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7 F i g ,  3 .  C l a s s i f i c a t i o n  of ifogcrn cliiartz-br:aring 
r o c k s  ac  c o r d i  ny, t o  mod i f i et1 S t rec k e  i .sen 
C l a s s i f i c a t i o n  ( S t r e c k e i s e n ,  1967) 

Fig .  4 ,  S t e r e o g r a p h i c  p l o t  of po les  t o  f r a c t u r e s  
i n  map-area ( 116 p o i n t s )  : 
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I N” KO 1, UC? 1 O N --- 

The COL c la im group d e s c r i b e d  i n  thLs r e p o r t  i s  s i t u a t e d  

between I h c k l i n g  and Nn Ha Creeks  a t  55”57IN 125”26’CJ. The  claim 

g r o u p  i s  c e n t r e d  approx ima te ly  one  mile  n o r t h  of t l ie  L o r r a i n e  coppe r  

d e p o s i t  and c o n s i s t s  of t h e  f o l l o w i n g  l o c a t e d  claims: 

C l a i m  N n i s  Itccortl Numbers  --- RecordinE Uate 

c01. 1-32  10 1 240 - 1 0 1 2 7 1 .Jlily 1 2 ,  1371 
CO!. 51-58 101272-101279 J u l y  1 2 ,  1971 

G e o l o g i c a l  napp ing  was done on air pho to  e n l a r g e m e n t s  

Uatn was then  t r a n s f e r r e d  t o  a t o p o g r a p h i c  on D scale of  1” = 400’ .  

map prepared by McKlhanney Associates  a t  t h e  same scale,  

p o r t i o n  of t h i s  r e p o r t  i s  SL condensed v e r s i o n  of a t h e s i s  submi t t ed  

t o  the Unive r s i . t y  of E r i t 3 s l i  Columbia by 0.P. H a r i v e l  i n  p a r t i a l  5111- 

f i l l . m e n t  of r e q u i r e m e n t s  f o r  n B . S c .  degree .  

T h e  geologi .ca1 

S o i l  sampling was c a r r i e d  o u t  where p r a c t i c a l  with re:<- 

p e c t  t o  s o i l  development and was c o n t r o l l e d  by a tape and compass gr id  

p l o t t e d  oil 1 ” ’ =  400 I a i  r photo cn  1 argernent s , 
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I n  c e n t r a l  Eritisli Columbia, Hogem E a t h o l i t h  e x t e n d s  

o v e r  an area of a b o u t  1200 s q u a r e  miles. I h c k l i n g  Creek S y e n i f e  Complex 

( G a r n e t t ,  1 9 7 2 )  which lias been v a r i o u s l y  termed "Duckling Creek S y e n i t e "  

(Armstron[:, 1 3 4 9 )  and "Lorra ine  S y e n i t e "  (Koo, 1966 (a), e n c l o s e s  a 

s i g n i f i c a n t  c o p p e r  m i n e r a l  d e p o s i t  which i s  c u r r e n t l y  b e i n g  i n v e s t i g a t e d  

by The Granby P l i n i n g  Company Limi ted .  Ikick1i.ng C r e e k  S y e n i t e  Complex .. 

l i e s  who l ly  w i t h i n  IIogem Uat t io l i th  a n d  occup ies  a b o u t  15 square miles 

as mapped by Armstrong ( o p . c i t . )  b u t  h a s  been e x t e n d e d  t o  c o v e r  60 

square miles by G a r n e t t  (1972) .  

T h i s  report c o n c e r n s  a n  area which stracltlles a small part:. 

of t he  c o n t a c t  between these b o d i e s .  The  liogem g r a n i t o i d  rocks o u t -  

c r o p  t o  the n o r t h  and east i n  the map-area; rocks of the Complex 

ou tc rop  t o  t h e  s o u t h  and \Je:jt. 
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The map-area  l i e s  i n  t h e  c e n t r e  of t h e  Omineca Mountains  of 

ttle Ccwtrn l  l ' lntcnu - Mountain Area of t h e  I n t e r i o r  System o f  Canudinli 

C o r d i l l e r a  ( B o s t o c k ,  1940,  p. 4 2 - 4 4 ) .  The c e n t r e  of t h e  map-area  

i s  a p p r o x i m a t e l y  a t  l a t i t u d e  55"57!N and l o n g i t u d e  125O26'W. The small 

s e t t l e m e n t  of Germansen Landing i s  25 miles east o f  t h e  area and access 

from Germansen Landing  i s  p r o v i d e d  by road t o  withFn a b o u t  1 2  m i l e s  

of the area, and t h i s  f i n a l  d i s t a n c e  i s  c o v e r e d  by h e l i c o p t e r .  

T h e  relief i n  t h e  area i s  a maximum o f  a b o u t  1200'  w i t h  
-_  

a l t i t u d e s  r a n g i n g  f r o m  5500'-6700' above sea l e v e l .  Two e a s t e r l y -  

t r e n d i n g  r i d g e s ,  a n o r t h - t r e n d i n g  c e n t r a l  r i d g e ,  and  t h e i r  c o r r e s p o n d i n g  

v a l l e y s ,  together w i t h  nn i.:;olntcd, r e l a t i v e l y  smooth r i d g e  t o  t l w  ex- 

treme w e s t ,  c h a r a c t e r i z e  t h e  topography of t h e  area. Broad v a l l e y s ,  

and a c i r q u e  and c i r q u e - l a k e  i n  t h e  s o u t h  c e n t r a l  p a r t  of t h e  map- 

area, show t h e  e f f e c t s  of r e c e n t  g l a c i a t i o n .  On v a l l e y  s i d e s  rock b e n c h e s  

are l o c a l l y  deve loped .  T h e s e  are b e l i e v e d  t o  r e s u l t  from t h e  control  

of g l a c i u t  Lon by s t r o n g l y  developcd  s u b - h o r i z o n t a l  j o i n t i n g  which It, 

g e n e r a l l y  e v i d e n t  o v e r  t h e  area. 

N o r t h - f a c i n g  s l o p e s  are g e n e r a l l y  s t e e p  and rugged and a re  

commonly mant led  w i t h  v e r y  u n s t a b l e  t a l u s  b l o c k s .  S o u t h - f a c i n g  s l o p e s  

are c o n s i d e r a b l y  smoother  and s u p p o r t  modest v e g e t a t i o n  i n  t h e  form of 

grasses and " s h i n t a n g l e " .  From t h e  s p a r s e  v e g e t a t i o n  and a b u n d a n t  r o c k  

e x p o s u r e s  on  t h e  r i d g e s ,  t h e  slopes l e s s e n  g i v i n g  way t o  g r a s s - c o v e r e d  

a l p i n e  meadows i n  which o u t c r o p  i s  modera te  and f i n a l l y  l e v e l  o f f  i n  

t h e  t h i c k l y  t i m b e r e d  v a l l e y - f l o o r s  where o u t c r o p  i s  rare. 
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S t r e a m s  i n  tlie area are f e d  b y  numerous emphemeral small  

streams i n  t h e  heads o f  v a l l e y s .  11 major  c r e e k  i n  t h e  west of t h e  

are‘? f lows  n o r t h  t o  Ilaha Cree!; which j o i n s  t h e  O s i l i n k a  River. T h e  

c r e e k s  which f low east j o i n  o t h e r  d r a i n a g e  from t h e  n o r t h  which f l o w s  

so1rth i n t o  l i i ickling Creek, ii t r i b u t a r y  of the Ominecn R i v e r ,  

‘].‘he area has  been mapped hy Armstrong ( 1 9 4 0 )  and Roots ( 1 9 5 4 ) .  

Ln 1968 Koo completed an e x t e n s i v e  s t u d y  o f  Ijuclcling Creek S y e n i t e  . 

Complex (Lorraine S y e n i t e ) .  I n  1971 J.  Garnett, a, geologis t - .  w i t 1 1  

E.C. Tkpartrnent of Miner, and Pe t ro leum Resources, mapped t h e  I)uclclin:: 

Creek area of Hogem 13at:holit.h and  t h e  r e p o r t  of t h i s  work was a v a i l a b l e  

t o  t h e  p r e s e n t  w r i .  t e r .  
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0 2 ,  GEOLOC, L C  S i X ‘ T I N G  UT: THE PliU?-Al<k:A - 
- 

T h e  f o l l o w i n g  d e s c r i p t i o n  of tlhe reg i -ona l  geology o f  t:hc 

map-area i s  t.nlten from works by Armstrong (19491 ,  Root s  ( 1 9 5 4 )  and 

G a r n e t t  (1972) .  

FJnp,em b a t h o l i t h  i s  :s i tuatet i  w i t h i n  Onineca  C r y s t a l l i n e  Cell 

of Cnnadjan Corc l i l l c r , i  (tlonger anti I Iu tch ison ,  1971) .  I t  i s  the l a r ~ e s t .  

of t h e  Omin7eca I n t r u s i o n s .  T h e  e a s t e r n  b o r d e r  a b u t s  Talcla V o l c a n i c s  

oi Upper T r i a s s i c  t o  Upper J u r a s s i c  age;  t o  t h e  west the l’inchi Faul t .  

Zone s e p a r a t e s  t h e  b a t h o l i t h i c  rocks and s t r i p s  of r o c k s  of Talcla 

Crntip f r o n  t h e  P a l e o z o i c  and o l d e r  r o c k s  of Cache Creek Croup. Cle.nrly 

i n t r u s i v e  c o n t a c t s  between I Iogern Rocks and T q k l a  V o l c a n i c s  were ob..;erverl 

by Ljrrnst-rong ( lc)4W b i i t  he  also r e p o r t e d  t h a t  t h e  c o n t a c t  i s  g r a d a t i o n a l  

i n  p l a c e s .  

Oinineca I n t r u s i o n s  are t h e  m o s t  i m p o r t a n t  p l u t o n i c  r o c k s  of 

t h e  map-area. They r ange  i n  r o m p o s i t i o n  from g r a n i t e  t o  p y r o x e n i t e  

ancl were ernplnccd i .n Upper . J u r a s s i c  o r  Lower C r e t a c e o u s  t i m e  (‘Irrnstron!;, 

lW+9 1. 

Hogem bntho1.it l i  e x t e n d s  from Chuchi Lake norttn\restwnrcls 75 

mi l e s  a n r i  r a n g e s  i n  w i d t h  f r o m  4 t o  25  miles w i t h  a t o t a l  area i n  

e x c e s s  of  1200 s q u a r e  miles. It i s  ii compos i t e  body c o n t a i n i n g  3 w i t l e  

range of  rock t y p e s  and many m i n o r  i n t r u s i v e  b o d i e s  w i t h i n  t h e  main 

mass. Sa te l . l i  t e  s t o c k s ,  d y k e s  and s t l l s  are abundant  i n  t h e  sur ro i ind ing  

rocks c>L ‘&).l<la Grotip ; L i d  l;itc lr’nlcozoic. i’lll are r e l a t i v c 1 . y  small. 

koats ( 1 9 5 4 )  d i v i d e d  r o c k s  of IIogem b a t h o l i t h  i n t o  two d i v i s i o n s .  The 

o l d e r  c o n s i s t e d  of ma in ly  rne l anoc rn t i c  r o c k s  c o n t a i n i n g  l i t t l e  o r  no 
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0 
quartz and included pyroxenite, hLotite pyroxenite, hornblendite, mcla- 

0 

d i o r f t e ,  hornblende diorite, appinite, syenodiorite, and hornblende 

syenite. The second and younger division included rocks that rarely 

contain more than 30 per cent ferromagnesian minerals, and thus arc 

predominantly leucocratic, and in which the quartz is a significant 

and usually conspicuous constitilent e T h e  predominant rock types in 

this division are granodiorite and ndamellite-granite; true granite, 

quartz diorite, and diorite occur in lesser amounts, Associated with 

these rocks are numerous dykes and small irregular bodies of leuco- 

granite, olasltite, quartz-microperthite, pegmatite and aplite. 

The preliminary geologic map of the Duckling Creek area 

(Garnett, 1972) indicates that Hogern granitoid rocks become progress- 

ively more quartz-rich southwestwards across the long axis of the botho- 

lith, Diorite and monzodiorite outcrop on the east margin where they 

intrude Takla Volcanics and, progressing southwestwards, monzonite, 

granodiorite, and quartz monzonite with some granite, are respectively 

exposed 

Within Duckling Creek map-area a northwesterly-trending 

syenite complex, Duckling Creek Syenite Complex, is mapped by Garnett. 

This body extends for approximately 20 miles and ranges in width from 

2 to 3 miles. It is characterized by presence of microcline petthite 

but shows broad textural and mineral-mode diversity (Garnett, 1972). 

All the above-mentioned sediments and volcanics have been folded 

and faulted to varying degrees. General orientation of the formations 

parallels the northwesterly-trending long axis of Hogem batholith. 
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The major f a u l t  zones  a l so  t r e n d  n o r t h w e s t ,  

c o n s i d e r e d  t o  be t h e  m o s t  i m p o r t a n t  w i t h  an  o v e r a l l  l e n g t h  of 150 miles, 

T h i s  f a u l t  zone r e p r e s e n t s  t h e  t r a c g  of i n t e n s e  e a s t w a r d  thrusting i n  

which Permian s e d i m e n t s  were t h r u s t  a g a i n s t  Mesozoic v o l c a n i c s  and 

P i n c h i  F a u l t  Zone is 

i n t r u s i o n s ,  A l l  r o c k s  of P i n c h i  F a u l t  Zone are i n t e n s e l y  s h e a r e d ,  

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

occur w i t h i n  and a d j a c e n t  t o  t h i s  zone and t h e s e  are presumed t o  

j o i n  one  t h r u s t  zone at  dep th .  Rocks of Cache Creek Group and of Ta lc l a  

Group are g e n e r a l l y  s c h i s t o s e  and a l t e r e d ,  w i t h  most i n t e n s e  altera- 

. .., t i o n  a d j a c e n t  t o  Omineca I n t r u s i o n s ,  

.. 

c 
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3.  GEOLOGY OF THE MAL'-AREA - - 

. ,  

11. GENERAL STATEMENT 

T h r e e  main r o c k  t y p e s  compr-se t h e  bul.. o f  o u t c r o p  exposed  

i n  t h e  map-area ,  Most abundan t  of t h e s e  i s  l e u c o c r a t i c  g r a n i t o i d  r o c k s  

o f  Hogem b a t h o l i t h ,  Lesser amounts  of s y e n i t e  and p y r o x e n i t e  are 

e spo s ed  

Most o f  t h e  g r a n i t o i d  rocks t e n d  t o  t h e  compos i t ion  of a n  

a d a m e l l i t e  o r ,  a c c o r d i n g  t o  S t r e c k e i s e n ' s  c l a s s i f i c a t i o n  ( S t r e c k e i s e n ,  

1967 1 R q u a r t z - b e a r i n g  m o n z o d i o r i t e .  T h i s  rock  t y p e  o u t c r o p s  t o  

t h e  n o r t h  and east  of t h e  map-area  and i s  g e n e r a l l y  f r e s h  t o  m o d e r a t e l y  

a l t e r e d ,  medium- t o  c o a r s e - g r a i n e d  a n d , f o r  t h e  most p a r t ,  m a s s i v e s  

Ano the r  v a r i e t y  of g r a n i t o i d  roclc i s  d i s t i n g u i s h e d ,  I t  is g e n u r a l l y  0 
f i n e r - g r a i n e d  t h a n  t h e  q u a r t z - b e a r i n g  m o n z o d i o r i t e  and i s  i d e n t i f i e d  

by t h i s  f e a t u r e  i n  combina t ion  w i t h  t h e  p r e s e n c e  o f  e u h e d r a l  p r i s m a t i c  

pyroxene ,  t h e  a b s e n c e  of q u a r t z  and t h e  p r e s e n c e  o f  s t r o n g  m i n e r a l  

a l i g n m e n t  ( p a r t i c u l a r l y  of py roxenc ) .  O u t c r o p s  of t h i s  roclc t y p e  are 

g e n e r a l l y  c o n f i n e d  t o  the s o u t h  and west o f  t h e  map-area.  

S y e n i t e  and p y r o x e n i t e  are g e n e r a l l y  s p a c i a l l y  r e l a t e d  w i t h i n  

t h e  mop-area b u t  i s o l a t e d  b o d i e s  o f  e i t h e r  may be found.  They are 

exposed  as i r r e g u l a r  b o d i e s  of v a r y i n g  s i z e .  A 'comple te  m i n e r a l  com- 

p o s i t i o n  g r a d a t i o n  e x i s t s  between t h e  f o l i a t e d  h o l o m a f i c  p y r o x e n i t e  

and h o l o i e l s i c  s y e n i t e  and w h i l e  t h e  "end members" are i n  some p l a c e s  

i d e n t i f i e d  on t h e  map (F ig .  3 )  t h e  i n t e r m e d i a t e  v a r i e t i e s  ( " m e l a n o c r a t i c  

and m c s o c r a t i c  p y r o x e n i t e " )  are n o t .  

0 
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Other r o c k  t y p e s  i n c l u d e  b o d i e s  of m o n z o n i t e  , m c !  morizodiorit-c 

wl i ich  are v a r i . o i i s l y  c o n t o r t e d ,  l a y e r e d  nnd giieissose xnd  l ocn l  l y  s h o w  

v n r i n t  i o n s  from f i n e -  t:) coa r se -g ra ined  tex t i res .  'I'hese rocks  a r e  

Iic:rc-?i.nnftc?r 1 -eCer rcd  t o  ' I f  low-iorm monzoni te : ;" .  T h e y  are. spacial l y  

re la ted  to  b o t l i e s  O F  p y r o x e n i t e .  

b/kcs nntl s t r i n g e r s  o f  p i n k  t o  c r e a m - c o l o u r e t l  a p l i  tc r o c k  

n f  s y e n i t i c  t o  g r a n i t i c  c o m p o s i t i o n ,  whic l i  cu t  a1 1 r o c k  t y p c s  nient ionctl 

~ ~ O V C :  i n t h e  area, are u b i q u i t ' o i i s  and are nbc!nd;.int n e a r  co;irsc- nncl 

Lire i n d i c a t e c l  n n  tlie nap. 

F i . n e - % F r a i n c d  dyl;es ~ coi:imorily p o r p h y r i t i c  wi t:h p l n g i o c l a s c  

anc! /or  hornl ; lenc!e  p h e n o c r y s l r s  arc cninmon and ctit a l l  rock t y p s  i n  t l i c  

m a p - a r e a .  Ihcse ciy1:es arc! o f  variable c o m p o s i t i o n  and  latitcs, ciaci!:cs 

~ I K ;  rliyol j.t:c:s ;1rfi i nc1ilrlccl (G;irr?et:t, 1.972). ' l ' l iey ,are tlcsil ;nat:ctl  

c o l l e c t i v e l y  o n  t11e map as U n i t .  Pi). 

, >  

'l'he mnp-area i s  d i v i d e d  i n t o  t w o  major  mapping i.1nit.s; Ilogtm 

g r a n i t o i d  rocks ( Uni. t I i C  1 2nd  Oiickl. i n g  C r e e k  S y e n i t e  Complex ( I J r i i  t S C  1. 

'The F o l l o w i n g  r o c k  i-.q'pes are i n c l u d e c !  w i t h i n  t h e  map boLinclar ies  o f  t l i r ?  

Corn p 1 ex ; 

less  c o i n i n < > i i  c o a r s e - g r a i n e d  n o n z : ) t ! i o r i t o s  ( a l l  of w h i c h  are '1 o c a l l y  

p o r p l i y r - i c i c  wi . th  p1:eiiocryrits  of a l k a l i  f e l d s p a r  1 ,  and f I . o ~ - f n r i n  rnc)nzon- 

i tes. Kock t y p e s  w i t - h i n  t i i i . 3  u a i t  arc  g r a d n t i o n a l  i n t o  o n e  f i n o t h e r  

i n  many places .  

py roxen i t e 7; , v ;ir i all 1 c - text. u red s yen  i t e s ant1 monzo n i t e s t J  i t Ii 

A d e s c r i p t i o n  of rticic t y p e s  p r e s e n t  i n  ttie mappin:; uni;..; 

f o l l o w s  t 1 i i . s  s e c t i o n ,  
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W i t h i n  t h e  m u p - a r e a 9 s y e n i t c s ,  which c u t  p y r o x e n i t e  and Hogern - 
g r a n i t o i d  r o c k s ,  are i n  t u r n  c u t  by a p l i t e  and p o r p h y r i t i c  f i n e - g r a i n e d  

d y k e s ,  The  s y e n i t e s  are c u t  by q u a r t z ,  p o t a s s i u m - f e l d s p a r  v e i n s  

,+,i eIt i i-i sor,ic> , , I  ; I C ’ C J C ,  t ~ n l i i t ~ i  t opcn space  j:rown colonies of  : , L I I ~ ; I ~  i c r -  

The  area e x h i b i t s  e v i d e n c e  of e x t e n s i v e  and l o c a l l y  i n t c n s e  

h y d r o t h e r m a l  a l t e r a t i o n ,  V e i n s  and s t r i n g e r s  of b l e a c h e d  g r a n i t o i d  

r o c k  a long  f r a c t u r e s  and minor  development  of e p i d o t e ,  i n  s t r i n g e r s ,  

v e i n s  and pods,  i s  w i d e l y  o b s e r v a b l e .  S a u s s u r i t i z a t i o n  and a l b i t i z a t i o n  

of g r a n i t o i d  r o c k s  are e s p e c i a l l y  e v i d e n t  i n  s t a i n e d  slabs. C h l o r i t l z -  

n t i o n  of m a f i c  m i n e r a l s  i s  n o t  comple te  i n  t h e  g r a n i t o i d  rocks and 

l e u c o c r a t i c  s y e n i t e  r o c k s  b u t  i s  l o c a l l y  prominent ,  Secondary b i o t i t e  

i.s a locally o b v i o u s  feature of m o s t  rock t y p c s  i n  t h e  map-area.  

F i g u r e  2 i l lus t ra tes  t h e  gross f e a t u r e s .  of t h e  geology o f  t h e  

area w h i l e  i n  F i g u r e  3 (in p o c k e t )  more d e t a i l  i s  p r e s e n t e d ,  

E. COGEM G R A N I T O I D  ROCKS (MAP UNIT HG) 

( i  1 -_ Hofiem Quar tz -Ecar inf i  b l o n z o d i o r i t c s  (Map Sub-uni t HGq 1 

11 large p o r t i o n  of t h e  map-area i s  u n d e r l a i n  by q u a r t z - b e a r i n g  

m o n z o d i o r i t c .  T h i s  r o c k  t y p e  is l e u c o c r a t i c ,  g r e y ,  medium-grained,  

hypidiomorphic-granular, G e n e r a l l y ,  i t  i s  massive w i t h  w i d e l y  s p a c e d  

j o i n t s .  A weak f o l i a t i o n  i s  e v i d e n t ,  however,  on  close i n s p e c t i o n .  

X e n o l i t h s  of f i n e - g r a i n e d ,  g r e y  t o  g r e e n i s h  r o c k  of i n t e r m e d i a t e  ( ?  1 

compos€tion e x h i b i t  v a r y i n g  d e g r e e s  of r o u n d n e s s  and a s s i m i l a t i o n  by 

t h e  m o n x o d i o r i t e  and p h e n o c r y s t s  of f e l d s p a r  w i t h i n  t h e  x e n o l i t h s  

are corrinionly e v i d e n t .  
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Modal c o m p o s i t i o n s  of f r e s h  spec imens  of t h e s e  r o c k s  d e r i v e d  

from rough p o i n t  c o u n t s  ( 2 0 0  p o i n t s )  on s l a b s  from 10 hand spec imens ,  

e t c h e d  w i t h  h y d r o f l u o r i c  a c i d  nncl s t a i n e d  w i t h  sodium c o b a l t i n i t r a t e  

are: q u a r t z  8-19%, av.  14.42; p o t a s s i u m  f e l d s p a r  15-28%, av. 21.2%; 

p l a g i o c l a s e  40-55%, av. 48.17,; m a f i c  m i n e r a l s  ( i n c l u d i n g  m a g n e t i t e )  

14-19%, av.  16.2%. Accessory  m i n e r a l s  i n c l u d e  a p a t i t e ,  s p a r s e  t o  

l o c a l l y  abundant  sphene and u b i q u i t o u s  m a g n e t i t e .  A l l  g r a n i t o i d  

spec imens  s t r o n g l y  a t t rac t  a suspended  ' p e n c i l '  magnet. 

I n  t h e s e  spec imens  p l a g i o c l a s e ,  which i s  s u b h e d r a l  t o  e u h c d r a l  

and  which measures f rom less t h a n  1 mm t o  5 mm w i t h  a n  a v e r a g e  l o n g  
- 

dimens ion  of 3 mm, forms t h e  framework. Q u a r t z  i s  i n v a r i a b l y  f i n e - g r a i n e d  

( l e s s  t h a n  2 r n m ) ,  a n h e d r a l  and i n t e r s t i t i a l  between p l a g i o c l a s e  iind 

o n e  of t h c  o t h e r  e s s e n t i a l  mFnera ls .  Commonly q u a r t z  i s  almost c n c l o s c t l  
0 

by g r a i n s  of p l a g i o c l a s e .  A l k a l i  f e l d s p a r  i s  e v e n l y  d i s t r i b u t e d  as 

f i n e -  and medium-grained a n h e d r a l  blebs,  i n t e r s t i t i a l  amoung p l a g i o c l a s e  

and o t h e r  e s s e n t i a l  m i n e r a l s  but also o c c u r s ,  less commonly, as c o n r s c -  

g r a i n e d  b l c b s  which are hosts t o  i s l a n d s  of p l a g i o c l a s e .  

I n  t h i n  sec t j .on ,  p l a g i o c l a s e  commonly e x h i b i t s  s u b h c d r a l  

o u t l i n e s  and u n i v e r s a l l y  corroded g r a i n - b o u n d a r i e s .  Composi t ions ,  

cl e t e r m i  ned ' u s u n  1 1 y from c ommon 1 y o c c u r r i n g  Car 1 s bad -A 1 b i  t e twin  s , 
range  between An?5 and An45 w i t h  t h e  m a j o r i t y  a b o u t  An38. 
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(a) H y d r o t h e r m a l l y  a l t g r e d  q u a r t % - b e a r i n g  m o n z o d i o r i t e  

0 

Q 

T o  some e x t e n t  a l l  q u a r t z - b e a r i n g  m o n z o d i o r i t e  r o c k s  s h o w  t h e  

e f f e c t s  of h y d r o t h e r m a l  a l t e r a t i o n .  I n  hand specimen t h e  e f f e c t s  are 

m a n i f e s t  as w h i t e  and creamy a lb i te  i n  c o n t r a s t  t o  t h e  g r e y  more ca lc ic  

p l a g i o c l a s e  and on  a c u t  rock s u r f a c e  t h e  i n t e r g r a n u l a r  t e x t u r a l  

r e l a t i o n s h i p s  become less clear and o f t e n  o b l i t e r a t e d .  C h l o r i t i z a t i o n  
_- 

' o f  m a f i c  m i n e r a l s  i s  o b s e r v a b l e  b u t  i s  n o t  o b v i o u s  i n  g e n e r a l .  

I n  t h i n  s e c t i o n ,  s a u s s u r i t i z a t i o n  of p l a g i o c l a s e  i s  o b v i o u s  

w i t h  ca l c i c  cores be ing  more a l t e r e d  t h a n  a l b i t i c  r i m s  arid a l b i t e  

t w i n n i n g  becomes "ghosted" and d i f f u s e .  I n  some g r a i n c  f l a k e s  of 

ser ic i te  arc observuble  i n  t h e  cores t o g e t h e r  w i t h  abundant  v e r y  f i n e -  

g r a i n e d  s e r f c i t e  and e p i d o t e .  W i t h i n  a l t e r e d  p l a g i o c l a s e  v e r y  f i n e -  

g r a i n e d ,  commonly c i ihedra l  opaqucs  ( m a g n e t i t e )  d e v e l o p  e i t h e r  as 

scattered g r a i n s  or  c o l o n i e s  and i n  s e v e r e l y  n L b i t i z e d  rocks t h i s  

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

a l b i t e  d i i c h  o c c u r s  i n  "streams" around r e s i s t a n t  q u a r t z  and less a l t c r c d  

a l k a l i  f e l d s p a r .  Brown s e m i - o p a q u e k l a y ? )  m i n e r a l s  o c c u r  as i r r e g u l a r  

s t r i n g e r s  and b l e b s  w i t h i n  t h e  g r a i n s  of a lka l i  f e l d s p a r .  A l b i t e  o c c u r s  

more i n  b l e b s  and rods i n  m i c r o p e r t h i t e  and i s  commonly e x s o l y e d  a l o n g  

feldspar grain b o u n d a r i e s .  Chlor i te  p a r t l y  r e p l a c e s  h o r n b l e n d e ,  and 

sphene  shows a c o n c o m i t a n t  i n c r e a s e  w i t h  i n c r e a s e  i n  c h l o r i t e  and 

e p i d o t e .  F i n e l y  g r a n u l a r  ca lc i te  w a s  o b s e r v e d  i n  a f r a c t u r e  i n  one sec -  

I 

t i o n .  

I n  s u c h  a l t e r e d  r o c k s  q u a r t z  l o c a l l y  becomes p o l y g r a n u l a r  

w i t h  s u b - r e g u l a r  g r a i n  s i z e  and a q u i l t - t e x t u r e d  e x t i n c t i o n  p a t t e r n .  
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i n  some g r a i n s  e x t i n c t i o n  p r o g r e s s e s  from. t h e  r i m ,  of t h e  o r i g i n a l  

g r a i n  t o  t h e  c e n t r e .  T h i s  i c a tu re  i s  noted  i n  rocks proximal  t o  s y e n i t e  

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

P o t a s s i u m  f c l d s p u t h i z c d  r o c k s  show r e p l a c e m e n t  of mafic 

m i n e r a l s  by deep  brown c l u s t e r s  of b i o t i t e  which are p a r t l y  r e p l a c e d  

by c h l o r i t e  and i.n s t a i n e d  hand specimen a l k a l i  f e l d s p a r  e n v e l o p e s  

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

s o c k s  i s  d i s t i n c t l y  i n c r e a s e d  b u t  quartz r e m a i n s  a p p r o x i m a t e l y  c o n s t a n t .  

Such p o t a s s i u m  f e l d s p n t h i z e d  r o c k s  seem t o  o c c u r  p r o x i m a l  

t o  l a te r  p o r p h y r i t i c  dykes  i n  t h e  area. 

( i i  Monzoni tes  (Map S u b - u n i t  H k )  

T h e s e  r o c k s  arc g e n e r a l l y  f i n e r - g r a i n e d  t h a n  t h e  q u n r t z -  

0 -  b e a r i n g  m o n z o d i o r i t e .  q u a r t z  is u n i v e r s a l l y  rare b u t  l o c a l l y  muy o c c u r  

up to I % ,  T h e  r o c k s  are l e u c o c r a t i c ,  f ine- to-medium g r a i n e d  w i t h  lesscr 

volumes of c o a r s e - g r a i n e d ,  h y p i d i o m o r p h i c - g r a n u l a r  and  are cornpri sed  

p r i n c i p a l l y  of p l a g i o c l a s e ,  a l k a l i  f e l d s p a r  and  pyroxene w i t h  some 

h o r n b l e n d e  and b i o t i t e .  The  ra t io  of a l k a l i  f e l d s p a r  t o  p l a g i o c l n s e  

r a n k e s  from 1:3,0 t o  1:1.75 with t h e  a v e r a g e  a b o u t  1:2.0.  Maf ic  c o n t e n t  

i s  g e n e r a l l y  about 167”. 

a 1 i gnmen t of pyroxene  e 

A s t r i k i n g  f e a t u r e  of t h e s e  r o c k s  is the  s t r o n g  

A l b i t i z a t i o n  and s a u s s u r i t i z a t i o n  are common c h a r a c t e r i s t i c s  

of t h e s e  r o c k s  and t h e  q u a l i t y  of t h e  s t a i n  on rock slabs i s  a good 

i n d i c a t o r  of t h e  i n t e n s i t y  of t h i s  a l t e r a t i o n ;  s t a i n e d  s u r f a c e s  show 

g r e y ,  r a t h e r  t h a n  w h i t e ,  altered ca lc ic  p l a g I o c l a s c  w h i m m a y  have  yellow- 

g r e e n  c e n t r e s , u n d  e t c h i n g  with IIF a c c e n t u a t e s  t h e  effects o F  c h l o r i t i z u t l o n  
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of Irlafic m i n e r a l s .  A E b i t i z e d  r o c k s  l o c a l l y  p a s s  i n t o  d i o r i t e .  
0 

- 
A I  k n l i  f e l d s p a r  g c n e r a b  l y  o c c u r s  i n  " s t r i n g s " ,  which  p a r t -  

i a l l y  cnvclope  g r a i n s  of p l a g i o c l a s e ,  r a t h e r  t h a n  i n  b l e b s .  Microcline 

o c c u r s  i n t e r s t i t i a l l y  as f ine ,  a n h e d r a l  g r a i n s  b u t  may c o m p r i s a  up 

t o  20% of t h e  t h i n  s e c t i o n ,  O t h e r w i s e ,  m i c r s p e r t h i t e  nnd c r y p t o -  

p e r t h i t e  arc the a l k a l i  f e l d s p a r s ,  

P l a g i o c l a s e  d e t e r m i n a t i o n s  were o b t a i n e d  from some t h i n  

s e c t i o n s  of these r o c k s  and r a n g e  From An35 t o  An42 with t he  a v a r t q : ~  

a b o u t  An37 

Ho1omafi.c p y r o x e n i t e  (Map s u b - u n i t  SCp) and m e g a p o r p h y r i t i c  

and p e g m a t i t i c  s y e n i t e  (Map s u b - u n i t  S C , )  arc d e s c r i b e d  i n  t h i s  s e c t i o n .  

A tlcscripr I o n  01 :;yenit-e%, p y r o x c n C t e s  and f l o w - f o r m  tnonzonl tao ,  not 

diffcrcntiatcd on t h e  map, i s  i -nc luded .  A l l  of t h e s e  rock t y p e s  coin- 

p r i s e  t he  DuclclinG Creel :  S y e n i t e  Complex map u n i t .  

( i  1 I-Jolornafic P y r o x e n i t e  

l l o lomnf ic  pyroxcnIt.c i s  exposed on r i d g e  t o p s  n e a r  t h e  c c n t r c  

of t h e  map-a rea  and i n  the v a l l e y  floors as i r r e g u l a r l y - s h a p e d  bodies 

vihich rnnf:e up to a few t e n s  of: f ee t  i n  l e n g t h .  P y r o x e n i t e  is s p n c i o l l y  

a s s o c i a t e d  w i t h  syenites and f Low-form monzon i t e s .  FIoLomafic p y r o x c n i t e ,  

a g r e e n  to g r e e n i s h - b l a c k  r o c k  wh ich  commonly w c a t h e r s  t o  n coarf;c 

g r e e n  s a n d  grader;  ix1t.o rnorc l e u c o c r a t i c  p y r o x e n i t e s ,  
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of p y r o x e n c  gr:ii.ns i s  ol~1ious.  B i o t i t e  c o m p r i s e s  u p  to 25';/, of t h c  rock 

. ., and some of t h e  b l o t i r e  lies athwart t h e  p l a n e  of f o l i a t i o n ,  Magnct i t t !  

i s  l o c a l l y  so concent-ratcd . i n  t h e s e '  rocks t h a t  compass  measurement 

i s  s e v e r l y  a f f ec t ed ,  

- 

. /  

I n  L h i  n section tlic rock has an c q u l g r n n u l a r  textarc  w l t l i  

G r a i n s  of p y r o x c n c  and biotj-tc. from I. t o  2 mrn in l a rge  d i m e n s i o n .  

P r i s m a t i c  p y r o x e n e  i s  pale g reen  t o  almost colourless, i s  m o d e r a t e l y  

to wcalcly pleochroic and coinpri scs 70-75% of t h c  rock. 

of t h i s  clinopyroxene (orthopyroxene i s  not observed i n  any  p y r o x e n i t c  

T h e  compocit ion 

pyroxene i s  subhedra l  s t r o n g l y  pleochroic from p a l e  y e l l o w -  brown t o  

nrcdium-brown, and  c x h i b i t s  excc l lcn t  c l e a v a g e  traces. It c o i n p r i s c s  1 5  

t o  20% of the rock. T h i s  phase t e n d s  to  parallel pyroxonc alLgnrncnt:. 

c o m p r i s e s  up t o  ~ G J O  thirds of t h e  b i o t i t e  p r e s e n t  i n  t h e  r o c k .  ThLs 

b i o t i t e  COlilRlOT\~y replaces pliasc 1 b i o t i t e ,  t o  v a r y i n g  degrees, and 

p a r t i a l l y  r e p l n c c s  p y r o x e n e ,  p n r t i c u L a r l y  a long  cleavage p lnncs .  

typically poikblitically cncloscd by p y r o x e n e  and biotite. MagnctLtc? 

i s  abundant and c o m p r i s e s  up  t o  5X of t h e  rock. 
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(ii) Metaporphyritic Orxho- to Normal Syenite and’ 
Pcgmatic Ortho-syenite (Map sub-unit SCs)  

Alkali-feldspar-rich rocks which range from pegmatitic 

pink orthosyenite to pinkish-grey megnporphyritic syenite which grades 

into monzonite, are commonly leucocratic and are in some places holo- 

‘ 1  

_ ,  , 

. :  

felsic. Largc areas of relatively homogeneously textured syenite 

exhibit megacrysts of alkali feldspar up to 10 cm in length, in D 

matrix of medium- and coarse-grained crystals. Orthosyenite pegmatite 

was also observed wherein mineral grains were commonly greater than 

2 cm in length. A gradational contact between the north boundary of 

;1 large body of syenite megaporphyry to the east of the centre of a i r -  
c 

photo BC:2063 (shown on Fig:. 3 )  and Hogem granitoid rocks was observed. 

Mafic content remained approximately constant while phenocrysts and 

rnegacrysts of potassium feldspar decreased in amount, as the contact 

was traversed into exposures of Hogem granitoid rock, Exposure was 

essentially continuous across this contact zoneo Contacts in somc places 

are sharp between orthosyenite and pyroxenite but generally contacts are 

gradational. Biotite is in some places very conspi’cuous as the 

dominant mafic mineral, Flow structures in these rocks, particularly 

the alignment of alkali feldspar rnegaphenocrysts were s e e n .  

In thin section, the mcgacrysts of alkali feldspar are seen 

to be microperthite and are generally twinned. 

In the south-central section of the map-area a small body of 

pegmatitic orthosyenite is exposed and approximate contacts of this n 
body are indicated on the geologic map (Figs. 2 CL 3 ) .  An eastern contact w-’ 



of t h i s  body i s  aharp and s y e n i t e  a b u t s  p y r o x e n i t e  o v e r  a s p a c e  of I.c$:;s 

t h n n  3 c l n  ( t h e  cixrrct c o n t a c t  Bin-e'rJas n o t  seen), T h e  p y r o x e n i t e  i n  

t h i s  l o c a t i o n  e x h l b i t s  spectacular deve lopmen t  of glomerpl1\~r-c 

m i c r o c l i n e .  

0 
- 

T11e pegmatite i s  e x t r e m e l y  well j o i n t e d  and  j o i n t i n l g  is cloc;c.ly 

spaced l o c a l l y .  T h i s  feature combined w i t h  the large c r y s t a l  s i z e  

makes f o r  d i f f i c u l t y  i n  getting a hand spec imen ,  T h e  r o c k  is h o l o -  

f e l  s i c  and g e n e r a l l y  salmon c o l o a r e d  on w e a t h e r e d  surfaces, 
I 

( i i i .  1 U n d i f f e r c n t i a t c d  Syenites, P y r o l c e n i t c s  und 
F 1 ow - f o r r r i  Mcin z on i t e 5 1 -- 

Syenites 

1'hese p5nk t o  pinkish-trey, (hypid iornorphic-grunular )  syenLtcs 

i n  thc Cornplcax  ranee from holof(:I sic t o  l eucocra t ic  v a r i c t i c l ;  O F  nornlc\i 

and o r t h o s y e n i  t c  c o m p o s i t i o n s  and grade i n t o  o n e  a n o t h e r .  They occtlr 

i n  i r r e g u 1 a r I y - s h a p e d  b o d i e s  and r a n g e  i n  s i z e  from a few f ee t  t o  

many tens  of f e e t  i n  large d i m e n s i o n ,  

a n d  the p y r o x e n i t e  r o c k s  ( d e s c r i b e d  bclow) are g e n e r a l l y  g r a d a t i o n a l  

bu t  sharp contacts are obscrvad where d y k e s  and a p o p h y s e s  of s y c n i  tc 

i n t r u d e  p y r o x e n i t  c s .  

C o n t a c t s  between t h e s e  s y e n i t e s  

,UlcnL i - fc Id  s p a r ,  p l n g i o c  1 ase b i o t i t e  and  p y r o x c n e .  R r e  the 

main m i n e r a l  c o n s t i t u e n t s  of t h e s e  r o c k s .  

k' y ro :i c n i t e 
.L : .. . . 

- , :  
I .  

, . ... 
.; 

I C .  

L '  
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o u t c r o p  as i r r e g u l a r l y - s h a p e d  bodies of v a r y i n g  s i z e  and g r a d e  from 

rricsocrnt IC cincl rnc:lanocratJ-c varieties i n t o  1 c u c o c r a t i c  s y e n i t e  and 

h o l o g r s f i c  p y r o x e n i t e .  T h e  p r t n c i p a l  rnincra-1s I n  t h e s e  rocks are green 

pyKoxenes b i o t i t e ,  and K-feldsp3r. G e n e r a l l y  t h o  t e x t u r e s  are mcdiulrr- 

Craincd and tlicre Ls n reguldr d l s t r b b u t i o n  of K - f e l d s p a r  t h r o u g h  tha 

r o c k  os anhedsa l  blcbs,  Near a p y r o x e n i t o - p e g m 3 t i t i c  s y e n i t e  c o n t n c t ,  

0 
- 

m e t a c r y s t s  of a l k a l i  f c > l d s p a r  i n  mcsocratic p y r o x e n i t e  g i v e  the r o c k  n 

g1orncroporRhy~:t j -c  texture. Y h c n o c r y s t s  of t w i n n e d ,  t a b u l a r  a l k a l i  

i c l d s p a r  arc r e p , u l n r l y  d i s t r i b u t e d  as a l i g n e d  c u h c d r a  from a spec imen 

, 

near  t h e  vest  central  boundr\,ry of t h e  map-area .  C l u s t e r s  of h i o t i t c  

a1 so i m p a r t  a r,Zcrmekoporpl.lyri.tic t e x t u r e  t o  some spccirncns.  

J n  t h i n  sect ion t h e  py roxene  i s  g c n c r a l . 1 ~  g r e e n e r  t h a n  t h a t  of 
. I  

t h e  h o l o m a f i c  p y r o x e n i t e ,  t hough  c o l o u r  d i s t r i b u t i o n  i s  p;itctiyo Somc 

g r a i n s  arc! n o t a b l e  f o r  poor cle.ivagc! tlcvclopnir!nt and  t h e s e  grains 0 
appear sumet>tiat moTtLed. Many grains exhibit r a g g e d  b o u n d a r i e s  Some 

grains show r i m s  of dnrlccr g reen  mineral wh ich  has lower e x t i n c t i o n  

a n g l e  t h a n  the body 01 t h e  g r a i n .  T h i s  may i n d i c a t e  p r e s e n c c  of nory,erlnc 

m o l e c u l e  i n  t h e  r i m s .  ALP of t h e s e  fea tures  of t h e  py roxene  i n  t h e s e  rocks 

become! more m a r l t c c l  w i t h  increased a l k a l i  f e l d s p a r  c o n t e n t  (of t h e  rock). 

Alkali-€eldspar occurs as m i c r o p e r t h i t e ,  c r y p t o p e r t h i t c  

and commoiily as i n i c r o c l  i n c .  

c l u s t e r s  of m i c r o c l i n e  wh ich  exhibit q u a d r i l l e  t e x t u r e ,  

The g lomerogorphyry  mcntionc?d abovc h a s  

A l k , i l i  

Fcl t l sp i i r  o c c u r s  as v e i n -  1 ilce aggregates o f  f i n e l y  g r a n u l a r  a i . c ro -  

p c r t h i t e  a n d  c r y p t o p e r t h i t c  of less t h a n  0. I. mm t o  o p t f c u l l y  c o n t i n u o u s  

g r a i n s  greater t h a n  5 mm i n  Pargc d imens ion  which  commonly r e p l a c e  

py roxene  and both  phases  of b i o t i t e . .  A l k a l i  f e l d s p a r  i s  a l t e r e d  i n  
/7 w I T I ~ I I ~  g r a i n s  to u brown sclni-opaque m i n e r a l  d i s t r i b u t e d  as s t r i n g s  

and patches. 
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0 Two pli;iscs of b i o t i t c  are a v i d e n t .  Phase 2 (as  d c r x r i h c ~ t l  
- 

i n  L l ~ c  section of 1iolomaf.l c p y r o x c n t t e )  i s  g e n e r a l l y  more abundant t-hnn 

phase 1 and t h c  r a t io  of a b u n d a x e  i n c r e a s e s  w i t h  i n c r e u s i n g  c o n t e n t  of 

a lka l i  f e l t l s p a r  in the rock. No thin section of these  rocks conta lncc l  

more t h a n  30% b i o t i t e  and i n  most  s e c t i o n s  a t  beast 5% W A S  phase  1, 

Small  rimounts of c h l o r i t e  and  cpidotc are obscrvecl ns tiltcrn- 

t i o n  p r o d u c t s  

1’lngFoclase was observed i n  o n l y  one t h i n  s e c t i o n  and con- 

t r i b u t e d  less  than  57, of the total r o c k  i n  which alkali. f e l d s p a r  c o n -  

s t i t u t e d  4OX.  A re l iab lc  o p t i c n l  d e t e r m i n a t i o n  gave the  c o m p o s i t i o n  

as h 3 2 .  Much of tho plagioclase i s  a l b i t i z e d ,  

A p a t i t e  i s  Inore a b u n d a n t  i n  I C - E e l d s p a r - r i c h  p y r o x c n f c e s  and 

occurs  as relatively largea often d i s a g g r e g a t e d  WCGZ=-=U+ g r a i n s  

as we11 LIS commonly o b s e r v e d  f i n e - g r a i n c d  c u b h c d r n  and  e u h e d r o ,  

Sphene I lil*..c w!-se incresses i n  amount and comprises up t o  0 , S X  of the 

roc1c in soir’e ;ecLions,  J 1- i s  generally s u b h c d r a l ,  

0 

Plow-form Monzoni tc 

I r r e g u l a r l y  Xayerrtcl Ercissosa, and  c o n t o r t e d  rocks 

diich are 1Jck ievcd to have  a bulls c o m p o s i t i o n  of leucocro t ic  

rnonzonf L c ,  arcr. cxposcd, usunlIy i n  i n t i m a t e  a s s o c i a t i o n  w i t h  pyro::cnitc 

b o d i e s ,  Locally the rock may be holofe ls ic  m o n z o n i t e  ( ? >  and j u x t a -  

posed wi t  h incl a n o c r i i t i c  monzonite ( ? ). Some of the rocks are cxcc  1 l e n t  

Cncf - ‘ ;SC’So  

EI.?I;nctite i s  p r e s e n t  nncl g c n c r n l l y  r e c o r d e d ,  I n  some i n s t a n c e s  this 

i n i n e r n l  occurs as v e i n s  up  t o  2 crn i n  w i d t h  and  traceable for 5 0  crno 

StclJ necl rock slabs reveal high  p o t a s s i u m  f e l d s p a r  content, 

0 
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0 
Crcaiii t o  p i n k  t o  s a l m o n - c o l o u r e d  r o c k  of s y e n i t i c  and G r u n l t L c  

compos3 t i o n  I s  observed i n  the map-a rea  and 3 s  p a r t i c u l a r l y  c o m m t m  

pro~irnal  t o  s y c n i t c  bodies .  The  a p l i t e  may be as dyltcs,  v c i n s ,  or 

s t r i n ?,e r s 
_ -  - 

Samples of th is  roc]: t y p e  when s t a i n e d  show a n h c d r a l  n l l r a l l  

f c l  clspar and  quartz i n  wormy i n t e r g r o w t h .  P l a g i o c l a s e  varies  I n  m o u n t  

t o  a maximum of abou t  3 0  p e r  c e n t  i n  t h e  samples  s t u d i e d .  Maf i c  rnincrctls 

are generally less t h a n  10 pes c e n t  of the rock and commonly less t h a n  

5 p e r  cent e The roelc c o n t a i n s  a p p r e c i a b l e  m a g n e t i t e .  

L e  POI<PHYRII’TC ~ ~ I r ~ l ~ - [ ~ P . ~ ’ ~ I ~ ~ l ~ ~  IlYI<I:S (MAP UNIT PD) -- - -- _____I __I__c_____ 

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

f i n e - p , r n i n e d  dylces arc g e n e r a l l y  p o r p h y r i t i c  w i t h  f e l d s p a r  a n d / o r  

h o r n b l e n d e  ( ? )  p h e n o c r y s t s  - with the Former p r e d o m i n a t i n g ,  T h c  

writer0 s accompanying  map ( F i g ,  3 )  shows d y k e s  exposed o n l y  i n  groni toLcl  

r o c k s  b u t  K c r o  ( 1 9 6 8 )  indicates. numerous such  d y k e s  i n  s y e n i t i c  rocks. 

These  rocks are generally b r i t t l e  and s t r o n g l y  f r a c t u r e d  and ,  

where exposed on r i d g e  tops,  arc p rc l e ren t i a l  l y  mass-wasted and usual. l y  

found  :it 1.ha heads  of rLl ls  i n  t h e  r i d g e s .  



0 
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F o l i a t i o n  a n d , l e s s  commonly, i n c i p i e n t  f l o w - l a y e r i n g  are 
- 

i n  some p l a c e s  e v i d e n t  i n  t h e s e  r o c k s .  T h e  g e n e r a l  t r e n d  of t h e  d y k e s  

i s  NNE. 

I n  t h e  more common r o c k  t y p e ,  w h i t e  t o  cream e u h e d r a l  p l a g i o -  

c lase  makes u p  from 10 t o  25 p e r  c e n t  of t h e  rock.  I t  v a r i e s  in size 

f rom 2 mm t o  5 rnm and i s  set i n  a f i n e - g r a i n e d  m a t r i x  of i n t e r m e d i a t e  

t o  a c i d  c o m p o s i t i o n ,  M a g n e t i t e  i s  g e n e r a l l y  p r e s e n t  b u t  v a r i e s  i n  

.mount  and i s  more proinincnt  where h o r n b l e n d e  p h e n o c r y s t s  are abundant .  

T h e s e  phenoc rys t s  r a n g e  from 1 mm t o  3 mm i n  s i z e ,  and are g e n e r a l l y  

s u b h c d r a l  t o  euhadral , g r e e n - b l a c k  pr i sms .  
/ 

Rock t y p e s  i n c l u d e  l n t i t e ,  d a c i t e ,  and r h y o l i t e  (Garne t t ,  19721.. 

The  r o c k s  are i n  some p l a c e s  s e v e r e l y  s a u s s u r i t i z e d  and aro 

d a r k  co lor i red ,  r a n g i n g  t o  g r e y - b l a c k  w i t h  g r e e n  p l a g i o c l a s e .  

F. OTTIER FEATURES OF TIIIS C.I<OLOCY 

Q u a r t z  v e i n s ,  commonly w i t h  some a l k a l i  f e l d s p a r ,  c u t  s y e n i t e  

and ,  t o  a lesser e x t e n t ,  o t h e r  r o c k  t y p e s  i n  t h e  area. Quartz i n  t h e s e  

v e i n s  i s  commonly d r u s y  w i t h  c r y s t a l s  up  t o  1%" ( 3 . 7  cm) 3.n l e n g t h  

h a v i n g  been  o b s e r v e d ,  I n  some locali t ies, '  q u a r t z  v e i n s  are d e n s e l y  

c r y s t a l l i n e  q u a r t z  which i r r e g u l a r l y  s p l a y ,  b i f u r c a t e  and p i n c h  and 

swell e 

C h a l c o p y r i t e  and p y r i t e  o c c u r  s p o r a d i c a l l y  o v e r  the map-area.  

These m i n e r a l s  are o n l y  r a r e l y  p r e s e n t ,  u s u a l l y  as i n d i v i d u a l  g r a i n s ,  

i n  t h e  g r a n i t o i d  r o c k s .  They o c c u r  i n  t h e  s y e n i t e s  t o  a g r e a t e r  e x t e n t  

b u t  remain p a t c h i l y  d i s t r i b u t e d  and a p p e a r  commonly as v e i n l e t s  and 



0 
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s t r i n g e r s  and f r a c t u r e  c o a t i n g s ,  I n d i v i d u a l  g r a i n s  and v e i n l e t s  of 

b o r n i t e  i n  t h e  s y e n i t e s  and a s s o c i a t e d  po ta s s ium f e l d s p a r - r i c h  pyrox-  

e n i t e s  are o c c a s i o n a l l y  obse rved .  * P y r i t e  i n  po ta s s ium f e l d s p a r - r i c h  

r o c k s  was s p e c t a c u l a r l y  e v i d e n t  i n  two l o c a l i t i e s .  A t  t h e  extreme 

n o r t h  f l a n k  o f  t h e  n o r t h - s o u t h  t r e n d i n g  r i d g e  on t h e  west p a r t  of t h e  

map area, d i s s e m i n a t e d  p y r i t e  i n  pyroxene  s y e n i t e  a c c o u n t e d  for 10-15 

p e r  c e n t  of t h e  t o t a l  rock .  A similar r o c k  t y p e  w a s  n o t e d  o n  the r i d f t e  

immedia t e ly  above and t o  t h e  east of t h e  c i r q u e  lake i n  t h e  s o u t h  

c e n t r a l  p o r t i o n  of t h e  map-area.  

A b l u e  a s b e s t i f o r m  m i n e r a l ,  t e n t a t i v e l y  i d e n t i f i e d  as 

r i e b e c k i t e  by X-ray d i f f r a c t o n e t e r  a n a l y s i s ,  was o b s e r v e d  i n  both s o u t h e r n  

and w e s t e r n  p o r t i o n s  of t h e  s y e n i t e - p y r o x e n i t e  areas. I t  o c c u r r e d  

on  f r a c t u r e  s u r f a c e s  and was o n l y  n o t e d  on t a l u s  b l o c k s .  S t i l b i t e  

h a s  been i d e n t i f i e d  by G a r n e t t  ( p e r s o n a b  communica t ion)  as Q f r a c t u r e  

c o a t i n g  and v e i n  m i n e r a l  p r e s e n t  i n  t h e  area. 
=.. --7 

1- - 
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I>PSCUSSLON ~ . - - - _ _  

C r o s s - c u t t i n g  r e l a t i o n s h i p s  g i v e  t h e  r e l a t i v e  at;us of sonic! 

of t h e  r o c k  t y p e s  i n  the area. M c g n p o r p h y r i t i c  s y e n i t e  c u t s  rnorizoriLte 

c u t s  pyroxenite, Aplite c u t s  all these  rock types in the area and A L L  

the above rock types  arc cut by p o r p h y r i t 3 - c  v o l c a n i c  dylccs. 

I\!o cer t  d n  age r e l a t i o n  from c r o s s - c u t t i n g  has  bcetl obtu i r~o(1  

from t h e  c o n t a c t  relatLon of pyroxenite and q u a r t z - b e a r i n g  nionzodiorltch.  

(<iifit-tz-K- f c l c l spn r  v c d n s  ei2t s y e n i t e  r o c k s  monzonite.  u i i c l  

q u a r t z -  b e a r i n g  morazodiori te 

C o n t a c t s  arc sha rp  i n  sor.ie p l a c e s  b u t  are gradatjonnl; u 

part€culiir  case being n pzlrt o f  the c o n t a c t  between mcgLlporptiyrLtl c 

s y e n i  t e  a n d  q u a r t z - b e a r i n g  n o n z v d l o r i  tc. 110 s h a r p  cantacts bet:w.rn f L n c -  

0 

1 c o me di urn - g r d  ned monzoni. t e and  mccl i urn- to c o a r s e  - grill ncti q u a r t z  - berlr 1 rig 

c o i n c i d e d  with observcd s l i c k c m s i d e s  or l i m o n i t i z e d  b r e c c i n ,  ‘Ilircc s u c h  

f n F e r r e d  from t h e  t r e n d  of air--plioto l € n e a r s  i n  t h e  irnmedintcl: aren. 

I(QO (1968) i n d i c a t e d  n number: of major f a u l t s  which  t r c n d  s1 ig l i t . l y  e a s t  

and west of n o r t h  ~ 1 - d  a thlrd sc!t  whicli trends c a s t - i i c t s t .  ALL nru 

recorded as s t e e p l y -  d i p T i n g .  



0 
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STEREOGRAPIiIC PLOT OF POLES TO FRACTURES IN 

MAP AREA (116 POINTS). 



0 
. J o i n t i n g  i n  the t h e s i s  a a a  i s  i n d i c a t e d  by the e q u a l - u r o n  

stercngraphic projection of PI6 p o l e s  t o  f r a c t u r e s  and joints shown 

i n  Pffyjrc: 5 .  T h e  p l o t  shows wcnk to modcrate m a x i m a  for N E - t r e n d i n g  

and s s u t b e r l y - d i p p l n g ,  NLJ-trcnding j o in t  scts, Joints w j t h  sub-hori .zontn1 

at t l t i i d c s  are n o t  scprcscntcd i n  the s t c r e o g r r r p h i c  p l o t ,  w h i l c  t h e y  arc 

conmonly observed  in the f i e l d  

of m;ific m-lncrnlr, was incnsured by G a r n e t t  (1972)  and a g e n e r a l l y  con- 

s i s t e n t  n o r t h - w s t  trcndiny,, stcepI.y-tlippinig set of f o l i a t i o n  plfinc?:; 

wn:; cvitlcnt. over the gcnernl. area of D u c k l i n g  Crcc lc .  PoItution WAS 0 
o n l y  r a r e l y  recorded by the writer from o b s e r v a t i o n  i n  the rnap-~~z-cii 

b u t  ;1 north-wcri t  t r e n d  i s  d i s c e r n i b l e ,  A closely spaced set of slwt\x 

f r a c t u r e s  i n  m o n z o n i t i c  rock on the e x t r e m a  west-centre  of the rnnp- 

O T C ? ; ~  was o b ~ e x - v e d ,  t h c  a t t l L u t l c  of t J h i C h  is 135°/0501';. 

'l'lie writer bebicvc:s tlkat local f o l i a t i o n  trends, and p r n d a -  

t i o n n l  contac ts  l e n d  credence to the assertion t h a t ,  at bcast i n  

scjme p l a c e s ,  Hogcm quartz-bcaring m o n z o d i o r i t c  I,J;LS i n t r u t l c t l  whi l r :  

not cornple tc ly  c i - y s t a l l i n c  by the perhaps  p a r t l y  crystallized rneg,~- 

po rphy i - i  t-lc syenite:. 

0 

. . . . . . . . . .  .................. .................. . . . .  . . . . . .  . . .- - . . : - .  ..".(. 
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5. P1TROCENEST.S OF ROCKS OF THE- t?llP-AREli - - - 

Hogern b a t h o l i t h ,  a c c o r d i n g  t o  Armstrong, " a p p a r e n t l y  d i f  - 
f e r e n t z i n t c d  i n  p l a c e  w i t h  a g r a n o d i o r i t e  core w i t h  s y e n o d i o r i t o  o r  

more b a s i c  r o c k  forming  a b o r d e r  zone  from a f r a c t i o n  of a m i l e  t o  s e v e r a l  

miles wide. T h e  v a r i o u s  r o c k  t y p e s  g r a d e  i n t o  one  another! ' .  

1949, p. 991,  Roots s u g g e s t e d  (Roots, 1954, p. 1 6 3 )  t h a t  t h e  b a t h o l i t h  

(Armst rong ,  

r e p r e s e n t s  a prolongecl p e r i o d  o f  i n t r u s i o n  o f  d i f f e r e n t i a t e d  magma. 

Thirfng i n v e s t i g a t i o n  of " L o r r a i n e  S y e n i t e "  I(oo d e r i v e d  an  a b s o l u t e  age 

from a n a l y s i s  of b i o t i t e  f r o m  L\. m a f i c - r i c h  p o r t i o n  of the s y e n i t e .  

T h e  age date of 1 7 0 2 8  m i l l i o n  Y ~ E I K S ,  Koo b e l i e v e d ,  r e p r e s e n t e d  the 

minimum age of t h e  s y e n i t e  r o c k s  and  t h e  maximum age of t h e  su lphic lc  

m i n c r a l i z n t i o n  at L o r r a i n e  P r o p e r t y ,  He also s u g g e s t e d  t h a t  t h i s  d a t e  

marked t h e  d i v i s i o n  of two separate p h a s e s  o f  Hogem b a t h o l i t h  (Koo, 

1968 ( t j ) ) ,  I n  r e c e n t  work by Carne t t  t h i s  h y p o t h e s i s  i s  r e p o r t e d l y  

f u r t h e r  conf i rmed by mapping, D i o r i t e ,  m o n z o d i o r i t e ,  and s y e n i t e  mapped 

by C a r n e t t  are exposed p r o g r e s s i v e l y  southwes twards  away f r o m  t h e  

b a t h o l i t h  c o n t a c t  w i t h  r o c k s  o f  t h e  T a k l a  Group and C a r n c t t  suggcstccl  

t h a t  this sequence  r e p r e s e n t s  a series of i n t ' r u s i o n  from a d i f f e r e n t i n t i n ! :  

a l k a l i n e  magma. ?'he s y e n i t e s  of t h i s  sequence  are i n c l u d e d  w i t h i n  

Duckling Creek S y e n i t e  Complex, T h e  p y r o x e n i t e  w i t h i n  the b o u n d a r i e s  

o f  t h e  Complex c o u l d  r e p r e s e n t  a c u m u l a t e  phase  of such  a n  a l k a l i n e  

magma ( G a r n e t t ,  1972) .  Koo c l a i m e d  t h a t  t h e  p y r o x e n i t e ,  which he t c r m c c l  

"hyperrnclanic  f e n i t e " ,  w a s  formed by i n t e n s e  metasomatism of Hogem 

g ran i to id  rocks ( d i o r i t e )  (I<oo, 1968 ( b ) ,  The  p y r o x e n i t e ,  and i t s  p l ace  

i n  t h e  p e t r o g e n e t i c  scheme, i s  of c o n s i d e r a b l e  i n t e r e s t  and what f o l l o w s  

i s  a d i s c u s G i o n  on t h e s e  p o i n t s .  
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LJhilc t h e  s imi la r i t i es  I c t r m c n  T u t i z z i  Lake body (I:oot c,, 
v i  

- 
1954) a n d  IJueIcling Cmck h o l o n a f i c  p y r o x e n i t e ,  as r ~ c l 1  as t e x t u r r l l  

siirti t a r i  I ics bc.tr.7cen a n  Omincca u l t r a m a f i t c  and map-a rea  pyroxeril  t c h s  

su2l;est t l i , t t  tlic nap-area p y r o x c n i t c s  Lire relrlt c*(t 

to  thc c , I r l y  phasc  i n t r u :  I v e s  of Ai?ren Lakc map-area,  t h e  absence o f  

p r i m a r y  p l a g i o c l a s e  i n  py roxcn i t e  of t h e  writer 's  map-area m i l i t a t  e:; 

n g a i n s t  t tic L i k e l i h o o d  t h a t  these rockc  w e r e  i n t r u s i v e ,  i n  t h e  no rma l  

s ense  of this t e r m ,  a l t l iouflh t h c y  arc i g n e o u s .  

Lnmprophyr ic  d y k e s  w h i c h  arc c h a r a c t e r i s c d ,  in p o r t ,  by 

n b s c n c e  of ieldspnr are known ( s e e  Iiarker, 1954, p.  126-1341,  

Ilowevcr, t l i c  a b s e n c e  of matrix - i n  h o l o r n a f i c  p y r o x e n i t e  of the map-nrcn 

bel i es  t h e  u s c f u l n e s s  of c o n s i d e r a t i o n  of such an  o r i g i n .  

3 ,  Curnulate b a t h o l i t h  phase:  

I t  i s  p o s s i b l e  that the holornafic p y r o x e n i t e  i s  a product 

of Uucl t l ing Cree!< S y e n i t e  Cornplcx protomagma (Garnc t t ,  1972 1. Strorrg 

ali,qnrnciit ol: pyroxene  i s  i n t c r p r e t e d  as p r i m a r y  f l o w - t e x t u r e  ( S C C  

l ' l inycr,  196'3) i n  the pyroxc*ni te  and  i s  compatiblc w i t h  t h i s  possibi1ity. 

T h e  o b s c n c c  O X  plagioclase as a p r i m a r y  minc rn l  implios t h a t  the  p y r o x -  

c n i t c  r e p r e s e n t s  n c u m u l a t e  plitrsc of n magmu wherein o n l y  c l I n o p y ~ - o x c ~ n t :  

was b e i n g  dcpositcd. P r i m a r y  b i o t i t e  was formed from i n t e r s t i t i a l  

f l u i d ,  p o s s i b l y  m i l c h  In ter  t h a n  p y r o x e n e ,  V a r i a b l y  t e x t u r e d  rnonzcmitf!r; 

and f :nc isscs  ( f lou-form monzonites) n c a r  p y r o x c n i t e  b o d i c ~ ,  coultt tllerl 

br: i n t e r p r e t e d  a s  h y b r i d  rocks which represent t h e  p r o g r e s s  of nsGLriiI. 1 ; ~ -  

Cion and  i n v a s i o n  of p y r o x c n i t e  by l e u c o c r a t i c  p h a s e s  of Ilop.cm b ~ t t . i ~ > l  I t h .  



, .  

T h e  r e s u l t s  of C r  analysc;s of m a g n e t i t e  f t a b u l a t e d ,  below; arc 
- 

i n t e r p r e t e d  us s u p p o r t i v  i d e n c e  t h a t  t h  enites the map- 

area are a l t e r e d  i g n e o u s  ks,  B y  

s u c h  n s  woiild be the case if Lhe rocks formed as e a r l y  c r y s t : n l - d i f f c r -  

e n t i n t e s  of a magma. 

in C r  contant 

M a g n e t i t e  was c o n c e n t r a t c d  from holoinnf ic p y r o x e n i t e  (75% 

p y r o x e n e  1, Erom rnesocratic p y r o x e n i t e  (407, p y r o x c n e ) ,  and from n corn- 

p o s i t e  s m p l c  of I I o g e m  quartz-bearing m o n z o d i o r i t c ,  

shows Cr c o n t e n t  for t h e  respective samples .  

T h e  t a b l e  below 

1loPorna.f ic p y r o x c n i  te  
M ~ s o c r n t  i c  pyroxcni  t e  1 SO0 pprii Cr ~ 

Quartz- b e a r i n g  rnonzodidri  t e  

1'. I(ernpe, M i n e r a l  Eng inee r ing  D e p t , ,  UnLv, of  B.C,  

1300 ppm C r *  

4 6 0  ppn Cr 

* A n a l y s t :  

The v c r y  f i n e  e x s o l u t i o n  lamellae w i t h i n  pyroxene  in h o l o -  

inafi c p y r o x c n i  Le of the map-arr 'a,  t o g e t h e r  w € t h  t h e  z o n i n g  o f  t l i f  :. 
m i n e r a l  11oted i n  thc:se roclcs, rnay be i n t e r p r e t e d  as' e v i d e n c e  of r c l n t  Ivc. ly  

r a p i d  c o o l i n g  a t  h i g h  t e m p c r a t u r c s  ( see IJccr, Howie and %\issinan, 1966,  

p. 125, and IIeer, Ilowie a n d  Z i i s s m m ,  1963,Vol. 2 ,  p. 131). R e l a t i v e l y  

r a p i d  c o o l i n g  of h o l o m a f i c  pyroxenite might h a v e  b c e n  possible had ii 

0 

c r y s t a l  -mush of c l i n o p y r o x e n c  c u m u l a t e  bc.en s q u e e z e d  i n t o  llogcrn [;rani. t o L t I  

rocks. 

been c o n s i d c r a b l e  and  this, t o g e t h e r  w i t h ' t h e  a c t i o n  o f  v o l n t i l e s ,  

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

T h e  thcr~nnl.  d i  f f c r c n c c .  I x t w c e n  the t-wo r o c k  rn,l:;sc?r; may htivc 

i n  t h e  i m m e d i i i t e  area of t h e  p y r o x e n i t e .  

o r i g i n  f o r  t h e  f low-foriri m o n z o n i t e s  s p a c i a l l y  r e l a t e d  t o  p y r o x e n i t e .  

T h i s  p r o v i d e s  a n o t h e r  possible 
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The writer b e l i e v e s  t h a t  t h e  most a c c e p t a b l e  e x p l a n n t i o n  for  - - 

t h e  o r i g i n  of h o l o m a f i c  p y r o x e n i t e  of the map-area i s  t h a t  t h i s  r o c k  

t y p e  r e p r e s e n t s  

OK t he  p y r o x e n f t e  r e l a t i v e  to IIogcm g r a n i t o i d  r o c k s  of t h e  map-area  

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

cumulate phase of p a r t  of Ilogtm b a t h o l i t h .  T h e  t l f : c ?  

T h e  f low-form monzoni tes  are b e l i e v e d  t o  e i t h e r  ; 
( i  1 r e p r e s e n t  t h e  e x t e n t  of i r r J a s i o n  and a s s i m i l a t i o n  of p y r o x e n i t e  by 

Hogem r,raiiitoid r o c k s ,  or (ii 1 b e  Hogem g r a n i t o i d  which h a s  \xcn 

p l a s t i c a l l y  deformed t h r o u g h  t h e  combined a g e n c i e s  of t c m p e r a t u r e  nrid 

presence of v o l a t i l e s .  I n  t h e  e v e n t  t h a t  t h e  latter case i s  t r u e ,  locr~l  

f e n e t i z a t i o n  of Hoeem g r a n i t o i d  may have r e s u l t e d  ( s e e  C u r r i c  a n d  Fc!rl:uson, 

1971, p. 516). 

Mogcrn G r a n i t o i d  Rocks: 

FIop,ein q u a r t z - b c a r 5  ng m o n z o d i o r i t e  and flogcm rnonzoni t c !  hcivc 

a b o u t  t h e  same r a n g e  of plagioclase c o m p o s i t i o n  ( A n y j - A n ~ + ~  1. 

plngioclnsa c o n t e n t  of coch rock t y p e  i s  comparable  (45-502)  and thc 

m a f i c  m i n e r a l  c o n t e n t  o f  b o t h  r o c k  t y p e s  i s  a b o u t  16%. The dominant  

niafi c m i n c r a l  i n  t h e  r e l a t i v e l y  f i n e r - g r a i n e d  Hogern rnotizonitc. i s  

a u g i t i c  pyroxene w h i l e  u r a l i t e  i s  dominant i n  Hogem q u a r t z - b e a r i n g  

monzotliori  tc. T r a n s i t i o n a l  rock t y p e s  are o b s e r v a b l e .  

The 

To t h e  n o r t h  of t h e  map-area, L'earse ( 1 9 7 1 )  mapped d i o r i t e  

dykes  which are mineralogically s i m i l a r  t o  Hogem monzoni tc  and c o n t n i n  

a b u n d a n t ,  a l i g n e d ,  p r i s m a t i c  a u g i t e .  

I t  i s  p r o b a b l e  t h a t  the u r a l i t e  r e s u l t e d  from a l t e r a t i o n  by  

f l u i d s  a s s o c i a t e d  in t i m e  wi t h  a l k a l i  metasomatism a n d  that, t h e r o f o r c ,  
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t h e  pyroxene  of Ilogern monzoni te-  i s  pr imary .  

f i n e - g r a i n e d  a l i g n e d ,  p r i s m a t i c  pyroxene  of IIogern mon::onite, i n  c o n t r a s t  

t o  the medium- L o  c o a r s e - g r a i n e d  and i r r e g u l a r l y  d i s t r i b u t e d  b l c b s  of 

The even  d i s t r i b u t i o n  of 
- 

ura l i te  i n  Ffoy ,cm q u a r t z - b e a r i n g  m o n z o d i o r i t e ,  s u g g e s t s  t h a t  these  r o c k  

t y p e s  are s e p a r a t e  p h a s e s  of Hogem b a t h o l i , t h  ( w i t h  a g r a d a t i o n a l  con-  

I n  t h e  mapper1 ~ r c  p robab ly  r e l a t e d  to  Ilogm monzoni te .  

map-area, p y r o x e n i t e  i s  s p a c i a l l y  a s s o c i a t e d  w i t h  Hogem monzoni te  a n d  

t h e  l a t t e r  may have  been  a q u a r t z - b e a r i n g  r o c k  now hybridi:.etl as il 

r e s u l t  of r e a c t i o n  w i t h  h o l o m a f i c  p y r o x e n i t e .  

K - f e l d s p a t h i z e d  Rocks of t h e  Map-area: 

Rock t y p e s  c o n s i d c r e d  i n  t h i s  d i s c u s s i o n  i n c l u t l c ~  a l l  of t h c  

rock t y p e s  named i n  t h i s  s e c t i o n  t o  t h i s  p o i n t ,  v i z .  ho lomaf i c  p y r o x e n i t e ,  

f loti-form monzoni te  and IIogem g r a n i t o i d  r o c k s  ( b o t h  q u a r t z - b e a r i n [ ;  

m o n z o d i o r i t c  and monzoni te  1. 11s wc11, 1: - fe ldspar -bear ing  py roxcn i  t C F  

r a n g i n g  from r n e l a n o c r a t i c  t o  rnesocratic v a r i e t i e s ,  t o g e t h e r  w i t h  

l c u c o c r , i t i c ,  py roxene -bca r in f ;  s y e n i t e s ,  are d i s c u s s e d .  L n  [logein 

q u a r t z  - b e a r i n g  rnonzodio r i  te , some sompl e s, which were v i  rt  ua1-1 y unof f e c  t crl 

by 1 a te  hydro thc rmnl  f l .uids, exhi b i t  t e x t u r a l  f e a t u r e s  which i n d i c . i t r  

s o m e  a l k a l i - f e l d s p a r  formed 1 n t e r  t h a n  q u a r t z .  Pr imary  b i o t i t e  i s  

n o t  p r e s e n t  i n  g r a n i t o i d  r o c k s  of t h e  map-area.  

‘l’hc writer bel i c v c s  t h a t  l o c a l l y ,  fIogcm g r a n i t o i d  rock ,  

o r i g i n a l l y  q u a r t z - b e a r i n g  d i o r i t e  ( o r  q u a r t z - b e a r i n g  m o n z o d i o r i t c  wi t l i  

r e l a t i v e l y  l o w  K - f e l d s p a r  c o m p o s i t i o n ) ,  was r e l a t i v e l y  permeable and 

that h e r e  t h e  r o c k  was h y b r i d i z e d  by K+-r ich  s o l u t i o n s ,  which streamccl 0 I 



0 
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t h r o u g h  t h e  c r y s t a l l i n e  mush, f g r m i n g  la te  a l k a l i - f e l d s p a r .  I n  the 

r o c k s  where t h i s  phenomenon w a s  more i n t e n s e ,  q u a r t z  w a s  removed and  

t h e  r e s u l t i n g  r o c k  w a s  m o n z o n i t i c  i n  c o m p o s i t i o n .  G a r n e t t  ( p e r s o n a l  

communicat i o n )  suggested Lhat t h i s  removed q u a r t z  a p p e a r s  as v e i n s  F1i 

s y e n i t e .  S e r i c i t i z n t i o n  of p l a g i o c l a s e  p r o b a b l y  accompanied K - f e l d s -  

- 

p a t h  i zat  i on.  

The m i c r o c l i n e  which formed as a r e s u l t  of p o t a s s i u m  meta- 

s o m a t i s m  i s  t a r t a n - t w i n n e d  i . n d i c a t i n g  t h a t  t h e  m i n e r a l  fonncd f Frst 

as o r t h o c l a s e  and i n v e r t e d  upon c o o l i n g  t o  m i c r o c l i n e  ( B a r t h ,  p. 1. 

T h e  a u g i t i c  pyroxene of IIogem monzoni te  w a s  r e l a t i v e l y  s table  d u r i n g  - 

a l k a l i  metasomatism. 

C l i n o - p y r o x e n i t e  nnd f low-form g r a n i t o i d  r o c k s  were K- 

f c 1 d Cj I-, ii t 11 f z e (1 t o  produce  a w i d e  r a n g e  of c 1 i no - py ro xe na - K - f e 1 d s p a r  - 
b i o t i  t e r o c k s  and f 1 ow - f orni inun zon i t e s re s p e c  t i  v e 1 y . 
a d d i t i o n  of K - f e l d s p a r  t o  p y r o x e n i t e ,  t h e  r o c k  becomes pyroxene s y e n i t e .  

bl i t h i nc r c a s i n 15 

B i o t i t e  and pyroxene  are s t a b l e  i n  t h e s e  p y r o x e n i t e s  and 

s y e n i l e s ,  a l t h o u g h  b i o t i t e  i s  commonly t h e  o n l y  new-formed m a f i c  m i n e r a l .  

T h e  a b s e n c e  of s t a b l e  

cr l  k n l  i IW t asomati s m  and the modest amount s of aegerine- augj. tc: suy,ge S L  :, 

amphibole  may be a t t r i b u t e d  t o  low ai\13+ d u r i n g  

l o w  aNn+. 

I n  t h e  la ter  s t a g e s  o f  metasomatism i t  seems p r o b a b l e  t h a t  

aK+ w a s  d e c l i n i n g  and t h a t ,  t h e r e f o r e ,  aNa+ w a s  i n c r e a s i n g  r e l a t i v e l y .  

L o c a l l y ,  where aNa+ exceeded  aK+, a l b i t e  w a s  formed and a d i o r i t e  

r e s u l  t e d  where o t h e r w i s e  t h e  r o c k  would have  been m o n z o n i t i c .  AlbLt.Lzc!rl 
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r o c k s  are more common toward t h e  c e n t r e ,  s o u t h  and west o f  tlic mnp- 

area and are commonly s c r i c i t i z c d  as w e l l .  T h e  i n t e n s L t y  of t h i s  

- 
- 

nl  t e r a t - i o n  3 s l e s s  f n r t h c r  n o r t h  and east i n  the map-.irc?a; t h a t  i s ,  

f a r t h c r  down t h e  presumed t a m p c r a t u r e  g r a d i e n t .  

Mof;mntic S y e n i t e s  and A p l i t e :  

PIngmatic s y e n i t e s  are more common i n  t h e  c e n t r e  of thc map- 

area b u t  p y r o x ~ n i t e - c o n t a m i n n t e d  s y e n i t e  i s  p r e s e n t  f a r t h e r  s o u t h .  

11 p e g m a t i t i c  v a r i e t y  has s h a r p  c o n t a c t s  with p y r o x e n i t c  b u t  solnc p n r t s  

oC t h e  c o n t a c t  between m e g a p o r p h y r i t i c  s y e n i t e  and Hogem g r a n i t o i d  ruck  

tire g r a d a t i o n a l  T h e r e  i s  n g r a d a t i o n  between me tasomat i c  syenites 

'2nd maematic s y e n i t e .  Fo l lowing  i n t e n s e  f e l d s p a t h i z a t i o n  of g r a n i  Loid 

and pyroxenj t c  r o c k s ,  thcsc r o c k s  were i n t r u d e d  by p e g m a t i t i c  nnd 

nicgnpot-pliyri t.ic s y e n i t e s  producing a d d i t i o n a l  b u t  l o c a l  I < - f c l d s p a t h i z a t  L o n  

a:: the con tac t .  I n t r u s i o n  of a p l i t e  d y k e s ,  v e i n s  a n d  s t r i n g e r s  follor.~ccl 

emplacement of s y e n i t e s .  

The  g r a d a t i o n a l  conLact  between inegnporphyr t t i c  s y c n i t c  arid 

J10[;e111 $;rani t o i d  r o c k  s u g g e s t s  that t h e  former was emplaced 3.11 t hc  1 r i t : t : c l r  

whi. le both were s e m i - c r y s t a l l i n e  o r  t h a t  t h e  tlicnnal d i f f e r e n c e  Ixtrveen 

t i i c  two Ilodies WAS n o t  great a t  t ~ i e  t ime of emplaccrncnt.. 

Late A l t e r a t i o n :  

l n  tlic niap-,irc;i tlicte has been  a comple t e  sequcncc  nf prc-  

m a p m ' i t i  c ,  t Iirough magmatic and d e u t e r i c  t o  l a te  hydro the rma l  i n e t a -  

somati sm. T h e  results of t h e s e  a l t e r a t i o n s  have o v e r l a p p e d  cind 

s e p a r a t i o n  oi: assemblages  which have  r e s u l t e d  from a l k a l i  metosomat i  sm 
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and a n t i t h e t i c  hydrogen  metasomatism (see Pleyer and Hemley, 1967 
L 

and Hemley and Jones, 1964)  would be d i f f i c u l t .  O v e r l a p p i n g  e f f e c t s  

of s y e n i t e  i n t r u s i o n s  immedia te ly  n o r t h  and s o u t h  of t h e  map-oreo 

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

S t i l b i t e  and r i e b c c k i t e ,  found on f r a c t u r e  s u r f a c e s .  of 

Duckl ing  Creek  S y e n i t e  Complex rocks, p r o b a b l y  are r e p r e s e n t a t i v e  

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

c h n r a c t e r i s c d  by the p r e s e n c e  of c p i d o t e  formed a f t e r  s a u s s u r i t i z a t i o n  

of p l a g i o c l a s e  and by c h l o r i t i z a t i o n  of mafics ( i n c l u d i n g  b i o t i t e  

which l o c u l l y  r e p l a c e s  amphibole) ,  are w i d e l y  e v i d e n t  i n  g r a n i t o i d  

rocks. rluch s a u s s u r i t i z n t i o n  accompanied the  emplacement of l a t e  

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

0 

0 
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Rock samples c o l l e c t e d  from the map-area i n  summer 1971 

were c x a n i n e d  i n  hand specimen and some i n  t h i n  s e c t i o n ,  T h e  map-areci 

was d i v i d e d  i n t o  two major mapping u n i t s ,  viz. Hogem g r n n L t o i d  r o c k s  

and Duckl ing  Crcrk S y e n i t e  Complex. I J i t h i n  Hogem z r a n i t o i d  r o c k s ,  L W O  

r o c k  t y p e s ,  q u a r t z - b e a r i n g  monzodior i  t e  and monzoni te ,  were t l i  s- 

t i n g u i s h e d .  I h c k l i n g  Creek S y e n i t e  Complex c o n s i s t s  p r i n c i p a l l y  of 

h o l o m a f i c  p y r o x e n i t e ,  K - f e l d s p a t h i z c d  p y r o x e n i t e s  which grade i n t  o 

m e t a s o m a t i c  s y e n i t e s ,  and magmatic, commonly p o r p h y r i t i c  t o  peEm,iLitic 

s y e n i t - e s .  Lcsser a n o u n t s  o f  flow-form rnonzoni tcs  and rnnnzonitc arc! 

i n c l u d e d  i n  the map-boundaries  of t h e  Complex. 

Holomafic p y r o x e n i t e ,  a c u m u l a t e  phase of Hogem b a t h o l i t h ,  

was erriplacc-?d i n ,  o r  i n c l u d e d  by Hogern g r a n i t o i d  rock and thc. a d t l i t i o n  

of p y r o x e n i t e  c a u s e d  h y b r i d i z a t i o n  of Hogem q u a r t z - b e a r 4  ng monzodior i  t t '  

i n  t h e  v i c i n i t y  of p y r o x e n i t e ;  f o l i a t e d  d i o r i t e ,  o r  monzoni te ,  

r e s u l t e d .  L o c a l l y ,  f low-form monzoni tes  were formed a t  the. c o n t a c t  o f  

p y r o x e n i t e  w i t h  IIogem g r a n i t o i d  r o c k  - e i t h e r  as L\ r e s u l t  of i n v a s i o n  

o f  p y r o x e n i t e  by g r a n i t o i d  r o c k  o r ,  i f  h o l o m a f i c  p y r o x e n i t e  WAS 

r e l a t i v e l y  h o t  whcn cinplacctl ,  ;is t h e  p r o d u c t  o f  p l a s t i c  d e f o r m a t  L o n  

produced t h r o u g h  t h e  combined a z e n c i e s  of t e m p e r a t u r e  and p r e s e n c e  of 

v o l n t i l e s  acting on c o u n t r y  rock .  

All of t h e  above r o c k  t y p e s  were, t o  v a r y i n g  e x t u n t ,  K -  

f e l d s p a t h i z c d  by f l u i d s  which p r e c e d e d  and accompanied emplacement 

of magmatic s y e n i t e s .  T h e  l a c k  of c h i l l e d  c o n t a c t s  betwecn r o c k  typc:s 

0 
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0 ment ioned  so f a r  i m p l i e s  t h a t  r e l a t i v e l y  h i g h  t e m p e r a t u r e s  p r e v a i l e d .  

K - f e l d s p a t h i z a t i o n  t o o k  p l a c e  above t h e  t e m p e r a t u r e  of o r t h o c l a s e -  

m i c r o c l i n e  i n v e r s i o n .  Late d e u t e r i c  a l k a l i  m e t a s o m a t i s m ,  which caused 

d e p o s i t i o n  of r i e b c c k i t e  and s t i l b i t e  on f r a c t u r e  s u r f a c e s ,  V J ~ S  accom- 

p a n i e d  by d e p o s i t i o n  of rare s t r i n g e r s  and v e i n s  of c h a l c o p y r i t e  a n d  

b o r n i t e  and by d i s s e m i n a t i o n  of p y r i t e ,  Later h y d r o t h e r m a l  a l t e r a t i o n ,  

w i t h  t h e  waning of a l k a l i  metasomatism, bec'une e f f e c t i v e l y  hydrogen 

" ,!  

metasomatism and p r o p y l i t i c  mineral a s s e m b l a g e s  were produced some 

d i s t a n c e  from s y e n i t e  c o n t a c t s .  S a u s s u r i t i z a t i o n  of t h e  c o u n t r y  rock:; 

p r o b a b l y  sccompanied emplacement of r e l a t i v e l y  r a p i d l y - c h i l l e d ,  l a t e .  

p o r p h y r i t i c  f i n e - g r a i n e d  dykes.  

I t  i s  s u g g e s t e d  t h a t  t h i s  r e p o r t  forms il basLs f o r  more d e t a i l e d  

mapping i n  the area. The r o c k  t y p e s  d e s c r i b e d  h e r e i n  would make 0 
appropriate  mapping u n i t s .  
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- 
I n  s p i t e  of the I n c t  t h a t  no s i g n i f i c a n t  molybdenum m i n e r a l -  

i z a t i o n  was observed o n  t h i s  p r o p e r t y ,  n o r  i n  t h e  immedia te  d i s t r i c t ,  

i t  was O U K  e x p e r i e n c e  t h a t  anomalot!s molybdenum l e v e l s  were obta ined 

wherever  s i g n i f i c a n t  c o p p e r  showings were e n c o u n t e r e d .  

The coppe r  resiilts abovc  cou ld  be a t t r i b u t e d  t o  d i s l r i b u t i o n  

o f  c o p p e r - b e a r i n g  mat-erial f roa h i g h e r  ground t o  t h e  south  and vest: 

i n  the S y e n i t c  Complex, FIowever, t h e  molybdenum l e v e l s ,  which avc.rap,e 

17 ppm ovcr ;in area 1200'  x 2 3 0 0 ' ,  are worthy  of f u r t h e r  i n v e s t i r , a t i o n .  

T t i s  sugges t cd  rock  specj-rnens c o n t a i n i n g  coppe r  m i n e r a l F z a t l o n  

be run  geochcrn ica l ly  f o r  molybcieniim c o n t e n t ,  

t>e done on s o i l  c o n d i t i o n s  t o  d e t e r m i n e  t h e  p o s s i b i l i t y  of unusi inl  

A d d i t i o n a l  r e s e a r c h  should 

concent ra \ : ion  of molybdenum by chemica l  p r o c e s s e s .  

T f the anomalous r e s u l t s  a p p e a r  t o  be v a l i d ,  cons idera t  i on 

shou ld  be g i v c n  t o  f u r t h e r  e x p l o r a t i o n  of t h e  u n d e r l y i n g  rock. 

0 
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