


PETROLOGY AND M I N E R A L O G Y OF A M O L Y B D E N I T E 

OCCURRENCE I N THE R A F T B A T H O L I T H . 

SOUTH C E N T R A L B R I T I S H C O L U M B I A 

B R I A N B . HUGHES 

B . S c . T h e s i s 

H o n o u r s G e o l o g y 

UBRARY / BIBLIOTHtQUE ' | 

m 6 1 9 T T . ; 



412 West Bench D r i v e f 

P e n t i c t o n , B . C . , 
A p r i l 1, 1974. 

D r . H . R . Wynne-Edwards, 
Head, Department o f Geology , 
The U n i v e r s i t y o f B r i t i s h Columbia , 
Vancouver 8, B r i t i s h Columbia* 

Dear D r . Wynne-Edwards* 

I r e s p e c t f u l l y submit my t h e s i s , " P e t r o l o g y and M i n e r a l o g y 

o f a Molybden i t e Occurrence i n the R a f t B a t h o l i t h , South C e n t r a l 

B r i t i s h Co lumbia" , i n p a r t i a l f u l f i l l m e n t o f the requ i rements f o r 

the degree o f B a c h e l o r o f Sc i ence i n Honours Geo logy . 

T h i s t h e s i s meets the s t andards and requi rements o f the 

Department o f g e o l o g y . 

Yours T r u l ; 

B r i a n B . Hughes 

T h e s i s S u p e r v i s o r -



A B S T R A C T 

D e t a i l e d i n v e s t i g a t i o n of a m o l y b d e n i t e s h o w i n g i n the Raft B a t h o l i t h f 

l o c a t e d b e t w e e n S i c i l y and P a t r i c i a l a k e s a p p r o x i m a t e l y 20 m i l e s w e s t 
of C l e a r w a t e r , B r i t i s h C o l u m b i a , w a s u n d e r t a k e n to de te rmine the 
o r i g i n of m i n e r a l i z a t i o n , c o n t r o l s o f m i n e r a l i z a t i o n a n d d y k e s , t h e i r 
ef fect on the hos t r o c k , a n d the r e l a t i o n s h i p of t h e s e fea tu res w i t h the 
Raft B a t h o l i t h . 

M i n e r a l i z a t i o n i s d e p o s i t e d i n t w o p h a s e s : the f i r s t i s m o l y b d e n i t e 
a s s o c i a t e d w i t h qua r t z v e i n i n g a n d the s e c o n d p h a s e i s m o l y b d e n i t e 
and minor c h a l c o p y r i t e d e p o s i t e d a l o n g ba r ren f r a c t u r e s . Bo th o c c u r 
i n f rac tures i n the quar tz m o n z o n i t e h o s t r o c k o f the Raft B a t h o l i t h , 

A zone of a r g i l l i c a l t e r a t i o n i s su r rounded b y a z o n e of p r o p y l i t i c 
a l t e r a t i o n w h i c h g rades i n t o f r e s h c o u n t r y r o c k . M i n e r a l i z a t i o n i s 
w i t h i n the p r o p y l i t i c z o n e a n d ha s a n aureole o f p o t a s s i c a l t e r a t i o n 
a s s o c i a t e d w i t h a l l m i n e r a l i z e d fractures. 

Two phase s of d y k e s are p resen t : a p l i t e s , w h i c h are g e n e t i c a l l y 
r e l a t e d to the c r y s t a l l i z a t i o n o f the qua r t z m o n z o n i t e , a n d r h y o l i t i c t o 
quartz l a t i t e po rphyry d y k e s w h i c h are s e c o n d phase i n t r u s i o n af ter 
emplacement of the R a f t B a t h o l i t h . M i n e r a l i z a t i o n p o s t - d a t e s a l l 
d y k e s o f the map a r e a . 
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I I N T R O D U C T I O N  

Pu rpose o f S t u d y 

The pu rpose o f t h i s t h e s i s i s to i n v e s t i g a t e a m o l y b d e n i t e o c c u r r e n c e 

i n the Raft B a t h o l i t h , G e n e s i s o f m i n e r a l i z a t i o n i s s t u d i e d a n d c o m 

pared to k n o w n s t o c k w o r k m o l y b d e n u m e n v i r o n m e n t s o f e c o n o m i c • 

i n t e r e s t . 

L o c a t i o n 

The s t u d y a r e a , par t o f the Raft B a t h o l i t h , i s a p p r o x i m a t e l y 20 m i l e s 

wes t o f C l e a r w a t e r , B r i t i s h C o l u m b i a , a t l o n g i t u d e 120°25f w e s t a n d 

l a t i tude 51°47« n o r t h (Map,-1,2 ) . A c c e s s to the s t u d y a r e a from 

C l e a r w a t e r i s b y a p p r o x i m a t e l y 23 m i l e s o f g o o d g r a v e l r o a d c o n s t r u c 

ted a n d m a i n t a i n e d b y C l e a r w a t e r T i m b e r P r o d u c t s C o m p a n y L i m i t e d . 

The Raft B a t h o l i t h i s a g r a n i t i c b o d y e l o n g a t e d i n a n o r t h - w e s t , s o u t h 

ea s t d i r e c t i o n . I t s w e s t e r l y e x t e n t i s a b o u t 5 m i l e s from C a n i m L a k e 

a n d i t s e a s t e r n b o u n d a r y i s the C l e a r w a t e r R i v e r . The a r ea o f t h i s 

t h e s i s i s s i t u a t e d i n the w e s t e r n pa r t o f the b a t h o l i t h a n d i s some 

9 square m i l e s i n a r e a . 

T o p o g r a p h y 

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

A l t i t u d e s v a r y b e t w e e n 4000 feet a n d abou t 5000 feet a b o v e s e a l e v e l . 

Ou t c rop i s poor due to the d e n s e f o r e s t s a n d c o v e r i n g o f g l a c i a l t i l l , 

.dra inage i n the map a r ea i s c o n t r o l l e d b y n o r t h - e a s t , s o u t h - w e s t 







4 
t rend of the t opog raphy , w i t h d i r e c t i o n o f f l o w to the s o u t h - w e s t t 

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

nor th i n t o the M a h o o d L a k e - C a n i m L a k e d r a i n a g e s y s t e m . M a h o o d 

Lake e m p t i e s i n t o the C l e a r w a t e r R i v e r , w h i c h c o n n e c t s w i t h the N o r t h 

Thompson R i v e r a t C l e a r w a t e r , B r i t i s h C o l u m b i a . 

C l i m a t e 

The c l i m a t e i s we t t e r t han that o f the A s h c r o f t - N i c o l a a rea t o the 

sou th , but d rye r t han tha t t y p i c a l o f the C a r i b o o a n d M o n a s h e e 

M o u n t a i n s to the n o r t h . S e a s o n a l l y , there i s a p r o n o u n c e d s p r i n g 

d r y n e s s , f o l l o w e d b y a w e t June , w h i l e r a i n f a l l i s e q u a l l y d i s t r i b u t e d 

through the r e s t o f the summer , au tumn a n d w i n t e r m o n t h s . 

S o i l s a n d V e g e t a t i o n 

The r o l l i n g g l a c i a t e d u p l a n d s c o n t a i n g l a c i a l t i l l s o i l s . T i l l s o i l s a r e , 

on the w h o l e , t oo s t e e p , s h a l l o w , s t o n y a n d h e a v i l y f o r e s t e d t o be 

a d e q u a t e l y c u l t i v a t e d . T h i s a rea i s h e a v i l y f o r e s t e d w i t h D o u g l a s f i r 

t rees w h i c h a t t a i n h e i g h t s up t o 100 f ee t . T ree s are u s u a l l y p r e s e n t 

r i gh t t o the e d g e s o f l a k e s , l e a v i n g l i t t l e or n o shore l i n e c l e a r . I n 

the major v a l l e y s a n d f l a t a r e a s c l e a r i n g s a re c o m m o n a s g r a s s 

c o v e r e d s w a m p s . 

P r e v i o u s W o r k 

In the e a r l y 1960 ' s N o r a n d a E x p l o r a t i o n C o m p a n y L i m i t e d h e l d c l a i m s 

on the a rea o f t h i s t h e s i s . In the m i d - 1 9 6 0 ' s C a n a d i a n Supe r io r . 

E x p l o r a t i o n C o m p a n y L i m i t e d h e l d the c l a i m s a n d d r i l l e d f i v e h o l e s o n 

the p rope r ty . R e g i o n a l g e o l o g y o f the a rea w a s done b y the G e o l o g i c a l 

Survey of C a n a d a i n the l a t e 1960 ' s a n d c o m p i l e d b y R. B . C a m p b e l l a n d 

H . W . T i p p e r (1971). D u r i n g the 1973 f i e l d s e a s o n A m o c o E x p l o r a t i o n 
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C o m p a n y L i m i t e d s t a k e d the a rea a n d the au tho r , e m p l o y e d b y tha t 

C o m p a n y , p r o s p e c t e d a n d mapped the p rope r ty . 

A c k n o w l e d g e m e n t s 

The author i s i n d e b t e d to a l l i n d i v i d u a l s w h o p r o v i d e d a s s i s t a n c e 

dur ing the c o l l e c t i o n o f da ta a n d p r e p a r a t i o n o f t h i s t h e s i s . S p e c i a l 

r e c o g n i t i o n i s due M r . H . N e u g e b a u e r , o f A m o c o E x p l o r a t i o n C o m p a n y 

L i m i t e d , w h o s u g g e s t e d the a rea a s a p o s s i b l e t h e s i s t o p i c . 

The author i s g ra t e fu l t o P r o f e s s o r W . R. D a n n e r , Depar tment o f G e o 

l o g i c a l S c i e n c e s , U n i v e r s i t y o f B r i t i s h C o l u m b i a , for h i s g u i d a n c e 

du r ing the w r i t i n g o f t h i s t h e s i s . T h a n k s are a l s o c r e d i t e d t o 

P ro fesso r s A . E . S o r e g a r o l i a n d P . B . R e a d for t h e i r a s s i s t a n c e a n d 

d i s c u s s i o n c o n c e r n i n g s p e c i f i c s e c t i o n s . 

A m o c o E x p l o r a t i o n C o m p a n y L i m i t e d de f r ayed the c o s t o f m a t e r i a l 

b e y o n d the Depar tment o f G e o l o g i c a l S c i e n c e s 1 t h e s i s b u d g e t , a n d 

other s e r v i c e s . 



II G E N E R A L G E O L O G Y 

The f o l l o w i n g d e s c r i p t i o n o f the r e g i o n a l g e o l o g y o f the g e n e r a l a r e a 

a round the Raft B a t h o l i t h i s t a k e n from w o r k b y C a m p b e l l (1961, 1963a f 

1963b) a n d C a m p b e l l a n d T i p p e r (1966, 1971), 

The Raft B a t h o l i t h h a s i n t r u d e d o l d e r r o c k s o f C a m b r i a n , M i s s i s s i p p i a n 

and J u r a s s i c a g e , the y o u n g e s t b e i n g on the w e s t e r n m o s t pa r t s o f the 

Raft B a t h o l i t h 1 s bo rde r . The c o n t a c t b e t w e e n these o l d e r r o c k t y p e s 

has a g e n e r a l n o r t h - n o r t h w e s t t r e n d . ( M a p 3 ) . 

To the no r th o f the e a s t e r n par t o f the Raft B a t h o l i t h the K o z a or C a r i b o o 

group of q u a r t z - m i c a s c h i s t a n d m i c a c i o u s q u a r t z i t e s o f e a r l y C a m b r i a n 

age i s i n t r u d e d b y the qua r t z m o n z o n i t e o f Raft B a t h o l i t h . T h e s e 

grani te r o c k s c u t a n d w a r p s t r u c t u r e s w i t h i n the l a y e r e d r o c k s a n d 

a p p a r e n t l y we re i n t r u d e d f o l l o w i n g t h e d e f o r m a t i o n . 

R o c k s o f the C a r i b o o group appea r t o be th rus t o v e r younge r r o c k o f 

M i s s i s s i p p i a n age t o the w e s t . The M i s s i s s i p p i a n r o c k s , c a l l e d the 

S l i d e M o u n t a i n groups c o n s i s t m a i n l y o f g r eens tone w i t h minor a r g i l l i t e 

and p h y l l i t e , b e d d e d che r t a n d b r e c c i a . The g reens tone Is med ium 

grey to g r e y - g r e e n a n d i s c h a r a c t e r i s t i c a l l y a p h a n l t i c or v e r y f i n e 

g r a i n e d . These r o c k s are i n t r u d e d b y Raft B a t h o l i t h and are e x p o s e d 

to the no r th and s o u t h o f the b a t h o l i t h . 

Fur ther to the w e s t , m i d d l e J u r a s s i c a n d e s i t i c a r e n i t e s , s i l t s t o n e 

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

a n d e s i t e b r e c c i a s a n d c o n g l o m e r a t e s o f s i m i l a r a g e . The o l d e r S l i d e 

M o u n t a i n group appea r to be th rus t o v e r t h e s e y o u n g e r r o c k s . The 

J u r a s s i c r o c k s are i n t r u d e d b y Raft B a t h o l i t h a n d a re e x p o s e d t o the 



f 4- + 
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CAMBRIAN - Cariboo Group - Peldspathic Quarts Mica Schist 
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nor th , sou th a n d w e s t of the b a t h o l i t h . 

Late M i o c e n e P l a t e a u l a v a s l i e u n c o n f o r m a b l y ove r pa r t s o f the Raft 

B a t h o l i t h a n d s u r r o u n d i n g r o c k s . F l o w s up to 4500 fee t a b o v e s e a 

l e v e l f i l l e d v a l l e y s a n d l o w l a n d s . The e a s t e r n borde r o f the Raft 

B a t h o l i t h i s the C l e a r w a t e r R i v e r w i t h g r a n i t i c r o c k s on i t s w e s t e r n 

b a n k s a n d P l a t e a u L a v a s on the e a s t e r n b a n k s p r e s e n t a s s t e ep c l i f f s . 

These l a v a s are e a s i l y e r o d e d a n d c o m m o n l y form s t eep c l i f f s a d j a c e n t 

to c r e e k s a n d r i v e r s o f the a r e a . 
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I H P E T R O L O G Y O F T H E M A P AREA  

H o s t R o c k 

Quar t z m o n z o n i t e i s the dominan t r o c k type o f the Raft B a t h o l i t h * 

C o n t a c t s b e t w e e n the quar tz m o n z o n i t e a n d the s u r r o u n d i n g r o c k s a re 

qu i t e sharp a n d c h a r a c t e r i z e d b y c h i l l e d m a r g i n s where e x p o s e d * 

C o n t a c t s we re o n l y o b s e r v e d m e g a s c o p i c a l l y . 

In hand s p e c i m e n the qua r t z m o n z o n i t e i s c h a r a c t e r i z e d b y dark b i o t i t e 

c r y s t a l s su r rounded b y s u b h e d r a l q u a r t z , p l a g i o c l a s e and o r t h o c l a s e . 

The r o c k g e n e r a l l y i s fresh, bu t a t h i n w e a t h e r e d su r face i s u s u a l l y 

p re sen t where i n c o n t a c t w i t h the a tmosphe re . 

M o d e s o f s i x s p e c i m e n s o f the h o s t r o c k (Table 1 ) a s d e t e r m i n e d 

from p o i n t c o u n t s o f t h i n s e c t i o n s , c l a s s i f y the h o s t r o c k a s a q u a r t z 

m o n z o n i t e (Figure 1 ) . E u h e d r a l to s u b h e d r a l c r y s t a l s o f o s c i l l a t o r y 

z o n e d p l a g i o c l a s e (Plate * ) r ange i n c o m p o s i t i o n from A n g g c o r e s t o 

A n 2 4 r i m s a n d l o c a l l y to An^Q r i m s . 

The o r t h o c l a s e con t en t , w h i c h v a r i e s c o n s i d e r a b l y (14 - 27%), c o n s i s t s 

o f b o t h la rge a n d s m a l l i n t e r s t i t i a l g r a i n s . Q u a r t z con t en t c o n s i s t s o f 

la rge a n d s m a l l c l e a r a n h e d r a l g r a i n s . Q u a r t z i s q u i t e abundan t (32%) 

a n d e a s i l y r e c o g n i z a b l e i n h a n d s p e c i m e n a n d i n t h i n s e c t i o n . 

B i o t i t e i s the p redominan t m a f i c m i n e r a l , c o m p r i s i n g 6 to 9% o f the 

r o c k . B i o t i t e o c c u r s as e u h e d r a l c r y s t a l s a n d c o m m o n l y s h o w s a l t e r a 

t i o n to c h l o r i t e a n d m a g n e t i t e . It i s common to see s m a l l e u h e d r a l 

apa t i t e c r y s t a l s w i t h i n the b i o t i t e a n d a f ew e u h e d r a l z i r c o n s . A n 

aureole o f d i s c o l o u r e d b i o t i t e (P la te 2 ) i s s e e n a r o u n d the z i r c o n 
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p-11 32 23 36124 6 3 X X - X X X - — 

314214 27 27 36; 2# 7 1 X X x X - X - -
306331 1* 27 33;33 21 1 X X - X X X - -
DDJf-1 35 20 3#;25 7 2 2 1 - X X X Ml 

301916 4* 14 34; 2̂  4 1 X X X X X - ; -
301776 32 23 34J35 6 1 X X X X X X -

x=» M i n e r a l P r e s e n t 
-=* M i n e r a l N o t P r e s e n t 

T a b l e 1 M o d e s o f S i x Q u a r t z M o n z o n i t e S p e c i m e n s f r o m 
t h e M a n - A r e a , 

c r y s t a l s , r e s u l t i n g f rom the r a d i o a c t i v i t y o f the z i r c o n d e s t r o y i n g the 

c r y s t a l l a t t i c e o f the b i o t i t e . A s m a l l amount o f h y d r o t h e r m a l b i o t i t e i s 

p re sen t l o c a l l y r e p l a c i n g h o r n b l e n d e (Pla te 3 )• 

H o r n b l e n d e i s o n l y o b s e r v e d i n c e r t a i n r e g i o n s o f the map a r e a , s o u t h o f 

S i c i l y L a k e a n d e a s t o f P a t r i c i a L a k e . H o r n b l e n d e o c c u r s a s e u h e d r a l 

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

a l t e r a t i o n o f h o r n b l e n d e i s t o c h l o r i t e bu t t h i s h a s no t b e e n o b s e r v e d i n 

these r o c k s . 

Sphere c o n t e n t i s l e s s t h a n 7% a n d t h i s m i n e r a l o c c u r s i n a l l t h i n 
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f 

100?o 
K- FELDSPAR 

OUARTZ 
100d° 

100% 
PLAGIOCLASE 

Figure 1 Plot of Six Specimens of the Raft Batholith from the 
Map - Area • 





Plate 2 Photomicrograph (plane polarized light) of intergrown 
biotite and hornblende,and euhedral zircon and apatite 
within the biotite-

Plate 3 Photomicrograph(plane pol. light)of hydrothermal bioti t e 
replacing magmatic hornblende. 
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s e c t i o n s as e u h e d r a l a n d s u b h e d r a l r h o m b s , 0 . 005 t o 0 . 01 m i l l i m e t e r s • 

i n s i z e (Plate 4). 

A l l a n i t e , a member o f the e p i d o t e g roup , o c c u r s i n the h o s t r o c k 

(Plate 5 ) and a l s o i n the p o r p h y r i t i c d y k e s . R u t i l e i s a l s o p r e sen t i n 

minor amounts a s s o c i a t e d w i t h the c h l o r i t i z a t l o n o f b i o t i t e (P la te 7 ) . 

R u t i l e o c c u r s a s t h i n n e e d l e s , da rk i n c o l o u r , a n d i s v i s i b l e o n l y w i t h 

the m i c r o s c o p e , under med ium or h i g h p o w e r . T i t a n i u m c a n o c c u r i n 

b i o t i t e i n h i g h e r c o n c e n t r a t i o n s t h a n i n c h l o r i t e , s o w h e n b i o t i t e i s 

a l t e r e d to c h l o r i t e the e x c e s s t i t a n i u m i s e x s o l v e d a s r u t i l e . 

A g e 

P o t a s s i u m - A r g o n age d e t e r m i n a t i o n s ( W a n l e s s , e t a l , 1967) w e r e made 

from t w o s a m p l e s from e a s t e r n pa r t s o f the Raft B a t h o l i t h . A g e s o f 

105 - 9 m . y . a n d 140 - 9 m . y . w e r e o b t a i n e d . T h e s e a g e s w o u l d p l a c e 

the c r y s t a l l i z a t i o n o f the qua r t z m o n z o n i t e i n the l a t e J u r a s s i c to e a r l y 

C r e t a c e o u s ( R . B . C a m p b e l l a n d H . W . T i p p e r e t a 1, 1971). 

> A p l i t e D y k e s 

A p l i t e d y k e s range i n s i z e from one i n c h up to s i x i n c h e s a n d c o m m o n l y 

s t r i k e 1 0 0 ° a n d 1 0 3 ° a n d have a nea r v e r t i c a l d i p . P o l e s t o d y k e p l a n e s 

are s u m m a r i z e d on an e q u a l a rea p r o j e c t i o n (Figure 2). 
" ^ ^ * 

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

and are common throughout the map a r e a . T w o a g e s o f a p l i t e d y k e s are 

o b s e r v e d , c l a s s e d w i t h r e s p e c t t o t h e i r g r a i n s i z e a n d the c h a r a c t e r o f 

t he i r c o n t a c t s w i t h the h o s t r o c k . The f i r s t c l a s s s h o w s a g r a d a t l o n a l 

c o n t a c t b e t w e e n the h o s t r o c k a n d the d y k e (Plate 8 ) . D y k e a v e r a g e 

g r a i n s i z e i s one m i l l i m e t e r . T h i s a p l i t e appea r s to have i n t r u d e d the 

quar tz m o n z o n i t e w h i l e the h o s t r o c k w a s s t i l l r e l a t i v e l y h o t . 



Plate 4 Photomicrograph (plane pol. light) of euhedral rhomb of 
magmatic sphene i n the quartz monzonite. 



Plate " Photomicrograph (plane pol. light) of magmatic biotite 
altering to chlorite along basal cleavages and ezsolving 
magnetite* 

Plate 7 Photomicrograph (plane pol. light) of magmaiiic biotite 
completely altered to chlorite and exsolving fine prismatic 
crystals of r u t i l e , note that apatite i s unaltered. 





c 

Plate. 8 Photographed peel (negative) of gradational contact 
between f i r s t phase aplite dykes and the quartz monzonite 
host rock. 

1cm, 

Plate 9 Photographed peel (negative) of sharp contact between 
second phase aplite dykes and the quartz monzonite• 
host rock. 

mm 
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The s e c o n d c l a s s o f a p l i t e d y k e s have a p r o n o u n c e d c h i l l e d m a r g i n 

where i n c o n t a c t w i t h the quar tz m o n z o n i t e (Pla te 9 ). T h i s s u g g e s t s 

that i n t r u s i o n o f t h i s a p l i t e must have b e e n i n t o a r e l a t i v e l y c o o l e r 

hos t r o c k a n d r e s u l t e d i n a c h i l l e d marg in a n d a f i n e r g r a i n s i z e (. 09 

to 0 . 4 m i l l i m e t e r s ) . 

B o t h t y p e s o f a p l i t e d y k e s have the same c o m p o s i t i o n a n d c h a r a c t e r 

i s t i c p i n k i s h c o l o u r . 

S t a i n i n g a n d t h i n s e c t i o n p o i n t c o u n t s (Table 2 ) i n d i c a t e the q u a r t z , 

o r t h o c l a s e , p l a g i o c l a s e r a t i o t o be 5 : 5 : 2 . 

A v e r y minor amount o f b i o t i t e i s p r e s e n t a n d the o n l y opaque m i n e r a l 

s e e n i s s p e c u l a r i t e , w h i c h a p p e a r s to f i l l o p e n s p a c e s b e t w e e n c r y s t a l s . 

P o r p h y r i t i c D y k e s 
• -

M o s t p o r p h y r i t i c d y k e s s t r i k e 1 0 2 ° a n d have a nea r v e r t i c a l d i p . P o l e s 

to d y k e p l a n e s are s u m m a r i z e d on a n e q u a l a rea p r o j e c t i o n (F igure 3 ) . 

D y k e s r ange i n w i d t h from s i x i n c h e s to t en fee t . 
> 

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

q u a r t z , p l a g i o c l a s e a n d minor o r t h o c l a s e , se t i n a n a p h a n i t i c m a t r i x . 

M a t r i x c o l o u r s are t r a n s l u c e n t g r e y s a n d g r e y b r o w n s , 
i 

D y k e s c o n t a i n 15 t o 25% p h e n o c r y s t o f o r t h o c l a s e , q u a r t z , a n d p l a g i o 

c l a s e i n a r a t i o o f 3 : 3 : 2 . The g round m a s s s h o w s a s u b g r a p h i t i c 

(Plate 10 ) t o e q u i g r a n u l a r (Plate! 11'Jtexture. The g round m a s s i s 

e x t r e m e l y f i n e g r a i n e d a n d mode d e t e r m i n a t i o n s a re d i f f i c u l t a n d / A ^ * - * " 

approx ima te (Table 2 ) . M o d a l a n a l y s i s p l a c e s t h e s e d y k e s i n the s tSt^1 ^ ^ 

r h y o l i t e - q u a r t z l a t i t e r a n g e . Throughout the map-a rea^o rphyry d y k e s ^f^1 , 

s h o w a common p o r p h y r i t i c t ex ture w i t h p h e n o c r y s t s o f p l a g i o c l a s e , V 

quar tz a n d l e s s c o m m o n l y ho rnb l ende a n d o r t h o c l a s e . In t h i n s e c t i o n 
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Dyke Specimens from the Map - Area* 

= Mineral Present 
=5 Mineral not Observed" 



21 

N 
I 

F i g u r e 5 E q u a l A r e a P r o j e c t i o n o f P o l e s t o P l a n e s 
o f P o r p h y r i t i c D y k e s . 
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in;' 

Q 5 r r m . 

Plate 10 Photomicrograph (crossed nicols) of graphitic texture 
dykes^ 1 1 1 b 6 t w e e n P h e n o c i - y s t s i n some porphyria 

1 

1mm. 

Plate 11 Photomicrograph (crossed nicols) of equigranular aphanitic 
matrix of some porphyritic dykes. 

I P P I 
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the q u a r t z , p l a g i o c l a s e a n d o r t h o c l a s e p h e n o c r y s t s h a v e a r o u n d 

a n h e d r a l shape (P la t e s 12 ,13)These are r e s o r p t i o n t e x t u r e s c a u s e d b y 

r e m e l t i n g o f a n a l r e a d y formed c r y s t a l . A m i n e r a l w i l l c r y s t a l l i z e a n d 

grow a s a e u h e d r a l form i n a s l o w l y c o o l i n g magma i f the e n v i r o n m e n t 

i s w i t h i n the s t a b i l i t y range o f that m i n e r a l . O n c e the s t a b i l i t y r ange 

of the m i n e r a l i s p a s s e d or e x c e e d e d , the c r y s t a l w i l l n o l o n g e r be the 

s t a b l e phase a n d i t w i l l be r e s o r b e d b a c k i n t o the magma or to a more 

s t a b l e s t a t e . 

H o r n b l e n d e , where p r e s e n t , i s a l w a y s f r e s h a n d e u h e d r a l (P la te 14). 

H o r n b l e n d e c r y s t a l s must not h a v e b e e n r e s o r b e d a n d are p r e sen t a s 

e u h e d r a l r h o m b s . These p h e n o c r y s t s a re n o t i c e a b l y s m a l l e r t h a n 

the other p h e n o c r y s t s p r e s e n t , due to a shor te r t ime of g r o w t h . 

E x p e r i m e n t a l w o r k b y T . H . G r e e n (1972) o f c r y s t a l l i z a t i o n o f c a l c -

a l k a l i n e a n d e s i t e under c o n t r o l l e d h i g h p r e s s u r e hydrous c o n d i t i o n s , 

s h o w s e x p e r i m e n t a l s t a b i l i t y f i e l d s o f m i n e r a l s under d i f fe ren t h y d r o u s 

c o n d i t i o n s . Source o f w a t e r for a magma c a n be from the magma i t s e l f . 

A s i t c o o l s a n d the p r e s s u r e d e c r e a s e s , wa t e r i s e x s o l v e d out o f the 

magma ( W h i t e , 1972). 

These r e s u l t s c a n be u s e d to e x p l a i n the t ex tu re s s e e n i n the p o r p h y r y 

d y k e s o f the map a r e a . 

The s e c o n d - p h a s e i n t r u s i o n o f the po rphyry d y k e s i n t o the f i r s t - p h a s e 
with 

i n t r u s i o n , o f the quar tz m o n z o n i t e , s t a r t s at dep th^pressures a n d 

tempera tures i n the order o f 25 k i l o b a r s a n d 1 3 0 0 ° C e n t i g r a d e . A s the 

magma r i s e s , the temperature a n d p r e s s u r e d e c r e a s e a d i a b a t i c a l l y a n d 

wa te r i s e x s o l v e d . Q u a r t z i s s t a b l e a t h i g h p r e s s u r e s a n d t e m p e r a 

tures a n d i s the f i r s t to c r y s t a l l i z e from the magma. At l o w e r t e m p e r a 

tu res a n d p r e s s u r e s the s t a b i l i t y f i e l d o f p l a g i o c l a s e i s i n t e r s e c t e d 

and qua r t z a n d p l a g i o c l a s e c r y s t a l l i z e toge ther . W a t e r e x s o l v i n g from 
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Plate 12 Photomicrograph (crossed nicols) of resorption texturei3 
of quartz i n porphyritic dykes. 

*.y i v Civ - T - w; ^ i f c 

1mm. 

Plate 15 Photomicrograph (crossed nicols) o f resorption t e x t u r e 
of plagioclase i n porphyritic dykes. V. 

m 



Plate 14 Photomicrograph (crossed nicols) of euhedral hornblende 
phenocrysts i n the porphyritic dykes. 
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the r i s i n g magma i n t o l o w e r p r e s s u r e a r e a s t ends to d e c r e a s e the t 

s t a b i l i t y f i e l d s of qua r t z a n d p l a g i o c l a s e , a n d i n c r e a s e the s t a b i l i t y 

f i e l d of ho rnb lende ( G r e e n , 1972). The s t a b i l i t y f i e l d o f qua r t z Is 

e x c e e d e d i n t h i s p r o c e s s a n d the c r y s t a l l i z e d qua r t z b e g i n s t o be 

r e s o r b e d . A g a i n , a s temperature and p r e s s u r e d e c r e a s e i n t o the r ange 

of 15 k i l o b a r s a n d 9 5 0 ° C e n t i g r a d e , p l a g i o c l a s e a n d ho rnb lende 

c r y s t a l l i z e toge ther . Ve ry s o o n af ter the c r y s t a l l i z a t i o n o f h o r n b l e n d e 

i s i n t r o d u c e d , the s t a b i l i t y f i e l d o f p l a g i o c l a s e i s e x c e e d e d a n d 

p l a g i o c l a s e b e g i n s to be r e s o r b e d . At t h i s po in t qua r t z h a s b e e n 

r e s o r b e d for some t i m e , p l a g i o c l a s e h a s j u s t s t a r t ed t o be r e s o r b e d a n d 

ho rnb l ende ha s j u s t s t a r t ed to c r y s t a l l i z e . T h i s i s the a p p r o x i m a t e t i m e 

of i n j e c t i o n o f the s e c o n d phase i n t o the qua r t z m o n z o n i t e . U p o n 

i n j e c t i o n , the magma i s q u e n c h e d a n d the above t e x t u r e s are p r e s e r v e d 

i n an a p h a n i t i c g round m a s s o f q u a r t z , o r t h o c l a s e a n d p l a g i o c l a s e * 
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P r e s s u r e 
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80o goo fooo i i o o j2oo 1300 
Temperature C 

* o . o Cooling Path of Magma 
Liquidus 
Boundary of S t a b i l i t y Field of Quartz 

• . • • Boundary of S t a b i l i t y Field of Plagioclase 
Boundary ofStability Field of Hornblende 

Figure 4 Approximate cooling path that produced the textures i n 
the porphyritic dykes (diagrams after Green 1 9 7 2 j # 



IV G e n e t i c R e l a t i o n s h i p o f R o c k T y p e s 

F i e l d o b s e r v a t i o n s have no t ed the f o l l o w i n g r e l a t i o n s h i p s : 

1. T w o i n j e c t i o n s o f a p l i t e d y k e s are p r e s e n t , one i s c o a r s e r 

g r a i n e d a n d ha s a g r a d a t i o n a l c o n t a c t w i t h the h o s t r o c k ; 

the o ther , a l a t e r i n j e c t i o n o f a p l i t e , i s f i ne r g r a i n e d a n d 

s h o w s c h i l l e d m a r g i n s w i t h the h o s t r o c k . 

2 . Q u a r t z v e i n s were formed af ter the i n j e c t i o n o f the a p l i t e 

d y k e s a n d a l s o were formed af ter the i n j e c t i o n o f the 

p o r p h y r i t i c d y k e s . 

3 . The w r i t e r h a s n e v e r s e e n a n 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 

b e t w e e n the two t y p e s o f d y k e s . 

G r a i n s i z e d e c r e a s e s from a p l i t e s to p o r p h y r i e s , w h i c h s u g g e s t s l a t e r 

i n j e c t i o n o f the p o r p h y r i t i c d y k e s i n t o a c o o l e r hos t r o c k t h a n the 

a p l i t e s were i n j e c t e d . 

The g r a d a t i o n a l na ture of one se t o f a p l i t e c o n t a c t s w i t h the h o s t r o c k 
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hos t r o c k . The l a t e s t s t ruc tu re formed appea r s to be the qua r t z v e i n s , 
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f o l l o w e d c l o s e l y b y a m i n e r a l i z e d p h a s e . A n e q u a l a rea p r o j e c t i o n o f 

the p o l e s to qua r t z v e i n a n d m i n e r a l i z e d qua r t z v e i n p l a n e s s h o w s a 

s t r i k e o f 1 0 2 ° w i t h a nea r v e r t i c a l d i p (Figure 5 ) . N o n - q u a r t z f i l l e d 

f r ac tu res w i t h m i n e r a l i z a t i o n s a re a l s o p l o t t e d on the d i a g r a m a n d 

d i s p l a y the same o r i e n t a t i o n . A l a t e r se t o f m i n e r a l i z e d fractures 
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i n d i c a t e shea r movemen t . T h i s se t o f f r ac tu res s t r i k e 2 5 ° a n d h a v e a * 

6 0 ° to 7 0 ° e a s t e r l y d i p . 

The au thor ha s the i m p r e s s i o n tha t b o t h s e t s o f f r a c t u r e s , a s n o t e d o n 

the e q u a l a rea p r o j e c t i o n o f p o l e s to f rac ture p l a n e s (Figure 6 ) f w e r e 

formed at the same t i m e . It appea r s a s t hough the se t o f fractures 

c o n t a i n i n g the a p l i t e , p o r p h y r y ̂ quartz a n d m i n e r a l i z e d d y k e s a n d v e i n s 

were i n a r e l a x e d s ta te and a l l o w e d i n t r u s i o n a l o n g t h e m . A g o o d 

e x a m p l e tha t i l l u s t r a t e s t h i s s i t u a t i o n i s found w e l l e x p o s e d 200 fee t 

w e s t o f the most w e s t e r l y e x t e n t o f P a t r i c i a L a k e . H e r e , a p o r p h y r y 

d y k e h a s i n t r u d e d a l o n g a fracture i n the quar tz m o n z o n i t e . T h i s d y k e 

h a s a l s o b e e n fractured a s the c o u n t r y r o c k r e l a x e s a n d ano ther p o r p h y r y 

d y k e o f s i m i l a r c o m p o s i t i o n h a s i n t r u d e d i n t o a n d i s p a r a l l e l to the 

d i r e c t i o n o f s t r i k e a n d d i p o f the f i r s t d y k e . I t i s a l s o n o t e d tha t 

c o n t i n u e d o p e n i n g a l o n g t h i s fracture h a s b e e n f i l l e d w i t h a l a t e p h a s e 

of qua r t z o c c u r r i n g a s t h i n v e i n s a l o n g d y k e c o n t a c t s . ^ 

The other se t o f fractures n o t e d on the p o l e s to p l a n e s p r o j e c t i o n 

(Figure 7 )$ must have b e e n h e l d t i g h t l y c l o s e d d u r i n g the t ime o f d y k e 

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

the l a s t p h a s e of n o n qua r t z f i l l e d m i n e r a l i z a t i o n o f fractures. 

M o l y b d e n i t e smea red a l o n g t h e s e fractures i n d i c a t e s movement af ter 

m i n e r a l i z a t i o n w a s d e p o s i t e d . ?; • ,' ' • — l - .. 
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t d i c ? 4 ^ shea r movement . T h i s se t o f f r ac tu res s t r i k e 2 5 ° a n d h a v e a 

0 ° t o 7 0 ° e a s t e r l y d i p . 
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I rec t ion o f s t r i k e a n d d i p o f the f i r s t d y k e . I t i s a l s o n o t e d tha t 

>ntinued o p e n i n g a l o n g t h i s fracture ha s b e e n f i l l e d w i t h a l a t e p h a s e 

I quar tz o c c u r r i n g a s t h i n v e i n s a l o n g d y k e c o n t a c t s . 

l e otuer s e t o f fractures n o t e d on the p o l e s t o p l a n e s p r o j e c t i o n 

Igure 7 ) f must have b e e n h e l d t i g h t l y c l o s e d d u r i n g the t ime o f d y k e 

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

te l a s t p h a s e of n o n qua r t z f i l l e d m i n e r a l i z a t i o n o f fractures, 

to lybdeni te s m e a r e d a l o n g t h e s e fractures i n d i c a t e s movement af ter 

l n e r a l i z a t l o n w a s d e p o s i t e d . " "- - • ~ 
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Figure 7 Equal Area Projection of Poles to Non-
Mineralized Frdctures. 



Figure 7 Equal Area Projection of Poles to Won-
Mineralized Fractures. 
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V R e l a t i v e S i l i c a C o n t e n t o f the R o c k T y p e s 

I n v e s t i g a t i o n o f the r e l a t i v e s i l i c a con ten t of the three m a i n r o c k t y p e s , 

the qua r t z m o n z o n i t e , the a p l i t e a n d the po rphyr i t e d y k e s , u s i n g the 

g l a s s b e a d me thod . 

Tha t the r e f r a c t i v e i n d e x o f a g l a s s i s d e t e r m i n e d b y i t s c h e m i c a l c o m 

p o s i t i o n ha s l o n g b e e n k n o w n . The a p p l i c a t i o n o f H a r k e r ' s v a r i a t i o n 

d i a g r a m s ( H a r k e r , 1909, pp 118-125) to s e l e c t e d groups o f i g n e o u s 

r o c k s , o f one g e n e r a l l o c a l i t y a n d a g e , s h o w s tha t w i t h i n s u c h g roups 

t w o r o c k s w i t h s i m i l a r s i l i c a c o n t e n t s have s i m i l a r b u l k c o m p o s i t i o n s 

a n d , i f g l a s s y , c a n be e x p e c t e d t o have s i m i l a r r e f r a c t i v e i n d i c e s . 

M a t h e w s (1950) has s h o w n that f u s i n g a r e p r e s e n t a t i v e s a m p l e o f 

Q u a t e r n a r y v o l c a n i c r o c k of the G a r i b a l d i a r e a , B r i t i s h C o l u m b i a , a n 

i n v e r s e r e l a t i o n o f the r e f r a c t i v e i n d e x o f the f u s e d s a m p l e t o i t s 

s i l i c a c o n t e n t . The l o w e r the iSilica content the h i g h e r the r e f r a c t i v e 

i n d e x of the g l a s s . S i m i l a r e x p e r i m e n t s b y M e s s r s . G . H . C u r t i s 

a n d D . B . S l e m m o u s , a l s o o f the U n i v e r s i t y o f C a l i f o r n i a , have c o n 

c l u d e d s i m i l a r r e s u l t s from other v o l c a n i c s u i t e s ( M a t h e w s , 1950). 

G l a s s b e a d a n a l y s i s (see A p p e n d i x ) o f four p o r p h y r i t i c d y k e s , three 

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

con ten t o f t he se d i f fe ren t r o c k t y p e s (F igure 8 ) . 

R e s u l t s from the w r i t e r ' s e x p e r i m e n t s s h o w a r e l a t i v e l y l o w s i l i c a 

con ten t for the qua r t z m o n z o n i t e , a s l i g h t l y h i g h e r s i l i c a c o n t e n t for 

the p o r p h y r i t i c d y k e s a n d the h i g h e s t s i l i c a con t en t w a s m e a s u r e d 

from the a p l i t e d y k e s . 

C o n s i d e r i n g the g e n e t i c r e l a t i o n o f t h e s e r o c k t y p e s a l r e a d y de te rmined^ 

the s i l i c a c o n t e n t h e l p s t o de te rmine d i f fe ren t p h a s e s o f i n t r u s i o n o f 

the r o c k t y p e s , > r 



33 
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a n d D . B . S l e m m o u s , a l s o o f the U n i v e r s i t y o f C a l i f o r n i a , have c o n 

c l u d e d s i m i l a r r e s u l t s from other v o l c a n i c s u i t e s ( M a t h e w s , 1950). 

G l a s s b e a d a n a l y s i s (see A p p e n d i x ) o f four p o r p h y r i t i c d y k e s , three 

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

con ten t o f t he se d i f fe ren t r o c k t y p e s (Figure 8 ). 

R e s u l t s from the w r i t e r ' s e x p e r i m e n t s s h o w a r e l a t i v e l y l o w s i l i c a 

con ten t for the qua r t z m o n z o n i t e , a s l i g h t l y h i g h e r s i l i c a con t en t for 

the p o r p h y r i t i c d y k e s a n d the h i g h e s t s i l i c a con ten t w a s m e a s u r e d 

from the a p l i t e d y k e s . 

C o n s i d e r i n g the g e n e t i c r e l a t i o n o f t h e s e r o c k t y p e s a l r e a d y d e t e r m i n e d , 

the s i l i c a c o n t e n t h e l p s t o de te rmine d i f fe ren t p h a s e s o f i n t r u s i o n o f 

the r o c k t y p e s . 

Tha t the r e f r a c t i v e i n d e x o f a g l a s s i s d e t e r m i n e d b y i t s c h e m i c a l c o m -
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A n i n c r e a s e i n r e l a t i v e s i l i c a c o n t e n t from the qua r t z m o n z o n i t e t o the 

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

l a t e i n t r u s i o n o f the f i r s t p h a s e i n t r u s i o n w i t h s i l i c a . T h i s i s s h o w n 

b y m i n e r a l c o m p o s i t i o n a s w e l l ; the qua r t z m o n z o n i t e c o n t a i n s 

h o r n b l e n d e , b i o t i t e , q u a r t z , o r t h o c l a s e a n d p l a g i o c l a s e , w h i l e the 

a p l i t e c o n t a i n s m a i n l y q u a r t z , o r t h o c l a s e a n d some p l a g i o c l a s e w h i c h 

h a s a r e l a t i v e l y h i g h e r s i l i c a con t en t t h a n the m i n e r a l a s s e m b l a g e o f 

the hos t r o c k . 

The p o r p h y r i t i c d y k e s have a r e l a t i v e s i l i c a con ten t s l i g h t l y h i g h e r 

t h a n the qua r t z m o n z o n i t e . T h i s s u g g e s t s that the i n t r u s i o n s o f the 

p o r p h y r y d y k e s are not d i r e c t l y r e l a t e d to the c r y s t a l l i z a t i o n or 

fractional c r y s t a l l i z a t i o n o f the qua r t z m o n z o n i t e . 

The a p p e a r a n c e of p l a g i o c l a s e i n a l l p o r p h y r i e s i s c l e a n a n d h a r d l y , 

i f at a l l z o n e d a s c o m p a r e d to t hose o f the qua r t z m o n z o n i t e , w h i c h * 

are e x t e n s i v e l y z o n e d . The c r y s t a l l i z a t i o n o f p l a g i o c l a s e i n t h e s e 

t w o r o c k t y p e s w a s not i n the same e n v i r o n m e n t a n d therefore no t 

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

p h e n o c r y s t s i n the a p l i t i c s t a g e , r e l a t e d to the h o s t r o c k i n t r u s i o n , 

does not agree w i t h the p o r p h y r i e s b e i n g par t o f the c r y s t a l l i z a t i o n 

of the h o s t r o c k . To get a n agreement y o u w o u l d e x p e c t p h y s i c a l 

c h a r a c t e r i s t i c s o f p l a g i o c l a s e to be s i m i l a r i n a l l p h a s e s a n d p e r h a p s 

a g e n e r a l i n c r e a s e i n s i l i c a t o w a r d s the f i n a l s t a g e s o f c r y s t a l l i z a t i o n , 

s u c h a s i n fractional c r y s t a l l i z a t i o n . 
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d o e s no t agree w i t h the p o r p h y r i e s b e i n g part o f the c r y s t a l l i z a t i o n 

o f the hos t r o c k . To get a n agreement y o u w o u l d e x p e c t p h y s i c a l 

c h a r a c t e r i s t i c s o f p l a g i o c l a s e t o be s i m i l a r i n a l l p h a s e s a n d pe rhaps 

a g e n e r a l i n c r e a s e i n s i l i c a t o w a r d s the f i n a l s t a g e s o f c r y s t a l l i z a t i o n , 

s u c h a s i n fractional c r y s t a l l i z a t i o n . 
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V I A l t e r a t i o n 

C h l o r i t i c a n d s e r i c i t i c a l t e r a t i o n s are the mos t In tense i n the n o r t h 

w e s t e r n part o f the map a r e a . T h i s i s a l s o the a rea o f g r e a t e s t 

m i n e r a l i z a t i o n . A l t e r a t i o n i s mos t i n t e n s e i n d i a m o n d d r i l l h o l e s 3 

a n d 4 , whe re f e l d s p a r s are h i g h l y a l t e r e d to c l a y s , m i c a s , a n d m i n o r 

e p i d o t e , a n d m a g m a t i c b i o t i t e i s a l m o s t c o m p l e t e l y a l t e r e d to c h l o r i t e 

a n d magne t i t e (Pla te 6 ) . P o t a s s i c a l t e r a t i o n i s found m a i n l y a s 4 

au reo les a round m i n e r a l i z e d qua r t z v e i n s a n d has a c h a r a c t e r i s t i c • 

s a l m o n - p i n k c o l o u r . Aureo les are a l s o n o t e d a round n o n - q u a r t z 

f i l l e d m i n e r a l i z e d v e i n s . 

O u t w a r d from t h i s par t o f the map a rea a l t e r a t i o n t ends to d e c r e a s e 

i n i n t e n s i t y a n d b e c o m e s p r a c t i c a l l y a b s e n t on the w e s t e r n s i d e o f 

P a t r i c i a L a k e . A l t e r a t i o n s u c h a s b i o t i t e to c h l o r i t e , a g a i n b e c o m e s 

r e c o g n i z a b l e further e a s t t o w a r d s the F a l c o n b r i d g e p rope r ty ( M a p 4 ) . 

In the c a s e o f d i a m o n d d r i l l h o l e s 3 a n d 4 , there i s r e l a t i v e l y l i t t l e 

or n o m i n e r a l i z a t i o n , but abou t 400 feet s o u t h o f t h i s . i n t e n s e l y 

a l t e r e d a rea i n the a rea o f d i a m o n d d r i l l h o l e s 1 a n d 2 , m o l y b d e n i t e 

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

In d r i l l h o l e s 1, 2 , 3 a n d 4 n o n o t i c e a b l e c h a n g e i n the degree o f 

a l t e r a t i o n w a s n o t e d o v e r the ave rage d r i l l e d dep th o f 120 fee t . In 

d i a m o n d d r i l l h o l e 5 , a s l i g h t i n c r e a s e i n f e l d s p a r a l t e r a t i o n i s s e e n 

to a dep th o f 330 fee t . 

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

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

e p i d o t e ( s a u s s u r i t i z a t i o n ) a l t e r a t i o n o f p l a g i o c l a s e i s s i m i l a r i n ; 

i n t e n s i t y t o o r t h o c l a s e but o c c u r s a s a m u c h darker b r o w n c o l o u r . 
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In the i n t e n s e l y a l t e r e d a r e a s p l a g i o c l a s e i s h a r d l y r e c o g n i z a b l e a n d 

i s a l t e r e d to c l a y s a n d e p i d o t e ; o r t h o c l a s e a l t e r s m a i n l y to c l a y s 

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

a l l g r a i n s ; the c a l c i t e may be r e l a t e d t o a l b i t i z a t i o n o f p l a g i o c l a s e 

(Pla te 16). 

The degree o f a l t e r a t i o n o f the qua r t z m o n z o n i t e i s r e a d i l y j u d g e d b y 

r o c k c o l o u r i n h a n d s p e c i m e n . W e a k l y a l t e r e d r o c k s have o n l y a 

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

p r o p y l ! t i z e d p l a g i o c l a s e , w h i c h l o o k s g reen a n d w a x y . M o r e i n t e n s e 

a l t e r a t i o n g i v e s the w h o l e r o c k a s a l m o n - p i n k c o l o u r a n d h a s a " c l a y 

s m e l l " to i t ; here o n l y the qua r t z appea r s u n a l t e r e d . 

C h l o r i t e a l t e r a t i o n forms from b i o t i t e i n the i n t e n s e l y a l t e r e d a r e a s . 

In t h i n s e c t i o n , the b i o t i t e i s w h o l l y or p a r t i a l l y r e p l a c e d b y c h l o r i t e 

a n d appea r s l i g h t g reen i n c o n t r a s t to the p l e o c h r o i c b r o w n of b i o t i t e . 

C h l o r i t e w i l l no t a c c e p t a s m u c h i r o n or t i t a n i u m i n t o i t s l a t t i c e a s 

w i l l b i o t i t e a n d therefore i t i s common to see e u h e d r a l m a g n e t i t e , 

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

M i n o r h y d r o t h e r m a l b i o t i t e i s a s s o c i a t e d w i t h m i n e r a l i z a t i o n i n 

qua r t z - f r ee fractures. S m a l l t a b u l a r b i o t i t e i s the r e s u l t o f p o t a s s i c 

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

Q u a r t z i s fresh a n d u n a l t e r e d th roughout the map a r e a . Q u a r t z o v e r 

g rowths are of ten s e e n a s s o c i a t e d w i t h fractures i n the h i g h l y 

a l t e r e d a r e a , p r o b a b l y r e l a t e d to m i g r a t i o n o f h y d r o t h e r m a l s o l u t i o n s 

a l o n g t h e s e fractures m o b i l i z i n g s i l i c a i n the r o c k s . >. 
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' In the i n t e n s e l y a l t e r e d a r e a s p l a g i o c l a s e i s h a r d l y r e c o g n i z a b l e a n d 
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" i l l b i o t i t e a n d therefore i t i s common to see e u h e d r a l m a g n e t i t e , 

a n d l e s s c o m m o n l y , r u t i l e i n a n d a round a l t e r e d b i o t i t e . 

M i n o r h y d r o t h e r m a l b i o t i t e i s a s s o c i a t e d w i t h m i n e r a l i z a t i o n i n 

q u a r t z - f r e e fractures. S m a l l t a b u l a r b i o t i t e i s the r e s u l t o f p o t a s s i c 

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

\. Q u a r t z i s fresh a n d u n a l t e r e d th roughout the map a r e a . Q u a r t z o v e r 
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1mm. 

Plate 15 Photomicrograph (crossed nicols) of selectively altered 
zone i n plagioclase of the quartz monzonite. 

1mm. 

Plate 16 Photomicrograph (crossed nicols) of calcite vein cutting 
the quartz monzonite i n the most intensdy altered part 
of the map area. 
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Plate 15 Photomicrograph (crossed nicols) of selectively altered 
zone i n plagioclase of the quartz monzonite. 
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Plate 16 Photomicrograph (crossed nicols) of calcite vein cutting 
the quartz monzonite i n the most intensdy altered part 
of the map area. 
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M i n e r a l i z a t i o n 

M i n e r a l i z a t i o n appea r s to have b e e n d e p o s i t e d i n t w o s t a g e s . The 

f i r s t s t age i s i n open s p a c e s i n quar tz v e i n s ; the s e c o n d s tage i s 

i n t o empty f r a c t u r e s . The m a i n area o f m i n e r a l i z a t i o n ha s b e e n 

d r i l l e d b y d i a m o n d d r i l l h o l e s 1 a n d 2. Q u a r t z - m o l y b d e n i t e v e i n i n g 

i s common i n t h i s a r e a . These v e i n s are u s u a l l y a s s o c i a t e d w i t h 

p o t a s s i c a l t e r a t i o n h a l o e s a n d of ten c o n t a i n v u g s w i t h r o s e t t e s o f 

m o l y b d e n i t e . The v e i n s c o m m o n l y s t r i k e 1 0 2 ° a n d have a v e r t i c a l 

d i p . 

The s e c o n d s tage m i n e r a l i z a t i o n i n q u a r t z - f r e e v e i n s c o n s i s t s o f 

m o l y b d e n i t e a s s o c i a t e d w i t h minor c h a l c o p y r i t e a n d p y r i t e (Pla te 1 7 ) . 

T h i s s t age o f m i n e r a l i z a t i o n h a s t w o common o r i e n t a t i o n s at 1 0 2 ° 

d i p p i n g v e r t i c a l l y a n d 2 5 ° d i p p i n g 6 0 ° t o 7 0 ° e a s t e r l y . The l a t t e r s e t 

s h o w s shea r movement a l o n g the fractures, w h i c h i s p o s t - m i n e r a l i z a t i o n . 

T h i s s t a g e , l i k e the f i r s t s t a g e , h a s a p o t a s s i c a l t e r a t i o n h a l o o f p i n k 

f e l d s p a r . T h i s h a l o v a r i e s from 1 to 4 i n c h e s i n w i d t h , but i s u s u a l l y 

dependen t upon the w i d t h o f the m i n e r a l i z e d v e i n . 

M o l y b d e n i t e c h a r a c t e r i s t i c a l l y forms f i b r o u s m a s s e s , i r r e g u l a r l y 

s p a c e d a l o n g qua r t z v e i n s a n d ba r r en fractures. M o l y b d e n i t e i s 

d e p o s i t e d l a t e r t han c h a l c o p y r i t e bu t u s u a l l y s h o w s a n l n t e r g r o w n 

c o n t a c t w i t h the l a s t p h a s e s of the c h a l c o p y r i t e d e p o s i t i o n . Sharp 

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

o f the p y r i t e . 
\ 

C h a l c o p y r i t e i s a minor c o n s t i t u e n t a n d i s r e l a t e d to s e c o n d - s t a g e 

m i n e r a l i z a t i o n . C h a l c o p y r i t e c o n s i s t s o f b l e b s i n open s p a c e s w i t h i n 

the fracture, no t u s u a l l y l a rge r t h a n 2 mi l l imete rs i n d i a m e t e r . C h a l c o 

p y r i t e c o m p r i s e s l e s s t h a n 5% o f the t o t a l s u l f i d e s . 
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the fracture, no t u s u a l l y l a rge r t han 2 mi l l imeters i n d i a m e t e r . C h a l c o 

p y r i t e c o m p r i s e s l e s s t h a n 5% o f the t o t a l s u l f i d e s . 
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Plate Photomicrograph (reflected plane pol. light) of chalcopyrite 
and molybdenite mineralization i n quartz barren fracture* 

Plate 18 Photomicrograph (reflected plane pol. light) of molybdenite 
mineralization i n the sheared fractures. Photomicrograph 
i s perpendicular to the fracture plane and at right angles 
to the shear movement. 



Plate *7 Photomicrograph (reflected plane pol. light) of chalcopyrite 
and molybdenite mineralization i n quartz barren fracture. 

35mm. 

Plate 18 Photomicrograph (reflected plane pol. light) of molybdenite 
mineralization i n the sheared fractures. Photomicrograph 
i s perpendicular to the fracture plane and at right angles 
to the shear movement. 
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P y r i t e o c c u r s a s e u h e d r a l c r y s t a l s d i s s e m i n a t e d i n the m i n e r a l i z e d 

a rea a n d a l s o a s s o c i a t e d w i t h ba r ren fracture f i l l i n g , w i t h a n d w i t h o u t 

m o l y b d e n i t e , P y r i t e p r e - d a t e s c h a l c o p y r i t e a n d m o l y b d e n i t e i n the 

ba r r en fractures. 

M i n e r a l i z a t i o n o f t h i s same type i s found c o n t i n u o u s l y d o w n d i a m o n d 

d r i l l h o l e s 1 a n d 2, bu t s t i l l not o f e c o n o m i c c o n c e n t r a t i o n s a t t h i s 

t i m e . 

In the m i n e r a l i z e d a r e a , tha t a round d i a m o n d d r i l l h o l e s 1 a n d 2 , the 

m i n e r a l i z e d v e i n d e n s i t y i s not grea ter t h a n one v e i n e v e r y t w o f ee t . 

The v e i n s are u s u a l l y t h i n , 1 t o 4 m i l l i m e t e r s i n w i d t h , w i t h i r r e g u l a r l y 

d i s s e m i n a t e d m i n e r a l i z a t i o n a l o n g t h e m . 

S e v e r a l o u t c r o p s have b e e n b l a s t e d a r o u n d d i a m o n d d r i l l h o l e s 1 a n d 2 , 

a n d s h o w the same c h a r a c t e r i s t i c s a s the d r i l l c o r e ; h o w e v e r , a n 

a d d i t i o n a l fea ture i s no t ed : s e v e r a l v e i n s o f e p i d o t e w i t h i r r e g u l a r 

m a s s e s o f magne t i t e a l o n g them. V e i n w i d t h i s a p p r o x i m a t e l y 

5 m i l l i m e t e r s , s t r i k e s 1 0 2 ° a n d h a s a nea r v e r t i c a l d i p . A n a u r e o l e , 

10 t o 50 m i l l i m e t e r s w i d e , o f p o t a s s i c a l t e r a t i o n w i t h l i g h t l y d i s s e m i n a t e d 

m o l y b d e n i t e su r rounds the v e i n s . O the r e p i d o t e v e i n s are n o t e d i n 

the more i n t e n s e l y a l t e r e d r o c k s o f the map a r ea but a re u n m l n e r a l i z e d . 
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I n t r u s i o n o f the Raft B a t h o l i t h a n d i t s c r y s t a l l i z a t i o n t o a med ium t o 

c o a r s e g r a i n e d b i o t i t e qua r t z m o n z o n i t e o c c u r r e d i n l a t e J u r a s s i c t o 

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

f r a c t u r e s d e v e l o p e d , s t r i k i n g 1 0 2 ° , 2 5 ° a n d d i p p i n g 9 0 ° , 6 5 ° e a s t e r l y 

r e s p e c t i v e l y . The f i r s t se t o f fractures, s t r i k i n g 1 0 2 ° , w i t h a nea r 

v e r t i c a l d i p , have i n j e c t i o n s o f a p l i t e d y k e s a l o n g t h e m , fo rmed 

w h i l e the q u a r t z m o n z o n i t e w a s s t i l l r e l a t i v e l y ho t . T h i s g i v e s r i s e 

t o g r a d a t i o n a l c o n t a c t s w i t h the h o s t r o c k a n d f ine t o m e d i u m g r a i n e d 

d y k e s . A p l i t e d y k e s are the l a s t i n j e c t i o n o f the qua r t z m o n z o n i t e 

p h a s e , 

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

con t en t t han the quar tz m o n z o n i t e b a t h o l i t h , h a s b e e n e m p l a c e d a s 

p o r p h y r y d y k e s o f r h y o l i t i c to qua r t z l a t i t e c o m p o s i t i o n a l o n g the 

same se t o f fractures a s the a p l i t e . 

The i n t r u s i o n o f the s e c o n d p h a s e h a s b e e n i n t o a r e l a t i v e l y c o o l h o s t 

r o c k , r e s u l t i n g i n c h i l l e d m a r g i n s a n d a p h a n i t i c g round m a s s e s i n 

the po rphyry d y k e s . 

Q u a r t z v e i n i n g f o l l o w e d the i n t r u s i o n o f the p o r p h y r i t i c d y k e s . The 

l a t e p h a s e s of qua r t z v e i n i n g are a c c o m p a n i e d b y m o l y b d e n i t e 

m i n e r a l i z a t i o n . M o l y b d e n i t e a n d mino r c h a l c o p y r i t e c o n t i n u e d t o 

d e p o s i t i n ba r ren f r ac tu res af ter qua r t z v e i n i n g h a d c e a s e d . D u r i n g 

t h i s t ime the s e c o n d se t o f fractures, s t r i k i n g 2 5 ° and d i p p i n g 6 0 ° 

to 7 0 ° e a s t e r l y , were the s i t e o f e m p l a c e m e n t o f m o l y b d e n i t e a n d 

c h a l c o p y r i t e m i n e r a l i z a t i o n . La t e movement a l o n g t h i s s e t o f 

fractures s h e a r e d a n d s m e a r e d the m i n e r a l i z a t i o n a l o n g the fracture 
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p l a n e s . P o t a s s i c a l t e r a t i o n a u r e o l e s r e l a t e d to the v e i n i n g a n d 

m i n e r a l i z a t i o n p r o c e s s e s formed a r o u n d the m i n e r a l i z e d f r a c t u r e s . 

The i n t e n s e a l t e r a t i o n found i n the a rea o f d i a m o n d d r i l l h o l e s 3 a n d 4 

i s the h i g h e s t grade o f a l t e r a t i o n i n the map a r e a . Q u a r t z h a s mino r 

o v e r g r o w t h s , o r t h o c l a s e h a s a l t e r e d to c l a y a n d minor s e r i c i t e , 

p l a g i o c l a s e h a s a l t e r e d to c l a y s a n d e p i d o t e , p l u s minor c a r b o n a t e , 

a n d b i o t i t e i s c o m p l e t e l y a l t e r e d to c h l o r i t e . O n l y mino r a l t e r a t i o n 

of ho rnb l ende i s p r e s e n t . T h i s r e p r e s e n t s a z o n e o f a r g i l l i c a l t e r a t i o n . 

O u t w a r d from t h i s a r e a , a l t e r a t i o n g rades i n t o p r o p y l . i t i c a l t e r a t i o n . 

Q u a r t z i s f r e s h , o r t h o c l a s e h a s a l t e r e d t o c l a y s , p l a g i o c l a s e h a s 

a l t e r e d to c l a y s a n d minor e p i d o t e , b i o t i t e i s p a r t i a l l y a l t e r e d t o 

c h l o r i t e , a n d ho rnb l ende i s p r a c t i c a l l y f r e s h . T h i s t r end i s mos t 

v i s i b l e t o w a r d s d i a m o n d d r i l l h o l e s 1 a n d 2 . T h i s i s a l s o the a rea o f 

m i n e r a l i z a t i o n a n d a s s o c i a t e d a u r e o l e s o f p o t a s s i c a l t e r a t i o n . Fu r the r 

a w a y from d i a m o n d d r i l l h o l e s 3 a n d 4 , the hos t r o c k b e c o m e s fresh a n d 

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

A c c o r d i n g t o T o r w e l l a n d G u i l b e r t (1970), t h i s z o n i n g o f a r g i l l i c t o 

p r o p y l i t i c a l t e r a t i o n c o r r e s p o n d s t o the ou te rmos t z o n e s o f t h e i r 

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

a l t e r a t i o n z o n e w h i c h g r a d e s out i n t o a p h y l l i c z o n e , and the a r g i l l i c 

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

l o c a t e d on the b o u n d a r y o f the p o t a s s i c a n d p h y l l i c z o n e s . 

The a l t e r a t i o n z o n e s o f the map area o f t h i s t h e s i s c a n b e l i k e n e d t o 

the outer z o n e s o f T o r w e l l a n d G u l l b e r t ' s i d e a l i z e d p o r p h y r y . 

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

w i t h p o r p h y r y c o p p e r s ( L o w e l l a n d G u i l b e r t , 1970) a l t h o u g h there a r e 

n o t a b l e d i f f e r e n c e s . The s t o c k w o r k d e p o s i t s are a s s o c i a t e d w i t h 

s i l i c e o u s i n t r u s i v e s . M o l y b d e n i t e i s of ten the o n l y h y p o g e n e ere 
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a l t e r e d to c l a y s a n d minor e p i d o t e , b i o t i t e i s p a r t i a l l y a l t e r e d to 

c h l o r i t e , a n d ho rnb l ende i s p r a c t i c a l l y f r e s h . T h i s t r end i s mos t 

v i s i b l e t o w a r d s d i a m o n d d r i l l h o l e s 1 a n d 2 . T h i s i s a l s o the a rea o f 
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i d e a l i z e d p o r p h y r y . The c e n t e r o f t h e i r i d e a l i z e d p o r p h y r y i s a p o t a s s i c 
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The g e o l o g y o f s t o c k w o r k m o l y b d e n u m d e p o s i t s ha s many a n a l o g i e s 

w i t h po rphy ry c o p p e r s ( L o w e l l a n d G u i l b e r t , 1970) a l t h o u g h there a re 

n o t a b l e d i f f e r e n c e s . The s t o c k w o r k d e p o s i t s are a s s o c i a t e d w i t h 

s i l i c e o u s i n t r u s i v e s . M o l y b d e n i t e i s of ten the o n l y hypogene ore 
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m i n e r a l p r e sen t a n d i s r e l a t i v e l y u n i f o r m l y d i s t r i b u t e d nea r the top o f 

i n t r u s i v e s or a t t h e i r c o n t a c t s . H y d r o t h e r m a l a l t e r a t i o n i s s p a t i a l l y 

a s s o c i a t e d w i t h m e t a l i z a t i o n , w h e r e a s supergene e n r i c h m e n t a p p e a r s / 

t o be a b s e n t . (From C l a r k , 1972) / u ^ : ^ V -^*p -~u^c^<2- i 

The au thor b e l i e v e s the po rphyry d y k e s o f the map a rea r e p r e s e n t a 

s e c o n d - p h a s e i n t r u s i o n , a n d qua r t z v e i n i n g a n d m i n e r a l i z a t i o n h a v e 

a s i m i l a r o r i g i n . The a l t e r a t i o n z o n e s n o t e d are r e s u l t s o f l a t e r 

h y d r o t h e r m a l a c t i v i t y t han that r e l a t e d to the Raft B a t h o l i t h . C l a r k 

(1972) ha s s u g g e s t e d tha t the p r e s e n c e o f s e c o n d - p h a s e a n d m u l t i p h a s e 

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

the i n t r u s i v e c o n t a c t s i n k n o w n d e p o s i t s i n the W e s t e r n C o r d i l l e r a 

o f N o r t h A m e r i c a * 

To the no r th o f the Raft B a t h o l i t h , S o r e g a r o l l (1968) h a s s h o w n tha t 

m i n e r a l i z a t i o n a s s o c i a t e d w i t h the s e c o n d - p h a s e i n t r u s i o n o f the 

B o s s M o u n t a i n S t o c k i n t o the T a k o m k a n e B a t h o l i t h , of s l i g h t l y o l d e r 

age t han the Raft B a t h o l i t h , i s i n b r e c c i a p i p e s at a n d a b o v e the c o n t a c t 

b e t w e e n the s t o c k a n d the b a t h o l i t h . C o n t a c t s o f the s e c o n d - p h a s e 

i n t r u s i o n w i t h the Raft B a t h o l i t h appea r t o be a n a rea o f i n t e r e s t fa r 

further s t u d i e s . M i n e r a l i z a t i o n a t d e p t h , d e p e n d i n g on the p r e s e n c e 

of the c o n t a c t b e t w e e n the s e c o n d - p h a s e i n t r u s i o n a n d the b a t h o l i t h , 

c o u l d be a p o s s i b l e s t o c k w o r k m o l y b d e n u m e n v i r o n m e n t o f e c o n o m i c 

i n t e r e s t . s 
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m i n e r a l p r e s e n t a n d Is r e l a t i v e l y u n i f o r m l y d i s t r i b u t e d nea r the top o f 

i n t r u s i v e s or a t t h e i r c o n t a c t s . H y d r o t h e r m a l a l t e r a t i o n i s s p a t i a l l y 

a s s o c i a t e d w i t h m e t a l i z a t i o n . w h e r e a s supergene e n r i c h m e n t a p p e a r s j 

t o b e a b s e n t . (From C l a r k , 1972) / - u K " ^ \ T > ^ ^ p - ^ c ^ < 7 - - * 

The au tho r b e l i e v e s the po rphyry d y k e s o f the map a rea r e p r e s e n t a 

s e c o n d - p h a s e i n t r u s i o n , a n d quar t z v e i n i n g a n d m i n e r a l i z a t i o n h a v e 

a s i m i l a r o r i g i n . The a l t e r a t i o n z o n e s n o t e d are r e s u l t s o f l a t e r 

h y d r o t h e r m a l a c t i v i t y t han that r e l a t e d t o the Raft B a t h o l i t h . C l a r k 

(1972) h a s s u g g e s t e d tha t the p r e s e n c e o f s e c o n d - p h a s e a n d m u l t i p h a s e 

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

the i n t r u s i v e c o n t a c t s i n k n o w n d e p o s i t s i n the W e s t e r n C o r d i l l e r a 

o f N o r t h A m e r i c a . 

T o the n o r t h o f the Raft B a t h o l i t h , S o r e g a r o l i (1968) h a s s h o w n that 

m i n e r a l i z a t i o n a s s o c i a t e d w i t h the s e c o n d - p h a s e i n t r u s i o n o f the 

B o s s M o u n t a i n S t o c k i n t o the T a k o m k a n e B a t h o l i t h , of s l i g h t l y o l d e r 

age t h a n the Raft B a t h o l i t h , i s i n b r e c c i a p i p e s at a n d a b o v e the c o n t a c t 

b e t w e e n the s t o c k a n d the b a t h o l i t h . C o n t a c t s o f the s e c o n d - p h a s e 

i n t r u s i o n w i t h the Raft B a t h o l i t h appea r t o be a n a rea o f i n t e r e s t for 

fur ther s t u d i e s . M i n e r a l i z a t i o n a t d e p t h , d e p e n d i n g on the p r e s e n c e 

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

c o u l d be a p o s s i b l e s t o c k w o r k m o l y b d e n u m e n v i r o n m e n t o f e c o n o m i c 

i n t e r e s t . ' " 
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APPENDIX I \ 

M M Q Diamond D r i l l Hole Rock Specimen of the Quarts Monzonite 
• Rock Specimen from Surface Exposure of the Quartz Monzonite 
+ Rock Specimen from Porphyritic Dykes ' ' * *'". " 
* Rock Specimen from Aplite Dykes. " ' . . . - ̂  . "•. 

Location of Rock Specimens Referred to i n text* 

s,. .... 
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Diamond D r i l l Hole Rock Specimen of the Quarts* Monzonite 
Rock Specimen from Surface Exposure of the Quartz Monzonite 
Rock Specimen from Porphyritic Dykes --• „- - -
Rock Specimen from Aplite Dykes /.. *,.. 

Location of Rock Specimens Referred to i n text. 
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APPENDIX I I 

G l a s s bead r e s u l t s t 

ROCK TYPE NUMBER RANGE OF REFRACTIVE INDEX 
OF GLASS BEADS . -

Quar tz Monzoni te p-12 

p-11 

306331 

1 .528-1.523 

1 .528-1.53 

1 .53-1 .538 

A p l i t e Dykes 

P o r p h y r i t i c 
Dykes 

p-8 
301777 

1.496-1.5031 
1.49-1.496 

314205c 1.503-1.5109 
312566 1.5031-1.5109 
312583b 1.5109-1.5141 
312579 1.5109-1.5141. 

V 
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APPENDIX I I 

G l a s s bead r e s u l t s : 

ROCK TYPE NUMBER RANGE OP REFRACTIVE INDEX 
OF GLASS BEADS 

Quar t z Monzoni te p-12 

• P-11 
306331 

1 .528-1.523 

1 .528-1.53 

1.53-1.538 

f 

A p l i t e Dykes p-8 
301777 

1.496-1.5031 
1.49-1.496 

Porphy 
Dykes 

314205c 
312566 
312583b 
312579 

1.503-1.5109 
1.5031-1.5109 
1.5109-1.5141 
1.5109-1.5141 

t. 


