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ABSTRACT 

The I s l a n d Copper d e p o s i t a t P o r t Hardy) a p p r o x i m a t e l y 

200 m i l e s n o r t h w e s t o f Vancouver, B. C., c o n s i s t s o f two o r e 

zones w i t h t o t a l r e s e r v e s o f 280,000/tons o f 0.52 p e r c e n t 

c o p p e r and 0.029 p e r c e n t ^ m o l y b d e n i t e . Ore zones o c c u r i n 

J u r a s s i c a n d e s i t i c r o c k s i n t h e h a n g i n g w a l l and f o o t w a l l o f 

a q u a r t z - f e l d s p a r p o r p h y r y d y k e . B r e c c i a s w i t h v o l c a n i c and 

i n t r u s i v e f r a g m e n t s cap t h e dyke and o c c u r a l o n g t h e m a r g i n s . 

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

grad e c o n c e n t r a t i o n s a r e r e s t r i c t e d t o v o l c a n i c r o c k s and mar­

g i n a l b r e c c i a s . 

The r o c k s have been s u b j e c t e d t o c o n t a c t t h e r m a l met a-

morphism and t o h y d r o t h e r m a l a l t e r a t i o n . The metamorphic 

a u r e o l e c a n be s u b d i v i d e d i n t o an i n n e r zone, a d j a c e n t t o t h e 

dyke, c h a r a c t e r i z e d by b i o t i t e and m a g n e t i t e ; an i n t e r m e d i a t e , 

t r a n s i t i o n a l zone c h a r a c t e r i z e d by c h l o r i t e ; and an o u t e r zone 

c h a r a c t e r i z e d by e p i d o t e . The o r e zone i s a s s o c i a t e d w i t h t h e 

i n n e r ( b i o t i t e ) zone and t h e i n n e r p a r t o f t h e i n t e r m e d i a t e 

( t r a n s i t i o n a l ) zone. 

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

b r e c c i a s and t h e p o r p h y r y dyke i s c h a r a c t e r i z e d by f o r m a t i o n o f 

s e r i c i t e , p y r o p h y l l i t e and a k a o l i n group m i n e r a l . P y r o p h y l l i t e 

i s l a r g e l y r e s t r i c t e d t o t h e b r e c c i a w h i c h c a p s t h e d y k e . 

S e r i c i t e and t h e k a o l i n group m i n e r a l ( s ) o c c u r i n t h e m a r g i n a l 

b r e c c i a s and i n s e r i c i t e e n v e l o p e s on q u a r t z v e i n s and open 

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

There a r e f i v e s t a g e s o f c h a i c o p y r i t e d e p o s i t i o n and t h r e e 
s t a g e s o f m o l y b d e n i t e d e p o s i t i o n . However, f i e l d e v i d e n c e 



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

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

orebody. Most o f t h e c h a i c o p y r i t e was d e p o s i t e d b e f o r e t h e 

b u l k o f t h e m o l y b d e n i t e . 

GEOLOG f o r m a t p r o v e d a q u i c k and e f f e c t i v e method o f r e ­

c o r d i n g w a l l r o c k a l t e r a t i o n o b s e r v e d i n d r i l l c o r e . S t a t i s ­

t i c a l s t u d y o f c o r r e l a t i o n , between abundance o f a l t e r a t i o n 

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

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

d e p o s i t i o n t o t h e o r e zone. However a knowledge o f age 

r e l a t i o n s o f a l t e r a t i o n and o r e m i n e r a l s was e s s e n t i a l t o an 

i n t e r p r e t a t i o n o f t h e s t a t i s t i c a l r e s u l t s . 
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GEOLOGY OF THE ISLAND COPPER MINE; " 

PORT HARDY, B.C. 

CHAPTER 1; INTRODUCTION 

LOCATION 

The I s l a n d Copper mine i s on R u p e r t I n l e t a p p r o x i m a t e l y 

seven m i l e s s o u t h o f t h e town o f P o r t Hardy on t h e n o r t h e r n 

p a r t o f V a n c o u v e r I s l a n d w ( F i g u r e 1-1). The mine i s a c c e s s i b l e 

by p u b l i c r o a d s from P o r t Hardy o r by sea t h r o u g h Q u a t s i n o 

Narrows i n t o R u p e r t I n l e t . Barge and f r e i g h t e r d o c k s a r e a t 

t h e mine s i t e . 

E l e v a t i o n s on t h e p r o p e r t y r a n g e f r o m sea l e v e l t o 500 

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

A n n u a l p r e c i p i t a t i o n , w h i c h i n c l u d e s one o r two f e e t o f snow, 

n o r m a l l y a v e r a g e s s e v e n t y - f i v e i n c h e s . Y e a r l y t e m p e r a t u r e 

range i s 20°F t o 80°F. 

PREVIOUS GEOLOGIC WORK 

Dawson (1887) p u b l i s h e d t h e f i r s t maps o f N o r t h e r n 

Vancouver I s l a n d as p a r t o f a c o a s t l i n e r e c o n n a i s a n c e c a r r i e d 

o u t i n 1886. More r e c e n t l y , O'Rourke (1962) d e s c r i b e d t h e 

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

s t u d y f o r U t a h M i n e s L t d . M u l l e r (1970, 1973) mapped t h e 

a r e a i n t h e summers o f 1968 and 1969 as p a r t o f t h e G e o l o g ­

i c a l S u r v y o f Canada's mapping program. N o r t h c o t e (1970, 

1972, 197 3) mapped an e i g h t - m i l e - w i d e s t r i p n o r t h o f R u p e r t 

and H o l b e r g I n l e t s a t one m i l e t o t h e i n c h ( f o r t h e B.C. 

Department o f Mines) d u r i n g t h e summers o f 1968, 1969 and 1970 





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

t h e I s l a n d Copper d e p o s i t . 

SCOPE OF THE PRESENT INVESTIGATION 
The w r i t e r s p e n t n i n e months on t h e I s l a n d Copper p r o p e r t y 

d u r i n g t h e summers o f 1970, 1971 and 1972. D u r i n g t h i s t i m e 

he mapped o u t c r o p s and p i t e x p o s u r e s . I n a d d i t i o n , he r e l o g g e d 

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

"GEOLOG" f o r m a t ( B l a n c h e t and Godwin, 1972). A p p a r e n t l y 

70,000 f e e t o f a d d i t i o n a l c o r e were examined i n l e s s d e t a i l . 

M i n e r a l o g y and t e m p o r a l r e l a t i o n s o f t h e a l t e r a t i o n 

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

and s l a b s , and X - r a y d i f f r a c t i o n t e c h n i q u e s . D u r i n g t h e c o u r s e 

o f t h e s t u d y 300 t h i n - s e c t i o n s , 65 p o l i s h e d s e c t i o n s and s l a b s , 

and a p p r o x i m a t e l y 550 X - r a y d i f f r a c t i o n p a t t e r n s were examined. 

A s t a t i s t i c a l s t u d y o f t h e c o r r e l a t i o n between a l t e r a t i o n , 

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

grades was u n d e r t a k e n f o r t h a t c o r e r e l o g g e d w i t h t h e "GEOLOG" 

f o r m a t . 



CHAPTER 2: REGIONAL GEOLOGY 

INTRODUCTION 

Vancouver I s l a n d n o r t h o f H o l b e r g and R u p e r t I n l e t s 

i s u n d e r l a i n by r o c k s o f t h e Vancouver Group, w h i c h , as d e f i n e d 

by Dawson (188 7 ) , i n c l u d e : t h e Karmutsen F o r m a t i o n , t h e Quat^ 

s i n o F o r m a t i o n , and t h e Bonanza V o l c a n i c s . B a n c r o f t (1913) 

and C r i c k m a y (1928) d e s c r i b e d two a d d i t i o n a l f o r m a t i o n s , P a r s o n 1 

Bay and Harbledown, as l y i n g between t h e Q u a t s i n o F o r m a t i o n 

and t h e Bonanza V o l c a n i c s ( T a b l e 2-1 and F i g u r e 2-1). 

The Vancouver Group i s i n t r u d e d by r o c k s o f J u r a s s i c and 

T e r t i a r y age and d i s c o n f o r m a b l y o v e r l a i n by C r e t a c e o u s s e d i ­

mentary r o c k s . The a r e a i s one o f l a r g e - s c a l e b l o c k f a u l t s 

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

by younger s t r i k e - s l i p f a u l t s w i t h d i s p l a c e m e n t s up t o 2500 

f e e t . 

Mapping i s h i n d e r e d by p a u c i t y o f o u t c r o p and dense f o r e s t 

c o v e r . E x p o s u r e s a r e l i m i t e d t o r o a d s , s t r e a m s , s h o r e l i n e s 

and r a r e c l i f f s . The absence o f d e t a i l e d s t r a t i g r a p h i c i n ­

f o r m a t i o n f u r t h e r c o m p l i c a t e s work i n t h e a r e a . There a r e no 

r e c o g r i i z e d marker u n i t s i n v o l c a n i c r o c k s o f e i t h e r t h e K a r ­

mutsen F o r m a t i o n o r Bonanza V o l c a n i c s w h i c h makes i t e x t r e m e l y 

d i f f i c u l t t o e s t a b l i s h d i s p l a c e m e n t on f a u l t s c o n f i n e d t o t h e s e 

U n i t s . T h i s i n t u r n makes i t i m p o s s i b l e t o d e t e r m i n e t h e 

s t r a t i g r a p h i c t h i c k n e s s o f t h e f o r m a t i o n s . 

The p r e s e n t knowledge o f t h e r e g i o n a l g e o l o g y i s shown i n 

F i g u r e 2-1. The g e o l o g y i s e s t a b l i s h e d on a s m a l l s c a l e , b u t 

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

e s s e n t i a l f o r d e t a i l e d i n t e r p r e t a t i o n . 
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Table 2-1 
TABLE OF FORMATIONS 

After Muller et a l . (1973) 

Period Group or 
Formation 

Lithology Thickness 
(feet) 

Tertiary Eocene Quartz dio r i t e 
• Intrusive Contact • 

Cretaceous 

Jurassic 

Nanaimo Group 

u 
CM 

Greywacke , siltstone, 
shale conglomerate, 
coal 

•Disconformable Contact" 
Queen Charlotte 
Group 

Greywacke, conglom­
erate, siltstone, 
shale, coal 

•Disconformable Contact-
u 
0) 
s 

Long Arm 
Formation 

Greywacke, conglom­
erate, siltstone 

'Unconformable Contact' 
Island Intrusion 

u 

Quartzdiorite, grano-
di o r i t e , quartz mon-
zonite, quartz-
feldspar porphyry 

•Intrusive Contact-
Bonanza Volcanics 

Harbledown (1) 

Andesitic to rhyo-
dacite lava, t u f f , 
breccia 

Greywacke, a r g i l -
l i t e , t u f f 

400 

1,000 
3,500 

200 
1,300 

1,000 
2,500 

Triassic 

u 

Parson's Bay 

Quatsino 

Karmutsen 
(Includes i n 
upper part inter-
volcanic lime­
stone) 

Calcareous s i l t ­
stone , shale, 
greywacke, con­
glomerate , breccia 
Limestone 

Basaltic lava, 
pillow lava, 
breccia 
Limestone 

1,000 
2,000 

100 -
2,500 
10,000 -
20,000 

(1) Harbledown Formation i s correlated with Bonanza Volcanics by Muller 
et a l . (1973). ' . 





VOLCANIC AND SEDIMENTARY ROCKS 

Karmutsen F o r m a t i o n 

Upper T r i a s s i c Karmutsen F o r m a t i o n , t h e o l d e s t r o c k s i n 

n o r t h e r n V a n c o u v e r I s l a n d , u n d e r l i e a p p r o x i m a t e l y f i f t y p e r c e n t 

o f t h e a r e a ( F i g u r e 2-1). A l t h o u g h t h e s t r a t i g r a p h i c t h i c k n e s s 

o f t h e f o r m a t i o n has n o t been measured i n t h i s a r e a , M u l l e r e t 

a l . ( 1 9 7 3 ) e s t i m a t e i t t o be 10,000 t o 20,000 f e e t . 

Rocks o f t h e Karmutsen F o r m a t i o n a r e p r e d o m i n a n t l y p o r -

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

p i l l o w b a s a l t , f o r m a t i o n a l b r e c c i a s and t u f f s . S i x c h e m i c a l 

a n a l y s e s r e p o r t e d by M u l l e r (1971) s u g g e s t a r a n g e i n comp­

o s i t i o n between t h o l e i i t e s and h i g h a l u m i n a b a s a l t s . T h i s 

agrees w i t h r e s u l t s o f more e x t e n s i v e a n a l y s e s o f Karmutsen 

r o c k s i n t h e B u t t l e Lake A r e a (Surdam, 1967) and on Texada . 

I s l a n d ( A s i h e n e , 1 9 70). 

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

Karmutsen F o r m a t i o n . The d i s t r i b u t i o n o f l i m e s t o n e o u t c r o p s 

i s e r r a t i c and s u g g e s t s a s e r i e s o f l e n s e s a t t h e same g e n e r a l 

s t r a t i g r a p h i c h o r i z o n r a t h e r t h a n one c o n t i n u o u s bed. 

The l o w e r c o n t a c t o f t h e f o r m a t i o n has n o t been o b s e r v e d 

on t h e n o r t h e r n p a r t o f Vancouver I s l a n d . The upper c o n t a c t 

w i t h l i m e s t o n e o f t h e Q u a t s i n o F o r m a t i o n g e n e r a l l y i s s h a r p 

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

a r e i n t e r b e d d e d o v e r a narrow s t r a t i g r a p h i c i n t e r v a l a t t h i s 

c o n t a c t . 

Low-grade metamorphism o f t h e Karmutsen F o r m a t i o n r o c k s 

has r e s u l t e d i n p e r v a s i v e c h l o r i t i z a t i o n and amygdules f i l l e d 

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



N o r t h c o t e (1970) r e p o r t s p u m p e l l y i t e , w h i c h p l a c e s t h e r o c k s 

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

( M u l l e r e t a l . , 1973). 

B a s a l t i c r o c k s a l o n g c o n t a c t s w i t h i n t r u s i v e s t o c k s a r e 

i n many p l a c e s c o n v e r t e d t o d a r k - c o l o u r e d h o r n b l e n d e h o r n f e l s . 

S k a r n zones o c c u r s p o r a d i c a l l y a l o n g t h e s e c o n t a c t s , b o t h i n 

t h e i n t e r - l a v a l i m e s t o n e s and i n t h e b a s a l t s . 

Q u a t s i n o F o r m a t i o n 

The Upper T r i a s s i c Q u a t s i n o F o r m a t i o n , d e f i n e d by Dolmage 

(1919), p a r a c o n f o r m a b l y o v e r l i e s t h e Karmutsen F o r m a t i o n . 

D i s t r i b u t i o n o f t h i s u n i t i s shown on F i g u r e 2-1. 

Q u a t s i n o F o r m a t i o n c o n s i s t s o f m a s s i v e l i m e s t o n e w i t h r a r e , 

t h i n (2 t o 3 i n c h e s ) i n t e r b e d s o f t u f f a c e o u s m a t e r i a l . The 

u n i t r a n g e s i n t h i c k n e s s f rom 100 t o 2500 f e e t . The u pper 

c o n t a c t w i t h t h e o v e r l y i n g P a r s o n ' s Bay F o r m a t i o n i s g r a d a t i o n a l 

w i t h l i m e s t o n e s g r a d i n g upward i n t o c a r b o n a c e o u s a r g i l l i t e s . 

M u l l e r and Rahmani (1970) p l a c e t h e upper c o n t a c t a t t h e f i r s t 

i n f l u x o f c l a s t i c m a t e r i a l . 

The r o c k s o f t h e Q u a t s i n o F o r m a t i o n show l i t t l e e v i d e n c e 

o f metamorphism e x c e p t f o r c o n t a c t m e t a m o r p h i c / m e t a s o m a t i c 

a u r e o l e s a d j a c e n t t o i n t r u s i v e s t o c k s . L i m e s t o n e n e a r a few 

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

P a r s o n ' s Bay F o r m a t i o n 

The P a r s o n ' s Bay F o r m a t i o n o f Upper T r i a s s i c age was 

e s t a b l i s h e d by B a n c r o f t (1913) a t P a r s o n ' s Bay on Harbledown 

I s l a n d . The t e r m was r e i n t r o d u c e d by M u l l e r e t a l . (1973) 

as a s u b s t i t u t e f o r t h e Upper T r i a s s i c p a r t o f t h e s e d i m e n t a r y 

d i v i s i o n o f t h e Bonanza Group. The d i s t r i b u t i o n o f t h e 
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f o r m a t i o n i s shown on F i g u r e 2-1. T h i c k n e s s e s r a n g e f r o m 

200 t o 2,000 f e e t . 

The Q u a t s i n o - P a r s o n 1 s Bay c o n t a c t i s g r a d a t i o n a l t h r o u g h 

a sequence o f g r e y l i m e s t o n e c h a r a c t e r i s t i c o f t h e Q u a t s i n o 

F o r m a t i o n , and b l a c k c a l c a r e o u s s i l t s t o n e s , s h a l e s , and l i m e ­

s t o n e s w i t h s h a l e y i n t e r b e d s c h a r a c t e r i s t i c o f t h e P a r s o n ' s 

Bay F o r m a t i o n . M u l l e r e t a l . (1973) d e f i n e t h e c o n t a c t as t h e 

l o w e s t s t r a t i g r a p h i c h o r i z o n where b l a c k l i m e s t o n e , s h a l e and 

s i l t s t o n e p r e d o m i n a t e o v e r g r e y l i m e s t o n e . The upper c o n t a c t 

between P a r s o n ' s Bay F o r m a t i o n and Bonanza V o l c a n i c s i s t h e 

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

o r f l o w s o c c u r . 

The P a r s o n ' s Bay F o r m a t i o n n o r t h o f t h e mine c o n s i s t s o f 

a b a s a l b l a c k l i m e s t o n e g r a d i n g upward i n t o b l a c k c a l c a r e o u s 

s h a l e s and s i l t s t o n e s . 

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

l o c a l l y w i t h i n t h e a r g i l l i t e s as f r a c t u r e f i l l i n g s and a l o n g 

b e d d i n g p l a n e s . A few beds appear t o be s a t u r a t e d w i t h t h e 

h y d r o c a r b o n . 

On a r e g i o n a l s c a l e t h e r o c k s a r e unmetamorphosed. C o n t a c t 

e f f e c t s a d j a c e n t t o g r a n i t i c i n t r u s i o n s have n o t been r e c o r d e d . 

Harbledown F o r m a t i o n 

The Lower J u r a s s i c Harbledown F o r m a t i o n was d e f i n e d by 

C r i c k m a y (1928) on t h e b a s i s o f mapping on Hanson, Harbledown 

and Swanson I s l a n d s . M u l l e r e t a l . (1973) have r e i n t r o d u c e d t h e 

term t o d e s i g n a t e t h e Lower J u r a s s i c a r g i l l i t e - g r e y w a c k e 

sequence on t h e i s l a n d s i n Queen C h a r l o t t e Sound. They have 

c o r r e l a t e d t h e s e r o c k s w i t h t h e Bonanza V o l c a n i c s o f w e s t e r n 
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Vancouver I s l a n d . 

The l i t h o l o g y o f t h e u n i t i n i t s t y p e l o c a l i t y i s dom-

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

P a r s o n ' s Bay F o r m a t i o n by i t s n o n - c a l c a r e o u s c h a r a c t e r . 

Bonanza V o l c a n i c s 

The name "Bonanza Subgroup" o r i g i n a l l y was a p p l i e d t o 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 v e r l y i n g t h e Q u a t s i n o F o r m a t i o n on 

t h e west s i d e o f Bonanza Lake (Gunning, 1932). M u l l e r e t a l . 

(1973) have r e s t r i c t e d t h e t e r m "Bonanza" t o v o l c a n i c r o c k s o v e r ­

l y i n g Lower J u r a s s i c o r Upper T r i a s s i c s e d i m e n t a r y r o c k s . The 

name "Bonanza V o l c a n i c s " i s used f o r t h i s f o r m a t i o n . The d i s ­

t r i b u t i o n o f t h e v o l c a n i c r o c k s i s shown i n F i g u r e 2-1. 

The base o f t h e Bonanza V o l c a n i c s i s t h e l o w e s t l a v a o r v o l ¬

c a n i c b r e c c i a o v e r l y i n g t h e P a r s o n ' s Bay s e d i m e n t s ( M u l l e r e t a l . 

1973). Bonanza V o l c a n i c s a r e o v e r l a i n d i s c o n f o r m a b l y by C r e t ­

aceous s e d i m e n t a r y r o c k s . 

Few o u t c r o p s and abundant f a u l t s make i t e x t r e m e l y d i f f i c u l t 

t o measure t h e t h i c k n e s s o f t h i s u n i t . The b e s t a v a i l a b l e e s t ­

i m a t e , i s 8,500 f e e t ( M u l l e r e t a l . , 1973). 

The Bonanza V o l c a n i c s f o r m a t i o n c o n s i s t s o f bedded and mass­

i v e t u f f s , f o r m a t i o n a l b r e c c i a s a n d ' r a r e a m y g d o l o i d a l and p o r ~ 

p h y r i t i c f l o w s . P o r p h y r i t i c dykes and s i l l s i n t r u d e t h e l o w e r 

p a r t o f t h e u n i t . N o r t h c o t e (1970) r e p o r t s t h e c o m p o s i t i o n o f 

the r o c k s , b ased on r e f r a c t i v e i n d i c e s d e t e r m i n a t i o n o f g l a s s 

beads made by f u s i n g powdered r o c k s a m p l e s , t o be b a s a l t t o 

a n d e s i t e t h r o u g h t h e b u l k o f t h e s e c t i o n , w i t h some r h y o d a c i t e 

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

c h e m i c a l a n a l y s e s f o r samples f r o m an 8,500 f o o t 



s e c t i o n o f t h e Bonanza V o l c a n i c s F o r m a t i o n s r e p o r t e d by M u l l e r 

e t a l . (1973). 

R e g i o n a l metamorphism w i t h i n t h e Bonanza V o l c a n i c s i s v e r y 

low g r a d e , p o s s i b l y z e o l i t e f a c i e s . P l a g i o c l a s e commonly i s 

a l b i t i z e d and s a u s s u r i t i z e d . C h l o r i t e , e p i d o t e and l a u m o n t i t e 

o c c u r w i t h i n t h e m a t r i x o f v o l c a n i c b r e c c i a s , i n v e i n l e t s , 

and i n amygdules. C o a r s e i n t r a f o r m a t i o n a l b r e c c i a s l o c a l l y 

a r e h e m a t i t i z e d . 

B i o t i t e and a m p h i b o l i t e h o r n f e l s e s o c c u r a d j a c e n t t o s t o c k s 

w h i c h i n t r u d e t h e Bonanza V o l c a n i c s . 

" P y r o b i t u m e n " , a b l a c k h y d r o c a r b o n e r r a t i c a l l y d i s t r i b u t e d 

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

o r i n t h e c e n t r e s o f z e o l i t e - c a r b o n a t e v e i n s . I t s d i s t r i b u t i o n 

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

The Lower J u r a s s i c age o f t h e Bonanza V o l c a n i c s i s e s t a b ­

l i s h e d by f o s s i l s i n i n t e r b e d d e d s e d i m e n t s . I n a d d i t i o n , 

p o t a s s i u m - a r g o n whole r o c k d a t e s r e p o r t e d by N o r t h c o t e ( 1 9 7 2 ) , 

s u g g e s t a 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 age. N o r t h c o t e 

c o n s i d e r e d t h e whole r o c k ages as minimum ones and b e l i e v e s t h e 

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

ages. 

Lower C r e t a c e o u s Rocks 

Lower C r e t a c e o u s r o c k s a r e d i v i d e d i n t o t h r e e u n i t s : 

Longarm F o r m a t i o n , Queen C h a r l o t t e Group and Suquash F o r m a t i o n 

( M u l l e r e t a l . , 1973). These u n i t s a r e d e s c r i b e d i n d e t a i l by 

M u l l e r . 

Lower C r e t a c e o u s r o c k s l i e d i s c o n f o r m a b l y on Bonanza V o l ­

c a n i c s . They c o n s i s t o f w e l l - i n d u r a t e d c o a r s e c o n g l o m e r a t e s , 
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s i l t s t o n e s , s a n d s t o n e s and greywackes w i t h o c c a s i o n a l s m a l l , 

d i s c o n t i n u p u s c o a l seams. M u l l e r e t a l . (1973) b e l i e v e t h a t 

t h e y formed d u r i n g a m o l a s s e - t y p e s e d i m e n t a t i o n c y c l e . 

INTRUSIVE ROCKS 

S t o c k s 

A n o r t h w e s t - t r e n d i n g zone o f i n t r u s i v e s t o c k s e x t e n d s f r o m 

t h e e a s t end o f R u p e r t I n l e t t o Queen C h a r l o t t e Sound ( F i g u r e 

2-1). These s t o c k s range i n c o m p o s i t i o n f r o m d i o r i t e t o q u a r t z 

m o n z o n i t e and d i s p l a y a wide v a r i e t y o f t e x t u r e s . 

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 r e p o r t e d by N o r t h c o t e 

(1972), and C a r s o n (1973) i n d i c a t e t h a t t h e s t o c k s c r y s t a l l i z e d 

d u r i n g t h e e a r l y t o m i d d l e J u r a s s i c t i m e (179.5-148 m.y.) 

Q u a r t z - F e l d s p a r P o r p h y r y Dykes 

Q u a r t z - f e l d s p a r p o r p h y r y dykes o c c u r a l o n g t h e s o u t h edge o f 

t h e zone o f s t o c k s . Because t h e y a r e narrow ( l e s s t h a n 100 f e e t ) 

and s h o r t ( l e s s t h a n 500 f e e t ) , t h e y a r e n o t shown i n F i g u r e 2-1. 

Dykes a r e c h a r a c t e r i z e d by c o a r s e , s u b h e d r a l q u a r t z and 

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

q u a r t z and f e l d s p a r m a t r i x . Phases w i t h i n t h e s t o c k .at t h e e a s t 

end o f R u p e r t I n l e t , w h i c h have t e x t u r e s s i m i l i a r t o t h e q u a r t z -

f e l d s p a r p o r p h y r y d y k e s , s u g g e s t t h a t t h e dykes a r e apophyses 

from t h e s t o c k s . R a d i o m e t r i c age d e t e r m i n a t i o n s have n o t been 

made on t h e dyke r o c k s . 

F e l s i c Dykes and S i l l s 

F e l s i c dykes and s i l l s o c c u r a r o u n d t h e m a r g i n s o f some 

i n t r u s i v e s t o c k s . They a r e l e s s t h a n f i v e f e e t wide and two o r 
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t h r e e hundred f e e t l o n g . These f i n e - g r a i n e d , p i n k , f e l s i t i c 

r o c k s c u t r o c k s o f t h e Karmutsen F o r m a t i o n , t h e Q u a t s i n o 

F o r m a t i o n and t h e Bonanza V o l c a n i c s . N o r t h c o t e ( p e r s o n a l 

c o m m u n i c a t i o n , 1971) has n o t e d a s i m i l a r i t y between t h e s e 

dykes and t h e r h y o d a c i t e s o c c u r i n g a t t h e t o p o f t h e Bonanza 

V o l c a n i c s . The dykes have had l i t t l e e f f e c t on t h e r o c k s t h e y 

i n t r u d e . 

A n d e s i t e Dykes 

Dykes o f a n d e s i t i c c o m p o s i t i o n , w h i c h c u t t h e Karmutsen 

F o r m a t i o n , t h e Q u a t s i n o F o r m a t i o n and t h e P a r s o n ' s Bay F o r m a t i o n , 

were f e e d e r s f o r Bonanza v o l c a n i s m . These dykes g e n e r a l l y 

a r e l e s s t h a n t e n f e e t w i d e . They a r e e a s i l y r e c o g n i z e d i n t h e 

Q u a t s i n o and t h e P a r s o n ' s Bay F o r m a t i o n s , b u t a r e d i f f i c u l t t o 

i d e n t i f y i n v o l c a n i c r o c k s o f t h e Karmutsen F o r m a t i o n . 

B a s a l t - D a c i t e Dykes 

T e r t i a r y b a s a l t - d a c i t e dykes a r e r e p o r t e d by N o r t h c o t e 

(1970) as i n t r u d i n g l o w e r C r e t a c e o u s s e d i m e n t a r y r o c k s . He 

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

l o w e r C r e t a c e o u s s e d i m e n t s . 

REGIONAL STRUCTURE 

The map a r e a ( F i g u r e 2-1) i s c h a r a c t e r i z e d by g e n t l y 

d i p p i n g beds o f f s e t by a complex p a t t e r n o f f a u l t s . The 

t r a t a , e x c e p t f o r t h e g e n t l e d i p , a r e e s s e n t i a l l y undeformed. 

F o l d i n g and f l e x u r i n g o f b e d d i n g i s o b s e r v e d o n l y a d j a c e n t t o 

major f a u l t s . •. , . 
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Bedding 

B e d d i n g i s w e l l d e v e l o p e d w i t h i n t h e Q u a t s i n o and P a r s o n ' s 

Bay F o r m a t i o n s . B e d d i n g i n v o l c a n i c r o c k s i s p o o r l y d e v e l o p e d . 

A l l u n i t s a r e s t r u c t u r a l l y c o n f o r m a b l e , w i t h s t r i k e s s l i g h t l y 

n o r t h o f west and d i p s between 20° and 4 0° t o t h e s o u t h w e s t . 

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

and a r e t h e r e s u l t o f d r a g . 

F a u l t s 

The a r e a i s one o f b l o c k f a u l t s o f f s e t by younger f a u l t s 

w i t h s u b s t a n t i a l s t r i k e - s l i p movements. Three p r o m i n e n t d i r e c t i o n s 

o f f a u l t i n g ; n o r h t w e s t , n o r t h e a s t and e a s t - n o r t h e a s t a r e r e c o r d e d 

( F i g u r e 2-1). N o r t h w e s t - t r e n d i n g f a u l t s a r e most o b v i o u s and 

p o s s i b l y most i m p o r t a n t . These f a u l t s c u t C r e t a c e o u s and 

o l d e r r o c k s and cause r e p i t i t i o n o f l a r g e p a r t s o f t h e s t r a t ­

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

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

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

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

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

hundreds o f f e e t . The e a s t - n o r t h e a s t f a u l t s a r e p o o r l y d e v e l o p e d 

and t h e i r age r e l a t i v e t o o t h e r f a u l t s e t s has n o t been 

e s t a b l i s h e d . 

M i n e r a l D e p o s i t s and R e g i o n a l A l t e r a t i o n 

M ines and m i n e r a l o c c u r e n c e s shown i n F i g u r e 2-2 a r e d i v i d e d 

i n t o f o u r g r o u p s : 
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1. 

3. 

Known or  
P r o b a b l e  
Age 

Mid 
J u r a s s i c 

J u r a s s i c 
and 
T e r t i a r y 

J u r a s s i c 
and 
T e r t i a r y 

J u r a s s i c 
and 
T e r t i a r y 

Upper 
T r i a s s i c 

J u r a s s i c 
and 
T e r t i a r y 

T a b l e 2-2 

CLASSES OF METALLIFEROUS DEPOSITS 
( A f t e r K. £. Northcote, i n M u l l e r e t a l . , 1973) 

C l a s s 

P o r p h y r y 
Copper 

L e a d - Z i n c 
Skarn o r Re­
placement i n 
Limestone 

Copper 
Skarns 

I r o n Skarns 

Copper i n 
B a s i c V o l c a n i c s 

M e t a l 

Cu 0.5% 
MoS 2 0.029% 

Pb, Zn, 
<Ag, Au) 

Cu (Au, 
A g f Fe) 

Fe (Cu) 

Cu 

C o p p e r - B e a r i n g Cu 
Q u a r t z V e i n s (Mo/Ag 
& Shear Zones Au, Zn) 

Example M i n e r a l o g y 

I s l a n d C h a i c o p y r i t e , raolybden-
Copper i t e , ( b o r n i t e ) , magne­

t i t e , p y r i t e , h e m a t i t e 

H.P.H. S p h a l e r i t e , g a l e n a 

Ol d S p o r t - C h a i c o p y r i t e , b o r n i t e 
Benson m a g n e t i t e 
Lake 

Merry M a g n e t i t e , minor 
Widow s p e c u l a r i t e and 

s u l p h i d e s 

M i n n i n g - C h a i c o p y r i t e , b o r n i t e , 
t o n . R i c k n a t i v e copper 

Q u a t s i n o C h a l c o c i t e , c h a l c o -
King p y r i t e , ( p y r i t e , 

p y r r h o t i t e , m o l y b d e n i t e ) 

Host and A s s o c i a t e d 
Forma t i o n 

Bonanza v o l c a n i c s ; p y r o -
c l a s t i c r o c k s o f a n d e s i t e 
and b a s a l t c o m p o s i t i o n * To 
a l e s s e r e x t e n t b r e c c i a t e d 
and a l t e r e d q u a r t z - f e l d s p a r 
p o r p h y r y 

Limestone o f S i c k e r Group* 
upper Karmutsen and Q u a t s i n o 
F o r m a t i o n s 

S i c k e r Group l i m e s t o n e , i n 
s k a r n i f i e d v o l c a n i c and s e d i ­
mentary r o c k s a t Q u a t s i n o -
Karmutsen c o n t a c t . Some de­
p o s i t s i n Quatsino-Karmutsen 
l i m e s t o n e s 

Q u a t s i n o F o r m a t i o n and/or 
a d j a c e n t s k a r n i f i e d v o l c a n i c 
and i n t r u s i v e r o c k s 

Karmutsen B a s a l t , t u f f and 
b r e c c i a 

Karmutsen Formation, Bonanza 
V o l c a n i c s , g r a n i t i c r o c k s " 

S t r u c t u r a l C o n t r o l A s s o c i a t e d A l t e r a t i o n I n t r u s i v e ( G e n e t i c - S p a t i a l ) 

B r e c c i a t i o n i n and a d j a c e n t 
t o q u a r t z - f e l d s p a r p o r p h y r y 
i n t r u d i n g Bonanza r o c k s 
presumably f o l l o w i n g shear 
zones. 

3. L i m e s t o n e - i n t r u s i v e c o n t a c t s 
f o l d s , f r a c t u r e s , b r e c c i a 
zones and f a v o u r a b l e 
h o r i z o n s 

4. I n t r u s i v e c o n t a c t s , f o l d s 
f r a c t u r e s , s t r a t i g r a p h i c 
c o n t a c t s , b r e c c i a zones 

5. A m y g d a l o i d a l beds, f r a c t u r e s 
s m a l l s h e a r s i n b a s i c 

. v o l c a n i c r o c k s 

6. Narrow shear zones, l a r g e 
f r a c t u r e s , f r a c t u r e zones 
near f a u l t s and c o n t a c t s 

E p i d o t e , c h l o r i t e , s e r i c i t e , 
p y r i t e , b i o t i t e , s i l i c a , k a o l i n , 
p y r o p h y l l i t e , d u m o r t i e r i t e , 
c a r b o n a t e , l a u m o n i t e , 
pyrobitumen 

<* 

S i l i c i f i c a t i o n , s k a r n 

S k a r n i f i c a t i o n , e p i d o t e , g a r n e t , 
v a r i o u s o t h e r c a l c i u m s i l i c a t e s 
i n c l u d i n g w o l l a s t o n i t e , d i o p s i d e , 
a c t i n o l i t e , h e d e n b e r g i t e , e t c . , 
and i l v a i t e . 

S k a r n i f i c a t i o n as above 

May o r may n o t be a s s o c i a t e d 
w i t h c a r b o n a t e and/or q u a r t z 

S t r o n g s i l i c i f i c a t i o n and/or 
c a r b o n a t i z a t i o n may o r may 
n o t be p r e s e n t 

S i l i c i c s t o c k s and q u a r t z - f e l d s p a r 
p o r p h y r y complex. 

G r a n i t i c t o g a b b r o i c and p o r p h y r i -
t i c i n t r u s i o n s 

J u r a s s i c and T e r t i a r y i n t r u s i v e 
o f v a r i e d c o m p o s i t i o n 

J u r a s s i c and T e r t i a r y i n t r u s i v e 
o f v a r i e d c o m p o s i t i o n 

None; thought t o be g e n e r a t e d 
w i t h i n the v o l c a n i c r o c k s 

G r a n i t i c t o g a b b r o i c and p o r -
p h y r i t i c i n t r u s i o n s b e l i e v e d 
t o be g e n e t i c a l l y r e l a t e d t o 
t h e s e d e p o s i t s 
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(1) P o r p h y r y c o p p e r d e p o s i t s 

(2) S k a r n d e p o s i t s 

(3) Copper M i n e r a l i z a t i o n i n V o l c a n i c Rocks 

(4) V e i n d e p o s i t s 

The system o f c l a s s i f i c a t i o n i s t h a t u s e d by C a r s o n (1968). 

P o r p h y r y c o p p e r d e p o s i t s on t h e n o r t h end o f V a n c o u v e r I s l a n d 

a r e a s s o c i a t e d w i t h b o d i e s o f q u a r t z - f e l d s p a r p o r p h y r y w h i c h 

i n t r u d e t h e Bonanza V o l c a n i c s . A l l known p o r p h y r y c o p p e r show­

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

V o l c a n i c s a p p r o x i m a t e l y one m i l e wide and f i f t e e n m i l e s l o n g 

( F i g u r e 2-2). N o r t h c o t e (1970) d e s c r i b e d t h e a l t e r a t i o n i n t h i s 

zone as p r e d o m i n a n t l y s i l i c i f i c a t i o n and a r g i l l i z a t i o n w i t h 

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

t y p e i s r e s t r i c t e d t o t h e Bonanza V o l c a n i c s . 

S k a r n d e p o s i t s o f c o p p e r , i r o n and l e a d - z i n c a r e a s s o c i a t e d 

w i t h i n t r u s i v e r o c k s c u t t i n g l i m e s t o n e s o f t h e upper Karmutsen 

F o r m a t i o n , t h e Q u a t s i n o F o r m a t i o n s and t h e l o w e r c a r b o n a t e 

sequence o f t h e P a r s o n ' s Bay F o r m a t i o n (compare F i g u r e s 2-1 

and 2-2). S k a r n s m o s t l y o c c u r a l o n g t h e l i m e s t o n e - i n t r u s i o n 

c o n t a c t , b u t a t some s k a r n showings i n t r u s i v e r o c k s t a r e n o t 

exposed. C o n t a c t a l t e r a t i o n c o n s i s t s o f s i l i c i f i c a t i o n o f t h e 

l i m e s t o n e and f o r m a t i o n o f e p i d o t e - a n d r a d i t e - m a g n e t i t e s k a r n s 

l o c a l l y accompanied by h e d e n b e r g i t e and i l v a i t e b o t h i n l i m e ­

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

and g a l e n a o c c u r w i t h i n t h e s e s k a r n s ( T a b l e 2 - 2 ) . 

The c o p p e r showings i n v o l c a n i c r o c k s a r e r e s t r i c t e d t o 

the Karmutsen F o r m a t i o n . C h a i c o p y r i t e , b o r n i t e and n a t i v e 

copper o c c u r i n amygdules, f r a c t u r e s and s m a l l s h e a r s . 



A s s o c i a t e d a l t e r a t i o n c o n s i s t s o f m i n o r amounts o f c a r b o n a t e 

and q u a r t z . 

V e i n d e p o s i t s o c c u r i n t h e Karmutsen F o r m a t i o n , t h e Bon­

anza V o l c a n i c s and g r a n i t i c r o c k s ( F i g u r e 2-2). C h a l c o c i t e and 

c h a i c o p y r i t e w i t h p y r i t e , p y r r h o t i t e , and m o l y b d e n i t e o c c u r i n 

s h e a r zones, l a r g e f r a c t u r e s and f r a c t u r e zones n e a r f a u l t s . 

I n t e n s e s i l i c i f i c a t i o n and c a r b o n a t i z a t i o n can be a s s o c i a t e d 

w i t h t h e c o p p e r m i n e r a l i z a t i o n . 
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CHAPTER 3: MINE GEOLOGY 

INTRODUCTION 

I s l a n d Copper mine o c c u r s i n the v o l c a n i c s e c t i o n o f t h e 

Bonanza V o l c a n i c s . Ore zones a r e i n v o l c a n i c r o c k s i n t h e 

h a n g i n g - w a l l and- f o o t w a l l o f a q u a r t z - f e l d s p a r p o r p h y r y dyke. ^ 

The dyke c o n t a i n s minor amounts o f c h a i c o p y r i t e b u t v e r y l i t t l e • 

o r e - g r a d e m a t e r i a l . 

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

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

an o b v i o u s p r e r e q u i s i t e t o a s t u d y o f t h e w a l l - r o c k a l t e r a t i o n 

a s s o c i a t e d w i t h t h e d e p o s i t . S t r a t i g r a p h i c p o s i t i o n may g i v e 

an i n d i c a t i o n o f t h e d e p t h a t w h i c h t h e a l t e r a t i o n formed and 

from t h i s p r e s s u r e s can be i n t e r p r e t e d . The l i t h o l o g y g o v e r n s t h e 

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

F r a c t u r e s and f a u l t s w h i c h e x i s t e d a t t h e t i m e o f f o r m a t i o n o f 

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

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

and t h e p a t t e r n s o f a l t e r a t i o n . 

STRATIGRAPHIC POSITION 

Because o f t h e absence o f d e t a i l e d s t r a t i g r a p h i c knowledge 

o f t h e Bonanza V o l c a n i c s , i t i s d i f f i c u l t t o d e t e r m i n e t h e e x a c t 

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

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

F i r s t , t h e s t r a t i g r a p h i c t h i c k n e s s o f t h e Bonanza V o l c a n i c s 

must be e s t a b l i s h e d . M u l l e r (1970) measured a s e c t i o n o f 8,500 

f e e t o f Bonanza V o l c a n i c s and J e l e t s k y (1969) r e p o r t s a s e c t i o n 

o f 8,000 f e e t . These f i g u r e s g i v e an i n d i c a t i o n o f t h e o r d e r 



o f magnitude o f t h e t h i c k n e s s o f t h e u n i t . C o n s i d e r a b l e 

l a t e r a l t h i c k e n i n g and t h i n n i n g may be p r e s e n t i n t h i s v o l ­

c a n i c s e c t i o n , b u t t h e s e c a n n o t be e s t i m a t e d . 

Assuming no r e p e t i t i o n o f the s e c t i o n due t o f a u l t i n g , t h e 

I s l a n d Copper d e p o s i t i s , on the b a s i s o f geometry, a b o u t 5,000 

f e e t s t r a t i g r a p h i c a l l y above the l o w e r c o n t a c t w i t h t h e P a r s o n ' s 

Bay F o r m a t i o n . However, t h e r e i s l i t t l e o u t c r o p between t h i s 

c o n t a c t and t h e mine a r e a . Because t h r e e major n o r t h e a s t 

t r e n d i n g lineaments,- w h i c h may r e p r e s e n t f a u l t s , l i e between 

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

based s o l e l y on geometry a r e e x t r e m e l y h a z a r d o u s . 

S u r f a c e diamond d r i l l i n g a t t h e d e p o s i t has p e n e t r a t e d 

1,200 f e e t o f t h e s t r a t i g r a p h i c s e c t i o n w i t h o u t i n t e r s e c t i n g t h e 

Par s o n ' s Bay F o r m a t i o n . Assuming no r e p e t i t i o n o f s e c t i o n i n 

t h e r o c k s d r i l l e d , p a r t o f t h e d e p o s i t formed a t l e a s t 1,200 

f e e t above t h e P a r s o n ' s Bay F o r m a t i o n . 

L i m i t s t o t h e d e p o s i t ' s d e p t h o f f o r m a t i o n may be e s t i m a t e d 

from t h i s d a t a . Maximum d e p t h w o u l d be 6,800 f e e t t h a t i s t h e 

e n t i r e t h i c k n e s s o f t h e Bonanza V o l c a n i c F o r m a t i o n (8,000 f e e t ) 

l e s s t h e 1,200 f e e t i n t e r s e c t e d by d r i l l i n g . The minimum d e p t h 

would be z e r o f e e t as t h e 1,200 f e e t o f r o c k i n t e r s e c t e d by 

d r i l l i n g c o u l d r e p r e s e n t t h e e n t i r e t h i c k n e s s o f t h e Bonanza 

V o l c a n i c s i n t h e v i c i n i t y o f t h e mine. A r e a s o n a b l e e s t i m a t e 

l i e s between 1,000 and 5,000 f e e t . T h i s e s t i m a t e i s s u p p o r t e d 

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

V o l c a n i c Rocks 

The Bonanza V o l c a n i c s i n t h e mine a r e a a r e p a r t o f a 

p i l e o f a n d e s i t i c p y r o c l a s t i c r o c k s w i t h wide v a r i a t i o n s i n 

t e x t u r e . These r o c k s form a b e l t w h i c h s t r i k e s N70°W and 

d i p s 25° - 30° SW. P r i m a r y t e x t u r e s o f t h e v o l c a n i c r o c k s 

a r e i n c r e a s i n g l y more vague as t h e dyke i s approached and 

d i s a p p e a r w i t h i n 400 f e e t o f t h e dyke c o n t a c t ( F i g u r e 3 -3). 

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

l a p i l l i t u f f s and f o r m a t i o n a l b r e c c i a s ( P l a t e I f , A,B,C,D, 

E; and P l a t e IV., .&,B) w i t h r a r e beds o f c h e r t . These u n i t s 

have v e r y l i m i t e d l a t e r a l e x t e n t , w h i c h makes i t i m p o s s i b l e t o 

c o r r e l a t e most i n d i v i d u a l u n i t s between s e c t i o n s 200 f e e t a p a r t . 

However, an e x c e p t i o n i s a u n i t o f h e m a t i t i z e d b r e c c i a , w h i c h 

i s exposed i n c o r e , a l o n g t h e s h o r e o f R u p e r t I n l e t s o u t h o f t h e 

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

I t has been t r a c e d more t h a n 6,000 f e e t a l o n g s t r i k e on t h e s o u t h 

s i d e o f t h e d e p o s i t . 

B e d d i n g and g r a d e d - b e d d i n g a r e o b s e r v e d i n good e x p o s u r e s 

o f t u f f s and l a p i l l i t u f f s . B r e c c i a s l o c a l l y show b e d d i n g b u t 

tend t o be m a s s i v e . 

Few o f t h e v o l c a n i c r o c k s have r e t a i n e d t h e i r o r i g i n a l 

t e x t u r e s . T e x t u r e s a r e p r e s e r v e d i n l i t h i c l a p i l l i t u f f s , l i t h i c 

and c r y s t a l t u f f s and f o r m a t i o n a l b r e c c i a s . L i t h i c f r a g m e n t s 

g e n e r a l l y a r e p o r p h y r i t i c sometimes w i t h a t r a c h y t i c m a t r i x . 

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

I n v o l c a n i c r o c k s n e a r t h e ore b o d y , a l t e r a t i o n i s so i n t e n s e 

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

r o c k s . P l a g i o c l a s e p h e n o c r y s t s a r e i n v a r i a b l y a l b i t i z e d . M a f i c 
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PLATE I 

OUTCROPS AND HAND SPECIMENS 

A. Bonanza V o l c a n i c s - F o r m a t i o n a l B r e c c i a 
M a t r i x and many f r a g m e n t s a r e c o l o r e d b o x - c a r r e d by p e r v a s i v e 
h e m a t i t e . S c a l e on o u t c r o p i s one i n c h . 

B. Bonanza V o l c a n i c s - L i t h i c T u f f 
I n t r i c a t e s e d i m e n t a r y and p o s t - d i a g e n e t i c s t r u c t u r e s a r e shown 
by some o f p y r o c l a s t i c r o c k s . S c a l e on o u t c r o p i s one i n c h . 

C. Bonanza V o l c a n i c s - L i t h i c L a p i l l i T u f f 
T h i s sample i s t y p i c a l o f v o l c a n i c s on t h e n o r t h w a l l o f t h e 
p i t . B e d d i n g i s d i f f i c u l t t o d i s c e r n b u t f r a g m e n t a l n a t u r e 
o f r o c k i s a p p a r e n t . 

D. Bonanza V o l c a n i c s - L i t h i c L a p i l l i T u f f 
A t h i n s e c t i o n o f C showing L i t h i c n a t u r e o f f r a g m e n t s 

E. Bonanza V o l c a n i c s - F o r m a t i o n a l B r e c c i a 
Fragments a r e c o l o u r e d b o x - c a r r e d by p e r v a s i v e h e m a t i t e . 
M a t r i x i s c o l o u r e d c h a l k y w h i t e by z e o l i t e ( l a u m o n t i t e ) . 

F. Q u a r t z - F e l d s p a r P o r p h y r y 
P h e n o c r y s t s o f q u a r t z , p l a g i o c l a s e , and c h l o r i t e p seudomorphing 
m a f i c m i n e r a l s a r e c l e a r l y v i s i b l e . 

G. C r e t a c e o u s Conglomerate 
A sample o f c o n g l o m e r a t e f r o m C r e t a c e o u s o u t c r o p s s o u t h o f m i l l 
b u i l d i n g s . 

H. C r e t a c e o u s S e d i m e n t a r y U n i t 
D i s c o n t i n u o u s c o a l seams i n t h e C r e t a c e o u s s t r a t a . 

A b b r e v i a t i o n s Used on t h e P l a t e 

q - q u a r t z 
c l - c h l o r i t e 

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

amphibole p h e n o c r y s t s pseudomorphed by c h l o r i t e c a n be r e c o g n i z e d 

i n some c a s e s . Q u a r t z p h e n o c r y s t s have n o t been r e c o g n i z e d . The 

m a t r i x o f t h e few samples t h a t were n o t t o t a l l y a l t e r e d i s a v e r y 

f i n e - g r a i n e d mass o f a l b i t i c f e l d s p a r l a t h s . 

F i n e r - g r a i n e d v o l c a n i c r o c k s appear t o be a c o m b i n a t i o n o f 

w a t e r l a i n t u f f s and graywackes. B r e c c i a s may have been formed by 

submarine mud-flow. 

Q u a r t z - F e l d s p a r P o r p h y r y Dyke 

A t a b u l a r dyke o f q u a r t z - f e l d s p a r p o r p h y r y , 2,400 f e e t o f 

w h i c h i s exposed i n t h e p i t , has been t r a c e d by d r i l l i n g f o r more 

tha n a m i l e a l o n g s t r i k e ( F i g u r e s 3-1, 3-2). The dyke s t r i k e s 

N70°W and d i p s a t 50°NE, a p p r o x i m a t e l y a t r i g h t a n g l e s t o t h e 

b e d d i n g i n t h e v o l c a n i c r o c k s . E x p o s u r e i n t h e p i t i n d i c a t e s a 

t r u e w i d t h o f 400 f e e t , w h i c h c o r r e s p o n d s w i t h i n t e r p r e t a t i o n s 

from diamond d r i l l i n t e r s e c t i o n s . However t h e a c t u a l w i d t h o f 

t h e dyke i s v a r i a b l e and a c c u r a t e e s t i m a t e s a r e hampered by a 

m a r g i n a l b r e c c i a ( F i g u r e s 3-1, 3-2, 3-3) c o n t a i n i n g a h i g h p e r ­

c e n t a g e o f dyke f r a g m e n t s . D i s t i n c t i o n between dyke and b r e c c i a 

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

c o r e , p a r t i c u l a r l y when b o t h dyke and b r e c c i a a r e h i g h l y a l t e r e d . 

The form o f t h e dyke a l s o i s c o m p l i c a t e d by apophyses o f q u a r t z -

f e l d s p a r p o r p h y r y e x t e n d i n g from t h e body o f t h e dyke ( F i g u r e 

3-2). 

A t t h e n o r t h w e s t end o f t h e p i t t h e dyke i s capped by p y r o ­

p h y l l i t e b r e c c i a whereas a t t h e s o u t h w e s t end o f t h e p i t t h e dyke 

p l u n g e s under Bonanza V o l c a n i c s . 

I n t e n s e a l t e r a t i o n o f most o f t h e dyke makes i t d i f f i c u l t t o 
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d e f i n e c l e a r l y the o r i g i n a l c o m p o s i t i o n . However, t h e c e n t r a l 

p o r t i o n o f t h e dyke, w h i c h shows t h e l e a s t a l t e r a t i o n , i s 

g r a n o d i o r i t e . L e s s - a l t e r e d b o d i e s o f q u a r t z - f e l d s p a r p o r p h y r y 

beyond t h e map a r e a a l s o a r e g r a n o d i o r i t e ( M u l l e r e t a l . , 1 9 7 3 ) . 

The p o r p h y r y c o n s i s t s o f p h e n o c r y s t s o f q u a r t z (5-15%) , 

p l a g i o c l a s e ( 2 0 - 3 0 % ) , and o c c a s i o n a l m a f i c m i n e r a l s , pseudo-

morphed by c h l o r i t e (5-10%) ( P l a t e I . , . F , and P l a t e V., A,B,C) 

s e t i n a f i n e - g r a i n e d m a t r i x o f q u a r t z ( 1 5 - 2 0 % ) , p l a g i o c l a s e 

(10-25%) and p o t a s h f e l d s p a r (15-25%). 

Q u a r t z p h e n o c r y s t s a r e t h e most c h a r a c t e r i s t i c f e a t u r e s o f 

the r o c k . They a r e l a r g e (4-5mm.), s u b h e d r a l and show moderate 

t o s t r o n g embayment a l o n g t h e m a r g i n s . Q u a r t z p h e n o c r y s t s a r e 

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

o f a l t e r a t i o n . 

P l a g i o c l a s e p h e n o c r y s t s a r e s l i g h t l y s m a l l e r (2-3mm.) t h a n 

q u a r t z p h e n o c r y s t s . They g e n e r a l l y o c c u r i n g l o m e r o p o r p h s . The 

c r y s t a l s a r e m o s t l y unzoned o r n o r m a l l y zoned; b u t some complex 

z o n i n g was n o t e d . C o m p o s i t i o n o f t h e p l a g i o c l a s e i s d i f f i c u l t t o 

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

( P l a t e V I . , H ) . I n t h e few specimens where t h e p l a g i o c l a s e i s r e ­

l a t i v e l y u n a l t e r e d , c o m p o s i t i o n s o f An 5 t o 15 were o b t a i n e d . 

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

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

average c o m p o s i t i o n s o r c o m p o s i t i o n s w h i c h a r e more r e s i s t a n t t o 

a l t e r a t i o n . 

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

c a r b o n a t e , m a g n e t i t e and l e u c o x e n e , o r t o w h i t e m i c a , c l a y 

m i n e r a l s , p y r i t e , and l e u c o x e n e ( P l a t e V., B,C,D,E). Rare-

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

Most o f t h e f i n e - g r a i n e d m a t r i x o f t h e dyke i s h i g h l y 

a l t e r e d . However, where r e l a t i v e l y u n a l t e r e d , i t c o n s i s t s o f 

a m i c r o g r a n i t i c assemblage o f equant q u a r t z , s u b h e d r a l p l a g i o ­

c l a s e ( a l b i t i c ) and a n h e d r a l o r t h o c l a s e . O r t h o c l a s e g e n e r a l l y 

i s more a l t e r e d t h a n p l a g i o c l a s e , even i n " f r e s h " r o c k s , b u t i t s 

p r e s e n c e was c o n f i r m e d by e t c h i n g and s t a i n i n g b o t h hand specimens 

and t h i n s e c t i o n s . 

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

pseudomorphs and p r o b a b l y formed as b y - p r o d u c t s d u r i n g t h e a l t e r a ­

t i o n o f t h e o r i g i n a l m a f i c m i n e r a l s . 

The dyke e x h i b i t s many c h a r a c t e r i s t i c s o f an e p i z o n a l p l u t o n 

as o u t l i n e d by B u d d i n g t o n (1959). I t i s p o r p h y r i t i c , d i s c o r d a n t , 

and e x h i b i t s c o n t a c t metamorphic/metasomatic e f f e c t s . The f i n e ­

g r a i n e d c h i l l e d m a r g i n s o f t h e dyke a r e now f r a g m e n t s i n t h e 

m a r g i n a l b r e c c i a . N o r t h c o t e (1970) s u g g e s t e d t h a t t h e i n t r u s i o n s 

w i t h w h i c h i t i s a s s o c i a t e d a r e c l o s e l y r e l a t e d t o e x t r u s i v e r o c k s 

i n t h e upper p a r t o f t h e Bonanza V o l c a n i c s , s u g g e s t i n g t h a t t h e y 

a r e f e e d e r s f o r t h e l a t e r s t a g e s o f t h e v o l c a n i s m . The dyke i s 

f l a n k e d by c o n t a c t b r e c c i a s and capped by an e x p l o s i o n b r e c c i a . 

A l l o f t h e s e c h a r a c t e r i s t i c s s u g g e s t s h a l l o w emplacement. 

R a d i o m e t r i c age d e t e r m i n a t i o n s have n o t been made on t h e 

dyke. However i t i s b e l i e v e d contemporaneous w i t h t h e g r a n o ­

d i o r i t e s t o c k a t t h e end o f R u p e r t I n l e t w h i c h has been d a t e d 

by K-Ar on b i o t i t e a t 154-6 M.Y. ( M u l l e r e t a l . , 1 9 7 3). 

I n t r u s i v e B r e c c i a s 

P y r o p h y l l i t e B r e c c i a 

P y r o p h y l l i t e b r e c c i a o c c u r s as a t a b u l a r body c a p p i n g t h e 
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p o r p h y r y dyke on the n o r t h w e s t end o f t h e d e p o s i t ( F i g u r e s 3-1, 

3-2, 3-3). The b r e c c i a zone i s a p p r o x i m a t e l y 350 f e e t w i d e and 

was t r a c e d more t h a n 3,600 f e e t a l o n g s t r i k e . The b r e c c i a i s 

wedge-shaped, t h i c k e n i n g t o t h e n o r t h w e s t . 

The b r e c c i a i s open t e x t u r e d , w i t h f r a g m e n t s s e p a r a t e d by 

m a t r i x ( P l a t e V I I . , A , B ) . - Average s i z e o f t h e rounded f r a g m e n t s 

i s s i x i n c h e s i n d i a m e t e r w i t h s i z e r a n g e s f r o m o n e - h a l f i n c h t o 

e i g h t e e n i n c h e s . Fragments c o n s i s t o f b o t h q u a r t z - f e l d s p a r 

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

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

v o l c a n i c r o c k s . The m i d d l e p a r t o f the b r e c c i a c o n t a i n s a h i g h e r 

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

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

l a r g e l y p r e s e r v e d . Q u a r t z p h e n o c r y s t s a r e u n a l t e r e d and p l a g i o ­

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

g r a i n e d w h i t e m i c a and q u a r t z . V o l c a n i c f r a g m e n t s c o n s i s t o f q u a r t z 

g r a i n s c o m p l e t e l y s u r r o u n d e d by w h i t e m i c a ( P l a t e V I I . , H ) . 

The m a t r i x o f t h e b r e c c i a i s s i m i l a r t o t h e v o l c a n i c f r a g m e n t s , 

e x c e p t t h a t t h e q u a r t z and w h i t e m i c a g r a i n s a r e o f f i n e r g r a i n . 

M a r g i n a l B r e c c i a s 

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

t h e c o n t a c t s o f t h e q u a r t z - f e l d s p a r p o r p h y r y dyke ( F i g u r e s 3-1, 

3-2, 3-3). A l l b r e c c i a s o c c u r i n g between dykes o f u n b r e c c i a t e d 

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

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

In most p l a c e s t h e r e a r e 50 t o 100 f e e t o f b r e c c i a between t h e 

po r p h y r y dyke and t h e v o l c a n i c r o c k s on t h e h a n g i n g w a l l o f 

the dyke; b u t l o c a l l y t h e e n t i r e w i d t h o f t h e dyke i s b r e c c i a t e d . 
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These b r e c c i a s c o n t i n u e t o a t l e a s t 1,800 f e e t below t h e 

ground s u r f a c e w i t h o u t a p p a r e n t change* However, knowledge 

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

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

c o r e l o g g i n g and p i t mapping, making l o c a t i o n o f t h e c o n t a c t s 

d i f f i c u l t . 

M a r g i n a l b r e c c i a s a r e l e s s d i s t i n c t l y open t e x t u r e d t h a n 

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

s e p a r a t e d by v e i n q u a r t z . Fragment c o m p o s i t i o n r a n g e s f r o m 100 

p e r c e n t v o l c a n i c n e a r t h e v o l c a n i c c o n t a c t t o 100 p e r c e n t p o r p h y r y 

near t h e dyke c o n t a c t and w i t h m i x t u r e s o f v a r y i n g p r o p o r t i o n s i n 

between. B r e c c i a s s u r r o u n d e d by u n b r e c c i a t e d q u a r t z - f e l d s p a r 

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

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

w i t h f r a g m e n t movement and r o t a t i o n . However, as t h e c o n t a c t s 

a r e a p p r o a c h e d , t h e b r e c c i a r e s e m b l e s a " c r a c k l e b r e c c i a " w i t h 

l i t t l e f r a g m e n t movement o r r o t a t i o n . Because t h e r e a r e no beds 

r e t a i n i n g d i s t i n c t i v e c h a r a c t e r i s t i c s n e a r t h e c o n t a c t o f t h e 

b r e c c i a s , i t i s n o t p o s s i b l e t o d e t e r m i n e d i r e c t i o n o f movement 

of f r a g m e n t s w i t h i n t h e m a r g i n a l b r e c c i a s . 

Y e l l o w Dog B r e c c i a 

The Y e l l o w Dog B r e c c i a d e r i v e s i t s name f r o m c h a r a c t e r i s t i c 

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

T a b u l a r b r e c c i a b o d i e s r ange from 50 t o 200 f e e t i n v / i d t h and 

widen w i t h d e p t h . They a r e exposed f o r a p p r o x i m a t e l y 8 00 f e e t 

a l o n g t h e i r l e n g t h . The b o d i e s t r e n d n o r t h and n o r t h e a s t and 

d i p s t e e p l y ( F i g u r e 3-1, 3-2). The b r e c c i a s c o n s i s t o f f r a g m e n t s 

o f h i g h l y a l t e r e d v o l c a n i c r o c k s s e p a r a t e d by s e v e r a l ages o f 



q u a r t z and c a r b o n a t e v e i n s (Table 3-1 ) . Because t h e f r a g m e n t s 

do n o t ap p e a r r o t a t e d , t h e b r e c c i a r e s e m b l e s a " c r a c k l e b r e c c i a " 

more t h a n an i n t r u s i v e b r e c c i a ( P l a t e V I I I . , A,B,C). 

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

p i t i s n o t adequate t o r e v e a l t h e r e l a t i o n s h i p between t h e mar­

g i n a l b r e c c i a , t h e " Y e l l o w Dog B r e c c i a s " and t h e p o r p h y r y dyke. 

F o r m a t i o n o f I n t r u s i v e B r e c c i a s 

B r e c c i a s a s s o c i a t e d w i t h o r e d e p o s i t s a r e s u b j e c t s o f a 

vo l u m i n o u s l i t e r a t u r e . The p o o r l y exposed b r e c c i a s a t t h e 

I s l a n d Copper mine do n o t l e n d t h e m s e l v e s t o d e t a i l e d i n v e s t i g a ­

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

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

b r e c c i a s . A t p r e s e n t o n l y a few comments a r e p o s s i b l e . 

M a r g i n a l b r e c c i a s a d j a c e n t t o t h e q u a r t z - f e l d s p a r p o r p h y r y 

dyke p r o b a b l y a r e formed by upward d r a g o f t h e i n t r u d i n g dyke". 

The d i s t r i b u t i o n o f f r a g m e n t s , q u a r t z - f e l d s p a r p o r p h y r y near t h e 

dyke, and v o l c a n i c n e a r t h e o u t e r m a r g i n o f t h e b r e c c i a , s u p p o r t s 

t h i s t h e o r y . U n f o r t u n a t e l y t h e absence o f r e c o g n i z a b l e u n i t s 

w i t h i n t h e v o l c a n i c r o c k s a d j a c e n t t o t h e b r e c c i a s makes i t im¬

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

b r e c c i a . 

The p y r o p h y l l i t e b r e c c i a , w h i c h caps t h e p o r p h y r y dyke, i s 

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

d e p o s i t s . There a r e many t h e o r i e s w h i c h a t t e m p t t o e x p l a i n t h e 

f o r m a t i o n o f t h i s t y p e o f b r e c c i a . The more p o p u l a r i d e a s I n c l u d e 

1 ) V o l c a n i c E x p l o s i o n B r e c c i a t i o n ( N o r t o n and C a t h l e s , 1973) 

ca u s e d by gas accompanying a magma w h i c h s h a t t e r s t he 

o v e r l y i n g r o c k s ; 
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2) C o l l a p s e B r e c c i a t i o n ( P e r r y , 1961) 

ca u s e d by t h e c o l l a p s e o f o v e r l y i n g r o c k s i n t o an e m p t i e d 

magma chamber; 

3) F a u l t B r e c c i a t i o n (Kennedy and N o r d l i e , 1968) 

ca u s e d by movement on s i n g l e f a u l t s o r by movements on 

one o r more i n t e r s e c t i n g f a u l t s ; 

4) M u l t i p l e I n t r u s i o n B r e c c i a t i o n ( J o h n s t o n and L o w e l l , 1961) 

ca u s e d by r e p e a t e d i n t r u s i o n .and r e c e s s i o n o f a body o f 

magma; 

5) Shock B r e c c i a t i o n (Godwin, 1973) 

c a u s e d by a shock wave p a s s i n g t h r o u g h a body o f r o c k t o 

s u r f a c e ; 

6) C h e m i c a l B r e c c i a t i o n (Sawkins, 1969) 

c a u s e d by 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 r o c k i n v o l v i n g 

l a r g e changes i n volume; 

7) Impact B r e c c i a t i o n ( D i e t z , 1961) 

c a u s e d by t h e i m p a c t o f c e l e s t i a l b o d i e s on t h e e a r t h ' s 

s u r f a c e . 

A number o f t h e s e t h e o r i e s a r e r e j e c t e d as i m p r o b a b l e f o r 

the I s l a n d Copper examples. T h e , t a b u l a r n a t u r e o f t h e b r e c c i a 

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

a n e t downward movement, w h i l e t h e p o r p h y r y f r a g m e n t s i n t h e 

p y r o p h y l l i t e b r e c c i a s u g g e s t a n e t upward movement. Shock 

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

I n t e n s e h y d r o t h e r m a l a l t e r a t i o n w i t h i n t h e P y r o p h y l l i t e 

B r e c c i a makes t h e c h e m i c a l b r e c c i a t i o n t h e o r y a t t r a c t i v e a t f i r s t . 

However, f i e l d s t u d i e s a t C o n c e p t i o n Bay, Newfoundland ( B u d d i n g t o n , 

1916) show t h a t v o l c a n i c beds can be t r a c e d t h r o u g h a zone o f 

p y r o p h y l l i t e a l t e r a t i o n w i t h no change i n t h i c k n e s s and t h a t t h e 



v o l c a n i c t e x t u r e s a r e o b s c u r e d b u t n o t o b l i t e r a t e d by t h e 

p y r o p h y l l i t i z a t i o n . T h i s s u g g e s t s l i t t l e change i n volume. 

F a u l t b r e c c i a t i o n i s a n o t h e r a t t r a c t i v e h y p o t h e s i s , i f 

one assumes t h a t t h e dyke i s i n t r u d e d i n t o a p r e - e x i s t i n g 

f a u l t zone. However a f a u l t b r e c c i a a p p r o x i m a t e l y 400 f e e t 

wide i m p l i e s a major f a u l t and t h e r e i s no e v i d e n c e o f g r e a t 

d i s p l a c e m e n t between the two s i d e s o f t h e dyke. 

The f i e l d o f s p e c u l a t i o n seems t h u s narrowed t o two hypo­

t h e s e s : v o l c a n i c e x p l o s i o n o r m u l t i p l e i n t r u s i o n , o r some 

c o m b i n a t i o n o f t h e two. 

The v o l c a n i c e x p l o s i o n t h e o r y i s v e r y a t t r a c t i v e when t h e 

e x t r e m e l y f i n e - g r a i n e d n a t u r e o f t h e m a t r i x i n t h e dyke and t h e 

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

t i l e s c o u l d a l s o e x p l a i n t h e i n t e n s e a l t e r a t i o n i n t h e b r e c c i a . 

N o r t h c o t e and M u l l e r (1972) f a v o u r t h i s h y p o t h e s i s . 

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

L a t e r p u l s e s o f magma r e l a t e d t o t h e dyke c o u l d a c c o u n t f o r t h e 

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

or e zone. 

U n f o r t u n a t e l y , w h i l e p r e s e n t e v i d e n c e s u g g e s t s one o f t h e s e 

h y p o t h e s e s , i t i s n o t s u f f i c i e n t t o d e c i d e between them o r t o even 

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

The f o r m a t i o n o f t h e " Y e l l o w Dog" b r e c c i a s I s a n o t h e r m a j o r 

problem. Because o f t h e i r a t t i t u d e a t r i g h t a n g l e s t o o t h e r m a j o r 

s t r u c t u r a l e l e m e n t s and t h e o r e zone, t h e y were n o t t h o r o u g h l y I n ­

v e s t i g a t e d i n t h e d r i l l i n g program. From t h e i r geometry w i t h i n 

the p i t , w i d e n i n g w i t h d e p t h , Lamb ( p e r s o n a l c o m m u n i c a t i o n , 1972) 

suggest t h a t t h e y may be c a p p i n g s on d y k e s . 
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C r e t a c e o u s S e d i m e n t a r y Rocks 

C r e t a c e o u s s e d i m e n t a r y r o c k s o f t h e Queen C h a r l o t t e Group 

( M u l l e r e t a l . , 1973) d i s c o n f o r m a b l y o v e r l i e f o r m a t i o n a l b r e c c i a s 

o f t h e Bonanza V o l c a n i c s on the s o u t h e a s t e r n p a r t o f t h e I s l a n d 

Copper p r o p e r t y ( F i g u r e s 3-1, 3-4). The C r e t a c e o u s r o c k s a r e 

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

and o c c a s i o n a l t h i n , p o o r - q u a l i t y c o a l seams ( P l a t e I . , G,H). 

Most c o b b l e s w i t h i n t h e c o n g l o m e r a t e a r e c o a r s e - g r a i n e d g r a n o ­

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

have been n o t e d . C r e t a c e o u s s e d i m e n t s a r e w e l l i n d u r a t e d b u t 

n o t metamorphosed. 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 

a r e a b s e n t . 

STRUCTURAL GEOLOGY 

Bedding 

B e d d i n g w i t h i n t h e C r e t a c e o u s s e d i m e n t a r y r o c k s i s w e l l -

d e f i n e d and e a s i l y measured. B e d d i n g w i t h i n t h e Bonanza V o l ­

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

s t r u c t u r e s have been d e s t r o y e d w i t h i n t h e o r e zone. B e d d i n g 

a l o n g t h e n o r t h w a l l o f t h e mine p i t g e n e r a l l y i s p o o r l y d e f i n e d , 

b u t b e d d i n g i n some o u t c r o p s beyond t h e n o r t h e r n edge o f t h e p i t 

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

d e f i n e d b e d d i n g were exposed d u r i n g t h e e x c a v a t i o n f o r t h e m i l l 

b u i l d i n g s . 

A t t i t u d e s o f b e d d i n g a r e shown on s t e r e o n e t s i n F i g u r e 3-4. 

A l t h o u g h r e l a t i v e l y few p o i n t s a r e shown t h e y a p pear t o form 

s i g n i f i c a n t c l u s t e r s . From F i g u r e 3-4, i t i s a p p a r e n t t h a t 

b e d d i n g w i t h i n C r e t a c e o u s s e d i m e n t s and Bonanza V o l c a n i c s i s 

s t r u c t u r a l l y c o n f o r m a b l e w i t h s t r i k e s a r o u n d 100° and d i p s n e a r 
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30° southv/est. I f t h e beds were d e p o s i t e d r o u g h l y h o r i z o n t a l l y , 

t h e n t h e t h i r t y degree s o u t h w e s t e r l y d i p o f the d i p o f t h e v o l ­

c a n i c s i s t h e r e s u l t o f p o s t - C r e t a c e o u s a d j u s t m e n t . F u r t h e r , 

because t h e p o r p h y r y dyke i s p r e - C r e t a c e o u s and r o u g h l y a t 

r i g h t a n g l e s t o t h e b e d d i n g , i t was i n t r u d e d as a v e r t i c a l body. 

T h i s 30 degree s o u t h w e s t t i l t o f t h e l a y e r e d r o c k s i n t h e 

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

movement a l o n g a f a u l t i n R u p e r t I n l e t . 

F r a c t u r e s 

F r a c t u r e p a t t e r n s i n t h e v i c i n i t y o f t h e I s l a n d Copper mine 

a r e complex. The c o m p l e x i t y a p p e a r s t o come f r o m t h e s u p e r ­

p o s i t i o n o f s e v e r a l p e r i o d s o f i n t e n s e f r a c t u r i n g . An attempt-

t o c a t e g o r i z e t h e f r a c t u r e s on t h e b a s i s o f geometry ( F i g u r e s 

3-4, 3-5) f a i l e d t o y i e l d r e a s o n a b l e d a t a . 

F a u l t s 

R e c o g n i t i o n o f f a u l t s i n t h e v i c i n i t y o f t h e I s l a n d Copper 

d e p o s i t i s hampered by l a c k o f o u t c r o p and l a c k o f d e t a i l e d 

s t r a t i g r a p h i c knowledge. 

A i r p h o t o i n t e r p r e t a t i o n , d e s c r i b e d by Rugg and Young ( 1 9 7 0 ) , 

i n d i c a t e s photo l i n e a r t r e n d s a t : 

1) E t o N 70° W 

2) N 70°E 

3) N 40° - 60°W ) 
) S u b o r d i n a t e Trends 

4) N 20° W ) 

The f i r s t t h r e e t r e n d s c o r r e s p o n d t o r e g i o n a l t r e n d s de­

s c r i b e d by N o r t h c o t e (1970) ( F i g u r e 2-1). The f o u r t h t r e n d 

(N20°W) has n o t been r e c o g n i z e d on a r e g i o n a l s c a l e . 
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Q u a r t z V e i n s within Pyrophyllite B r s c c i a 
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W i t h i n t h e p a r t o f the p i t d e v e l o p e d t o November 1972, 

t h e r e a r e two p r o m i n e n t f a u l t zones. One i s t h e End Creek 

F a u l t , w h i c h c o r r e s p o n d s t o the t h i r d s e t o f ' a i r - p h o t o l i n e a r s 

(Young and Rugg, 1971) and t o N o r t h c o t e ' s (1970) t h i r d r e g i o n a l 

s e t . I t s t r i k e s N55°W and d i p s s t e e p l y t o t h e n o r t h e a s t 

( F i g u r e s 3-3, 3-4). The - f a u l t i s e x p r e s s e d as a zone o f c r u s h e d 

r o c k 50 t o 100 f e e t w i d e . I n the p i t , t h e End Creek F a u l t forms 

the s o u t h boundary o f t h e p o r p h y r y dyke w h i c h i t a p p a r e n t l y o f f ­

s e t s . However a t d e p t h t h e f a u l t p l a n e and dyke d i v e r g e ( F i g u r e 

3-3). O f f s e t o f a l t e r a t i o n assemblages s u g g e s t s n o r m a l movement 

a l o n g t h e f a u l t p l a n e ( F i g u r e 5 - 2 ) . 

Because t h e End Creek F a u l t c u t s o f f t h e o r e zone and t h e 

a l t e r a t i o n p a t t e r n s , i t i s c o n c l u d e d t h a t movement was p o s t -

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

th e f a u l t , w h i c h s u g g e s t s t h a t t h e f a u l t was n o t a p r o m i n e n t 

f e a t u r e a t t h e t i m e o f f o r m a t i o n o f t h e ore b o d y . 

A second p r o m i n e n t f a u l t zone w i t h i n t h e p i t , t h e November 

F a u l t , t r e n d s n o r t h e a s t and d i p s v e r y s t e e p l y . The f a u l t zone 

i s from 100 t o 200 f e e t w i d e . The p o s i t i o n o f t h e p o r p h y r y 

on t he n o r t h w e s t s i d e o f t h e f a u l t s u g g e s t s a d e x t r a l s t r i k e -

s l i p movement. Amount o f d i s p l a c e m e n t , i f any, i s unknown. 

D r i l l i n g d a t a s u g g e s t t h a t t h e End Cre e k F a u l t d i s p l a c e s t h e 

November F a u l t . 

V e i n s 

A t e n t a t i v e c o r r e l a t i o n between t h e v e i n s f o u n d i n t h e 

v a r i o u s p a r t s o f the o r e d e p o s i t i s g i v e n i n T a b l e 3-1. Be­

cause t h e v e i n s a r e t o o s h o r t and i r r e g u l a r t o f o l l o w f r om one 

zone t o a n o t h e r , c o r r e l a t i o n i s bas e d on m i n e r a l o g i c s i m i l a r i t y . 
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TABLE 3-1 

Set 
(1) 

(2 ) 

(3 ) 

(4) 

(5) 

(6) 

(7) 
(8) 
(9) 

(10) 

Ore Zone 

TENTATIVE VEIN CORRELATION 

"Yellow.Dog" Breccia Marginal Breccia 
S i l i c i f i c a t i o n 

Quartz (Smoky) 
Pyrite 
Quartz (Milky) 
Chaicopyrite 
Pyrite 
minor Molybdenite 

Quartz 
Molybdenite 
Pyrite 
minor Chaicopyrite 
(Sericite Envelopes) 

Quartz 
Pyrite 

"Slips" 
Molybdenite 
minor Chaicopyrite 
minor Pyrite 

Quartz (Smoky) 
Pyrite 
Quartz 
Chaicopyrite 
Pyrite 

Carbonate 
Zeolite 
pyrite 
minor Sphalerite 

Hematite 
Chaicopyrite 

Chaicopyrite 
Pyrite 

Quartz 
Pyrite 
Quartz 
Chaicopyrite 
Pyrite 

Quartz 
Molybdenite 

Quartz 

"Slips" 
Molybdenite 
minor Chaicopyrite 
minor Pyrite 

Buff Dolomite 

Carbonate 
Pyrite 

Quartz 
Pyrite 
minor Chaicopyrite' 

Carbonate 
Pyrite 
minor Sphalerite 

Pyrophyllite 
Breccia 
Quartz 

Quartz 

Quartz-Feldspar 
Porphyry 

Quartz 
Pyrite 

Quartz Quartz 
minor Chaicopyrite minor Chaicopyrite 
minor Pyrite 

Quartz 
Molybdenite 
Pyrite 

Dumortierite 

Carbonate 

Pyrite 
minor Molybdenite 

"Slips" 
Molybdenite 
minor Chaicopyrite 
minor Pyrite 

Carbonate 
Zeolite 
Pyrite 
minor Sphalerite 

o 
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S e t 1 " v e i n s 1 1 a r e s i l i c i f i c a t i o n o f t h e m a t r i x i n t h e 

Y e l l o w Dog B r e c c i a and q u a r t z v e i n s i n t h e P y r o p h y l l i t e 

B r e c c i a . V e i n s b e l o n g i n g t o t h i s s e t were n o t r e c o g n i z e d i n 

t h e Ore Zone, t h e M a r g i n a l B r e c c i a o r t h e p o r p h y r y dyke. 

V e i n s o f s e t 2 o c c u r i n a l l p a r t s o f t h e d e p o s i t . I n t h e 

Ore Zone and t h e Y e l l o w Dog B r e c c i a , t h e y a r e s m o k y - q u a r t z 

v e i n s w h i c h have been s h a t t e r e d and recemented w i t h m a t e r i a l 

from the t h i r d s e t o f v e i n s ( F i g u r e 3-6A). I n t h e M a r g i n a l 

B r e c c i a , t h e P y r o p h y l l i t e B r e c c i a , and t h e p o r p h y r y d y k e , t h e r e 

a r e q u a r t z v e i n s c o n t a i n i n g m i n o r amounts o f p y r i t e . 

Q u a r t z - c h a l c o p y r i t e - p y r i t e v e i n s o f s e t 3 o c c u r i n a l l 

p a r t s o f t h e d e p o s i t ( F i g u r e 3-6 A, B, C, E ) . They a r e t h i n , 

a l m o s t h a i r l i n e v e i n s and do n o t have a w e l l - d e v e l o p e d u n i f o r m 

o r i e n t a t i o n . I n t h e Ore Zone t h e y a r e v e r y c l o s e l y s p a c e d , b u t 

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

d i s t r i b u t e d . T r a c e amounts o f m o l y b d e n i t e o c c u r i n t h e s e v e i n s 

i n t h e Ore 2one and q u a r t z - f e l d s p a r p o r p h y r y . 

Q u a r t z - m o l y b d e n i t e - p y r i t e v e i n s o f s e t 4 o c c u r i n t h e Ore 

Zone, t h e M a r g i n a l B r e c c i a and P y r o p h y l l i t e B r e c c i a . I n t h e 

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

i n s e r i c i t e ( F i g u r e 3-6, B, Cu D, E, F; F i g u r e 3-5). 

Q u a r t z and q u a r t z - p y r i t e v e i n s o f s e t 5 a r e o n l y r e c o g n i z e d 

i n t h e Ore Zone and t h e M a r g i n a l B r e c c i a . I n t h e Ore Zone t h e y 

a r e q u a r t z - p y r i t e v e i n s ( F i g u r e 3-6, C, E ) r i n t h e M a r g i n a l 

B r e c c i a t h e y a r e q u a r t z v e i n s . The r e l a t i o n s h i p between t h e s e 

v e i n s and t h e M o l y b d e n i t e " s l i p s " o f s e t 6 i s o b s c u r e , b u t s e t 

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

M o l y b d e n i t e " s l i p s " c o n s t i t u t e s e t 6 " v e i n s " . These a r e 

f r a c t u r e s u r f a c e s c o a t e d w i t h m o l y b d e n i t e ( F i g u r e 3-5). The 



42. 
F i g u r e 3-6 

SKETCHES ILLUSTRATING AGE RELATIONS OF VEINS 

WITHIN THE ORE ZONE 

A. S e t 2 q u a r t z v e i n w i t h i n b i o t i t i z e d v o l c a n i c s ( i n d i c a t e d by 
s t i p p l i n g ) c r o s s c u t by s e t 3 f r a c t u r e f i l l i n g c h a i c o p y r i t e , 
p y r i t e and q u a r t z , c r o s s c u t by a s e t 4 q u a r t z and m o l y b d e n i t e 
v e i n , c r o s s c u t by a s e t 9' c a r b o n a t e v e i n . 

B. B i o t i t i z e d v o l c a n i c s ( s t i p p l e d ) c r o s s c u t by s e t 3 f r a c t u r e 
f i l l i n g c h a i c o p y r i t e , p y r i t e and q u a r t z , c r o s s - c u t i n t u r n by 
a s e t 4 q u a r t z - m o l y b d e n i t e v e i n w i t h a s e r i c i t e e n v e l o p e c r o s s -
h atched) w h i c h i s c u t i n t u r n by a s e t 9 c a r b o n a t e v e i n . 

C. B i o t i t i z e d v o l c a n i c s ( s t i p p l e d ) c r o s s c u t b y s e t 3 f r a c t u r e 
f i l l i n g c h a i c o p y r i t e , p y r i t e , and q u a r t z w h i c h a r e c u t i n t u r n 
by a s e t 4 q u a r t z - m o l y b d e n i t e v e i n w i t h an i n n e r q u a r t z - s e r i c i t e 
e n v e l o p e and an o u t e r b l e a c h e d zone. B o t h t h e q u a r t z - m o l y b d e n i t e 
v e i n and t h e a l t e r a t i o n e n v e l o p e s a r e c r o s s c u t by a s e t 5 b a r r e n 
q u a r t z v e i n . 

D. A h i g h l y a l t e r e d f r a g m e n t a l v o l c a n i c , c l o t s o f c h l o r i t e i n a 
s i l i c i f i e d m a t r i x , i s c r o s s c u t by a s e t 4 q u a r t z - m o l y b d e n i t e 
v e i n w i t h a s e r i c i t e e n v e l o p e , w h i c h i s c r o s s c u t by a s e t 6 
m o l y b d e n i t e s l i p s u r f a c e w h i c h i s c u t i n t u r n by a s e t 9 c a r b o n ­
a t e v e i n . 

E. B i o t i t i z e d v o l c a n i c s ( s t i p p l e d ) a r e c r o s s c u t by s e t 3 f r a c t u r e 
f i l l i n g q u a r t z , c h a i c o p y r i t e and p y r i t e , w h i c h i s c r o s s c u t i n 
t u r n by a s e t 4 q u a r t z and m o l y b d e n i t e v e i n w i t h a s e r i c i t e 
e n v e l o p e w h i c h i s c u t by b o t h a s e t 5 b a r r e n q u a r t z v e i n and a 
s e t 6 m o l y b d e n i t e s l i p s u r f a c e s . The m o l y b d e n i t e s l i p s u r f a c e 
i s c u t by a s e t 9 c a r b o n a t e v e i n . 

F. A h i g h l y a l t e r e d f r a g m e n t a l v o l c a n i c c o n s i s t i n g o f c h l o r i t i z e d 
and b i o t i t i z e d f r a g m e n t s i n a s i l i c e o u s m a t r i x c r o s s c u t by a 
s e t 4 q u a r t z and m o l y b d e n i t e v e i n w i t h a s e r i c i t e e n v e l o p e 
w h i c h i s c u t i n t u r n by two s e t 9 c a r b o n a t e v e i n s . 

A b b r e v i a t i o n s 

QV Q u a r t z v e i n 
CV C a r b o n a t e v e i n 
f f f r a c t u r e f i l l i n g 
Q Q u a r t z 

Mo M o l y b d e n i t e 
Cp C h a i c o p y r i t e 
Py P y r i t e 
S S e r i c i t e 

Number i n d i c a t e s v e i n 
s e t o u t l i n e d i n T a b l e 3-1 
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most r e c e n t movement on t h e s e s u r f a c e s , i n d i c a t e d by s l i c k e n -

s i d e s on t h e m o l y b d e n i t e , f i t s i n t o t h e r e l a t i v e p o s i t i o n 

shown i n T a b l e 3-1. However t he age o f d e p o s i t i o n o f t h e molyb­

d e n i t e i s n o t known. iMany m o l y b d e n i t e " s l i p s " o c c u r i n M a r g i n a l 

B r e c c i a and t h e Ore Zone and a few were n o t e d i n t h e p o r p h y r y 

dyke. 

S e t 7 and s e t 8 o f v e i n s a r e r e s t r i c t e d t o t h e P y r o p h y l l i t e 

B r e c c i a and t h e Y e l l o w Dog B r e c c i a r e s p e c t i v e l y . T h e i r r e l a t i v e 

p o s i t i o n s w i t h i n t h e s e zones i s c l e a r l y e s t a b l i s h e d . However, 

because t h e y c a n n o t be c o r r e l a t e d a c r o s s t h e o t h e r p a r t s o f t h e 

d e p o s i t , t h e y a r e t r e a t e d as s e p a r a t e s e t s . 

C a r b o n a t e v e i n s ( s e t 9) a r e found i n a l l p a r t s o f t h e 

d e p o s i t ( F i g u r e s 3-5, 3-6). These a r e p r e d o m i n a n t l y c a r b o n a t e 

v e i n s b u t l o c a l l y c o n t a i n c o n s i d e r a b l e amounts o f z e o l i t e , p y r i t e 

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

c h a i c o p y r i t e have been n o t e d . 

V e i n s o f s e t 10 a r e r e c o g n i z e d o n l y i n t h e Ore Zone and 

Y e l l o w Dog B r e c c i a . I n t h e Ore Zone t h e y a r e p y r i t e - c h a l c o p y r i t e 

v e i n s whereas i n t h e Y e l l o w Dog B r e c c i a t h e y a r e q u a r t z - p y r i t e -

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

S t e r e o n e t p l o t s o f some o f t h e v e i n s e t s a r e g i v e n on [Figure 

3-5. A t t e m p t s t o r e l a t e v e i n i n g g e o m e t r i c a l l y t o o t h e r s t r u c t u r a l 

e lements were u n s u c c e s s f u l . P r e s e n t knowledge o f t h e s t r u c t u r a l 

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

ages o f v e i n s t o be f i t t e d i n t o a d e t a i l e d p i c t u r e . 

SIZE AND GEOMETRY OF THE ORE ZONE 

The o r e zone a t the I s l a n d Copper mine c o n t a i n s r e s e r v e s 

o f 230 m i l l i o n t o n s o f 0,52 p e r c e n t c o p p e r and 0.029 p e r c e n t 
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M 0 S 2 (Young and Rugg, 1971). I t c o n s i s t s o f two p a r t s , one on 

each s i d e o f the p o r p h y r y dyke. The b u l k o f t h e o r e i s i n v o l ­

c a n i c r o c k s on t h e h a n g i n g w a l l o f t h e p o r p h y r y dyke ( F i g u r e 

3-7). T h i s p a r t o f t h e o r e zone i s a r o u g h l y t a b u l a r body 400 

t o 600 f e e t wide and a p p r o x i m a t e l y 5,500 f e e t l o n g w h i c h c o n ­

t i n u e s e s s e n t i a l l y unchanged t o a d e p t h o f 1,000 f e e t below t h e 

ground s u r f a c e . The zone a p p a r e n t l y c o n t i n u e s beyond t h i s d e p t h . 

A t t h e ends o f t h e p l a n n e d p i t t h e t o p o f t h e o r e zone p l u n g e s 

deeper below t h e ground s u r f a c e . I t i s n o t known whether t h i s 

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

the o r e zone o r was superimposed by subsequent t e c t o n i s m . 

The second p a r t o f the o r e zone i s i n t h e f o o t w a l l v o l c a n i c 

r o c k s ( F i g u r e 3-7) a d j a c e n t t o t h e p o r p h y r y dyke and i s s m a l l e r 

than t h e h a n g i n g w a l l s e c t i o n . I t has been d i s p l a c e d by n o r m a l 

movement on the End Creek F a u l t . Because i t i s f a r t h e r from 

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

by diamond d r i l l i n g . 

A m i n o r amount o f o r e o c c u r s w i t h i n t h e dyke. However o r e -

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

f a u l t e d from the main dyke ( F i g u r e 3-7). The main dyke l o c a l l y 

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

b ut t h e r o c k i s f o r t h e most p a r t u n m i n e r a l i z e d . 

B o u n d a r i e s o f o r e zones a r e a s s a y w a l l s . M i n e r a l i z a t i o n 

c o n t i n u e s beyond t h e s e a s s a y b o u n d a r i e s i n t o t h e v o l c a n i c r o c k s 

and p o r p h y r y dyke so t h a t t h e o r e b o d i e s a r e e n c l o s e d by a h a l o 

of lower grade c o p p e r m i n e r a l i z a t i o n i n t h e v o l c a n i c r o c k s . 
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SULPHIDE AND OXIDE MINERALOGY 

I n t r o d u c t i o n 

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

r e c o v e r e d a t t h e I s l a n d Copper mine. P y r i t e , t h e o n l y o t h e r 

major s u l p h i d e m i n e r a l makes up two t o f i v e p e r c e n t o f t h e o r e . 

S p h a l e r i t e o c c u r s e r r a t i c a l l y i n c a r b o n a t e v e i n l e t s b o t h w i t h i n 

and o u t s i d e o f t h e o r e zone. 

The most abundant o x i d e m i n e r a l i s m a g n e t i t e . O t h e r o x i d e 

m i n e r a l s i n c l u d e h e m a t i t e , w h i c h i s a l m o s t i n v a r i a b l y formed 

from t h e o x i d a t i o n o f m a g n e t i t e , and l e u c o x e n e , w h i c h i s a s s o ­

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

C h a i c o p y r i t e 

C h a i c o p y r i t e o c c u r s as v e i n l e t s , as d i s s e m i n a t i o n s and on 

s l i p s u r f a c e s . Most c h a i c o p y r i t e i s i n s e t 3 v e i n s ( P l a t e I I . , 

A, B, C) w h i c h a r e 0.1mm. t h i c k . F i e l d o b s e r v a t i o n s s u g g e s t 

t h a t s e t 3 v e i n s ( T a b l e 3-1) c o n t a i n t h e b u l k o f t h e c o p p e r i n 

the o r e zone. 

C h a i c o p y r i t e a l s o o c c u r s i n s m a l l e r amounts w i t h t h e q u a r t z -

m o l y b d e n i t e v e i n s ( s e t 4 ) ; on s l i p s u r f a c e s ( s e t 6 ) ; w i t h 

s p h a l e r i t e i n c a r b o n a t e - z e o l i t e v e i n s ( s e t 9 ) ; and as l a t e c h a l c o -

p y r i t e - p y r i t e v e i n s ( s e t 1 0 ) . These o c c u r r e n c e s o f c h a i c o p y r i t e , 

a l t h o u g h l o c a l l y s p e c t a c u l a r , do n o t c o n t r i b u t e much c o p p e r t o 

the o r e zone. 

M o l y b d e n i t e 

M o l y b d e n i t e o c c u r s i n q u a r t z v e i n s and on f r a c t u r e " s l i p " 

s u r f a c e s . There were t h r e e s t a g e s o f 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 . 

F i r s t - s t a g e m o l y b d e n i t e , a q u a n t i t a t i v e l y m i n o r s t a g e o f 



48. 

PLATE I I 

POLISHED SECTIONS 

A A s e t 3 c h a i c o p y r i t e v e i n c u t t i n g a c r o s s a m a t r i x c o n t a i n i n g 
d i s s e m i n a t e d m a g n e t i t e . 

B A s e t 3 c h a i c o p y r i t e and q u a r t z v e i n . c u t t i n g a m a t r i x c o n ­
t a i n i n g d i s s e m i n a t e d m a g n e t i t e . 

C A s e t 3 c h a i c o p y r i t e and q u a r t z v e i n c u t t i n g a m a t r i x o f 
d i s s e m i n a t e d m a g n e t i t e . 

D M o l y b d e n i t e and p y r i t e i n t h e c e n t r e o f a s e t 4 v e i n . 

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

F P y r i t e and m a g n e t i t e w i t h i n a c h l o r i t i z e d m a f i c p h e n o c r y s t . 

G A s e t 4 m o l y b d e n i t e - q u a r t z v e i n . 

H A s e t 9 c a r b o n a t e - s p h a l e r i t e v e i n i n c h l o r i t i z e d t u f f . 

A b b r e v i a t i o n s used on t h e p l a t e s 

cp - c h a i c o p y r i t e 
py - p y r i t e 
mg - magrTetite 
mo - m o l y b d e n i t e 
sp - s p h a l e r i t e 
q - q u a r t z 

cb - c a r b o n a t e 
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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 a s s o c i a t e d w i t h c h a i c o p y r i t e 

and p y r i t e and q u a r t z v e i n l e t s ( s e t 3 ) . I t o c c u r s as s m a l l 

«0.05mm) s u b h e d r a l c r y s t a l s ( F i g u r e I I , D). 

S econd-stage m o l y b d e n i t e o c c u r s i n S e t 4 q u a r t z v e i n s w i t h 

s e r i c i t e e n v e l o p e s ( P l a t e V I . , A,B,C>. M o l y b d e n i t e o c c u r s 

as a mass o f t i n y s u b h e d r a l c r y s t a l s f o r m i n g v e i n s 0.1 t o 2 cm. 

t h i c k ( P l a t e I I . , G ) . M i n o r amounts o f p y r i t e and c h a i c o p y r i t e 

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

s t a g e o f 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 . 

T h i r d - s t a g e m o l y b d e n i t e o c c u r s on " s l i p " s u r f a c e s ( s e t 6 

v e i n s ) . F i e l d o b s e r v a t i o n s s u g g e s t t h a t most o f t h e molybdenum 

i n t h e o r e zone was d e p o s i t e d d u r i n g t h i s s t a g e . The m o l y b d e n i t e 

has been smeared i n t o a t h i n (<1 mm.) f i l m by movement on t h e 

f r a c t u r e s . The r e l a t i v e age o f movement on t h e f r a c t u r e s u r f a c e s 

can be d e t e r m i n e d , b u t t h e age o f t h e s u l p h i d e s on t h e f r a c t u r e 

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

M o l y b d e n i t e a t I s l a n d Copper has a h i g h r h e n i u m c o n t e n t . 

M o l y b d e n i t e c o n c e n t r a t e c o n t a i n s between 1,800 and 2,400 ppm 

(0.18% and 0.24%) rhenium c a l c u l a t e d t o 100% MoS 2- T h i s i s r i c h 

r e l a t i v e t o most p o r p h y r y copper d e p o s i t s ( T a b l e 3-2). The r e ­

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

has n o t been s t u d i e d . 

P y r i t e 

P y r i t e i s u b i q u i t o u s w i t h i n t h e d e p o s i t and accompanies a t 

l e a s t f i v e s e t s o f q u a r t z v e i n s ( T a b l e 3-1). P y r i t e c o n t e n t 

ranges from 2 t o 5 p e r c e n t and l o c a l l y i s up t o 15 p e r c e n t . 

P y r i t e w i t h i n t h e o r e zone i s a s s o c i a t e d w i t h c h a i c o p y r i t e 

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



51. 

T a b l e 3-2 

RHENIUM CONTENT OF SOME PORPHYRY COPPERS 

( e x p r e s s e d i n ppm on 100% MoS 2) 

( a f t e r S u t u l o v 1963, 1974) 

N o r t h A m e r i c a South A m e r i c a 
M c G i l l 1,600 Chuquicamata 230 
San Manuel 1,000 El. T e n i e n t e 440 
Chino 800 E l S a l v a d o r 570 
C i t i e s S e r v i c e 600 A n d i n a 380 
Twin B u t t e s 600 La D i s p u t a d a 350 
Pima 600 T o q u e p a l a 325 
M i s s i o n 600 A r g e n t i n i a n p o r p h . 170 
Bagdad 200 Communist W o r l d 
E s p e r a n z a 200 Kounrad 510 
S i e r r i t a 180 A l m a l y k 290 
M i n e r a l P a r k 60 Ka d z h a r a n 300 
I s l a n d Copper 2,000 A i g e d z o r 1,000 
Brenda 80 D a s t a k e r t 80 
Cananea 700 Medet 125 
Bingham 300 
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( P l a t e I I , , D,E,F). O u t s i d e t h e o r e zone, p y r i t e i s d i s ­

s e m i n a t e d i n t h e p o r p h y r y dyke as an a c c e s s o r y m i n e r a l . 

P y r i t e a l s o o c c u r s i n v o l c a n i c r o c k s f a r removed from t h e o r e 

zone. 

Most p y r i t e i s i n t h e form o f e u h e d r a l cubes (0.5 - 2mm.) 

b u t r a r e p y r i t o h e d r o n s have been n o t e d . 

S p h a l e r i t e 

Dark brown t o b l a c k s p h a l e r i t e o c c u r s i n c a r b o n a t e - z e o l i t e 

v e i n s ( s e t 9; T a b l e 3-1) b o t h i n s i d e and o u t s i d e t h e o r e zone 

( P l a t e I I . , H ) . The s m a l l ( t o 1 mm.) s u b h e d r a l s p h a l e r i t e 

c r y s t a l s a r e a s s o c i a t e d w i t h p y r i t e and more r a r e l y c h a i c o p y r i t e 

and s p e c u l a r h e m a t i t e . G a l e n a i s v e r y r a r e . M i n u t e c r y s t a l s 

have been r e p o r t e d , w i t h s p h a l e r i t e . 

M a g n e t i t e 

M a g n e t i t e i s found b o t h i n v o l c a n i c r o c k s and q u a r t z - f e l d s p a r 

p o r p h y r y . I n v o l c a n i c r o c k s i t o c c u r s p r i m a r i l y as f i n e ( < . l mm.) 

d i s s e m i n a t e d g r a i n s and w i t h c h l o r i t e pseudomorphs o f m a f i c pheno­

c r y s t s . L o c a l l y i t i s i n f r a c t u r e f i l l i n g s and q u a r t z v e i n s 

( P l a t e I I . , A,B,C). The m a g n e t i t e - r i c h ( t o 10%) p a r t o f t h e 

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

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

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

does n o t show c l e a r age r e l a t i o n s w i t h t h e m a g n e t i t e . 

I n t h e p o r p h y r y dyke, m a g n e t i t e i s fo u n d w i t h c h l o r i t e 

pseudomorphs o f m a f i c m i n e r a l s . 
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H e m a t i t e 

H e m a t i t e o c c u r s i n two forms; f i r s t as masses o f s m a l l 

(<1 mm.) d a r k s p e c u l a r i t e p l a t e s i n l a t e c a r b o n a t e v e i n s and 

second as t h e a l t e r a t i o n p r o d u c t o f m a g n e t i t e n e a r f r a c t u r e s . 

T h i s h e m a t i t e a p p e a r s t o be hypogene because t h e r e i s no 

o b v i o u s r e l a t i o n between "the h e m a t i t e and t h e d e p t h below t h e 

p r e s e n t ground s u r f a c e . Hov/ever i t c a n n o t be c l e a r l y c o r r e l a t e d 

w i t h any hypogene m i n e r a l i z a t i o n o r a l t e r a t i o n e v e n t s . 

Leucoxene 

Leucoxene i s a g e n e r a l name a p p l i e d t o v e r y f i n e - g r a i n e d 

s e c o n d a r y t i t a n i u m m i n e r a l s . I t i s a s s o c i a t e d w i t h masses o f 

c h l o r i t e and/or w h i t e m i c a w h i c h f o r m pseudomorphs a f t e r m a f i c 

p h e n o c r y s t s ( P l a t e V „ / E , F ) . Leucoxene i s f o u n d b o t h i n t h e 

q u a r t z - f e l d s p a r p o r p h y r y and t h e v o l c a n i c r o c k s . 

Leucoxene p r o v i d e s a u s e f u l method t o d i s t i n g u i s h m a f i c 

from f e l d s p a r p h e n o c r y s t s when b o t h have been a l t e r e d t o w h i t e 

mica. Once l e u c o x e n e has f o r m e d / i t a p p a r e n t l y i s s t a b l e and i s 

u n a f f e c t e d by subsequent a l t e r a t i o n . 
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CHAPTER 4: COMPUTER ANALYSIS 

INTRODUCTION 

The "GEOLOG" computer i n p u t f o r m a t was used..in t h i s s t u d y 

f o r t h r e e r e a s o n s : (1) t o a t t e m p t t o m i n i m i z e b i a s i n c o l l e c t ­

i o n o f d a t a by u s i n g a s t a n d a r d i z e d f o r m a t ; (2) t o r e c o r d t h e 

d a t a i n a f o r m a t where s t a t i s t i c a l as w e l l as g r a p h i c a l t e s t s 

o f t h e c o r r e l a t i o n between c o p p e r and molybdenum g r a d e s and 

a l t e r a t i o n c o u l d be made; (3) t o t e s t t h e e f f i c i e n c y o f t h e 

computer f o r m a t l o g g i n g s ystem i n a d e p o s i t o t h e r t h a n a 

" c l a s s i c " p o r p h y r y copper d e p o s i t . 

40,000 f e e t o f d r i l l c o r e , w h i c h r e p r e s e n t o n e - t h i r d o f 

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

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

f o r t y - t w o diamond d r i l l h o l e s a l o n g seven s e c t i o n s s paced a t 

8 0 0 - f o o t i n t e r v a l s a c r o s s t h e o r e body ( F i g u r e 4-1). T h i s 

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

t e s t s o f c o r r e l a t i o n . 

DATA COLLECTION ~' 

B a s i c d a t a s h e e t s were m o d i f i e d f r o m o r i g i n a l "GEOLOG" 

s h e e t s d e s c r i b e d by B l a n c h e t and Godwin (1972). D e t a i l s o f 

the m o d i f i c a t i o n s a r e d i s c u s s e d i n A p p e n d i x A. I n t h e s e 

m o d i f i c a t i o n s , t h e number o f h y d r o t h e r m a l m i n e r a l s was 

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

d e p o s i t s n o t o b s e r v e d a t I s l a n d Copper were o m i t t e d . D a t a 

c o l l e c t i o n i n c l u d e d : sample l o c a t i o n , r o c k t y p e , c o l o u r , 

f r a c t u r e d e n s i t y , and amount and mode o f o c c u r e n c e o f t w e l v e 

s i l i c a t e a l t e r a t i o n m i n e r a l s , t h r e e i r o n o x i d e m i n e r a l s and 
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) 



f i v e s u l p h i d e m i n e r a l s . 

To use t h e f o r m s , assuming t h e r e i s one r o c k t y p e w i t h i n 

an a s s a y i n t e r v a l , r o c k t y p e i s r e c o r d e d and t h e n a l l o t h e r 

p a r a m e t e r s a r e r e c o r d e d . I f t h e r e i s a change o f r o c k t y p e 

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

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

second r o c k t y p e a r e r e c o r d e d a t t h e r e g u l a r a s s a y i n t e r v a l * 

A s s a y v a l u e s a r e assumed c o n s t a n t f o r t h e e n t i r e sample 

i n t e r v a l . F r a c t u r e d e n s i t y d a t a were o b t a i n e d f r o m o r i g i n a l 

d r i l l l o g s by Utah E x p l o r a t i o n g e o l o g i s t s , b e c a use u s e f u l 

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

DATA TREATMENT 

To o b t a i n t h e maximum s p a t i a l i n f o r m a t i o n , d a t a f o r d r i l l 

h o l e s on each s e c t i o n were a n a l y s e d i n d e p e n d e n t l y . To c o n s i d e 

t h e two r o c k t y p e s , d a t a f o r each s e c t i o n were f u r t h e r d i v i d e d 

i n t o t h r e e p a r t s ; t h e h a n g i n g - w a l l o f t h e d y k e , t h e dyke and 

the f o o t w a l l o f t h e dyke ( F i g u r e 4-2). The t h r e e d i v i s i o n s 

o f e ach o f seven s e c t i o n s gave twenty-one s e p a r a t e b a t c h e s o f 

d a t a f o r s t a t i s t i c a l t r e a t m e n t . 

D a t a c a r d s from each d i v i s i o n were computer p r o c e s s e d 

t o t e s t t h r e e c o r r e l a t i o n s : 

(1) Copper g r a d e v e r s u s molybdenum g r a d e . 

(2) Copper g r a d e v e r s u s f i f t e e n s e p a r a t e 
p a r a m e t e r s . 

(3) Molybdenum gra d e v e r s u s t h e same 
f i f t e e n p a r a m e t e r s . 

D e t a i l s o f programming and s t a t i s t i c s u s ed i n t h e t r e a t m e n t 

of t h e d a t a a r e p r e s e n t e d i n A p p e n d i c e s Band C. 
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RESULTS 

R e s u l t s o f t h e s t a t i s t i c a l s t u d y a r e p r e s e n t e d i n T a b l e 

4-1. The t a b l e i s d e s i g n e d t o p r e s e n t c o r r e l a t i o n s between 

each i n d e p e n d e n t v a r i a b l e measured and coppe r and molybdenum 

g r a d e s i n a d j a c e n t columns f o r ea s y c o m p a r i s o n . Columns 

marked "CORR" a r e c o r r e l a t i o n c o e f f i c i e n t s . As t h i s v a l u e 

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

Columns l a b e l l e d "PROB" a r e t h e p r o b a b i l i t y o f o b t a i n i n g 

t h e c o r r e s p o n d i n g amount o f c o r r e l a t i o n f r o m random numbers. 

The s m a l l e r t h e v a l u e i n t h i s column, t h e s t r o n g e r t h e p r o b ­

a b i l i t y o f a c o r r e l a t i o n between t h e two v a r i a b l e s . V a l u e s 

o f l e s s t h a n 0.1000 i n t h e "PROB11 column i n d i c a t e good 

c o r r e l a t i o n s . 

Dashed l i n e s i n t h e t a b l e i n d i c a t e i n v a l i d c o r r e l a t i o n s . 

These r e s u l t f r o m a c o m p l e t e absence o f d a t a f o r one o f t h e 

v a r i a b l e s ; t h a t i s , e i t h e r t h e r e a r e no a s s a y s , o r t h e i n d e ­

pendent v a r i a b l e was n o t r e c o g n i z e d i n t h i s p a r t o f t h e s e c t i o n . 

D a ta p r e s e n t e d i n T a b l e 4-1 a r e summarized i n T a b l e 4-2. 

INTERPRETATION OF RESULTS 

The r e s u l t s o f t h i s form of, d a t a t r e a t m e n t l e n d them­

s e l v e s t o a number o f i n t e r p r e t a t i o n s . 

C o r r e l a t i o n Between Grade o f M i n e r a l i z a t i o n and O t h e r P a r a m e t e r s 

The o b j e c t o f s t a t i s t i c a l e x a m i n a t i o n o f "GEOLOG" d a t a i s 

t o examine t h e c o r r e l a t i o n between o r e g r a d e s and a l t e r a t i o n 

as w e l l as o t h e r p a r a m e t e r s t h r o u g h o u t t h e o r e b o d y . T h i s 

approach i s used i n an a t t e m p t t o e s t a b l i s h e m p i r i c a l l y t h o s e 

p a r a m e t e r s , o t h e r t h a n g r a d e , t h a t would be most u s e f u l i n 

d e f i n i n g t h e orebody. 



TABLE 4-1 

C O R R E L A T I O N BETWEEN CRADK AND A L T E R A T I O N I N T E N S I T Y 
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FOOTWALL 

CU GRADE 

CORR PROB 

147 0. 0610 0. 5402 

155 -0. 1877 0. 1262 

163 -0. 3451 0. 0028 

171 0. 2351 0. 0007 

179 0. 5851 0. 0005 

187 -0. 2428 0. 3360 

195 0. 2014 0. 0021 

MO GRADE 

CORR PROB 

-0.0621 0.6061 

-0.2743 0.0243 

0.1369 0.1079 

0.0865 0.207? 

0.2320 0.0005 

DYKE 

CU GRADE MO GRADE 

CORR PROB CORR PR03 

INDEPENDENT VARIABLE QUARTZ 

0.1023 0.1662 0.0081 0.8782 

0.4060 0.0000 0.3436 0.0002 

0.2466 0.0206 -0.2018 0.1779 

-0.0135 0.8553 0.1871 0.9863 

0.4227 0.0000 0.2811 0.0000 ¬

0.5800 0.0000 

0.5148 0.0000 0.4638 0.0000 

INDEPENDENT VARIABLE "ARGILLIC" 

HANGING WALL 

CU GRADE MO GRADE 

CORR PROB CORR PROB 

0. 2257 0. 0002 -0. 0936 0. 1361 

0. 3297 0. 0000 0. 3897 0. 0000 

0. 5947 0. 0000 0. 5204 0. 0000 

0. 2038 0. 0029 0. 1093 0. 1064 

0. 2751 0. 0000 0. 2237 0. 0011 

0. 3375 0. 0000 0. 3425 0. 0000 

-0. 0668 0. 5914 0. 0690 0. 5760 

147 0.1563 0. 1694 -0. 0621 0. 6051 -0. 2444 0. 0025 0. 1983 0. 0136 0. 0219 0. 7725 -0.0478 0. 5554 

155 -0.4954 0. 0009 -0. 2411 0. 1084 -0. 4926 0. 0006 -0. 3696 0. 0003 -0. 0337 0. 6423 0.0276 0. 7001 

163 -0.1955 0. 1237 -0. 0586 0. 6549 -0. 2553 0. 0196 -0. 2614 0. 0901 0. 1237 0. 2718 0.0306 0. 7769 

171 -0.2955 0. 0001 -0. 2676 0. 0003 -0. 2970 0. 0001 -0. 1489 0. 0505 0. 0988 0. 1662 0.0617 0. 3964 

179 0.8211 0. 0001 — — - 0 . 0941 0. 2634 -0. 1815 0. 0292 -0 . 4412 0. 0000 -0.1569 0. 0643 

187 -0.4067 0. 3848 -0. 4704 0. 0000 -0. 2807 0. 0000 -0.0973 0. 2120 

195 -0.0082 0. 8886 0. 1357 0. 1229 -0 . 2836 0. 0006 -0. 3444 0. 0000 -0 . 2082 0. 0930 0.1355 0. 2322 

INDEPENDENT VARIABLE SER I C I T E 

147 0.3480 0.0184 -0. 3189 0. 0573 -0.1031 0. 3105 -0. 0974 0.3389 -0. 2200 0.0124 - 0 . 2132 0. 0155 

155 -0.4812 0.0004 -0. 339? 0. 0039 -0.2910 0. 0044 -0. 1304 0.9765 -0 . 1304 0.1136 -0 . 0931 0. 2645 

163 -0.1017 0.4915 0. 4701 0. 0009 -0.1907 0. 1623 -0 . 2444 0.2349 0. 0593 0.6665 - 0 . 0406 0. 7589 

171 -0.2952 0.0002 -0. 3633 0. 0000 0.2854 0. 0092 0. 1871 0.0863 0. 1637 0.0782 0. 0769 0. 4202 

179 -0.2942 0. 0167 -0. 2307 0.0487 -0. 2450 0.0112 - 0 . 2157 0. 0309 179 -0.2942 0. 0167 -0. 2307 0.0487 -0. 2450 0.0112 - 0 . 2157 0. 0309 

187 -0.6069 0. 0000 -0. 1592 0.0107 0. 1127 0. 2147 187 -0.6069 0. 0000 -0. 1592 0.0107 0. 1127 0. 2147 

195 0.1316 0.1012 0. 1357 0. 1229 -0.2836 0. 0006 -0. 3444 0.0000 -0. 0215 0.8357 0. 0748 0. 5406 

147 

155 

163 

171 

179 

187 

195 

147 

155 

163 

171 

179 

137 

195 

INDEPENDENT VARIABLE K-FELDSPAR 

0.1070*0.3860 0.1928 0.1099 

-0.2252 0.3594 -0.1123 0.6504 

0.6242 0.0130 0.1372 0.5960 -0.2978 0.3992 0.0365 0.8810 0.3198 0.0610 0.5310 0.0021 

-0.0466 0.8173 0.2264 0.2103 0.7352 

-0.2337 0.1806 -0.2675 0.1525 

INDEPENDENT VARIABLE PYROPHYLLITE 

-0.1651 0.6266 -0.1508 0.6561 

0.1791 0.6328 0.2134 0.5700 -0.2291 0.0612 -0.2610 0.0332 

-0.3026 0.0124 -0.2219 0.0654 -0.5914 0.0000 -0.2666 0.0212 -0.3867 0.0057 -0.2799 0.0435 

-0.2574 0.4385 -0.2011 0.5474 -0.3331 0.1805 

-0.7709 0.0000 -0.2943 0.0006 -0.2067 0.0611 

-0.2605 0.0890 -0.0225 0.8566 -0.4505 0.0000 -0.4565 0.0000 -0.2816 0.0546 0.2461 0.0939 
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147 

155 

163 

171 

179 

187 

195 

FOOTWALL 

CU GRADE MO GRADE 

CORK * PROB CORR PR03 

DYKE 

CU GRADE MO GRADE CU GRADE 

CORR PROB CORR PR03 CORR PROB 

INDEPENDENT VARIABLE DUMORTIERITE 

HANGING WALL 

MO GRADE 

CORR PROB 

-0.3233 0.3355 -0.1865 0.5843 -0.4563 0.0456 -0.3155 0.1670 

-0.2605 0.0890 0.1468 0.5767 

-0.7636 0.0000 

-0.3505 0.0000 -0.3694 0.0001 

-0.3839 0.1282 

-0.2216 0.4900 

-0.1744 0.5676 

-0.1537 0.6488 

0.2461 0.0939 

INDEPENDENT VARIABLE CARBONATE 

147 -0.1538 0.1238 0. 1838 0.1182 0.4059 0. 0000 0. 2881 0. 0006 -0.1157 0. 0809 0.0263 0. 6987 

155 0.4072 0.0038 0. 4104 0.0036 0.4702 0. 0001 0. 5419 0. 0000 -0.1543 0. 1069 -0.2154 0. 0019 

163 0.0831 0.5709 0. 2819 0.0451 0.1346 0. 3265 0. 3564 0. 0357 -0.2184 0. 0030 -0.0436 0. 5626 

171 0.0469 0.4918 0. 1323 0.0456 0.0624 0. 4769 0. 1590 0. 0615 -0.1986 0. 0078 0.1425 0. 0548 

179 -0.3083 0.0855 0.0138 0. 8024 0. 0289 0. 6335 0.4200 0. 0000 0.2059 0. 0044 

187 0.2225 0.2877 0.5529 0. 0000 0.1435 0. 0044 0.1304 0. 4134 

195 -0.0528 0.4546 - 0 . 0225 0.8566 0.4556 0. 0000 0. 4760 0. 0000 0.2251 0. 0525 -0.1246 0. 2929 

INDEPENDENT VARIABLE ZEOLITE 

147 -0.3462 0.0017 0.1939 0.2267 -0.0031 C. 9322 0. 0836 0. 5853 0.1924 0.0219 0.3634 0.0000 

155 — — — -0.1543 0.1069 0.1299 0.1768 

163 — — — -0.4087 0.0000 -0.2890 0.0009 

171 -0.5143 0.0000 -0.4454 0.0000 -0.5942 0.0000 -0.4208 0.0008 

179 -0.1031 0.5664 -0.2460 0. 0032 - 0 . 2235 0. 0072 0.1424 0.2448 0.0802 0.5453 

187 -0.4504 0.0318 0.2653 0. 1702 -0.0468 0.6228 0.1304 0.4134 

195 0.0848 0.4658 -0.0230 0.8221 -0.2332 0.1574 -0.2761 0.0923 

INDEPENDENT VARIABLE CHLORITE 

147 - 0 . 3230 0. 0023 -0. 0349 0. 7733 0. 1311 0. 0973 0. 0515 0 .5285 -0. 1687 0.0083 - 0 . 1246 0. 0514 

155 0. 3929 0. 0028 0. 3115 0. 0179 0. 2909 0. 0030 0. 0873 0 .3834 -0. 1139 0.0623 - 0 . 1780 0. 0040 

163 0. 0752 0. 5658 -0. 2334 0. 0635 -0. 0143 0. 3688 0. 3096 0 .0505 -0. 1381 0.0518 - 0 . 0575 0. 4312 

171 -0. 3710 0. 0000 -0. 3490 0. 0000 -0. 0213 0. 8103 0. 0337 0 .7269 -0. 1899 0.0095 - 0 . 1323 0. 0693 

179 -0. 6127 0. 0000 -0. 2473 0. 0000 -0. 14 65 0 .0118 0. 1811 0.0055 0. 1021 0. 1485 

187 0. 0097 0. 9155 0. 3110 0. 0016 0. 1869 0.0001 0. 1137 0. 0627 

195 0. 0338 0. 6218 -0. 0624 0. 3574 0. 0150 0. 8465 0. 0117 0 .8682 0. 2862 0.0134 - 0 . 1297 0. 2715 

INDEPENDENT VARIABLE EPIDOTE 

147 -0. 4655 0. 0001 -0. 2878 0, 4638 0. 4499 0. 0469 0 0780 0. 7322 - 0 . 5619 0. 0000 - 0 . 3227 0.0005 

155 0. 6181 0. 1127 0. 2473 0. 5409 - 0 . 6893 0. 0000 - 0 . 5484 0.0000 155 0. 6181 0. 1127 0. 2473 0. 5409 - 0 . 6893 0. 0000 - 0 . 5484 0.0000 

153 -0. 2090 0. 0594 -0. 1522 0. 1725 153 2090 0. 0594 -0. 1522 0. 1725 

171 -0. 3813 0. 0002 -0. 3101 0. 0013 -0. 3185 0. 3546 - 0 2538 0.4648 171 -0. 3813 0. 0002 -0. 3101 0. 0013 -0. 3185 3546 2538 0.4648 

179 -0. 6307 0. 0010 — — -0. 3847 0. 0000 -0 3316 0. 0002 -0. 1221 0. 3753 -0. 1275 0.3633 

187 - 0. 6958 0. 0015 0. 4162 0. 0009 -0. 2756 0. 0000 - 0 . 2838 0.0038 187 6958 0. 0015 0. 4162 0009 -0. 2756 0000 2838 0.0038 

195 0. 0360 0. 7103 -0. 1043 0. 2314 -0. 1957 0. 2797 -0 2 374 0. 1861 -0. 2160 0. 1497 -0. 2966 0.0462 
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FOOTWALL 

147 

155 

163 

171 

179 

187 

195 

CU GRADE 

CORR PROB 

-0.4060 0.0029 

0.1371 0.6052 

0.1503 0.1083 

MO GRADE 

CORR PROB 

DYKE 

CU GRADE MO GRADE 

CORR PROB CORR PROB 

INDEPENDENT VARIABLE HEMATITE 

0.1025 0.5740 0.0780 0.7322 

HANGING WALL 

CU GRADE MO GRADE 

CORR PROB CORR PROB 

0.1162 0.6595 

0.2234 0.0172 

-0.1826 0.1877 

0.2733 0.1739 

0.3295 0.0005 

0.1455 0.1431 

-0.1383 0.5126 

0.1254 0.4127 

0.2144 0.1200 -0.0112 0.9122 

0.0854 0.7275 

0.1974 0.0343 

0.0734 0.4724 

0.1147 0.2438 

0.0910 0.6481 

-0.1372 0.3531 

0.2255 0.1323 

-0.1135 0.6061 

-0.2073 0.0331 

0.1696 0.4039 

-0.1855 0.2657 

-0.2164 0.5311 -0.2920 0.3936 

INDEPENDENT VARIABLE MAGNETITE 

147 0.1659 0.1094 0. 2981 0. 0130 0.1423 0.0957 0.0437 0.6202 0.2229 0. 0012 0.1462 0. 0312 

155 0.3228 0.0178 -0. 2452 0. 0731 0.1809 0.0778 0.0120 0.8749 0.1627 0. 0116 0.1017 0. 1142 

163 0.1802 0.0165 0. 2387 0. 0017 0.4038 0.0012 0.2455 0.1493 0.4946 0. 0020 -0.3534 0. 0273 

171 0.2210 0.0016 0. 1726 0. 0124 0.3948 0.0011 0.4146 0.0006 0.1201 0. 1724 -0.0130 0. 0273 

179 0.1237 0.5565 — — -0.1593 0.0089 0.0742 0.2247 0.1535 0. 0291 0.1330 0. 0786 

187 0.0417 0.8329 0.3634 0.0023 0.1366 0. 0110 0.1529 0. 0277 

195 0.1571 0.0430 0. 2106 0. 0071 0.9043 0.0000 0.7693 0.0000 0.1352 0. 3148 -0.1896 0. 1527 

INDEPENDENT VARIABLE MOLYBDENITE 

147 0.4793 0.0000 0.4489 0.0000 0.5320 0. 0000 

155 0.4374 0.0002 0.7266 0.0000 0.6746 0. 0000 

163 0.72S5 0.0000 0.1970 0.1763 0.0644 0. 5873 

171 0.6670 0.0000 0*5365 0.0000 0.4978 0. 0000 

179 0.5625 0.0000 0.5097 0. 0000 

1 0*7 AO / 
195 0.5742 0.0000 0.8188 0.0000 0.4668 0. 0000 

INDEPENDENT VARIABLE FRACTURE DENSITY 

147 0. 2758 0. 0062 0. 4472 0. 0002 0. 1397 0. 1029 0. 1154 0. 1805 - 0 . 1539 0. 0138 0. 0935 0. 1363 

155 0. 6089 0. 0000 0. 6252 0. 0000 0. 2923 0. 0032 0. 2653 0. 0073 - 0 . 1736 0. 2550 0. 1310 0. 0405 

163 - 0 . 1236 0. 3292 0. 0757 0. 5566 0. 2352 0. 1321 0. 2964 0. 0646 - 0 . 2540 0. 0009 - 0 . 1285 0. 0597 

171 0. 5974 0. 0000 0. 6188 0. 0000 0. 2035 0. 0665 0. 4390 0. 0000 0. 0039 0. 9109 0. 1246 0. 0770 

179 -0 . 6044 0. 0005 — — 0. 2275 0. 0002 0. 2085 0. 0005 0. 0003 0. 9449 0. 2491 0. 0041 

187 -0 . 2056 0. 3516 0. 0499 0. 6342 0. 1830 0. 0002 0. 3199 0. 0000 

195 0. 4162 0. 0000 0. 4360 0. 0000 0. 4953 0. 0000 0. 5101 0. 0000 0. 0595 0. 6145 0. 4288 0. 0002 

INDEPENDENT VARIABLE GRAYNESS 

147 0. 0320 0. 7600 -0. 2043 6. 0957 -0. 1843 0. 0158 -0. 0461 0. 5594 -0. 0601 0. 3410 - 0 . 0172 0. 7758 

155 - o . 3834 0. 0058 -0. 1389 0. 3316 0. 1316 0. 1850 0. 3305 0. 0009 -0. 0090 0. 8563 0. 0378 0. 5515 

163 -0. 4828 0. 0001 0. 1662 0. 1991 -0. 2587 0. 0187 -0. 1382 0. 4064 0. 2382 0. 0009 0. 1729 0. 0141 

171 -0. 1864 0. 0055 -0. 2094 0. 0020 -0. 4330 0. 0000 -0. 2395 0. 0026 0. 0220 0. 7537 0. 1430 0. 0434 

179 0. 5028 0. 0022 — — 0. 0734 0. 2003 -0. 0475 0. 4166 -0. 2984 0. 0000 -0 . 1970 0. 0048 

187 0. 1737 0. 4883 -0. 2235 0. 0323 -0. 1145 0. 0176 0. 0277 0. 6691 

195 0. 0592 0. 4070 0. 0679 0. 3388 0. 1462 0. 0890 0. 0313 0. 7193 -0 . 1511 0. 2318 0. 0891 0. 4906 



TABLE 4-1 (Cont) 

62. 

147 

155 

163 

171 

179 

187 

195 

FOOTWALL 

CU GRADE MO GRADE 

CORR PROB CORR PROB 

0.0331 0.7534, -0.1892 0.1345 

-0.3871 0.0074 -0.1094 0.4670 

-0.3306 0.0273 0.2700 0.0723 

0.2809 0.2213 

-0.0075 0.8822 0.0144 0.8244 

DYKE 

CU GRADE MO GRADE 

CORR PROB CORR PROB 

INDEPENDENT VARIABLE ELEACHING 

-0.1635 0.0490 -0.0005 0.9434 

0.1752 0.0830 0.3649 0.0004 

-0.2164 0.0696 -0.1053 0.5383 

-0.2395 0.0252 

0.1749 0.0522 0.0849 0.3568 

HANGING WALL 

CU GRADE MO GRADE 

CORR PROB CORR PROB 

-0.1108 0.0916 

0.0161 0.7940 

0.2741 0.0002 

-0.0768 0.1304 

-0.2295 0.0881 

-0.0172 0,7753 

0.0205 0.7506 

0.2115 0.0040 

0.1342 0.0405 

0.1089 0.4324 
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SUMMARY OF CORRELATION RESULTS 
Footwall Dyke Hanqing-

Wall 

alteration Minerals 

Cu
 G

ra
de

 Q 
u 
o 
CM 
o Cu

 G
ra

de
 CD 

fd 
u o 
CM 
O Cu

 G
ra

de
 (D 

fd 
u o 
CM 

in o a 

1 . Quartz 0 0 ++ ++ 
2 . " A r g i l l i c " 0 0 — - O(-) 0 

3 . Sericite 0 0 — 0 - 0 

4 . K-Feldspar • 0 0 0 0 0 0 

5 . Pyrophyllite - - - - - -
6 . Dumortierite - 0 - - - 0 

7 . Carbonate 0 0 0 + O(-) 0 

' 8 . Zeolite 0 0 . 0 0 0 0 

9 . Chlorite 0 0 0 0 0 0 

1 0 . Epidote - - 0 - - -
1 1 . Hematite 0 0 0 0 0 0 

1 2 . Magnetite ++ 0 ++ 0 ++ 0 

Other Parameters 
1 3 . Cu Grade 
1 4 . M Q S 2 Grade 
1 5 . Fracture Density 
1 6 . Bleaching 

0 

0 0 0 0 

0 

0 

+ + 

0 

+ "Positive Correlation 
++ Strong Positive Correlation 

Negative Correlation 
Strong Negative Correlation 

0 Indefinite Correlation 

Note: Material logged i n the f i e l d as 
" A r g i l l i c " was identified as 
sericite by X~Ray diffraction 



The r e q u i r e m e n t s o f a u s e f u l c o r r e l a t i o n a r e s t r e n g t h and 

c o n s i s t e n c y . An a l t e r a t i o n m i n e r a l w h i c h shows a s t r o n g 

p o s i t i v e c o r r e l a t i o n w i t h g rade i n one s e c t i o n and a s t r o n g 

n e g a t i v e c o r r e l a t i o n i n a n o t h e r s e c t i o n i s o f l i t t l e u se. 

A l t h o u g h changes i n c o r r e l a t i o n w i t h r o c k t y p e s a r e e x p e c t e d , 

t h e i d e a l c o r r e l a t i o n i s t h e same i n t h e v o l c a n i c s o f b o t h 

h a n g i n g - w a l l and f o o t w a l l . T h i s i s n o t c o n s i d e r e d a v i t a l 

p o i n t , because t h e geometry o f t h e d e p o s i t ( F i g u r e 3-7) has 

p e r m i t t e d much b e t t e r e x a m i n a t i o n o f t h e h a n g i n g - w a l l o r e 

zone t h a n t h e f o o t w a l l zone. 

T a b l e 4-2 i l l u s t r a t e s t h a t t h e s t r o n g e s t p o s i t i v e c o r r ­

e l a t i o n s f o r c o p p e r grade i n v o l c a n i c r o c k s a r e w i t h m a g n e t i t e 

and h i g h m o l y b d e n i t e g r a d e s . Q u a r t z has a s t r o n g p o s i t i v e 

c o r r e l a t i o n w i t h c o p p e r g r a d e s i n t h e h a n g i n g - w a l l v o l c a n i c s 

b u t n o t i n t h e f o o t w a l l . M i n e r a l s l e a s t a s s o c i a t e d w i t h 

c opper ( n e g a t i v e c o r r e l a t i o n s ) a r e p y r o p h y l l i t e , d u m o r t i e r i t e 

and e p i d o t e . S e r i c i t e has a n e g a t i v e c o r r e l a t i o n w i t h c o p p e r 

grade i n t h e h a n g i n g - w a l l v o l c a n i c r o c k s , b u t n o t i n t h e 

f o o t w a l l . 

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

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

samples w i t h h i g h c o p p e r g r a d e s . " A r g i l l i c " and s e r i c i t e have 

s t r o n g n e g a t i v e c o r r e l a t i o n s w i t h c o p p e r g r a d e s where as 

p y r o p h y l l i t e and d u m o r t i e r i t e have weak t o moderate n e g a t i v e 

c o r r e l a t i o n s . 

Copper and h i g h f r a c t u r e d e n s i t y have s t r o n g p o s i t i v e 

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

Q u a r tz has s t r o n g p o s i t i v e c o r r e l a t i o n w i t h m o l y b d e n i t e i n t h e 

h a n g i n g - w a l l v o l c a n i c s , b u t n o t i n t h e f o o t w a l l . P y r o p h y l l i t e 
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and e p i d o t e have n e g a t i v e c o r r e l a t i o n s w i t h m o l y b d e n i t e i n 

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

I n t h e q u a r t z - f e l d s p a r p o r p h y r y , c o p p e r and f r a c t u r e 

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

and q u a r t z and c a r b o n a t e have moderate p o s i t i v e c o r r e l a t i o n s . 

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

have n e g a t i v e c o r r e l a t i o n s w i t h m o l y b d e n i t e . 

Importance o f S u l p h i d e M i n e r a l i z a t i o n S t a g e s t o t h e Ore Zone 

I t i s p o s s i b l e t o examine t h e i m p o r t a n c e o f t h e d i f f e r e n t 

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

zone u s i n g s t a t i s t i c a l c o r r e l a t i o n d a t a . T h i s i s approached by 

e x a m i n i n g c o r r e l a t i o n s between g r a d e s and i n t e n s i t y o f i n d i v i d u a l 

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

m i n e r a l i z a t i o n . A s t r o n g c o r r e l a t i o n between g r a d e and an 

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

t h a t t h e s t a g e i s an i m p o r t a n t c o n t r i b u t o r t o t h e o r e zone. 

There a r e f o u r s t a g e s o f c o p p e r m i n e r a l i z a t i o n w i t h i n t h e 

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

as t i n y v e i n l e t s c l o s e l y a s s o c i a t e d w i t h b i o t i t e and m a g n e t i t e 

( P l a t e I I , A and B ) . The s t r o n g p o s i t i v e c o r r e l a t i o n between 

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

t h i s i s t h e most i m p o r t a n t phase o f c o p p e r m i n e r a l i z a t i o n . 

B i o t i t e was n o t r e c o g n i z e d i n t h e c o r e a t t h e t i m e i t was l o g g e d 

on t h e "GEOLOG" f o r m a t . 

Second-stage c o p p e r m i n e r a l i z a t i o n o c c u r s as c h a i c o p y r i t e 

w i t h q u a r t z - m o l y b d e n i t e v e i n s . Because t h e s e v e i n s a r e c h a r ­

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

copper t o t h e o r e zone can be examined by o b s e r v i n g ^ t h e d e g r e e 



o f c o r r e l a t i o n between " a r g i l l i c " and s e r i c i t e a l t e r a t i o n s t o 

o r e g r a d e . T a b l e 4-2 shows t h a t i n t h e h a n g i n g - w a l l o r e zone t h 

v a l u e s range from z e r o t o n e g a t i v e f o r " a r g i l l i c " , b u t a r e 

n e g a t i v e f o r s e r i c i t e . T h i s s u g g e s t s t h a t c o p p e r a s s o c i a t e d 

w i t h t h i s s t a g e o f m i n e r a l i z a t i o n does n o t c o n s t i t u t e a m a j o r 

p o r t i o n o f c o p p e r i n t h e b r e zone. 

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

m o l y b d e n i t e on s l i p s u r f a c e s . I n d e f i n i t e c o r r e l a t i o n between 

c o p p e r grade and f r a c t u r e d e n s i t y i n v o l c a n i c r o c k s as opposed 

t o a s t r o n g p o s i t i v e c o r r e l a t i o n between m o l y b d e n i t e g r a d e and 

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

major c o n t r i b u t o r t o t h e o r e zone. 

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

c a r b o n a t e - z e o l i t e v e i n s . I n t h e h a n g i n g - w a l l o r e zone t h e r e i s 

an i n d e f i n i t e c o r r e l a t i o n between c o p p e r and z e o l i t e and a c o r r e 

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

s u g g e s t s t h a t w h i l e l o c a l l y t h e r e may be a c o n t r i b u t i o n t o t h e 

o r e zone, by t h i s s t a g e o f m i n e r a l i z a t i o n , i t i s o f l i m i t e d 

i m p o r t a n c e . 

There a r e t h r e e s t a g e s o f molybdenum m i n e r a l i z a t i o n i n 

t h e o r e zone. F i r s t , m o l y b d e n i t e o c c u r s w i t h c o p p e r i n t h e 

m a g n e t i t e - r i c h zone. The i n d e f i n i t e c o r r e l a t i o n between mag­

n e t i t e and m o l y b d e n i t e grade s u g g e s t s a m i n o r c o n t r i b u t i o n t o 

t h e molybdenum o r e . 

Second - s t a g e molybdenum i s i n q u a r t z - m o l y b d e n i t e v e i n s 

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

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

a l t e r a t i o n s u g g e s t t h a t t h i s s t a g e o f molybdenum a l s o i s a 

minor c o n t r i b u t o r t o t h e o r e zone. 
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T h i r d - s t a g e molybdenum o c c u r s on s l i p s u r f a c e s . The s t r o n g 

c o r r e l a t i o n between m o l y b d e n i t e grade and t h e f r a c t u r e d e n s i t y 

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

o f molybdenum t o t h e o r e zone. 

I n summary, f i e l d o b s e r v a t i o n s t h a t s t a g e - o n e c o p p e r 

m i n e r a l i z a t i o n and s t a g e - t h r e e molybdenum m i n e r a l i z a t i o n a r e t h e 

s t a g e s o f s u l p h i d e m i n e r a l i z a t i o n w h i c h made t h e m a j o r c o n t r i ­

b u t i o n s t o t h e o r e zone a r e s u p p o r t e d by t h e s t a t i s t i c a l s t u d y . 

Importance o f t h e Copper-Molybdenum C o r r e l a t i o n 

S t o n g c o r r e l a t i o n between c o p p e r and m o l y b d e n i t e g r a d e s i s 

a n o t h e r r e s u l t o f t h e s t a t i s t i c a l s t u d y . As o u t l i n e d i n t h e 

p r e v i o u s s e c t i o n , f i e l d e v i d e n c e , s u p p o r t e d by much o f t h e s t a t ­

i s t i c a l e v i d e n c e , s u g g e s t s t h a t c o p p e r and molybdenum were 

d e p o s i t e d a t d i s t i n c t l y d i f f e r e n t t i m e s . However, c o r r e l a t i o n 

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

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

T h i s a p p e a r s t o be a paradox where two p a r a m e t e r s w h i c h 

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

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

m u t u a l v a r i a b l e ( s ) a r e unknown. I t may be a s p a t i a l , ( e . g . 

p r o x i m i t y t o dyke) i n s t e a d o f a d i r e c t t e m p o r a l r e l a t i o n s h i p . 

They a r e g e n e t i c a l l y r e l a t e d i n t h a t t h e y a r e b o t h p a r t o f t h e 

same o r e - f o r m i n g system. 

T h i s p r o b l e m w i t h c o r r e l a t i o n between c o p p e r and. molyb­

d e n i t e g r a d e s i l l u s t r a t e s one o f t h e f u n d a m e n t a l drawbacks o f 

u s i n g c o r r e l a t i o n a n a l y s i s . M e r e l y because two s e t s o f d a t a 

have a s t r o n g m a t h e m a t i c a l c o r r e l a t i o n does n o t e s t a b l i s h a 
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d i r e c t r e l a t i o n s h i p t o each o t h e r . S t a t i s t i c a l c o r r e l a t i o n , w h i l e ' 

i t i s a p o w e r f u l t e c h n i q u e f o r e x a m i n i n g d a t a , s h o u l d n o t be 

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

between p a r a m e t e r s . 

E f f i c i e n c y o f "GEOLOG" L o g g i n g 

F o r t h e purpose o f t h i s s t u d y , t h e "GEOLOG" f o r m a t p r o v e d 

much f a s t e r t h a n c o n v e n t i o n a l c o r e l o g g i n g methods. However, 

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

were made. I t i s e s t i m a t e d t h a t l o g g i n g w i t h "GEOLOG" f o r m a t 

accompanied by a g r a p h i c l o g and grade e s t i m a t e s r e q u i r e s 

a p p r o x i m a t e l y t h e same amount o f t i m e as c o n v e n t i o n a l c o r e 

l o g g i n g . 

The advantage o f t h e "GEOLOG" f o r m a t i s i n t h e amount and 

ty p e o f d a t a w h i c h a r e r e c o r d e d and t h e speed w i t h w h i c h t h e y 

can be t r e a t e d and r e c o v e r e d . U s i n g t h i s f o r m a t , one o b t a i n s 

" q u a n t i t a t i v e , s p e c i f i c , and c o n s i s t e n t d a t a " ( B l a n c h e t and 

Godwin, 1972) f o r each a s s a y i n t e r v a l . I t a l s o r e s u l t s i n 

c o l l e c t i o n o f d a t a g e n e r a l l y o m i t t e d d u r i n g r o u t i n e l o g g i n g . 

I n terms o f d a t a t r e a t m e n t , d a t a r e c o r d e d on t h e "GEOLOG" 

forma t i s amenable t o many t y p e s o f computer t r e a t m e n t as 

o u t l i n e d by B l a n c h e t and Godwin (1972). The u s u a l d e s c r i p t i v e 

l o g s c a n n o t be s a t i s f a c t o r i l y coded f o r t h i s t y p e o f t r e a t m e n t . 

"GEOLOG", even when used w i t h o u t a computer, p r o v i d e s a 

good way o f u s i n g and r e t r i e v i n g d a t a . A l l p a r a m e t e r s r e c o r d e d 

can be examined i n terms o f a s s a y i n t e r v a l s . The s i n g l e column 

d e v o t e d t o each p a r a m e t e r l e n d s i t s e l f t o making a c o l o u r -

coded, s t r i p l o g p a r a l l e l t o t h e l i t h i c o r g r a p h i c l o g . T h i s 

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

o r g r a de. 
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CHAPTER 5: HYDROTHERMAL ALTERATION 

INTRODUCTION 

D i s c u s s i o n of hydrothermal a l t e r a t i o n a t the I s l a n d Copper 
d e p o s i t i s d i v i d e d i n t o f i v e p a r t s : 

1. D i s c u s s i o n of a l t e r a t i o n stages. 
2. D e s c r i p t i o n of a l t e r a t i o n types. 
3. D i s c u s s i o n of the r e l a t i o n s between ore zone and 

a l t e r a t i o n types. 
4. B r i e f review of the r e l a t i v e importance o f hypogene 

and supergene a l t e r a t i o n processes i n development 
of a l t e r a t i o n . 

5. D i s c u s s i o n of the formation of a l t e r a t i o n zones. 

ALTERATION STAGES 
Se v e r a l problems a r i s e when determining r e l a t i v e ages o f 

a l t e r a t i o n m i n e r a l s : 
1. The t i m e - t r a n s g r e s s i v e nature of hydrothermal a l t e r ­

a t i o n . M i n e r a l s a l t e r i n response t o t h e i r chemical 
environment, which i s not n e c e s s a r i l y the same i n 
a l l p a r t s of a d e p o s i t a t the same time. 

2. The formation of the, same min e r a l s a t d i f f e r e n t times 
i n the sequence of hydrothermal a l t e r a t i o n . For 
example, h y d r o b i o t i t e i n the b i o t i t e zone c o u l d be 
a metastable phase c r e a t e d by p r o g r e s s i v e a l t e r a t i o n , 
a phase creat e d by r e g r e s s i v e a l t e r a t i o n which 
p a r t i a l y destroyed b i o t i t e , or a mixture of both. 

3. D i s t i n q u i s h i n g a l t e r a t i o n envelopes which c u t 
e a r l i e r p e r v a s i v e a l t e r a t i o n , from c o a l e s c i n g 
zoned a l t e r a t i o n envelopes. As Hemley and Meyer 
(1967) observe, the problem i s "to avo i d m i s t a k i n g 
geometric p l a u s i b i l i t y f o r geometric f a c t " . 

4. The c o r r e l a t i o n of events i n d i f f e r e n t rock types. 
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A l t e r a t i o n a t the I s l a n d Copper d e p o s i t i s d i v i d e d i n t o 

tv/o main s t a g e s on t h e b a s i s o f c r o s s c u t t i n g r e l a t i o n s as w e l l 

as t h e m i n e r a l o g i c a l , t e x t u r e and c h e m i c a l n a t u r e o f t h e 

assemblages. C o n t a c t metamorphism by t h e q u a r t z - f e l d s p a r -

p o r p h y r y dyke p r o d u c e d a l t e r a t i o n o f t h e b i o t i t e , t r a n s i t i o n 

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

by: 

1. M i n e r a l assemblages c h a r a c t e r i s t i c s o f c o n t a c t 
metamorphism ( W i n k l e r , 1967); 

2. P e r v a s i v e d i s t r i b u t i o n o f t h e a l t e r a t i o n m i n e r a l s ; 

3. L i t t l e c h e m i c a l v a r i a t i o n between d i f f e r e n t t y p e s 
o f a l t e r e d r o c k s o r a l t e r e d and f r e s h r o c k s ( F i g u r e 
5-7). 

Superimposed w a l l - r o c k a l t e r a t i o n r e s u l t e d i n a l t e r a t i o n 

o f t h e c h l o r i t e - s e r i c i t e , s e r i c i t e , p y r o p h y l l i t e and " Y e l l o w 

Dog" t y p e s . These t y p e s o f a l t e r a t i o n a r e c h a r a c t e r i z e d by: 

1. M i n e r a l assemblages c h a r a c t e r i s t i c o f w a l l - r o c k 
a l t e r a t i o n (Hemley and Meyer, 1967); 

2. S p a t i a l d i s t r i b u t i o n c o n t r o l l e d by f r a c t u r e s and 
b r e c c i a s ; 

3. Marked c h e m i c a l v a r i a t i o n between d i f f e r e n t t y p e s 
o f a l t e r e d r o c k s and between a l t e r e d and f r e s h 
r o c k s ( F i g u r e s 5-8, 5-13). 

The c o n t a c t metamorphism and t h e w a l l - r o c k a l t e r a t i o n 

w i l l . b e r e f e r r e d t o as s t a g e one and s t a g e two r e s p e c t i v e l y . 

ALTERATION ZONES 

A l t e r a t i o n a t t h e I s l a n d Copper Mine i s d i v i d e d i n t o 

seven t y p e s on t h e b a s i s o f c r i t e r i a r e c o g n i z a b l e i n hand 

specimen. M i n e r a l assemblages c h a r a c t e r i s t i c o f t h e t y p e s 
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were e s t a b l i s h e d by subsequent l a b o r a t o r y s t u d y . T h i s s e c t i o n 

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

ogy o f each o f t h e seven t y p e s o f a l t e r a t i o n . 

L o w e l l and G u i l b e r t (1970) d e s c r i b e a l t e r a t i o n e f f e c t s i n 

p o r p h y r y copper d e p o s i t s i n terms o f f o u r main t y p e s : p o t a s s i c 

p h y l l i c , a r g i l l i c and p y r o p y l i t i c . As F o u n t a i n (1972) p o i n t s 

o u t , w h i l e t h e r e i s a g e n e r a l s i m i l a r i t y o f usage between v a r ­

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

t h e d e f i n i t i o n s . V a r i a t i o n s a r e i n t e n s i f i e d when a l t e r a t i o n 

"types, w h i c h a r e d e f i n e d i n i n t r u s i v e r o c k s , a r e a p p l i e d t o 

v o l c a n i c r o c k s . T h e r e f o r e , t h e p r a c t i c e a d o p t e d by B r a y (1969) 

Rose (1970) and F o u n t a i n (1972) o f naming a l t e r a t i o n t y p e s i n 

terms o f t h e p r i n c i p a l a l t e r a t i o n m i n e r a l s u s u a l l y has been 

f o l l o w e d i n d e s c r i b i n g t h e a l t e r a t i o n a t I s l a n d Copper. 

C o n t a c t Thermal Metamorphism 

B i o t i t e Zone 

B i o t i t i z e d r o c k s a r e r e c o g n i z e d m a c r o s c o p i c a l l y by a 

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

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

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

f i n e - g r a i n e d f e l t e d r o c k ( P l a t e I I I . , A,C,D.). 

B o u n d a r i e s o f t h e b i o t i t e z o n e a r e d i f f i c u l t t o e s t a b l i s h 

because t h e b o u n d a r i e s a r e t r a n s i t i o n a l and i n many a r e a s 

b i o t i t e has been d e s t r o y e d by sub s e q u e n t a l t e r a t i o n . The 

ap p r o x i m a t e d i s t r i b u t i o n o f t h e b i o t i t e zone i s shown i n 

F i g u r e s 5-1, 5-2. T h i s zone i s w e l l d e f i n e d on t h e n o r t h e a s t 

( h a n g i n g - w a l l ) s i d e o f t h e p o r p h y r y dyke where i s forms a 350-

f o o t wide t a b u l a r zone w h i c h p a r a l l e l s t h e dyke. 
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PLATE I I I 

BIOTITE ALTERATION ZONE 

A. P o l i s h e d s l a b from the b i o t i t e a l t e r a t i o n zone shows t h e 
absence o f p r i m a r y v o l c a n i c t e x t u r e s i n t h i s zone. The 
specimen i s c u t by a q u a r t z v e i n w h i c h i s c u t i n t u r n by 
a c a r b o n a t e v e i n . 

B. T h i n s e c t i o n o f r e l a t i v e l y c o a r s e - g r a i n e d b i o t i t e and 
m a g n e t i t e , p o s s i b l y a f t e r an a m p h i b o l e . 

C. T h i n s e c t i o n w i t h a b i o t i t e v e i n l e t c u t t i n g a c r o s s c o n t a i n i n g 
abundant d i s s e m i n a t e d b i o t i t e . The opaque m i n e r a l g r a i n s 
a r e m a g n e t i t e . 

D. T h i n s e c t i o n o f a p a t c h o f b i o t i t e and q u a r t z w i t h m a g n e t i t e 
and l e u c o x e n e . 

E. T h i n s e c t i o n o f a p a t c h o f c h l o r i t e c o n t a i n i n g some g r a i n s o f 
b i o t i t e i n the c e n t r e . P e r i p h e r a l m a t e r i a l i s e p i d o t e . 

F. T h i n s e c t i o n showing c h l o r i t e and m a g n e t i t e a l o n g a f r a c t u r e 
c r o s s i n g a m a t r i x c o n t a i n i n g abundant b i o t i t e . The c h l o r i t e 
e n v e l o p e i s o f f s e t on a c a r b o n a t e f i l l e d f r a c t u r e . 

G. T h i n s e c t i o n w i t h c h l o r i t e on a f r a c t u r e c r o s s i n g a m a t r i x 
c o n t a i n i n g abundant b i o t i t e . 

A b b r e v i a t i o n s u sed on t h e p l a t e 

b i 
cb 
q 

c l 
mg 

b i o t i t e 
c a r b o n a t e 
q u a r t z 
c h l o r i t e 
m a g n e t i t e 
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On t h e s o u t h e a s t ( f o o t w a l l ) s i d e o f t h e p o r p h y r y , t h e zone 

i s l e s s w e l l d e f i n e d . Normal movement on the End Creek F a u l t 

has d i s p l a c e d the b i o t i t e zone i n t h e upper p a r t s o f t h e d e p o s i t 

and i t has been removed by e r o s i o n ( F i g u r e s 5-1,5-2). However, 

t h e b i o t i t e zone r e a p p e a r s a t d e p t h where t h e f a u l t p l a n e 

d i v e r g e s from t h e dyke ( F i g u r e 5-2). 

E x a m i n a t i o n o f t h i n s e c t i o n s o f b i o t i t e zone r o c k s r e v e a l s 

a vague r e l i c t p o r p h y r i t i c o r f r a g m e n t a l t e x t u r e w i t h pheno­

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

m a t r i x . T a b l e 5-1 l i s t s some m i n e r a l assemblages f r o m t h e zone. 

P l a g i o c l a s e p h e n o c r y s t s a r e s m a l l (^4mm) w i t h r a g g e d , 

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

s i t i o n s , because t h e y a r e b o t h zoned and a l t e r e d . Where comp­

o s i t i o n s c o u l d be d e t e r m i n e d , t h e y range between An 5-25. 

P h e n o c r y s t s g e n e r a l l y have s e r i c i t i z e d o r s a u s s u r i t i z e d c e n t r e s 

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

i s h i g h l y v a r i a b l e . 

M a f i c p h e n o c r y s t s g e n e r a l l y a r e pseudomorphed by r a g g e d 

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

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

been p r e s e r v e d . 

The m a t r i x c o n s i s t s o f p l a g i o c l a s e ( An 20) , b i o t i t e , 

c h l o r i t e , and m i n o r m u s c o v i t e , a c t i n o l i t e , h y d r o b i o t i t e / 

v e r m i c u l i t e , q u a r t z and c a r b o n a t e . 

X-ray d i f f r a c t i o n i n d i c a t e s t h e p r e s e n c e o f s m a l l amounts 

o f h y d r o b i o t i t e and v e r m i c u l i t e ^ n t h e b i o t i t e zone.. The 

r e l a t i o n s h i p between t h e s e m i n e r a l s and b i o t i t e has n o t been 

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

o p t i c a l l y from b i o t i t e . 
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Plagioclase 
An<25 

Sericite 

Epidote 

Calcite 

Quartz 

Biotite 

Green Biotite 

Chlorite 

MINERAL ASSEMBLAGES - BIOTITE ALTERATION ZONE 
(from thin sections and X-ray Diffractions) 
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Opaque m i n e r a l s a s s o c i a t e d w i t h t h i s zone a r e m a g n e t i t e 

and m i n o r amounts o f h e m a t i t e and l e u c o x e n e . M a g n e t i t e o c c u r s 

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

and as n a r r o w - f r a c t u r e f i l l i n g s ( P l a t e I I . , A,B,C,E). H e m a t i t e 

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

c h l o r i t e pseudomorphs o f m'afic m i n e r a l s . 

T r a n s i t i o n Zone 

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

t h e p r e s e n c e o f c h l o r i t e , and t h e o b l i t e r a t i o n o f p r i m a r y t e x t u r e s . 

T h i s zone i s t r a n s i t i o n a l between an i n n e r b i o t i t e zone, w h i c h i s 

a d j a c e n t t o t h e p o r p h y r y dyke, and an o u t e r e p i d o t e zone. Bounda­

r i e s a r e g r a d a t i o n a l and d i f f i c u l t t o d e f i n e . 

The zone i s w e l l exposed on t h e n o r t h e a s t ( h a n g i n g - w a l l ) s i d e 

o f the p o r p h y r y dyke. I t i s a p p r o x i m a t e l y s i x hundred f e e t w i d e 

and p a r a l l e l s t h e b i o t i t e zone ( F i g u r e s 5-1, 5-2). On t h e s o u t h ­

west ( f o o t w a l l ) s i d e o f t h e dyke, t h e t r a n s i t i o n zone i s n o t w e l l 

d e f i n e d . Normal movement on t h e End Creek F a u l t has d i s p l a c e d 

t he zone, b u t i t r e a p p e a r s a t d e p t h where t h e f a u l t p l a n e d i v e r g e s 

from the dyke ( F i g u r e 5-2). 

T h i n s e c t i o n s o f r o c k s from* t h e t r a n s i t i o n zone r e v e a l vague 

p o r p h y r i t i c and f r a g m e n t a l t e x t u r e s . There a r e p l a g i o c l a s e 

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

c h l o r i t e , i n a f i n e - g r a i n e d m a t r i x . M i n e r a l a ssemblages o b s e r v e d 

i n the zone a r e o u t l i n e d i n T a b l e 5-2. 

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

b i o t i t e zone. M a f i c p h e n o c r y s t s a r e r e p l a c e d by c h l o r i t e , 

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



T a b l e 5-2 

MINERAL ASSEMBLAGES IN THE TRANSITION ZONE 
(From t h i n s e c t i o n s and X - r a y D i f f r a c t i o n s ) 

CO CM CO in co in <j\ 00 CO If) o u rH CM 00 CM m rH o CD vo 
1 I 1 1 1 1 l I rH rH CM CM CO CO 
CO CO CO rH CO rH rH 1 ! 1 1 1 1 
VD o O O o o O O o o O O o o H CM CM CM CM CM CM CM o o o 

P l a g i o c l a s e (An 20) X X X X X X X -X X X - X - X 

M u s c o v i t e X X X X X X X X X X X X X X 

E p i d o t e - r X X - - X X X X - - - X 

Carbonate X - X X - - - - X - " - X - X 

Q u a r t z X - X - X X X - X X X X X X 

C h l o r i t e X X X X X X X X X X X X X X 

L a u m o n t i t e - X - - - - - - - - - - - -
A c t i n o l i t e - X - X - - X X - X - - - -
Leucoxene X X -
M a g n e t i t e X - - - X - X X X - - X X X 

X Abundant 
x P r e s e n t 
- A b s e n t 

VjD 
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c o n s i s t s o f p l a g i o c l a s e ( A n 2 0 ) , w h i c h i s w e a k l y t o m o d e r a t e l y 

a l t e r e d t o s e r i c i t e , and c h l o r i t e , a c t i n o l i t e and m i n o r amounts 

o f q u a r t z . 

X - r a y d i f f r a c t i o n shows t h a t t h e s e r i c i t e n o t e d i n t h e 

t h i n s e c t i o n s i s m u s c o v i t e w i t h m i n o r amounts o f h y d r o m i c a 

( h y d r o m u s c o v i t e ? ) . 

Opaque m i n e r a l s w i t h i n t h i s zone a r e m a g n e t i t e and l e u c o x e n e . 

M a g n e t i t e i s r e s t r i c t e d t o t h e i n n e r p a r t o f t h e zone w h i c h i s 

w i t h i n two hundred f e e t o f t h e b i o t i t e zone. I t o c c u r s d i s s e m ­

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

pseudomorphs o f m a f i c m i n e r a l s . Leucoxene o c c u r s o n l y w i t h 

c h l o r i t e pseudomorphs o f m a f i c m i n e r a l s . 

E p i d o t e Zone 

T h i s zone i s r e c o g n i z e d m a c r o s c o p i c a l l y by abundant p i s t a c h i o -

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

r e c o g n i z e d w i t h i n t h e zone ( P l a t e I V . , A r B , C ) . 

E p i d o t e has a r e l a t i v e l y u n i f o r m d i s t r i b u t i o n t h r o u g h o u t 

t h e zone and shows no o b v i o u s r e l a t i o n t o f r a c t u r e s o r v e i n s 

( P l a t e I V . , B, C ) . The zone i s w e l l exposed on t h e n o r t h e a s t 

( h a n g i n g - w a l l ) s i d e o f t h e dyke. The i n n e r b oundary, w h i c h i s 

g r a d a t i o n a l w i t h t h e t r a n s i t i o n zone, i s a p p r o x i m a t e l y e i g h t 

hundred f e e t from and p a r a l l e l t o t h e q u a r t z - f e l d s p a r p o r p h y r y 

d y k e - v o l c a n i c c o n t a c t ( F i g u r e s 5-1, 5-2). The p o s i t i o n o f t h e 

o u t e r boundary i s n o t w e l l d e f i n e d because o f l a c k o f e x p o s u r e , 

however, t h e i n f e r r e d w i d t h o f t h e zone i s 1^200 f e e t . 

On t h e s o u t h w e s t ( f o o t w a l l ) s i d e o f t h e q u a r t z - f e l d s p a r 

p o r p h y r y dyke, t h e e p i d o t e zone i s w e l l d e f i n e d . The i n n e r 

boundary i s the End Creek F a u l t ( F i g u r e s 5-1, 5-2). The 
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T a b l e 5-3 

MINERAL ASSEMBLAGES IN THE EPIDOTE ZONE 
(From t h i n s e c t i o n s and X-r a y D i f f r a c t i o n s ) 

T h i n S e c t i o n s X - r a y D i f f r a c t i o n s 
LO LD CTi ( M a t r i x M a t e r i a l ) 

CO 00 CO rH 
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< H CO CO CO 1 1 1 1 1 
H H O CO r- 00 u u u a u 
H H CN rH rH rH o o o o a 

P l a g i o c l a s e (An<20) X X X X X X X X - -
S a p o n i t e X X X ? 
S e r i c i t e X X X X X X - X X ? 
E p i d o t e X X - X X X 

Carbonate - - - X X X - - - X -
Q u a r t z - - - X X - - - X - -
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L a u m o n t i t e - - - X - X X X X X X 
A c t i n o l i t e * — — — X mm mm mm mm 

X Abundant 
x P r e s e n t 
? " Q u e s t i o n a b l e 

I d e n t i f i c a t i o n 
- A b s e n t 
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PLATE IV  

EPIDOTE ZONE 

A. O u t c r o p n o r t h o f t h e p i t showing f i n e l y bedded t u f f w i t h 
e p i d o t e d e v e l o p e d a l o n g t h e b e d d i n g p l a n e s . 
The s c a l e on the photo i s one i n c h . 

B. Hand specimen from t h e o u t c r o p shown i n "A", showing 
t h e development o f e p i d o t e a l o n g t h e b e d d i n g p l a n e s . 

C. D r i l l c o r e showing p a t c h e s o f e p i d o t e i n a l a p i l l i t u f f . 

D. T h i n s e c t i o n showing e p i d o t e d e v e l o p e d i n a t u f f . 

A b b r e v i a t i o n s u s e d on t h e p l a t e 

ep - e p i d o t e 





o u t e r boundary i s p a r a l l e l t o t h e f a u l t and a p p r o x i m a t e l y 

1,200 f e e t t o t h e s o u t h . 

T h i n s e c t i o n s o f r o c k s from t h e zone shbw t h a t t h e y a r e 

t u f f s and l i t h i c l a p i l l i t u f f s ( P l a t e I V . , D) w i t h p a t c h e s , 

v e i n l e t s , and d i s s e m i n a t e d g r a i n s o f e p i d o t e ( P l a t e I V . , A,B, 

C,D). M i n e r a l assemblages o b s e r v e d i n t h e zone a r e l i s t e d i n 

T a b l e 5-3. 

P l a g i o c l a s e p h e n o c r y s t s u s u a l l y a r e m o d e r a t e l y s a u s s e r -

i t i z e d . C o m p o s i t i o n o f t h e p l a g i o c l a s e , where p o s s i b l e t o 

measure, i s s o d i c (An 5-20). Zoned p l a g i o c l a s e g r a i n s 

commonly have s a u s s u r i t i z e d c e n t r e s and a l b i t i c r i m s . M a f i c 

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

m i n or amounts o f c a r b o n a t e , a c t i n o l i t e and l e u c o x e n e . 

The m a t r i x o f t h e r o c k s c o n s i s t s o f p l a g i o c l a s e (An 2 0 ) , 

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

g l a s s . X - r a y d i f f r a c t i o n s t u d i e s o f t h e m a t r i x i n d i c a t e : 

(1) The s e r i c i t e n o t e d i n t h i n s e c t i o n i s m u s c o v i t e , and 

(2) The p r e s e n c e o f a s m e c t i t e group c l a y m i n e r a l , p o s s i b l y 

s a p o n i t e . The s a p o n i t e may be p a r t o f t h e v e r y f i n e - g r a i n e d 

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

P y r i t e i s t h e o n l y o p a q u e * m i n e r a l n o t e d i n t h i s zone. 

S m a l l (<2mm) s u b h e d r a l cubes o f p y r i t e a r e d i s s e m i n a t e d 

t h r o u g h t h e m a t r i x . 

W a l l - r o c k A l t e r a t i o n 

S e r i c i t e and C h l o r i t e Zone 

The s e r i c i t e and c h l o r i t e zone i s r e c o g n i z e d by c h l o r i t e 

pseudomorphs o f m a f i c m i n e r a l s and s e r i c i t e pseudomorphs o f 

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



TABLE 5-4 

MINERAL ASSEMBLAGES IN THE CHLORITE-SERICITE ZONE 
(From t h i n s e c t i o n s and X-ray D i f f r a c t i o n s ) 

Q u a r t z - f e l d s p a r p o r p h y r y V o l c a n i c 
Rocks 
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q u a r t z - f e l d s p a r p o r p h y r y dyke and v o l c a n i c r o c k s , i t i s more 

e x t e n s i v e i n t h e dyke. I n the v o l c a n i c r o c k s , i t i s r e s t r i c t e d 

t o t h e o u t e r p a r t o f a l t e r a t i o n e n v e l o p e s on s e t 4 q u a r t z -

m o l y b d e n i t e v e i n s ( T a b l e 3-2, F i g u r e s 5-3, 5-4). 

A.) Q u a r t z - F e l d s p a r P o r p h y r y 

C h l o r i t e - s e r i c i t e a l t e r a t i o n w i t h i n t h e p o r p h y r y dyke i s 

e a s i l y r e c o g n i z e d m a c r o s c o p i c a l l y by * t h e d a r k g r e e n pseudomorphs 

o f m a f i c m i n e r a l s and t h e p a l e g r e e n pseudomorphs o f p l a g i o c l a s e 

( P l a t e V. A ) . T h i s p e r v a s i v e c h l o r i t e - s e r i c i t e a l t e r a t i o n 

shows no c l e a r r e l a t i o n t o f r a c t u r e s o f v e i n s i n t h e p o r p h y r y 

exposed i n t h e p i t . However, i t t e n t a t i v e l y i s r e g a r d e d as 

l a r g e o u t e r e n v e l o p e s on t h e n a r r o w e r s e r i c i t e e n v e l o p e s . The 

" p e r v a s i v e " a l t e r a t i o n i n t h e p o r p h y r y exposed i n t h e p i t i s 

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

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

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

A l t e r a t i o n p r o d u c t s as d e t e r m i n e d by X - r a y d i f f r a c t i o n , a r e 

m u s c o v i t e , w i t h m i n o r amounts o f h y d r o m i c a ( h y d r o m u s c o v i t e ) , 

c a l c i t e and a k a o l i n group c l a y m i n e r a l . M a f i c p h e n o c r y s t s 

a r e a l t e r e d t o c h l o r i t e w i t h m i n o r amounts o f e p i d o t e , c a r b ­

onate and opaques ( P l a t e V., B,C,D ). 

The m a t r i x i s a f i n e - g r a i n e d m i x t u r e o f q u a r t z , s e r i c i t e 

( m u scovite) and m i n o r amounts o f c h l o r i t e , e p i d o t e , s o d i c 

p l a g i o c l a s e and opaque m i n e r a l . K - F e l d s p a r i n t h e m a t r i x 

which forms up t o 15 p e r c e n t o f t h e r o c k i n u n a l t e r e d 

p o r p h y r y i s d e s t r o y e d i n t h i s zone. 

Opaque and semi-opaque m i n e r a l s w i t h i n t h e c h l o r i t e -

s e r i c i t e zone a r e m a g n e t i t e , and l e u c o x e n e . M a g n e t i t e and 
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PLATE V 

CHLORITE-SERICITE ALTERATION ZONE 

A. P o l i s h e d s l a b o f q u a r t z - f e l d s p a r p o r p h y r y showing t h e 
t e x t u r e o f t h e r o c k . The q u a r t z "eyes", s e r i c i t i z e d 
p l a g i o c l a s e and c h l o r i t i z e d m a f i c p h e n o c r y s t s a r e e v i d e n t . 

B. T h i n s e c t i o n showing c h l o r i t i z e d m a f i c m i n e r a l s , p r o b a b l y 
a m p h i b o l e s , w i t h m a g n e t i t e and l e u c o x e n e . 

C. T h i n s e c t i o n showing a c h l o r i t i z e d m a f i c p h e n o c r y s t w i t h 
p y r i t e and l e u c o x e n e . The s u b h e d r a l opaques a r e p y r i t e 
and and t h e l a t h - s h a p e d opaques l e u c o x e n e . 

D. T h i n s e c t i o n shows a mass o f c h l o r i t e a l t e r i n g t o w h i t e 
m i c a . The two l a r g e opaque g r a i n s a r e p y r i t e and t h e 
s m a l l e r ones a r e l e u c o x e n e . 

E. T h i n s e c t i o n showing a mass o f w h i t e m i c a w i t h l a t h s o f 
l e u c o x e n e . T h i s i s a p p a r e n t l y a m a f i c p h e n o c r y s t w h i c h has 
a l t e r e d t o c h l o r i t e and t h e n t o w h i t e m i c a l e a v i n g t h e 
l e u c o x e n e u n a f f e c t e d . 

F. The same t h i n s e c t i o n as "E" w i t h t h e n i c o l s c r o s s e d . 

G. T h i n s e c t i o n showing r o s e t t e s o f c h l o r i t e . 

H. T h i n s e c t i o n showing a mass o f c h l o r i t e s u r r o u n d e d by w h i t e 
m i c a . 

A b b r e v i a t i o n s used on t h e p l a t e 

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

l e u - l e u c o x e n e 
s e r - s e r i c i t e ( w h i t e mica) 
c l - c h l o r i t e 
py - p y r i t e 





l e u o c o x e n e a r e a s s o c i a t e d w i t h c h l o r i t e pseudomorphs o f m a f i c 

p h e n o c r y s t s ( P l a t e V., B,C,D) . 

B.) V o l c a n i c Rocks 

W i t h i n v o l c a n i c r o c k , c h l o r i t e - s e r i c i t e a l t e r a t i o n i s 

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

q u a r t z v e i n s ( P l a t e V I . , D: F i g u r e 5-4). T h i s a l t e r a t i o n 

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

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

e n v e l o p e s . 

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

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

s e c o n d a r y c h l o r i t e ( P l a t e V.,G). The c h l o r i t e p a t c h e s 

o c c a s i o n a l l y a r e rimmed by s e r i c i t e ( P l a t e V., H). 

P l a g i o c l a s e g r a i n s have been i n t e n s e l y a l t e r e d t o mus­

c o v i t e , h y d r o m i c a ( h y d r o m u s c o v i t e ) , and a k a o l i n group c l a y 

m i n e r a l . 

The m a t r i x c o n s i s t s o f q u a r t z , s e r i c i t e ( m u s c o v i t e ) , a 

k a o l i n g roup c l a y m i n e r a l , c h l o r i t e , m a g n e t i t e and l e u c o x e n e . 

M a g n e t i t e and l e u c o x e n e u s u a l l y a r e a s s o c i a t e d w i t h c h l o r i t e 

pseudomorphs o f m a f i c minerals*. 

S e r i c i t e Zone 

The s e r i c i t e zone o c c u r s b o t h i n q u a r t z - f e l d s p a r p o r p h y r y 

and v o l c a n i c r o c k s where i t i s r e c o g n i z e d m a c r o s c o p i c a l l y by 

the c h a l k y w h i t e c o l o u r o f t h e r o c k s c a u s e d by t h e t o t a l 

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



T a b l e 5-5 

MINERAL ASSEMBLAGES IN THE SERICITE ZONE 
(From t h i n s e c t i o n s and X-ray D i f f r a c t i o n s ) 
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A.) Q u a r t z - F e l d s p a r P o r p h y r y 

S e r i c i t e a l t e r a t i o n o c c u r s as e n v e l o p e s on f r a c t u r e s 

( P l a t e V I . , F: F i g u r e 5-3) w h i c h makes i t d i f f i c u l t t o d e f i n e 

t h e d i s t r i b u t i o n o f t h e a l t e r a t i o n ( F i g u r e s 5-1, 5-2). 

T h i n s e c t i o n s o f r o c k s f r o m t h i s zone i n d i c a t e t h a t c h l o r i t e 

pseudomorphs o f m a f i c m i n e r a l s a r e a l t e r e d t o s e r i c i t e . P a t c h e s 

o f s e r i c i t e w h i c h have r e p l a c e d c h l o r i t e c o n t a i n l e u c o x e n e 

d i s t i n g u i s h i n g them fr o m s e r i c i t e r e p l a c i n g p l a g i o c l a s e . P l a g ­

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

g rowths o f s e r i c i t e and a k a o l i n group c l a y m i n e r a l . Q u a r t z 

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

The m a t r i x o f t h e r o c k i s a l t e r e d t o a m i x t u r e o f w h i t e 

m i c a , q u a r t z , m i n o r c l a y and opaques. Q u a r t z g r a i n s w i t h i n t h e 

m a t r i x a r e s e p a r a t e d c o m p l e t e l y f rom each o t h e r by t h e . w h i t e 

m i c a and c l a y . 

X - r a y d i f f r a c t i o n i n d i c a t e s t h a t t h e s e r i c i t e i s m u s c o v i t e 

and t h e c l a y i s a k a o l i n group c l a y m i n e r a l . 

Opaque and semi-opaque m i n e r a l s a s s o c i a t e d w i t h t h i s zone 

a r e l e u c o x e n e and p y r i t e . Leucoxene o c c u r s as t i n y (^ 0.1mm) 

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

o c c u r s as s m a l l ( < 1mm) s u b h e d r a l g r a i n s 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 m a t r i x . There i s no o b v i o u s r e l a t i o n s h i p between 

q u a r t z - s u l p h i d e v e i n s and s e r i c i t e a l t e r a t i o n . 

B.) V o l c a n i c Rocks 

S e r i c i t e a l t e r a t i o n i n t h e v o l c a n i c r o c k s i s r e s t r i c t e d 

t o e n v e l o p e s a r o u n d q u a r t z - m o l y b d e n i t e v e i n s ( P l a t e VI.,A,B,C,: 

F i g u r e 5-4). P r i m a r y t e x t u r e s a r e d e s t r o y e d t o t a l l y w i t h i n t h e 

e n v e l o p e s ( P l a t e VI„,D,E). The a p p r o x i m a t e p o s i t i o n o f t h e 



93. 

PLATE V I 

SERICITE ZONE 

A. S e r i c i t e e n v e l o p e s on q u a r t z v e i n s c u t t i n g b i o t i t i z e d 
v o l c a n i c r o c k s . The s c a l e o f t h e photo f r o m t h e b o t t o m t o 
t h e s k y - l i n e i s a p p r o x i m a t e l y f o r t y f e e t . 

B. A c l o s e r v i e w o f a s e r i c i t e e n v e l o p e ( w h i t e band b e h i n d t h e 
hammer h a n d l e ) c u t t i n g b i o t i t i z e d v o l c a n i c s . 

C. A s m a l l e r s e r i c i t e e n v e l o p e a s s o c i a t e d w i t h a q u a r t z v e i n 
c o n t a i n i n g m o l y b d e n i t e . The r o c k i s a l a p i l l i t u f f w i t h 
c h l o r i t i z e d f r a g m e n t s i n a s i l i c i f i ' e d m a t r i x . 

D. A p o l i s h e d s l a b o f a t y p i c a l s e r i c i t e e n v e l o p e i n v o l c a n i c 
r o c k s . 

E. A p o l i s h e d s l a b from t h e i n n e r p a r t o f a s e r i c i t e e n v e l o p e 
i n v o l c a n i c r o c k s . 

F. S e r i c i t e e n v e l o p e i n t h e q u a r t z - f e l d s p a r p o r p h y r y . The 
e n v e l o p e i s l o c a l l i z e d a l o n g a f r a c t u r e . 

G. A p o l i s h e d s l a b o f a t r a n s i t i o n f r o m c h l o r i t e - s e r i c i t e zone 
t o s e r i c i t e zone i n t h e p o r p h y r y . S c a l e i s on t h e c h l o r i t e -
s e r i c i t e zone. I 

H. A p o l i s h e d s l a b o f s e r i c i t i z e d q u a r t z - f e l d s p a r p o r p h y r y . 

A b b r e v i a t i o n s ^used on t h e p l a t e 

s e r 
q q u a r t z 

s e r i c i t e 
c l c h l o r i t e 
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s e r i c i t e zone i s shown i n F i g u r e 5-1, and i l l u s t r a t e d 

s c h e m a t i c a l l y i n F i g u r e 5-2. 

E n v e l o p e s o f s e r i c i t e a l t e r a t i o n c u t r o c k s o f t h e b i o t i t e 

zone and t h e i n n e r p a r t o f t h e t r a n s i t i o n zone. Most e n v e l o p e s 

a r e c l e a r l y r e l a t e d t o S e t 4 q u a r t z - m o l y b d e n i t e v e i n s ( F i g u r e s 

3-5, 3-6). However, t h e r e a r e some e n v e l o p e s on f r a c t u r e s 

w h i c h do n o t c o n t a i n q u a r t z - m o l y b d e n i t e v e i n s . P l a t e VI t A, 

B,C,D,E, i l l u s t r a t e s s e r i c i t e - r i c h e n v e l o p e s a d j a c e n t t o q u a r t z 

v e i n s . 

F i g u r e 5-4 i s a s c h e m a t i c d i a g r a m o f a s e r i c i t e e n v e l o p e 

i n v o l c a n i c r o c k s . A " t y p i c a l " e n v e l o p e i s d i v i d e d i n t o 

t h r e e p a r t s : an i n n e r zone c o n t a i n i n g p y r o p h y l l i t e and t r a c e s 

o f a k a o l i n group c l a y m i n e r a l , s e r i c i t e and an o u t e r zone o f 

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

r a r e l y i s p r e s e n t . M i n e r a l a ssemblages o b s e r v e d i n t h e s e r i c i t e 

zone a r e l i s t e d i n T a b l e 5-5. 

I n t h i n s e c t i o n , s e r i c i t e pseudomorphs o f p l a g i o c l a s e and 

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

because t h e y c o n t a i n s l i g h t l y c o a r s e r - g r a i n e d s e r i c i t e . 

Pseudomorphs o f m a f i c m i n e r a l s i n p l a c e s c an be i d e n t i f i e d by 

t h e p r e s e n c e o f l e u c o x e n e , a m i n e r a l n o t formed w i t h pseudomorphs 

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

Most o f t h e " w h i t e m i c a " n o t e d i n t h i n s e c t i o n s i s s e r i c i t e . 

However p y r o p h y l l i t e , a k a o l i n group c l a y m i n e r a l and h y d r o m i c a 

( h y d r o m u s c o v i t e ) were i d e n t i f i e d by X - r a y d i f f r a c t i o n . 

P y r o p h y l l i t e Zone 

Most p h y r o p h y l l i t e a l t e r a t i o n o c c u r s i n a b r e c c i a w h i c h 

caps t h e q u a r t z - f e l d s p a r p o r p h y r y dyke on t h e n o r t h w e s t end 



T a b l e 5-6 

MINERAL ASSEMBLAGES I N THE PYROPHYLLITE ZONE 

T h i n S e c t i o n s X - r a y D i f f r a c t i o n s 

Fragments M a t r i x 

White M i c a 
P y r o p h y l l i t e 
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o f t h e d e p o s i t ( F i g u r e s 5-1, 5-2). 

The p y r o p h y l l i t e zone i s c h a r a c t e r i z e d by p y r o p h y l l i t e and 

d u m o r t i e r i t e . P y r o p h y l l i t e i s i d e n t i f i e d m a c r o s c o p i c a l l y by i t s 

extreme s o f t n e s s and soapy f e e l . D u m o r t i e r i t e i s r e c o g n i z e d by 

i t s d i a g n o s t i c b l u e t o mauve c o l o u r . 

The b r e c c i a i s a t a b u l a r body c a p p i n g t h e dyke. I t i s 

a p p r o x i m a t e l y 350 f e e t wide and has been t r a c e d 3,600 f e e t a l o n g 

s t r i k e . I t i s wedge shaped, t h i c k e n i n g as t h e q u a r t z - f e l d s p a r 

p o r p h y r y dyke p l u n g e s t o t h e n o r t h w e s t . 

W i t h i n t h e b r e c c i a , v o l c a n i c f r a g m e n t s , p o r p h y r y f r a g m e n t s 

and m a t r i x have been p y r o p h y l l i t i z e d . P r i m a r y t e x t u r e s o f v o l ­

c a n i c f r a g m e n t s a r e c o m p l e t e l y d e s t r o y e d ( P l a t e V I I . , B ) , b u t t h e 

t e x t u r e o f t h e q u a r t z - f e l d s p a r p o r p h y r y f r a g m e n t s i s unchanged. 

T h i n s e c t i o n s o f v o l c a n i c f r a g m e n t s show t h a t t h e y 

c o n s i s t o f t i n y q u a r t z g r a i n s i s o l a t e d i n v e r y f i n e - g r a i n e d 

( <2^l/) w h i t e m i c a s and c l a y s . I t i s d i f f i c u l t t o d i s t i n g u i s h 

v o l c a n i c f r a g m e n t s f r o m m a t r i x i n t h i n s e c t i o n . 

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

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

w h i t e m i c a s and c l a y . W h ite m i c a pseudomorphs o f m a f i c m i n e r a l s 

can s t i l l be r e c o g n i z e d by t h e p r e s e n c e o f l e u c o x e n e ( P l a t e V.,E, 

F) . Q u a r t z p h e n o c r y s t s appear u n a f f e c t e d by t h e a l t e r a t i o n . 

M a t r i x o f p o r p h y r y f r a g m e n t s c o n s i s t s o f q u a r t z g r a i n s s u r r ­

ounded by w h i t e m i c a s and c l a y ( P l a t e . V I I . , H ) . 

X-ray d i f f r a c t i o n o f m a t e r i a l f r om v o l c a n i c and p o r p h y r y 

fragments and b r e c c i a m a t r i x ( T a b l e 5-6) i n d i c a t e s t h a t most o f 

the w h i t e m i c a i s p y r o p h y l l i t e , r a r e l y accompanied by m u s c o v i t e , 

and a k a o l i n group c l a y m i n e r a l . 

D u m o r t i e r i t e o c c u r s as r o s e t t e s i n t h e m a t r i x ( P l a t e V I I . r 

D) and as v e i n l e t s ( P l a t e VII.,E,F,G,) t h a t l o c a l l y have c o l l o f o r m 
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PLATE V I I 

PYROPHYLLITE ALTERATION ZONE 

A. O u t c r o p o f p y r o p h y l l i t e b r e c c i a . The q u a r t z - f e l d s p a r 
p o r p h y r y f r a g m e n t s a r e a p p a r e n t ; t h e v o l c a n i c f r a g m e n t s 
a r e d i f f i c u l t t o see. 

B. The same o u t c r o p o f p y r o p h y l l i t e b r e c c i a from a s l i g h t l y 
g r e a t e r d i s t a n c e t o show t h e t e x t u r e o f t h e b r e c c i a . 

C. A hand specimen o f a q u a r t z v e i n w i t h i n t h e p y r o p h y l l i t e 
b r e c c i a . The v e i n appears t o c u t the b r e c c i a , b u t t h i n 
s e c t i o n e x a m i n a t i o n shows p y r o p h y l l i t e g r o w i n g i n t o t h e 
v e i n . 

D. D u m o r t i e r i t e r o s e t t e s i n a p y r o p h y l l i t e m a t r i x . 

E. D u m o r t i e r i t e v e i n i n g m a t r i x o f p y r o p h y l l i t e b r e c c i a . 

F. A c l o s e r v i e w o f t h e d u m o r t i e r i t e v e i n shown i n "E". The 
upper p a r t o f t h e p h o t o g r a p h c o n s i s t s o f n e e d l e s o f du­
m o r t i e r i t e . The l o w e r p a r t i s q u a r t z and p y r o p h y l l i t e . 

G. A mass o f d u m o r t i e r i t e n e e d l e s i n a q u a r t z and p y r o p h y l l i t e 
m a t r i x . 

H. T y p i c a l m a t r i x i n the p y r o p h y l l i t e b r e c c i a . Q u a r t z g r a i n s 
a r e s u r r o u n d e d and s e p a r a t e d by w h i t e m i c a , m o s t l y p y r o p h y l l i t e . 

A b b r e v i a t i o n s used on t h e p l a t e 

pp - p y r o p h y l l i t e 
du - d u m o r t i e r i t e 
q - q u a r t z 

QFP - q u a r t z ^ f e l d s p a r p o r p h y r y 
V o l e - V o l c a n i c 





t e x t u r e ( P l a t e V I I E ) . T i n y n e e d l e s o f d u m o r t i e r i t e a l o n g t h e 

m a r g i n s o f t h e s e v e i n l e t s e x t e n d i n t o g r a i n s o f q u a r t z and i n t o 

f l a k e s o f w h i t e m i c a ( P l a t e VII,,F,G) s u g g e s t i n g t h a t d u m o r t i e r ­

i t e p o s t d a t e s q u a r t z and w h i t e m i c a . 

Opaque and semi-opaque m i n e r a l s a s s o c i a t e d w i t h t h e p y r o ­

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

i n masses o f w h i t e m i c a pseudomorphs o f m a f i c p h e n o c r y s t s . 

S m a l l (<2mm) s u b h e d r a l c r y s t a l s o f p y r i t e a r e d i s s e m i n a t e d 

t h r o u g h t h e m a t r i x . 

" Y e l l o w Dog" Zone 

The " Y e l l o w Dog" zone i s r e s t r i c t e d t o t h e " Y e l l o w Dog" 

b r e c c i a s ( F i g u r e 5-1). The zone i s c h a r a c t e r i z e d by r u s t y -

brown f r a c t u r e f i l l i n g s o f f e r r o a n d o l o m i t e ( T a b l e 5 - 7 ) , w h i c h 

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

" Y e l l o w Dog" zone have t h e c h a r a c t e r i s t i c brown f r a c t u r e - . 

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

b r e c c i a v a r i e s w i t h t h e i r d i s t a n c e from t h e p o r p h y r y dyke. 

Near t h e dyke, f r a g m e n t s i n t h e b r e c c i a e x h i b i t a l t e r a t i o n 

c h a r a c t e r i s t i c o f t h e s e r i c i t e zone i n v o l c a n i c r o c k s , and 

t h e r e i s c o m p l e t e d e s t r u c t i o n o f p r i m a r y t e x t u r e s ( P l a t e V I I I . , 

A, B, C ) . V o l c a n i c f r a g m e n t s i n p a r t s o f t h e b r e c c i a f a r t h e s t 

from t h e p o r p h y r y dyke ( F i g u r e s 5-1, 5-2, n o r t h w a l l o f p i t ) 

show a l t e r a t i o n c h a r a c t e r i s t i c o f t h e c h l o r i t e - s e r i c i t e zone 

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

i s q u a r t z r e g a r d l e s s o f p o s i t i o n r e l a t i v e t o t h e dyke. 



TABLE 5-7 

MINERAL ASSEMBLAGES IN THE "YELLOW DOG" ZONE 
(From X-ray. D i f f r a c t i o n s ) 

C l a y S i z e 
F r a c t i o n 
S e p a r a t e 

I ! I I I I I 1 ' 

Q u a r t z X X X X X X X X X 

P l a g i o c l a s e (An 10) - ~ - - - - - - -

S e r i c i t e ( M u s c o v i t e ) X - X X X X X - X 

K a o l i n Group C l a y X X %X X X - - X X 

P y r o p h y l l i t e 

C h l o r i t e - ? ? - - ? - - -

C a l c i t e _ 

F e r r o a n D o l o m i t e X X X X X X - X X 

P y r i t e * X ? X - * X - - X -

rH rH 

X X 

X X 

X X 

x X 
X Abundant 
x P r e s e n t 
? D o u b t f u l 

• I d e n t i f i c a t i o n 
A b s e n t 



PLATE V I I I 

"YELLOW DOG" ZONE 

A p o l i s h e d s l a b o f b r e c c i a showing t h e e x t e n t and 
i n t r i c a c y o f q u a r t z v e i n i n g w i t h i n t h e b r e c c i a . 

A p o l i s h e d s l a b showing q u a r t z v e i n s , d a r k g r a y , c u t t i n g 
s e r i c i t e a l t e r a t i o n w h i c h c o n t a i n s e x t e n s i v e f r a c t u r e -
f i l l i n g p y r i t e . The q u a r t z v e i n s a r e c u t by l a t e r 
c a r b o n a t e v e i n s . 

A p o l i s h e d s l a b showing q u a r t z v e i n i n g c u t t i n g a s e r i c i -
t i z e d v o l c a n i c f r a g m e n t . 

A b b r e v i a t i o n s u sed on t h e p l a t e 

q - q u a r t z 
cb - c a r b o n a t e 

s e r - ^ s e r i c i t e 
py - p y r i t e 
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RELATIONS BETWEEN ALTERATION 

TYPE AND SUPHIDE DEPOSITION 

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

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

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

s u p e r p o s i t i o n o f w a l l - r o c k a l t e r a t i o n on c o n t a c t metamorphism. 

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

b u t n o t t e m p o r a l l y r e l a t e d t o a c e r t a i n t y p e o f a l t e r a t i o n . 

T h i s s e c t i o n i s d i v i d e d i n t o d i s c u s s i o n s o f s p a t i a l and temp­

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

d e p o s i t i o n . 

The s p a t i a l r e l a t i o n s h i p between t h e o r e zone and t h e a l t e r 

a t i o n zones i s shown s c h e m a t i c a l l y i n F i g u r e 5-2. F i g u r e 5-5 

shows s p a t i a l r e l a t i o n s between t y p e s o f a l t e r a t i o n and e a c h 

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

n o t shown on t h e d i a g r a m c o n t a i n s no o r e g r a d e m a t e r i a l . 

However t r a c e s o f c h a i c o p y r i t e and m o l y b d e n i t e o c c u r i n q u a r t z 

v e i n s t e n t a t i v e l y b e l i e v e d s e t 3 and s e t 4 v e i n s ( T a b l e 3 - 1 ) . 

The " Y e l l o w Dog" b r e c c i a c u t s a l l zones o f c o n t a c t meta­

morphism and e x t e n d s i n t o t h e u n a l t e r e d r o c k s . The boundary 

o f t h e o r e zone moves s l i g h t l y (20-30 f e e t ) f u r t h e r away f r o m 

the dyke i n t h e " Y e l l o w Dog" b r e c c i a r e l a t i v e t o t h e a d j a c e n t 

v o l c a n i c r o c k s . C h a i c o p y r i t e i n t h e b r e c c i a o c c u r s as c o a r s e 

g r a i n s i n v e i n l e t s and w i t h t r a c e s o f m o l y b d e n i t e i n q u a r t z 

v e i n s . A l t h o u g h i t i s much c o a r s e r g r a i n e d t h a n i n a d j a c e n t 

v o l c a n i c r o c k s i t i s t e n t a t i v e l y c o r r e l a t e d w i t h them. 

Temporal r e l a t i o n s h i p s between m e t a l d e p o s i t i o n and 

a l t e r a t i o n t y p e a r e o u t l i n e d i n T a b l e 5-3. The p r o b l e m 

w i t h t h e " Y e l l o w Dog" a l t e r a t i o n t y p e i s shown by t h e t a b l e . 

W h i l e t h e b u l k o f t h e a l t e r a t i o n w i t h i n t h e b r e c c i a i s s e r i c i t e , 
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F i g u r e 5-5 

SPATIAL RELATIONS BETWEEN ALTERATION 
TYPE AND SULPHIDE DEPOSITION 

INTRUSIVE VOLCANIC 
ROCKS ROCKS 

QUARTZ M A R G I N A L CONTACT MET. \MORPHISM UNALTERED 
FELDSPAR BRECCIA B I O T I T E 

ZONE 
T R A N S I T I O N 

ZONE 
E P I D O T E 

ZONE 

SW. c )RE ZONE NE. 

WALL-ROCK ALTERATION 
S e r i c i t e E n v e l o p e s xxxxxxxx :xxxxxxxxx> X X X X X X X X X 

METAL DEPOSITION 
1.) C o p p e r 

S t a g e one (3) X X x xxxxxxxxxxxxxx: XXXXXXX X 
* S t a g e two (4) cxxxxxxxxx; x x x x : X X X 

S t a g e t h r e e (6)- X X X 2 x x x x : : x x X 
S t a g e f o u r (9) X X X X X X x X X X K 
S t a g e f i v e (10) X X X X 

2.) Molybdenum 
S t a g e one (3) X X X X X X X X X X 
S t a g e two (4) X X X X X X X X X X X 

• S t a g e t h r e e (6) X X xxxxxxxxx: .xxxxxxxxxxxxxx: [XXXXXXXX 

N o t e s L e g e n d 
(1) Numbers i n p a r e n t h e s e s r e f e r t o 

v e i n s e t s ( T a b l e 3 - 1 ) . XXX - A b u n d a n t 

(2) S t a g e two - c o p p e r and s t a g e t h r e e -
molybdenum a r e t h e m a j o r c o n t r i b u t o r s 

X X - A l w a y s P r e s e n t 
X X - P r e s e n t L o c a l l y 

o f m e t a l t o t h e o r e zone. 

I 1 
T a b l e 5-8 

TEMPORAL RELATIONS BETWEEN STAGES 
OF ALTERATION AND SULPHIDE DEPOSITION 

VEIN 
SET 

( T a b l e 3-1) 
C o p p e r 

STAGES OF METAL. 
DEPOSITION 

Molybdenum 

S t a g e One S t a g e One 

S t a g e Two S t a g e Two 

S t a g e T h r e e S t a g e T h r e e 

ALTERATION TYPE 

C o n t a c t T h a r m a l 
( B i o t i t e , T r a n s i t i o n 
and E p i d o t e T y p e s ) 

W a l l - r o c k A l t e r a t i o n 
( P y r o p h y l l i t e , S e r i c i t e , 
and C h l o r i t e - S e r i c i t e 
T y p e s ) 

" Y e l l o w Dog" 
Orange f e r r o a n d o l o m i t e 

S t a g e F o u r 

10 S t a g e F i v e 

file:///MORPHISM
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formed d u r i n g t h e s t a g e o f w a l l - r o c k a l t e r a t i o n , t h e or a n g e 

f e r r o a n d o l o m i t e w h i c h g i v e s t h e zone i t s name i s formed l a t e r . 

SURFICIAL ALTERATION 

A t many o r e d e p o s i t s , a major p r o b l e m i n t h e s t u d y o f 

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

supergene f r o m hydrogene e f f e c t s . S u r f i c i a l e f f e c t s a t t h e 

I s l a n d Copper d e p o s i t a r e m i n i m a l and have n o t o b s c u r r e d 

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

Two c o n d i t i o n s a t t h e I s l a n d Copper d e p o s i t i n d i c a t e t h e 

absence o f s u r f i c i a l e f f e c t s . F i r s t , t h e r e i s an absence o f 

abundant i r o n o x i d e s and c o p p e r o x i d e s i n t h e upper p a r t o f 

t h e d e p o s i t . I n t h e c e n t r a l p a r t o f t h e p i t , t h e s u b e r o p s u r f a c e 

has a zone o f i r o n and c o p p e r o x i d e s a p p r o x i m a t e l y one i n c h t h i c k . 

T h i s c o n t r a s t s w i t h o t h e r m i n e r a l showings on t h e n o r t h end o f 

Vancouver I s l a n d w h i c h commonly a r e c o v e r e d by g o s s a n s e x c e e d i n g 

100 f e e t i n t h i c k n e s s . 

Second, t h e r e i s a l a c k o f s e c o n d a r y e n r i c h m e n t o f t h e o r e 

body. Secondary c o p p e r s u l p h i d e m i n e r a l s have n o t been o b s e r v e d 

i n hand specimen o r p o l i s h e d s e c t i o n . There i s no r e l a t i o n 

between c o p p e r g r a d e and d i s t a n c e below t h e su b e r o p s u r f a c e , 

as would be e x p e c t e d w i t h s e c o n d a r y e n r i c h m e n t o f an o r e zone. 

A s t u d y w h i c h g i v e s some i n s i g h t i n t o s u r f i c i a l e f f e c t s was 

made on c o r e samples from d r i l l h o l e no. 216 ( F i g u r e 4-1), a 

v e r t i c a l h o l e . C l a y - s i z e d m a t e r i a l (^2 m i c r o n s ) was sep­

a r a t e d from 13 samples f r o m t h i s h o l e t o t e s t f o r d i f f e r e n c e s 

i n t h e m i n e r a l o g y o f t h e c l a y - s i z e d f r a c t i o n n e a r t h e b e d r o c k 

s u r f a c e compared w i t h t h e deeper p a r t s o f t h e h o l e . The 

m i n e r a l assemblages f o r t h e d i f f e r e n t samples a r e t a b u l a t e d 



T a b l e 5-9 
MINERAL ASSEMBLAGES IN CLAY SIZE RANGE 

U 
<d 

rH 
rH 
O 
O 
S 
O 
M 

-P 
Q* 
0) 

DDH . c -216 

G) 
-P 
•H a) rH 

U <D -p rH 
fd -P •P •H •H 

N •H •H a u a) -P w O •H O -p 
u •H 0 rH e •H rd rH M rH O M 

(1) <D & O >1 a fa CO o 
48 f X X - X - — 

77' X - - X - - X 

120' X X - X - -

205 1 X X X X X - -

224' X - X X X - -

257' X - X X - ? 

455' X - X - X - -

745' X - - X - -

767* X - X X - -

782 1 X - X - X -

800' X - X X - - -

804 f X - X X X - -

813' X — X * X X X -

N o t e s : 1/ X m a j o r phase 
x m i n o r phase 
? q u e s t i o n a b l e i d e n t 
- a b s e n t 

2/ V e r t i c a l h o l e 
3/ 20 1 o f o v e r b u r d e n 
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i n T a b l e 5-9. There i s no i n c r e a s e i n v a r i e t y o r amount o f 

c l a y m i n e r a l s i n t h e samples from t h e u pper p a r t s o f t h e h o l e 

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

m i n o r . 

FORMATION OF'THE ALTERATION ZONES 

I n t r o d u c t i o n 

T h i s s e c t i o n r e v i e w s a v a i l a b l e d a t a on t h e e n v i r o n m e n t 

o f f o r m a t i o n and d i s c u s s e s t h e f o r m a t i o n o f : 1.) S t a g e 1/ 

C o n t a c t Metamorphism 2.) S t a g e 2, W a l l - r o c k A l t e r a t i o n . 

E n v i r o n m e n t o f F o r m a t i o n 

The I s l a n d Copper d e p o s i t i s r e l a t e d s p a t i a l l y t o t h e 

q u a r t z - f e l d s p a r - p o r p h y r y dyke. I n t r u s i v e b o d i e s o f t h i s 

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

t r u s i v e r o c k s i n t h e upper p a r t o f t h e Bonanza V o l c a n i c s . 

S t r a t i g r a p h i c d a t a ( C h a p t e r 3 ) , t h e p o r p h y r i t i c t e x t u r e o f 

t h e d y k e , and i t s accompanying b r e c c i a t i o n , s u g g e s t t h e d e p o s i t 

formed i n a n e a r - s u r f a c e , low p r e s s u r e e n v i r o n m e n t . 

Temperatures o f f o r m a t i o n o f a l t e r a t i o n zones have n o t 

been d e t e r m i n e d . P r e l i m i n a r y s t u d i e s o f s amples f r o m many 

d i f f e r e n t ages o f q u a r t z v e i n s i n d i c a t e f l u i d i n c l u s i o n s t o o 

s m a l l f o r d e t e r m i n i n g t e m p e r a t u r e s w i t h a v a i l a b l e equipment. 

I n d i r e c t methods o f e s t i m a t i n g t e m p e r a t u r e s by c o m p a r i n g 

m i n e r a l assemblages w i t h t h o s e formed e x p e r i m e n t a l l y p r o v e d 

i n c o n c l u s i v e . W h i l e e x p e r i m e n t a l d a t a g i v e u pper l i m i t s f o r 

t e m p e r a t u r e s o f f o r m a t i o n o f some m i n e r a l s p r e s e n t i n n a t u r a l 

assemblages, t h e y do n o t i n d i c a t e l o w e r l i m i t s . 

Diamond d r i l l i n g shows t h a t t h e o r e zone i s i n a c o n s t a n t 

p o s i t i o n r e l a t i v e t o t h e dyke and has t h e same m i n e r a l o g y and 
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grade t h r o u g h 1,200 f e e t o f s t r a t i g r a p h i c t h i c k n e s s . W h i l e 

d a t a a t extreme d e p t h s i s s c a n t y , a l t e r a t i o n p a t t e r n s seem l i t t l e 

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

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

C o n t a c t Thermal Metamorphism 

C o n t a c t metamorphic e f f e c t s a r e summarized i n T a b l e 5-10. 

D i s t r i b u t i o n o f m i n e r a l assemblages c h a r a c t e r i s t i c o f t h i s s t a g e 

a r e shown s c h e m a t i c a l l y i n F i g u r e 5-6. 

The b i o t i t e and t r a n s i t i o n zones a r e a h o r n f e l s . C h e m i c a l 

a n a l y s e s o f t h i r t e e n samples o f Bonanza V o l c a n i c s ( M u l l e r , 1970) 

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

on an ACF d i a g r a m o f t h e A l b i t e - E p i d o t e H o r n f e l s F a c i e s 

( W i n k l e r , 1967) t o d e t e r m i n e w h i c h m i n e r a l assemblages c o u l d be 

e x p e c t e d ( F i g u r e 5-7). E l e v e n o f t h i r t e e n samples p l o t t e d i n 

the c h l o r i t e - e p i d o t e - t r e m o l i t e f i e l d . T h i s c o r r e s p o n d s w i t h 

m i n e r a l s assemblages f o u n d i n t h e b i o t i t e , t r a n s i t i o n and e p i d o t e 

zones ( T a b l e 5-10). Lack o f m i n e r a l o g i c d a t a f o r a n a l y s e d r o c k s 

makes i t i m p o s s i b l e t o c a l c u l a t e where t h e a n a l y s e s w o u l d p l o t 

on an A 1 K F diagram. 

A p r o b l e m r e m a i n i n g i n w h e t h e r o r n o t abundant b i o t i t e i n 

the b i o t i t e zone r e p r e s e n t s metasomatism i n a d d i t i o n t o c o n t a c t 

metamorphism. A n a l y s e s f o r p o t a s s i u m , sodium, magnesium and 

c a l c i u m a r e p r e s e n t e d i n F i g u r e 5-8. Because o n l y a few a n a l y s e s 

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

The a r i t h m e t i c mean o f p o t a s s i u m i n b i o t i t e zone samples 

i s s l i g h t l y h i g h e r t h a n t h a t f rom t r a n s i t i o n and e p i d o t e zone 

samples, b u t i s below t h e mean and w i t h i n t h e range o f p o t a s s i u m 

a n a l y s e s from f r e s h r o c k s . Magnesium a n a l y s e s a r e e s s e n t i a l l y 

the same i n f r e s h r o c k s , t r a n s i t i o n , e p i d o t e and b i o t i t e z o nes. 
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INTRUSIVE 
ROCKS 

VOLCANIC 
ROCKS 

Q.F.P. MARGINAL 
BRECCIA 

BIO T I T E 
ZONE 

TRANSITION 
ZONE 

EPIDOTE 
ZONE 

UNALTERED 

SW. ORE ZONE NE. 

ALTERATION 
MINERALS 

Q u a r t z 
P l a g i o c l a s e 
B i o t i t e 
H y d r o b i o t i t e 
V e r m i c u l i t e 
C h l o r i t e 
A c t i n o l i t e 
E p i d o t e 
M a g n e t i t e 
S a p o n i t e ( ? ) 
M u s c o v i t e 

- - - - -

ALTERATION 
MINERALS 

Q u a r t z 
P l a g i o c l a s e 
B i o t i t e 
H y d r o b i o t i t e 
V e r m i c u l i t e 
C h l o r i t e 
A c t i n o l i t e 
E p i d o t e 
M a g n e t i t e 
S a p o n i t e ( ? ) 
M u s c o v i t e 

• - ~ - -

- - - - - -

- - - - -

ALTERATION 
MINERALS 

Q u a r t z 
P l a g i o c l a s e 
B i o t i t e 
H y d r o b i o t i t e 
V e r m i c u l i t e 
C h l o r i t e 
A c t i n o l i t e 
E p i d o t e 
M a g n e t i t e 
S a p o n i t e ( ? ) 
M u s c o v i t e 

LEGEND 

^ A l t e r a t i o n M i n e r a l s 
A l w a y s P r e s e n t 

L o c a l l y P r e s e n t - - . -

FIGURE 5-6 
SCHEMATIC DIAGRAM SHOWING 
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FIGURE 5-7 
Thirteen Analyses of Bonanza Volcanic Rocks on an A C F Projection oi the Albite-Epidote Horn-

fels Fades 

( A C F Projection After Winkler, 1967) 
(Analyses Published by Mueller, 1970) 
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These d a t a s u g g e s t t h a t f o r m a t i o n o f b i o t i t e i n v o l v e d l i t t l e 

metasomatism. 

A n a l y s e s f o r sodium and c a l c i u m , w h i c h show e s s e n t i a l l y 

no v a r i a t i o n between samples o f f r e s h r o c k s and t h o s e f rom 

c o n t a c t metamorphic zones s u p p o r t t h e s u g g e s t i o n t h a t l i t t l e 

metasomatism i s i n v o l v e d i n t h e f o r m a t i o n o f t h e s e zones. . 

Manganese i s s l i g h t l y d e p l e t e d i n b i o t i t e zone samples r e l a t i v e 

t o samples from f r e s h r o c k s , t r a n s i t i o n and e p i d o t e zone s a m p l e s , 

b u t t h e mean v a l u e i s w i t h i n t h e range o f a n a l y s e s f r o m samples 

of f r e s h r o c k s . 

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

s e v e r a l o t h e r p o r p h y r y c o p p e r d e p o s i t s where much o f t h e o r e i s 

i n a n d e s i t i c w a l l r o c k s a d j a c e n t t o an i n t r u s i v e o r b r e c c i a . 

Panguna ( F o u n t a i n , 1 9 7 2 ) , E l T i e n t e ( H o w e l l and M o l l o y , 1 9 6 0 ) , 

S a f f o r d ( R o b i n s o n , 1966) and Mess Cr e e k ( S u t h e r l a n d Brown, 1970) 

a r e t h e b e s t documented examples. F i g u r e 5-9 i s a s c h e m a t i c 

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

a t I s l a n d Copper t o Panguna, E l T i e n t e , and S a f f o r d . The d i s t r -

b u t i o n a t Mess Creek i s t o o complex f o r t h i s t y p e o f d i a g r a m . 

F i g u r e 5-9 shows t h a t t h e h o r n f e l s ( b i o t i t e , t r a n s i t i o n , 

e p i d o t e zones) a t I s l a n d Copper i s r e l a t i v e l y n a r r o w compared 

w i t h a l t e r a t i o n zones d e s c r i b e d a t t h e o t h e r d e p o s i t s . T h i s 

may be a f u n c t i o n o f t h e w i d t h o f t h e i n t r u s i v e . A t I s l a n d Copper 

i t i s r e l a t i v e l y narrow (400 f e e t ) w h i l e i t i s much w i d e r a t t h e 

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

The c l o s e s p a t i a l c o r r e l a t i o n between b i o t i t e and c o p p e r 

m i n e r a l i z a t i o n a t Panguna and E l T i e n t e i s a l s o i l l u s t r a t e d on t h e 

diagram. B i o t i t e a t E l T i e n t e and S a f f o r d i s c l e a r l y a p r e - o r e 

f e a t u r e , w h i l e a t Panguna and Mess C r e e k , t h e e x a c t age r e l a t i o n s 

have n o t been e s t a b l i s h e d . 



TABLE 5-10 
SUMMARY OF THE CHARACTERISTICS OF THE ALTERATION ZONES IN VOLCANIC ROCKS 

.CONTACT METAMORPHISM WALL-ROCK ALTERATION 
BIOTITE TRANSITION EPIDOTE CHLORITE 

SERICITE 
SERICITE PYROPHYLLITE "YELLOW DOG" 

DEFINING 
MINERALS 

B i o t i t e C h l o r i t e Epidote C h l o r i t e & 
S e r i c i t e 

S e r i c i t e P y r o p h y l l i t e 

D u m o r t i e r i t e 

Rusty Orange 
Dolomite 

TEXTURES Destroyed P a r t i a l l y 
Destroyed 

D i s t i n c t P a r t i a l l y 
Destroyed 

Destroyed Destroyed P a r t i a l l y 
Destroyed 

PLAGIOCLASE 
PHENOCRYSTS A l b i t i c 

(An 5-25) 
S l i g h t to 
moderate 
s e r i c i t i z -
a t i o n and 
s a u s s u r i t i z -
a t i o n 

A l b i t i c 
(An5-25) 
S l i g h t to 
moderate 
s e r i c i t i z -
a t i o n and 
s a u s s u r i t i z -
a t i o n 

A l b i t i c 
(An5-25) 
Moderate 
s a u s s u r i t i z -
a t i o n 

A l t e r e d t o : 
Muscovite 
Minor 
K a o l i n i t e 
Hydromica 

A l t e r e d t o : 
Muscovite 
K a o l i n i t e 

A l t e r e d t o : 
P y r o p h y l l i t e 
Muscovite 
K a o l i n i t e 

Moderately 
a l t e r e d t o : 
Muscovite 
K a o l i n i t e 

MAFIC 
PHENOCRYSTS 

A l t e r e d t o : 
B i o t i t e 
C h l o r i t e 
Epidote 
Carbonate 
A c t i n o l i t e 

A l t e r e d t o : 
C n l o r i t e 
Epidote 
A c t i n o l i t e 
Carbonate 
S e r i c i t e 

A l t e r e d t o : 
C h l o r i t e 
Epidote 
Carbonate 
A c t i n o l i t e 

A l t e r e d t o : 
C h l o r i t e 
Muscovite 
Carbonate 

A l t e r e d t o : 
Muscovite 
Minor 
K a o l i n i t e 

A l t e r e d t o : 
P y r o p h y l l i t e 
Muscovite 
Minor 
K a o l i n i t e 

A l t e r e d t o : 
C h l o r i t e 
Muscovite 

MATRIX P l a g i o c l a s e 
B i o t i t e 
C h l o r i t e 
Muscovite 
A c t i n o l i t e 
H y d r o b i o t i t e 
V e r m i c u l i t e 
Carbonate 
Quartz 

P l a g i o c l a s e 
Muscovite 
C h l o r i t e 
Quartz 
A c t i n o l i t e 
Hydromica 

P l a g i o c l a s e 
C h l o r i t e 
Muscovite 
Glass 
Saponite(?) 

Muscovite 
K a o l i n 
C h l o r i t e 
Quartz 

Quartz 
Muscovite 
K a o l i n i t e 

Quartz 
P y r o p h y l l i t e 
K a o l i n 
Muscovite 
Dumortierite 

Quartz 
S e r i c i t e 
Carbonate 
P l a g i o c l a s e 

OXIDES Magnetite 
Leucoxene 
Hematite 

Magnetite 
Leucoxene 

Leucoxene Magnetite 
Leucoxene 

Leucoxene Leucoxene Leucoxene 

SULPHIDES P y r i t e 
C h a i c o p y r i t e 
Molybdenite 

P y r i t e 
C h a i c o p y r i t e 
Molybdenite 

P y r i t e - - P y r i t e 
Minor 
C h a i c o p y r i t e 
Molybdenite 

P y r i t e P y r i t e P y r i t e 
C h a i c o p y r i t e 
Molybdenite 



114. 
C H E M I C A L VARIATIONS B E T W E E N 
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VOLCANIC ROCKS-
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FIGURE 5-9 

SCHEMATIC DIAGRAM OF EARLY ALTERATION ZONES 

PANGUNA ( F o u n t a i n , 1973) 
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W a l l - r o c k A l t e r a t i o n 

S t a g e 2 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 t h e f o r m a t i o n o f 

s e r i c i t e , k a o l i n i t e and p y r o p h y l l i t e . S e r i c i t e , as u s e d i n t h i s 

d i s c u s s i o n , r e f e r s t o f i n e - g r a i n e d p o t a s s i u m m i c a ( m u s c o v i t e ) . 

P o l y t y p e s o f t h e m i c a were n o t d e t e r m i n e d . K a o l i n i t e r e f e r s 

t o a K a o l i n group m i n e r a l o r m i n e r a l s . P y r o p h y l l i t e i s a 

m i s t u r e o f t h e IT and 2M p o l y t y p e s i n a p p r o x i m a t e l y e q u a l 

p r o p o r t i o n s . , 

These m i n e r a l s o c c u r i n : 1) e n v e l o p e s o f a l t e r a t i o n on 

q u a r t z - m o l y b d e n i t e v e i n s and f r a c t u r e s c u t t i n g v o l c a n i c r o c k s 

and q u a r t z - f e l d s p a r p o r p h y r y r e s p e c t i v e l y , and 2) i n b r e c c i a s 

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

p o r p h y r y , M i n e r a l a ssemblages a r e summarized i n T a b l e s 5-10 and 

5-11 and t h e i r d i s t r i b u t i o n s a r e shown s c h e m a t i c a l l y i n F i g u r e s 

5-10 and 5-11. D i s t r i b u t i o n o f t h e s e m i n e r a l s p r o d u c e s zones 

on t h e s c a l e o f : 1) and e n v e l o p e and 2) t h e w h ole d e p o s i t . 

F i g u r e s 5-3 and 5-4 a r e s c h e m a t i c d i a g r a m s o f m i n e r a l 

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

and v o l c a n i c r o c k s . I n v o l c a n i c r o c k s , e n v e l o p e s c o n s i s t o f 

p r o g r e s s i v e zones g r a d i n g f r o m an i n n e r p y r o p h y l l i t e - k a o l i n i t e 

and m i n o r s e r i c i t e assemblage a d j a c e n t t o t h e v e i n , t h r o u g h 

an i n t e r m e d i a t e assemblage o f s e r i c i t e and m i n o r k a o l i n i t e , t o 

an o u t e r s e r i c i t e and c h l o r i t e assemblage. 

E n v e l o p e s i n q u a r t z - f e l d s p a r p o r p h y r y , a r e somewhat 

d i f f e r e n t from t h o s e i n v o l c a n i c r o c k s and c o n s i s t o f a r e l a t ­

i v e l y n arrow i n n e r zone o f s e r i c i t e and k a o l i n i t e and a b r o a d 

o u t e r zone o f s e r i c i t e and c h l o r i t e . P y r o p h y l l i t e i s n o t f o u n d 

i n t h e s e e n v e l o p e s . 

P e r v a s i v e s e r i c i t i c ( s e r i c i t e and k a o l i n i t e ) a l t e r a t i o n o f 

r o c k f r a g m e n t s i n the m a g i n a l b r e c c i a s i s due t o c o a l e s c i n g o f 



TABLE 5-11 

SUMMARY OF THE CHARACTERISTICS OF THE ALTERATION ZONES IN QUARTZ-FELDSPAR PORPHYRY 

ZONES BIOTITE TRANSITION EPIDOTE CHLORITE 
SERICITE-

SERICITE PYROPHYLLITE "YELLOW DOG" 

DEFINING 
MINERALS 

C h l o r i t e 
S e r i c i t e 

S e r i c i t e P y r o p h y l l i t e 
& 

Dumortierite 

Rusty Orange 
Dolomite 

TEXTURES D i s t i n c t D i s t i n c t D i s t i n c t D i s t i n c t 

QUARTZ 
PHENOCRYSTS 

Unchanged Unchanged Unchanged Unchanged 

PLAGIOCLASE 
PHENOCRYSTS * 

/ 
A l t e r e d t o : 
Muscovite 
Carbonate 
K a o l i n i t e 

A l t e r e d t o : 
Muscovite 
K a o l i n i t e 

A l t e r e d t o : 
P y r o p h y l l i t e 
Minor 
Muscovite 
K a o l i n i t e 

A l t e r e d to: 
Muscovite 

MAFIC 
PHENOCRYSTS 

/ 
A l t e r e d t o : 
C h l o r i t e 

Minor 
Epidote 
Carbonate 

A l t e r e d t o : 
Muscovite 
K a o l i n i t e 

A l t e r e d t o : 
P y r o p h y l l i t e 
Muscovite 
K a o l i n i t e 

A l t e r e d t o : 
C h l o r i t e 
S e r i c i t e 

MATRIX Quartz 
Muscovite 
C h l o r i t e 
Epidote 
P l a g i o c l a s e 

Quartz 
Muscovite 
K a o l i n i t e 

Quartz 
P y r o p h y l l i t e 
K a o l i n i t e 
Muscovite 

Muscovite 
K a o l i n i t e 
Q u a r t z 
P l a g i o c l a s e 

OXIDES Magnetite 
Leucoxene 

Leucoxene Leucoxene L e u c o x e n e 

SULPHIDES P y r i t e 
C h a i c o p y r i t e 

P y r i t e P y r i t e P y r i t e 
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t h e i n n e r p a r t s o f s e r i c i t i c e n v e l o p e s . However, as t h e m a r g i n a l 

b r e c c i a s g rade i n t o t h e c a p p i n g " p y r o p h y l l i t e " b r e c c i a ( F i g u r e 

5-2) t h e m i n e r a l assemblage changes t o p y r o p h y l l i t e and k a o l i n i t e 

w i t h m i n o r s e r i c i t e . 

I n t h e " Y e l l o w Dog" b r e c c i a , r o c k f r a g m e n t s a r e a l t e r e d 

p e r v a s i v e l y . Near t h e q u a r t z - f e l d s p a r p o r p h y r y dyke, t h e m i n e r a l 

assemblage i s s e r i c i t e and k a o l i n i t e . Away f r o m t h e d y k e , t h e 

assemblage i s s e r i c i t e and c h l o r i t e . T h i s p e r v a s i v e a l t e r a t i o n 

i s t e n t a t i v e l y b e l i e v e d due t o c o a l e s c i n g a l t e r a t i o n e n v e l o p e s 

around f r a c t u r e s . 

Development o f t h e d i f f e r e n t m i n e r a l a s s e m b l a g e s i n t h e 

s uperimposed a l t e r a t i o n c a n be e x p l a i n e d by h y d rogen i o n meta­

somatism (Hemley and J o n e s , 1966). T h i s p r o c e s s r e q u i r e s t h a t 

h y d r o t h e r m a l s o l u t i o n s be r i c h i n hydrogen i o n s and t h e s e 

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

c a t i o n s i n t o s o l u t i o n . R e s u l t i n g r a t i o s o f m e t a l i o n s a r e t h e 

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

w i t h s o l u t i o n . However, t h e n e t e f f e c t o f t h e s e r e a c t i o n s i s t h e 

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

q u a r t z . 

F i g u r e 5-12 shows r e s u l t s o f e x p e r i m e n t a l s t u d i e s (Hemley 

e t a l . , 1959, 1961, 1970) t o i n v e s t i g a t e e f f e c t s o f d i f f e r e n t 

r a t i o s o f m e t a l c a t i o n s t o hydrogen i o n s on m i n e r a l s t a b i l i t i e s 

i n s i m p l e systems. The d i a g r a m s show r a t i o s o f m e t a l i o n s t o 

hydrogen i o n s p l o t t e d a g a i n s t t e m p e r a t u r e . 

These diagrams g i v e c o n s i d e r a b l e i n s i g h t i n t o t h e p r o c e s s 

of hydrogen i o n metasomatism. F i g u r e 5-12A r e p r e s e n t s a r o c k 

composed o f K - F e l d s p a r and q u a r t z . I f a h y d r o t h e r m a l s o l u t i o n 

at. 250°C c o n t a i n i n g hydrogen i o n s i s i n t r o d u c e d i n t o t h i s 

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



FIGURE 5-12 

EXPERIMENTAL STUDIES RELATING TO H Y D R O T H E R M A L 
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w i l l be a l t e r e d t o K-mica . ( s e r i c i t e ) . I f more h y d r o t h e r m a l 

s o l u t i o n i s added t o t h e r o c k , a l t e r a t i o n o f K - f e l d s p a r t o K~ 

m i c a w i l l move outward from t h e c r a c k and K-mica a d j a c e n t t o t h e 

c r a c k w i l l a l t e r t o k a o l i n i t e . Thus, two a l t e r a t i o n zones a r e 

d e v e l o p e d a d j a c e n t t o t h e c r a c k by one h y d r o t h e r m a l f l u i d . 

F i g u r e 5-12B i l l u s t r a t e s what would happen f o r r o c k s c o n ­

s i s t i n g o f sodium f e l d s p a r and q u a r t z and F i g u r e 5-12C f o r 

r o c k s c o n s i s t i n g o f c a l c i u m f e l d s p a r s and q u a r t z . 

M i n e r a l z o n i n g w i t h i n s e r i c i t e e n v e l o p e s c u t t i n g v o l c a n i c 

r o c k s can be e x p l a i n e d by t h e t h e o r y o f h y d rogen i o n metasomatism 

The i n n e r p y r o p h l l i t e - r i c h zone r e p r e s e n t s i n t e n s e base l e a c h i n g . 

The i n t e r m e d i a t e s e r i c i t e and k a o l i n i t e zones r e p r e s e n t p a r t i a l 

l e a c h i n g o f bases and p e r h a p s p o t a s s i u m e n r i c h m e n t . The o u t e r 

c h l o r i t e - s e r i c i t e zone r e p r e s e n t s base l e a c h i n g from t h e f e l d ­

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

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

t h e c a s e o f I s l a n d Copper ( F i g u r e 5-8). Samples f r o m t h e 

s e r i c i t e zone c o n t a i n l e s s sodium, c a l c i u m , magnesium and 

manganese t h a n samples from e i t h e r f r e s h r o c k s o r b i o t i t e , 

t r a n s i t i o n and e p i d o t e zones P o t a s s i u m c o n t e n t i s h i g h r e l a t i v e 

t o o t h e r a l t e r a t i o n zones and f r e s h r o c k s . Samples from t h e 

p y r o p h y l l i t e zone ( t h o s e shown on t h e f i g u r e a r e f r o m t h e 

p y r o p h y l l i t e b r e c c i a ) i n d i c a t e f u r t h e r d e p l e t i o n o f a l l m e t a l s 

i n c l u d i n g p o t a s s i u m . 

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

the z o n a t i o n i s n o t as w e l l d e v e l o p e d . However, i n n e r s e r i c i t e -

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

base l e a c h i n g t h a n t h e o u t e r c h l o r i t e and s e r i c i t e zone. T h i s 

i s s u p p o r t e d by c h e m i c a l a n a l y s e s ( F i g u r e 5-13). There i s l e s s 

sodium. r ^ l r H urn. macmesium and manganese i n t h e s e r i c i t e zone 
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Figure 5-13 
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t h a n i n t h e c h l o r i t e and s e r i c i t e zone, b u t p o t a s s i u m i s h i g h e r 

i n t h e s e r i c i t e t h a n i n t h e c h l o r i t e - s e r i c i t e zone. 

F o r m a t i o n o f t h e s e r i c i t e - k a o l i n i t e assemblage w i t h i n r o c k 

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

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

r e p r e s e n t s an a r e a o f i n t e n s e base l e a c h i n g . 

F o r m a t i o n o f t h e p y r o p h y l l i t e b r e c c i a w i t h i t s assemblage 

o f p y r o p h y l l i t e and k a o l i n i t e and m i n o r ( r e l i c t ? ) s e r i c i t e i s 

by extreme base l e a c h i n g . That i s t h e r e m o v a l o f p o t a s s i u m as 

w e l l as t h e o t h e r m e t a l s ( F i g u r e s 5-8 and 5-13 . T h i s v e r t i c a l 

z o n a t i o n w i t h t h e zone o f most i n t e n s e l e a c h i n g above zones o f 

l e s s i n t e n s e l e a c h i n g i s w e l l documented i n t h e l i t e r a t u r e . 

B u t t e , Montana (Meyer e t a l . , 1968) S i l v e r t o n , C o l o r a d o ( B u r -

bank and Luedke, 1961; Luedke and Hosterman, 1 9 7 1 ) , Usuga, 

Japan (Iwao, 19 62) and S n e d o g a r i a n Zone, B u l g a r i a (Randonova,. 

and V e l i n o v a , 1 9 7 0 ) a r e p a r t i c u l a r l y w e l l - d e s c r i b e d e x amples. 

I n terms o f . t h e t h e o r y o f hydrogen i o n metasomatism, t h i s 

z o n i n g can be e x p l a i n e d by an i n c r e a s e i n c o n c e n t r a t i o n o f 

hydrogen i o n s as s o l u t i o n moves upward. Hemley and Meyer 

(1967) s u g g e s t t h a t i n c r e a s e d p r o d u c t i o n o f h y d r o g e n i o n s i s 

due t o more d i s s o c i a t i o n o f s t r o n g e r i n o r g a n i c a c i d s a t lower" 

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

u r i c a c i d by o x i d a t i o n o f H 2S as h y d r o t h e r m a l s o l u t i o n s m i x 

w i t h o x y g e n a t e d m e t e o r i c w a t e r . The r e m a i n i n g p r o b l e m i s why 

p y r o p h y l l i t e forms so a b u n d a n t l y i n s t e a d o f k a o l i n i t e . A s a t i s ­

f a c t o r y e x p l a n a t i o n has n o t been f o u n d . 

D i s t r i b u t i o n o f t h e a l t e r a t i o n zones c o m p r i s i n g t h e s u p e r ­

imposed a l t e r a t i o n ( F i g u r e 5-2) o f f e r s c o n s i d e r a b l e i n s i g h t 

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

a l t e r a t i o n . The most i n t e n s e l e a c h i n g i s i n t h e m a r g i n a l b r e c c i a s 
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w h i l e t h e r e a r e zones o f l e a c h i n g a d j a c e n t t o f r a c t u r e s i n 

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

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

b r e c c i a s and o u tward i n t o b o t h t h e p o r p h y r y and v o l c a n i c r o c k s . 

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

b r e c c i a s i n t o t h e p y r o p h y l l i t e b r e c c i a s and e v e n t u a l l y t o s u r f a c e . 
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CHAPTER 6: FORMATION OF THE ISLAND COPPER DEPOSIT 

MODELS OF FORMATION OF PORPHYRY COPPER DEPOSITS 

B o t h e m p i r i c a l and g e n e t i c models have been p r o p o s e d f o r 

p o r p h y r y c o p p e r d e p o s i t s . E m p i r i c a l models a r e c o n s t r u c t e d by 

l i s t i n g a number o f p a r a m e t e r s f o r many d e p o s i t s and i n t e g r a t i n g 

them i n t o an i d e a l d e p o s i t . L o w e l l and G u i l b e r t (1970) i n i ­

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

o f t h e s o u t h w e s t e r n U n i t e d S t a t e s p l u s B e t h l e h e m , E l S a l v a d o r 

and T o q u e p a l a . De G e o f f r e y and W i g n a l l (1972) expanded t h e 

model t o i n c l u d e many o f t h e d e p o s i t s o f t h e C a n a d i a n C o r d i l l e r a 

I n 1974, G u i l b e r t and L o w e l l r e - e x a m i n e d t h e i r model and d e v e l ­

oped s u b c l a s s e s t o e x p l a i n v a r i a t i o n s i n z o n i n g . F i g u r e 6 - l A 

i s t h e r e v i s e d G u i l b e r t and L o w e l l model o f a l t e r a t i o n z o n i n g 

i n m a f i c and i n t e r m e d i a t e r o c k s . S i m i l a r i t i e s between a l t e r a ­

t i o n zones p r e d i c t e d by t h e model and t h o s e f o u n d a t t h e I s l a n d 

Copper d e p o s i t ( F i g u r e 5-2) i n c l u d e : 

1. An i n n e r b i o t i t e zone w h i c h c o r r e s p o n d s w i t h t h e o r e 
zone. 

2. An o u t e r p r o p y l i t i c zone w h i c h c o n t a i n s c h l o r i t e , 
e p i d o t e and m i n o r amounts o f s e r i c i t e . 

3. A p h y l l i c zone w i t h i n t h e b i o t i t e zone c o r r e s p o n d i n g 
t o t h e c h l o r i t e - s e r i c i t e zone w i t h i n t h e q u a r t z - f e l d s p a r 
p o r p h y r y . 

Some o b v i o u s d i f f e r e n c e s a t I s l a n d Copper d e p o s i t a r e : 

1. Lack o f K - F e l d s p a r i n t h e v o l c a n i c r o c k s . 

2. Lack o f a p y r i t e - r i c h s h e l l s u r r o u n d i n g t h e o r e zone. 

3. R e v e r s a l o f c h l o r i t e and e p i d o t e - r i c h p o r t i o n s i n t h e 
p r o p y l i t i c zone. 

4. V e i n l e t s o f c a l c i t e c u t t i n g a l l a l t e r a t i o n z ones. 
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5. S p h a l e r i t e o c c u r s t h r o u g h o u t t h e d e p o s i t . 

6. P y r i t e e x c e e d i n g c h a i c o p y r i t e i n t h e I n n e r zone ( q u a r t z -
f e l d s p a r p o r p h y r y ) . 

7. A l t e r a t i o n p a t t e r n s w h i c h a r e much more complex i n t h e 
I n n e r zone ( q u a r t z - f e l d s p a r p o r p h y r y ) . 

9. P y r o p h y l l i t e f o r m i n g a major a l t e r a t i o n zone. 

A n o t h e r p r o b l e m w i t h a t t e m p t i n g t o f i t t h e I s l a n d Copper 

d e p o s i t i n t o t h e G u i l b e r t and L o w e l l • ( 1 9 7 4 ) model i s t h a t t h e 

model i s e n t i r e l y s p a t i a l . The i m p l i c i t a s s u m p t i o n i s t h a t 

a l t e r a t i o n zones formed i n one s ystem w h i c h grew o u t w a r d f r o m 

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

I s l a n d Copper d e p o s i t . 

The second t y p e o f model, t h e g e n e t i c model i s c o n s t r u c t e d 

by f i t t i n g d i f f e r e n t d e p o s i t s t o g e t h e r i n t o an o r e - f o r m i n g 

system. S u t h e r l a n d Brown (1969) i n i t i a t e d t h i s a p p r o a c h w i t h 

p r o p h y r y c o p p e r d e p o s i t s i n t h e C a n a d i a n C o r d i l l e r a . James (1971) 

u s i n g s o u t h w e s t U.S. d e p o s i t s and E l T i e n t e i n C h i l e , expanded 

t h e i d e a . H u t c h i s o n and Hodder (1972) expanded i t f u r t h e r t o 

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

S i l l i t o e (1973) has a g a i n expanded t h e model ( F i g u r e 6-1B) t o 

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

S i l l i t o e f o l l o w e d t h e L o w e l l and G u i l b e r t (1970) p a t t e r n 

f o r l a t e r a l a l t e r a t i o n z o n i n g , b u t i n t r o d u c e d v e r t i c a l v a r i a t i o n 

i n t h e a l t e r a t i o n . The S i l l i t o e model i s a b e t t e r a p p r o x i m a t i o n 

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

G u i l b e r t and L o w e l l ' s (1974) r e v i s e d z o n i n g p a t t e r n s f o r m a f i c 

and i n t e r m e d i a t e r o c k s a r e used. 
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A TENTATIVE MODEL FOR THE FORMATION OF THE ISLAND COPPER DEPOSIT 

Models d i s c u s s e d i n t h e p r e v i o u s s e c t i o n c o n s i d e r a l t e r a t i o n 

p a t t e r n s o f a number o f d e p o s i t s and e x p l a i n them i n terms o f 

one o r e - f o r n i n g system. T h i s a p p r o a c h i g n o r e s t h e t i m e r e l a t i o n s 

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

o f a s y s t e m e v o l v i n g o v e r a p e r i o d o f t i m e . The f o l l o w i n g 

model i s p r o p o s e d f o r development o f t h e I s l a n d Copper d e p o s i t . 

S t e p One 

I n t r u s i o n o f t h e p o r p h y r y dyke i s t h e f i r s t m a j o r 

s t r u c t u r a l e v e n t . These p o r p h y r y d ykes a r e c o e v a l w i t h Bonanza 

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

the upper p a r t o f t h e f o r m a t i o n . A l t h o u g h t h e e x a c t mechanism 

of t h e i r f o r m a t i o n i s n o t known, t h e m a r g i n a l b r e c c i a s and t h e 

p y r o p h y l l i t e b r e c c i a were formed c o n t e m p o r a n e o u s l y w i t h i n t r u s i o n 

o f t h e dyke. F r a c t u r i n g o f v o l c a n i c h o s t r o c k s a l s o accompanied 

dyke emplacement. 

A c o n t a c t metamorphic a u r e o l e i n t h e v o l c a n i c r o c k s marked 

by b i o t i t e , t r a n s i t i o n and e p i d o t e zones d e v e l o p e d a d j a c e n t 

t o t h e q u a r t z - f e l d s p a r p o r p h y r y dyke. These zones a r e much 

w i d e r t h a n metamorphic a u r e o l e s p r e d i c t e d f r o m J a e g e r ' s (1957) 

c a l c u l a t i o n s f o r a u r e o l e s formed by c o n d u c t i v e h e a t t r a n s f e r . 

T h i s s u g g e s t s l a t e r a l h e a t t r a n s f e r by c i r c u l a t i n g w a t e r as w e l l 

as c o n d u c t i o n . Water c o u l d be e i t h e r f o r m a t i o n a l w a t e r t r a p p e d 

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

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

would be r e l a t i v e l y s h o r t l i v e d (a few hundred y e a r s ) as t h e 

dyke would c o o l r a p i d l y . 
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S t e p Two 

S t e p two i n f o r m a t i o n o f t h e d e p o s i t i s marked by changes 

i n f l o w p a t t e r n s and n a t u r e o f t h e h y d r o t h e r m a l s o l u t i o n s . 

D u r i n g s t e p one, h y d r o t h e r m a l s o l u t i o n s moved l a t e r a l l y t o 

form c o n t a c t a l t e r a t i o n zones on each s i d e o f t h e dyke. 

These s o l u t i o n s a i d e d c o o l i n g o f t h e dyke by c o n v e c t i v e 

t r a n s f e r o f h e a t , b u t do n o t appear t o have a f f e c t e d t h e 

c h e m i c a l c o m p o s i t i o n s o f t h e w a l l r o c k s . 

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

two a r e shown by d i s t r i b u t i o n o f s u p e r i m p o s e d a l t e r a t i o n 

( F i g u r e 5-2). H y d r o t h e r m a l s o l u t i o n s moved upward t h r o u g h 

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

f r a c t u r e s i n t o b o t h q u a r t z - f e l d s p a r p o r p h y r y and v o l c a n i c 

r o c k s . 

T h i s change i n t h e p a t t e r n o f h y d r o t h e r m a l f l o w i s due 

t o a change i n t h e p o s i t i o n o f t h e h e a t s o u r c e d r i v i n g t h e system. 

The p r i m a r y h e a t s o u r c e i s no l o n g e r t h e d y k e , w h i c h i s c o o l i n g 

r a p i d l y , b u t a deeper magma chamber w h i c h f e e d s t h e dyke. 

F i g u r e s 2-1 and 2-2 show d i s t r i b u t i o n o f i n t r u s i v e and a l t e r e d 

v o l c a n i c r o c k s on t h i s p a r t o f Vancouver I s l a n d . N o r t h c o t e (1970) 

s u g g e s t e d t h a t t h i s e n t i r e a r e a was u n d e r l a i n by an i n t r u s i v e 

o f b a t h o l i t h i c d i m e n s i o n s . A l a r g e i n t r u s i v e mass s u c h as t h i s 

would p r o v i d e a l o n g t e r m h e a t s o u r c e . 

There a r e two d i s t i n c t phases t o t h i s h y d r o t h e r m a l s y s t e m : 

1) Copper d e p o s i t i o n and 2) Molybdenum d e p o s i t i o n . 

A l t h o u g h some co p p e r was d e p o s i t e d i n q u a r t z - f e l d s p a r p o r p h y r y / 

v o l c a n i c r o c k s and b r e c c i a s , copper i n o r e g r a d e q u a n t i t i e s i s 

c o n f i n e d t o v o l c a n i c r o c k s , t h e m a r g i n a l and " Y e l l o w Dog" 

b r e c c i a . i n v o l c a n i c r o c k s , c o p p e r i s d e p o s i t e d as f r a c t u r e 
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f i l l i n g s i n t i n y c l o s e l y spaced f r a c t u r e s . I n m a r g i n a l and 

" Y e l l o w Dog" b r e c c i a s , i t o c c u r s i n r e l a t i v e l y l a r g e q u a r t z 

v e i n s . V a r i a t i o n i n mode o f o c c u r e n c e i s due t o v a r i a t i o n 

i n t h e s i z e o f f r a c t u r e s a v a i l a b l e t o f i l l . A l t h o u g h m i n o r 

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

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

L o c a l l i z a t i o n o f o r e grade q u a n t i t i e s o f c o p p e r i n 

v o l c a n i c r o c k s and t h e m a r g i n a l and " Y e l l o w Dog" b r e c c i a s 

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

V o l c a n i c r o c k s a d j a c e n t t o t h e q u a r t z - f e l d s p a r p o r p h y r y dyke 

a r e i n t e n s e l y f r a c t u r e d as a r e s u l t o f dyke i n t r u s i o n , and t h e 

b r e c c i a s c o n t a i n e d abundant v o i d s p a c e . Copper d e p o s i t i o n 

was an e a r l y e v e n t i n t h i s system. I f t h e p o r p h y r y dyke were 

s t i l l warm t h e r e w o u l d be a l a t e r a l g e o t h e r m a l g r a d i e n t p u s h i n g 

h y d r o t h e r m a l s o l u t i o n s away from t h e dyke i n t o a v a i l a b l e 

permeable zones, c r a c k l e d v o l c a n i c s and b r e c c i a s . C h e m i c a l 

c o n t r o l s , w h i l e t h e y may be e q u a l l y i m p o r t a n t , a r e n o t o b v i o u s . 

A l t h o u g h some m o l y b d e n i t e o c c u r s i n q u a r t z - f e l d s p a r p o r p h y r y 9 

v o l c a n i c r o c k s and b r e c c i a s , r e c o v e r a b l e amounts a r e c o n f i n e d 

t o m a r g i n a l b r e c c i a s , v o l c a n i c r o c k s and t h e " Y e l l o w Dog" 

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

o f s e r i c i t i c a l t e r a t i o n and on f r a c t u r e s u r f a c e s ( m o l y b d e n i t e 

s l i p s ) w h i c h c u t t h e s e e n v e l o p e s . A l t h o u g h movement on t h e s e 

f r a c t u r e s o c c u r r e d a f t e r development o f s e r i c i t e e n v e l o p e s , 

the t i m e o f m o l y b d e n i t e d e p o s i t i o n i s unknown. 

M o l y b d e n i t e d e p o s i t i o n i s r e l a t e d t o t h e l a t e r p a r t o f 

t h i s s t a g e o f h y d r o t h e r m a l a c t i v i t y when t h e s o l u t i o n s were 

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

i t e d e p o s i t i o n i s p r o b a b l y due t o a v a i l a b i l i t y o f f r a c t u r e s f o r 
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t h e s o l u t i o n s t o move t h r o u g h . M o l y b d e n i t e d e p o s i t i o n on 

t h e f r a c t u r e s u r f a c e s w h i c h do n o t have accompanying s e r i c i t i c 

a l t e r a t i o n t e n t a t i v e l y i s b e l i e v e d formed as t h e l a s t e v e n t 

i n t h i s system. 

S t e p Three 

F o r m a t i o n o f c a r b o n a t e - z e o l i t e v e i n s i s t h e l a s t s t e p i n 

t h e f o r m a t i o n a t t h e d e p o s i t . D i s t r i b u t i o n o f t h e s e v e i n s i n 

a l l r o c k t y p e s and c u t t i n g a l l a l t e r a t i o n zones i n d i c a t e s a 

change i n t h e f l o w p a t t e r n s o f t h e h y d r o t h e r m a l s o l u t i o n s . 

The m a r g i n a l and p y r o p h y l l i t e b r e c c i a s a r e n o t t h e p r i n c i p a l 

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

two. 

M i n e r a l o g y o f t h e v e i n s and l a c k o f a s s o c i a t e d w a l l - r o c k 

a l t e r a t i o n s u g g e s t a change i n t h e n a t u r e o f t h e s o l u t i o n s . 

V e i n s c o n s i s t o f c a r b o n a t e ( p r i n c i p a l l y c a l c i t e ) and z e o l i t e 

( l a u m o n i t e ) w i t h m i n o r amounts o f p y r i t e , s p h a l e r i t e , h e m a t i t e , 

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

from low t e m p e r a t u r e a l k a l i n e h y d r o t h e r m a l s o l u t i o n s . 

I n t h e W a i r a k e i g e o t h e r m a l s y s t e m ( S t e i n e r , 1953) z e o l i t e 

v e i n s s u p e r i m p o s e d on a zone o f a r g i l l i z e d r o c k a r e b e l i e v e d 

formed by a l k a l i n e - r i c h w a t e r s a t t h e end o f t h e h y d r o t h e r m a l 

system. That i s , t h e y began as a c i d r i c h w a t e r and l o s t t h e i r 

hydrogen i o n s t h r o u g h r e a c t i o n s (base l e a c h i n g ) w i t h t h e w a l l 

r o c k s . I f the system a t I s l a n d Copper were s i m i l a r , t h e zone 

o f superimposed a l t e r a t i o n by base l e a c h i n g has moved downward. 

T h i s i s a more r e a s o n a b l e e x p l a n a t i o n t h a n p o s t u l a t i n g a change 

from an a c i d t o an a l k a l i h y d r o t h e r m a l s y s t e m . 
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CHAPTER 7: CONCLUSIONS 

The f o l l o w i n g c o n c l u s i o n s a r e drawn from t h i s s t u d y : 

1) The copper-molybdenum d e p o s i t o f Utah Mines L t d . 
formed i n v o l c a n i c r o c k s a d j a c e n t t o a c o e v a l 
p o r p h y r y dyke i n a n e a r - s u r f a c e e n v i r o n m e n t . 

2) Ore and a l t e r a t i o n zones formed s y m m e t r i c a l l y 
on b o t h s i d e s o f t h e dyke. 

3) A l t e r a t i o n assemblages a r e d i v i d e d i n t o s e v en 
z o n e s , w h i c h can be mapped on t h e b a s i s o f 
m e g a s c o p i c c h a r a c t e r i s t i c s . 

4) A l t e r a t i o n assemblages formed d u r i n g two s t a g e s : 
( i ) P r e - o r e c o n t a c t a l t e r a t i o n c o m p r i s i n g t h e 

b i o t i t e , t r a n s i t i o n and e p i d o t e zones. 

( i i ) W a l l r o c k a l t e r a t i o n c o m p r i s i n g t h h ^ 
c h l o r i t e - s e r i c i t e , s e r i c i t e , p y r o p h y l l i t i c 
and " Y e l l o w Dog" zones. 

5) P r e - o r e c o n t a c t a l t e r a t i o n i s a c o n t a c t m e t a y 
m o r p h i c a u r e o l e on b o t h s i d e s o f t h e dyke. L i t t l e 
metasomatism i s i n v o l v e d i n t h e f o r m a t i o n of t h i s 
a u r e o l e . 

6) W a l l r o c k a l t e r a t i o n formed a f t e r t h e dyke was 
l a r g e l y c o o l e d i n a h y d r o t h e r m a l s y s t e m l o c a l l i z e d 
i n b r e c c i a s a r o u n d t h e m a r g i n s o f t h e dyke. 

7) The b u l k o f t h e c o p p e r was d e p o s i t e d p r i o r t o 
d e p o s i t i o n o f molybdenum. 

8) The c o p p e r o r e zone i s c l o s e l y s p a t i a l l y r e l a t e d 
t o t h e i n n e r p a r t o f t h e c o n t a c t metamorphic 
a u r e o l e r i c h i n b i o t i t e and m a g n e t i t e . However, 
d e p o s i t i o n o f c o p p e r m i n e r a l i z a t i o n p o s t - d a t e s 
c o n t a c t metamorphism. 

9) A l t h o u g h c o p p e r and molybdenum a r e s p a t i a l l y 
c l o s e l y r e l a t e d , t h e b u l k o f t h e molybdenum 
d e p o s i t i o n p o s t - d a t e s c o p p e r m i n e r a l i z a t i o n . 
D e p o s i t i o n o f molybdenum i s c l o s e l y r e l a t e d 
t e m p o r a l l y t o t h e f o r m a t i o n o f s u p e r i m p o s e d 
a l t e r a t i o n . 

10) The "GEOLOG" fo r m a t i s an e f f i c i e n t method o f 
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l o g g i n g c o r e i n t h i s t y p e o f d e p o s i t . I t y i e l d s 
a c o r e l o g amenable t o e i t h e r computer o r v i s u a l 
i n t e r p r e t a t i o n . 

11) S t a t i s t i c a l c o r r e l a t i o n s t u d i e s between abundance 
o f a l t e r a t i o n m i n e r a l s and o r e g r a d e y i e l d s d a t a 
on r e l a t i o n s between o r e grade and f o r m a t i o n and 
d i s t r i b u t i o n o f a l t e r a t i o n a s s e m b l a g e s . However, 
c o r r e c t i n t e r p r e t a t i o n o f s t a t i s t i c a l s t u d i e s 
r e q u i r e s a d d i t i o n a l d a t a on age r e l a t i o n s between 
a l t e r a t i o n ' assemblages and o r e m i n e r a l s . 
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APPENDIX A 

"GEOLOG" 

The development and use o f t h e "GEOLOG" f o r m a t f o r 

r e c o r d i n g d r i l l i n g d a t a - i s d e s c r i b e d by B l a n c h e t and Godwin 

(1972). The system used f o r r e c o r d i n g d r i l l i n g d a t a a t I s l a n d -

Copper i s a m o d i f i e d f o r m o f one o f t h e e a r l i e r "GEOLOG" f o r m a t s 

( F i g u r e A - l ) w h i c h was l o a n e d t o t h e w r i t e r i n t h e s p r i n g o f 

1971. E a r l y c o r e l o g g i n g a t I s l a n d Copper i n d i c a t e d t h a t 

l i m o n i t e was n e g l i g i b l e and t h a t v e r y l i t t l e f r a c t u r e d a t a 

c o u l d be o b t a i n e d from t h e s p l i t c o r e ; t h e r e f o r e , t h e s e s e c t i o n s 

were removed from t h e d a t a s h e e t s f o r t h i s s t u d y . Copper and . 

molybdenum a s s a y s were added t o t h e "GEOLOG" s h e e t i n s t e a d o f 

b e i n g r e c o r d e d on a s e p a r a t e "ASSAYLOG" s h e e t . The r e s u l t a n t 

f o r m a t used f o r c o r e l o g g i n g a t I s l a n d Copper a r e shown i n 

F i g u r e A-2. C o d i n g s h e e t s f o r t h e "GEOLOG" d a t a s h e e t s a r e 

i l l u s t r a t e d as T a b l e s A - l , A-2. 
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FIGURE A - l 

"GEOLOG" Format 

A f t e r B l a n c h e t and Godwin, (1972) 
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FIGURE A-2 

M o d i f i e d "GEOLOG" Format Used a t I s l a n d Copper 
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TABLE A - l 

C o d i n g Data f o r t h e M o d i f i e d "GEOLOG" Sheet 

1 2 3 
INTERVAL 

CNT C o n t a c t 
OVB Overburden 
CAP C a p p i n g 
SUP Supergene 
TRN T r a n s i t i o n 
FLT F a u l t 
DYK Dyke 
FRX F r e s h Rocks 
REM Remarks 

13 14 15 16 
COLOUR CODE 

8 9 10 11 
ROCK TYPE 

4 l e t t e r r o c k name 
from T a b l e A-3 

Open f o r l o c a l name 
c h a r a c t e r i s t i c e t c . 

13 
SHADE 
No Comment 

9 White 
7 L i g h t Gray 
5 Medium Gray 
3 Dark Gray 
1 B l a c k 

14 
BLEACHING 
No comment 

L L i g h t e r 
N Normal 
D D a r k e r 

15 16 
COLOUR 

R R e d ( i s h ) B B l u e ( i s h ) 
0 O r a n g e ( i s h ) P P u r p l e ( i s h ) 
Y Y e l l o w ( i s h ) * * T Ta n ( B r o w n i s h ) 
G G r e e n ( i s h ) 

17 18 
DEFINING MINERAL 
2 l e t t e r m i n e r a l 
code, i f a p p l i c ­
a b l e (from T a b l e ) 
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19 
TEXTURE OR STRUCTURE 

1. IGNEOUS ROCK 
a. P o r p h y r y 

Groundmass 
T e x t u r e 

P h a n e r i t i c 
A p h a n i t i c 

b. Non P o r p h y r i t i c 

E E q u i g r a n u l a r 
I I n e q u i g r a n u l a r 
H G r a p h i c 
# M i a r o l i t i c 
0 O p h i t i c 

E s t i m a t e d 
% P h e n o c r y s t s 
10% 10-40% 40-60% 60% 
1 2 3 4 
5 6 7 8 

D D i a b a s i c 
V V e s i c u l a r 
A A m y g d a l o i d a l 
S S p h e r u l i t i c 
P P o i k i l i t i c 

2. SEDIMENTARY ROCK 3. METAMORPHIC ROCK 

L L a m i n a t e d 
N T h i n Bedded 
U Medium Bedded 
K T h i c k Bedded 
XX C r o s s Bedded 
B B i o c l a s t i c 
F F i s s i l e 
T C l a s t i c 
R O o l i t i c 

Q P o r p h y r o b l a s t i c 
L L i n e a t e d 
F F o l i a t e d 
G G r a n u l o s e 
Y S l a t y 
M M i g m a t i c 
J Spare 
Z S p a r e 

20 
GRAIN SIZE 

Sediment Igneous Rock (phenos i f P f y ) 

9 
8 
7 

6 
5 
4 

3 
2 
1 

B o u l d e r 
C o b b l e 

P e b b l e 

G r a n u l e 

Sand 

S i l t 
C l a y 

Megapeg 
Peg 

C o a r s e 
Medium 

F i n e G r a i n e d 
A p h a n i t i c 
G l a s s y 

21 22 23 
FRACTURES 

21 

L = low 

F r a c t u r e D e n s i t y 

A = above medium 
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F = F a i r 
M = Medium 

H = h i g h 
X = Extreme 

22 23 
P e r c e n t w i t h S u l p h i d e s / P e r c e n t w i t h F a u l t M a t e r i a l 

0 2. 5 + 2.5 5 50 + 5 
1 10 + 5 6 60 + 5 
2 20 + 5 7 70 + 5 
3 30 + 5 8 80 + 5 
4 40 + 5 9 90 + 5 

ALTERATION ASSEMBLAGES 

24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 

Mode o f Occurence 

0 No Comment 
1 V e i n s 
2 V e i n s E n v e l o p e s 
3 V e i n s = E n v e l o p e s 
4 V e i n s E n v e l o p e s 

5 E n v e l o p e s 
6 P e r v a s i v e c u t by-

E n v e l o p e s 
7 P e r v a s i v e c u t by V e i n s 
8 P e r v a s i v e r e p l a c e m e n t 

o f one m i n e r a l 
9 P e r v a s i v e 

0 
1 
2 
3 
4 

25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 

Amount ( P e r c e n t ) 

2.5 + 2.5 
10 + 5 
20 + 
30 + 
40 + 

5 
5 
5 

5 
6 
7 
8 
9 

50 + 5 
60 + 5 
70 + 5 
80 + 5 
90 + 5 

MINERALIZATION 
63 65 67 69 71 

Mode o f Occurence 

1 V e i n s 6 Mod e r a t e v e i n l e t s and 
d i s s e m i n a t i o n s 
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V e i n s , v e i n l e t s , f r a c t u r e 
f i l l i n g s and minor d i s s e m ­
i n a t i o n s 

V e i n s and some d i s s e m i n ­
a t i o n s 

V e i n l e t s and moderate 
d i s s e m i n a t i o n s 

V e i n l e t s = D i s s e m i n a t i o n s 

D i s s e m i n a t i o n s and 
some v e i n l e t s 

D i s s e m i n a t i o n s and 
m i n o r v e i n l e t s 

D i s s e m i n a t i o n s 

64 66 68 70 72 
Amount ( P e r c e n t ) 

0 0 
1 .13 + .13 
2 .37 + .13 
3 .75 + .25 
4 1.5 4- .5 

5 3 + 1 
6 6jHf.2 
7 12 + 4 
8 24 +:;8 
9 More t h a n 34 
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TABLE A-2 
LETTER ROCK TYPE CODE 

IGNEOUS ROCKS 
G e n e r a l Types 

dyke - DYKE 
i g n e o u s - IGNS 
p l u t o n i c - PLNC 
v o l c a n i c . - VLCC 
p o r p h y r y - PPRY 

Dyke Rocks 
a l a s k i t e * - ALSK 
a p l i t e - APLT 
d i a b a s e 
( d o l e r i t e ) - DIAB 
lam p r o p h y r e - LAMP 
p e g m a t i t e - PEGM 

P l u t o n i c Rocks 
a l a s k i t e * - ALSK 
b r e c c i a - BRPL 
d i o r i t e - DRIT 
gabbro - GBBR 
g r a n i t e - GRNT 
g r a n o d i o r i t e — GRDR 
mo n z o n i t e - MONZ 
q u a r t z d i o r i t e 
( t o n a l i t e ) - QZDR 
q u a r t z gabbro - QZGB 
q u a r t z m o n z o n i t e 
( a d a m e l i t e ) - ZQMZ 
s y e n i t e - SYEN 
t r o n d h j e m i t e - TRDJ 

U l t r a m a f i c P l u t o n i c Rocks 
a n o r t h o s i t e - ANRS 
d u n i t e - DNIT 
h o r n b l e n d i t e - HBLD 
n o r i t e - NORT 
p e r i d o c i t e - PRDJ 
p y r o x e n i t e . - PRXN 
s e r p e n t i n i t e - SRPN 

F e l d s p a t h o d i a l P l u t o n i c Rocks 
f e l d s p a t h o i d a l 

d i o r i t e - FDDR 
f e l d s p a t h o i d a l 

gabbro - FDGB 
f e l d s p a t h o i d a l 

m o n z o n i t e - FDMZ 
f e l d s p a t h o i d a l 

s y e n i t e - FDSY 
M i s c e l l a n e o u s P l u t o n i c 

c a r b o n a t i t e s 

V o l c a n i c Rocks 
a n d e s i t e - ANDS 
b a s a l t - BSLT 
b r e c c i a - BRVL 
d a c i t e - DCIT 
d i a b a s e 
( d o l e r i t e ) - DIAB 
f e l d s p a t h o i d a l 

a n d e s i t e - FDAN 
f e l d s p a t h o i d a l 

b a s a l t - FDBS 
f e l d s p a t h o i d a l 

l a t i t e - FDLT 
l a t i t e - LTIT 
p h o n o l i t e - PNLT 
q u a r t z b a s a l t - QZBS 
q u a r t z l a t i t e - QZLT 
r h y o d a c i t e - RYDC 
r h y o l i t e - RYLT 
t r a c h y t e - TRCT 

METAMORPHIC ROCKS 
P r o g r e s s i v e Metamorphism 

a m p h i b o l i t e - AMPB 
g n e i s s ~ 'r - GNSS 
g r a n o f e l s - GRFL 
g r a n u l i t e - GRNL 
g r e e n s c h i s t - GRSC 
g r e e n s t o n e - GRSN 
l i t - p a r - l i t g n e i s s - LTGN 
m i g m a t i t e - MGMT 
mix e d g n e i s s - MXGN 
o r t h o g n e i s s - ORGS 
p a r a g n e i s s - PRGS 
p h y l l i t e - PHYL 
q u a r t z i t e - QZIT 
s c h i s t - SCHS 
s e r p e n t i n e - SRPN 
s l a t e - SLTE 

C o n t a c t Metamorphic Rocks 
c a l e - s i l i c a t e r o c k - CLCC 
h o r n f e l s - HRFL 
m a r b l e - MRBL 
p y r o c l a s i t e - PRCL 
p y r o x e n i t e - PRXN 
s k a r n - SKRN 
t a c t i t e - TCTT 

- CRBN 



TABLE A-2 
LETTER ROCK TYPE CODE 

CONTINUED 
C a t a c l a s t i c Metamorphic Rocks 

augen g n e i s s - AUGN 
c a t a c l a s i t e - CCLS 
m y l o n i t e - MLNT 

SEDIMENTARY ROCKS 
D e t r i t a l & E p i c l a s t i c Rocks 

a r g i l l i t e 
a r k o s e 
b r e c c i a 
c l a y s t o n e 
c o n g l o m e r a t e 
greywacke 
mudstone 
q u a r t z o s e 

s a n d s t o n e 
s a n d s t o n e 
s h a l e 
s i l t s t o n e 

C h e m i c a l - b i o g e n i c Rocks 
ca r b o n a c e o u s r o c k s 
c h e r t 
c l a s t i c l i m e s t o n e 
c o q u i n a 
d o l o m i t e 
e v a p o r i t e 
i r o n s t o n e 
l i m e s t o n e 
o o l i t i c l i m e s t o n e 
p h o s p h o r i t e 

P y r o c l a s t i c Rocks 
a g g l o m e r a t e 
b r e c c i a 
i g n i m b r i t e 
t u f f 

BRECCIAS, U n s p e c i f i e d O r i g i n 
U n d i v i d e d - BRXX 
M a i n l y A n g u l a r 

Fragments - BRA 
M a i n l y Rounded 

Fragments - BRR 
~ w i t h 4 t h c h a r a c t e r 

0-9, g i v i n g % o f 
m a t r i x t o t o t a l r o c k 

- ARGL 
- ARKS 
- BRCC 
- CLSN 
- CGLM 
- GRWK 
- MDSN 

- QZSS 
- SNDS 
- SHLE 
- SLSN 

- CRBC 
- CHRT 
- CLLS 
- COQN 
- DOLM 
- EVPR 
- IRNS 
- LSTN 
- OOLS 
- PSPR 

- AGLM 
- BRPC 
- IGMB 
- TUFF 
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DATA PROCESSING 

The computer program d e s c r i b e d i n B l a n c h e t and Godwin's 

(1973) paper was n o t used i n t h e t r e a t m e n t o f d a t a f r o m I s l a n d 

Copper. The o b j e c t o f t h i s s t u d y was t o r e l a t e h y d r o t h e r m a l 

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

o f t h e d e p o s i t , w h i c h t h e B l a n c h e t s y s t e m was d e s i g n e d t o 

a c h i e v e . Data from each c r o s s - s e c t i o n were d i v i d e d i n t o t h r e e 

p o r t i o n s : h a n g i n g w a l l , dyke and f o o t w a l l , t o o b t a i n t h e 

maximum amount o f s p a t i a l d a t a from t h e c o r e . 

Data s e l e c t e d as amenable t o computer p r o c e s s i n g a r e : 

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

a l t e r a t i o n m i n e r a l s and c o p p e r and molybdenum g r a d e s . 

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

a s e m i - q u a n t i t a t i v e s c a l e . On r e f l e c t i o n , i t was c o n s i d e r e d t o 

be c l o s e r t o o r d i n a l d a t a t h a n t o i n t e r v a l d a t a and was t r e a t e d 

a c c o r d i n g l y . Grade v a l u e s a r e i n t e r v a l d a t a . 

Data p r o c e s s i n g was done a t UBC Computing C e n t r e u s i n g 

l i b r a r y program UBC-CORR programed by A. F l o y d and J.H. B j e r r i n g 

(1969). T h i s program i s d e s i g n e d t o compute c o r r e l a t i o n s 

between d i f f e r e n t p a i r s o f v a r i a b l e s and t o p e r f o r m s i g n i f i c a n c e 

t e s t s o f t h e r e s u l t s . The program can h a n d l e n o m i n a l , o r d i n a l 

and i n t e r v a l v a r i a b l e s and w i l l c a l c u l a t e c o r r e l a t i o n s between 

v a r i a b l e s o f t h e same o r d i f f e r e n t s i z e s . 

The c o r r e l a t i o n between c o p p e r grade and molybdenum g r a d e , 

b o t h i n t e r v a l v a r i a b l e , use t h e s t a n d a r d P e a r s o n ' s C o e f f i c i e n t 

o f C o r r e l a t i o n ( P e a r s o n ' s r ) . The s i g n i f i c a n c e i s d e t e r m i n e d by 

an F - t e s t o f t h e s i g n i f i c a n c e o f "R", 
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C o r r e l a t i o n s between g r a d e s and o t h e r v a r i a b l e s a r e 

mixed c o r r e l a t i o n s between i n t e r v a l and o r d i n a l d a t a and t h e 

s t a t i s t i c a l t e s t used i s J a s p e n ' s C o e f f i c i e n t o f M u l t i s e r i a l 

C o r r e l a t i o n . T h i s uncommon t e s t i s d e s c r i b e d by Freeman (1965). 

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

by F - t e s t s . 
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161 • 6 1 0 32.J'-. 7L 9 2 4 7 3(34 t31 t o 10 4 5 94 •3 / 0 1 4 
162 b ! 0 M4 7L " 9 ? 4 7-3 12 10 26 2 5 3f> 0 13 
163 - 1 o J z •< z 7L 2 4 7 5 J ' . ZA 2 3 3 3 02 I 
l f i-» M o V i O S J i .£> 3 9 7 10 91 0 2 9 t •>̂ l 01 i 
165 tt4u:ZMZ b"J 5 24 47 10 41 91 41 94 1 (.4 ; i H 

1 66 ftSO k.,^ 1) V-l 1 i 97-11 •5 0 0 1 4 I 5 3 34 n i • i 1 
1 6 7 o ) b A ( U S j J 1 3 ' .7 10 9 0 4 1 9 1 11 9 a 1 0 . ; ; > ' 
J 6 d o b U J Z - ' Z 5 N 5 2 4 93 ! i? tl 3 1 1 I./ •• 1 / 
16-1 bo . W Z ' - I Z 5*1 5 2 4 93 8 2 10 92 4 0 41 92 > ) i.-15 
1 ? C 'j • i J 0A 5 N 5 2 4 9 3 . H2 10 9 0 9 0 9 4 01 1 1 0 1 5 
171 • b ^ A ? . ; ; ^ 5.'̂  5 24 9 3 9 1 9 3 4 5 4 / • J O'i J 



1 

1 7 ? f» 3 n J 7 M ; 7 4 9r.>'.0 4 1 3 4 92 70 i.. i J 
f 17.3 o-i-j U'-'.L 5-tl-J 3 24 3132 I.) 1 1 (4 9 1 41'. 1)24 

1 74 3 24 92 30 10 82 91 h. 4 4 1 )3 I) i 1 
175 693-JZ MZ 3N 5 2 4 12 30 10 32 9 0 9 3 4 3 I 0 3 '••A 
1 7 6 7 'J J l i 30 1 3 94 9 0 90 41 5 3 1 )-) 0 "1 I 
1 7 7 7 0 3OZMZ 4N 2 4 9 331 3 6 54 ') J O-t 1 

V, ! 7-1 7 1 J . . ! ; ' J S 3 'JO 3 HZ 4 2 9 2 3 3 52 •i ) u . ! _j 
/ 1 7 ) i*20--ZMZ JH 3 2 4 i 3 d l H I 10 9 0 !<: 13 Id 01 / 

1 "O 7 3 u j 2 i Z 5 n 3 2 4 9 3 31 BO 10 •3 0 9 4 T? 21 l i / i l 
101 740JZ*Z 5N 3 2 4 9 331 10 a ? 1 1 9 5 y 3 -. 1 or- 4 
l ? i 75UOZMZ 5.>J 3 2 4 9 4 « 1 to 3 1 >2 4 3 3:i j.> i 

1 " 3 3N 3 ^ 4 •J3 30 10 .3 2 4 0 33 4 2 ^ J j i 2 
1 0,, ' . , 5 •V-v./i. ;IN i 1 i 4 ? 9] 2 0 ' J 
3 ? 3 ttJiLAl 5W 3 2 4 32 i l l 10 33 41 / 3 
1 06 7JO j / r t Z 3.J 5 2 4 9 a'jo 32 02 9 3 9 0 ; •, O.i 7 j 
1 r 7 7 9 0 JZ •)/ !»N 3 2-t 9 3 3 0 •SO ;? 9 3 9 0 2 .1 i /O j j 
1 " J dOOJZ .SZ 54 3 24 9 7 8 2 10 J2 91 1 t 'i i 7 i 
1 " 9 3 1 0 J 2 M Z ' i l 3 2 4 9 7.3? 10 8 2 42 9 1 ? 1 i 
1 en 3 ? 0 i,iJ;-1 •j J 5 7 4 9 5 H ? rtl 1191 3 4 3 3 i /• l l / i 
191 •32-v>,;.-: < s K l i 3 2 4 9 I 32 11 3 1 9 2 •.Ml u l 3 ! 
n z J J i b i V L 3 2 4 4 3 10 92 9 2 9 1 94 In • ' 1 ^ 
1 9 3 i H G 24 1 2 4 1 9 1 52 5 3 1* , j u 
1 94 d50! l< iVL 3 u G 1 9 4 10 4 0 9 ? Jl 7 1 54 7 a i. ) 3 
195 a J 3 t V L 5 3 9 7 10 9 " I t 54 •J ' 0 •>•.> 
! <?'& H i t ) 3 « V ( . 3 N(i '3 4 / 1 ) 9>" 9 0 9 2 14 j -i i t , IV) 
117 3 7 0 J Z 5 J i> 9 9 10 92 4 3 0 1 • > 
1 9 3 3 7 -J 0 Z 5 9 9 1 } 9 2 1 1 2 t O l d 
1«9 3 H.) 3 :< v L 7y 1 9 '3 1.0 91 53 J 3 '") »•; 

392 v<XX J L - i 9 9 3 10 9C 9 3 9 ? 1 i J ! '. 

? n 9 0 3 J J V L 5L G 9 7 7 13 -o I 9 1 9 3 44 ;•. 0 5 / 
3IMG 3 ^ 4 7 ? 9 4 10 J l 3 3 54 II 

? C 3 3 J l * •> 7 3 0 2 42 10 ) . l 4 ? 1 2 . ; 0 J ' J 

2 C 4 4 3? . i lK ' J - l 3.1 3 2 4 7441 10 9 0 3 * 5 5 1 J 3 )5 t . . 
2 f 5 . 9 3 7 i.t0-1 3 .JG 3 2 4 74 J l 9 1 10 J2 93 ii««4 
?<?5 
r r ? ls=.\GF t i c 

i K U h * C ' K i i 3 = - T 0 n T4 
? C 4 2 0 ! i 1 i 1 i 
2 10 I I Z I 2 2 2 2 2 2 2 2 2 ? 2 ? 4 4 ; 

z i i 9 3 6 1 1 1 1 1 1 1 U l 1 1 1 1 1 1 1 M i l 111 9 9 9 0 0 : 

2 1 2 U'K A Y S G K — L T fttJ. QZ A AG I MS KF PP f.ti 
2 1 3 Ztf C L E F H E M H A G P Y - M >GE i 'V C P - M U O t C U - , \ 0 sit) 

• 

? ) 4 [ 1 X . 1 d F 3 . 3 . F 4 . 2 . F 6 . 3 ) 
2 '-5 si".-: r i u I 171 - OYK?. COMPLEX 
2 1 6 4 2 3 1 • • 

2 1 7 
! . 17 S E C . CPU T I M E 

? r . ? 7 3 S F C . E L A P S r O T I - v c 

k. 

* 

. .. 
2 



161 

T y p i c a l Computer Output 



C M * x x y x x x ? x x x x x y x x x x x x x x y x > x x x x x x x x x x > > > x x x x x x x x x x x x x x x x ^ 

S ? ; C . 7 7 ft) J£7 U r j I V F g S I T Y OF R C C f M P U T I K ; CTN 'TRF K T S ( C C I A I ) 1 3 ; 2 * ? ; 5 3 r P I OEC 1 7 / 7 1 ^ : 

• 

t t » T A * t * i > * t f r t t * 4 * M 7 H I S J O B S U H K J T 7E D T H P O U C H F R C M O F S K R E A C 1 ; R * * * * * * * * * * * * * * * * * * * * SS!G',n» CtCG 
* * L A S T K J G O . P N * \ S : 1 3 : 2 7 : 5 7 F P I GF.C 1 7 / 7 1 

u s f - " C f t S C " s i S M j - . ) r n A T I 3 : 3 0 : r < O N Ff- . i D E C 1 7 / 7 1 
•-rz~~~~rn i v » . * - I C \ T A : 1 < 



o i ' J - : \ s I L ' ~ x T i T T T x T T T T T 
7. L U T \ B L A N K / * ' / 
3 5 R!=A3( 5 , 1 , ^ 0 = 2 ) X , XX ' 
4 1 F C i - I A l ( 1 2 X , F 1 . 0 , 3 X , F l . 0 , 4 X , M . O , I X , 2 1 I X * F 1 . 0 ) t 4 X , f U I X , F ] . 0 1 , 6 X , 2 ( 1 

I X , F t . 01 , 1 6 X , f 3 . 2 , l X , F 3 . 3 - t T l , 1 2 X , A 1 , 3 X , M , 4 X , A 1 , I X , 2 ( 1 X ? M ) » 4 X , B U X 
2 i A I ) , ' - X , 2 ( I X , fl ! . ) , U X t A ) , 1 X , A J ) • 

TTL; J I =A , I - . » 

I F ( X X ( ] K N E . f U A t v K ) X I ! ) = X I I I + 1 . 0 
X ( I ) = X ( I ) +1 ..0 

a P I T E ( X f I ) , 1 = 1 T ] 7 ) 
01 T l fj 

F H ( IX , 1 -ji ( "4 .0 . .F t ) . 2 , f t . 3 I 13 
T T 

13 
S T - T 

i T A T A 

CL ( f U S A G f J 3 J L C 1 C l)'.JL: = ? 2 4 fr' V T b 5 , A K K A V AKCA-= 1 3 6 H V T b S , T O T A L Af (EA AV A I L A b L E= 1 0 2 4 C O (TYT T S \ 

C C > P I L t r T l f F = ) . 1 A . S f C f E X E C U T ION T IM E = 7 . 1 A S E C , HA T F I J - V E R S I O N 1 L E V E L 2 A U G U S T 1 9 7 0 OAT E = 1 2 - 1 7 - 7 1 





r « 

( S C C T M N TZ% — t - A M i H » G h'A LL"" VCL"CA"M CS 

E E P E N O E N T V A R I A 6 L £ = C U - G R O T Y P E = A 

. K F ; C & S F t t V A T l K f c . S I N C N L V C3M: CATfc N I L M : \ - I M E k V A L V A k M U L f a , 
T P : C P S fcWAT IONS IN C'NLV ONE C A T EGO feY OF THE N O N - 1 M E R V A L V A R I A B L E 
D U i CP St K V A T i n h S I N C k L t C N C C A T E G C R Y f 'F T F F N C N - I M E P V AL V A R I A B L E 

VAF. I API . E N L M i S f l OF VAP I AP.LF C C R R C C P P F L A T I P N T E S T P R O B 
n i S r U V A T 1 V P G C O L E CODE 

C 3 A Y S 2 3 2 2 5 C . 2 3 82 6 0 . 0 0 0 9 
1 

C R - - L 1 2 3 3 2 5 0 . 2 7 * 1 6 O . C 0 0 2 
N f i . F M 2:3 2 - 0 . 2 - A O 6 0 . 0 0 0 3 

0 7 2 * 3 2 c. C . 5 5 * 7 6 - C O 
A P '.'I 2 3 3 2 5 0 . 1 2 3 7 6 0 . 2 7 1 8 

[• S ^ J 3 2 3 L . U ! -J3 
KF 2 - -3 2 5 0 . 0 6 r . . c I N V A L I D 
trP 2 3 3 2 C . n 6 C . C I N V A L I D 
CU 2 3 3 2 5 C O 6 0 . 0 I N V A L I D 
CR 2 33 2 - C . 2 1 8 A 6 0 . 0 0 30 

E 2 :• ? 2 » 5 - 0 . fc08 7 6 O . O O C O 
C l . .-J33 2 3 - 0 . ! i t ) J. t> I j . P b i . U 
F P 2 3 3 2' - r . 2 C 9 0 

h * M 2 3 3 2 C . 1 3 7 1 6 C . A 0 52 
KAR 2 3 3 2 5 0 . 1 8 0 2 t 0 . 0 1 6 5 

V C - G P O 2 3 3 A 6 0 . 7 2 1 3 7 ' - 0 . 0 

* 

V 

• if 

file://m:/-i


r . f fit 4 1 V A \ I A ii L G s M C - G K D 1 Yt-L * A 

S 

Kf ; r P S F R V A T f I. K S 
P P ; P B S f . Q V A T l ( i N S 
C U ; O B S E R V A T I O N S 

I.N 
1 "1 

1 H 

C N L Y C N E 
r N L Y G N E 
C N L Y ONE 

C A T E G O R Y 
C A T E G O R Y 
C A T E G O R Y 

O F 
OF 
O F 

THE N C * N - INT E P V A l V A R I A 3 L E 
T H f H C K — 1 N T F F . V A L V A R I A B L E 
T H E N O N - I N T E R V A L V A R I A B L E 

f V A M A B L E 
Li 

V J •I.ltSF 
£ ' . V A T 

: F 

C M S 
Y A H I A P L C f C h i -

T Y P E C C D F 
C C P R C L A T I O N T E S T 

C O D E 
P k C B | 

G H A V S 
D K . — 1 T 
N C . F F A 

2 : 2 

?. 3 3 

2 , 
j> 

2 

5 
e 

0 . 172-5 

0 . 2 1 1 5 

- 0 . 1 2 6 2 

6 
6 

& 

0 . I M A 1 
O . C 0 4 0 

0 . 0 5 5 7 
l . i 

A P G I 
I'S 
KF 
P P 
r u 

2 J. J 
2 3 3 
2 2 3 

2 33 
2 3 3 

2 : 3 

2 
2 
2 

2 

2 
2 

M 

5 
c. 
5 
5 
5 

C . C ' i O t 
- C . C A O f i 

0 . 0 

o . c 
C 0 

6 
6 
6 
6 
6 
6 

- 0 . 0 

0 . 7 7 6 9 
C . 7 5 8 9 

c . 0 

O i O 
C O 

I N V A L I D 
INV A L 1 0 
I W A L 1 0 

• 

7.C 
C L 

! ° 
h e * 

2 J. 3 
2': 3 
2 '.' 3 

2 33 
2 3 3 

2 3 3 

2 

2 

2 
2 
2 

5 

5 
5 
5 
K 

- L . I A j f. 
- C . 2 S 9 C 

- r . f 3 7 5 

- 0 . 1 5 2 2 

0 . 1 1 6 2 
( . 2 3 ( 1 7 

6 
6 

6 

6 
6 
6 

G . 5 6 2 fa 
C O 0 0 9 

0 . 4 3 1 2 

0 , 1 7 2 5 
0 . 0 3 9 5 
C O G 17 

! 

i ' i A L'. /.2 l.i i) / - 0 . 0 

• j 
t 

• • 
.1 ; 

t 

J 



f 
D 1CT l u N A R Y OF C n O g S 

ccKPt L A T I cfv cones • 

1 , G U T T V A f S S Y V i C T S I C C G E F F I C I C N T O F PP. E D I C T A P I L I T V I L AMD A ) 
2. K j F t f i j v f c s c r r F i - t c i n a - n r O F T E R M N A T I O M ( T H C T A I 

> 3. ^ : r t : r . P 7 f f ^ T T ^ i j ^ / . L S C L . M - H L U M m H A N K A S M U A I R N nrr 

A . C (" P. I- C L / T I Zt\ VAT tU I fcTA 1 
5 . j A •" F f X S U ' r F F I C I C N T G F H L T I S C R I A L C C R R E L A T I C N ! M 
6 . p r . v s c t s C O E F F I C I E N T J F C U M U L A T I O N I K I 

1. P t - J R S C N S C h l - S ^ J A P f [) T ^ S T W I T H V A T i- S C C F P . E C T I Q N 
2. f - M . K - k h l T W - Y L - T C S T 
3 . P L A ' - M - N S C h l - S J J A S i n T£• S T 
A . s i r . M i - icificc T~sr f I;P c 

(•. F — 1 C51 I T S " . M ' K / N C - OF M 
7* f - i r s i (.F M ^ M - K A N C e - C F R 

E X K . M T I C N T F S K I J A T l - D 



C M ' ' X X > X X X X > X y X X X X X > ! X X X X X X X > > > X X ) i > X > X X ^ 

R p ; 7 7 M 5 7 I N IVF. f S I T Y OF B C C.rjI'P !JT I f!G C E N T R E M T S f E C l A l } 1 3 : 2 9 * 5 3 FfcT DEC 1 7 / 7 1 

L S F P : C A R C 
D E P A R T M E N T : GEOL 

* * * * C N AT 1 3 : 3 0 : 0 A 

, 

! J H - A T Viz i l : [ 9 
* * * * E L A P S E D T I M E 7 A , 3 2 3 S E C . 
* * * * C P U 1 1 V E U S C O 2 5 . 2 A 3 S E C . 
* * * * S T H P A G F U S E D 9 7 1 . 7 6 6 R A G E - S E C . 
* * * * CA f t f lS R E A D 2 6 7 
* * * * L I N F S P O I N T E D 1 2 6 

G A U D S F 'UNChCC 0 
OV.UV. P.E AD'S 5 7 

* * * * F.ATE F A C T 0 1 ! . 1 . 0 
« « « « A P P ^ U X . CI-'ST OF T I M S RUN C 1 2 . 9 1 

* * * * F T T T S I U ' A G L 1 P T F F R - ; 7 U 0 " 

* * " U ' S T S 1 G N G N W A S : 1 3 : 2 7 : 5 7 1 2 - 1 7 - 7 1 



APPENDIX C 

STATISTICAL DATA FOR: 

S e c t i o n 195 
S e c t i o n 187 
S e c t i o n 179 
S e c t i o n 171 
S e c t i o n 163 
S e c t i o n 155 
S e c t i o n 147 

169. 



S E C T I O N 1 9 5 — r C ' C ' T W A L L V O I C A N I O S 

C F P F N O E M T V A \ I A 01 6 = C U - G K O T V P E = 4 -

K F ; O B S F R V A T I O N S I N C M Y C N F C A T F G G K Y C t: T H F N O M - I N T E R V A L V A R I A B L E 

V A P. I A P I F N U W R O F V A R I A B L E COP P. C O R R F L A T T O N T F S T P R O B 
O S S E R V A T I O N S * T Y P E C O D E C O D E 

O R A Y S 241 K. 5 0.0 592 6 0 .4 070 
D K — L T 243 2 -0.1075 6 • 0.8822 
rvn.TPA 24fb 2 5 0,4162 6 -0 .0 

02 2^3 2 0.2014 6 0 .0021 
A R C L 2 A- 5 2 5 - 0 . r C 8 2 ft 0. 8086 

M S ' 2 4 5 2 R 0.1316 6 0.10 12 
K F 2 45 2 5 0. 0 6 0 . 0 I N V A L I D 
P P 24 5 2 5 -0.2f.0 5 6 0.0890 
ou 245 2 5 -0.2 ̂ 24 0 .3 709 
C B 245 2 5 ;, -0. 0 52 rj 6 0.4546 
ZE 245 . 2 5 0 .084 3 6 0.4 65 3 
C L 2 45 2 5 0-0338 6 0.6218 
E P 2 4 5 £ 5 C. C36C 6 0.71 (03 

H F M ' 2 4 5 2 5 -0.2164 6 0. 53.11 
N A G ' 24 5 2 $ 0 .1 5 7 I 6 C.Q430 

' M G - G F O 245 4 6 0.5742 7 -o.o 

http://-0.2f.0
http://5


DEPENDENT VARIABLE = hO-GUI") TYPF = 4 

KF; OBSERVATIONS IN ONLY ONE CATFGCKY OF THE NUN-INTFPVAt V A RI A fl L E 

V A P T A P L E NUMBER CF VAPT A OL 0 on GOKRfcLAT ION 

GRAYS 
PK — L T 
NO. FRA 
* 0 7. 

| J R S £ R V A T 1 CMS 

7 M 

245 
245 
245 

T Y P E 

AP CL 
MS 
KF 
PP 
r;u 
OB 
ZF 
CL 
FP 

H r M 

M A 0 
CU-GRD 

24 5 
245 
2 45 
2 4 5 
24 5 
245 
2 4 5 
2 4 5 
24 5 
2 4 5 
2^5 
2 •'+ 5 

IOC 

5 
. 5 
5 
5 
5 
5 

5 
5 
r. 

0 . 0 ] /• 4 
0 .4360 
0.23 2 0 
0 .1 :i 5 7 
0.2710 
0.0 

-O.c225 
0.140 8 

-0 .2 74 3 . 
-n.O2 30 
-0.0624 
- 0 . 1 0 4 3 
-0.2020 
• 0 . 2106 
0.5 74 2 

TF ST 
TTOoF 

PROB 

6 
6 
6 
6 
b 

6 
6 
6 
6 
6 
6 
6 
6 
6 
0 

0.338 8 
0.82 44 

-0.0 
o,0 0 0 5 

~C~:T779" 
0.0009 
0.0 
'0.8566 
0.5767 
0.0013 
0.8221 
0.35 74 
0 . 2 rS 1 4 
0 . 39 36 
0.0071 

-0 .0 

INVALID 

-fc=L 



SECTION 195 — 0 Y K f COMPLEX 
• 

FNOP NT V AR T A 3 L F CU - G i? n 1 Y P F = 4 

KK ; DOS PR VAT IONS IN L"Y ONE C A r t o C R Y OF TFIF NON-INTERVAI. VARIABLE 
ZL; PRs PRVAT IONS IN or LY 0 N F CATC GORY OF T HE NON- IMTERVA1 VAR TABLE 

r R VA Tl n N S I N ONLY 0 N F C AT FGCRY OF THE NOtJ- INTERVAL VARI AB1 F 

V Al. 1 A[ LP NUM3F R 0 P VAR TA'H F • CORR CO PRE t AT I n'N| 1 r- ST PPOR 
03SE4VA1 IONS TY f F cor.i" C 0 

OF: AYS 169 2 b 0.1^62 6 O.OB90 
OK — L T U.o • . 2 0.1749 6 0.0522 
NC . F RA 170 ? 5 6 . 4 9 6 3 6 -0.0 

OZ 170 ~> 0. 5 148 ft -0.0 
• APC-L J. 0? 2 5 -0.^,336 6 .0.0006 

is - 170 T 2 • $ -0.2513 6 0 .00 76 
KF 1 7n 2 5 0.0 6 0.0 INVALI0 
PP 170 2 5 -0.4 50 5 6 0 .0000 
mi ] 70 2 5 -0.3505 6 0.0002 • 
n\ 170 2 5 0.4556 ft 0,0000 
l F I 7 0 2 ^> 0.0 6 0 .0 INVALID • 
r i 1 70 2 5 0.0]50 6 0.8465 

u , BP 170 2 ' -0.105 7 6 0.2797 
HEM 17 0 2 5 o. 0 6 0.0 INVALI0 
V A G 170 i /_ 0. 004 3 6 • -0.0 

MG-GPfJ 170 4 C> 0 . B1B a 7 -0.0 
r o 



O F P E N O E ,\) r V A P I A P L F = r * 0 - G R D T Y P f = 4 

K F ; C B S E R V A T I O N S I N O N L Y O N E C A T E G O - Y O F T H E W W — I N T F R V A L V A R I A B L E 
U ; O B S E R V A T I O N S I N C N L Y G N F G AT F O E P Y O F T H F N O N - I N T 1 F V AL V A R I A B L E 

H E N ; O B S E R V A T I O N S I N O N L Y O N E C A T E G O R Y O F T H E N O N - I N T E R V A L V A R I A B L E 

VARIABLE NUNlftER OF VARIADL F C.lif'R CORRELATION TEST PROB 
OBSERVATI ONS TYPE • CODE CO 0E 

GRAYS 1 6 9 ^2 0 0.0313 6 0.7193 
OK—L T ]_09 2 5 ( . u84 9 6 0.356R 
NTi 7FFJ TTTj 2 5 <\ H <M & H T T O 

OZ 170 ? 5 0,4638 6 0.0000 
A POL 1 70 2 5 -C.3-»44 6' 0 .0000 

N' S 1 70 2 5 - 0. 1 8 9 r> 6 0.042 8 
Kf 170 2 5 0.0 .6 0.0 INVALID 
P P 1 7 Q 2 ^ 5 -Q . 4 0 6 5 6 0 .0 0 n Q 
DTi ' ' TTO 2 ' 5 -o. 36^4 ~~6" 0,0'<01 
H i . 170 2 - 5 0.4760 6 0.0000 

170 ..4 2 5 0.0 6 0 .0 INVALID 
CL 170 2 5 0.0117 6 0.8682 
FP I 70 2 5 -0.2374 6 0. 1861 ' 

HF^ 17G 2 5 0 . 0 6 0.0 INVAL ID 
- } - • r7Tj 2 5 0.76^3 6" 1—~ - ~ T 0 ' 1 — 

C U -G R 0 17 0 4 6 0.818 8 7 - 0.0 



SECTION } «5 HAN (71 MOW ALL VOLCANICS 

EEPENDCNT VAMABl.fi * CU-GKO TYPE = 4.  

KE ; OBSERVATIONS IN ONLY ONE CATEGORY OE THE NO N-1M E PV A L VARIABLE 
HEW; OBSERVATIONS IN ONLY CME CATEGORY OE THE NON-INTERVAL VARIABLE 

V A P I APIE NO1''BE R OF .VARIABLE C UPR CORR El; AT ION TEST PROB 
OBSEftVATICNS TYPE COOF COOE 

GRAYS 84 2 ^ -0.15] 1 6 ' 0.2318 
OK — 1 T 86 2 5 - 0 , 2 2 08 6 0 . C 8 8 1 
N O .E P A 80 2 5 0 . ( 6 9 r> 6 0 .6145 

OZ 2 5 - o . c a 8 6 0 .5914 
AP 01. 86 2 5 -G.20H2 6 0 .0 93 0 

S 06 6 - 0.0215 6 0. 8 3 5 7 
KE a 6 2 0 0.0 6 0.0 INVALID 
pp 8 6 2 5 - 0 . 2 8 1 6 6 0.0546 
nu 86 2 5 -0 . ]74 4 6 0. 5 6 76 -
CB 8 6 I 0.2251 6 0.0525 
ZF 8 6 ? - 0 . 7 532 6 0 .15 74 
OL 86 -1 

i', 0 0 .2862 6 o . o r u 
FP Rtf 2 - 0.2160 6 0.1497 

HEM 86 2 5 0.0 6 0. 0 INVALID 
M AG 86 2 5 0.1553 6 0.3148 

MO-GRCi 8 6 4.-; 6 0. 4 06F 7 0.0000 

f a 

http://VAMABl.fi


PEPENDENT V-AR I AOL E = MO- OR P TYPE = 4 

KF; OBSERVATIONS IN ONLY ONE CATEGORY OF THE NCN -1 r T F f- V AL VARIABLE 
HI'* ; OBSERVAT ICNS IN ONLY ONE CAT F GORY OF THE NEN-IMEPVAL VARIABLE 

VAKIARIE NUMBER OF VARIABLE CORR COPR FLAT TON TEST " PROB 
OBSERVATIONS TYPO CODE CODE: 

OP AYS 64 ? 5 0.OH9] 6 0.4 0 0 6 
OK - - L T 8 6 ., ? 5 0 . 1 0 8 9 6 0 . 4 3 2 4 
NO.FPA I 6 ' 2 5 U . 4 2 8 P 6 o. 0 0 0 2 

OZ 8 6 2 5 '">.(.,.».•,6 ^ (., 5 j(,n 
A POL 8 6 2 r- 0 . 1355 - 6 0 . 2 8 2 2 

*S 8 6 7 c 0.(74 8 6 • 0.54 0 6 
KF 8 6 2 5 0 . 0 6 O.C1 

PP PC 7 r> 0.7^61 6 0 . 0 9 3 9 
[U Pj; 2 5 - 0 . j I 24 6 0. 7 0 75 
C 5 86 3 5 -0 . 1 2.4 c. 6 0 .292 9 
7F" 8 6 2 - 5 -0.77 6 ] 6 0 . 0 9 2 3 
CL 8 6 2 5 -'1.1 2 5 7 6 0. 2 7 1 5 
FP 8 6 7 5 - 0 . 2 9 6 6 6 0 . 0 4 6 2 

HEM 6 6 7. 5 0 . 0 6 0 . 0 
* AG 86 2 5 _ - 0 . I 8 9 1 6 0 . 1 5 2 7 

CO-OF 0 VJ> " 2» ' 7J 0 .4668 ? 0.0000 



SECTION 187 FOOTWALL V CLEAN I OS 

DEPENDENT VARIABLE = CU-GKD TYPE = 4 

MS; CBSFRVA F IONS IN ONLY l.Nfc GAiLGORY OF IIIE NON-lNlbPVAL VARIABLE 
KF; OBSERVATIONS IN ONLY ONE CATEGORY OF TEE NON-INTERVAL VARIABLE 
PR; OBSERVATIONS IN ONLY ONE CATEGORY OF THF NON-INTERVAL VARIABLE 
ni j ; OBSERVATIONS IN ONLY ONE CATEGORY OF THE NON-INTERVAL VARIABLE 

HEM; OBSERVATIONS IN ONLY ONE CATEGORY OF THE NON-INTERVAL VARIABLE 
KO-GRO; RO OBSERVATIONS 

VARIABLE NU.V3EP CF VARIABLE , CORR COPRFLATION TEST " PRO B 
OBSERVATIONS TYPE CODE CODE -

GRAYS 28 2 5 0.1737 6 0.4883 
OK—LT - 28 5 0.7609 6 0.2713 
NU.ERA 7 8 2 5 -0.2C5fc 6 0.;i516 

C.7 28 • 2 5 -0.242E 6 0.3360 
APOL 2 8 2 5 • -0.4067 6 0.3848 

MS 28 7 5 0.0 6 0.0 INVALID 
KF 28 2 5 C. 0 6 0.0 INVALID 
PP . • -28 2 5 0.0 6 0.0 INVALID 
PU 78 d. • C O 6 o.u I NV AL1L) 
CB 28 2 5 C,222? 6 0,2877 
ZE 28 2 5 -0.4 504 6 . 0.0318 
CL ' 28 2 5 C.CC97 6 0.9155 
FP 28 2 5 -0.6568 6 0.0015 • 

HEM 28 2 5 0.0 6 0.0 INVAL ID i t HAG 28 2 h U 041 / 0 0.8329 
MO-GRD 0 4 0 0 .0 0 0.0 INVALID • 



O F P E N O E N f V A R I A B L E = MO-GRl) . TYPE = 4 

GRAYS; NO CESER/ATTONS 
OK—LT; NO 0 B SERRATIONS 
NO.FRA; MO OBSERVAt IONS 

aZj NO OBSERVATIONS 
A T M T T T T J U OBSERVATIONS : ' ~~ 

MS; NO OBSERVATIONS 
KF; NO OBS E RVAT IONS , 
PR; MO OBSERVATIONS 
DU; NO OBSERVATIONS 
CB; NO OBSERVATIONS  
Z F ; MU OBSERVATIONS 
CL. ; NO OBSERVATIONS 
TP; NO OBSE'RVAJTIONS 

HEM; NO OBSERVATIONS -. -
PAG; NO CBS E RVAT IONS 

CU-GRD; NO OBSERVATIONS 

VARIABLE NUMJER 0F VARIABLE CORR CORRELATION TEST PROB 
OBSERVAT TONS TYPE CODE CODE 

GRAYS 0 2 " 0 0.0 0 0.0 INVAL ID 
OK—LT 0 ? 0 CuO 0 G.O I NVALID 
NO.FRA C 2 0 OTO 0 0 7 0 " — " INVALID 

QZ C 2 0 0.0 0 0.0 INVALID 
AR CL 0 2 C 0.0 C O.C INVALID 

y $ 0 2 0 0.0 0 0.0 INVAL ID 
K F 0 2 C 0. 0 0 C O INVALID 
r>P - ' 0 2 0 0.0 0 0^0 INVALID 
00 0" ~*2" 0 07TT 0 OTO 1NVAL ID ' 
CB 0 2 ' 0 0.0 0 0.0 . I N V A L I D 
ZE 0 2 0 0.0 0 0.0 INVALID 
CL 0 7 0 0.0 0 0.0 ' INVAL ID 
FP 0 2 0 0.0 0 0.0 INVALID 

HEM 0 2 0 0.0 0 0.0 INVA LID H 
^ ' ~~0 ~~ ' ?. 0 07T1 0 -TJ7TJ rMTACrD 3 

CU-GRD 0 4 0 0.0 0 0.0 INVALID 



S C O T I O N 1 8 7 ~ D Y K E C O M P L E X 

C E P E N D E N T V A R I A B L E = C U - G R D T Y P E = 4 

M O - G P O ; N O O B S E R V A T I O N S 

V Af- I A R L E N U M B E R O F V A R I A B L E C O R R C O R R E L A T I O N T E S T P R O B 
0 3 S E R V A T I C N S T Y P E C O D E C O D E 

G R A Y S V 1 1 7 2 - 0 . 2 2 3 5 6 0 . 0 3 2 3 

D K — L "I L I / 2 5 - 0 . 2 3<-> 5 6 O . U 2 5 2 
N O . E R A 1 1 7 2 ~ 0 . C 4 O C 6 . 0 . 6 3 4 2 

C Z 1 1 7 2 . 5 0 . 5 8 0 C 6 - 0 . 0 

A R G L 1 1 7 2 5 - 0 . 4 7 0 4 6 0 . 0 0 0 0 
M S 1 1 7 2 5 - 0 . 6 0 6 9 6 0 . 0 0 0 0 

K F 1 1 7 2 5 • - 0 . 0 4 6 6 6 C . 8 1 7 3 
P P 1 1 ( 2 - 0 . / f09 6 - 0 . 0 
D U 1 1 7 ' 2 5 - C . 7 6 3 6 6 - 0 . 0 

C B 1 1 7 2 . 5 0 . ! 5 2 9 6 - 0 . 0 
' Z E 1 1 7 2 5 0 . 2 6 5 3 6 C . 1 7 0 2 -

C L 1 1 7 2 5 0 . 3 1 1 C 6 0 . 0 0 1 6 

F P • - 1 1 7 2 5 • 0 . 4 1 6 2 6 0.0009 
H ' M H i 2 5 - U . 1 3 8 3 6 U . 5 1 2 6 
W A G 1 1 7 2 5 0 . 3 6 3 4 6 C . G 0 2 3 

M O - G R D 0 4 0 0 . 0 0 0 . 0 I N V A L I D 

h i 
co' 



• 

DEPENDENT VARIABLE = MO-GKD TYRE ~ 4 

GRAYS ; NO CBSERVAT I DNS • 

D K — I T ; NO OBSERVATIONS .:. 

NO.E R A ; NO CBS E RV AT IONS . . . 

QZ NO OBSERVATIONS 
AR GL ; N O OBSERVAT I O N S 

PS NO G BS E RV AT IONS 
KF NO OBSERVATIONS 
PR ; NO OBSERVATIONS 1 

ou; NO OBSERVATIONS : 
CB N O OBSERVATIONS 
ZE N O OBSnRVAT I O N S 
CL NO OBSERVATIONS 
FP' NO OBSERVATIONS 

HEM NO OPS ERVAT IONS 
M A G ; NO OBSERVATIONS 

CU-GRD N O OBSERVATIONS '* 

VARIABLE NUMBER OF 
OBSERVATIONS 

VAP I ABLE 
TYPE 

CO»R 
CEDE 

CORRELATION TEST 
CO 0 E 

PROB 

GRAYS 
DK — LT 

0 
0 

0. 0 
0.0 

0.0 
0.0 

"OTTX" 
0, 0 
0.0 
0. 0 
0.0 
0.0 

INVALID 
INVALID 

NO . FRA 
QZ 

ARGL 
MS 
KF 
PP 

0 
0 
0 
0. 
0 
0 

"OTTT 
0.0 
0.0 
0.0 
0.0 
0 .0 

*TJ 
0 
0 
0 
0 
c 

0 

TJ70" 
0.0 
0.0 
0. 0 
0.0 
0.0 

IT 
0 
0 
0 
0 
0 

TTTTT" 
0.0 
0.0 
0.0 
0.0 
0.0 

INVAL ITT 
INVALID 
INVALID 
INV AL ID 
INVALID 
INVALID 
INVALID 
INVALID 
INVAL ID 
INVALID 
INVALID 
INVALID 
I NVALTTJ" 
INVALID 

DTP 
CB 
ZE 
CL 
FP 

HEM 

0 
0 
0 
o 
0 

•p-M A G 
CU-GRD 

07u 
0.0 

070 
0.0 



SECTION 187 — HANGINGWALL VOLCANICS 

DEPENDENT VARIABLE = CU-GPO TYPE = 4 

VARIABLE NUMBER OF VARIABLE CORR COPREl AT ION TEST PROB 
L1BSERVAT IONS TYPE CODE CODE • - . 

GRAYS 4 92 7 5 -0.314 5 6 0.0176 
U K — L T 498 2 5 - 0 . 0 / 6 8 6 0.1304 
NO,PR A 498 2 5 0.1830 6. 0.0002 . ' 

QZ n 498 2 5 0.3375 6 -0.0 
APCL 498 2 5 . -0.2807 6 0.0000 . '• 

N'S 498 2 -0. 1592 6 0.0107 
KF 4 98 2 5 - 0.2264 6 0.2103 
PP 444ti 2 5 -0.2 94 3 6 0.0006 
CU 49 8 2 5 -0.2216 6 0.4900 
CB 4 c 8 2 5 0.1435 6 0.00 44 
ZF 4C'8 2 5 -0. 046 8 6 0.622 8-
CL 498 • 2 0.1869 6 0.0001 
•FP ' 498 2 5 -0.2756 6 0.0000 
H E M 498 2 b -0.1372 6 0. 3t>31 
MAG 498 2 5 0 .1366 6 0.0110 

MU-GRD 296 4 6 0.488 6 7 • -0.0 

CO 
o 

• 



DEPENDENT VARIABLE = MO-GKD TYPE = 4 

VAP I ABLE NUMBER OF VARIABLE CORR CORBEL AT ION TEST PROB 
OBSERVA1IONS TYP E COPE CODE 

GRAYS 290 2 5 0.027 7 6 0.6691 
DK—LT 296 2 5 0.1242 6 0.0405 

• NG.FRA 296 2 5 0 .3199 6 0.0000 
QZ 796 2 5 0.3425 6 0.0000 

ARGL 296 2 5 -0. 0973 6 0.212 0 
2 96 2 5 -0.1127 6 0.2147 

KF 2 96 2 5 0,7352 6 0.0002 
PP 2 96 2 5 -0.7067 6 0.0611 
DU 2 96 2 5 -0. 1537 6 0.6488 
CB 75 6 2 5 0. G'̂ 5 9 6 0 .3146 
ZE 2 96 2 5 C. 1304 6 0.4134 
CL 2 56 2 b o . m / 6 0 .067 7 
•EP ' 296 2 5 -0.2 83 8 6 0.0038 
HEM 7 96 2 5 -0.1855 6 0.2657 . 
MAG 2 96 2 5 0.1529 6 0 .0277-

" CU-GRD 296 4 6 0.4886 7 -0.0 • 
• 

• 

C O 



SrCTICN 1.79 — FfGTWALL VOLCANICS 

OP PENOFMT VARIABLE g ZVlzM 0 T.Y.P F = 4 _ _ 

D K — L T ; OBSERVATIONS IN CNLY CNF CATEGORY OF TFE NGN- I M F RVA L VARIABLE 
MS; OBSERVATIONS IN ONLY ONE CATEGORY CF THE NGN-INTERVAL VARIABLE 
KF; CBS PRVAT IONS IN ONLY ONE CATEGORY OF THE NON-IN Tp F VAL VARI A RLE 
PP; OBSERVATIONS IN CNLY CNE CATEGORY CF THE NON-INTERVAL VARIABLE 
CO; OBSERVATIONS IN ONLY ONE GATE £ 0 RV OF TH E_. Nf.N-T NTER VAL VARIABLE 

HEM; OBSERVATIONS IN ONLY Cf^E CATEGORY OF TEE NON-INTFRVAL VARIABLE 
MO-GRH: NO OBSERVATIONS 

V ̂  PI A PLF NUMBER OF ' VARIABLE . CORR CORRELATION TEST PROB 
OBSERVATIONS TYPE CODE CODF -

GRAYS 39 2 5 C 502 8 6 0 .0022 
\ -? DK — LT JL 2 5 0.0 . 6 0, 0 INVALID 

NO .ERA • 39 - ?. . 5 -0.6044 6 0.0005 
QZ 39 2 5 0,5051 6 0.0005 

APGL 39 , 2 5 0.8511 6 0.0001 
MS ' 39 2 •5 0.0 6 0.0 INVAL ID 
KF • 39 2 5 0, 0 6 O.C INVALID 
PP. . • 39 n c 5 0.0 6 0.0 INVALID 
DO 39 2 5 0.0 6 0.0 INVAL ID 
C B 39 2 5 -0,3083 6 0.0655 
ZE 39 2 5 . -0. 1031 6 0.5664 
CL 39 2 5 -C.612 7 _. 6 0.0001 
FP 3 o o 5 -0.630 7 6*" 0.0010 

HEM 39 7 5 0.0 6 0.0 . INVALID 
MAG 39 2 5 0.1237 6 0 .5565 

MC-GRP 0 4 C 0.0 0 0.0 INVALID 



F E ^ F M D E N T V A R I A B L : = R C - G R O T Y P E = 4 

G R A Y S ; N O 0 R S E R V A T I O N S 

DK — L T N O C B S E R V A T I C N S • 

N D . F R A ; N O O B S E R V A T I O N S 

Q Z ; N O D B S ERV-AT I O N S 
A R G L N C O B S E R V A T I O N S 1 

M S ; N O O B S E R V A T I O N S 
KF • N O C B S E R V A T I O N S • 

P R N O O B S E R V A T I C N S • • . 

D U , N O O B S E R V A T I O N S 

C B N O C S S E ^ V A T I O N S 

Z E N C O B S E R V A T I O N S 
C L ; N O 0 B S F R V A T . I O N S 

F E ­ N O C B S E R V AT I O N S * 
M E M N O O B S E R V A T I O N S 
M A G ; N O O B S E R V A T T O N S 

C U - G R D N P C B S E R V A T I C N S 

•. . 

V A R I A B L E N U M B E R Ci= V A R I A B L E C O R R C O P R E L A T I O N T E S T P R O B 
' O B S E R V A T I C N S T Y P E C O D E C O D E 

• 

' G R A Y S 0 2 0 
• 

0.0 0 0.0 I N V A L I D 

CK- --I T 0 ?. 0 0. 0 0 0.0 I N V A L I D 

N O . F R A 0 1 . 2 G 0.0 0 0.0 I N V A L I D 

Q Z c 2 C 0.0 0 0.0 • I N V A L I D 

A P G L 0 2. 0 0.0 0 0.0 I N V A L IU 
N S 0 2 0 . 0.0 0 0.0 I N V A L I D 

K F •. • ' 0 2 0 0.0 0 0.0 I N V A L I D 

F P o 2 c 0. 0 0 0.0 I N V A L I D 

D U 0 2 0 0 .0 0 0.0 I N V A L I D 

C B f 2 C o.o 0 0 .0 I N V A L I D 

Z F c 2 0 0. 0 0 0.0 I N V A L I D 

CL 0 2 0 0.0 0 0.0 I N V A L I D 

F P o 2 0 0. 0 0 o.o I N V A L I D 

H E M 0 2 0 0.0 . ~ ' 0 " 6*c " Y N V A L I D 

R A G c 2 0 0.0 0 0.0 I N V A L I D 

C U - - G P D 0 . 't 0 0.0 0 0.0 I N V A L I D 

• • 



SECTICN 179 — DYKE COMPLEX 

P F P E N D E N T V A R I A B L E = CU-GRD TYPE = 4 

PK — LT; OBSERVATION'S IN CNLY ONE CATEGORY OF THE NON-INTERVAL VARIABLE 
KF; OBSERVATIONS IN CNLY CNE CATEGORY OF THF NON-INTERVAL VARIABLE 
'OU; OBSERVATIONS IN CNLY CNF CATEGORY OF THE NCN-INTERVAL VARIABLE 

VARI ABLE NUMBER OF • V5PT A8L E CORR CORRELATION TEST P&QB_ 
OBSERVATIONS TYPE CODE CODE 

GR AYS 3 37 2 c 0.0734 6 . C 2 0 0 3 
DK — LT 52 2 5 0.0 6 0.0 INVALID 
NU .ERA 30 a 2 5 0.2275 6 0 .0002 

QZ 338 2 5 C 4227 6 -0. 0 
ARGL 338 2 -0,094 1 6 C 2634 

MS 338 ? 5 -0.2942 6 0.0107 
KF 338 2 5 C O 6 O.Q INVALID 
PP 3 38 2 5 -0.2574 6 • 0.4385 
CM 338 2 5 C O 6 o .o • INVALID 
CB ' 3'38 2 5 0.0138 6 C 8024 
ZE 338 2 5 -0,2460 6 0.0032 
CL 338 . ' 2 5 -0.2473 6 0.0000 
FP 338 2 5 -C.3647 6 0.0000 

HEM 338 2 5 -0.14 5 5 6 0.1431 
MAG 3 38 2 5 - C 1593 6 C 0 0 8 9 

MG-CPO 336 4 6 0 .562 5 7 - C O 



I M P E N D E N T V A P I A B L E = MO-GPn TYPE = 4 

D K - - L T ; T B S E R V A T T E N S I N C N L Y O N E C A T E G O R Y O E T H E N O N - I N T E R V A L V A R I A B L E 
K F ; C B S E R V A T I O N S I N C N L Y C N F C A T E G O R Y O F T H E N C N - I N T E R V A L V A R I A B L E 
P U ; O B S E R V A T I O N S I N C N L Y O N E C A T E G O R Y G F T H E N G N - I N T E R V A L V A R I A B L E 

V A R I A B L E N U M B E R C F V A R I A B L E C O R R C H R R F L A T I O N T E S T P R O B 
08 S E P V A T I C N < T Y P E G G P F C O C E • 

G R A Y S 3 36 2 -0.0475 6 0.4166 
• D K — L T 52 2 c C O 6 0.0 I N V A L I D 

N O - E P A 307 2 5 C 2085 6 0,0005 
OZ 337 2 5 0.281 ] 6 C 0000 

A P G L 337 7 5 -0.1015 0 .0292 
P S 337 2 5 -0.2307 6 0.0487 
K F 3 37 2 5 o .n 6 .0.0 I N V A L I D 
P P 337 2 5 -0.201) 6 0 ,5474 
D U 337 2 '5 0. u 6 C O I N V A L I D 
C B 33 7 2 5 -0.0289 6 0.6335 

. Z E • 337 2 5 -0.2735 6 0.0072 • 
C L 337 • 2 5 -0.146 5 6 C . 0 U 8 
E P 33 7 2 5 -0 .331 6 6 0 .0002 

. H E M • • . ' 337 2 C . 0 7 3 4 6 •0.4724 
M A G 337 2 5 0.0 74 r " ~6 0.2247 

C U - G R D 336 4 6 0.5 67 5 7 -0.0 

co 

I H I — H I ! M i l l H U M I I H . I I III Ml H I W i l l I I I I I I M m i l l 1 H I I I I I M I I I I H M I I I I I I M I M I — — I H I I » . I M i l l H I H H I I I H I I 



SI-CTIJN 179 — HANGINCWALL VULCANIC? 

DEPENDENT VARIABLE = CU-GRD. TYPE = 4 

D K — L T ; OBSERVATIONS IN CNLY ONE CATEGORY OF THE NON-INTERVAL VARIABLE 
KF; OBSERVATIONS IN ONLY ONE CATEGORY OF THE NON-INTERVAL VARIABLE 

VARIABLE NUMBER OF 
OBSERVATIONS 

V A*R I ABL E 
TYPE 

CORP. 
CGOF 

CORRELATION TEST 
CODE 

PROB 

GRAYS 
OK — L T 
NO * PR A 

QZ 
ARGL 

MS 
KF 
PR 
CU 
CB 
7^ 

CL 
FP 

HEM 
M A G 

MO-GRO 

2 7 1 

63 
202 
272 
2 72 
272 
272 
272 
27-7 
272 
272 
2 72 
2 72 
272 
272 
228 

7 

2 
2 
2 
4 

5 
5 
5 
5 
6 

-o.2984 
0.0 
0. r~00 3 
0.2751 

-0.4412 
-0,2450 
0.0 

-0.3381 
-0. 3 83 5 
0.4200 

_ 0 L 1 4 2 9 
0. 1 8~1 1 

-0.1221 
C 0 9 1 0 
0.1535 
0 ,5097 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6" 
6 
6 
6 
7 

C.0000 
o . c 
0 .9449 
0.00 0.0 

-o'.o 1 

0 ."0112 
0.0 
0.180 5 
0.1282 

-0.0 
_0 ,2448 
0.005 5 
0.3753 
0.6481 
0.02 91 

-0.0 



DOPE NDE M T VARIABLE = MQ-GRO TYPE - 4 

D K — L T ; CBSE-R VAT lONf IN CNLY CNE CAT FGt PY O F THE NUN-INTEP VAL VARIABLE 
KF; OBSERVATIONS IN ONLY ONE CATEGORY OF THE NON-INTERVAL VARIABLE 
PR; OBSERVATIONS IN ONLY ONE CATEGORY OE THE NON-INTERVAL VARIABLE 
DU; "OBSERVATIONS IN ONLY ONE CATEGORY OF THE N IN- INTER V AL~ V F l AFCF ~ 

VARIABLE NUMBER OF VARIABLE CORR CORRELATION TEST PROB 
OBSERVATIONS TYPE. CODE CODE 

GPAYS 228 * 2 5 -C. 197 0 _6 _ 0.0048 ____ 
DK—LT 6 ? 2 '5 " OTO " """ 6 OTO INVALID 
N O . F P A 158 2 5 0 .7697 6 0.0041 

QZ 228 7 5 0.723/ 6 0.0011 
APOL 228 2 5 -0. 1 569 6 0.0648 

MS 22 8 7 5 -0.2157 6 0.0309 
KF 228 7 5 0 . 0 6 OjO I NV AL I U 
fJP ' 2/8 2 5" 070 "• 6 O.C INVALID 
DU .22 8 2 5 0 .0 6 0 .0 INVALID 
CP 228 7 5 0.7059 6 . 0.00^4 
ZE 2 78 2 5. 0.0 802 6 0.54 53 
CL 27 8 2 5 0.102 1 6 0.148 5 
FP .228- 2 5 -0. 1 275 6 0 .36 8 8 

HTM 2"28 2 5 0. 6" 0. 4039 ' 
MAG 2 28 2 5 0.1310 6 0.0 786 

CU-GRD 228 4 6 0. 5C97 7 -0.0 



SECTION 171 FOOTWALL VOL CAM ICS 

CF. PENDENT VARIABLE - CU-GRD TYPE = 4 

DK — L T ; OBSERVATIONS IN ONLY ONE CATEGORY OF THE NCN-I NTFRVAL VARIABLE 

VARIABLE NU'TBE R OF • VARIABLE CORR CORR FLAT ION - TEST PROB 
OBSERVATICNS TYPE CEDE CODE -

GRAYS 279 2 5 -0.1864 6 C.0055 
OK—LT 16 2 5 C O 6 0.0 INVALID 
NO•FR A 23 1 2 5 0.5^74 6 -CO 

QZ 2H0 7 5 0.2351 6 0.0007 
ARGL 2 BO 7 6 -0.29 5 5 6 0 .0001 

*S 2 a o 2 5 ,-0.2952 6 C.0002 
KF 200 2 5 0.6242 6 0.0130 
P p 280 ? 5 -0.30 26 6 0.0124 
EU 280 2 5 -0.3233 6 0.3355 
CB 200 , 2 5 0.046 9 6 0.4918 
IE 28C • 2 5 . -0.5143 6 0.0000 
CL 2 8 0 2 5 -0.3710 6 - c o 
EP • 2 80 2 5 -0.3813 6 0.0002 

HEM 280 ? 5 0.1503 6 0.1083 
MAG 2 80 2 5 .' 0.2210 6 0.0016 0 

PY-MODE 2 61 2 5 -0 .1203 6 0.1016 
PY 260 2 5- -0.2763 6 O.OCOO 

CP-MODE 15 7 2 5 0.080 A 6 0,A013 
MO-GRD 230 A 6 0.6 67 0 7 -0.0 

CO 



SECTION 1 71 - FOOTWALL VOLCANICS 

DEPENDENT VV-' TABLE = MO-C » R D TYPE = 4 

O K — L T ; CB SERVATIONS IN INLY ONE CATEGORY CF THE.NGN—INTERVAL VARIABLE 

V AF I A PLE NUMBER OF VARIABLE CORR CORRELATION TEST PROB 
OBSERVATICNS TYPE CODE CODE 

GRAYS 279 2 5 -0.2094 6 0 .0020 
OK— LT 16 ? 5 0 . 0 6 0.0 INVALID 
NO.FFA ZZl 7 5 0.6188 6 -0 .0 

C 7 2 8 0 7 5 0.0 86 5 6 0.2077 
ARGL 2 BO 2 5 -0,2676 6 0.00 0 3 

WS 2 8 0 2 -0.3633 6 0.0000 • 
KF 2 8 0 2 5 0.1372 6 0. 59 60 
PP . 280 2 5 -0 .7219 6 0.0654 • 

. no 2 80 2 5 -0.1865 6 0.5843 
CR , 2 8 0 2 5 0. 1323 6 0.0456 
ZE 7 . 8 C 2 5 -0.4 45 4 6 0.0000 
CL 2 8 0 2 5 -0.3490 6 0.0000 
EP , . - 2 8 0 2 5 -0. 3101 6 0.0018 

HEM 2 80 2 5 0.2234 6 0 ,0172 
MAG '2 8 0 2 5 0.1726 6 0.0124 

PY—MODE 261 2 5 -0,I14C 6 0.1211 :. • "•• V -.- • ..' ; ' 
PY 260 2 5 -0.3385 6 0.0000 

CP-MOPE 157 2 , 5 -0.108 7 6 0.2497 
CU-GRD 280 4 6 0,6670 7 -0. 0 — s_j 



SECTION 171 - DYKE COMPLEX 

> DEPENDENT VARIABIE = C U - G R D TYPE = A 

DK—LT; OBSERVATIONS IN CNLY ONE CATEGORY OF 
ZE; CBSERVATIONS IN CNLY CNF CATEGORY OF 
FP; OBSERVATIONS IN CNLY CNE CATEGORY OF 

THE NON-INTERVAL VARIABLE 
THE NON-INTERVAL VARIABLE 
TEE NCN-INTERVAL VARIABLE 

NUMBER OF VARIABLE 
DBSERVATICNS TYPE 

CORR_ 
CODE 

CORRELATION XE S i 
CODE 

PRO B 

GRAYS 
DK--LT 
NO-EPA 

QZ 
ARGL 

MS 
KF 
PP 
DU 
CB 
ZE 
CL 
EP 

HE M 
MAG 

PY-MODF 
PY 

CP-MODE 
MO-GRD 

185 
5 

112 
185 
185 
165 
185 
185 
185 
18 5 
185 
185 
185 
185 
185 
177 
177 
144 
185 

5 
5 
5 
5 
5 
5 

5 
6 

•0. 433C 
0.0 
0.2035 
-0.0135 
•0 . 29 70' 
0. 2 85 4. 
0.2978 
•0.5914 
•0. 4536 
0.0624 
0 .0 "' 
0.021 3 
0.0 
0.329 5 
0.3948 
0.J442 
0.013 3" 
•C. 2892 
0.5365 

6 
6 
6 
6 
6 
j6_ 
6 
6 
6 
6 

6 
6 
6 
6 
7 

O.OOOO 
0. 0 
0.0665 
0.8353 
0.0001 
0 .0092 
0.3952 
0.0000 
0.0456 
_0 . 4769 
0.0 
0.8103 
0. 0 
0.0005 
0.0011 
0.1156 
0.8414 
0.0045 
0.0 

INVALID 

INVALID 

INVALID 

hi 

O 



SECTION 171 - DYKE COMPLEX 

DEPENDENT VARIABLE * MO-GRD TYPE = 4 

D K — L T ; OBSERVATIONS IN ONLY ONE CATEGORY OF THE:NON-INTERVAL VARIABLE 
ZE; OBSERVATIONS IN ONLY ONE CATEGORY OF THE NON-INTERVAL VARIABLE 
EP; OBSERVATIONS IN ONLY ONE CATEGORY OF THE NON-INTERVAL VARIABLE 

VARIABLE NUMBER OF VARIABLE 

GRAYS 
DK--LT 
NO.FRA 

QZ 
ARGL 

MS 
K F 

PP 
DU 
CB 

• z F 
CL 
EP 

HEM 
MAG 

PY-MODE 

OBSERVATICNS 

1 8 5 
5 

1 12 
185 

P Y 
CP-MODE 
CU-GRD 

TYPE 

2 
2 
2 

185 
185 
185 
165 
185 
1-8 5 _ _ . 

1 85 
1 85 
165 
185 
177 
177 
144 
185 

2 
2 
2 
2 
2 
2 
2 
2 
4 

CORR 
C ODE 

5 
5 
5 
5 

CORR FLAT ION 

5 
5 
5 
5. 
5 
5 

TESJ 
CODE 

PROB 

-0.2395 6 
.. • 

0.0026 
0.0 6 0 .0 
0.43 9C 6 o.oooi 
0 .0 29 4 6 0.6962 

-0.1489 6 0.0505 
0. 1871 6 0.0863 
0.0 36 5 6 0.8810 

-0.2666 6 0,0712 
-0.3155 6 0.1670 
0.1590 6 0,0615 
0.0 6 0 .0 
0, 0337 6 0. 7269 
0.0 6 0.0 
C.1974 6 0.0343 
0.4146 6 0.0006 

-0.1514 6 0 .0983 
-0.0345 6 C .6648 
-0.1466 6 0.1500 
0.5365 7 -0 .0 

INVALID 

INVTOTTU 

I N V A L I D 

H 
H 

. • • ' 



S E C T I O N 1 7 1 - H A N G I N G W A L L V C L C A N I C S 

D E P E N D E N T V A R I A B L E = C U - G R D T Y P E = 4 

D K — L T ; O B S E R V A T I O N S IN O N L Y ONE C A T E G O R Y OP T H E N C N - I N T E R V A L V A R I A B L E 
D U ; O B S E R V A T I O N S I N O N L Y ONE C A T E G O R Y O F T H E N O N - I N T E R V A L V A R I A B L E 

VAR T A B L E N U M B E R OF. . V A R I A B L E CORR COR P E L AT ION T E S T 
O B S E R V A T I O N S T Y P E C O D E C O D E 

P R O B 

G R A Y S 
D K — L T 
N O . F R A 

QZ 
A R G L 

MS 
KF 
P P 
o u 
CB 
Z E 
C L 
F P 

H E M 
MAG 

PY—MODE 
PY 

C P - M O D E 
M Q - C R D 

2 2 6 
4 

2 2 6 
2 2 6 
2 2 6 
2 2 6 
2 2 6 
2 2 6 
2 2 6 
2 2 6 
2 2 6 
2 2 6 
2 2 6 
2 2 6 
2 2 6 
2 1 5 
2 1 4 
1 7 4 
2 2 6 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
? 

2 
4 

5 
5 
5 
5 

5 

5 
5 
5 
5 
5 
5 
5 
5 
5. 
5 

D . 0 2 2 0 
0 . 0 
0 . 0 0 3 9 
0 . 2 0 3 8 

_ C . CI5P8 
0 . 1 6 3 7 
0 . 3 1 9 8 

- 0 . 3 8 6 7 
0 . 0 

- 0 . 1 9 8 6 
- 0 . 5 9 4 2 
- 0 . 1 8 9 9 ' 
- 0 . 3 1 8 6 

0 . 1 1 4 7 
0 . 1 2 0 1 
C . 1 4 0 5 

- 0 . 0 2 1 6 

0 . 1 1 5 9 
0 . 4 9 7 8 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

0 . 7 5 3 7 
0 . 0 
0 . 9 1 0 9 
0 . 0 0 2 9 
0 . 1 6 6 2 
0 . 0 7 8 2 
0 . 0 6 1 0 
0 . 0 0 5 7 
0 . 0 
0 . 0 0 7 0 
0 . 0 0 0 0 
0 " . 0 0 9 5 
0 . 3 5 4 6 
0 . 2 4 3 8 
0 . 1 7 2 4 
0 . 0 5 3 9 
0 . 7 5 3 6 

0 . 1 6 0 6 
- 0 . 0 



S E C T I O N 1 7 1 - H A N G I N G W A L L V O L C A N I C S 

D E P E N D E N T V A R I A B L E * M O - G R D T Y P E = 4 

D K — L T ; O B S E R V A T I O N S I N C N L Y ONE C A T E G O R Y OF THE N O N - I N T E R V A L V A R I A B L E 
D U ; O B S E R V A T I O N S IN O N L Y O N E C A T E G O R Y OF THE N O N - I N T E R V A L V A R I A B L E 

V A R I A B L E N U M B E R OF t V A R I A B L E C O R R C C R P E L A T ION T E S T P R O B 
O B S E R V A T I O N S T Y P E C O D E C O D E 

G R A Y S 2 2 6 2 5 0 . 1 4 3 0 6 0 . 0 4 3 4 
DK —I T 4 2 5 C P 6 0 . 0 
N O . E R A 2 2 6 2 5 0 . 1 2 4 6 6 0 . C 7 7 0 

QZ 2 2 6 2 5 0 . 1 0 9 3 6 0 . 1 0 6 4 
ARGL 2_26 2 5 0 . 0 6 1 7 6 0 . 3 9 6 4 

MS 2 2 6 2 ~ 5~ : 07C76"9~ 6 ET."4'2 02 
Kf 2 2 6 2 5 P . 5 3 1 0 . 6 0 . 0 0 2 1 
PP 2 2 6 2 5 - 0 . 2 7 9 9 6 0 . 0 4 3 5 
DU 2 2 6 2 5 0 . 0 6 0 . 0 
CB 2 2 6 2 5 0 . 1 4 2 5 6 0 . 0 5 4 8 
7 E •• ' 2 2 6 2 5 - 0 . 4 2 0 8 6 0 . 0 0 0 8 
CL 2 " T " ~ - C . 13 2 3 6" " 0 7 0 6 9 3 
FP 2 2 6 2 5 - 0 . 2 5 3 0 6 0 . 4 6 4 8 

H E M 2 2 6 2 5 - 0 , 2 0 7 3 6 0 . 0 3 3 1 
MAG 2 2 6 2 5 - 0 . 0 1 3 0 6 0 . 8 5 5 8 

P Y - M O D E 2 1 5 2 5 - 0 . 0 1 2 0 6 0 . 8 4 6 2 
PY 2 1 4 2 5 - 0 . J 5 3 8 6 0 . 0 2 7 0 

C P - M O D E 1 7 4 2 5" ^ C 7 T 9 4 7 "6 0 7 2 5 8 0 
C U - G R D 2 2 6 4 6 C . 4 5 7 8 , 7 - 0 . 0 



S E C T I O N 1 6 3 — F O O T W A L L VOL CAN I C S 

D E P E N D E N T V A R I A E L E = CU - G R D _ T Y P E = 4 

K F ; O B S E R V A T I O N S IN O N L Y ONE C A T E G O R Y OF THE N O N - I N T E R V A L V A R I A B L E 
P P ; O B S E R V A T I O N S I N C N L Y C NE C A T E G O R Y O F T H E N G N - I N T E R V A L V A R I A B L E 
D U ; O B S E R V A T I O N S I N C N L Y GNE C A T E G O R Y C F T E E N G N - I N T E R V A L V A R I A B L E 
Z E ; O B S E R V A T I O N S IN O N L Y O N E C A T E G O R Y O F THE N O N - I N T E R V A L V A R I A B L E 
C P ; O B S E R V A T I O N S I N O N L Y GNE C A T E G O R Y C F T h E NGN—I NT ERV AL V A R I A B L E 

H E M ; O B S E R V A T I O N S IN O N L Y Q f i l C A T E G O R Y OF T H E N C N - I N T E R V A L V A R I A B L E 

V A R I A B L E N U M B E R O F V A R I A B L E C O R R C O R R E L A T I O N TF ST P R O B 
O B S E R V A T I C N S T Y P E C O D E • CO OE 

G R A Y S 7 6 2 5 - 0 , 4 8 2 8 6 0 . 0 0 0 1 
DK — L T 7 6 2 K - 0 . 3 3 0 6 . 6 0 . 0 2 7 3 
N O . F P A 7 6 2 5 - 0 . 1 2 3 6 '6 0 . 3 2 9 2 

CZ 7 6 2 5 - 0 . 3 4 5 1 6 0 . 0 0 2 8 
A R G L 7 6 2 5 - 0 . 1 9 5 5 6 0 . 1 2 3 7 

MS 7 6 2 5 - 0 . 1 0 1 7 6 0 , 4 9 1 5 
* KF 7 6 2 5 0 . 0 6 C O I N V A L I D 

PP 7 6 2 5 0 . 0 6 0 . 0 I N V A L I D 
DU 76 2 p 0 , 0 6 0 . 0 I N V A L I D 
CB 7 6 2 5 0 . 0 8 3 1 6 0 . 5 7 0 9 
ZF 76 2 5 0 . 0 6 0 , 0 I N V A L I D 
C L 7 6 2 5 0 . 0 7 5 2 6 0 . 5 6 5 8 
F P 7 6 2 5 0 . 0 6 0 . 0 I N V A L I D 

HE M 7 6 2 ? 0 . 0 6 0 . 0 I N V A L I D 
NAG 7 6 2 5 0 . 4 9 4 6 6 0 . 0 0 2 0 

P O - G R D 7 6 4 6 - 0 . 0 6 4 4 7 0 . 5 8 7 3 



D E P E N D E N T V A R I A B L E = M C - G R D T Y P E = 4 

K F ; O B S E R V A T I O N S I N C N L Y C N F C A T E G O R Y OF T H E N G N - I N T E R V A L V A R I A B L E 
P P ; O B S E R V A T I O N S I N C N L Y C NE C A T E G O R Y OF THE N O N - I N T E R V A L V A R I A B L E 
D U ; " O P S E R V A T IONS IN C N L Y O N E C A T E G O R Y OF THE N O N - I N T E P V A L V A R I A B L E 
ZE ; OB $6 RV AT t OMS I N C K ' U T T K E T 7 T T TTG C R Y ' ' 0 F ~ T F F ' NGNf - IK iT f rRV AL V ART A B L T T " " " 
E P ; O B S E R V A T I O N S I N O N L Y ONE C A T E G O R Y OF T H E N O N - I N T E R V A L V A R I A B L E 

H E M ; O B S E R V A T I O N S IN O N L Y O N E C A T E G O R Y OF THE N O N - I N T E R V A L V A R I A B L E 

V A R I A B L E N U M B E R C F 1 V A R I A B L E C O R R . C O R R E L A T I O N T E S T P R O B 
O B S E R V A T I O N S T Y P E C O D E C O D E 

G R A Y S 76 *?. 5 0 , 1 6 2 2 6 0 . 1 9 9 1 
DK — L T 76 2 5 . 0 . 2 7 0 0 6 . 0 . 0 7 7 3 
N O . F R A 76 2 5 - 0 . 0 7 5 7 6 0 . 5 5 6 6 

QZ 7 6 2 . 5 0 , 1 P 6 9 6 0 . 1 0 7 9 
ARG1 76 2 5 - 0 . 0 5 8 6 6 0 . 6 5 4 9 

TS rS r 5" : 0 V 4 7 0 T 6 0 . 0 0 0 9 " 
KF 76 2 5 0 . 0 6 0 . 0 I N V A L ID 
P P 76 2 5 0 . 0 6 0 . 0 I N V A L I D 
DU 76 2 5 0 . 0 6 0 . 0 I N V A L I D 
CB 76 2 5 0 . 7 8 1 9 6 0 . 0 4 5 1 
ZF 76 2 5 0 . 0 6 0 . 0 I N V A L I D 

_ ^ ^ 2 . 5 = T j ; ' 2 3 T 4 6 0 . 0 6 3 5 ' 

FP 76 2 5 0 . 0 6 . 0 . 0 I N V A L I D 
HEM 76 2 5 0 . 0 6 0 . 0 I N V A L I D 
MAG 76 2 5 - 0 . 3 5 3 4 6 0 . 0 2 7 3 

C U - G R D 7 6 4 6 - 0 . 0 6 4 4 7 0 . 5 8 7 3 ' 



S E C T ION 1 6 2 - - D Y K E C O M P L E X 

D E P E N D E N T V A R I A R L P = C U - G R D T Y P E = A 

K E ; O B S E R V A T I O N S IN O N L Y 
P P ; O B S E R V A T I O N S IN C N L Y 
D U ; O B S E R V A T I O N S I N C N L Y 
2 E ; C B S E R V A T IONS IN O N L Y 
E P ; O B S E R V A T I O N S IN C N L Y 

ONE C A T E G O R Y OF THE N O N - I N T E R V A L 
ONE C A T E G O R Y OF T H E N O N - I N T E R V A L 
C N E C A T E G O R Y C F T H E N C N - I N T E R V A L 
O N E C A T E G O R Y OF TF'E N O N - I N T E R V A L 
ONE C A T E G O R Y OF T H E N C N - I N T E R V A L 

V A R I A B L E 
V A R I A B L E 
V A R I A B L E 
V A R I A B L E 
V A R I A B L E 

—,—, p— 1,—1 , , -

V A R I A B L E N U M B E R O F V A R I A B L E CORR C O R R E L A T I O N T E S T P R O B 
O B S E R V A T I C N S T Y P E CODE C O D E 

G R A Y S 9 1 7 5 - 0 . 2 5 8 7 6 0 . 0 1 8 7 
D K — L T 9 1 • 2 5 - 0 . 2 1 6 4 6 0 . C 6 9 6 
N O , E R A 4 7 

*-> 
C 5 0 . 2 3 5 2 6 0 . 1 3 2 1 

07. .91 5 0 . 2 4 / : h 6 0 . 0 2 0 6 
A F G L , 9 1 2 - 0 . 2 5 5 3 6 0 . C 1 9 6 

MS 91 7 5 - 0 . 1 9 0 7 0 . 1 6 7 3 
K F 9 1 2 5 0 . 0 6 0 . 0 I N V A L I D 
P P . ° 1 o ~ o . o 6 0 . 0 I N V A L I D 
DU 9 1 2 5 0 . 0 6 0 . 0 I N V A L ID 
CB 9 1 2 5 0 . 1 3 4 6 6 0 . 3 2 6 5 
ZE 9 1 2 5 C . 0 6 0 , 0 I N V A L I D 
C L 91 ? 5 - 0 . 0 1 4 3 6 0 , 8 6 8 8 

' . ' E P 9 1 2 5 0 . 0 6 0 . 0 I N V A L I D 
HEM 9 1 2 5 0 . 2 7 3 3 6 0 . 1 7 3 9 
MAG 9 1 7 5 0 . 4 0 3 8 6 C . 0 0 1 2 

M O - G P D 4 8 4 6 0 . 1 5 7 C 7 0 . 1 7 6 3 



C F : P E N D E N T : V A R I ^ E L E = M C - G R U T Y P E = 4 

K E ; O B S E R V A T I O N S I N 

P P ; O B S E R V A T I O N S I N 

D U J O B S E R V A T I O N S I N 

T IBS E R V AT f f J W Z E ; 

E P ; O B S E R V A T I O N S 

IN 
IN 

O N L Y ONE C A T E G O R Y C F THE N C N - 1 NT ERV AL V A R I A B L E 
O N L Y O N E C A T E G O R Y CF THE N O N - I N T E P V A L V A R I A B L E 
C N L Y CfvE C A T E G O R Y OF T H E N C N - I N T E R V A L V A R I A B L E 

"ON LY" "ON E " T A T EG P R T'Gf" TH F ~ N G N - I N T E P V A L ' V A R I A B L E 
C N L Y C N E C A T E G P R Y O F T H E N O N - I N T E R V A L V A R I A B L E 

V A R I A B L E N U M B E R OF V A R I A B L E C O R R C O R R E L A T I O N T E S T P R O B 
O B S E R V A T I C N S I Y P E C O D E C O D E 

G R A Y S 4 8 2 " 5 - 0 . 1 3 8 2 ~ 6 ' " 0 . 4 0 6 4 

• C K — L T 4 8 2 - 0 . 1 0 5 3 6 0 . 5 3 8 3 

N O . F F A 4 7 2 0 . 7 8 6 4 6 0 . 0 6 4 6 

QZ 4 8 7 5 - 0 . 7 C 1 8 6 0 . 1 7 7 9 

A P G L 4 8 2 5 - 0 . 2 6 1 4 6 0 . C 9 C 1 
M S 4 8 7 5 - 0 . 2 A 4 4 6 0 . 2 3 4 9 

KF 4 8 2 5 o v a 6 " o . o - " 
P P 4 8 2 0 . 0 6 0 . 0 

C U 4 8 2 5 0 . 0 6 0 . 0 

C B 4 8 7 5 0 . 3 5 6 4 6 0 . 0 3 5 7 

Z F 4 8 2 5 0 . 0 6 C C 

C L , . 4 - 8 2 5 0 . 3 0 9 6 6 0 . C 5 O 5 

y p 4 8 2 ' u C O " 6 ' " 0 . 0 " 

H E M 4 8 
' i 
c 5 0 . 0 8 5 4 6 . C 7 2 7 5 

M A G 4 8 2 5 0 . 2 4 5 5 6 0 . 1 4 9 3 

C U - G R D 4 8 4 6 C 1 9 7 C 7 0 . 1 7 6 3 



S E C T ION 1 6 3 — H ANC. 1 NRI f 'ALL V O L C A N I C S 
• 

D E P E N D E N T V A N ! A B L E = C U - G R D T Y P E - 4 

D K — L T ; O B S E R V A T I O N S IN C N L Y ONE CA T C G f T . Y CP THF N O N - I N T E R V A L V A R I A B L E 
K F ; O B S E R V A T I O N S I N C N L Y C N F C A T F G C R Y OF T H E M O O - I N T E R V A L V A R I A B L E 
P P ; H B S E R V A T l INS I M C \ L Y C M : t A T M i ' C R Y CF THE N O N - I N T E R V A L V A R I A B L E 
O U ; O B S E R V A T I O N S IN C N L Y O N E G A T E O P E Y OF THE NO N - 1 N T E P V A L V A R I A B L E 

V A R I A B L E M J - f c i H ' OF VV»R I 1 C L E C P E R COi 'R F L A T ION T E S T P R 0 B 

O B S E R V A T I O N S T Y P E r r o e C O D E 

C P A Y S 2 5 • 0 . 7 3 8 2 6 0 . 0 0 C 9 
OK — 1 T 41 2 5 0 . r> 6 I'. 0 I N V A L I D 
N C R " A ? "3 3 7 •5 - o . ? « 4 0 6 C . 0 ( 03 

CZ­ 7 •.; >, 2 b' 0 . 594 V 6 - C O 
AR Gl, ? 5 0 . 1 2 3 7 • 6 . 0 . 7 7 1 8 

M S >33 2 o , C b ' 9 ? 6 0 . 6 6 6 5 
K E ­ 2 3 3 7 5 O . o 6 C C I N V A L I D • 

E P 0 . 0 6 0 . 0 I N V A L I D 
DU 5 0 . 0 6 - C C I N V A L I D 
', h > V 3 2 b - 0 . 7 1 8 4 6 0 . 0 0 3 0 
ZF. 2 * 3 2 - D . 4 0 8 7 6 C 0 0 < " ' 0 
C L 3 3 3 7 - 0 . 1 3 3 1 6 0 . 0 5 1 8 

' y p 23.3 2 5 - 0 . 7 0 9 0 6 f . 0 5 9 4 
2 3 3 7 0 . 1 3 7 1 6 0 . 6 0 5 2 
? 3 3 2 0 , I P 0 2 6 ' 0 . 0 16 5 

P Y - M L I D L i i J 7 b 1 ' • 1 0 1 9 6 L . 1 3 8 / ] — i 
\D 

? ? 1 2 5 0 . ( ' 1 8 C 6 0 . 7 7 8 9 00 

C P - P C D F 1 7 7 2 0 . 1 A 3 1 6 0 . 0 7 2 3 
M ^ - G R D 7 3 3 4 6 0 . 7 2 ^ 7 - 0 . 0 



S E C T I O N 1 6 3 — H A N O I N O W A I L V O L C A N I C S 

P E E EN O E ^ T V A F I V U . E = M Q - G R D T V P E = 4 

O K — L T : C B S E ^ V A T I O N S I N C N L Y CNf. C A T f G C R Y OF T H E N O N - T N T FF V Al VAR I AE L E 
K F ; O B S E R V A T I O N S IN O N L Y GNE C A T F G P R Y OF THE K C N - I N T E E V A L V A R I A B L E 
P P ; C P S E R V A f I C N S IN O N L Y O N E C ftT f GORY 00 THE NON—I N T E E V A L V A P I A P LE 
O p ; CB S ER VAT I - INS I N O N L Y C N E C A T f 

* 
G C RY CP T H E N P N - INT EE V AL V A R I A B L E 

V A R I A B L E NU OF V A R I A B L E CORR COF RE L A T I O N T E S T P R O B 
G B S E <VA1 I C N S T Y P E C C C E C O p E • 

G R A Y S 2 3 2 '5 0 . 1 7 2 5 6 0 . 0 1 4 1 • 

i 
O K — L T 41 2 5 O . O 6 0 . 0 I N V A L I D 
N O . r P A 2 3 3 2 5 • 0 . 1 2 P ~ 6 0 . 0 ^ 9 7 

T 

A R G L 

f 'S 
K F 

P P 
DU ^ 

7E 
0 L 
F P 

p p M 

MAG 

3 
2 3 3 
2 3 3 
3 3 3 
2 3 3 

•23 3 
T 3 ~ T 
2 3 3 
2 3 3 
2 3 3 
2 3 3 
••> -2. -a 

2 

u 
2 
2 
2 
~T 
2 
? 

2 

2 

2 
2 
4 

0 . 0 3 0 6 
• 0 , ( 4 0 6 
0 . 0 
0 . 0 
0 . 0 
0 . C4 36 
0 . 2 8 9 0 

• 0 . 0 5 7 5 
0 . 1 5 2 2 
0 . 1 1 6 2 
0 . 2 38 7 

6 
6 
6 
6 
6 
6 

7T 
6 
6 
6 
6 
6 

TTTu 
0 . 7 7 6 9 
0 . 7 5 P 9 
0 . 0 
0 . 0 
0 . 0 
0 . 5 6 2 6 
0 . O n 0 9 
0 . 4 3 1 2 
0 . 1 7 2 5 
0 . 6 5 9 5 
0 . 0 0 1 7 

I N V A L I D 
I N V A L I D 
I N V A L ID 

i . 4 2 7 8 
0 . 3 0 9 4 
0 . 1 4 3 8 
0 . 0 

P Y - " P O L 

P Y 

C P - M O D E 
C U - G R D 

2 3 1 
2 3 1 
1 7 7 
2 3 3 

0 . ( 5 5 5 

• 0 . 0 6 0 1 
• 0 . 1 1 6 5 
C . 7 2 9 5 



S E C T I O N 1 5 5 - - F O O T W A L L V O L C A N I C S 

D E P E N D E N T VAR T A B L E = C U - G R D T Y P E = 4 

KF 
P P 
DU 
ZF 

C B S E R V A T I C N S I N C N L Y C N F C A T E G O R Y O F T H E 
O B S E R V A T I O N S I N C N L Y ONE C A T E G O R Y OF T H E 
C B S ERV AT IONS' IN O N L Y O N E C A T E G O R Y OF THE 

N O N - I N T E R V A L 
N C M - I N T F R V A L 
N O N - I N T E R V A L 

V A R I ABL E 
V A R I A R L E 
V A R I A B L E 

O B S E R V A T I O N S I N C K L Y C N E C A T E G O R Y OF T H E N C N - I N T E R V A L V A R I A B L E 
H E M ; O B S E R V A T I O N S IN O N L Y ONE C A T E G O R Y OF T H F N C N - 1 N T E P V A L V A R I A B L E 

V A R I A B L E N U M B E R OF V A R I A R L E C O R R CORP F L A T ION T E S T P P O B 
O B S E R V A T I C N S T Y P E C O D E C O D E 

G R A Y S 7 0 2 5 - 0 . 3 6 3 4 6 0 . C 0 5 8 
D K - - L T 7 0 2 5 - 0 - 3 B 7 1 6 0 , 0 0 7 4 
NO . E R A 7 0 2 5 0 . 6 0 8 5 6 0 . 0 0 0 0 

CZ. 7 0 • 2 5 - 0 . 1 8 7 7 . 6 0 . 1 2 6 2 
A R G L 7 0 2 5 - 0 . 4 9 5 A 6 0 . 0 0 0 9 

MS 7 0 2 5 - 0 . 4 8 1 2 6 0 . 0 C 0 4 
K^ 7 0 2 5 0 . 0 6 0 . 0 I N V A L I D 
P P 7 0 2 5 0 . 0 6 0 . 0 I N V A L ID 
DU 7 0 2 5 0 . 0 6 " " " 0 . 0 " I N V A L I D 
CB 7 0 2 5 0 . 4 0 7 2 6 0 . 0 0 3 8 
ZF 7 0 2 5 0 . 0 6 0 . 0 I N V A L I D 
C L 7 0 2 5 0 . 3 9 2 9 6 0 . 0 0 2 8 
EP 7 0 2 .5 C . 6 1 8 1 6 0 . 1 1 2 7 

HEM 7 0 2 5 0 . 0 6 0 . 0 I N V A L I D 
MAG 7 0 2 5 0 . 3 2 2 8 6 0 . 0 1 7 8 

M O - G P D 7 0 4 6 0 . 4 3 7 4 7 0 . 0 0 0 2 
O O 



D E P E N D E N T V A R I A B L E = M O - G R D T Y P E = 4 

K F ; O B S E R V A T I O N ' S I N C M Y C N E C A T E G F R Y O F T H E N O N - I N T E R V A L V A R I A B L E 
P P ; O B S E R V A T I O N S I N C M . Y C N E C AT EG C RY C F T E E N C N - I N T E R V A L V A R I A B L E 
C U ; O B S E R V A T I O N S I N C N L Y O N E C A T E G O R Y OF T H E N O N - I N T F R V A L V A R I A B L E 
Zj=l O B S E R V A T I O N S . J N CN'LY" 'X 'N"E~C""ATTGORY' T T F " T P E N O M - I N T E R V A L V A R T A B L E " " 

H E M ; O B S E R V A T I O N S I N O N L Y ONE C A T E G O R Y C F THE N C N - 1 N T E R V A L V A R I A B L E 

V A R I A B L E N U M B E R OF V A R I A B L E CORR C O R R E L A T I O N T E S T P R O B 
O B S E R V A T I C N S T Y P E CODE C O D E 

G R A Y S 7 0 * ; 2 ' " 5 - 0 . 1 3 8 9 ™6~ " C 3 3 1 6 
D K — L T 7 0 2 5 - 0 . 1 0 9 4 6 0 . 4 6 7 0 
N O . E R A 7 0 2 5 0 . 6 2 5 2 6 0 . 0 0 0 0 

OZ 70 2 5 - 0 . 2 74 3 6 0 . 0 2 4 3 
A R G L 7 0 . 2 5 - 0 . 2 4 1 1 6 0 , 1 0 8 4 

MS 7 0 • 2 5 - 0 . 3 8 9 2 6 0 . 0 0 3 9 
KF ZT? 7 5 0 . 0 ' " 6 0 . 0 — 
P P . 7 0 2 5 • 0 . 0 6 C O 

. DU 7 0 2 5 0 . 0 6 0 . 0 
CB 7 0 2 5 0 . 4 1 0 4 6 0 , 0 0 3 6 
ZE 7 0 2 5 0 . 0 6 C O 
C L 7 0 2 ' 5 0 . 3 1 1 5 6 C C 1 7 9 

TP 1 TO ' 2 5 CT. 2 4 7 3 75" C 5 4 b 9 
HEM 7 0 2 5 0 . 0 . 6 0 . 0 
MAG . 7 0 ' 2 5 - 0 . 2 4 5 2 6 0 . 0 7 3 1 

C U - G R D 7 0 4 6 0 . 4 3 7 4 7 0 . 0 0 0 2 



S E C T I O N 1 5 5 - - O V K E C C M P L E X 

EE P E N O E M V A R I M I L E = C U - G R D T Y P E - 4 

D U ; O B S E R V A T I O N S I N O N L Y CNE CAT EGC RY CF T H E N C N - 1 M E P V AL V A R I A B L E 
Z E ; O B S E R V A T I O N S IN O N L Y ONE C A T F G C R Y OF T H F N O N - I N T E R V A L V A R I A B L E 
E P ; O B S E R V A T I O N S IN O N L Y O N E C A T E G O R Y OF THE N O N - I N T E R V A L V A R I A B L E 

P T A B L E N U M B E R C F V A R I A B L E C CRR_ COP P E L AT ION _ I E S T P R O B 
O B S E R V A T I O N S T Y P E C O D E ' C O D E " 

G R A Y S 1 1 9 2 5 0 . 1 3 1 6 6 0 . 1 8 5 0 
CK — L T 1 2 0 2 5 0 . 1 7 5 2 6 0 . 0 3 3 0 
N O . E R A 1 2 0 2 5 0 . 2 9 2 3 6 0 . 0 0 3 2 

QZ 1 2 0 . 2 5 0 . 4 0 6 0 __6 0 . 0 0 0 0 
ARGL 1 2 0 2 5 - 0 7 4 9 2 6 " 6 O i O O O O 

MS 1 2 0 2 5 - 0 . 2 9 1 0 6 0 , 0 0 4 4 
. K F 1 2 0 2 5 - 0 , 2 2 5 2 6 0 . 3 5 9 4 

P P 1 2 0 2 . 5 0 . 1 7 9 1 6 C . 6 3 2 8 
DU 1 2 0 2 5 0 . 0 6 C O I N V A L I D 
CB . . - 1 2 0 2 5 0 . 4 7 0 2 __6 0 . 0 0 0 1 _ 
ZE 1 20 2 5 C O 6 C O I N V A L 10 
C l 1 2 0 ? 5 0 . 2 9 0 9 6 0 . 0 0 3 0 
EP 1 2 0 ' 2 5 C O 6 0 . 0 I N V A L ID 

HEM 1 2 0 2 5 - 0 . 1 8 2 6 6 0 . 1 8 7 7 
MAG 1 2 0 2 5 0 . 1 8 0 9 6 0 . 0 7 7 8 

M O - G R D 1 2 0 4 6 0 . 7 2 6 6 7 - 0 . 0 



C E P E N D E N T V A R I A B L E = M D - G R D T Y P E = 4 

D U ; O B S E R V A T I O N S I N C N L Y C N E C A T E G O R Y OF THE N C N - I N T E R V A L V A R I A B L E 
ZE ; OB'S ERV AT I O N S IN O N L Y O N E CAT EGORY OF THE N O N - I N T E R V A L V A R I A B L E 
E P ; O B S E R V A T I O N S I N C N L Y C N E C A T F G C R Y OF T F E N O N - I N T E R V A L V A R I A B L E 

V A R I A B L E N U M B E R I DF V A R I A B L E CORP. C O R R E L A T I O N T E S T P R O B 
O B S E R V A T I C N S T Y P E CODE C O D E 

G R A Y S 1 1 9 2 5 0 . 3 3 0 5 6 0 . 0 0 0 9 
DK — LT 1 2 0 2 5 0 . 3 6 4 5 6 C . 0 0 0 4 
N O . E R A 1 2 0 2 5 " 0 . 2 6 5 3 ~ 6" . 0 . 0 0 7 3 

OZ 1 2 0 2 5 0 . 3 4 3 6 6 0 . 0 0 0 2 
A R C L 1 2 0 2 5 - 0 , 3 6 9 6 6 0 . 0 0 0 3 

MS 12 0 7 - 0 . 1 8 0 4 6 0 . 0 7 6 5 
K E ] 2 0 2 - 0 . 1 1 2 3 6 • 0 . 6 5 0 4 
P P 1 2 0 2 5 0 . 2 1 3 4 6 0 . 5 7 0 0 
OU 1 2 0 2 5 o .n • " o . o - " I N V A L I D 
CB 1 2 0 2 C . 5 4 1 9 . 6 0 . 0 0 0 0 

• ZE . 1 2 0 2 5 0 . 0 6 0 . 0 I N V A L I D 
C L 1 2 0 2 5 0 . 0 8 7 3 6 0 . 3 8 3 4 ' 
E P , 1 2 0 2 5 0 . 0 6 0 . 0 I N V A L I D 

H E M ] 2 0 2 5 - 0 . 2 1 4 4 6 C . 1 2 0 0 
MAG 1 2 0 2 0 . 0 1 2 0 — g 

C U - G R D 1 2 0 4 6 0 . 7 2 6 6 7 - 0 . 0 

o 



fo*^fw SM^S ^s'lijf i^ioi^ lift 1 

SECTION 155 — HANG1NGWALL V O L C A N I C S 

D E P E N D E N T V A R I A B L E = . C U - G R D T Y P E = 4 

K F ; CB SE R V A T 10 NS I N C N L Y C N E C A T E G O R Y OF T h E N O N - I N T E R V A L V A R I A B L E 
D U ; O B S E R V A T I O N S I N C N L Y CNE C A T E G O R Y C F T H E N C N - 1 NT E R V A L V A R I A B L E 

V A R I A B L E N U M B E R OF V A R I A B L E CORR C O R R E L A T I O N T E S T P R O B 
O B S E R V A T I O N S T Y P E CODE C O D E 

GR AYS 2 9 3 2 5 - O . C C 9 C 6 0 . B 5 6 3 
D K — L T 2 9 2 2 5 0 . 0 16 1 . 6 0 . 7 9 4 0 
N O . F P A 2 9 1 2 5 - 0 . 0 7 3 6 6 0 . 2 5 5 0 

QZ 2 9 3 2 5 0 , 3 2 9 7 6 0 . 0 0 0 0 
A R G L 2 93 2 5 - 0 . 0 3 3 7 6 0 . 6 4 2 3  

MS 2 9 3 2 5 - 0 . 1 3 0 " 4 6 0 ,~1 1 3 6 
KF 2 9 3 2 5 C O 6 C O I N V A L I D 
P P 2 5 3 2 5 - 0 . 2 2 9 1 6 0 . 0 6 1 2 
DU . 2 9 3 2 5 C O 6 0 . 0 I N V A L I D 
CB 2 9 3 2 5 - 0 . 1 9 B 3 6 C 0 0 4 0 
7E - 2 9 3 2 5 - 0 . 1 5 4 3 6 __0 . 1 0 6 9 
CL 2 9 3 2 5 - C 1 1 3 5 " 6 £ 7 0 6 2 3 
F P 2 9 3 2 5 - 0 . 6 8 9 8 6 - 0 . 0 

HEM 2 9 3 2 5 - 0 . 0 1 12 6 0 . 9 1 2 2 
MAG 2 9 3 2 5 0 . 1 6 2 7 6 0 . 0 1 1 6 

M O - G R D 2 9 2 4 6 0 . 6 7 4 6 7 - C O 

w — 
a 



• 

O F P F N D E N T V A R I A B L E = M C - G R P T Y P E = 4 

K F ; G B S E R V A T T O N S I N O N L Y O N E . C A T E G O R Y O F T H E N O N - I N T E R V A L V A R I A B L E 

D U ; O B S E R V A T I O N S I N C N L Y O N E C A T E G O R Y C F - T H E N C N - I N T E R V A L V A R I A B L E 

V AR . I A ' B C ' E N U M B E R O F V A R I A B L E " ' C C R R " C O P R E L A T I O N T E S T P R O B " 

O B S E R V A T I C N S T Y P E C O C E C O D E 

• 

G R A Y S 2 9 ? » 2 5 0 . 0 2 7 8 6 0 . 5 5 1 5 
O K — L T . 2 9 1 2 5 0 . 0 2 0 5 6 0 . 7 5 0 6 
N O . E R A 2 9 0 ? 5 0 . 1 3 1 0 6 0 , 0 4 0 5 

^ 7 p -• - - 0 . 3 8 9 7 " 6 - 0 . 0 

A R G L 2 9 2 2 5 0 . 0 2 7 6 6 0 . 7 0 0 1 

M S • 2 9 ? ? 5 - C . C 9 3 1 6 0 . 2 6 4 5 

K F 2 9 2 2 5 C O 6 C O I N V A L I D 

P P 2 9 2 2 5 - 0 . 2 6 1 0 6 0 . 0 3 3 7 

D U 2 9 2 • 2 5 C O 6 0 . 0 I N V A L I D 

, ^ 2 ~ 9 - ? — : ~ 2 — 5 - C 7 1 5 ? 6 0 7 0 0 1 * 9 " " 

IF . 2 9 2 2 5 - 0 . 1 2 9 9 6 0 . 1 7 6 8 

C L 2 9 2 2 5 - 0 . 1 7 8 0 6 0 . 0 0 4 0 

E P • 2 9 2 2 5 - 0 , 5 4 8 4 6 C O O C O 

H F M 2 9 2 2 5 - 0 . 1 1 3 5 6 0 . 6 0 6 1 

M A G . ' 2 9 2 2 5 C 1 C 1 7 6 0 . 1 1 4 2 

C U - G R D 4 6 0 . 6 7 4 6 7 - 0 7 0 



S E C T I C N 1 4 7 -- FCOTWALL VOLCANICS 

DEPENDENT VARIABLE = C U - G R D T Y P E " = 4 " ~ ~ — 

KF; OBSERVATIONS IN ONLY ONE CATEGORY OF THE NON-INTERVAL VARIABLE 
DU; OBSERVATIONS IN CNLY CNE CAT FGORY OF THE NON-INTERVAL VARIABLE 

i 
PTABLE NUMBER CF VARIABLE CCRR CORRFLAT ION TEST PROB 

CBS ERV A! ICNS TYPE' C O P E " " ~" CODE " 
GRAYS 118 2 5 0.C32C 6 0.7601 

DK— LT 118 2 5 0. 0331 6 0. 7584 
NO.ERA 118 2 5 0.27 5 8 6 C. 0062 

OZ l l f i 2 5 0.061** 6 0.5402 
frrrt J-J-8 2" 5 0. 1 563 6 0. 1654 
MS 118 2 5 0.3480 6 0.0184 
K F 1 18 2 5 O.o 6 0.0 
PP 118 2 5 -0.2337 . . 6 0.1806 
DU . ' 1 1 8 2 5 0.0 6 0.0 
CB • 118 • .2 5 -0.1 C3'S 6 0.1238 

jT-t-tj •— -2, - 5 " " - 0 . 3 4 6 2 ' - 6 0, 0017-
CL 118 2 5 -0.3230 6 0.0023 
FP 118 2 "5 -0.4655 . 6 0.0001 

HEM 118 0 2 5 -0.4C6C 6 0.00 29 
MAG 118 '2 5 0.1659 6 0.1094 

MO-GRD 83 4 ' 6 0.4793 7 O.OOCC 



D E P E N D E N T V A R I A B l E = R O - C R D T Y P E = 4 

K E ; O B S E R V A T I O N S IN 
CU? CBS ERV AT I O N S IN 

H E M ; OB S C R V A T I O N S I N 

C N L Y ONE C AT EG CRY OF T H E 
O N L Y O N E C A T F G O R Y OF THE 

-ONr t -Y -C -NE-C A T EG C R Y - OF—TH E 

N C N - I NT E R V AL V A R I A B L E 
N O N - I N T E R V A L V A R I A B L E 
N C N - I NT E P V A L V A R I A B L E 

V A R I A B L E N U M B E R OF 
O B S E R V A T I C N S 

. V A R I A B L E 
T Y P E 

CORP. 
CODE 

C O R R E L A T I O N T E S T 
C O D E 

P R O B 

G R A Y S 
-OK H r 
N O . F R A 

0 2 
A P G L 

MS 
KF 

8 3 
-8-6-

-Hf 

DU 
CB 
ZE 
CL 
EP 

M AG 
C U - G P D 

8 3 
8 3 
8 3 
8 3 
8 3 

8 3 
8 3 
83 
8 3 
8 3 

-8-3¬
8 3 
8 3 

-2— 
2 
2 
2 
2 
2 

2 
4 

5 
5 
5 
5 
5 

5_ 
5 
6 

• 0 . 2 C 4 3 
• 0 * 1 8 9 2 ¬
0 . A 4 7 2 

• 0 . 0 6 2 1 
• 0 . 3 2 7 3 
• 0 . 3 1 8 9 
0 . 0 

-0 * 2 6 7 5 
0 . 0 
0 . 1 8 8 8 
0 . 1 9 3 9 

• 0 . 0 3 4 5 
0 . 2 8 7 8 
0 . 0 
0 . 2 5 8 1 
0 . 4 7 9 3 

6 
— 6¬

6 
6 
6 
6 
6 
6¬
6 
6 
6 
6 
6 
6¬
6 
7 

0 . 0 9 5 7 
-Oi 1345¬
0 . 0 0 0 2 
0 . 6 0 6 1 
0 . 0 1 2 8 
0 . 0 5 7 3 
0 . 0 
O i 1525¬
0 . 0 
C . 1 1 8 2 
0 . 2 2 6 7 
0 . 7 7 3 3 
0 . 4 6 3 8 
O . O 
0 . 0 1 3 0 
0 . 0 0 0 0 

I N V A L I D 

I N V A L I D 

- I N V A L I D 



S E C T I O N 1 4 7 — D Y K E C O M P L E X 

? 1 — T T F F t N T T E N l VATR~TA"8TF = C U - G R O T Y P C " ^ 4 

P P ; C B S E R V A T I C N S I N C N L Y ONE- C AT F G C R Y OE T H E N C N - I NT E RV AL V A R I A R L E 
D M ; O B S E R V A T I O N S IN O N L Y ONE C A T E G O R Y OF THE N O N - I N T E R V A L V A R I A B L E 

^ ^ ^ ^ ^ V A R I A B L E N U M B E R OF V A R I A B L F CORR COP R FL AT ION T E S T P R O B 
' U B b L K V A T T C T S IYP"E C C D r C O D E 

G R A Y S 1 3 8 2 5 - 0 . 1 8 4 2 6 0 , 0 1 5 8 
D K — L T 1 8 8 2 - 5 - 0 . 1 6 3 5 6 0 . 0 4 9 0 
N O . E R A 1 6 7 2 5 0 . 1 3 5 7 6 0 . 1 0 2 9 

Q2 1 3 8 2 5 C 1 0 2 3 6 0 , 1 6 6 2 
A K . ( n _ t t r { r . ? - a o i Z 4 4 4 — 6 0 - , C 0 2 5 

MS 1 8 3 2 5 - 0 . 1 0 3 1 6 0 . 3 1 0 5 
KF ' 1 8 8 2 5 0 . 1 0 70 6 0 . 3 8 6 0 
P P 1 8 3 2 5 0 . 0 6 0 . 0 
CU 1 8 8 2 5 0 . 0 6 0 . 0 
CB 1 8 8 2 5 0 . 4 0 5 9 6 C . C C O O 
z t 2 5 - C 0 0 3 1 6 0 ; 9 3 ? 2 
CL 1 8 8 2 5 0 . 1 21 1 6 0 . C S 7 3 
F P 1 8 3 2 5 0 . ' - 4 Q 9 6 0 . 0 4 6 9 

HEM 1 8 8 2 5 0 . 1 0 2 5 6 0 . 5 7 4 0 
MAG 1 8 8 2 5 0 . 1 4 2 3 6 0 . 0 9 5 7 

M C - C P D 1 8 8 4 6 0 . 4 4 8 9 7 - C O 



D E P E N D E N T V A R I A B L E = M G - G R P T Y P E = 4 

PP; C B S E R V A T I C N S I N C N L Y C N E 
P U ; O B S E R V A T I O N S I N C N L Y C N E 

C A T E G O R Y OF T H E N O N - I N T E R V A L V A R I A B L E 
C A T F G C P Y G F T H E N O N - I N T E R V A L V A R I A B L E 

VARIABLE 

GRAYS 
D K — L T 

•NO.TP. A 
QZ 

APCL 
MS 
KF 
PP 

• EEF-
CB 
71 
CL 
EP 

HEM 
-M-A-6-

N U M B E R OF 
O B S E R V A T I C N S 

188 ' 
188 
1-69 
188 
188 
188 
188 
188 
4-8-8-
138 
188 
188 
188 
188 
-1-8-8-

V A R I A B L E 
T Y P E 

2 
2 
2 
2 
2 
2 
2 
2 
-X-

CORR 
CODE 

5 
5 

_ 5 

C U - G R D 133 

5. 
5 
5 
5 
5 

5 
5 
5 
5 
5 

—5¬
6 

C O R R E L A T I O N 

- 0 , 0 4 6 1 
- C . 0 0 0 5 

0 . 1 T 5 A -
0 . t. C 8 1 

- 0 . 1 9 8 3 
- 0 . 0 5 7 4 

0 , 1 9 2 8 
0 . 0 
- G . 0 

' 0 . 2 8 8 1 
0 . 0 8 3 6 
0 . 0 5 1 5 
0 . C 7 8 0 
0 . 0 7 0 0 
0 . 0 4 3 7 ¬
0 . 4 4 8 9 

T E S T 
C O D E 

6 
6 

—6 
6 
6 
6 
6 
6 

- 6 
6 
6 
6 
6 
6 

~6-

P R O B 

0 . 5 5 5 4 
C . 9 4 3 4 
0 . - 1 8 05¬
0 . 8 7 8 2 
0 . 0 1 3 6 
0 . 3 3 8 9 
0 . 1 0 5 9 
0 . 0 
0*0 
0 . 0 0 0 6 
0 . 5 8 5 3 
0 . 5 2 8 5 
0 . 7 3 2 2 
0 . 6 9 6 7 
0 - .6 -202-

• 0 . 0 

I N V A L I D 
-I N V A L I D 

ro 
o 
10 



SECTION 147-—HANGTNGWALL VOLCANICS 

UEPENULN! VAN I ABLE""""2 CU-GRD "TYPE = 4 ' 

KF; CBSERVATICNS IN CNLY CNE CATEGORY OF THF NON-INTERVAL VARIABLE 
DU; OBSERVATIONS IN CNLY ONE CATEGORY OF THE NON-INTERVAL VARIABLE 

VARIABLE NUMBER OF * VARIARLE CORR CORRELATION TEST PROB 
UHSEKVAI ! LNS PYTT C0CE *r X0DE : 

GRAYS 28 5 2 5 -0.0601 6 0.3410 
DK— LT 2 85 2 5 -0.1108 6 0.0916 
NO.ERA 286 2 5 -0.1539 6 0 .0138 

Q7 286 2 5 0.2257 6 0.0002 
An-Ot Z t t 2 -5 0.0215- 6 0.7725 ~ -¬

PS 2E6 2 5 -0.2200 6 0.0124 
286 2 5 0,0 6 G.O INVALID 

PP 28 6 2 5 -0.1651 6 0.6266 
DU 286 2 5 0.0 6 0.0 INVALID 
CB 286 2 5 -0.1157 6 C.08C9 
ZE TB-f 2 5 0 . 102 4 6 C .02 19 
CL 286 2 5 -0.1687 6 0.0083 
EP 286 2 5 -0.5615 6 -0.0 

HEM 286 2 5 0.1254 6 0.4127 
MAG 286 2 5 0.2225 6 0.0012 

MC-GPD 283 4 ' 6 0.5320 7 ' -0.0 



n I H I H O 

D E P E N D E N T V M M A B L E = M G - G R D TYPE = 4 

K F ; E P S F RV AT I O N S I N C N L Y 
D U i C B S E R V A T I C N S I N L N L Y 

O N E C A T E G O R Y OF 
C N E C A T E G O R Y O F 

THE N O N - I N T E R V A L 
T H E N C N - I N T E R V A L 

V A R I A B L E 
V A R I A B L E 

V A R I AP I .E 

G R A Y S 
O K — L T 

•NO.FR-A-
QZ 

A P G L 
M S 
K F 
PP 

-E>y-

CB 
ZE 
CL 
EP 

HEM 
-«AO-

N U M B E R OF 
OBS E R V A T I C N S 

282 
282 
-2-83¬
283 
28 3 
2 83 
283 
283 
11 
283 
283 
283 
283 
2 83 

V A R I A B L E 
T Y P E 

2 
2 

2 
2 
2 
2 
2 
3 

CORP. 
CODE 

5 
5 
-5 
5 
5 
5 
5 
5 
-5 
5 
5 
5 
5 
5 
8 
6 

C G R R E L A T TON 

-0.0172 
-0.0487 
0.0936 
0.1976 

-0.047(3 
-0.7132 
0. 0 

-0.1508 
0.0 
0.0263 
0.3634 

-0.1246 
-0.3227 
0.2255 
0.1462 
0. 532C 

T E S T 
C O P E 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

.6 
7 

P R O B 

0.7758 
0.4735 
0.13 61¬
0.0012 
0.5554 
0.0155 
0.0 
0.6561 
0 .0 
0. 69 87 
0.0000 
0.0514 
C.0C05 
0.1323 
0.0312-
•0.0 

I N V A L I D 

- I N V A L ID 




