  map (Fig. 3 ) ,  

several types  a r e  include'a t o g e t h e r  i n  u n i t  No. 5 as the breccia-forming 

q u a r t z  porphyr ies  , Rema I ) p o r p h y r i e s  are all p l a c e d  in unit N o ,  7 and 

t hey  i n c l u d e  t y p e s  distinguished by le t ters  and subsequent ly  desc r ibed  i n  

t h e  text.  

a l e n t  t o  t h e  Krain porphyry of Unit  No. 5,  w i t h  which i t  is t h e r e f o r e  des- 

iI 

O f  t h e s e  types ,  Type C is b e l a t e d l y  recognized a s  probably equiv- 

c r ibed .  In  t h e  v i c i n i t y  of t h e  Tro jan  mine, dykes and s h e e t s  v a r i o u s l y  of 

Types C and D were mapped' together  under  t h e  f i e l d  name of brown porphyry, 

whose composite n a t u r e  was not  then  r e a l i z e d .  

Breccia-forming Quar t z  Porphyries  

Porphyries  of Map Unit1 No. 5 i nc lude  f o u r  types ,  each of s e p a r a t e  

occurrence but  t o g e t h e r  mainly c o n s t i t u t i n g  a zone, nowhere more than  1 mile 

wide, t h a t  extends more o r  less cont inuous ly  f o r  t h e  l e n g t h  of t h e  dyke 

swark, from Gnawed Mountain i n ' t h e  sou th  t o  t h e  Krain p rope r ty  i n  t h e  no r th  

(see map, Fig. 3) ,  

i n t r u s i o n  extends west-northwestward along t h e  prong of Bethsaida g r a n o d i o r i t e  

* Dacite and rhyodac i t e  are the' r e s p e c t i v e  f ine-gra ined  equ iva len t s  of 
q u a r t z  d i o r i t e  and granod$ori te : ,  land q u a r t z  ' B a t i t e  and r h y o l i t e  are t h e  
r e s p e c t i v e  equ iva len t s  of q u a r t z  'monzonite and g r a n i t e ,  

l a  

From GnawedjlMountain an  a d d i t i o n a l  zone of porphyry 

I ,  
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I 

f o r  as much a s  2 miles, and o t h e r  s c a t t e r e d  Occurrences probably of brecc ia-  

forming porphyry l i e  f a r t h e r  no r th  and west on t h e  A l w i n ,  Bethsaida,  and 

Val ley  Copper p r o p e r t i e s .  
, 

I n  a d d i t i o n  t o  dykes each type  forms one o r  more l a r g e r  i n t r u s i o n s  

which a r e  of i r r e g u l a r  shape and commonly muft iply-sheeted.  A l l  a r e  d a c i t e s  

o r  rhyodac i tes  i n  composi t ion,  except  f o r  a v a r i e t y  at t h e  Trojan mine 

which i s  r h y o l i t e .  They a r e  desc r ibed  i n  t h e  o r d e r  of b e s t  to l e a s t  known, 

s t a r t i n g  wi th  t h e  type  occurr ing  a t  t h e  Bethlehem mine and ending w i t h  t h a t  

a t  Gnawed Mountain. 

The breccia-forming porphyry on the Bethlehem p rope r ty  is known 3: P 

by i t s  o r i g i n a l  des igna t ion  of P 
- 

It was appa ren t ly  t h e  f i r s t  porphyry 3' 

t o  be emplaced on t h e  proper ty  and it  fonns a relatively large intrusion, 

which is dyke-like t o  n o r t h  and south ,  and two s e p a r a t e  groups of dykes 

which l i e  f a r t h e r  e a s t  and w e s t ,  r e s p e c t i v e l y  (e Fig. 8). 

The large i n t r u s i o n  spreads  a t  s u r f a c e  a c r o s s  an i r r e g u l a r  a r e a  

measuring about 6,000 f e e t  i n  a n o r t h e r l y  d i r e c t i o n  and a s  much a s  2,000 

f e e t  from east t o  w e s t  (see Figs. 3 and 9) .  

reaches t h e  s u r f a c e  t o  t h e  no r th  and s o u t h  (DID on Fig. 9)  and is cons idered  

t o  have f ed  t h e  i n t r u s i o n ,  whose form is t h a t  of a branching, rnultiply- 

r I 

An under ly ing  dyke, o r  dykes,  

shee ted  body. The s h e e t s  branch upwards mainly t o  t h e  e a s t  bu t  a t  t h e  J e r s e y  

orebody they  appear  t o  form a cup-shaped mass whose wes tern  l i p  f a i l s  t o  

reach t h e  s u r f a c e  and whose shape was probably d i c t a t e d  by a p re -ex i s t ing  

bas in  i n  t h e  upper s u r f a c e  of t h e  Bethlehem q u a r t z  d i o r i t e  (see Figs. 8 and 

10) .  

c o n s i s t s  of a dyke about 40 f e e t  wide t h a t  possesses  a s t e e p  d i p  t o  t h e  

w e s t  and a c h i l l e d  edge a g a i n s t  the ad jacen t  Bethlehem g r a n i t e .  

i t s  no r th  end, which lies nor th  of t h e  Jersey  orebody on t h e  south  p a r t  of 

The south  end of t h e  i n t r u s f o n  l ies w e s t  of t h e  Iona orebody and 

Towards 
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t h e  S.J. No. 50 surveyed mineral  c la im,  t h e  i n t r u s i o n  c o n s i s t s  of two o r  

more nor th- t rending  dykes, of which one is about 70 f e e t  wide,  t h a t  a r e  mainly 

s t e e p  a l though l o c a l l y  one of t h e  dykes possesses  a c h i l l e d  edge which d i p s  

eastward a t  35 degrees ,  

form a s i n g l e  dyke t h a t  is ap ,parent ly  i n t e r s e c t e d  by r o t a r y - d r i l l  ho le s  No. 

I 

F a r t h e r  n o r t h  t h e s e  dykes probably converge t o  

CR 74 and CR 80. 

The s h e e t s  comprising t h e  i n t r u s i o n  a r e  of many s i z e s  and they  

range i n  width from les,sl than  an inch  t o  more than 100 f e e t .  

q u a r t z  d i o r i t e s  t hey  e x h i b i t  s h a r p l y  de f ined  edges which i n  p l aces  a r e  

c h i l l e d ;  

e n t  c h i l l ,  or t hey  a r e  more o r  ,less g r a d a t i o n a l  from b recc ia t ed  P 

desc r ibed  i n  t h e  s e c t i o n  d e a l i n g  wi th  b recc ia .  

Against  t h e  

a g a i n s t  b recc ia  t h e i r  c o n t a c t s  a r e  p a r t l y  ab rup t  and l a c k  appar- 

as 3' 

A t  the Iona orebody and 

o t h e r  l a r g e  b r e c c i a  zones, t h e  mapping is p a r t l y  gene ra l i zed  and f a i l s  t o  

show t h e  i n t e r f i n g e r i n g  of b r e c c i a ,  Pg, and o l d e r  rocks.  I n  t h e s e  zones,  

fragments and i s o l a t e d  la g e r  bodies  of P 

in b r e c c i a ,  whose originabJ. d i s t r i b u t i o n  is impossible  t o  r e c o n s t r u c t .  

3 
Creek showfng mainly on t h e  S.J. No. 114 f r a c t i o n a l  c la im,  t h e  e a s t e r n  

group comprises two or more nor th- to  no r theas t e r ly - t r end ing  dykes t h a t  a r e  

exposed mafnly i n  a long t r ench ,  and of which one is probably i n t e r s e c t e d  

by r o t a r y - d r i l l  h o l e  No. CR 160 *(see Fig.  3 ) ,  

must r e p r e s e n t  d i s r u p t e d  s h e e t s  3 

The f l ank ing  g ups 'of P dykes a r e  poor ly  exposed. Eas t  of t h e  
, , 

I 

, 1 

About 1 m i l e  f a r t h e r  north-  

w e s t ,  t h e  western group of dykes, i s  marked by a series of exposures ex- ' 

t ending  northward between t h e  South Simons showings and t h e  Hues t i s  orebody 

(see Fig. 8) and inc lud ing ,  t o  t h e  south  on t h e  S.J. No. 34 c la im,  s e v e r a l  

dykes poss ib ly  of n o r t h e a s t  strike. 

ho le  No. CR. 157 probably i n t e r s e c t s  a P3 dyke, and two smal l  ou tcrops  

on Jersey Creek a t  4,740' fleet e l e v a t i o n  c o n s i s t  of P 

b * I '  

Success ive ly  f a r t h e r  no r th ,  d r i l l  
, 

whose t e x t u r e  i n d i c a t e s  3 

I 1' 

, I 



1 

t h e  preserlce of a s i z e a b t e  body of t h i s  rock. 

occu r r ing  nearby i n  t h e  i4600 ievel a d i t  l i kewise  sugges t  t h a t  more of 

t h e  breccia-forming por  

Narrow l e n s e s  of b recc ia  

/ I  

ry should ex is t  i n  t h e  v i c i n i t y .  
\ 

Except f o r  ve ry  f ine-gra ined ,  c h i l l e d  edges and s t r i n g e r  c o n s i s t -  

i n g  of a f e l s i t i c  o r  f l l inty ' rocik,  which is v a r i o u s l y  pale-grey, pink,  o r  

deep r e d  and con ta ins  only  a few small phenocrys ts ,  P3 c h i e f l y  inc ludes  

t h r e e  t e x t u r a l  v a r i e t i e s l , '  t w o  be ing  a p h a n i t i c  and t h e  o t h e r  phaneric*, 

which are g r a d a t i o n a l  in1 :,both appearance and occurrence. 

possess  a common assemblage of phenocrys ts  most ly  exceeding 1 rnillimetre 

I 

The v a r i e t i e s  

I 

I n  s i z e  and inc lud ing  p fFg ioc la se  abundant ly ,  q u a r t z ,  hornblende,  and 

r a r e l y  b i o t i t e .  

maximum l e n g t h  6 m i 1 l i m e t : r e s  which are white where fresh and show stria- 

t i o n s  due fto m u l t i p l e  tw 

due t o  composi t ional  zoning. H4rnblende phenocrysts  a r e  well-shaped i n  I 

Plag ioc la se  forms well-shaped, t a b u l a r  phenocrysts  of 
1 1  

, .  

ning,  ' They a l s o  cornonly  show concen t r i c  zones 
I !  

! I  

t h e  a p h a n i t i c  var ie t ies  and fu,zzy i n  t h e  phaner ic  v a r i e t y  p a r t l y  because '! 
of t h e i r  s t r o n g e r  a l t e r a t i o n  i n  t h e  l a t t e r  rock. The l a r g e r  a r e  s q u a t ,  

I 
I 

dark-green prisms t h a t  are p a r t t y  s i e v e - l i k e  and r a r e l y  1 c e n t i m e t r e  long , '  1 

and t h e  smaller are needle,-shaped. 

much as 3 millimetres, appear  g l a s s y  and c o n t a i n  minute f e l d s p a t h i c  in-  

c l u s i o n s  , a.nd possess  v a r i o u s  su'b -angular ,  rounded, and deeply  embayed 

shapes t h a t  are p a r t l y  k idney- l ike  and then  provide  a u s e f u l ,  but  no t  

Quartz phenocrys ts  seldom measure as 

i n f a l l i b l e ,  gu ide  t o  the1 r e c o g n i t i o n  of P (see Pig. 6d and P l a t e  V, e 
I 3 

and f ) .  

metres i n  size. 

B i o t i t e  phenocrysts  are!, uncommon and form p l a t e s  r a r e l y  3 m i l l i -  

I n  a l l  t h r e e  main var ie t ies  of P , phenocrys ts  account  
\ I  3 

*Aphanitic and phaneric  a terms I !  d e sc r ib ing  the degree  of c r y s t a l l i n i t y ,  I 

t h e  former i n d i c a t i n g  a g 
I s e e n , u n d e r  a pocket l e n s ,  

t h e  c r y s t a l s  a r e  v i s i b l e .  

und&ass t o o  f ine-grafned  f o r  c r y s t a l s  t o  be 
d t f ie l la t ter  a groundmass i n  which most of 

I (  

$ 6  0 I 
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f o r  about  4.5 p e r  cen t  of t h e  vol'ume and t h e  rest i s  second-generat ion 

c r y s t a l s  and groundmass mater ia l , .  

p r i s e  above-mentioned minera l  

c l a s e ,  

Second-generation c r y s t a l s  which com- 

c,onsist v a r i o u s l y  of components and or tho-  

They range i n  s i z e  from pne-quarter  t o  one-half millimetre and a r e  

conspicuous only in the a p h a n i t i c  rocks.  

The a p h a n i t i c  v a r i e t y  t y p i c a l  of t h e  dykes i s  a l i gh t - co lou red  

porphyry wi th  a p inkish  weathered c r u s t .  

phenocrys ts ,  second-generat ion 'c&stals ,  and speck- l ike  smaller c r y s t a l s  

On a f r e s h  s u r f a c e  i t  shows 
I 

(see P l a t e  111. d ) ,  which are aslt set  i n  a wh i t e  t o  s l i g h t l y  pink or g r e e n i s h  

groundmass t h a t  becomes f l f n t i e r , t o w a r d s  t h e  edges of t h e  dykes. Narrow, 

pure wh i t e  mant les  surrounding tkie q u a r t z  phenocrysts  a r e  formed of quar tz -  

r ich  groundmass material .  

r e s o l v a b l e  as  an i r regulac; ,mosakc mainly of q u a r t z  and sod ic  p l a g i o c l a s e  

Undek 'the microscope, t h e  groundmass is mostly 

I 

w i t h  lesser amounts of o r t h o c l a s e  (see P l a t e  V e ) ,  

f ine-gra ined ,  i t s  t e x t u r e  v a r i e s  i n  b lo tchy  f a s h i o n  and n e a r  t h e  c e n t r e s  

Although mostly v e r y  

of t h e  dykes it may i n c l u d e , c r u d e l y  p o i k i l i t i c  pa tches ,  r a r e l y  as l a r g e  

a s  1 m i l l i m e t r e  and variouslily of q u a r t z  and p l a g i o c l a s e ,  which appear  t o  
I 

have formed p a r t l y  by enlargement of second-generation c r y s t a l s .  Quar t z  

phenocrysts  a r e  o p t i c a l l y  uniform and no t  i n v e r t e d  t o  aggrega te s ,  and 

p l a g i o c l a s e  c r y s t a l s  of all s i z e s  show an i n t e n s e  o s c i l l a t o r y  zoning and 

t h e i r  composition probably ranges j through andesine.  Accessory minera ls  , 
I 

I 

I I '  

i n c lude  a p a t i t e ,  magnet i te ,  sphene, and c h l o r i t e ,  which i s  probably der ived  

by a l t e r a t i o n  of b i o t i t e  t h a t  i s  o the rwise  absent .  

A chemical a n a l y s i s  of thbis a p h a n i t i c  v a r i e t y  of P c o l l e c t e d  3' 

from t h e  nor thern  exposure of t h e  , f eede r  dyke, i s  g iven  i n  Table  I11 

t o g e t h e r  with, t h e  c a l c u l a t e d  normative composition of t h e  rock, and i s  
h 

d i scussed  i n  a l a t e r  s e c t i o n  of t h e  r e p o r t ,  

~ 11iiii , ii I i I A 
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'I'he second a p h a n i t i c  v a r i e t y  of P i s  t r a n s i t i o n a l  t o  phaneric  3 

porphyry, f o r  example, i n  Bethlehem d r i l l  h o l e  No. B16 a t  471 f e e t ,  and 

i t  d i f f e r s  from t h e  f i r s t - d e s c r i b e d  v a r i e t y  mainly i n  an  abundance of 

second-generation c r y s t a l s ,  which a r e  c h i e f l y  q u a r t z  and which amount 

perhaps t o  25  p e r  c e n t  of t h e  rock. These rounded and crowded smal l  

c r y s t a l s  g i v e  t h e  v a r i e t y  a d i s t i n c t i v e  "fish-egg" appearance.  

mass i s  f i n e  g ra ined ,  a s  i n  t h e  prev ious  rock,  and is a more o r  less uni- 

form, quar tzof  e l d s p a t h i c  mosaic wi thout  b l o t c h i n e s s  and qua r t z  mant les  . 
The f i n a l  c r y s t a l l i z a t i o n  of t h e  rock was r ap id ,  as evidenced by t h e  f i n e -  

The ground- 

3; gra ined  groundmass, and it occurred wi th in  a j a c k e t  of phaneric  P 

presumably t h e r e f o r e  i t  r e s u l t e d ,  not  from cool ing ,  bu t  from an  escape 

of v o l a t i l e s  from c e r t a i n  p a r t s  of t h e  P sheets before  t he i r  f i n a l  

consol  i d a t  f on . 
3 

The phaneric  v a r i e t y  is commonly c a l l e d  a p l i t i c  P3 and is a 

l i g h t  grey porphyry which s u p e r f i c i a l l y  resembles t h e  p o r p h y r i t i c  Bethlehem 

q u a r t z  d i o r i t e  (see P l a t e  IIe) but  which, on c l o s e r  examination, r e v e a l s  a 

f ine-gra ined ,  p a r t l y  p ink i sh  groundmass mainly of qua r t z  and f e l d s p a r s ,  

i n  which a p a r t  of t h e  q u a r t z  shows a s  s e p a r a t e ,  minute g r a i n s  resembling 

pin-pr icks  and c h a r a c t e r i s t i c  of a p l i t i c  t e x t u r e  (see Fig. 6d) . 
The modal a n a l y s i s  and s p e c i f i c  g r a v i t y  of a p l i t i c  P3 a r e  g iven  

i n  Tables  I: and 11, r e s p e c t i v e l y . .  Phenocrysts  i n  t h i s  rock  range upwards 

I .  ' ' 3 . '  , 

, I  

, , <  
'I/ '. ' 

, / '  

i n  s i z e  from one-half m i l l i m e t r e  and they  amount t o  46 p e r  c e n t  by volume 

of t h e  analyzed specimen. They a r e  s i m i l a r  t o  those  of t h e  a p h a n i t i c  P3, 

except  t h e i r  o u t l i n e s  are f r e t t e d  due t o  mutual i n t e r f e r e n c e  w i t h  ground- 

mass m a t e r i a l ,  and they  l a c k  wh i t e  mantles around t h e  q u a r t z  phenocrysts .  

Together w i th  sma l l e r ,  second-generation c r y s t a l s  which a r e  r e l a t i v e l y  few 

i n  number, phenocrysts  of p l a g i o c l a s e  and hornblende commonly e x h i b i t  a 
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p e r c e p t i b l e  degree of alignment which has not  been g e n e r a l l y  mapped, 

Opt ioa l  measurement of t h e  composi t ional  range i n  a zoned p l a g i o c l a s e  pheno- 

c r y s t  gavle va lues  covering n e a r l y  t h e  whole andesine range from An 

t h e  c e n t r e  t o  An 
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nea r  t h e  margin of the c r y s t a l .  I n  a l l  specimens exam- 34 
ined under  t h e  microscope, hornblende and b i o t i t e  a r e  a l t e r e d  almost 

e n t i r e l y  ito pseudomoFphs composed v a r i o u s l y  of c h l o r i t e ,  e p i d o t e ,  c a l c i t e ,  

and qua r t z ,  

c r y s t a l s  of t h e  accessory  minera ls  

aggrega tes  of s i z e  as much a s  one-half millimetre, and a p a t i t e  forms 

minute prisms,  Viewed microscopica l ly ,  t h e  groundmass is mostly a r a t h e r  

uniform, a p l i t i c  mosaic with qua r t z  and p l a g i o c l a s e  possess ing  an average 

B i o t i t e  occurred only as a second-generation,and smaller 

magnet i te  and sphene form g r a i n s  o r  
L 

I 

g r a i n  size which ranges,  in var ious  spec imens ,  between 0.1 m i l l i m e t r e  and 

0.2 millinnetre, 

(1) discont inuous  r i m s  on p l a g i o c l a s e  phenocrysts ,  (2) p o i k i l i t i c  masses 

cont inuous f o r  a s  much as one-half millimetre i n  t h e  groundmass and enc los-  

I n  s t a i n e d  t h i n f s e c t i o n ,  o r t h o c l a s e  shows t h r e e  h a b i t s :  

I i  ing numerous qua r t z  and p l a g i o c l a s e  g r a i n s ,  (3) anhedra l  g r a i n s  a s  p a r t  I/ 1 

i/ 
I of t h e  a p l - i t i c  mosaic, 

of altered1 hornblende and b i o t i t e ,  minera ls  i n  t h e  groundmass of t h e  analyzed 

I n  a d d i t i o n  t o  accessory  minera ls  and smal l  amounts 

specimen (Table 1) a r e  i n  t h e  fo l lowing  propor t ions :  Quartz,  54 p e r  c e n t ;  

p l a g i o c l a s e ,  33 per  c e n t ;  o r t h o c l a s e ,  13  p e r  c e n t ,  Local graphic  i n t e r -  

growths of q u a r t z  and o r t h o c l a s e  occur  i n  t h e  groundmass of some specimens,  

and t h e r e  may be a tendency of q u a r t z  t o  occur  p o i k i l i t i c a l l y  moulded 

on second-generation q u a r t z  c r y s t a l s .  

Trojan Rhyoli te :  

nized only a t  t h e  Trojan b recc ia  p ipe ,  where it forms a dyke-like i n t r u s -  

This  type  of breccia-forming qua r t z  porphyry is recog- 

i v e  body extending northward f o r  atknown d i s t a n c e  of 1,200 f e e t  i n  t h e  

Guichon qua r t z  d i o r i t e  and breccia , :  The body possesses  numerous minor 

I 

' I  

I' 
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I 

of f shoo t s  and ,  e s p e c i a l l y  i n  i t s  no r the rn  p a r t ,  it c o n s i s t s  p a r t l y  of 
! , 

1 ' I )  I 

a l t e r n a t i n g  s h e e t s  of r h y o l i t e  poiphyry and b recc ia .  Th i s  b r e c c i a  con- 
I 

t a i n s  a vary ing  abundance of r h y o l i t e  porphyry fragments  and may be termed 
I 

r h y o l i t e  b recc ia ,  i n  d i s t i n c t i o n  t o  b r e c c i a  wi thout  such fragments  t h a t  is 
1 ;  

e q u a l l y  common i n  t h e  pipe.  

body becomes apparent  on ly  when t h e  two k inds  of b r e c c i a  a r e  d i s t i n g u i s h e d ,  

as was done by c o r e  logging bu t  g e n e r a l l y  n o t  by s u r f a c e  o r  underground 

mapping. 

I n  pl iaces ,  t h e  c o n t i n u i t y  of t h e  porphyry 

Consequently, s e c t i o n s  b,ased on d r i l l  h o l e  informat ion  (Fig. 16) 

I '  
ll 

" /  

I 

g ive  a bet:tqer i dea  of t h e  form of t h e  r h y o l i t e  porphyry body than do , t h e  

geological. maps (Figs .  14 and 17) .  The body is b e s t  known a t  depth ,  and I! 

1 1  
may i n  f a c t  s c a r c e l y  reach  t h e  bedrock s u r f a c e ,  and t h e  t r e n d  of t h i s  

ad jacen t  porphyry body is t h e r e f o r e  shown on t h e  s u r f a c e  geological maps 

by upward p r o j e c t i o n  from a n  e l e v a t i o n  500 f e e t  below t h a t  of t h e  s h a f t  

c o l l a r  (Figs. 3 and 1 4 ) .  

I j  I 

/ I  

I 

The sou the rn  p a r t  of t h e  body is a p p a r e n t l y  a s t e e p -  porphyry 

s p i n e  whose width exceeds 200 f e e t  i n  d r i l l  ho le  No. S-24 (see Fig. 16, 

s e c t i o n  B - B ' ) ,  and which is be l i eved  t o  plunge northwards t o  depths  

g r e a t e r  t h a n  explored .  The porphyry s p i n e  is adjo ined  i n  t h e  d r i l l  h o l e  

by r h y o l i t i c  b r e c c i a ,  more of which occurs  both  l o c a l l y  i n  t h e  s p i n e  and 

a s s o c i a t e d  p a r t l y  w i t h  narrow i n t e r s e c t i o n s  of r h y o l i t e  porphyry elsewhere 

i n  t h e  southern  p a r t  of t h e  b r e c c i a  'pipe. The no r the rn  p a r t  of t h e  body 

c o n s i s t s  of a main branch extending through t h e  Tro jan  w e s t  zone and lesser 

branches t h a t  are i n t e r s e c t e d  by d r i , l l  h o l e s  f a r t h e r  e a s t  i n  tthe b r e c c i a  

pipe.  The dorm and c o n t i n u i t y  of t h e  lesser branches a r e  unknown. 

I 

The 

main branch" is  probably connected tenuous ly  t o  t h e  porphyry s p i n e  and 
I1 

i t  has  t h e  form roughly of a ver t ica l  d i s h ,  concave on its e a s t  s i d e  alnd 
I 

w i t h  a maximum h o r i z o n t a l  wid th  i n  p l a c e s  exceeding 200 f e e t ,  of which only  
I #  I 

! 

, 
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a small p rbpor t ion  c o n s i s t s  of s o l i d  r h y o l i t e  porphyry and t h e  remainder 

occurs  a s  b recc ia .  

arms o r  l eaves ,  which are thought t o  t e rmina te  more o r  less as shown*. 

The main branc,h d i v i d e s  towards t h e  no r th  i n t o  s levera l  

I n  
1 

d r i l l  corcs1,ithe n o r t h e r n  p a r t  of the body comprises r epea ted  porphyry 
I 

s e c t i o n s ,  each a few f e e t  t o  several t ens  of f e e t  wide and p a r t l y  s t r o n g l y  

b r e c c i a t e d ,  t h a t  a r e  i n t e r s p e r s e d  wi th  b r e c c i a  which is p a r t l y  r h y o l i t i c .  

Although riot 

wide porphyry s h e e t s  w e r e  i d e n t i f i e d  underground a t  t h e  w e s t  zone and t h e y  

probably c o r r e l a t e  i n  p a r t  wi th  d r i l l  i n t e r s e c t i o n s  t o  sugges t  a nor th-  

s t r i k i n g ,  w:est-dipping porphyry s h e e t  of r e s t r i c t e d  dimensions. 

many of t h e  porphyry c o n t a c t s  seen  i n  d r i l l  c o r e  a r e  sheared  and t h e r e f o r e  

u s e l e s s  for i n t e r p r e t a t i o n ,  o t h e r s  show evidence that  emplacement of the  

shown on t h e  l e v e l  map (Fig. 17), two o r  t h r e e  10- t o  20-feet 

I 

, 
While 

r h y o l i t e  porphyry w a s  preceded, a s  w e l l  a s  fol lowed o r  accompanied, by 

b r e c c i a t i o d .  Thus i n  p l a c e s  t h e  porphyry remains unbrecc ia t ed  a t  i t s  

c o n t a c t s  wii th  t h e  b r e c c i a t e d  q u a r t z  d i o r i t e ,  and elsewhere i t  c o n s i s t s  

p a r t l y  of d n t r u s i v e  s t r i n g e r s  which are seen t o  c u t  b recc ia .  The r h y o l i t e  

porphyry is1 appa ren t ly  l a t e r  emplaced than  a so-ca l led  brown porphyry, 

I 

I 

1 

which is sepn r a r e l y  as fragments i n  t h e  r h y o l i t e  porphyry and which occurs  

mainly as d i k e s  i n  t h e  Guichon q u a r t z  d i o r i t e  and as l a r g e  and small masses 
1 

i n  t h e  b r e c c i a  pipe.  The brown porphyry c o n s i s t s  p a r t l y  of Type C por- 

phyry, which is probably equ iva len t  t o  t h e  Krain breccia-forming q u a r t z  

porphyry, and may have produced a phase of b r e c c i a t i o n  a t  t h e  Tro jan  

b r e c c i a  p ipe  preceding t h a t  caused by t h e  Tro jan  r h y o l i t e  porphyry. 

The on ly  known outcrops  of r h y o l i t e  porphyry l i e  n o r t h e a s t  of 

t h e  Tro jan  s h a f t ,  where two masses each about 30 f e e t  wide a r e  exposed. 

* I  
h o l  
doe 

I 

nformati.on obta ined  from an  examination of t h e  1964 and 1965 d r i l l  
es is  omi t ted  from t h e  accompanying geo log ica l  maps and s e c t i o n s ;  i t  
s not  g r e a t l y  change t h e  desc r ibed  geology of t h e  Trojan b recc ia  pipe.  

I 
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!, 

The rock f s  a l t e r e d ,  f e l s i t i c ,  gre$sh-green i n  co lou r ,  and possesses  

an i r r e g u l a r  p l a t y  j o i n t i n g  which roughly fo l lows  a well-deveioped, 

I 

t o r t e d  f low l a y e r i n g  t h a t  is expressed by a c o l o u r ~ b a n d i n g  

. In  t h e  exposure n e a r e s t  t h e  s h a f t ,  t h e  banding 

/ a  

I 

l 

a moderately steep d i p  t o  t h e  n o r t h e a s t  and it p a r t l y  adopts  f o l d - l i k e  

a t t i t u d e s  wi th  e a s t e r l y  plunges measuring 45 degrees ,  

u re ,  banding possesses  a n o r t h e a s t e r l y  s t r i k e  and a s t e e p  d ip .  I n  t h e s e  

outcrops  t h e  only v i s i b l e  i n d i c a t i o n  t h a t  t h e  rock is p o r p h y r i t i c  is t h e  

f smal l  p i t s  in i t s  s u r f a c e  due t o  t h e  weather ing 

1 

In  t h e , o t h e r  expos- 
l 

I '  

I 

f e l d s p a r  and of su lph ide  g r a i n s .  

of t h e  porphyry s h e e t s  and b recc ia  fragments i n  t h e  no r the rn  p a r t  of t h e  

Rock s i m i l a r  t o  t h i s  comprises many 
I '  

i 

and is  seen  from specimens of drill core to con$ain,  almost 

f its volume, s t r e a k s t a n d  l e n s e s  of cha lcedonic  appearance 

p a r a l l e l  t o  one another .  

I 

Viewed on a smoothly sawn s u r f a c e  

e chalcedonic  s t r e a k s  appear  t o  r ep resen t  amygdular masses 

con to r t ed  or i r r e g u l a r  shapes.  

anded groundmass con ta in ing  a few a1 t e r e d ,  

c r y s t a l s  and r a r e  q u a r t z  c r y s t a l s ,  'wh3ch a r e  smal l ,  rounded, and incon- 

spicuous.  

c r y p t o c r y s t a l l i n e ,  and appears  t o  c o n s i s t  mainly of qua r t z ,  c h l o r i t e , ,  and 

, 'I I 

They l i e  wi 
l 

1 1  

I 

Under t h e  microscope the ' roc l c  is s t r e a k y ,  heterogeneous,  p a r t l y  

a r g i l l i c ,  o r  s e r i c i t i c  

p h i c a l l y  r e p l a c e s  1- t o  2 - m i l l i m e t r e  long phenocrysts ,  once probably 

o r t h o c l a s e . '  Rhyol i te  porphyry of tihe southern  p a r t  of t h e  bodg is se'en 

m a t e r i a l  t o g e t h e r  wi th  c a l c i t e  t h a t  pseudomor- 

I ,  I 

i n  d r i l l  hoxe No. 24 t o  be a p a l e  grey ,  g reen i sh ,  o r  p ink i sh ,  g e n e r a l l y  
I I 

I '  
a p h a n i t i c  and f low-textured rock  pos,sessing phenocrysts  of q u a r t z  and 

o t h e r s  of e longa te  hornblende and w,e, l l -a l tered,  t a b u l a r  f e l d s p a r  which 

t o g e t h e r  compose about o n e - f i f t h  of t h e  rock. 

uniform and id t  shows in p laces  a pakchy, s t r eaky ,  or mott led appearance,  

1,  

I , 
I 

The porphyry i s ;  not  e n t i r e l y  
I 

$ 

, ! 
l i  

it I 

' I  

, /  

/ '  

I 
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1 

b r e c c i a t e d  a spec t .  

1 i d e n t i f i e d  a s  o r t h o c l a s e ,  which appears  f a i n t l y  p e r t h i t i c  

U;nder t h e  microscope f e l d s p a r  phenoo 
I I I, 

I 

r ep l aced  v a r i o u s l y  by q u a r t z ,  sericite,  minor c h l o r i t e , ,  I and 

1 

l o c a l l y  c a l c i t e  ( P l a t e  Vg). 

one-half m i l l i m e t r e ,  a r e  o p t i c a l l y  homogeneous, and var iouslylsub-rounded 

and angular .  

Quartz, phenocrysts  a r e  r a r e l y  l a r g e r  t han  

I 

Phenocrysts  of ferromagnesian minerals have been e n t i r e l y  
I 

c h l o r i t e  and minor s e r i c i t e  and ep ido te ;  

mainly hornblende,  of wMch c r y s t a l  o u t l i n e s  remain. 

p re sen t  are v a r i o u s l y  ,of a p a t i t e  and monazite, both no t  exceeding one$-third 

n s i z e ,  magnet i te  i n  small r a r e  g r a i n s ,  and spthene. 

f t h e  rock ranges from c r y p t o c r y s t a l l i n e  t o  f i  

t hey  were probably  

Other c r y s t a l s  , 
I 

I 

The 

l i n e  and it enc loses  ve ry  minute c b s t a l s ,  s i m i l a r  i n  comGosition t o  t h e  

phenocrysts:,, and i r r e g u l a r l y  drawnoout vesicles c o n t a i n i n g  r a d i a l l y  
! 

I 

GQ,. I .  

grown c h l o r i t e  and a l s o  se r ic i te  and o r thoc la se .  

s t a i n i n g ,  t h e  'groundmass c o n t a i n s  a l a r g e  amount of o r t h o c l a s e ,  p o s s i b l y  

as much as 50 p e r  cent ,  which is w e l l  d i sseminated  and is p a r t , l y  i n  f i n e ,  

As shown by selective 
! 

~ 

I 

i )  

mosaic- textured l e n s e s  w i t h  qua r t z .  

se r ic i te  has  become an abundant component of t h e  groundmass. 

f i n e n e s s  of g r a i n  p r o h i b i t s  an  a c c u r a t e  modal a n a l y s i s  of t h e  r h y o l i t e  

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

Although i t s  

1 .  

porphyry, I ts  o r i g i n a l  composi t ion i's es t imated  approximately as fo l lows:  

Phenocrysttg, 1 9  p e r  c e n t  (quar tz ,  1 ,per  c e n t ;  o r t h o c l a s e ,  1 5  p e r  c e n t ;  

hornblende (and b i o t i t e ? ) ,  3 p e r  cen t ) ;  

c h l o r i t e )  : 

Fragments of s imilar  porphyry are c o p o m  i n  t h e  sou the rn  p a r t  of t h e  

vesicles, 3 p e r  c e n t  (mostly 
, 

groundmass, 78 p e r  c e n t  (about h a l f  of which is o r t h o c l a s e ) .  

ll 

b r e c c i a  p ipe ,  bu t  t hey  p a r t l y  show a more pronounced p ink  c o l o y r ,  /I a g r e a t e r  

con ten t  of o , r thoc la se  i n  t h e  groundmass, which c o n t a i n s  an  e s t ima ted  60 

p e r  c e n t  of i his minera l ,  and a much g r e a t e r  degree  of replacement of 

o r t h o c l a s e  phenocrysts  by qua r t z .  
r 
I 

I 

I 

I 

I 

f 
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Krain PorpAvW: Porphyry dykes and, s h e e t s  occur r ing  i n  t h e  v i c i n i t y  of 

o s t l y  of a ,type named t h e  Krain porphyry, which is 

ichon q u a r t z  d i o r i t e  and l o c a l l y  i n  t h e  Bethlehem 

q u a r t z  d i o r i t e  and is cons idered  t o  be  breccia-forming on the1 evidence of 

an a s s o c i a t i o n  w i t h  b r e c c i a  a t  a s i n g l e  l o c a l i t y .  On Figure 3 t h e  Krain 

porphyry is shown as conf ined  t o  an a r e a  covered by t h e  accompanying map 

of p a r t  o f " t h e  Krain p rope r ty  (Fig. 18), w i t h  porphyr ies  probably equ iva len t  

I 

, 

, 

t o  i t  occur r ing  v a r i o u s l y  f a r t h e r  s o u t h  and southwest  and l e t t e r e d  C. 

These Type!l,C porphyr ies ,  which a r e  desc r ibed  l a t e r  i n  t h i s  s e c t i o n  of: t h e  

r e p o r t ,  inc ' lude much of t h e  brown porphyry a t  t h e  Trojan mine. 
I 

The Krain porphyry ex tends  northward as a series of ' p a r t l y  con- 
, 

netted and ,branching dykes and shee t s  for a distance of as much as  3,600 

feet ,  i t s  f u r t h e r  ex tens ion  being hidden t o  t h e  n o r t h  by over ly ing  T e r t i a r y  

s t r a t a  (sse,Fiags. 3 and 18). Its sou the rn  occurrences  c o n s i s t  of a s  many 

as f i v e  dyk'es, each p a r t l y  a s  w i d e ' a s  100 f e e t ,  which s t r i k e  predominantly 
1 

north-northwest and most ly  d i p  westtiard a t  moderate t o  s t e e p  angles .  
I 

Branches of1 t h e s e  dykes s t r i k e  s l i g h t l y  e a s t  of no r th  and possiess w e s t e r l y  
1 1  

d ips .  A probable  no r the rn  ex tens ion  of one of t h e s e  dykes is 'exposed i n  

a small ou tkrop  t o  t h e  west of t h e  Transvaal-Krain road. 

Cen t ra l  0ccur;rences l i e  about 800 f e e t  f a r t h e r  n o r t h  and t h e y  

c o n s i s t  of a s i m i l a r  north-northweat t r end ing  porphyry dyke which s p l i t s  

i n t o  t h r e e  branches a t  a p o i n t  where i t  is l o c a l l y  i n  c o n t a c t  w i t h  a 

b recc ia  conta.ining fragments of t h e  se l f same porphyry. 

middle branches are t r a c e d  northward f o r  d i s t a n c e s  of as much as 1,200 

f e e t .  The e a s t e r n  branch t r e n d s  easfward and is appa ren t ly  c ros sed  by ' !  

narrow, nor thonor thwes ter ly  dykes ofj s i m i l a r  porphyry, one of which is 

The wes tern  and 

I I 

I I '  I I 

I 

f u r t h e r  expbe 'd  j u s t  n o r t h  of t h e  camp (see Fsg. 19).  F a r t h e r : n o r t h e a s t  
I '  I 

, 
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1 

and p a r t l y  con ta in ing  t h e  Krain mineral  d e p o s i t  a r e  no r the rn  occurrences  

of t h e  Krain porphyry, which h e r e  forms bodies  t h a t  a r e  c h i e f l y  known from 

d r i l l  holes '  ( s ee  Figs. 19 and 20) and were i n t e r m i t t e n t l y  exposed i n  

I 

I 

t r enches  t:hat are now l a r g e l y  caved, A dyke-l ike e a s t e r n  body probably 

d i p s  westwatrd p a r t l y  a t  moderate ang le s  and may be a no r the rn  c o n t i n u a t i o n  

of t h e  e a s t e r n  branch of t h e  c e n t r a l  occur rences .  A much l a r g e r  wes tern  

body s p l i t s , ,  b rays ,  and d iminishes  i n  s i z e ,  and becomes more n o r t h e r l y  
I 

i n  t r e n d  toward t h e  s u r f a c e ,  and i n  depth  is p a r t l y  a no r thwes te r ly  t r end ing ,  

roughly t a b u l a r  dyke o r  s h e e t  t h a t  d i p s  predominantly southwestward a t  

about 60 degrees  and is as much as 300 feet  i n  t r u e  width. The t a b u l a r  

p a r t  of t h i s  body ex tends  northwestward between h o l e s  No. 3 (1965) and 

No.  3 (1956) for a distance of about 500 feet ,  beyond which the continuity 

and shape of the body a r e  unce r t a in .  

I 

S i m i l a r  porphyry which occurs  i n  

d r i l l  ho le s  f a r t h e r  t o  t h e  no r th  and northwest  may r e p r e s e n t  p a r t l y  t h i s  

body and p a r t l y  o t h e r  bodies ,  such a s  t h e  middle branch of t h e  dyke 

mentioned a,bove . 
I n  i t s  appearance (see P l a t e  P l g ) ,  gene ra l  composi t ion,  and 

range  of t e x t u r e  t h e  Kcain porphyry compares c l o s e l y  w i t h  t h e  p rev ious ly  

descr ibed  P porphyry. Fea tu res  which i t  s h a r e s  w i t h  t h e  P3 i n c l u d e  t h e  

fol lowing:  

(1) Dacitic composi t ion . 
(2) 

(3) 

( 4 )  

3 

Aphanit ic  and a p l i t i c  va r i e t i l e s  which a r e  p a r t l y  g r a d a t i o n a l  

Pink a p l i t e  v e i n s ,  r a r e l y  1 inch  wide, i n  t h e  a p l i t i c  v a r i e t y ,  

Mainly s i m i l a r  phenocrys ts ,  which are: q u a r t z  as p a r t l y  s t r o n g l y  

embayed, o r  kidnLy-shaped, phe,nocrysts con ta in ing  p a l e  i n c l u s i o n s ;  

plagiloc lase wi th  !well-devel oped o s c i l l a t o r y  zoning ; 

hornblende t h a t  4 s  p a r t l y  s i e v b - l i k e  and p a r t l y  e longa te ;  

well-shaped 
I 

and 
F , '  

E 

b i o t i t e  i n  p l a t e s  and a l s o  i n  t h i c k  books. 

/ I  
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(5) A mainly s i m i l a r  groundmass which, a l though ranging i n  g r a i n  s i z e  

from m i c r o c r y s t a l l i n e  ( a p h a n i t i c )  t o  phaneric  ( a p l i t i c ) ,  is a mosaic 

and l o c a l l y  an in te rgrowth  of q u a r t z  w i th  mostly p l a g i o c l a s e  and 

some o r t h o c l a s e  and accompanying minera ls ,  

( 6 )  Small ,  second gene ra t ion  phenocrysts  , inc luding  abundant ones of 

qua r t z  and p l a g i o c l a s e  which commonly g ive  a crowded appearance t o  

t h e  rock. 

It d i f f e r s  from t h e  P porphyry c h i e f l y  i n  possess ing  mainly 3 

fewer and less conspicuous q u a r t z  phenocrysts ,  more abundant b i o t i t e ,  and 

an a p l i t i c  t e x t u r e  which is less of a s imple mosaic and more an i n t e r -  

growth of groundmass c r y s t a l s .  

Rock a l tera t ion  and weathering account part ly  f o r  the wide range 

i n  co lou r  shown by t h e  Krain porphyry on f r a c t u r e d  s u r f a c e s  and i n  d r i l l  

c o r e s ,  which a r e  v a r i o u s l y  mainly whi te ,  pink,  grey ,  green,  and less 

commonly, lbrown and red.  

o r  buff c o l o u r  and i t s  weathered s u r f a c e  is p i t t e d  minutely by s l o t - l i k e  

c a v i t i e s  once occupied by t a b u l a r  p l a g i o c l a s e  and o t h e r  phenocrysts .  Ou t -  

c rops  a r e  t r ave r sed  by j o i n t s  which d i v i d e  t h e  rock into blocks and s l a b s .  

Dykes and s h e e t s  a r e  margined by narrow se lvages  of dark-coloured or 

pink, dense ly  a p h a n i t i c  c h i l l e d  porphyry which commonly l a c k s  conspicuous 

q u a r t z  phenocrysts  and which grades  r a p i d l y  t o  t h e  usua l  a p h a n i t i c  v a r i e t y  

of porphyry, 

of t h e  b recc ia  l o c a l i t y ,  is found under t h e  microscope t o  c o n t a i n  numerous 

broken c r y s t a l s  mainly of p l a g i o c l a s e ,  which shows it t o  be au tob recc ia t ed  

and provides conf i rmat ion  of t h e  breccia-forming n a t u r e  of t h i s  porphyry. 

A chemical a n a l y s i s  of t h e  rock of t h i s  s e lvage  is  given i n  Table  111, E. 

The l e a s t  a l t e r e d  rock weathers  t o  a l i g h t  g rey  

One such se lvage  a t  t h e  w e s t  s i d e  of t h e  middle dyke, n o r t h  

I 
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Aphanit ic  porphyry and a p l i t i c  porphyry have s i m i l a r  phenocrysts  

which, i nc lud ing  second gene ra t ion  phenocrys ts ,  amount t o  about  60 p e r  

c e n t  of t h e  volume of each rock. Quar t z  phenocrysts  vary  i n  abundance, 

and a l s o  i n  shape from squa re  t o  i r r e g u l a r ,  and they  r a r e l y  exceed a s i z e  

of 1 millimetre. Those i n  t h e  a p h a n i t i c  porphyry a r e  commonly each enclosed 

i n  a narrow wh5te mantle  of s i l i c e o u s  groundmass material. P l a g i o c l a s e  

phenocrysts  are r a r e l y  as much a s  one-half c e n t i m e t r e  long and they  may 

be rep laced  p a r t l y  by e p i d o t e  o r  rendered  dark  by i n c i p i e n t  a r g i l l i c  and 

s e r i c i t i c  a l t e r a t i o n .  Together  w i th  hornblende and b i o t i t e  c r y s t a l s ,  t hey  

may be  a l igned  t o  g i v e  t h e  rock a d i s t i n c t  f o l i a t i o n  which, i n  t h e  dykes, 

is g e n e r a l l y  p a r a l l e l  t o  t h e  s t r i k e  of t h e  porphyry body. Hornblende 

and b i o t i t e  t o g e t h e r  amount t o  as much as 10 per c e n t  by volume of the 

rock,  mainly a s  phenocrys ts  bu t  p a r t l y  i n  t h e  groundmass. They a r e  widely 

c h l o r i t i z e d  and o the rwise  a l t e r e d ,  a l though i n  p l aces  t h e  amount of b i o t i t e  

is appa ren t ly  inc reased  by hydrothermal a l t e r a t i o n .  The need le - l ike  shape 

of many hornblendes h e l p s  i n  r e c o g n i t i o n  of t h e  rock. Hornblende pheno- 

c r y s t s  ach ieve  a s i z e  of 4 millimetres, whereas t h e  l a r g e s t  b i o t i t e s  are 

r a r e l y  more than  2 millimetres a c r o s s  and may be e q u a l l y  as t h i c k .  

Accessory minera ls  i n  the porphyry i n c l u d e  a p a t i t e ,  sphene, and magnet i te ,  

t h e  f a t t e r  making occas iona l  g r a i n s ,  o r  aggrega tes  of g r a i n s ,  which measure 

p a r t l y  g r e a t e r  t h a n  1 m i l l f m e t r e  and t h e r e f o r e  appear  t o  be  phenocrysts .  

The two v a r i e t i e s  of porphyry are g r a d a t i o n a l  i n  t h e  f i e l d  

and they  d i f f e r  on ly  i n  t h e  t e x t u r e  of t h e i r  r e s p e c t i v e  groundmass, 

which i n  t h e  a p h a n i t i c  v a r i e t y  i s  seen under t h e  microscope mainly a s  

a t u r b i d ,  m i c r o c r y s t a l l i n e  mosaic, c h i e f l y  composed of q u a r t z  and f e l d -  

spa r .  The groundmass i n  both  t h e  a p h a n i t i c  and a p l i t i c  v a r i e t i e s  i nc ludes  

smal l  i r r e g u l a r  a r e a s  of c o a r s e r  g ra ined  q u a r t z ,  e i t h e r  a l o n e  o r  w i th  or tho-  

c lase  and p l a g i o c l a s e  r e s p e c t i v e l y  a s  granophyric  and myrmekitic i n t e rg rowths .  
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which l ed  t o  t h i s  rock being given t h e  f i e l d  name of granophyric  porphyry. 

I n  t h e  a p l i t i c  v a r i e t y  t h e  groundmass is c rude ly  a p l i t i c  and it g e n e r a l l y  

c o n s i s t s  l a r g e l y  of q u a r t z  and p l a g i o c l a s e  g r a i n s  averaging 0.2 m i l l i m e t r e  

i n  s i z e ,  which a r e  accompanied by i n t e r g r a n u l a r  o r thoc la se .  The o r t h o c l a s e  

con ten t  is hard t o  measure even i n  s t a i n e d  t h i n  s e c t i o n s ,  and i s  of t h e  

o rde r  of 8 per  c e n t  by volume of some specimens of t h e  rock,  and less i n  

o the r s .  The t e x t u r e  of t h e  a p l i t i c  Krain porphyry is p a r t l y  apparent  i n  

t h e  photomicrograph ( P l a t e  V ,  h ) .  

The measured s p e c i f i c  g r a v i t y  of a specimen of r a t h e r  f i n e -  

g ra ined  a p l i t i c  Krain porphyry obta ined  from t h e  dyke-like e a s t e r n  body 

is 2.62. 

Dykes lettered C on the m a p  (Fig. 3) consist of porphyries t h a t  

are probably equ iva len t  t o  t h e  Krain porphyry and they mostly occur  i n  

a nor thern  group l y i n g  immediately south  and sou theas t  of t h e  Krain a r e a  

and i n  a southern  group a t  the Trojan mine. Dykes of t h e  nor thern  group 

occur  a s  f a r  w e s t  a s  t h e  Transvaal  a d i t ,  a r e  emplaced i n  t h e  Guichon 

q u a r t z  d i o r i t e ,  and possess  s t r i k e s  which a r e  v a r i o u s l y  between north 

and west-northwest.  They c o n s i s t  of porphyry which c l o s e l y  resembles the  

Krain porphyry and appears  mainly p ink i sh  grey  o r  r ed  on f r e s h l y  broken 

s u r f a c e s .  Some dykes possess  wel l -def ined,  mostly smal l  qua r t z  pheno- 

c r y s t s ,  whi le  o t h e r s  c o n t a i n  q u a r t z  which is v i s i b l e  only  a s  i r r e g u l a r  

groundmass patches.  

r a t h e r  than a p h a n i t i c ,  and many show apprec iab le  amounts of a l t e r a t i o n .  

Most specimens c o l l e c t e d  from t h e s e  dykes a r e  phaneric  

Dykes of t h e  southern  group a t  t h e  Trojan mine were mapped, 
I 

t o g e t h e r  with some Type D dykes, as t h e  brown porphvry. Brown porphyry 

dykes are emplaced w i t h  v a r i a b l e  n o r t h e r l y  striGes i n  t h e  Guichon q u a r t z  

d i o r i t e .  In  t h e  Trojan b recc ia  p ipe  they  a r e  s t r o n g l y  b recc ia t ed  and 
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fragmented and are more o r  less confined t o  the southern  and e a s t e r n  p a r t s  

of t h e  p ipe ,  a s  i n d i c a t e d  on t h e  map and c ross - sec t ions  (see F igs . -14  

and 16). Seen i n  d r i l l  c o r e ,  brown porphyry occurs  i n  t h e  b r e c c i a  p i p e  

i n  a manner sugges t ing  t h a t  p r i o r  t o  b r e c c i a t i o n  it  e x i s t e d  a s  numerous 

c l o s e l y  spaced dykes and s h e e t s ,  whose a t t i t u d e  is now d i f f i c u l t  t o  d i sce rn .  

Weathered brown porphyry h a s  a r edd i sh  brown c o l o u r  a p p a r e n t l y  r e s u l t i n g  

c h i e f l y  from a con ten t  of hemat i t e  i n  t h e  p l a g i o c l a s e  f e l d s p a r s  and per- 

s i s t i n g  in p laces  t o  c o n s i d e r a b l e  depths .  The c o l o u r  of unweathered, 

a l t e r e d  porphyry is v a r i o u s l y  grey ,  green ,  and whi te .  In  s p i t e  of a 

p reva len t  s t r o n g  hydrothermal a l t e r a t i o n  a t  t h e  b r e c c i a  p ipe ,  t h e  brown 

porphyry e x h i b i t s  l a r g e l y  t h e  same t e x t u r e s  and composi t ion as t h e  Krain 

porphyry, and i t s  appearance i n  t h e  a p l i t i c  v a r i e t y  is * l l u s t r a t e d  i n  

Plates  XI h, V i, and V 1. 

mine a sinlgle Type C dyke is l i t h o l o g i c a l l y  of t h i s  type  and is t h e  most 

s o u t h e r l y  r e p r e s e n t a t i v e  of t h e  Krain-type po rphyr i e s  t o  be recognized.  

About 4,000 f e e t  south-southeas t  of t h e  Tro jan  

Gnawed Mountain Porphvry: This  rock  forms dykes and i r r e g u l a r  l a r g e r  

bodies  i n  a zone extending west-northwestward from Gnawed Mountain t o  

t h e  Lornex d e p o s i t ,  a d i s t a n c e  of about  3 miles. 

occur  about 2 miles f a r t h e r  no r th  on t h e  Bethsaida p rope r ty ,  and a remark- 

a b l y  long dyke system, named t h e  Spud Lake dyke system, ex tends  northward 

across Highland Val ley  from Gnawed Mountain t o  Copper Lake, a d i s t a n c e  of 

more than  5 miles. 

Bethsaida g r a n o d i o r i t e ,  or p o r p h y r i t i c  g r a n o d i o r i t e ,  and o l d e r  rocks and 

are i n t i m a t e l y  a s s o c i a t e d  wi th  b r e c c i a s  a t  s e v e r a l  p l aces .  

One o r  more o t h e r  dykes 

These dykes and o t h e r  bodies  i n t r u d e  v a r i o u s l y  t h e  

‘Typical ly  t h i s  porphyry possesses q u a r t z  phenocrysts  of s i z e s  

exceeding 1 c e n t i m e t r e  and t h e r e f o r e  as l a r g e  a s  t h o s e  i n  rocks belonging 

t o  t h e  Betlhsaida s tock ,  and, e s p e c i a l l y  where s t r o n g l y  a l t e r e d ,  i t  is 

. I  
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d i s t i n g u i s h e d  only  wi th  d i f f i c u l t y  from t h e  Bethsaida p o r p h y r i t i c  grano- 

d i o r i t e  and porphyry. 

porphyry seldom possesses  b i o t i t e  phenocrysts  l a r g e r  than  2 m i l l i m e t r e s .  

I n  d i s t i n c t i o n  t o  t h e  l a t t e r  t h e  Gnawed Mountain 

The rock is g e n e r a l l y  co loured  wh i t e ,  g rey ,  o r  f a i n t l y  pink and i t  con ta ins  

phenocrysts  amounting t o  approximately h a l f  i t s  volume and inc lud ing  

ones v a r i o u s l y  of qua r t z ,  p l a g i o c l a s e ,  b i o t i t e ,  and less commonly hornblende, 

Quartz phenocrysts  r a r e l y  reach a s i z e  a s  l a r g e  a s  2 c e n t i -  

metres, a r e  mostly poor ly  shaped, rounded, and embayed, and may c o n t a i n  

whi te  f e l d s p a t h i c  i n c l u s i o n s  . 
weathering and show up a s  knobs. 

zoned and they reach 1 cen t ime t re  in s i z e .  

thick, and scarce; at Gnawed Mountain they are partly recrystallized 

I n  some outcrops  t h e  q u a r t z  c r y s t a l s  resist  

P lag ioc la se  phenocrysts  a r e  ve ry  s t r o n g l y  

B i o t i t e  phenocrysts  a r e  sma l l ,  

hydrothermally t o  b i o t i t e  aggrega tes .  Depending on t h e  cond i t ions  of 

emplacement of t h e  rock,  i t s  groundmass is e i t h e r  dense and a p h a n i t i c  

o r  ho loc ry i s t a l l i ne  and a p l i t i c .  

second gene ra t ion  phenocrysts  which accompany t h e  l a r g e r  ones,  in t h e  

manner descr ibed  f o r  t h e  P Embedded i n  t h e  groundmass a r e  

small  amounts of accessory  minera ls  such a s  sphene, a p a t i t e ,  and magnet i te .  

Where a p l i t i c ,  t h e  groundmass is seen under t h e  microscope t o  c o n s i s t  

mainly of qua r t z ,  p l a g i o c l a s e ,  and lesser potash  f e l d s p a r  a s  an i n t e r -  

locking  mosaic of anhedra l  g r a i n s  whose average s i z e  is g e n e r a l l y  about 

0.1 m i l l i m e t r e ,  but  may be e i t h e r  l a r g e r  o r  smal le r .  Fea tu res  p e c u l i a r  

t o  t h e  i n d i v i d u a l  porphyry bodies  a r e  r e f e r r e d  t o  i n  t h e  fo l lowing  des- 

c r i p t i o n s  of t h e s e  bodies ,  which a r e  d e a l t  w i th  i n  t h e i r  o r d e r  of occurrence,  

mainly from w e s t  t o  e a s t ,  

I f  a p h a n i t i c ,  t h e  rock may e x h i b i t  smal l ,  

porphyry. 3 

\ 

I n  t r enches  on t h e  Bethsaida p rope r ty  between 1 and 2 miles 

f a r t h e r  e a s t ,  porphyry wi th  l a r g e  q u a r t z  phenocrysts  occurs  a s  two o r  
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more dykes poss ib ly  wi th  e a s t - n o r t h e a s t e r l y  s t r i k e s .  T r a n s i t i o n  of t h i s  

porphyrp t o  b r e c c i a  was noted by White e t  a l .  (1957, p. 5 ) .  Other q u a r t z  

porphyry dykes were r e c e n t l y  noted i n  underground workings a t  t h e  Val ley  

d e p o s i t ,  which is about  1 m i l e  t o  t h e  n o r t h e a s t  of t h e s e  occurrences 

(personal  communication from W.J. &Mil lan,  1969) . Extending f o r  a s  

much as :3,000 f e e t  a long  t h e  southwest l i m i t  of t h e  Lornex depos i t  and 

i n t e r s e c t e d  by d r i l l  h o l e s  and t h e  Discovery zone t r enches  (see M i n i s t e r  

of Mines,, B.C., Ann. Rept., 1966, Fig. 2 5 )  a r e  i r r e g u l a r l y  shaped, s i z e -  

a b l e  bodfes of q u a r t z  porphyry t h a t  were emplaced i n  t h e  Bethlehem q u a r t z  

d i o r i t e  p o s s i b l y  a f t e r  formation of one o r  more no r thwes te r ly  t r end ing  

f a u l t s  which are appa ren t ly  t r u n c a t e d  by t h e  porphyry. The porphyry 

seen i n  t h e  t r enches ,  a l though shown by d r i l l  ho le s  farther south t o  

pinch out l o c a l l y  upward, probably con t inues  southward toward exposures  

of b r e c c i a  east of t h e  Lornex b a s e l i n e  a t  34 south.  The b r e c c i a  is c u t  

by narrow s t r i n g e r s  and dykes of t h e  porphyry which, f a r t h e r  w e s t ,  forms 

s e p a r a t e  dykes t h a t  a r e  emplaced i n  t h e  Bethsaida g r a n o d i o r i t e  n e a r  t h e  

edge of t h e  s t o c k  a t  t h e  l o c a l i t y  of d r i l l  h o l e  No. 6 (-Minister of 

Mines, B.C., Ann. Rept., 1966, Fig. 25). Between t h e s e  exposures  a t  

Lornex and those  mapped t o  t h e  eas t - sou theas t  on Gnawed Mountain is a 

gap of approximately 1 1 / 2  miles, about which l i t t l e  is known and where 

q u a r t z  porphyry bodies  may occur.  

On Gnawed Mountain, a confus ion  of i d e n t i t y  of this porphyry 

and t h e  Bethsaida rocks which e x i s t e d  a t  t h e  time of f i e l d w o r k  i n  1962 has 

only  p a r t l y  been reso lved  by e x c e l l e n t  r e c e n t  company mapping. Conse- 

quen t ly  t h e  a r e a s  occupied r e s p e c t i v e l y  by t h e  map u n i t s  (4) and ( 5 )  
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neve r the l e s s  makes i t  f a i r l y  clear t h a t  porphyry bodies  of u n i t  (5) 

i nc lude  v a r i o u s l y :  

t h e  western, o r  Minex, b r e c c i a  p i p e ;  

An i r regular -shaped  body which more o r  less enclosed 

rare dykes, a few tens of f e e t  wide 

which s t r i k e  i n  v a r i o u s  e a s t e r l y  d i r e c t i o n s  and a r e  emplaced in t h e  Beth- 

lehem q u a r t z  d i o r i t e  nor th  of t h e  Bethsaida prong i n  t h e  Highmont workings 

and i n  d r i l l  ho le s  on t h e  A.M. No. 32 f r a c t i o n a l  c la im,  and south  of  t h e  

I 

prong on t h e  Ann No. 3 mineral  c la im;  and a nor th- t rending  dyke l y i n g  

1,300 f e e t  e a s t  of t h e  summit of Gnawed Mountain which is p a r t  of t h e  

Spud Lake dyke system. Poss ib ly  o t h e r  bodies  of t h i s  porphyry a r e  re- 

I C  presented  by dykes extending v a r i o u s l y  no r th  and sou th  from t h e  l a r g e s t  

b r e c c i a  p i p e  n e a r  t h e  summit. 

The porphyry body around t h e  Minex breccia p i p e  is an I r r e g u l a r l y  

shaped mass measuring p o s s i b l y  a s  much a s  2,000 f e e t  i n  l e n g t h  i n  a 
i 

i 

west-northwester ly  d i r e c t i o n .  

p o r p h y r i t i c  g r a n o d i o r i t e  and l o c a l l y  on t h e  south  i n  t h e  Bethlehem q u a r t z  

d i o r i t e  and i t  grades  c e n t r a l l y  i n t o  t h e  b r e c c i a  of t h e  pipe.  

t u r e  is  most ly  a p l i t i c ,  and n e a r  t h e  edge of  t h e  body, becomes f i n e r  

g ra ined  and p a r t l y  a p h a n i t i c .  

It i s  emplaced mainly i n  t h e  Bethsaida 

The tex- 

The rock is c u t  by c o u n t l e s s  i n t e r s e c t i n g  

f r a c t u r e s ,  and i t  c o n t a i n s  b i o t i t e  which is mostly r e c r y s t a l l i z e d  t o  form 

f i n e - s c a l e  aggrega tes .  

phyry, on ly  a few f e e t  wide, occu r  as f a r  e a s t  as t h e  A.M. No. 32 mineral  

c la im,  and a r e  probably o f f s h o o t s  of t h i s  body. 

Narrow i r r e g u l a r  dykes of s i m i l a r  a p l i t i c  por- 

The d e r i v a t i o n  of f ragments  of both  a p h a n i t i c  and a p l i t i c  porphyry 

i n  t h e  l a r g e  Gnawed Mountain b r e c c i a  p ipe ,  which l i es  a few hundred f e e t  

d i s t a n t  f a r t h e r  s o u t h e a s t ,  may be from hidden bodies  of e i t h e r  t h e  Beth- 

s a i d a  porphyry o r  t h e  porphyry now under  d i scuss ion ,  both of which form 

I ,  ' 

small outcropping bodies  i n  t h e  v i c i n i t y  of t h e  pipe.  , 
; , 

* 
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The ex tens ive  Spud Lake dyke system, which outcrops  600 f e e t  t o  

t h e  east of t h e  Gnawed Mountain b r e c c i a ,  has  more or less s imilar  char-  

a c t e r s  throughout  i t s  5-mile l eng th ,  It probably c o n s i s t s  of a s i n g l e  

main dyke, which may be f u l l y  cont inuous ,  accompanied l o c a l l y  by ad jacen t  

narrower dykes, Outcrops s o u t h  of Highland Val ley  are d i s t r i b u t e d  a t  

i n t e n r a l s  a long  a n o r t h e r l y  d i s t a n c e  of about 2 1 / 2  miles, of which on ly  

t h e  southern  p a r t  is shown on Figure 3, and are sepa ra t ed  by a covered 

in te rva l  of about  2 miles from a long series of ou tcrops  n o r t h  of Highland 

Val ley  n e a r  Spud and Copper Lakes, 

v a r i o u s l y  t h e  Guichon and Bethlehem q u a r t z  d i o r i t e s  and it possesses  more 

o r  less s t e e p  w e s t e r l y  d ips  and a s t r i k e  t h a t  is s l i g h t l y  e a s t  of n o r t h ,  

a l though t h e  strike of t h e  main dyke l o c a l l y  changes t o  e i t h e r  s i d e  of 

nor th .  The main dyke ranges from about  50 f e e t  t o  150 f e e t  wide and i t  

The whole system is emplaced i n  

l o c a l l y  pinches,  swells, and r a r e l y  jogs a few f e e t  or tens of f e e t  i n  

e i t h e r  d i r e c t i o n ,  bu t  mainly lef t -handed.  These jogs follow t h e  d i r -  

e c t i o n s  of p re -ex i s t ing  sets of predominant f r a c t u r e s  i n  t h e  hos t  q u a r t z  

d i o r i t e s .  Gh i l l ed  grey ,  green ,  o r  p ink  se lvages  as much a s  10 inches  

wide occur  a t  t h e  wal ls ,  and i n  many p laces  t h e  porphyry r e t a i n s  an  

a p h a n i t i c  t e x t u r e  throughout  t h e  width of t h e  dyke. Loca l ly  t h e  c e n t r e  

of t h e  dyke possesses  an  a p l i t i c  t e x t u r e .  Phenocrysts  comprise between 

, 

25 p e r  c e n t  and 45 p e r  cent of  t h e  rock and a r e  of more t han  one genera- 

t i o n ,  of *which t h e  l a r g e s t  i nc ludes  q u a r t z  phenocrys ts  r a r e l y  as l a r g e  

a s  2 cen t ime t re s  and p a r t l y  of angu la r ,  euhedra l  appearance. B i o t i t e  

occurs  i n  l a r g e r  p l a t e s  and books reaching  a s i z e  of one-half c e n t i -  

metre) i n  t h e  no r the rn  outcrops  than  i n  t h e  southern  ones,  which l i k e w i s e  i 
I 

d i f f e r  i n  con ta in ing  lesser amounts of hornblende. 

one-half-unillimetre c r y s t a l s  i n  t h e  no r the rn  outcrops .  

A p a t i t e  forms 
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I A t  f o u r  or more l o c a l i t i e s  sou th  of  Highland Val ley ,  of which 

two are shown on Figure 3, porphyry b r e c c i a  is developed p a r t l y  a t  j o g s  

i n  t h e  main dyke or  s u b s i d i a r y  dykes. Adjacent a long  s t r i k e  from t h e s e  

b recc ia  bodies  t h e  c h i l l e d  se lvage  of t h e  porphyry dyke c o n s i s t s  of broken 

phenocrysts  i n  a g l a s s y  matrix, a s  i l l u s t r a t e d  by P l a t e  Vi, and a f f o r d s  

evidence t h a t  t h e  b r e c c i a  formed i n  con junc t ion  wi th  emplacement and 

co,oling olf t h e  porphyry i n t r u s i o n .  A chemical a n a l y s i s  and normative 

composi t ion of a sample of t h i s  s e lvage  a r e  given i n  Table  111, D. 

I 

1 1  

I 

Other  Q u a r t z  Porphyries  (not known a s  breccia-forminq. ) 

Crowded Porphvrv: 

a [crowded t e x t u r e  i n  t h e  f i e l d ,  t h i s  f a i r l y  d i s t i n c t i v e  rock type  (marked 

Possessing c l o s e l y  packed phenocrysts  which g i v e  it 

A !on t h e  map, Fig. 3) is conf ined  i n  t h i s  a r e a  t o  t h e  Bethlehem p rope r ty  

and w a s  o r i g i n a l l y  termed q u a r t z  d i o r i t e  porphyry (White, e t  a1.,1957, 

p. 6). 

t h e  v i c i n i t y  of  t h e  Bethlehem orebodies ,  more o r  less c e n t r a l  i n  t h e  

s w a r m  (see Fig, 3, 8, and 10). The system i s  t r a c e d  northward f o r  about 

1 t1/2 miles from t h e  Iona  orebody toward One Loon Lake, and i t  c o n t a i n s  

It  forms a b ra ided  system of p a r t l y  in t e rconnec ted  dykes i n  

as many a s  seven dykes 

of a m i l e .  I nd iv idua l  

f e e t ,  a l though a t  dyke 

a s l  g r e a t  a s  200 f e e t .  

t h e  dykes possess  d i p s  

spaced a c r o s s  a maximum d i s t a n c e  of th ree -qua r t e r s  

dykes possess  widths  commonly between 40 and 60 

j u n c t i o n s  t h e  t o t a l  width of t h e  i n t r u s i o n  may be 

Although somewhat i r r e g u l a r  i n  both  d i p  and s t r i k e ,  

which a r e  g e n e r a l l y  w e s t e r l y  and s t e e p  and s t r i k e s  

whdch range most ly  about  a d i r e c t i o n  which is east of nor th .  The dykes 

wer,e emplaced l a t e r  than  t h e  P porphyry, b r e c c i a ,  and dykes of Unit 

Nol, 7 which t h e y  p e n e t r a t e  and a r e  c h i l l e d  a g a i n s t .  

3 

The Crowded porphyry 

dykes are themselves pene t r a t ed  by l a t e r  q u a r t z  l a t i t e  porphyry dykes 

i n ' t h e  East Je rsey  orebody. One o r  more dykes of a comparable Crowded 

1 1  
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porphyry, which appa ren t ly  d i f f e r s  on ly  i n  i t s  l a c k  of ep ido te ,  occur  
I 

d l 1  beyond t h e  Highland Va l l ey  map-area on t h e  Chataway p rope r ty  i n  

diamond-dri l l  h o l e s  about 3,000 f e e t  sou th  of Dot Lake. 

The Crowded porphyry is  on ly  weakly f r a c t u r e d  and minera l ized ,  

and i t  most ly  forms blocky,  massive outcrops  and p i t  exposures .  North of 

t h e  Iona orebody t h i s  porphyry i s  sheared  and consequent ly  forms rubbly  

outcrops  which a r e  buff-coloured due t o  weather ing and posses s  rough, 

p i t t e d  su r faces .  

g rey ,  o r  green,  and i n  a l l  p l aces  i t  c o n t a i n s  e p i d o t e  i n  more o r  less 

Elsewhere t h e  rock appears  v a r i o u s l y  f lesh-coloured ,  

j 
! I  I 

I 

~ 

! 
I 

I ,  

I 

conspicuous aggrega tes  a s  much a s  1 c e n t i m e t r e  ac ross .  Together  t h e  

e p i d o t e  aggrega tes ,  t h e  crowded phenocrys t ic  appearance,  and t h e  presence  

of I q u a r t z  phenocrysts  serve g e n e r a l l y  to i d e n t i f y  t h e  Crowded porphyry 

(see Plate I11 a ) ,  whose s t r o n g l y  c h i l l e d  se lvages  and s t r i n g e r s  a lone  

f a i l  t o  show t h e s e  f e a t u r e s  and i n s t e a d  show smal l  phenocrysts  most ly  

of f e l d s p a r  and q u a r t z  which a r e  set  i n  an  abundant p ink  o r  brown aphan- 

i t i c  mat r ix  ( s e e  P l a t e  V k) .  

I n  t y p i c a l  crowded-textured rock  towards t h e  c e n t r e  of most 

dykes, t h e  a p h a n i t i c  mat r ix  g i v e s  way t o  a h o l o c r y s t a l l i n e  groundmass 

composed of subhedral  t o  shape le s s  c r y s t a l s  most ly  of p l a g i o c l a s e  and 

q u a r t z  in s e m i - p o i k i l i t i c  o r  enc los ing  t e x t u r e ,  wi th  no recognizable  K-feld-  

spa r .  

t o  a s  much as 70 p e r  c e n t  by volume of some porphyry samples. 

by a modal a n a l y s i s  (Table l), p l a g i o c l a s e  phenocrysts  comprise  about  

one-half t h e  volume of t h e  rock; 

cen t ime t re  i n  s i z e ,  a r e  commonly p a r t l y  s e r i c i t i z e d  and o the rwise  a l t e r e d  

y e t  t hey  r e t a i n  evidence of an o s c i l l a t o r y  normal zoning which, accord ing  

t o  o p t i c a l  measurements, causes  a composi t iona l  v a r i a t i o n  of between 

This  groundmass is less abundant t han  t h e  phenocrys ts ,  which amount 

As shown 

t h e y  may equa l  t h ree -qua r t e r s  of a 

Quar t z  phenocrys ts  are fewer and s m a l l e r ,  being r a r e l y  28' 
l a r g e r  thian 4 millimetres, and they  e x h i b i t  rounding and embayments pro- 

An48 and An 
- 

A 
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baibly due t o  r e s o r p t i o n  a t  h igh  i n t r u s i o n  tempera tures .  

ex ,h ib i t  a narrow whi t e  o r  p a l e  p ink  mantle ,  which is seen  w i t h  a pocket 

le lns  and i s  reso lved  under  t h e  microscope a s  a r i m  of f e l d s p a t h i c  p a r t i c l e s  

They may a l s o  

wl$ch a r e  enc losed  i n  t h e  q u a r t z .  S i m i l a r  f e l d s p a t h i c  p a r t i c l e s  l o c a l l y  

form aggrega tes  i n  t h e  i n t e r i o r  of t h e  q u a r t z  phenocrys ts ,  where t h e y  

show up as  p a l e  inc lus ions  seen  w i t h  a pocket l e n s .  Other phenocrysts  

a r e  va r ious ly :  Hornblende, whose p a r t l y  s i e v e - l i k e  c r y s t a l s  a r e  a l t e r e d  

l a r g e l y  t o  t h e  conspicuous aggrega tes  of ep ido te ,  c a l c i t e ,  and c h l o r i t e ;  

b i : o t i t e ,  as rare c h l o r i t i z e d  p l a t e s  and thin books reaching  a s i z e  of 

4 millimetres; and occas iona l  small phenocrysts  of a p a t i t e  and sphene. 

Xeinolithic Quartz  L a t i t e  Porphyw: The s i n g l e  known occurrence  of t h i s  

quprtz porphyry is between 201 feet and 229 feet in Bethlehem diamond- 

d r ; i l l  h o l e  No. B77, which is a t  t h e  no r th  end of t h e  East  J e r s e y  orebody, 

I 

a s  shown on F igure  8. 

only  a f o o t  o r  two d i s t a n t  from a l a r g e  Crowded porphyry dyke whose em- 

placement could  have l a r g e l y  o b l i t e r a t e d  any e x i s t i n g  porphyry and could 

thus  account  f o r  t h e  apparent  l i m i t e d  e x t e n t  of t h e  x e n o l i t h i c  porphyry. 

The x e n o l i t h i c  porphyry is an a p h a n i t i c ,  p ink i sh  rock con ta in ing  abun- 

dant  p a r t l y  rounded fragmentsof t h e  Guichon q u a r t z  d i o r i t e  and a l s o  

phenocrysts ,  some a s  l a r g e  a s  4 millimetres which a r e  v a r i o u s l y  of 

white-  t o  f lesh-coloured  p l a g i o c l a s e  t h a t  is  p a r t l y  rimmed by pink  

K-feldspar; dark  green  hornblende a s  well-shaped crystals enc los ing  

smal l  p l a g i o c l a s e  l a t h s  i n  s i e v e - l i k e  f a sh ion ;  and q u a r t z  as sma l l  

robnded and embayed g r a i n s  w i t h  minute p ink  i n c l u s i o n s ,  which are  of 

groundmass material. As seen  under  t h e  microscope, some p l a g i o c l a s e  

and q u a r t z  phenocrysts  are fragmental  and broken and t h e  groundmass of 

t h e  rock  Its a mixture  of g l a s s  and f ine-gra ined  c r y s t a l s  which a r e  most ly  

The porphyry occurs  i n  t h e  Guichon q u a r t z  d i o r i t e  

A 
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q u a r t z  arid K-feldspar. The c l a s t i c  groundmass, broken phenocrys ts ,  and 

q u a r t z  d i . o r i t e  f ragments  t o g e t h e r  i n d i c a t e  t h a t  t h i s  porphyry is auto- 

b r e c c i a t e d  and d i f f e r s  on ly  t o  a degree  from exp los ion  b recc ia .  

Sheba A p l i t i c  Porphyry: A 15O-foot wide l i gh t - co lou red  dyke t r end ing  

no r th  10 degrees  east occurs  i n  ou tc rop  1,500 f e e t  due w e s t  of t h e  cab in  

on t h e  Sheba road,  south  of Highland Va l l ey  on or  n e a r  t h e  Dawn No. 5 

mineral c la im.  So f a r  as known t h i s  dyke (marked B on t h e  map) is unique 

i n  t h e  a r e a  and by l ack ing  phenocrysts  of K-feldspar ,  it d i f f e r s  from 

rocks  known as "Roscoe g r a n i t e , "  which occur  n o r t h e a s t  of Gnawed Mountain. 

The Sheba. porphyry dyke is  emplaced i n  t h e  Bethlehem q u a r t z  d i o r i t e  

wi thout  development of an a p h a n i t i c  s e lvage  and it  c o n t a i n s  phenocrysts  

a s  l a r g e  as one-half centimetre, variously of quartz, strongly zoned 

p l a g i o c l a s e ,  booky and p l a t y  b i o t i t e ,  and s i e v e - l i k e  hornblende. The 

h o l o c r y s t a l l i n e  groundmass amounts t o  60 p e r  c e n t  of t h e  rock and, 

under t h e  microscope, is seen  t o  be an a p l i t i c  mosaic l a r g e l y  of q u a r t z  

and p l a g i o c l a s e  g r a i n s  t o g e t h e r  w i t h  b i o t i t e  and a l s o  o r t h o c l a s e ,  which 

forms less than  10 p e r  cen t  of t h e  rock. Malachi te  w a s  seen  i n  t h e  ad ja-  

cent q u a r t z  d i o r i t e  and C.S.  Ney reco rds  b o r n i t e  v e i n l e t s  n e a r  t h e  west 

c o n t a c t  of t h e  dyke (see Assessment Report No. 242, p. 6 ) .  

'This dyke a d j o i n s  a s t e e p  rock g u l l y  which is i t s e l f  p a r t  of  

a topographic  lineament t h a t  extends nor th-nor theas t  f o r  several thousand 

f e e t  t o  t h e  s t a r t  of s u p e r f i c i a l  d e p o s i t s  which mantle the floor of 

Highland Val ley.  

Lornex F e l s i t e  Porphyry: 

creamy o r  wh i t e  a p h a n i t i c  q u a r t z  porphyry c o n t a i n s  s c a t t e r e d  2 millimetre- 

s i z e d  p l a g i o c l a s e  phenocrysts  and r a r e r  ones of q u a r t z ,  and is appa ren t ly  

Known o n l y  i n  a few Lornex d r i l l  h o l e s  t h i s  
I 

I 
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l a t e r  i n  age than  t h e  Gnawed Mountain q u a r t z  porphyry o r  a l t e r n a t i v e l y  

t h e  Bethaaida porphyry, which forms t h e  main porphyry masses t h a t  occupy 

t h e  Discovery zone t r enches  and t h e  edge of t h e  Bethsaida s t o c k  due w e s t  

of t h e  Lornex s h a f t .  West of t h e  s h a f t  from 656 f e e t  t o  833 f e e t  i n  

diamond-dri l l  h o l e  No. 49, t h e  f e l s i t e  porphyry is i n t e r s e c t e d  immed- 

i a t e l y  eaist of  a majer  f a u l t  which h e r e  bounds t h e  east  edge of t h e  

Bethsaida s tock .  The i n t e r s e c t i o n  shows t h e  f e l s i t e  porphyry t o  be 

somewhat a l t e r e d  and minera l ized  on ly  w i t h  p y r i t e  and poss ib ' ly  molybdenite 

and i t s  e a s t e r n  p a r t  , t o  be  a b r e c c i a  i n  c o n t a c t  w i th  an a d j o i n i n g  body 

of t h e  Gnawed Mountain q u a r t z  porphyry, of which fragments occur  i n  the 

bcecc ia  ( s a ,  Mini s t e r  of Mines, B.C., Ann. Rept., 1967, p. 157) .  S i m i l a r  

porphyry, bu t  with rare small hornblendes,  occurs as stringers cutting 

th 'e Bethlehem q u a r t z  d i o r i t e  f a r t h e r  e a s t  on t h i s  d r i l l e d  s e c t i o n  a t  

451 f e e t  i n  h o l e  No. 1 2 .  A t  t h e  Discovery zone i n  d r i l l  h o l e  No, 48,  

a t  894 f e e t  and elsewhere,  s t r i n g e r s  of t h e  f e l s i t e  porphyry a r e  seen 

t o l  c u t  t h e  Gnawed Mountain q u a r t z  porphyry, which a lone  is rhineral ized 

wi th  b o r n i t e  and cha lcopyr i t e .  
I I 

Breccia  occurs  nearby i n  h o l e  N o ,  48. 
I I 

I 

i - .  

Unclas s i f i ed  Quartz Porphyry Dykes: Approximately 18 mapped dykes, mos t ly  

marked B on t h e  map, c o n s i s t  of q u a r t z  porphyry l ack ing  t h e  d i s t i n g u i s h -  

i ng  c h a r a c t e r s  of the '  v a r i e t i e s  a l r e a d y  descr ibed .  

'Three of t h e s e  dykes a r e  l o c a t e d  sou th  of Highland Va l l ey ,  t h e  

most w e s t e r l y  being a dyke seen underground a t  t h e  Alwin ( O . K . )  mine, 

which is about  20  f e e t  wide and posses ses  a nor th-nor thwes ter ly  s t r i k e  
I ! 

and a moderate e a s t e r l y  dip.  This  dyke, which i s  no t  shown on Figure 3, 

has  s h a r p l y  def ined ,  i r r e g u l a r ,  c h i l l e d  margins a g a i n s t  t h e  enc los ing  

Bethsaida g r a n o d i o r i t e  and l o c a l l y  a g a i n s t  brecci'a, which i t  e v i d e n t l y  

post-dates .  The dykecrock is grey ,  a l t e r e d ,  and a p h a n i t i c ,  and it 

/ i  
I /  A 
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con ta ins  q u a r t z  phenocrysts  of moderate s i z e  and r a r e  b i o t i t e  books, 

which a r e  a l t e r e d .  These phenocrysts  a r e  accompanied by o t h e r s  v a r i o u s l y  

of p l a g i o c l a s e  and a p a t i t e  and by q u a r t z  fragments a s  l a r g e  a s  one-half 

inch.  The dyke i n t e r r u p t s  some f r a c t u r e s  i n  t h e  g r a n o d i o r i t e  which a r e  

t h e r e f o r e  e a r l i e r  and may i n  p l aces  have c a r r i e d  v e i n  qua r t z  from which 

t h e  observed fragments were appa ren t ly  der ived.  

,- A grey a p h a n i t i c  hornblende q u a r t z  porphyry is i n t e r s e c t e d  i n  

Highmont diamond-dril l  h o l e  No. 9 on the&M. No. 4 c l a im northwest  of 

Gnawed Lake and, n e a r l y  one and one-half miles f a r t h e r  n o r t h ,  a no r theas t -  

s t r i k i n g  dyke is poorly exposed about 2~;.750 f e e t  due e a s t  of t h e  camp 

on t h e  Sheba road. The l a t t e r  dyke, which is r e f e r r e d  t o  iln Assessment 

Report N o .  242, reselpbles m o r e  or less  the Spud Lake quartz porphyry 

dyke whose p ro jec t ed  l o c a t i o n  l i e s  s e v e r a l  thousand f e e t  f a d t h e r  e a s t .  

The remaining dykes a r e  d i s t r i b u t e d  widely i n  t h e  swarms nor th  of Highland 

Val ley  and they mostly s t r i k e  northwestward, a l though some a r e  no r th  t o  

n o r t h e a s t  s t r i k i n g .  They s h a r e  a gene ra l  resemblance, being most ly  

grey  a p h a n i t i c  porphyries  weather ing t o  da rke r  shades and e x h i b i t i n g  a 

somewhat crowded t e x t u r e  due t o  a preponderance of pa le -  t o  f l e s h -  

coloured p l a g i o c l a s e  f e l d s p a r  phenocrysts  a s  much a s  one-half cen t ime t re  

i n  s i z e .  

I 

These c r y s t a l s  a r e  accompanied by o t h e r s  v a r i o u s l y  of horn- 

blende and qua r t z .  The hornblende phenocrysts  a r e  g e n e r a l l y  a l t e r e d  

p a r t l y  t o  ep ido te ,  and t h e  qua r t z  phenocrysts  r a r e l y  exceed 2 o r  3 

m i l l i m e t r e s  and a r e  mostly rounded, embayed, c o n t a i n  p a l e  i n c l u s i o n s ,  

and may be d i f f i c u l t  t o  i d e n t i f y  i f  mantled wi th  adhering groundmass 

m a t e r i a l .  

i n i t h e  Beaver and Bethlehem q u a r t z  d i o r i t e s  t o  t h e  sou th  of South Forge 

Mountain, a r e  d i s t i n g u i s h e d  by q u a r t z  phenocrysts  t h a t  r each  one-half 

8 

The t h r e e  most southwes ter ly  dykes which a r e  emplaced v a r i o u s l y  

I1  

I i  ! I  i l i  
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c e n t i m e t r e  i n  s i z e ,  Under t h e  microscope a l l  dykes appear  tto some 

e x t e n t  a l t e r e d ,  wi th  t h e  consequent product ion  of se r ic i te ,  ep ido te ,  

and c h l o r i t e ,  and they  a r e  appa ren t ly  d a c i t e s  which c o n t a i n  l i t t l e  o r  

no K-feldspar. 

magnet i te .  Small amounts of v a r i o u s l y  p y r i t e  and c h a l c o p y r i t e  were 

Theid accesso ry  minera ls  i nc lude  a p a t i t e ,  sphene, and 

observed in some of t h e  dyke outcrops .  

Fe ldspa r  Porphvr ies  

These porphyr ies  are c h a r a c t e r i z e d  by a l a c k  of conspicuous 

quiartz phenocrysts  and they form dykes t h a t  are appa ren t ly  r e s t r i c t e d  

t o  t h a t  p a r t  of the swarm l y i n g  n o r t h  of Highland Val ley.  F e y  inc lude  

Type D and Type E porphyr ies  and o t h e r  undesignated porphyr ies  of u n i t  

No!. 7. I /  
* I  
' I  

Type D Porphyry: 

r ies  mainly by the appearance of its groundmass which, a l though ve ry  f i n e  

Thijs t ype  is d i s t i n g u i s h e d  from o t h e r  f e l d k p a r  porphy- 

, 

gra ined  and c l a s s e d  as a p h a n i t i c  r a t h e r  than  h o l o c r y s t a l l i n e ,  is s u f f i c -  

i e n t l y  c r y s t a l l i n e  t o  be c rude ly  r e s o l v a b l e  with a pocket l e n s  and t o  
I 

have a c h a r a c t e r i s t i c '  appearance under  t h e  microscope (see P l a t e  V 1). 

Sparse ,  inconspicuous q u a r t z  phenocrysts  no t  exceeding 1 millimetre i n  

s i z e  may lbe p re sen t  and are commonly mantled by a white s i l i c e o u s  r i m .  

I n v a r i a b l y  p r e s e n t  a r e  zoned p l a g i o c l a s e  phenocrys ts  a l l  less than  

one-half cen t ime t re  i n  s i z e  and a l s o  lesser numbers of comparably l a r g e ,  

dark  green hornblende ,phenocrysts  t h a t  are w e l l  shaped, p a r t l y  s i e v e - l i k e  

due t o  enclosed smal l  f e l d s p a r s ,  and p a r t l y  need le - l ike  o r  e longate .  

B i o t i t e  i n  i n v a r i a b l y  ,absent ,  The phenocrysts  a r e  exceeded , in  amount 

b y i t h e  groundmass which commonly makes about 60 p e r  c e n t  by volume of 

~ t h e  rock. The groundmass i s  g l a s s y  i n  t h e  narrow dykes o r  i n  c h i l l e d  

I A 
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se lvages  of t h e  o t h e r  dykes, but  e lsewhere i t  has t h e  murky, sub-granular  

t e x t u r e  t h a t  is c h a r a c t e r i s t i c  of t h i s  type  of porphyry. 

The dykes weather  i n  outcrop  t o  v a r i o u s  co lou r s  incJuding whi te ,  

brown,, and pink,  and they  possess  c h i l l e d  se lvages  s e v e r a l  ihches wide 

t h a t  a r e  a l s o  of v a r i o u s  co lours .  The f r e s h l y  brokeniporphyry appears  

v a r i o u s l y  grey o r  green ,  o r ,  where inf luenced  by a so-ca l led  leuco- 

a l t e r a t i o n  on p a r t s  of t h e  Bethlehem p rope r ty ,  a p a l e  grey-white. Some 

of t h e  more n o r t h e r l y  dykes possess  a f a i n t l y  pink groundmass t h a t  i s  

caused o t h e r  than  by L f e l d s p a r ,  which is more o r  less absen t  i n  t h i s  

type  of porphyry. 

disseminated and smal l  amounts of su lph ide  may l ikewise  occur.  

Epidote  r e s u l t i n g  from a l t e r a t i o n  i s  q u i t e  commonly 

A p l i t e  

v e i n s  w e r e  observed i n  t h i s  porphyry only on t h e  S.J. No. 19 mineral  

c l a im on t h e  Bethlehem proper ty ,  and t h e i r  s i g n i f i c a n c e  is unknown. 

Fea tures  seen under t h e  microscope inc lude  f i n e - s c a l e  t e x t u r e s  

involv ing  qua r t z  and p l ag ioc la se ,  which are d e l i c a t e l y  intergrown as 

f r i n g e s  om c r y s t a l s  of v a r i o u s l y  p l a g i o c l a s e  and qua r t z ,  o r  which occur  

a s :  qua r t z  s h a p e l e s s l y  enc los ing  p l a g i o c l a s e  t a b l e t s .  - Much qf t h e  rock 

c o n s i s t s  of smal l  c r y s t a l s  which a r e  mostly of p l a g i o c l a s e  and a l s o  var-  
I 

i o u s l y  of hornblende, q u a r t z ,  sphene, a p a t i t e , ,  and magnet i te .  S t a i n i n g  

of e tched t h i n  s e c t i o n s  wi th  sodium c o b a l t i n i t r i t e  f a i l e d  t o  show t h e  

presence of any K-feldspar.  

of Type D porphyry from a dyke a t  t h e  S.B, t r enches  is 2.67 (see Table  II), 

The measured s p e c i f i c  g r a v i t y  of a sample 

Type D porphyry dykes occur  most abundantly i n  a p a r t  of t h e  

Bethlehem proper ty  t h a t  is c e n t r e d  on t h e  open p i t s  and measures about 

9,000 f e e t  i n  both n o r t h e r l y  and e a s t e r l y  d i r e c t i o n s .  Some of t h e s e  dykes 

a r e  t r a c e d  i n d i v i d u a l l y  f o r  d i s t a n c e s  of a s  much a s  2,000 f e e t .  Commonly 

t h e  more e a s t e r l y  occurr ing  dykes possess  n o r t h e r l y  s t r i k e s  and t h e  more 

/ ' /  

i I  ' A  



74 

w e s t e r l y  occur r ing  dykes possess  s t r i k e s  t h a t  a r e  e a s t  of no r th .  Dips 

a r e  most ly  s t e e p  and commonly a r e  e a s t e r l y  f o r  t h e  e a s t e r l y  occur r ing  

dykes and w e s t e r l y  f o r  t h e  w e s t e r l y  occur r ing  dykes. 

4 

During mapping of 

2 t h e  p rope r ty  t h e s e  dykes were des igna ted  P and, i n  lesser numbers, P 1 

and were recognized in p l a c e s  a s  c u t t i n g  a c r o s s  and, t h e r e f o r e ,  l a t e r  

t han  t h e  P porphyry and a s s o c i a t e d  b r e c c i a ,  They were a l s o  seen  t o  be 3 

c u t  by and, t h e r e f o r e ,  e a r l i e r  than  dykes of t h e  Crowded porphyry. 

Poss ib ly  not  a l l  t h e  Type D dykes on t h e  Bethlehem p r o p e r t y  are of s i m -  

i l a r  age, and some of them may pre-da te  b r e c c i a  because abundant f e l d -  

s p a r  porphyry fragments are inco rpora t ed  i n  t h e  Bethlehem b recc ia s .  

The remaining Type D dykes a r e  d i s t r i b u t e d  throughout  t h e  l e n g t h  

of the swarm northward f r o m  the Bethlehem property and all possess strikes 

t h a t  a r e  e i t h e r  no r thwes te r ly  o r  n o r t h e r l y ,  with one except ion  which is  

a n o r t h e a s t  s t r i k i n g  dyke l o c a t e d  a t  t h e  e a s t  s i d e  of t h e  swarm about  / I  

7,000 f e e t  due e a s t  of t h e  Tro jan  mine. The unusual ly  weathered and 

d i sco lou red  s t a t e  of porphyr ies  a t  t h e  Tro jan  mine has  impeded p rope r  

r ecogn i t ion  of porphyry types  w i t h i n  t h e  f i e l d  ca t egory  of brown porphyry, 
I 

which i s  now known from c o l l e c t e d  specimens t o  inc lude  Type D m a t e r i a l ,  

p a r t l y  a s  porphyry fragments which a r e  inco rpora t ed  

Type D dykes t h e r e f o r e  pre-date  t h e  Tro jan  b r e c c i a ,  

Type E Porphyry: Dykes l e t t e r e d  E o n - t h e  map (Fig. 

of one type  a l though most are of a d i s t i n c t i v e  f e l d  

i n  t h e  b r e c c i a  pipe.  

a t  l e a s t  i n  p a r t .  

3) are no t  s t r i c t l y  

p a r  porphyry conta in-  l 

I 

i ng  small, e longa te  hornblendes and a p ink i sh  groundmass which i s  var -  

i o u s l y  g l a s s y  o r  possesses  a sub-aphani t ic ,  murky appearance s i m i l a r  t o  

I 

t h e  Type D porphyry. Other  dykes i n  t h i s  group a r e  misce l laneous  f e l d s p a r  I 

porphyr ies  . 

I 
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Foot Lakce Porphyries:  

n o r t h  of Highland Val ley  nea r  Foot Lake, two or more dykes occur  sep- 

A t  t h e  e a s t e r n  l i m i t  of mapping 1 1 /2  miles 

a r a t e d  from the main s w a r m  and consist of porphyr ies  no t  r ep resen ted  

i n  t h e  main swarm. The dykes (marked F on Fig . .3 )  t r end  northward about  

one-half m i l e  a p a r t  and a r e  each of unknown width exceeding s e v e r a l  f e e t .  

Where exposed t h e y  a r e  emplaced i n  t h e  Guichon q u a r t z  d i o r i t e .  

a s i n g l e  e a s t e r n  dyke i s  r ep resen ted  by two outcrops  l y i n g  about  one-half 

m i l e  a p a r t  i n  a n o r t h e r l y  d i r e c t i o n  and c o n s i s t i n g  of porphyry wi th  

r e l a t i v e l y  few phenocrysts  and an abundant p ink i sh  g rey  groundmass t h a t  

i nc ludes  crowded smal l  c r y s t a l s .  The phenocrysts  reach  a s i z e  of one- 

h a l f  cen t ime t re  and a r e  v a r i o u s l y  squa t  w h i t e  p l a g i o c l a s e s ,  e l o n g a t e  

hornblendles, and s m a l l e r  flakes and books of biotite. The m o s t  conspicuous 

Probably 

c r y s t a l s  i n  t h e  groundmass a r e  minute needle- l ike  hornblendes which, t oge t -  

her wi th  accompanying p l a g i o c l a s e  l a t h s ,  impart  an a p p r e c i a b l e  f o l i a t i o n  

o r  f low texture t o  the rock, 

Under t h e  microscope t h e  rock shows f e a t u r e s  which inc lude :  

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

shaped q u a r t z  phenocrysts  wi th  i n c l u s i o n s ;  

mass which inc ludes  minute i n t e r s t i t i a l  q u a r t z  g r a i n s  amounting p o s s i b l y  

t o  5 p e r  c e n t  by volume of t h e  rock;  

s i s t i n g  of a c o r e  of b i o t i t e  and an envelope of hornblende which appa ren t ly  

record  a reversal of t h e  usua l  o r d e r  of c r y s t a l l i z a t i o n  of t h e s e  mine ra l s ,  

perhaps i n  consequence of some l o c a l  metamorphic event  which is o the rwise  

unknown 

t h e  presence  of sma l l ,  i r r e g u l a r l y  

and h o l o c r y s t a l l i n e  ground- 

and occas iona l  phenocrysts  con- 

I n  both i t s  outcrops  t h i s  porphyry enc loses  mainly smal l  sub- 

angu la r  t o  rounded fragments  of a wh i t e  rock which, judging  from c o l l e c t e d  

specimens, is a porphyry w i t h  a crowded t e x t u r e  and is composed predom- 

i n a n t l y  of weakly zoned p l a g i o c l a s e  t a b l e t s  a s  much a s  2 millimetres i n  
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s i z e  wi th  d iscont inuous  rims of K-feldspar, small  s c a t t e r e d  b i o t i t e s  

and s c r a p s  of hornblende,  accesso ry  magnet i te  and sphene, and a v e r y  

I 

! '  

, 

s p a r s e  i n t e r s t i t i a l  groundmass of q u a r t z  and f e l d s p a r  t h a t  i s  holo- I 

c r y s t a l l f n e  and f i n e  gra ined .  

The wes tern  dyke, which is c l o s e  t o  Foot Lake, i s  s i m i l a r  t o  t h e  
I '  
I 

e a s t e r n  dyke i n  possess ing  e longa te  hornblendes and d i f f e r s  from it i n  

being a p inke r  rock wi th  more o r  less conspicuous q u a r t z  phenocrysts  

and a v e r y  f ine-gra ined  a p l i t i c  groundmass c o n s i s t i n g  of q u a r t z ,  p lag io-  

c l a s e ,  and K-feldspar. I t s  margins are h o l o c r y s t a l l i n e  and, t h e r e f o r e ,  

n o t  s e v e r e l y  c h i l l e d  a g a i n s t  t h e  host' q u a r t z  d i o r i t e ,  The porphyry is 

hydrothermally a l t e r e d ,  c o n t a i n s  secondary b i o t i t e ,  and i s  mine ra l i zed  

by disseminated chalcopyrite in very small amount. 

Brecc ias  I 

General: These fragmental  rocks a r e  emplaced i n  con junc t ion  w i t h  t h e  

breccia-forming porphyr ies  v a r i o u s l y  i n  t h e  Guichon and Bethlehem q u a r t z  
I 

d i o r i t e s  and t h e  Bethsaida g r a n o d i o r i t e .  Breccia  l o c a l i t i e s  a t  Gnawed 

Mountain and t h e  Bethlehem, Tro jan ,  and Krain p r o p e r t i e s ,  r e spec t fve1y ,  

a r e  spaced a t  decreas ing  i n t e r v a l s  i n  t h e  nor th- t rending  zone of b recc ia -  
I 

forming porphyr ies ,  and b r e c c i a s  n e a r  Gnawed Mountain and sou th  of t h e  
I 

Lornex d e p o s i t  a r e  a l igned  on a west-northwest- t rending zone of t h e s e  
I 

porphyr ies  (see F igo  5), Elsewhere small b r e c c i a s  occur  v a r i o u s l y  along I I 

t h e  nor th- t rending  Spud Lake dyke system, which passes  east of Gnawed 

Mountain, and a t  t h e  Alwin mine and p o s s i b l y  a l s o  on t h e  Bethsaida 

p rope r ty  (White e t .  a l . ,  1957, p. 5 ) .  

The l a r g e s t  b r e c c i a  bodies  are those  a t  Gnawed Mountain, Beth- 

- lehem, and Tro jan ,  some of which measure a s  much as 2,000 feet  long  and 
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s e v e r a l  hundred f e e t  a c r o s s ,  I n  genera l  t h e  bodies  possess  i r r e g u l a r ,  

s t e e p  c o n t a c t s  which v a r i o u s l y  are wel l -def ined or grade  i n t o  ve ined  and 

f r a c t u r e d  wal l rock.  Mostly t h e  bodies  are  e longated  p a r a l l e l  t o  accom- 

panying porphyry i n t r u s i o n s ,  and they  extend t o  depths  i n  some c a s e s  

known t o  exceed hundreds of f e e t  (see Bethlehem and Tro jan  c ros s - sec t ions ,  

Figs .  10 and 16) .  

Breccia  i s  g e n e r a l l y  a dense,  tough rock without  voids and con- 
1 

s i s t i n g  of rock fragments i n  a f ine-gra ined  ma t r ix ,  which i s  most ly  

p l e n t i f u l  enough t o  prevent  a lmost  a l l  c o n t a c t  between t h e  fragments (see 

Plates  I11 b, c ,  d ,  and I V  a ,  b, c ) .  Local ly  v e i n s  of t h i s  ma t r ix  

p e n e t r a t e  undisp laced ,  f r a c t u r e d  rocks t h a t  form e i t h e r  t h e  w a l l s  of t h e  

b r e c c i a  bodies  or screens within the bodies. The colour and appearance 

of t h e  b r e c c i a s  v a r y  accord ing  t o  t h e i r  composition and degree  and type  

of a l t e r a t i o n .  Mostly t h e s e  rocks are predominantly g rey  o r  green ,  bu t  

some are n e a r l y  pure wh i t e  and o t h e r s  are a l t e r e d  t o  r edd i sh  t i n t s ,  

'The fragments  are most ly  of t h e  rock  types  which form t h e  walls 

of t h e  brleccia, p r i n c i p a l l y  t h e  q u a r t z  d i o r i t e s  and g r a n o d i o r i t e  t o g e t h e r  

wi th  one o r  more porphyry types .  

exceed i n  volume those  of o t h e r  t ypes ,  bu t  t h e  predominant type  may change 

Fragments of one type  g e n e r a l l y  f a r  

I 

a c r o s s  t h e  b r e c c i a  body. Some of t h e  b recc ia  may c o n s i s t  e n t i r e l y  of 

b r e c c i a t e d  porphyry and grade  t o  a mixed b r e c c i a  con ta in ing  v a r i e d  f rag-  

ments of random o r i e n t a t i o n .  Even in t h i s  mixed b r e c c i a  t h e r e  is evi- 

dence that: t h e  r e l a t i v e  movement of f ragments  i n  p l aces  was l i m i t e d ,  

I 

Thus, l o c a l l y  fragments may be found f i t t i n g  roughly t o g e t h e r  and pre- 

s e rv ing  t h e  form e i t h e r  of narrow porphyry dykes o r  of v e i n s  of a l t e r e d  

rock f o r  s h o r t  d i s t a n c e s  i n  t h e  b r e c c i a  ( see  P l a t e  IIIc), 

mostly range i n  s i z e  from one -ha l f / t o  2 o r  3 f e e t ,  and b locks  much l a r g e r  

Fragments 
inch 
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than  t h i s  probably r e p r e s e n t  v i r t u a l l y  undisplaced wal l rock .  The s i z e  

and shape of t h e  fragments is p a r t l y  r e l a t e d  t o  rock  type,  so t h a t  t h e  

medium-grained q u a r t z  d i o r i t e s  and g r a n o d i o r i t e  most ly  form rounded t o  

sub-angular  shapes a s  much a s  several f e e t  i n  dimension (see P l a t e  IVc), 

and t h e  p o r p h y r i t i c  v a r i e t i e s  of t h e s e  rocks most ly  form t a b u l a r ,  s l ab -  

l i k e ,  o r  angu la r  f ragments  of smal l  t o  moderate s i z e  (see P l a t e  Ivb) .  

Porphyry fragments  are g e n e r a l l y  small, angu la r  t o  sub-angular ,  and 
I 

r a r e l y  exceed 6 inches  i n  s i z e  except  f o r  t hose  of brown porphyry i n  the 

Trojan  b r e c c i a ,  which p a r t l y  form l a r g e  blocks.  Porphyry fragments  have 

several appearances,  being v a r i o u s l y  a p h a n i t i c  and a p l i t i c ;  p ink ,  g rey ,  

green  o r  da rk  i n  c o l o u r ;  and p a r t l y  e x h i b i t i n g  q u a r t z  phenocrys ts ,  Frag- 

ments are o c c a s i o n a l l y  seen  of q u a r t z  d i o r i t e  and porphyry which con- 

t a i n e d  a p l i t e  v e i n s  prior t o  b r e c c i a t i o n .  

I n  a d d i t i o n  t h e r e  are fragments ,  g e n e r a l l y  small in s i z e  and 

number, which a r e  of unusual  types .  

whi te  a p l i t e ;  ba r r en  v e i n  q u a r t z ;  b i o t i t i z e d  f ine -g ra ined  rock pro- 

bably r ep resen t ing  an  early-formed b r e c c i a  ma t r ix ;  

p a r t l y  i d e n t i f i a b l e  as t o  o r i g i n  which now c o n s i s t  mainly of q u a r t z ,  

ep ido te ,  tourmal ine ,  c h l o r i t e ,  and o t h e r  a l t e r a t i o n  products .  

These v a r i o u s l y  inc lude  p ink  or 

and rocks only 

The mat r ix  is a dense,  f ine-gra ined  material which is commonly 

p a l e  t o  dark  g r e y  o r  green  i n  c o l o u r  but  which v a r i e s  p a r t l y  because of 

a l t e r a t i o n .  Loca l ly  i t  forms as much as 60 p e r  c e n t  by volume of the 

b r e c c i a ,  or as l i t t l e  a s  5 p e r  c e n t ,  I n  i t s  f r e s h e s t  c o n d i t i o n  it  i s  

most ly  a s i l t -  t o  sand-sized,  c r u d e l y  a p l i t i c  mosaic of welded p a r t i c l e s  

mainly of q u a r t z  and f e l d s p a r s ,  w i t h  o t h e r  mine ra l s  p r e s e n t  such  as 

c h l o r i t e ,  magnet i te ,  a p a t i t e ,  and sphene. It inc ludes  abundant rock 

c h i p s  and s c a t t e r e d  c r y s t a l s  and broken g r a i n s  v a r i o u s l y  of q u a r t z ,  



79 

I, 

f 

I 

f e l d s p a r s ,  and o c c a s i o n a l l y  b i o t i t e ,  t h a t  a r e  e v i d e n t l y  de r ived  p a r t l y  

from porphyry phenocrysts  (see P l a t e s  V j and m). The sou the rn  b r e c c i a s  

a t  Gnawed Mountain and n e a r  Lornex p a r t l y  c o n t a i n  s c a t t e r e d  c r y s t a l s  

v a r i o u s l y  of K-feldspar and c h l o r i t i z e d  b i o t i t e ,  w h i l e  t hose  of t h e  Spud 

Lake dyke system possess  s c a t t e r e d  hornblendes and b i o t i t e s .  

t o  much of t h e  b r e c c i a  occur r ing  n o r t h  of Highland Val ley ,  i n  which t h e  

average  p a r t i c l e  s i z e  of t h e  matrix i s  approximately one-quarter  m i l l i -  

Compared 

metre, t l h e  southern  b r e c c i a s  mainly possess a matrix which i s  c o a r s e r  

gra ined ,  possesses  a h igh  p ropor t ion  of po tash  f e l d s p a r ,  and enc loses  

l a r g e r  s c a t t e r e d  c r y s t a l s ,  whose s i z e  is p a r t l y  one-half c e n t i m e t r e  and 

corresponds t o  t h a t  of phenocrysts  i n  t h e  a s s o c i a t e d  porphyr ies .  Rock 

a l t e r a t i o n  i n  the b r e c c i a s  is p a r t l y  res t r ic ted t o  t h e  m a t r i x .  A f i n e  

scale b i o t i t i z a t i o n  a f f e c t s  much of t h e  matrix of t h e  Iona and Je r sey  

b r e c c i a s  and c o l o u r s  i t  brown. The b i o t i t e  is a v a r i e t y  p leochro ic  i n  

browns t h a t  appears  s i m i l a r  t o  t h e  pr imary b i o t i t e  of t h e  accompanying 

i n t r u s i v e  rocks ,  and i t  is  t h e r e f o r e  probably a l a t e  magmatic product  

r e l a t e d  to t h e  act  of porphyry i n t r u s i o n  and b r e c c i a  formation.  

and q u a r t z  w e r e  appa ren t ly  in t roduced  dur ing  p a r t i a l  r e c r y s t a l l i z a t i o n  

K-feldspar  

of t h e  mat r ix  i n  some n o r t h e r n  p a r t s  of t h e  Jersey and East  J e r sey  

brecc ias , ,  and t h e  ma t r ix  now c r u d e l y  resembles a granophyric  a p l i t e  

except  f o r  t h e  presence of rock  c h i p s ,  Tourmaline i s  absent  from b r e c c i a s  

n e a r  Lorriex and a t  Alwin b u t  i s  more o r  less wide ly  p re sen t  i n  the o t h e r  

b r e c c i a s ,  and it  occurs  p r i n c i p a l l y  a s  a disseminated replacement of 

t h e  mat r ix  which i s  thereby  p a r t l y  blackened,  

i s  p a r t l y  in t roduced  o r  s eg rega ted  i n  p l a c e s  i n  t h e  mat r ix ,  and c h l o r i t e  

forms abundant meshes i n  t h e  ma t r ix  a s  w e l l  as occur r ing  more g e n e r a l l y  

I n  many b r e c c i a s  q u a r t z  

i n  t h e  rocks (see P l a t e  Vn). 

r e f r i n g e n t  v a r i e t y  d i s t i n c t  from t h e  accompanying p e n n i n i t e  v a r i e t y .  

The c h l o r i t e  is p a r t l y  a s t r o n g l y  b i -  



I n  a d d i t i o n  t o  t h e  above e f f e c t s ,  rock a l t e r a t i o n  i s  p a r t l y  

pervas ive  i n  t h e  b r e c c i a s  a s  i n  o t h e r  rocks of t h e  a r e a ,  and it is des- 

s c r i b e d  i n  a subsequent s e c t i o n .  The occurrence i n  s e v e r a l  b r e c c i a s  of 

rocks t h a t  were v a r i o u s l y  a l t e r e d  be fo re  t h e i r  i nco rpora t ion  i n  b r e c c i a  

i n d i c a t e s  t h a t  rock a l t e r a t i o n  spanned t h e  per iod  of b r e c c i a  formation.  

Some of t h e  a l t e r e d  fragments  are of recognized wal l rock  types ;  f o r  

example, p o r p h y r i t i c  q u a r t z  d i o r i t e  a t  Bethlehem and r h y o l i t e  porphyry a t  

t h e  Tro jan  mine. 

Bethlehem Breccias: Breccias on t h e  Bethlehem p rope r ty  occur  a t  i n t e r v a l s  

f o r  7,000 f e e t  a long an i r r e g u l a r ,  northwest- t rending c o n t a c t  between t h e  

Guichon and Bethlehem q u a r t z  d i o r i t e s ,  from t h e  White zone i n  t h e  south- 

east  through t h e  Iona,  East  Je rsey ,  and Jersey  orebodies  as f a r  t o  t h e  

northwest  a s  smal l  b r e c c i a  occurrences  i n  t h e  4600 level a d i t  (see Fig. 3). 

To d a t e  no b r e c c i a  i s  r epor t ed  from t h e  Hues t i s  orebody, which l i es  

immediately south  of t h e  l a s t  mentioned occurrences.  The b r e c c i a  bodies  

most ly  possess  a more o r  less n o r t h e r l y  e longa t ion  and a r e  r e l a t i v e l y  

narrow, being r e l a t e d  t o  t h e  emplacement of i n d i v i d u a l  branching s h e e t s  

of a sfnglle P porphyry i n t r u s i o n .  As mapped, t h e  Iona b r e c c i a  i s  t h e  

l a r g e s t  body and measures as much as 1,000 f e e t  wide and 2,500 f e e t  

3 

long,  bu t  probably t h i s  body t o o  could  be separa- ted by more d e t a i l e d  map- 

ping i n t o  v a r i o u s  s m a l l e r  bodies  sepa ra t ed  by sc reens  of r e l a t i v e l y  

unbrecc ia t ed  rocks. The form and r e l a t i o n s  of Ithe p r i n c i p a l  Bethlehem 

b r e c c i a s  are i l l u s t r a t e d  by va r ious  maps and c ross - sec t ions  (see Figs. 

3, 8, 9, and 10) and t h e s e  b r e c c i a s  need no i n d i v i d u a l  d e s c r i p t i o n  

except  for: c e r t a i n  d e t a i l s  r e l a t i n g  t o  t h e i r  p l a c e  i n  t h e  sequence of 

geo log ica l  events .  
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A t ype  of a l t e r a t i o n  subsequent ly  desc r ibed  and termed leuco- 

a l t e r a t i f o n  (see White e t .  a l . ,  1957, p. 81, i s  recorded on the Bethlehem 

p rope r ty  mainly i n  t h e  Bethlehem q u a r t z  d i o r i t e  and porphyr ies  between 

t h e  Xona and Hues t i s  orebodies .  Conspicuous, bleached fragments  s c a t t e r e d  

i n  t h e  Bethlehem b r e c c i a s  appa ren t ly  c o n s i s t  of l euco-a l t e red  Bethlehem 

q u a r t z  d i o r i t e  and t h e r e f o r e  i n d i c a t e  t h a t  t h e  l e u c o - a l t e r a t i o n  p a r t l y  

preceded t h e  b r e c c i a t i o n .  

The p o s s i b i l i t y  of two s t a g e s  i n  t h e  product ion  of  b r e c c i a  a t  

Bethlehem is  shown by t h e  occurrence  i n  t h e  Iona b r e c c i a  of f ragments  of 

a p re -ex i s t ing  b r e c c i a ,  These fragments c o n s i s t  of q u a r t z  d i o r i t e  f r ag -  

ments embedded i n  a n  e a r l y  b r e c c i a  mat r ix ,  which is c o a r s e r  g ra ined  than  

t h e  prevadent  Iona b r e c c i a  matr ix .  Other  small, dark fragments in the 

Iona b r e c c i a  probably a l s o  r e p r e s e n t  a fragmented mat r ix ,  appa ren t ly  of 

t h e  same uniformly f ine -g ra ined , type  t h a t  occurs  a c r o s s  a width of a few 

inches  between P porphyry and b r e c c i a  i n  t h e  4600 level a d i t  a t  t h e  

western edge of t h e  Jersey  orebody (see the c ross - sec t ion ,  Fig. 10). 

Addi t iona l  evidence of t h e  e x i s t e n c e  o€ two s t a g e s  of b r e c c i a t i o n  i n  t h e  

Iona body is an  o c c a s i o n a l l y  c r o s s c u t t i n g  r e l a t i o n s h i p  seen  between one 

type  of mat r ix  and an appa ren t ly  e a r l i e r  type.  

3 

Troian  Breccia:  This b r e c c i a  body, one of t h e  l a r g e s t  i n  t h e  mapped a r e a ,  

l i es  3 miles no r th  of t h e  Bethlehem b r e c c i a s  and is n e a r l y  1,000 f e e t  wide 

i n  p l aces  and a s  much as 1,200 f e e t  long i n  a n o r t h e r l y  d i r e c t i o n .  As 

shown by t h e  map and v e r t i c a l  s e c t i o n s  (Figs .  14  and 16), it is l a r g e l y  

s teep-walled and c o n t a i n s  a s t e e p ,  s inuous  and p a r t l y  narrow, b ra ided  

i n t r u s i o n  of t h e  Tro jan  r h y o l i t e  porphyry. I n  consequence of underground 

examinat ions made since t h e  accompanying f i g u r e s  were prepared ,  t h e  mapped 

l o c a t i o n  of p a r t  of t h e  western w a l l  of t h e  b r e c c i a  body n e a r  t h e  s h a f t  

i s  somewhat amended i n  t h e  Annual Report f o r  1967 (Pig. 19) .  
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The b recc ia  inc ludes  mainly t h r e e  types of fragment,  which a r e  

0 r e s p e c t i v e l y  of t h e  Guichon qua r t z  d i o r i t e ,  t h e  r h y o l i t e  porphyry, and t h e  

brown porphyry. A l l  t h r e e  may be p re sen t  t o g e t h e r  o r ,  a l t e r n a t i v e l y ,  one 

o r  o t h e r  of t h e  porphyr ies  may be l ack ing .  T h e ' d i s t r i b u t i o n  of t h e  brown 

porphyry fragments is shown, and p a r t l y  i t  covers  l a r g e  portions of the 

b r e c c i a  body i n  which r h y o l i t e  porphyry fragments a r e  s p a r s e  o r  lack ing .  

Rhyol i te  porphyry fragments occur  c h i e f l y  i n  p a r t s  of t h e  b r e c c i a  more or 

less ad jo in ing  t h e  r h y o l i t e  porphyry i n t r u s i o n ,  some of whose branches 

a r e  wel l -nigh completely b recc ia t ed  and a l t e r n a t e  wi th  mixed b r e c c i a  t o  

form a mul t ip ly  shee ted  mass. 

i n  t h e  b recc ia  body and involved b recc ia t ed  dykes of t h e  brown porphyry 

and brecciated screens of the Guichon quartz d i o r i t e ,  a l t e r n a t e l y .  The 

i 

Simi lar  m u l t i p l e  shee t ing  occurs  e lsewhere 

brown porphyry dykes p a r t l y  possess  preserved c h i l l e d  se lvages  and they  

range i n  width from a few inches t o  t e n s  of f e e t ,  and t h e  spac ing  a l s o  

v a r i e s  and is p a r t l y  c l o s e .  S ince  much of t h i s  in format ion  i s  der ived  

from d r i l l  c o r e  t h e  a t t i t u d e  of t h e  dykes and s h e e t s  is g e n e r a l l y  unknown. 

P a r t s  of t h e  b recc ia  body, e s p e c i a l l y  toward i t s  w a l l s ,  c o n s i s t  of weakly 

b recc ia t ed  q u a r t z  d i o r i t e  t r ave r sed  by widely-spaced v e i n s  of  mat r ix  i n  

which porphyry fragments a r e  r a r e  o r  absent .  A few fragments a t  p l aces  

* i n d i c a t e d  on t h e  map (Fig. 1 4 ) ,  were i d e n t i f i e d  as of t h e  Bethlehem 

p o r p h y r i t i c  qua r t z  d i o r i t e ,  of which only a s i n g l e  small  ou tcrop  occurs  

nea r  t h e  'Trojan b recc ia .  

Rhyol i te  porphyry s h e e t s  and fragments commonly e x h i b i t  a s t rong  

a l t e r a t i o n ,  which co lou r s  them v a r i o u s l y  p ink ,  bu f f ,  and l i gh t -g reen  and 

was e f f e c t e d  p r i o r  t o  b r e c c i a t i o n .  X-ray i d e n t i f i c a t i o n  of the f i n e -  

g ra ined  a r g i l l i c  products  of t h i s  a l t e r a t i o n  confirmed t h e  presence of 

much s e r i c i t e  and c h l o r i t e ,  which a r e  accompanied c h i e f l y  by qua r t z .  
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The ma t r ix  of t h e  b r e c c i a  i s  d i v e r s e l y  a l t e r e d  and t h e r e f o r e  

varies cons ide rab ly  i n  composition. I n  t h e  b r e c c i a t e d  r h y o l i t e  porphyry 

i t  c o n s i s t s  l a r g e l y  of f ine-gra ined  q u a r t z  and s e r i c i t e ,  w i t h  r a r e  con- 

t a i n e d  q u a r t z  g r a i n s  a s  l a r g e  as 2 millimetres, bu t  e lsewhere the mat r ix  

material is d i f f e r e n t  (see P l a t e  Vn) . 
I 

The desc r ibed  d i f f e r e n c e s  in f a b r i c  and composi t ion of t h e  Trojan 

b r e c c i a  from p lace  t o  p l ace  sugges t  t h a t  i t s  o r i g i n  was complex and pos- 

s i b l y  occurred i n  more than  one s t a g e .  

The brown porphyry undoubtedly preceded t h e  r h y o l i t e  porphyry and 

i t  e v i d e n t l y  w a s  emplaced i n  f r a c t u r e d  q u a r t z  d i o r i t e  and may have caused 

a f i r s t  sitage of b r e c c i a t i o n .  

l i t e  porphyry s t r i n g e r s  w e r e  i n  p l aces  in t ruded  into a pre -ex i s t ing  

Evidence was seen i n  d r i l l  c o r e  t h a t  rhyo- 

b r e c c i a ,  whose o r i g i n  may p o s s i b l y  thus  be r e l a t e d  t o  t h e  emplacement of 

t h e  brown porphyry. 

Krain Breccia:  I l l u s t r a t e d  by P l a t e  I11 d ,  t h i s  b r e c c i a  is a s s o c i a t e d  

wi th  t h e  c e n t r a l  occur rences  of t h e  Krain porphyry and makes two exposures  

sepa ra t ed  by 30 f e e t  of porphyry and t o t a l l i n g  50 f e e t  i n  combined l e n g t h  

along an access road 1,200 f e e t  t o  t h e  south-southwest of t h e  Krain camp I 

(see Fig. l8), The b recc ia  which is probably l i m i t e d  i n  s i z e ,  appa ren t ly  

occurs  on e i t h e r  s i d e  of a no r thwes te r ly  dyke a t  i t s  f o r k  wi th  t h e  main 

dyke of Krain porphyry, whose b r e c c i a t e d ,  c h i l l e d  se lvage  a g a i n s t  t h e  

Guichon q u a r t z  d i o r i t e  f a r t h e r  n o r t h  has  been analyzed (Table 111, E). 

No b r e c c i a  was seen  a t  s imi la r  f o r k s  between dykes a t  t h e  southern  por- 

phyry occurrences  n o r  w a s  any seen  i n  t h e  Krain minera l ized  zone, which 

l ies  immediately n o r t h  of t h e  camp. 

c h i e f l y  of t h e  Guichon q u a r t z  d i o r i t e  and of porphyry, which i s  p a r t l y  

r e a d i l y  i d e n t i f i a b l e  a s  t h e  Krain porphyry. 

minera l ized  wi th  p y r i t e  and t r a c e  amounts of c h a l c o p y r i t e ,  

The b r e c c i a  c o n t a i n s  fragments 

The outcrops  a r e  weakly 
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Minex Breccia  and Gnawed Mountain Breccia:  These l i e  about 2,000 f e e t  

a p a r t  ( s ee  Fig.  3). The wes tern ,  o r  Minex, b recc ia  l ies  most ly  on t h e  

Ide  No. 2 mineral  c la im,  is of t h e  o r d e r  of 400 feet  wide, and is roughly 

c i r c u l a r .  It is more o r  l e s s  enclosed a t  s u r f a c e  by a body of t h e  Gnawed 

Mountain porphyry which extends p r i n c i p a l l y  eastward and is s t r o n g l y  
I 

c rack led  and p a r t l y  b recc ia t ed  i n  t h a t  d i r e c t i o n .  The Minex b r e c c i a  is 

l a r g e l y  of s e r i c i t i z e d  and o therwise  a l t e r e d  porphyry fragments in a 

ma t r ix  t h a t  i s  wide ly  tourmalinized, quartz-veined,  and p a r t l y  minera l ized  

wi th  s p e c u l a r  hemat i te  and c h a l c o p y r i t e .  

Fragments of ve in  q u a r t z  were .noted  i n  t h e  b recc ia ,  and o t h e r  

fragments may r ep resen t  t h e  Bethlehem q u a r t z  d i o r i t e ,  whose outcrops are 

nearby. 

Breccia occurs  i n  a e s o c i a t i o n  wi th  a porphyry dyke i n  t h e  Highmont 

a d i t  and east d r i f t  some 400 f e e t  below and 500 f e e t  n o r t h  of t h e  Minex 

b recc ia  (see Min i s t e r  of Mines, B.C., Ann. Rept.,  1968, p. 190). 

The e a s t e r n ,  o r  Gnawed Mountain, b recc ia  i s  one of t h e  l a r g e s t  

i n  t h e  Highland Val ley a r e a ,  measuring a s  much a s  2,000 f e e t  long and 600 

f e e t  wide i n  p l aces ,  It occupies  h igh  ground mainly on t h e  Ann Nos, 1, 

2 ,  and 4 mineral  c la ims  and it is emplaced wi th  a wes t -no r theas t e r ly  elong- 

a t i o n  more o r  less along a c o n t a c t  between t h e  Bethlehem q u a r t z  d i o r i t e  

t o  t h e  n o r t h  and t h e  Bethsaida p o r p h y r i t i c  g r a n o d i o r i t e  t o  t h e  south.  

The l a t t e r  rock grades i n t o ,  o r  is c u t ' b y ,  porphyry of e i t h e r  t h e  Beth- 

s a i d a  type  o r  t h e  Gnawed Mountain type which extends a s  s o u t h e r l y  and 

south-southeas te r ly  dykes for s h o r t  d i s t a n c e s  i n  t h e  nearby Bethlehem 

qua r t z  d i o r i t e .  The b recc ia  mat r ix  is p a r t l y  s t r o n g l y  tourmal in ized  and 

it e n c l o s e s  fragments of a l l  t h e  above-mentioned rock types  a s  w e l l  a s  

fragments in lesser numbers v a r i o u s l y  of a p l i t e  v e i n  quartz, dark a l t e r e d  
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rocks,  and t h e  Guichon q u a r t z  d i o r i t e  #(which is unknown a s  outcrops  i n  

t h i s  p a r t  of t h e  Highland Val ley a rea )  . Well-shaped c r y s t a l s  v a r i o u s l y  
' 

of q u a r t z ,  p l a g i o c l a s e ,  and K-geldspar a r e  found s c a t t e r e d  i n  t h e  b r e c c i a  

mat r ix  and a r e  appa ren t ly  der ived  from porphyry of one o r  o t h e r  type.  

Breccias  of t h e  Spud Lake Dyke Svstem: Two small  b r e c c i a  bodies l i e  

a longs ide  t h e  main dyke of t h i s  nor th- t rending  system east of Gnawed 

Mountain ( see  Pig. 3) and two o t h e r s ,  known p r i n c i p a l l y  from company 

mapping, l i e  approximately 800 f e e t  a p a r t  some 1 1/2 miles f a r t h e r  no r th  

on t h e  J Nos. 37 and 38 f r a c t i o n a l  c la ims ,  r e s p e c t i v e l y ,  The c l o s e  re- 

l a t i o n s h l p  of t h e s e  bodies  w i t h  t h e  dyke, both s p a t i a l l y  and i n  compos- 

i t i o n ,  a f f o r d s  s t r o n g  evidence of t h e  manner of o r i g i n  of such b r e c c i a s .  

A t  a l l  0c:currences except t h e  northernmost,  which i s  s imple  a 5-foot-wide 

b r e c c i a  dlyke, brecc ia  grades  r a p i d l y  t o  porphyry i n  a t  l e a s t  one d i r e c t i o n  

and is commonly ad jo ined  i n  t h e  o t h e r  d i r e c t i o n  by 

d i o r i t e .  The b recc ia  is more o r  less s i m i l a r  t o  t h e  Minex b recc ia  i n  

composition and i t  c o n s i s t s  l a r g e l y  of porphyry fragments i n  a v e r y  

abundant mat r ix  that is l o c a l l y  tourmal in ized  and c o n t a i n s  c r y s t a l s  

t h e  Bethlehem qua r t z  

v a r i o u s l y  of q u a r t z ,  p l a g i o c l a s e ,  b i o t i t e ,  and 

phenocrysts  i n  t h e  porphyry. The southernmost 

veined by quar t z  w i th  accompanying tourmaline,  

r a r e l y  c h a l c o p y r i t e ,  a l l  of which may occur  i n  

hornblende s i m i l a r  t o  

b recc ia s  a r e  l o c a l l y  

specu la r  hemat i te ,  and 

vugs. The porphyry dykes 

undergo j o g s ,  o r  l o c a l  changes i n  s t r i k e ,  which appa ren t ly  a r e  r e l a t e d  t o  

zones of c losely-spaced f r a c t u r e s  i n  t h e  h o s t  qua r t z  d i o r i t e ,  and b recc ia  l 

i s  p a r t l y  loca t ed  a t  t h e s e  p laces .  The l a r g e s t  body of b r e c c i a ,  which is 

immediately e a s t  of t h e  summit of Gnawed Mountain, extends for approximately 

600 f e e t  southward along t h e  e a s t  wa l l  of t h e  main dyke and is g e n e r a l l y  

only  a few t e n s  of f e e t  wide, a l though i t  becomes n e a r l y  100 f e e t  wide a t  I I 
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. I  
t h e  n o r t h  end where t h e  dyke s p l i t s  a n d - p a r t l y  enc lbses  t h e  b recc ia .  

Adjacent a long  s t r i k e  from t h i s  b r e c c i a  body t h e  porphyry dyke possesses a 

c h i l l e d  se lvage  con ta in ing  broken phenocrys ts ,  a s  i l l u s t r a t e d  by P l a t e  V j ,  

and having t h e  ana lysed  composi t ion g iven  i n  Table  111, D. 

Although unnot iced i n  t h e  p re sen t  mapping, b r e c c i a  was r epor t ed  

t o  occur  i n  a s s o c i a t i o n  wi th  t h i s  porphyry system nea r  Spud Lake a l s o  

(White e t .  a l . ,  1957, p. 5) .  

Breccias nea r  the Lornex Deposi t :  Breccias of undetermined e x t e n t ,  and 

n o t  shown on t h e  accompanying map (Fig. ' 3 1 ,  l i e  approximately 1 1/2  miles 1 

west-northwest of t h e  Minex b r e c c i a  a t  i o c a t i o n s  immediately e a s t  of  t h e  

Lornex b a s e l i n e  a t  34 s o u t h  (see Min i s t e r  of Mines, B.C., Ann. Rept., 

1966, Pig.  25 f o r  the position of the base l ine) ,  
I i 

The exposures may belong 

t o  a s i n g l e  b r e c c i a  body and they  c o n s i s t  of pale-coloured b r e c c i a s  con- 

t a i n i n g  fragments  v a r i o u s l y  of a l t e r e d  g r a n i t i c  rock  ( e i t h e r  g r a n o d i o r i t e  

o r  q u a r t z  d i o r i t e ) ,  q u a r t z  porphyry, granophyric  ap l i ' t e ,  and v e i n  q u a r t z  

I 

I 

and c u t  by s t r i n g e r s  of a p a l e  a p l i t i c  q u a r t z  porphyry poss ib ly  s imilar  

t o  l a r g e  bodies  occur r ing  f a r t h e r  no r th  :near  t h e  Discovery zone. The 
I 

b r e c c i a  ma t r ix  i s  f i n e  gra ined  and c rude ly  a p l i t i c ,  and it c o n s i s t s  

c h i e f l y  of q u a r t z ,  p l a g i o c l a s e ,  and K-feldspar  enc los ing  l a r g e r  c r y s t a l s  

of the same minera ls .  The surrounding a,Fea i s  poorly, exposed and incom- 

p l e t e l y  mapped and t h e  r e l a t i o n s h i p s  of t h e  b recc ia  t o  o t h e r  rocks  i s  

t h e r e f o r e  unknown. 
f 

Other  mintor b r e c c i a  occurrences  i n t e r s e c t e d  by Lornex d r i l l  ho le s  

a r e  s p a t i a l l y  a s s o c i a t e d  w i t h  v a r i o u s  types  of porphyry, as mentioned i n  

a preceding s e c t i o n  of t h i s  report , ,  ' 
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Breccia  a t  t h e  Alwin Mine: Two smal l  occurrences of b r e c c i a  have been 

noted i n  t h e  Bethsaida g r a n o d i o r i t e  underground a t  ' t h e  A l w i n  mine (a 
M i n i s t e r  of Mines. B.C., Ann. Rept., 1968, p. 184). The wes tern  occur- 

r ence  a t  t h e  No. 46 s l a s h  appa ren t ly  c o n t a i n s  on ly  ' g r a n o d i o r i t e  f ragments ,  

whereas t h e  e a s t e r n  occurrence  n e a r  t h e  c r o s s c u t  e n t r y  has ,  i n  a d d i t i o n ,  

0 

' 0  

small f ragments  v a r i o u s l y  of a p l i t e  and of a minera l ized  s e r i c i t e - r i c h  

rock  s i m i l a r  i n  appearance t o  t h a t  of t h e  high-grade orebodies  i n  t h e  

mine. As exposed, t h e  b r e c c i a  of t h e  e a s t e r n  occurrence  is a f e w  f e e t  

wide a t  most and i t  grades  s h a r p l y  eastward t o  f r a c t u r e d  g r a n o d i o r i t e  

and i s  c u t  of f  westward by a l a t e r  q u a r t z  porphyry dyke, beyond which i t  

f a i l s  t o  reappear .  

Discussion of t h e  Or ig in  of t h e  Breccias: 

s h a r e  t h e  fo l lowing  f e a t u r e s  which togelther po in t  s t r o n g l y  t o  t h e  l i k e l y  

manner of o r i g i n  of t h e s e  rocks:  (1) 

and s p a t i a l l y  w i t h  porphyry i n t r u s i o n s ;  (2)  d e r i v a t i o n  of most of t h e  

fragments from p rev lous ly  f r a c t u r e d  rocks of types  t h a t  form t h e  w a l l s  

of t h e  b r e c c i a  bodies ;  (3) a c o n s i s t e n t l y  f ine-gra ined  mat r ix  whose 

The above-described b r e c c i a s  

A c l o s e  a s s o c i a t i o n  both tempora l ly  

composition i s  l a r g e l y  s i m i l a r  t o  t h a t  of t h e  a s s o c i a t e d  porphyry intrusion. 

These and o t h e r  shared  f e a t u r e s  l ead  t o  t h e  conclus ion  t h a t  t h e  b r e c c i a s  

r e s u l t e d  from t h e  i n t r u s i o n  of porphyry i n t o  c o l d ,  we l l - f r ac tu red  rocks .  

Under t h e s e  c o n d i t i o n s  t h e  porphyry i n t r u s i o n  spread r a p i d l y  as numerous 

branching dykes and s h e e t s  whose s u r f a c e s  w e r e  q u i c k l y  c h i l l e d  t o  form 

an impervious seal ,  t hus  t r app ing  the v o l a t i l e s  being r e l e a s e d  by cry-  

s t a l l i z a t i o n  of t h e  remaining porphyry l i q u i d .  Explosion of t h e  porphyry 

dykes and s h e e t s  resu l ted-when t h e  mounting i n t e r n a l  p r e s s u r e  exceeded 

t h e  conf in ing  p r e s s u r e  e x e r t e d  by t h e  h o s t  rocks ,  

envisaged f o r  b r e c c i a s  e lsewhere has  been termed "exblosive d e v o l a t i l i z a t i o n "  

A s i m i l a r  p rocess  

I '  

I I , ,  1 /it I 
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, 
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(Taubeneck, 1962). 

t h e  l i t e r a t u r e  and many e x i s t , i n  v a r i o u s  par t , s  of B r i t i s h  Columbia; 

Examples of such bzecc ia s  are a b p a r e n t l y  numerous i n  

f o r  
I 

example, a t  t h e  minera l ized  l oca l i t i e s  of Cat face  Mountain, Mount Washing- 

ton ,  Galore  Creek, S a l a l  Creek, Poison Mountain, Copper Mountain, and 

i n  t h e  I ron  Mask b a t h o l i t h .  Breccia s imi la r  i n  appearance t o  t h e s e  was 

appa ren t ly  produced in t h e  s h o t  chamber dur ing  t h e  underground n u c l e a r  

explos ion ,  P ro jec t  Gnome (Gard, 19631, 
, 

. I  

The desc r ibed  Highland Val ley  b r e c c i a s  may e v i d e n t l y  be c l a s s i f i e d  

as explosj-on b recc ia ,  as de f ined  by Wright and Bowes (1963, p.  84). Well- 

f r a c t u r e d  rocks  t h a t  s i m u l a t e  b r e c c i a  a l so  ex i s t  i n  t h e  area and are  

consideredl no t  t o  be b r e c c i a s  because l i t t l e  i f  any ,mechanical d i s l o c a t i o n  

of m a t e r i a l  can  be i n f e r r e d  i n  them. 

ou tc rop  of f r a c t u r e d  q u a r t z  d i o r i t e  t h a t  is shown on some maps a s  b recc ia  

and is  p a r t  of a f r a c t u r e  zone occur r ing  beyond t h e  ' e a s t e rn  l i m i t  of t h e  

map ( P i g .  3) a t  a d i s t a n c e  approximately 1,200 f e e t  beyond t h e  Spud Lake 

dyke system east of Gnawed Mountain. The f r a c t u r e s  form an  i n t e r s e c t i n g  

system t h a t  is emphasized by a l t e r a t i o n , ,  g i v i n g  t h e  rock s u p e r f i c i a l l y  

t h e  appearance of b recc ia ,  

For example, Elate IV ;(d) shows an 
I 

I 

I 

A 
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TABLE I 

MODAL ANALYSES OF SOP43 HIGHLAND VALLEY ROCKS + 
(Per cen t  Volume) 

- 
7 = .  ~ 

___ 

Quartz Or thoc lase  P lag ioc la se  Hornblende B i o t i t e  Ch lo r i t e , ep ido te  Accessories Aphanitic 
& c a l c i t e  (mainly 
from hornblende 
and b i o t i t e )  

groundma s s 

Guichon qua r t z  17.7 11 .2  52.7 4.75 11.9 n.a. 
d i o r i t e  

n.a. Beaver qua r t z  25 10  54 5 5 

Bethlehem porphy- 25.2 8.5 57.6 3.1 3.7 n.a. 

d i o r i t e *  

r i t i c  qua r t z  
d i o r i t e  

Bethlehem g r a n i t e  33.3 
(quar tz  monzonite 
f a c i e s )  

-- Bethsaida granodio- 18.1 9.4 67.1 n i l  4.7 
I - 
- - r i t e  
_. 

1.75 n.a. 

1 

1 n.a. 

1.65 n.a. 

33.0 30.6 n i l  2.7 n.a, 0.43 n.a. 

A p l i t i c  b recc ia  28.4 6.4 58.5 n.a. n.a. 
forming q u a r t z  
porphyry (p3) 

Crowded qua r t z  5.1 n i l  47.8 n.a. n.a. 
porphyry 

i- Determined by R.V. Kirkham, except  f o r  those  est imated and marked * 

P1.a. 

5.5 

2.3 

0.67 n.a. 

1.2 n.a. I 

I 

07 44.1 

I- 

- ,  



TABLE I1 

SPECIFIC GRAVITIES OF SOME HIGHLAND VALLEY ROCKS * 

Guichon quartz d i o r i t e  

Beaver quartz diorite 

Bethlehem quartz diorite 

Bethsaida granodiorite  

Breccia-forming quartz 
porphyry ( a p l i t i c  PSI 

Feldspar porphyry Type D 

2.77 

2 .68  

2 .68  - 2 . 6 9  

2 ,67  

2 . 714- 
2.67 

* E r r o r  f, 0,Ol 

+ May be unduly high owing to  a small content  of introduced 
sulphides.  
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I. . 

(caption for Figure 7) 

(place on page' opposite Table I I I) 

Figure 7.--Chemical comparison of the Bethsaida granodiorite and breccia-forming 

porphyries at  Highland Valley with some average igneous rocks. 

A to E -= Highland Valley rocks, as listed in  Table 1 1 1 .  

1 to 7 =- Average, analyses of rocks, from NockYpolds, 1954 (tables 1 and 2): 

1 -- Average dacite + dacite-obsidian (table 2, VI) 

2 =- Average tonalite (table 2, V) 

3 -= Average granodiorite (table 2, Ill) 

4 -= Biotitejtonalite (table 2, 10) 

5 -= Muscovite-biotite tonalite (table 2, 9) 

6 -= Average alkal i  granite (table 1 , I l l )  

7 =- Average alkal i  rhyolite + rhyolite-obsidian (table 1 , IV) 

. .  
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TABLE Ill.--CHEMICAL ANALYSES AND NORMS OF BETHSAIDA GRANODIORITE 

AND 
_ .  

S i  O2 

"2'3 

Fe203 ' 

Fe 0 

E a 0  

Na20 

H20+ 

H20- 

K2° 

c02 

s03 

T i 0 2  

'2 '5 

MnO 

Totals 

BRECC IA-'FORMI N G ' PORPHYRIES 

Chemical Analyses . 

A 

69.90 

16.68 

1 . l o  
0.94 

0.68 

2.98 

4.58 

1.63 

0.79 

0.11 

0.01 

0.19 

0.11 

0.01 

0.06 

99 . 77 

I C  
64.56 

17.15 

1.70 

1.60 

I -1.50 

5.14 

5.53 

0.42 

1.24 

0.36 

0.03 

0.39 

0.13 

4 0.01 

0.05 

67.28 

15.86 

0.63 

0.93 

1.70 

3.00 

1 6.61 

!: 0.90 

{ 1.44 ' 0.30 

0.70 

i 0.33 

1, 0.14 

it 

I\ 

I 

8 

I 

I 

j: 0.01 

Ij 0.04 

99.78 ! 99.87 

. -  D 

74.20 

14.01 

0.33 

0.66 

0.70 

1.18 

4.52 

3.61 

0.22 

0.15 

0.01 

0.12 

0.07 

0.01 

0.03 

99 . 82 

E 

66.56 

14.79 

1 .43 

1.71 

1.93 

3.55 

5.23 

1.51 

1.79 

0.20 

0.56 

0.28 

0.12 

0.01 

0.10 

99 . 77 

Analyses made in laboratory of British Columbia Department of Mines and Petroleum Resources, 

S .  Metcalfe, Chief Analyst . 

I 
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Quartz 

0 rt hoc I ase 

Albite 

Anorthite 

... . . 

Corundum 

Diopside 

Hypersthene 

Ilmenite 

Magnetite 

Apatite 

Ca I c i te 

. 

,Water’  . 

1 Totals 
I 

1 I 

I 

4.!98 3.10 

29.75 

9.63 

38.68 

Tr . 
1.60 

~~ 

I c -  , . A , .  . . . I . .  B . 

I I 18,40 

14.22 
2.17 
- 

2.31 

0.33 

1.61 

0.23 

Tr . 
0.90 

2.55 

46 . 75 

20.64 
L ’  

3.70 

17.89 

5.33 

155.80 1 9.64 
I 0.47 

I 0.90 
I 

0.34 1 1.59 

I: 1.74 

D 

30.39 

21.35 

38.19 

5.39 
0.68 

2 3 4  
0.23 

0.49 

0.17 

Tr. , 

10 . 37 

99.80 

E 

20.186 

8.95 

44.35 

13.07 
I 

IOq. 22 

6.02 

0.53 

2.74 

0.27 

1 ,.27 

1.99 

100.27 

A (specimen 60=45)--Bethsaida granodiorite, from large boulder in  trench on east side of 

B (specimen 60=27)--Aphanitic quartz porphyry (P ) dyke, 1,400 feet north of Jersey orebody at 

C (specimen 60=28)--Chilled edge of same P 3 dyke, locality as for B. 
D (specimen 60=70)--ChiIIed, brecciated edge of quartz porphyry dyke, 1,300 feet east- 

E (specimen 60=60)--ChiIled edge of quartz porphyry dyke; on road 1,000 feet south-southwest 

access road north of the Star showings, Bethsaida property. 

northeast corner of S.J. No. 103 fractional c a i m .  s 
I’ I ’  northeast of Gnawed Mountain summit.  

of Krain camp. 
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