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F i g u r e 1: View o f the s o u t h e r n s l o p e s o f S i b o l a 
Peak (7101 f e e t ) . The W h i t i n g Creek 
d e p o s i t i s l o c a t e d on t h e t r e e d r i g h t -
c e n t r e l i m b o f t h e mountain. 
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ABSTRACT 

W h i t i n g Creek i n the T a h t s a Lake a r e a o f west 

c e n t r a l B r i t i s h C o l u m b i a i s composed o f two a l k a l i - c a l c i c 

s e r i e s g r a n i t e " q u a r t z p o r p h y r y " p l u g s b i s e c t e d by monzon-

i t i c i n t r u s i v e r o c k s . The q u a r t z p o r p h r y c o n t a i n s molyb

d e n i t e i n v e i n l e t s and q u a r t z s t o c k w o r k s w i t h o r w i t h o u t 

p y r i t e . 

H y d r o t h e r m a l a l t e r a t i o n i n the q u a r t z p o r p h y r y i s 

e x h i b i t e d by t h e q u a r t z - s e r i c i t e - p y r i t e ( p h y l l i c ) assemblage 

S e r i c i t e and K - f e l d s p a r have formed a t t h e expense o f p l a g i o 

c l a s e . There a r e no ferromagnesium m i n e r a l s p r e s e n t . 

E l ement c o n c e n t r a t i o n by t h e r m o g r a v i t a t i o n a l 

d i f f u s i o n has r e s u l t e d i n e n r i c h m e n t o f S i 0 o , K„0, Al^O-,, F, 
2 2 z 3 

Rb, and Mo, and d e p l e t i o n o f T i 0 2 , t o t a l Fe, MgO and MnO. 

D e p l e t i o n o f Na 20 and CaO i s due t o h y d r o t h e r m a l a l t e r a t i o n . 

P e t r o g r a p h i c , m i n e r a l i z a t i o n , a l t e r a t i o n , and 

c h e m i c a l f e a t u r e s a t W h i t i n g C reek, a r e t y p i c a l o f a s t o c k -

work molybdenum d e p o s i t o f the C l i m a x t r a n s i t i o n a l - t y p e . 
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F i g u r e 2: L o c a t i o n map o f t h e W h i t i n g Creek d e p o s i t 



CHAPTER I -• INTRODUCTION 

The W h i t i n g Creek d e p o s i t i s a l a r g e low grade 

molybdenum p r o s p e c t i n t h e Intermontane B e l t o f t h e 

C a n a d i a n C o r d i l l e r a , t h a t resembles t h e " C l i m a x - t y p e 

' t r a n s i t i o n a l ' " s t o c k w o r k molybdenum d e p o s i t s o f W e s t r a 

and K e i t h (19 8 1 ) . 

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

p o r p h y r y s t o c k s o f l a t e C r e t a c e o u s age t h a t i n t r u d e 

J u r a s s i c v o l c a n i c r o c k s . Hypogene m i n e r a l i z a t i o n i s 

r e s t r i c t e d t o (1) f r a c t u r e c o n t r o l l e d and d i s s e m i n a t e d 

p y r i t e , and (2) q u a r t z s t o c k w o r k s w i t h m o l y b d e n i t e and, 

l o c a l l y , p y r i t e . C h a l c o p y r i t e and b o r n i t e a r e r a r e . 

I . 1 L o c a t i o n and H i s t o r y 

The W h i t i n g Creek d e p o s i t i s i n t h e Omineca 

M i n i n g D i v i s i o n , w e s t - c e n t r a l B r i t i s h C o l u m b i a (NTS 9 3E/ 

I I , 14) a t l a t i t u d e 53°45'N and l o n g i t u d e 127*13'W 

( F i g u r e 2 ) . I t i s s i t u a t e d 12 km n o r t h o f T a h t s a Lake 

and 90 km s o u t h w e s t o f Houston from where i t can be r e a c h e d 

by f o r e s t r y g r a v e l a c c e s s r o a d s . 

P r o s p e c t i n g i n the S i b o l a Ranges began i n t h e 

e a r l y 1900's w i t h t h e d i s c o v e r y o f v e i n - t y p e d e p o s i t s . I n 

1913, the d i s c o v e r y o f p l a c e r g o l d and i t s s o u r c e on S i b o l a 

Peak was f o l l o w e d by a r u s h o f c l a i m s t a k i n g . L e a d - z i n c -

s i l v e r and copper d e p o s i t s were s u b s e q u e n t l y l o c a t e d , most 
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n o t a b l e o f w h i c h was the E merald G l a c i e r d e p o s i t on 

Mount Sweeney. 

W i t h c o n s t r u c t i o n o f the F r a n c o i s - T a h t s a Lake 

a c c e s s r o a d by A l c a n i n 1947, the a r e a became r e a d i l y 

a c c e s s i b l e , and i n t e r e s t i n m i n e r a l d e p o s i t s was renewed. 

T h i s i n t e r e s t peaked i n t h e l a t e 1960's w i t h e x p l o r a t i o n 

f o c u s s e d m a i n l y t o w a r d l a r g e tonnage d e p o s i t s amenable t o 

o p e n - p i t m i n i n g . Kennco E x p l o r a t i o n s Western L t d . , i n 

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

e x p l o r a t i o n programmes, and found a l a r g e number o f c o p p e r -

molybdenum and molybdenum o c c u r r e n c e s , i n c l u d i n g W h i t i n g 

C r e e k . 

The p r o p e r t y f i r s t e x p l o r e d i n 1964 c o n s i s t e d o f 

f i f t y c l a i m s (WHIT) l o c a t e d on t h e s o u t h s l o p e o f S i b o l a 

Peak, a t e l e v a t i o n s o f 1150 - 1800 metres ( F i g u r e 1 ) . From 

1964 t o 1965, 3245 f e e t o f diamond d r i l l i n g i n twenty-one 

h o l e s and o v e r 24,000 l i n e a l f e e t o f t r e n c h i n g were conduc

t e d . I n 19 72, Q u i n t a n a Mines L t d . d r i l l e d one h o l e t o a 

d e p t h o f 1400 f e e t . 

SMD M i n i n g Co. L t d . g a i n e d c o n t r o l o f t h e p r o p e r t y 

i n 19 79 and have s i n c e d r i l l e d n i n e t e e n diamond h o l e s , w h i c h 

have o u t l i n e d a l a r g e low grade molybdenum d e p o s i t . 

1.2 P u r p o s e and Methods 

The p u r p o s e o f t h i s s t u d y was t o document t h e 

g e o l o g y , c h e m i s t r y , and h y d r o t h e r m a l a l t e r a t i o n o f t h e W h i t i n g 

Creek " p o r p h y r y - t y p e " molybdenum d e p o s i t . 
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D u r i n g t h e 19 81 f i e l d s e a s o n , the w r i t e r mapped 

an a r e a 1.5 X 0.5 km a t a s c a l e o f 1:5000. T h i r t y - s e v e n 

s u r f a c e samples and t w e n t y - s i x diamond d r i l l h o l e c o r e 

samples from f o u r h o l e s were c o l l e c t e d . S i x t y - s i x t h i n 

s e c t i o n s and e l e v e n p o l i s h e d t h i n s e c t i o n s were examined, 

and b o t h major and minor e l e m e n t a l a n a l y s i s were p e r f o r m e d 

on t h i r t y - t h r e e samples. 

1.3 A ck now1e dgeme n t s 

The a u t h o r g r a t e f u l l y acknowledges SMD M i n i n g Co. 

L t d . f o r f i n a n c i a l and r e s e a r c h s u p p o r t . A l s o the s u p e r 

v i s o r i a l f i e l d a s s i s t a n c e by Bob Cann and Dave Chan was 

a p p r e c i a t e d . 

I am i n d e b t e d t o Dr. I a n J o n a s s o n , my s u p e r v i s o r , 

f o r h i s g u i d a n c e and f u n d i n g ' o f c h e m i c a l a n a l y s e s and t h i n 

s e c t i o n p r e p a r a t i o n . S p e c i a l t h a n k s a r e exte n d e d t o 

Dr. Dave W a t k i n s o n f o r t h e many c o n s t r u c t i v e c r i t i c i s m s he 

s u g g e s t e d t h r o u g h o u t t h i s s t u d y . S t i m u l a t i n g and c r i t i c a l 

d i s c u s s i o n s w i t h Dr. Dave S i n c l a i r and computer p r o c e s s i n g 

o f c h e m i c a l d a t a by Dr. J i m F r a n k l i n h e l p e d t o shape t h e 

f i n a l i n t e r p r e t a t i o n o f o r e g e n e s i s model. 

F i n a l l y , I w o u l d l i k e t o thank Debbie F o r r e s t f o r 

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



CHAPTER 2 - REGIONAL GEOLOGY 

2.1 G e n e r a l Geology 

P r e v i o u s g e o l o g i c a l mapping o f the r e g i o n was 

c o n d u c t e d by M.S. H e d l e y (1935) and S. D u f f e l l (1959) o f 

t h e G e o l o g i c a l S u r v e y o f Canada. Recent s t u d i e s w i t h 

emphasis on t h e T a h t s a Lake d i s t r i c t were made by 

N.C. C a r t e r (1974) and D.G. M a c l n t y r e (1976-78). 

Geology o f t h e S i b o l a Peak a r e a i s shown i n 

F i g u r e 3 . The major g e o l o g i c a l f o r m a t i o n s i n t h e a r e a a r e 

s^^ranarized i n T a b l e 1. The most s i g n i f i c a n t o f t h e s e , i n 

terms o f a r e a l e x t e n t , i s t h e H a z e l t o n group, a 3 km t h i c k 

ness: o f i n t e r b e d d e d v o l c a n i c and s e d i m e n t a r y r o c k s o f e a r l y 

t o m i d d l e J u r a s s i c age ( D u f f e l l , 1959). These r o c k s have 

been deformed i n b r o a d open f o l d s and r e g i o n a l l y 2ne1:amdrphw 

o s e d t o ̂ r e e h s c h i s t f a c i e s . 

Rocks o f t h e H a z e l t o n group are i n t r u d e d by a 

s e r i e s o f l a t e C r e t a c e o u s g r a n o d i o r i t e t o q u a r t z m o n z o n i t e 

s t o c k s and dyke swarms t h a t range i n age from 70 t o 84 m.y. 

( C a r t e r , 19 7 4 ) . These p l u t o n i c r o c k s a r e known as t h e B u l k l e y 

i n t r u s i o n s . These o v a l and e l o n g a t e s t o c k s u s u a l l y range 

f r o m 0.5 t o 4 km i n d i a m e t e r . They have been l o c a l i z e d i n 

p a r t , by n o r t h t o n o r t h w e s t - t r e n d i n g f a u l t s . A s s o c i a t e d 

w i t h , t h e s e p l u t o n s and r e l a t e d dykes a r e copper-molybdenum 

and molybdenum d e p o s i t s . 



2 GEOLOGY OF THE 
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Figure 3: General geology of the Sibola Peak area 
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TABLE 1 - TABLE OF FORMATIONS 

P h a n e r o z o i c 
CENOZOIC 

Q u a r t e r n a r y 

Recent and G l a c i a l 
P l e i s t o c e n e d e b r i s : t i l l , g r a v e l , s and 

Uncon f o r m i t y 

MESOZOIC 
L a t e C r e t a c o u s 

B u l k l e y h o r n b l e n d e f e l d s p a r 
i n t r u s i o n s : p o r p h y r y , m o n z o n i t e 
(70-84m.y.) p o r p h y r y , q u a r t z 

m o n z o n i t e , q u a r t z 
p o r p h y r y , g r a n o d i o -
r i t e - q u a r t z d i o r i t e 

A n g u l a r U n c o n f o r m i t y 

Lower t o M i d d l e H a z e l t o n a n d e s i t i c p y r o c l a s -
J u r a s s i c group t i c r o c k s 
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2.2 S t r u c t u r a l Geology 

The S i b o l a Peak d i s t r i c t i s a l o n g t h e w e s t e r n 

p e r i p h e r y o f t h e Intermontane T h r u s t and F o l d b e l t , w h i c h 

c o n s i s t s o f f o l d e d e u g e o s y n c l i n a l r o c k s , known as t h e 

Nechako Trough. 

The a r e a has been s u b j e c t e d t o a complex h i s t o r y 

o f f a u l t i n g and r e g i o n a l u p l i f t r e l a t e d t o t h e e v o l u t i o n o f 

t h e P a c i f i c Orogen. The major s t r u c t u r a l e l e m e n t s i n t h e 

a r e a are h i g h a n g l e normal and r e v e r s e f a u l t s , w h i c h bound 

u p l i f t e d , d o w n - f a u l t e d , and t i l t e d b l o c k s ( M a c l n t y r e , 19 76) 

The p r o m i n e n t t r e n d o f f a u l t i n g i s n o r t h w e s t , w i t h 

s u b o r d i n a t e n o r t h e a s t and n o r t h - t r e n d i n g f a u l t s . 

M a c l n t y r e and Hodder (19 7 8) i n t e r p r e t e d a f a u l t -

bounded c i r c u l a r a r e a c e n t r e d on T a h t s a Lake as a c o l l a p s e d 

c a l d e r a . They c o n c l u d e d t h a t t h e B u l k l e y i n t r u s i o n s and 

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

p o s t - c o l l a p s e r e s u r g e n c e o f magma. 

2.3 M i n e r a l O c c u r r e n c e s R e l a t e d t o t h e B u l k l e y I n t r u s i o n s 

The B u l k l e y i n t r u s i o n s have been s u b d i v i d e d i n t o 

t h r e e phases o f emplacement a t 70 m.y., 76 m.y., and 83 m.y 

( C a r t e r , 1974). S p a t i a l l y a s s o c i a t e d w i t h t h e s e are o c c u r 

r e n c e s o f c h a l c o p y r i t e and m o l y b d e n i t e , m a i n l y as d i s s e m i n a 

t i o n s o r i n s t o c k w o r k q u a r t z v e i n l e t s , w i t h c o i n c i d e n t 

gangue m i n e r a l assemblages a t t r i b u t e d t o h y d r o t h e r m a l a l t e r 

a t i o n . M i n e r a l o g i c a l , m o r p h o l o g i c a l , and t e x t u r a l c r i t e r i a 

match t h o s e o f " p o r p h y r y - t y p e " d e p o s i t s . 



9 

M u l t i p l e i n t r u s i o n s are a f e a t u r e o f s e v e r a l 

o c c u r r e n c e s , a l o n g w i t h l a t e p o s t - m i n e r a l i z a t i o n dykes. 

M e s o z o i c v o l c a n i c and s e d i m e n t a r y r o c k s a d j a c e n t t o t h e 

i n t r u s i o n s have been metamorphosed t o b i o t i t e h o r n f e l s . 

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

t h e f o r m a t i o n o f p r o m i n e n t g o s s a n s w h i c h can be used as 

e x p l o r a t i o n g u i d e s . Supergene e n r i c h m e n t i s m i n i m a l , i f 

p r e s e n t a t a l l . 

2.4 E v o l u t i o n o f the P l u t o n i c C e n t r e 

A sequence o f e v e n t s i n t h e f o r m a t i o n o f t h e 

s t r a t i g r a p h i c column o f S i b o l a Peak i s as f o l l o w s : 

(1) A n d e s i t i c v o l c a n i c r o c k s a l o n g w i t h c l a s t i c and 

c h e m i c a l s e d i m e n t a r y r o c k s were d e p o s i t e d as p a r t 

o f a v o l c a n i c i s l a n d a r c - t r e n c h complex* b u i l t on 

t h e c o n t i n e n t a l m a r g i n d u r i n g l o w e r t o m i d d l e 

J u r a s s i c t i m e . These r o c k s comprise t h e H a z e l t o n 

group. 

(.2) To t h e s o u t h o f t h e map r e g i o n , H a z e l t o n group 

r o c k s were uncomformably o v e r l a i n by s e d i m e n t a r y 

and v o l c a n i c r o c k s o f t h e Skeena group. Subsequent 

e r o s i o n and t h e n d e p o s i t i o n o f a s e d i m e n t a r y sequence 

known as t h e K a s a l k a group was f o l l o w e d by t h e K a s a l k a 

f e l s i c i n t r u s i o n s . A b r u p t s u b s i d e n c e a l o n g a r c u a t e 

and r a d i a l f a u l t s , c e n t r e d on T a h t s a Lake, r e s u l t e d 

i n a c o l l a p s e d c a l d e r a . 



(3) T e n s i o n f r a c t u r e s r e l a t e d t o the c a l d e r a a c t e d as 

c o n d u i t s f o r magma r e s u r g e n c e , r e s u l t i n g i n t h e 

emplacement o f g r a n o d i o r i t e s t o c k s a t 82 t o 83 m.y. 

These s t o c k s were t h e f i r s t o f the B u l k l e y s e r i e s 

o f i n t r u s i o n s . E x t e n s i v e copper-molybdenum 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 t h e s e s t o c k s a l s o o c c u r r e d 

a t t h i s t i m e . The r e g i o n had now become p a r t o f a 

c o n t i n e n t a l v o l c a n i c a r c regime. 

(.4) A second magmatic r e s u r g e n c e a t 74 t o 76 m.y. 

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

zoned g r a n o d i o r i t e t o q u a r t z d i o r i t e S i b o l a ' s t o c k . 

Dyke swarms o f q u a r t z monzonite t o g r a n i t e composi

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

a l o n g n o r t h w e s t - t r e n d i n g r i f t s . S m a l l e r and l o w e r 

grade copper and molybdenum b o d i e s such as a t W h i t i n g 

Creek a re a s s o c i a t e d w i t h t h i s second s u b d i v i s i o n 

o f t h e B u l k l e y i n t r u s i o n s . 

(.5) Deep e r o s i o n o f t h e v o l c a n i c c o v e r and u n r o o f i n g o f 

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

P l u t o n i c range. 



CHAPTER 3 - THE WHITING CREEK DEPOSIT 

3.1 Morphology and S t r u c t u r e 

D e t a i l e d g e o l o g y o f W h i t i n g Creek and sample 

l o c a t i o n s a r e g i v e n i n F i g u r e s 4 and 5. The d e p o s i t i s 

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

o c c u r s m a i n l y i n f r a c t u r e s and q u a r t z s t o c k w o r k s , and t o 

a l e s s e r e x t e n t , as d i s s e m i n a t e d g r a i n s . 

The q u a r t z p o r p h y r y (QPP) i s exposed i n two 

p l u g s , c e n t r e d a t e l e v a t i o n s o f 1450 and 1600 m e t r e s , on 

a s o u t h e r n l i m b o f S i b o l a Peak. N o r t h w e s t - t r e n d i n g dyke 

swarms c r o s s c u t and p o s s i b l y b i s e c t what may have been 

o r i g i n a l l y a s i n g l e QPP p l u t o n . C h e m i c a l t r e n d s and 

a l t e r a t i o n z o n i n g s u p p o r t t h e h y p o t h e s i s o f p l u t o n b i 

s e c t i o n . 

3.2 P e t r o g r a p h y o f t h e D e p o s i t 

3.2.1 Host Rocks 

E a r l y t o M i d d l e J u r a s s i c 

H a z e l t o n Group 

I n t h e map a r e a , t h e H a z e l t o n group c o m p r i s e s 

p r i n c i p a l l y an a n d e s i t i c p y r o c l a s t i c assemblage o f green 

c r y s t a l , l a p i l l i , and l i t h i c t u f f s . The v o l c a n i c r o c k s 

have been r e g i o n a l l y metamorphosed t o g r e e n s c h i s t f a c i e s , 

w i t h , c o n t a c t metamorphism t o b i o t i t e h o r n f e l s , p r e s e n t 

i m m e d i a t e l y a d j a c e n t t o an i n t r u s i o n . 
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Figure 4: Detai led geology of the Whiting Creek deposit 
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Figure 5: Sample and d r i l l hole locat ion map 
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Upper G r e t a c o u s 

B u l k l e y I n t r u s i o n s 

The B u l k l e y i n t r u s i o n s as d e f i n e d by C a r t e r 

(.19 74) f o r t h e W h i t i n g Creek a r e a , a r e (1) t h o s e composi

t i o n a l - z o n e d g r a n o d i o r i t e t o q u a r t z d i o r i t e i n t r u s i o n s , 

and magmatic d i f f e r e n t i a t e s o f the second s u b d i v i s i o n (74 

- 76 m.y.). The magmatic d i f f e r e n t i a t e s are (2) p l u g s o f 

g r a n i t e c o m p o s i t i o n w i t h i n and p e r i p h e r a l t o ( 1 ) , and (3) 

l a t e , n o r t h w e s t - t r e n d i n g p o r p h y r i t i c m o n z o n i t e dyke swarms 

c u t t i n g b o t h (1) and ( 2 ) . 

B i o t i t e - H o r n b l e n d e G r a n o d i o r i t e -

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

g r a n o d i o r i t e t o q u a r t z d i o r i t e c o m p o s i t i o n , known as t h e 

S i b o l a s t o c k , i n t r u d e s H a z e l t o n group r o c k s . I n the map 

a r e a i t i s r e p r e s e n t e d by b i o t i t e - h o r n b l e n d e g r a n o d i o r i t e 

(GRDR). 

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

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

zoned, o l i g o c l a s e - a n d e s i n e l a t h s , 1 t o 5 mm i n l e n g t h . 

I n t e r s t i t i a l a r e f i n e t o medium g r a i n e d (0.5 t o 3 mm) q u a r t z , 

K - f e l d s p a r , and h o r n b l e n d e c r y s t a l s . There has been weak 

k a o l i n i z a t i o n o f t h e p l a g i o c l a s e and b i o t i t i z a t i o n and c h l o r -

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

Q u a r t z P o r p h y r y 

Two s m a l l i r r e g u l a r p l u g s o f g r a n i t e c o m p o s i t i o n 

a r e w i t h i n and p e r i p h e r a l t o t h e GRDR s t o c k . These p l u g s o f 



F i g u r e 6a: O u t c rop o f QPP (sample s i t e #1); q u a r t z 
s t o c k w o r k w i t h and w i t h o u t m o l y b d e n i t e . 

F i g u r e 6b: QPP showing u n a l t e r e d q u a r t z and s e r i -
t i z e d f e l d s p a r p h e n o c r y s t s ; m o l y b d e n i t e 
v e i n s w i t h f e r r i m o l y b d i t e ( y e l l o w ) and 
l i m o n i t e (red-brown) c o a t i n g s . 
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" q u a r t z p o r p h y r y " (QPP) are h o s t t o the molybdenum m i n e r 

a l i z a t i o n . 

These i n t r u s i o n s are e a s i l y d i s c e r n a b l e i n the 

f i e l d because o f a b l e a c h e d cream c o l o u r ( F i g u r e 6 a ) . 

Commonly, t h e r o c k s c o n t a i n 5 t o 15 p e r c e n t o f 2 t o 7 mm, 

c o r r o d e d q u a r t z eyes and s e r i c i t i z e d p l a g i o c l a s e pheno-

c r y s t s ( F i g u r e 6b, 7a, and 7 b ) . The groundmass i s a 

m i c r o g r a n u l a r i n t e r g r o w t h of q u a r t z , K - f e l d s p a r , and s e r i -

c i t e . S e r i c i t i z a t i o n v a r i e s from weak t o c o m p l e t e , and 

the r o c k s a r e d e v o i d o f f e r r o m a g n e s i a n gangue m i n e r a l s . 

S u l p h i d e s o c c u r b o t h i n q u a r t z (and m i n o r q u a r t z 

- K - f e l d s p a r ) s t o c k w o r k s , and as d i s s e m i n a t i o n s ( F i g u r e 6b 

and 8 ) . L o c a l l y , p y r i t e c o n t e n t exceeds 1 t o 2 p e r c e n t , 

and t h e r e appears t o be a b a r r e n h a l o i n each p l u g ( F i g u r e 

1 0 ) . Some d r i l l c o r e samples have l i t t l e o r no s e r i c i t e 

a l t e r a t i o n and c o n t a i n u n a l t e r e d K - f e l d s p a r p h e n o c r y s t s and 

o n l y 0.1 t o 0.5 p e r c e n t p y r i t e . 

Q u a r t z M o n z o n i t e 

Only o b s e r v e d i n d r i l l c o r e , t h e q u a r t z m o n z o n i t e 

tQZMZ) appears t o o c c u r i n n o r t h w e s t - t r e n d i n g dyke swarms. 

I t commonly c a r r i e s l e s s t h a n 10 p e r c e n t f e l d s p a r pheno

c r y s t s , 2 t o 4 mm i n s i z e , w h i c h have been e x t e n s i v e l y 

c o r r o d e d and k a o l i n i z e d . P r i m a r y T i - r i c h b i o t i t e c o n s t i 

t u t e s 3 t o 5 p e r c e n t o f the r o c k mass. 
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F i g u r e 7a: C o r r o d e d , w h i t e q u a r t z p h e n o c r y s t s 
s u r r o u n d e d by a q u a r t z - p o t a s s i u m 
f e l d s p a r - s e r i c i t e ( f i n e , b r i g h t m a t t i n g ) 
groundmass. 1.0 cm. = 0.4 mm. 

F i g u r e 7b: M a g n i f i c a t i o n o f a c o r r o d e d i n t e r f a c e . 
1.0 cm. = 0.2 mm. 

mm 
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M o n z o n i t e P o r p h y r y 

A n o r t h w e s t - t r e n d i n g dyke swarm o f monzonite 

p o r p h y r y (MZPP) i n c i s e s and s e p a r a t e s what was once a 

s i n g l e p l u t o n i n t o two QPP p l u g s . The u n i t i s d i v i d e d 

i n t o t h r e e p h a s e s : (a) "crowded" MZPP, (b) MZPP b r e c c i a , 

and (c) l a t i t e . 

The crowded monzonite i s so c a l l e d because of 

i t s c h a r a c t e r i s t i c medium g r a i n e d (1 t o 5 mm), 30 t o 40 

p e r c e n t p l a g i o c l a s e , and 10 t o 15 p e r c e n t b i o t i t e pheno-

c r y s t c o n t e n t , s e t i n f i n e g r a i n e d (0.1 t o 0.5 mm) q u a r t z 

and K - f e l d s p a r groundmass. M i n o r k a o l i n i z a t i o n and 

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

The b r e c c i a phase c o m p r i s e s a crowded monzonite 

p o r p h y r y m a t r i x w i t h 5 t o 40 mm a n g u l a r fragments o f QPP. 

C h a l c o p y r i t e and b o r n i t e a r e l o c a l l y d i s s e m i n a t e d i n e x c e s s 

of 0.5 p e r c e n t ; 1 p e r cent p y r i t e i s e v e n l y d i s s e m i n a t e d 

t h r o u g h o u t t h e r o c k mass. 

The l a t i t e phase i s c h a r a c t e r i z e d by 45 t o 55 p e r 

c e n t medium t o c o a r s e g r a i n e d (1 t o 6 mm) K - f e l d s p a r and 

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

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

powdery appearance. D i s s e m i n a t e d p y r i t e cubes, 0.5 t o 3 mm 

i n s i z e , occupy 3 t o 8 p e r c e n t o f t h e r o c k mass; t r a c e 

c h l o r i t e i s p r e s e n t . 



19 

F i g u r e 8: F i n e g r a i n e d , p r i s m a t i c m o l y b d e n i t e 
c r y s t a l s i n a q u a r t z v e i n . 1.0 cm. = 0.4 mm. 
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H o r n b l e n d e - F e l d s p a r P o r p h y r y 

A p o s t - o r e n o r t h w e s t - t r e n d i n g dyke swarm o f 

h o r n b l e n d e - f e l d s p a r " p o r p h y r y " (HFP), w h i c h c r o s s c u t s 

b o t h QPP and MZPP i s t h e y o u n g e s t r o c k u n i t i n t h e map 

a r e a . R e l a t i v e l y u n a l t e r e d , 1 t o 5 mm p l a g i o c l a s e pheno

c r y s t s c o n s t i t u t e 40 t o 45 p e r c e n t o f the r o c k , a l o n g 

w i t h 15 t o 20 p e r c e n t h o r n b l e n d e , 1 t o 3 mm i n s i z e , i n 

a f i n e groundmass o f f e l d s p a r , q u a r t z , and b i o t i t e . 

3.2.2 F a c i e s and E x t e n t o f H y d r o t h e r m a l 
A l t e r a t i o n 

D i a g n o s t i c a l t e r a t i o n m i n e r a l assemblages have 

been used t o d e f i n e s p e c i f i c a l t e r a t i o n f a c i e s i n p o r p h y r y 

systems ( L o w e l l and G u i l b e r t , 19 7 0 ) . 

I n t h i s s t u d y o n l y t h e p h y l l i c f a c i e s was i d e n t i 

f i e d i n t h e m i n e r a l i z e d q u a r t z p o r p h y r y . A v a r i a n t o f t h e 

p o t a s s i c a l t e r a t i o n f a c i e s , b i o t i t e h o r n f e l s , was o b s e r v e d 

i n a d j a c e n t t h e r m a l l y metamorphosed H a z e l t o n v o l c a n i c s . 

P h y l l i c a l t e r a t i o n i s c h a r a c t e r i z e d by a q u a r t z - s e r i c i t e -

p y r i t e assemblage. O b s e r v i n g t h e degree o f s e r i c i t i z a t i o n 

o f f e l d s p a r , a q u a l i t a t i v e s c a l e ( n o n - w e a k - f a i r - m o d e r a t e -

s t r o n g - c o m p l e t e ) was d e v e l o p e d t o a s s e s s the e x t e n t o f a l t e r 

a t i o n a c r o s s t h e QPP. T h i s i n t e r p r e t a t i o n , as shown i n 

F i g u r e 9, y i e l d s a s y m m e t r i c a l z o n i n g p a t t e r n i n t h e p l u t o n . 

C o r r e l a t i o n o f the a l t e r a t i o n z o n i n g w i t h the d i s t r i b u t i o n o f 

m o l y b d e n i t e and p y r i t e s u g g e s t s t h a t t h i s exposed " h o r i z o n t a l " 

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



QUALITATIVE DEGREE OF PHYLLIC ALTERATION IN THE QPP 
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Figure 9: Qua l i ta t i ve degree of p h y l l i c a l t e ra t ion across 
the quartz porphyry 
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D r i l l h o l e samples e x h i b i t i n g none t o f a i r s e r i c i t i z a t i o n , 

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

s u p p o r t t h i s i n t e r p r e t a t i o n . 

D i s t r i b u t i o n o f a l t e r a t i o n appears t o be symmet

r i c a l l y c e n t r e d between t h e two QPP p l u g s , s u g g e s t i n g t h a t 

o n l y one p l u t o n was p r e s e n t o r i g i n a l l y and t h a t i t was 

l a t e r s p l i t by t h e i n t r u s i o n o f the MZPP dyke swarm. 

The degree o f s e r i c i t i z a t i o n i s n e a r - c o i n c i d e n t 

w i t h t h e q u a r t z stockwork d e n s i t y as shown i n F i g u r e 11. 

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

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

S e r i c i t e (a f i n e g r a i n e d w h i t e mica) i s r e a d i l y i d e n t i f i e d 

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

K a o l i n i t e (a c l a y m i n e r a l ) has a f i r s t o r d e r w h i t e - c r e a m 

i n t e r f e r e n c e c o l o u r . 

Supergene a l t e r a t i o n has r e s u l t e d i n weak l i m o n i t i c 

s t a i n i n g and t h e f o r m a t i o n o f y e l l o w f e r r i m o l y b d i t e 

( F e^(Mo0 4)^.8H 20) a l o n g m o l y b d e n i t e - r i c h v e i n s ( F i g u r e 6 b ) . 

3.2.3 S u l p h i d e M i n e r a l o g y 

There a r e two t y p e s o f m e t a l l i z e d zones; a Mo zone 

i n t h e QPP where t h e f i n e g r a i n e d m o l y b d e n i t e i s f r a c t u r e -

c o n t r o l l e d , and a zone o f d i s s e m i n a t e d copper s u l p h i d e s 

( w i t h anomalous t r a c e z i n c v a l u e s ) i n t h e MZPP u n i t ( F i g u r e 

10) . 
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P y r i t e i s t h e most abundant s u l p h i d e m i n e r a l and 

o c c u r s as d i s s e m i n a t i o n s t h r o u g h o u t a l l the l i t h o l o g i e s i n 

t h e map a r e a , and as f r a c t u r e f i l l i n g s and i n q u a r t z v e i n s 

i n t h e QPP and t h e o l d e r s u r r o u n d i n g u n i t s . M o l y b d e n i t e 

o c c u r s as f r a c t u r e f i l l i n g s and i n q u a r t z s t o c k w o r k s where 

s e r i c i t i z a t i o n and s t o c k w o r k development are f a i r t o moder

a t e . D i s s e m i n a t e d c h a l c o p y r i t e and b o r n i t e a r e o b s e r v e d i n 

t h e MZPP. 

M o l y b d e n i t e g r a d e s a v e r a g e d o v e r l o n g d r i l l i n t e r 

c e p t s i n d i c a t e the p r e s e n c e o f a p p r o x i m a t e l y 40,000,000 

t o n n e s o f 0.06 per c e n t m o l y b d e n i t e . 
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CHAPTER 4 - CHEMISTRY OF THE DEPOSIT 

M a j o r , m i n o r , and t r a c e element c o n t e n t o f the 

QPP was i n v e s t i g a t e d i n o r d e r t o : 

(1) r e l a t e z o n i n g p a t t e r n s o f major o x i d e s and t r a c e 

e l e m e n t s t o h y d r o t h e r m a l a l t e r a t i o n and m i n e r a l 

i z a t i o n ; 

(.2) c h e m i c a l l y i d e n t i f y h i g h l y a l t e r e d and weathered 

r o c k s ; 

(3) d e f i n e a s u i t a b l e model o f magma g e n e s i s and 

c l a s s i f y t h e t y p e o f d e p o s i t b a s e d on c h a r a c t e r 

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

M a j o r o x i d e a n a l y s e s by X-ray f l u o r e s c e n c e (XRF) 

on t h i r t y - t h r e e r o c k samples were p e r f o r m e d by the 

G e o l o g i c a l Survey o f Canada (GSC) A n a l y t i c a l C h e m i s t r y 

L a b o r a t o r y . Data i s t a b u l a t e d i n A p p e n d i x I . The c a l c u 

l a t e d mean c o m p o s i t i o n o f the QPP and t h e p r e c i s i o n o f the 

a n a l y s e s , b a s e d on s i x c o n t r o l XRF and a c o n t r o l t o t a l 

d i s s o l u t i o n HF/HCIO^/HNO^ a n a l y s i s , a r e l i s t e d i n Appendix 

I I . 

M i n o r and t r a c e element a n a l y s e s by a t o m i c 

a b s o r p t i o n s p e c t r o m e t r y (AAS) were p e r f o r m e d on t h e same 

t h i r t y - t h r e e samples. Data i s l i s t e d i n Ap p e n d i x I I I . 

P r e c i s i o n c a l c u l a t i o n s based on s i x c o n t r o l AAS a n a l y s e s 

are g i v e n i n A p p e n d i x IV. 
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Normative q u a r t z - a l b i t e - o r t h o c l a s e c o m p o s i t i o n s 

were computed u s i n g a GSC norm c a l c u l a t i o n programme. 

Programme p a r a m e t e r s a l o n g w i t h norm r a t i o s f o r the QPP 

a r e l i s t e d i n A p p e n d i x V. 

4.1 C h e m i c a l Z o n a t i o n w i t h i n t h e Q u a r t z P o r p h y r y 

M a j o r Element C h e m i s t r y : 

M a j o r element a n a l y s e s show t h a t t h e QPP i s a 

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

Ca, Na, T i , Mn, t o t a l Fe, and Mg. The GSC norm c a l c u l a t i o n 

programme c l a s s i f i e s t h e QPP as a s i l i c i f i e d , K - r i c h g r a n i t e 

( F i g u r e 1 2 ) . 

A l t h o u g h r e l a t i v e l y u n a l t e r e d r o c k s were p r e f e r r e d 

f o r c h e m i c a l a n a l y s i s , a p p a r e n t l y no r o c k s have escaped 

h y d r o t h e r m a l and/or supergene a l t e r a t i o n . M a j o r element 

a n a l y s e s o f the l e a s t s i l i c i f i e d specimens ( l e s s t h a n 78 

w e i g h t p e r c e n t SiO^) were i n c o n s i s t e n t w i t h each o t h e r 

( t h a t i s t h e y had e r r a t i c v a l u e s o f Al^O^, T i ° 2 ' a n c ^ 

t o t a l F e ) . Hence, the c h e m i s t r y o f t h e QPP r e f e r r e d t o i n 

t h i s p a p e r w i l l be the mean c o m p o s i t i o n o f a l l a n a l y s e s and 

w i l l o n l y be compared w i t h l i t e r a t u r e a n a l y s e s o f s i m i l a r l y 

a l t e r e d p l u t o n s . Average w e i g h t p e r c e n t a g e s o f the major 

o x i d e s a r e : si°2 c 80.1, K^O = 4.3, and A^O^ = 11.4. 

V a r i a t i o n p l o t s o f t h e s e o x i d e s , a c r o s s t h e QPP, a r e g i v e n 

i n F i g u r e s 11, 13, and 14. 

The average a l k a l i r a t i o K^O/Na^O i s 26.9. There 

i s no c o r r e l a t i o n between s o d a - c o n t e n t and K o 0 , S i 0 0 , o r 
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Q u a r t z 

Orthoclase A l b i t e 

Figure 12: 
T e r n a r y p l o t o f n o r m a t i v e q u a r t z - a l b i t e - o r t h o c l a s e 
r a t i o s o f the QPP. 

zJi'.-rm!,.^:^:-r\vr-.-:,:\ T:.-.--'™Slt3t=C.'c:i7̂-.. 
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Figure 13: Var iat ion of M (weight per cent) 
across the QPP1" 
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degree o f a l t e r a t i o n . E n r i c h m e n t o f r u b i d i u m w i t h r e s p e c t 

t o s t r o n t i u m i s s u g g e s t e d by t h e " p o s i t i v e " r a t i o o f Rb/Sr 

b e i n g 1.64. 

M i n o r Element C h e m i s t r y : 

M i n o r element a n a l y s e s y i e l d the d i s t r i b u t i o n o f 

t h e o r e m e t a l s . The average molybdenum, t u n g s t e n , and 

c o p p e r c o n t e n t s o f the QPP are 0.022, 0.002, and 0.002 

p e r c e n t r e s p e c t i v e l y . Anomalous zones o f g r e a t e r t h a n 

0.05 p e r c e n t molybdenum, 0.0 5 p e r c e n t copper, and 80 ppm 

t u n g s t e n , are shown i n F i g u r e 10. Anomalous z i n c v a l u e s 

o c c u r w i t h t h e copper. The average Mo t o Cu r a t i o o f the 

QPP i s 10.9. 

F l u o r i n e c o n t e n t i n t h e QPP averages 0.04 p e r 

c e n t and as shown i n F i g u r e 15, f l u o r i n e c o n c e n t r a t i o n 

c o i n c i d e s w i t h t h a t o f molybdenum and p o t a s s i u m . 

4.2 E f f e c t and S i m i l a r i t y Between A l t e r a t i o n , 
M i n e r a l i z a t i o n , and C h e m i s t r y  

R e l a t i o n s h i p s between t h e c h e m i s t r y o f the QPP an 

t h e a l t e r a t i o n can be i n d i c a t i v e o f the p r o c e s s e s o f magma 

g e n e r a t i o n and emplacement. 

The e f f e c t s o f h y d r o t h e r m a l p r o c e s s e s are h i g h l y 

dependent upon the c h e m i s t r y o f t h e f l u i d s i n v o l v e d . B o t h 

t h e c h e m i s t r y and t h e degree o f a l t e r a t i o n i s semi-symmetri 

c a l l y zoned, r a t h e r than e r r a t i c . Some p l o t s show s i m i l a r 

z o n a t i o n p a t t e r n s c e n t r e d between t h e two p l u g s , f u r t h e r 
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s u g g e s t i n g t h a t t h e QPP p l u g s were o r i g i n a l l y a s i n g l e 

p l u t o n . The q u a l i t a t i v e degree o f q u a r t z - s e r i c i t e - q u a r t z 

a l t e r a t i o n e x h i b i t s such a tendency. The S i 0 2 z o n a t i o n 

r e f l e c t s t h e degree o f development o f the q u a r t z s t o c k -

work. L o c a l c o m p o s i t i o n s exceed 76 p e r c e n t n o r m a t i v e 

q u a r t z (Sample 7 ) . 

Two m i n e r a l i z e d c e n t r e s , one i n each p l u g , a r e 

r e p r e s e n t e d by t h e Mo, K^O, n o r m a t i v e A^O^, and F c o n t e n t 

o f the QPP. These c e n t r e s are i n a r e a s o f weak t o moderate 

p h y l l i c a l t e r a t i o n and q u a r t z stockwork development. 

Comparison o f the c h e m i s t r y o f the v a r i o u s 

" d i f f e r e n t i a t e s " o f the B u l k l e y i n t r u s i o n s y i e l d s a few 

c h a r a c t e r i s t i c f e a t u r e s (Table 2 ) . The QPP has an average 

n o r m a t i v e q u a r t z and corundum c o n t e n t of 64 and 6.6 p e r c e n t 

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

30 and 3.0 p e r c e n t r e s p e c t i v e l y , f o r a l l t h e o t h e r i n t r u s i v e 

p h ases. The average r a t i o o f o r t h o c l a s e t o a l b i t e f o r t h e 

QPP i s 15:1, compared w i t h 1:1 t o 1:2 f o r t h e o t h e r i n t r u s i v e s . 

The average r a t i o o f Rb t o Sr i s 1.6:1 f o r t h e QPP b u t 1:2 

t o 1:12 f o r t h e o t h e r r o c k s . 

4.3 Summary 

The "QPP" i s an a l t e r e d g r a n i t i c r o c k c h a r a c t e r i z e d 

by e n r i c h m e n t o f S i 0 2 , A^O^, and K 2 0 , and d e p l e t i o n o f N a 2 0 , 

CaO, T i 0 2 ' M n 0 ' t o t a l Fe, and MgO. There i s an anomalous 

e n r i c h m e n t o f F, Rb, Mo, and W w i t h r e s p e c t t o S r and Cu. 

I n t e n s i t y o f p h y l l i c a l t e r a t i o n i s n o t r e l a t e d d i r e c t l y 



TABLE 2 - WHOLE ROCK ANALYSES OF BULKLEY INTRUSIONS 

GRDR 1 QPP 2 MZPP 3 HFP 4 

Weight p e r c e n t 

S i 0 o 65.2 80.1 65.7 62.7 
T i 0 2 .51 .14 .53 .66 
A 1 2 0 3 15.8 11.4 15.6 16.7 

F e 5 4.2 1.3 3.9 5.3 
MgO 1.8 .31 1.8 2.5 
CaO 2.8 .09 2.1 3.2 
Na.O 3.2 .16 3.1 3.4 _ 
K 2 0 3.6 4.3 3.4 2.7 

P a r t s p e r m i l l i o n 

Rb 70 84 90 70 
SR 350 51 430 500 
Mo 3 218 8 4 
Cu-Zn 301 3 4 6 608 134 
W 3 20 4 2 
F 380 370 400 420 

1. G r a n o d i o r i t e , 2 a n a l y s e s 
2. Q u a r t z p o r p h y r y , 19 a n a l y s e s 
3. M o n z o n i t e p o r p h y r y , 5 a n a l y s e s 
4. H o r n b l e n d e - f e l d s p a r p o r p h y r y , 3 a n a l y s e s 
5. T o t a l f e c o n t e n t = F e o 0 3 + FeO 
6. Cu = 20 ppm, Zn = 14 ppm 



t o e i t h e r the degree o f q u a r t z stockwork development o r 

m i n e r a l i z a t i o n . There appears t o be d i r e c t c o r r e l a t i o n s 

between K^O, F, and Mo c o n c e n t r a t i o n . N o r m a t i v e corundum 

c o n t e n t i s u n r e l a t e d t o the degree of a l t e r a t i o n , s u g g e s t 

i n g t h a t t h e o r i g i n a l m e l t was p e r a l u m i n o u s . 

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

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

younger i n t r u s i o n , r a t h e r than two s e p a r a t e p l u g s r e p r e s e n 

t i n g s e p a r a t e apophyses o f a l a r g e r p l u t o n a t d e p t h . I n 

t h e l a t t e r c a s e , c h e m i c a l t r e n d s w o u l d more l i k e l y show a 

c l o s e d z o n i n g p a t t e r n w i t h i n each p l u g . However, the 

z o n i n g p a t t e r n s t e n d t o be open. 

On t h e o t h e r hand, v a r i a t i o n s o f Mo, J^O, F and 

A ^ O ^ s u g g e s t two c e n t r e s o f m i n e r a l i z a t i o n . M u l t i p l e 

phases o f m i n e r a l i z a t i o n may p o s s i b l y e x p l a i n t he p r e s e n c e 

o f more t h a n one m o l y b d e n i t e zone. 

R a t i o s o f Rb t o Sr s u g g e s t d i f f e r e n t s o u r c e 

m a t e r i a l f o r t h e QPP and a l l o t h e r i n t r u s i v e p h a s e s . 
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CHAPTER 5 - GENESIS AND CLASSIFICATION OF STOCKWORK 
MOLYBDENUM DEPOSITS  

5.1 G e n e r a l D e s c r i p t i o n 

Stockwork molybdenum d e p o s i t s are commonly 

r e f e r r e d t o as " p o r p h y r y - t y p e " d e p o s i t s because o f 

s i m i l a r i t i e s w i t h t h e i r c o p p e r - r i c h c o u n t e r p a r t s . Both a r e 

g e n e t i c a l l y r e l a t e d t o i n t r u s i v e g r a n i t i c b o d i e s w h i c h were 

emplaced a t a s h a l l o w d e p t h . H y d r o t h e r m a l p r o c e s s e s o f o r e 

d e p o s i t i o n and a l t e r a t i o n a re s i m i l a r i n t h a t m i n e r a l i z a t i o n 

and a l t e r a t i o n p a t t e r n s o f t e n r e f l e c t t h e shape o f the i n 

t r u s i o n . T e c t o n i c s e t t i n g s o f the d e p o s i t s and c h e m i s t r y o f 

th e a s s o c i a t e d i n t r u s i o n s , r e l a t e magma and ore g e n e s i s t o 

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

d i f f e r e n c e s i n magma s e r i e s c h e m i s t r y have j u s t i f i e d 

s e p a r a t e c l a s s i f i c a t i o n s f o r s t o c k w o r k molybdenum d e p o s i t s 

(.Mutschler, e t a l , 1981; W e s t r a and K e i t h , 1981; W h i t e , e t 

a l , 1981; S i l l i t o e , 1980; Woodcock and H o l l i s t e r , 1978; 

S o r e g a r o l i and S u t h e r l a n d Brown, 19 76) . 

Stockwork (porphyry) m o l y b d e n i t e d e p o s i t s a r e 

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

and f r a c t u r e s t o c k w o r k s w i t h o r w i t h o u t q u a r t z o r p y r i t e . 

M o l y b d e n i t e g r a i n s i z e i s g e n e r a l l y l e s s than 1 m i l l i m e t r e . 

R e l a t e d i n t r u s i o n s o f a c i d t o i n t e r m e d i a t e c o m p o s i t i o n 

commonly e x h i b i t a p o r p h y r i t i c t e x t u r e w i t h an a p h a n i t i c 

m a t r i x . 
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I m p o r t a n t d i f f e r e n c e s between Mo and Cu-Mo 

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

P r e s e n c e o f f l u o r i n e - b e a r i n g m i n e r a l s , l i t h o p h i l e e l e m e n t s 

s u c h as L i , Sn, W, Ta, U, Th, Y, and t r a c e e l e m e n t s Rb and 

Nb, c h a r a c t e r i z e s t o c k w o r k molybdenum d e p o s i t s . 

P r o c e s s e s o f element c o n c e n t r a t i o n by c o n v e c t i o n -

d r i v e n t h e r m o g r a v i t a t i o n a l d i f f u s i o n can g e n e r a t e h i g h 

s i l i c a , v o l a t i l e - r i c h m e l t s common t o Mo d e p o s i t s 

(JMutschler, 19 81) . These p r o c e s s e s are c o n d u c i v e t o 

e n r i c h m e n t o f magma i n l i t h o p h i l e elements and d e p l e t i o n 

i n T i , t o t a l Fe, Mg, and S r . 

In m o l y b d e n i t e systems a d i r e c t c o r r e l a t i o n o f t e n 

appears between Mo, K, and F c o n t e n t . Westra and K e i t h 

(19 81) show t h a t the l o a d c a p a c i t y o f a v o l a t i l e - r i c h m e l t 

f o r Mo i s i n c r e a s e d w i t h i n c r e a s i n g K and F c o n t e n t . T h i s 

l o a d c a p a c i t y i n c r e a s e s f o r Sn, W, and Ta as w e l l . I t was 

a l s o shown ( p r e v i o u s c i t a t i o n ) t h a t a c l o s e c o r r e l a t i o n 

e x i s t s between K and F c o n t e n t and t h e depth t o t h e 

B e n i o f f zone. 

Stockwork Mo d e p o s i t s a r e c l a s s i f i e d i n i t i a l l y 

on s i l i c a and a l k a l i c o n t e n t . More d e t a i l e d s t u d y shows 

t h a t each " d e p o s i t - t y p e " has i t s c h a r a c t e r i s t i c t r a c e 

element c h e m i s t r y . To e x p l a i n t h e t r a c e c h e m i s t r y and 

g l o b a l s e t t i n g o f t h e d e p o s i t s , t e c t o n i c magma g e n e s i s 

models have been a s s i g n e d t o each d e p o s i t - t y p e . The most 

common d e p o s i t s a r e t h e " c a l c - a l k a l i n e " Mo d e p o s i t s ( s t o c k 

and p l u t o n i c t y p e s - depending on p l u t o n s i z e , shape, and 
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depth o f emplacement) and the " a l k a l i - c a l c i c " Mo d e p o s i t s 

( C l i m a x - t y p e ) . 

C a l c - a l k a l i n e s t o c k w o r k Mo and p o r p h y r y Cu 

d e p o s i t s occupy s i m i l a r p o s i t i o n s w i t h i n magmatic a r c s . 

W e s t r a and K e i t h (19 81) s u g g e s t a continuum e x i s t s between 

Mo d e p o s i t endmembers (Endako), t h r o u g h Mo-Cu d e p o s i t s t o 

M o - r i c h p o r p h y r y Cu d e p o s i t s ( B r e n d a ) . No such continuum 

e x i s t s between C l i m a x - t y p e Mo and p o r p h y r y Cu d e p o s i t s . 

Some molybdenum d e p o s i t s appear t r a n s i t i o n a l between t h e 

c a l c - a l k a l i n e and C l i m a x - t y p e s (Questa, Mount Hope, 

G l a c i e r G u l c h ) . 

5.2 W h i t i n g Creek 

G e n e r a l c h a r a c t e r i s t i c s (Westra and K e i t h , 19 81) 

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

C l i m a x - t y p e s t o c k w o r k molybdenum d e p o s i t s , a r e g i v e n i n 

T a b l e 3 . The f e a t u r e s l i s t e d f o r W h i t i n g Creek a r e average 

v a l u e s f o r t h e a l t e r e d QPP. 

I m p o r t a n t s i m i l a r i t i e s between W h i t i n g Creek and 

t h e C l i m a x - t y p e a r e t h e o o g e n e t i c g r a n i t e r o c k t y p e , major 

o x i d e c o n t e n t , " p o s i t i v e " ( g r e a t e r t h a n one) Rb t o S r r a t i o 

and t h e t r a c e element assemblage Mo-F-(W). 

M a j o r , m i n o r , and t r a c e c o n c e n t r a t i o n s appear 

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

by W e s t r a and K e i t h (19 81). S l i g h t d e p l e t i o n due t o h y d r o -

t h e r m a l and supergene a l t e r a t i o n may e x p l a i n t h e s e v a l u e s . 

Lower K 0 and t r a c e c o n c e n t r a t i o n s , r e g i o n a l t e c t o n i c s e t t i : 
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TABLE 3 - GENERAL CHARACTERISTICS OF STOCKWORK 
MOLYBDENUM DEPOSITS 

Calc-alkaline' 
Stock and Alkali-Calcic' 

Climax-type Whiting Creek' 

Geotectonic 
Setting 

Compressive 
Continental 
Plate Margin 

Subduction-related 
continental back-arc 
spreading environment 

Continental volcanic 
arc regine with 
possible local r i f t i n g 

Oogenetic 
igneous 

rocks 

Quartz monzon
ite 

Granodiorite 

Rhyolite 
Granite 

Granite 

Porphyry 
texture Yes and no Yes Yes 

Si0 2 % 70 75 80 
K 20 % 4 5 4.3 
T i 0 2 % 0.1 - 0.2 0.2 0.14 
F % 0.1 - 0.25 0.5 - 2 0.04 
Rb ppm 100 - 350 200 - 800 84 
Sr ppm 100 - 800 125 51 
Rb/Sr 1 1 1.64 
F/Cl low high ? 

Nb ppm 20 25 - 200 

Important 
elements Mo-Cu-(W) Mo-F-W-Sn Mo-F- (W) 

Multiple 
ore shells No Common 

Max. Mo con
tent in 
million tons 0.3 - 1.6 2.0 * 

MoS„ % in 
ore zone 0.1 - 0.25 0.2 - 0.49 * 

Examples Kitsault 
Endako 

Climax 
Urad-Henderson 

4 
Mount Hope 

4 
Glacier Gulch 

1. 
2. 
3. 
4. 
* 

Relatively unaltered rocks CWestra and Keith, 1-981) 
Altered quartz porphyry 
D.G. Maclntyre (1976) 
Climax transitional-type 
Presently undefined 
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and low grade and tonnage f i g u r e s are s i m i l a r t o t h o s e o f 

the c a l c - a l k a l i n e t y p e . 

A C l i m a x " t r a n s i t i o n a l - t y p e " d e p o s i t has been 

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

s i m i l a r t o t h e c a l c - a l k a l i n e t y p e . The W h i t i n g Creek 

d e p o s i t has been s u g g e s t e d t o be o f t h i s t y p e p r i m a r i l y 

b e c ause o f t h e c h e m i s t r y o f t h e o o g e n e t i c i g n e o u s r o c k s . 

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

a C l i m a x - and t r a n s i t i o n a l - t y p e d e p o s i t are l i s t e d i n 

comparison t o t h e mean c o m p o s i t i o n o f the a l t e r e d QPP, i n 

T a b l e 4. 
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TABLE 4 - CHEMICAL ANALYSES OF ALTERED GRANITE ROCKS 

1 2 3 
C l i m a x T r a n s i t i o n a l W h i t i n g 
t y p e t y p e Creek 

Weight p e r c e n t 

S i 0 2 77.50 77.10 80.07 
A 1 2 0 3 10.10 11.30 11.42 
F e 2 0 3 0.86 0.20 0.50 
FeO 0.26 0.30 0.84 
MgO 0.07 0.50 0.31 
MnO N.A. 0.01 0.01 
CaO 0.40 0.50 0.09 
N a 2 0 0.31 0.60 0.16 
K 2 0 7.30 8.60 4.26 
T i 0 2 0.38 0.04 0.14 

P a r t s p e r m i l l i o n 

Rb 550 N.A. 84 
S r 140 N.A. 51 
F N.A. 400 370 

1. Southwest mass o f C l i m a x s t o c k - p o t a s s i c and p h y l l i c 
a l t e r a t i o n C l i m a x C o l o r a d o (White, e t a l , 19 81) 

2. S t r o n g l y a l t e r e d r h y o l i t e p o r p h y r y , Mount Hope, Nevada 
(JVIutschler, e t a l , 19 81) 

3. Q u a r t z - s e r i c i t e a l t e r a t i o n , q u a r t z p o r p h y r y , W h i t i n g 
Creek, B r i t i s h C o l u m b i a 



CHAPTER 6 - CONCLUSIONS 

The p e t r o g r a p h y and s e t t i n g o f the W h i t i n g Creek 

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

i s a s t o c k w o r k molybdenum d e p o s i t . Whole r o c k and t r a c e 

c h e m i s t r y s u g g e s t a " C l i m a x t r a n s i t i o n a l - t y p e " molybdenum 

d e p o s i t . The s u p p o r t i n g f e a t u r e s f o r such a model a r e : 

(.1) The l i t h o l o g i e s and t h e i r i n t e r s t r u c t u r a l r e l a t i o n s 

are c o n d u c i v e t o t h e models o f an i n i t i a l v o l c a n i c 

i s l a n d a r c regime b e i n g f o l l o w e d by a c o n t i n e n t a l 

v o l c a n i c a r c regime w i t h p o s s i b l e l o c a l r i f t i n g . 

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

r e q u i r e m e n t i n t h e g e n e s i s o f s t o c k w o r k molybdenum 

d e p o s i t s ( S i l l i t o e , 19 80). 

(2) W h i t i n g C r e e k , l o c a t e d i n the Intermontane b e l t o f 

the C o r d i l l e r a and o f l a t e C r e t a c e o u s age, i s c o i n 

c i d e n t i n f o r m a t i o n w i t h a l a r g e group o f known 

p o r p h y r y - t y p e d e p o s i t s . 

(.3) The 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 i s p r i n c i p a l l y v e i n -

l e t - and f r a c t u r e - c o n t r o l l e d . 

(.4) E f f e c t s o f h y d r o t h e r m a l p r o c e s s e s t o y i e l d c h a r a c 

t e r i s t i c a l t e r a t i o n and m i n e r a l i z a t i o n p a t t e r n s . 

T h i s i s shown by a c h a r a c t e r i s t i c q u a r t z - s e r i c i t e -

p y r i t e ( p h y l l i c ) a l t e r a t i o n assemblage i n w h i c h t h e 

M o - r i c h q u a r t z s t o c k w o r k i s d e v e l o p e d . 

(.5) The m i n e r a l i z e d p l u t o n e x h i b i t s a p o r p h y r i t i c t e x t u r e 

w i t h an a p h a n i t i c m a t r i x . 
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(6) C h a r a c t e r i s t i c o x i d e s s u p p o r t i n g t h e C l i m a x - t y p e 

model are g i v e n by t h e f o l l o w i n g average c o n t e n t s 

(by w e i g h t p e r c e n t ) ; SiC»2 - 80.6, K 2 0 = 4.3, and 

TiO„ = 0.14. 

(7) C h a r a c t e r i s t i c t r a c e s s u p p o r t i n g the C l i m a x - t y p e 

model a r e t h e average r a t i o s o f Mo/Cu - 10.9 and 

Rb/Sr = 1.64. 

(8) The average F c o n t e n t o f 0.0 4 p e r ce n t i s i n 

agreement w i t h t h o s e v a l u e s q u o t e d f o r s t r o n g l y 

a l t e r e d C l i m a x - t y p e p l u t o n s ( M u t s c h l e r , e t a l , 

1981) . 

(9) The r e l a t i o n s h i p between K, F, and Mo e n r i c h m e n t , 

s u p p o r t s t h e C l i m a x - t y p e element c o n c e n t r a t i o n 

model o f t h e r m o g r a v i t a t i o n a l d i f f u s i o n . 

(.10) The G l a c i e r Gulch Mo d e p o s i t , S m i t h e r s , B r i t i s h 

C o l u m b i a , i s c o n s i d e r e d by We s t r a and K e i t h (19 81) 

t o be a C l i m a x t r a n s i t i o n a l - t y p e s t o c k w o r k d e p o s i t . 

T h i s d e p o s i t , s i t u a t e d 10 0 km due n o r t h o f W h i t i n g 

C r e e k , i s s e t i n an e a r l y r h y o l i t i c p l u g w h i c h has 

been c r o s s c u t by m o n z o n i t i c i n t r u s i o n s . These 

r o c k s a r e p a r t o f the B u l k l e y i n t r u s i o n s . 

The s i m i l a r i t i e s i n t h e l i t h o l o g i e s , c h e m i s t r y , 

and g e o t e c t o n i c s e t t i n g between G l a c i e r G u l c h and W h i t i n g 

C r eek, i m p l y t h a t p o s s i b l y t h e s e two d e p o s i t s were formed 

by v e r y s i m i l a r p r o c e s s e s and t h a t t h e r e are p o t e n t i a l l y 

more d e p o s i t s o f t h i s k i n d t o be found i n t h e Canadian 

C o r d i l l e r a . 
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I d e n t i f i c a t i o n o f p o s s i b l e s o u r c e m a t e r i a l and 

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

i n c l u s i o n s t u d i e s , may c l a r i f y t h e d e p o s i t t y p e . T r a c e 

a n a l y s e s on Sn, Nb, and C I , wo u l d a l s o y i e l d c h a r a c t e r i s 

t i c t r a i t s on magma g e n e s i s . 

M i n e r a l o g i c a l and t e x t u r a l e v i d e n c e o f the 

p r e s e n c e o f a core p o t a s s i c a l t e r a t i o n zone was n o t 

o b s e r v e d . The degree o f p h y l l i c a l t e r a t i o n and l a c k o f an 

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

c o r e o f the h y d r o t h e r m a l system. 

I f t h i s i s t h e c e n t r e o f the system, t h e n i t i s 

l i k e l y t h a t t h e h y d r o t h e r m a l e v e n t was t o o weak t o produce 

t h e p o t a s s i c zone and a s s o c i a t e d m i n e r a l i z a t i o n . 

However, the a l t e r a t i o n and m i n e r a l i z a t i o n might 

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

t h a t t h e r e might e x i s t a much l a r g e r d e p o s i t a t d e p t h w h i c h 

may be o f f s e t by f a u l t i n g . 

L i t h o g e o c h e m i s t r y s u g g e s t s t h a t p o t a s s i u m and 

f l u o r i n e may be used as p a t h f i n d e r e l e m e n t s f o r molybdenum. 

However, b e f o r e t h e s e c h e m i c a l t r e n d s can be used a u t h o r i -

t i v e l y , sample d e n s i t y s h o u l d be i n c r e a s e d and v e r t i c a l 

z o n a t i o n p a t t e r n s s t u d i e d . 
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A P P E N D I X I 

Sample Bock S10. 
Number JBSSL r 

01 QPP 79.4 
02 QPP 76.6 
04 QPP 82.7 
05 HFP 61.2 
06 QPP 78.4 
07 QPP 85.3 
09 QPP 86.0 
10 QPP 80.6 
11 QPP 79.8 
12 MZPP 66.9 
13 QPP 82.5 
14 QPP 81.4 
15 QPP 78.2 
16 QPP 78.6 
18 QPP 86.0 
19 MZPP 66.2 
21 QPP 77.1 
22 QPP 78.9 
23 QPP 81.3 
24 GRDR 65.4 
25 QPP 79.0 
27 UFP 65.2 
28 GRDR 65.0 
29 QPP 74.4 
30 HFP 61.7 
31 MZPP 64.6 
3.? MZPP 63.9 
33 QPP 83.1 
37 MZPP 67.1 

Major and minor element 

TiO- Al.O- Total 
__1 * PE I 

0.09 12.0 1.2 
0.13 13.4 1.6 
0,09 11.5 0.6 
0.64 17.5 5.0 
0.09 12.8 1.2 
0.14 8.8 0.9 
0.13 7.8 0.9 
0.09 10.8 1.5 
0.09 12.6 1.3 
0.51 15.3 . 3.8 
0.09 9.5 1.1 
0.09 11.4 0.7 
0.11 11.7 1.7 
0.10 11.4 1.9 
0.08 7.4 0.7 
0.53 15.9 4.0 
0.11 12.0 2.0 
0.12 13.1 0.7 
0,08 11.8 0.6 
0.51 15.7 4.2 
0.25 12.2 1.2 
0.61 16.3 4,1 
0.51 15.9 4.3 
0.40 13.5 3.0 
0.73 16.2 6.4 
0.49 15.7 3.9 
0.63 16.1 4.4 
0.08 9.3 1.0 
0.50 15.0 3.4 

analyse* - by XRF 

MgO CaO Nao0 
JL I h 

0.30 0.08 0,2 
0.19 0.08 0.3 
0.19 0.08 0.1 
2.83 3.54 3.2 
0.46 0.11 0.2 
0.29 0.12 0.2 
0.33 0.10 0.2 
0.31 0.10 0.0 
0.29 0.07 0.1 
1.60 2.41 2.9 
0.21 0.13 0.3 
0.14 0.08 0.0 
0.31 0.10 0.2 
0.27 0.09 0.3 
0.24 0.09 0.3 
1.72 2.79 3.4 
0.34 0.10 0.2 
0.37 0.09 0.0 
0.11 0.07 0.2 
1.83 2.53 3.0 
0.34 0.09 0.2 
2.06 2.66 4.1 
1.75 3.09 3.3 
0.44 0.09 0.0 
2.48 3.41 2.9 
1.86 1.63 3.4 
2.18 2.14 3.3 
0.22 0.09 0.0 
1.78 1.37 2.6 

*2° Rb Sr 
£l 2m H E 

4.59 90 .50 
5.93 110 50 
3.26 70 30 
2.41 80 490 
4.52 90 40 
2.32 40 60 
2.61 40 50 
3.70 CO 50 
3.54 90 50 
3.35 210 470 
4.73 80 50 
4.03 60 40 
5.53 90 50 
4.88 90 40 
3.89 70 70 
2.94 30 510 
5.38 110 30 
4.12 100 30 
4.53 80 60 
4.13 100 320 
3.83 80 80 
2.84 70 520 
3.08 40 390 
4.41 110 50 
3.80 70 500 
3.28 50 450 
2.82 80 490 
4.22 60 80 
4.49 80 220 

Analysis oC samples 03, 08, 35, 36 considered Invalid due to contamination. 
4* 



APPENDIX I I 

Mean and standard deviation values of whole rock analyses on the control sample and QPP. 

Analysis 

XRF 

Total 
Dissolution 
HF/HC104/HN03 

Number of 
Samples 

mean 
std.dev, 

SiOrt TiO. 

63.8 
0.4 

0.42 
0.0 

A1 20 3 

Total 
Fe MgO CaO 

Weight per cent 

16.7 
0.1 

3.00 
0.1 

2.00 
0.04 

3.48 
0.03 

Na20 

3.4 
0.1 

K20 

3.49 
0.02 

63.96 0.40 16.57 3.03 1.84 2.98 3.80 3.43 

XRF 19 x QPP mean 
std.dev. 

80.07 0.14 
3.65 0.09 

11.42 1.34 0.31 0.09 0.16 4.26 
1.99 1.23 0.15 0.02 0.11 0.91 

Good precision and accuracy indicated by comparison of XRF and total dissdlutidn analyses results. 

oo 



APPENDIX I I I 

Trace element analyses - by AAS 

Sample Rock 
imber Type Zn Cu Mo W F 

Parts per million 

01 QPP 11.6 12 108 16 410 
02 QPP 12.1 14 56 4 330 
03 QPP 14.9 25 27 20 680 
04 QPP 15.6 6 76 8 410 
05 HFP 53.5 40 5 1 410 
06 QPP 10.6 10 80 16 410 
07 QPP 16.6 10 154 8 330 
08 QPP 14.2 26 4 80 330 
09 QPP 11.9 10 27 8 330 
10 QPP 7.9 9 286 24 410 
11 QPP 7.4 19 61 16 380 
12 MZPP 88.0 1380 4 1 440 
13 QPP 13.3 67 36 4 220 
14 QPP 22.8 17 40 8 250 
15 QPP 9.0 20 407 24 330 
16 QPP 36.9 42 862 24 330 
18 QPP 12.0 27 865 20 220 
19 MZPP 54.8 124 3 1 330 
21 QPP 14.7 24 500 1 760 
22 QPP 14.3 9 70 16 410 
23 QPP 10.9 9 569 24 300 
24 GRDR 37.0 420 1 1 380 
25 QPP 11.5 13 33 12 410 
27 HFP 61.1 60 5 4 440 
28 GRDR 45.6 99 5 1 380 
29 QPP 15.1 41 44 32 250 
30 HFP 50.0 137 3 1 410 
31 MZPP 28.0 438 9 4 410 
32 MZPP 54.8 223 17 1 500 
33 QPP 9.9 15 55 4 220 
35 QPP 22.7 90 4 20 250 
36 MZPP 22.1 48 137 16 200 
37 MZPP 64.7 584 138 12 330 
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APPENDIX IV 

Mean and standard deviation values of trace element analyses of the 
control sample and QPP. 

Number of 
Analysis Samples Zn Cu Pb Mo Ag W F 

Parts per million 

Control 6 mean 54 7 11 1.3 0.5 9 795 
std.dev. 8 9 2 0.5 0.3 9 275 

QPP 22 mean 14 20 7 218 0.6 20 370 
std.dev. 8 15 3 275 0.3 17 139 
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APPENDIX V 

Normative Compositions and Ratios for QPP 

Normative compositions were calculated in the order: ferromagnesian 
and al k a l i minerals, then corundum and quartz. 

Sample 
Number Quartz Corundum Quartz : Albite : Orthoclase 

Per cent 

01 61.4 6.8 65.8 : 2.1 : 32.1 
02 51.7 6.5 55.5 3.2 41.3 
03 52.2 9.9 60.3 . 2.3 37.4 
04 70.3 7.8 76.1 1.1 22.9 
06 60.4 7.7 65.8 2.2 32.1 
07 76.1 5.9 81.7 . 2.1 16.2 
09 75.4 4.6 79.9 2.1 18.0 
10 67.7 6.9 73.6 - 26.4 
11 66.3 8.7 73.4 1.1 25.5 
13 63.0 3.8 65.2 3.1 31.7 
14 67.0 7.1 71.8 - 28.2 
15 55.2 5.4 59.2 2.1 38.7 
16 57.6 5.7 62.3 3.2 34.5 
18 69.5 2.6 71.2 3.0 25.8 
21 54.7 5.9 59.5 . 2.2 38.3 
22 63.8 8.8 70.3 - 29.7 
23 63.3 6.6 66.9 2.1 31.0 
25 64.4 7.9 70.3 9 o 27.5 
29 56.8 9,0 66.1 : 33.9 
33 67.4 4.7 71.0 : 29.0 

zerage 63.2 6.6 68.3 : 1.7 : 30.0 


