
8 2 5 9 1 7 

GEOLOGY OF THE CINOLA DEPOSIT, 

OUEEN CHARLOTTE ISLANDS, BRITISH COLUMBIA 

Mic h a e l G. Cruson, Cruson & Pansze, G e o l o g i s t 

Fred W. Limbach, Cruson & Pansze, G e o l o g i s t s 

Robert A. Brooks 5 Energy Reserves Group, Inc. 

enneth G. Sanders, C o n s o l i d a t e d C i n o l a Mines L t d . 

Duncan Bain, C o n s o l i d a t e d C i n o l a Mines L t d . 

Steve Lacy, C o n s o l i d a t e d C i n o l a Mines L t d . 

December 29, 1980 



CONTENTS 

Page 

A b s t r a c t ................. • • • 1 

I n t r o d u c t i o n • 2 

.Purpose and Scope...... •• 2 

E x p l o r a t i o n H i s t o r y 2 

Regional Geology . 4 5 

S t r a t i g r a p h y 9 

Footwall S e c t i o n .. 9 

Hanging Wall Sedimentary S e c t i o n .....13 

Hanging Wall I n t r u s i v e S e c t i o n 17 

S t r u c t u r e 20 

Redding . . . 20 

F a u l t i n g *• • 2 0 

A l t e r a t i o n . . . * . . . . 23 

S i l i c i f i c a t i o n ...23 

A r g i l l i z a t i o n 24 

M i n e r a l i z a t i o n . . 25 

S o i l Geochemistry • 25 

Mineralogy • • • • 25 

, Orebody Shape 28 

Gold D i s t r i b u t i o n 29 

Genes i s 32 

burnmary 34 

References ^35 



ABSTRACT 
i 

The C i n o l a d e p o s i t i s a g o l d orebody l o c a t e d on Graham 
I s l a n d o f the Queen C h a r l o t t e I s l a n d s , B r i t i s h Columbia. Ex­
p l o r a t i o n by s e v e r a l d i f f e r e n t companies has been c a r r i e d out 
s i n c e the d i s c o v e r y i n 1970, Recent d r i l l i n g has d e l i n e a t e d 
a l a r g e tonnage, low grade g o l d d e p o s i t i n a uniciue g e o l o g i c 
s e t t i n g * The d e p o s i t i s found i n T e r t i a r y i n t r u s i v e s u b v o l c a r t i c 
f e l s i c r o c k s and v o l c a n i c l a s t i c sediments t h a t have been 
i n t e n s e l y b r e c c i a t e d and s i l i c i f i e d . The m i n e r a l i z a t i o n i s 
bounded at i t s base and on the west s i d e by a younger normal 
f a u l t t h a t p r o b a b l y had s u b s t a n t i a l l a t e r a l movement. 

Gold m i n e r a l i z a t i o n i s c l o s e l y a s s o c i a t e d w i t h s i l i c i -
f i c a t i o n and s p a t i a l l y a s o c i a t e d w i t h the f e l s i c i n t r u s i v e , 
r o c k s . The m i n e r a l i z a t i o n o c c u r s i n a q u a r t z stockwork zone above 
a near s u r f a c e r h y o l i t e i n t r u s i v e . Two modes o f g o l d m i n e r a l ­
i z a t i o n a r e p r e s e n t : t h i c k , moderate grade d i s s e m i n a t i o n s and 
t h i n , h i g h grade v e i n s . Most o f the g o l d i s l e s s than 0.5 microns' 
i n s i z e but f r e e g o l d may be v i s u a l l y o b s e r v e d i n q u a r t z v e i n s . 
The s e d i m e n t a r y s t r a t i g r a p h y has no apparent c o n t r o l on the g o l d 
m i n e r a l i z a t i o n . S i m i l a r l y , the g o l d c o n t e n t i s not d i r e c t l y 
r e l a t e d t o the p y r i t e o r carbon c o n t e n t o f the h o s t r o c k s . The 
o n l y s u l f i d e s o f s i g n i f i c a n c e i n the d e p o s i t are p y r i t e and 
m a r c a s i t e . Other s u l f i d e s have been r e p o r t e d but o c c u r i n o n l y 
t r a c e amounts. 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 and 
a r g i l l i z a t i o n . Reserves a t the C i n o l a g o l d p r o p e r t y are i n excess 
o f 45 m i l l i o n tons c o n t a i n i n g 0.054 oz g o l d per t o n ; s i g n i f i c a n t 
g o l d has been e n c o u n t e r e d i n d r i l l i n g o u t s i d e the area c o n t a i n i n g 
the r e p o r t e d r e s e r v e s and a d d i t i o n a l s u r f a c e e x p l o r a t i o n t a r g e t s 
a r e p r e s e n t . 
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INTRODUCTION 

.Purpose and L o c a t i o n 

The purposes o f t h i s r e p o r t are to d e s c r i b e the geology 

of the C i n o l a gold d e p o s i t and present a g e n e t i c model. The 

C i n o l a gold d e p o s i t , f o r m e r l y known as the Babe or Specogna 

deposit*, i s l o c a t e d at l a t 53° 32 1 N. , long 132° 13 1 W.^The 

de p o s i t i s i n the south c e n t r a l p a r t o f Graham Island i n the 

Oueen C h a r l o t t e I s l a n d s , B r i t i s h Columbia ( f i g . 1). The d e p o s i t 

occurs near the border between the Skidegate Pla t e a u and the 

Queen C h a r l o t t e Lowlands on a small h i l l with an e l e v a t i o n o f 

90-220 in. The area i s g e n e r a l l y h e a v i l y timbered and the c l i m a t e 

i s m ild but wet. 

E x p l o r a t i o n H i s t o r y 

Champigny, S i n c l a i r and Sanders (1980) have prepared an 

e x c e l l e n t r e p o r t - o n the d i s c o v e r y and h i s t o r y of e x p l o r a t i o n 

o f the d e p o s i t . In summary, the p r o p e r t y was l o c a t e d by two 

l o c a l p r o s p e c t o r s i n 1970 and was optioned to a s u c c e s s i o n 

of companies through 1977. These e a r l y companies d i d e x t e n s i v e 

geochemical s o i l sampling, t r e n c h sampling and moderate amounts 

of d r i l l i n g . C o n s o l i d a t e d C i n o l a Mines L t d . optioned the p r o p e r t y 

i n 1977 and e x c e r c i s e d t h e i r o p t i o n i n 1978. In 1979 Energy 

Reserves Canada, L t d . (a s u b s i d i a r y of Energy Reserves Group, 

Inc.) formed a j o i n t venture with C o n s o l i d a t e d C i n o l a to e x p l o r e 

and develop the p r o p e r t y . The j o i n t v e n t u r e , which became a c t i v e 
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in August of 1979, e n l a r g e d the h i g h e r grade ore reserves that 

had been d i s c o v e r e d by C o n s o l i d a t e d C i n o l a i n l a t e 1978 and 

e a r l y 1979. The dramatic i n c r e a s e i n the p r i c e of gold d u r i n g 

l a t e 1979 and e a r l y 1980 s t r o n g l y i n f l u e n c e d the development 

d e c i s i o n s . C o n s o l i d a t e d C i n o l a Mines, L t d . i s the o p e r a t o r f o r 

the j o i n t v e n t u r e . 

The geology of the Queen C h a r l o t t e Islands i s d e s c r i b e d 

by Sutherland-Brown (1968). E a r l y r e p o r t s on the C i n o l a d e p o s i t . 

i n c l u d e Sutherland-Brown and S c h r o e t e r (197 5 and 1977) and 

Richards, C h r i s t i e , and Wolfhard (1976). Champigny and S i n c l a i r 

(1979) have summarized the geology and e x p l o r a t i o n r e s u l t s p r i o r 

to the formation of the j o i n t v e n t u r e . 

The authors r e p r e s e n t the p r i n c i p a l g e o l o g i c and adminis­

t r a t i v e s t a f f f o r the j o i n t venture from August 1979 to the 

present. T h i s i n c l u d e d s u p e r v i s i o n o f diamond core d r i l l i n g and 

sample p r e p a r a t i o n . Over 13,700 meters of core were logged, 

s p l i t , and analyzed f o r g o l d . Supplemental work i n c l u d e d 

r e l o g g i n g of o l d core and s u r f a c e g e o l o g i c reconnaissance. 

Contract and in-house l a b o r a t o r y work were c a r r i e d out i n 

support of the f i e l d o p e r a t i o n s . P r i n c i p a l l a b o r a t o r y methods 

inclu d e d t h i n s e c t i o n a n a l y s i s , microprobe scanning, and 

q u a n t i t a t i v e a n a l y s i s . 



R e g i o n a l Geology 

The Queen C h a r l o t t e I s l a n d s l i e i n the western system o f 

the Canadian C o r d i l l e r a w i t h i n the I n s u l a r F o l d B e l t which 

c o n t a i n s l a t e P a l e o z o i c , M e s o z o i c , and T e r t i a r y r o c k s . The 

P a c i f i c c o n t i n e n t a l s h e l f i s narrow i n t h i s a r e a and t e r m i n a t e s 

a few m i l e s west o f the I s l a n d s . The C i n o l a p r o p e r t y i s l o c a t e d 

immediately west o f the boundary between the S k i d g a t e P l a t e a u 

and the Oueen C h a r l o t t e Lowlands. T h i s p h y s i o g r a p h i c break 

c o i n c i d e s w i t h the S a n d s p i t f a u l t system ( f i g . 2>. The S a n d s p i t 

f a u l t can be t r a c e d a c r o s s Graham I s l a n d f o r more than 60 km and 

has a d i s p l a c e m e n t o f thousands o f meters w i t h the down dropped 

b l o c k to the e a s t (Sutherland-Brown, 1968). A f a u l t , b e l i e v e d to 

be p a r t o f the S a n d s p i t f a u l t system, d i s p l a c e s the C i n o l a 

orebody ( f i g . 3 ) . 

West o f the S a n d s p i t f a u l t i n the S k i d g a t e P l a t e a u , west-

d i p p i n g r h y o l i t e t u f f s o f the Masset Formation o f E a r l y T e r t i a r y 

age unconformably o v e r l i e f o l d e d sediments o f the Haida Forma­

t i o n o f C r e t a c e o u s age ( S u t h e r l a n d Brown, 1968). East o f the 

f a u l t i s the Queen C h a r l o t t e Lowland w i t h l i m i t e d exposures o f 

u n c o n s o l i d a t e d e l a s t i c s o f the M i o - P l i o c e n e Skonum Formation, 

the h o s t f o r most o f the C i n o l a g o l d orebody. P l e i s t o c e n e 

g l a c i a t i o n has caused e x t e n s i v e m o d i f i c a t i o n o f the p l a t e a u and 

t h i n t i l l d e p o s i t s mantle much o f the lowlands and p l a t e a u . 
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• 1 I 
FIGURE 3. GEOLOGIC MAP OF THE CINOLA DEPOSIT 
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There are numerous other gold occurrences on the Oueen 

C h a r l o t t e I s l a n d s . A b e l t o f gold m i n e r a l i z a t i o n at l e a s t 30 

mil e s wide and 150 miles long c o n t a i n s over 70 gold occurrences. 

Some o f these a c t i v e gold prospects are shown i n f i g u r e 2. 
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STRATIGRAPHY 

The r o c k s i n the immediate v i c i n i t y o f the d e p o s i t have 

been d i v i d e d i n t o two broad groups: the f o o t w a l l s e c t i o n and 

the hanging w a l l s e c t i o n . T h i s i s I l l u s t r a t e d by f i g u r e 4 and 

c r o s s - s e c t i o n s A-A' and E-B 1 ( f i g . 5 and 6 ) . 

F o o t w a l l S e c t i o n 

The o l d e s t r o c k u n i t found i n the immediate v i c i n i t y of 

the d e p o s i t i s a dark mudstone which i s c o r r e l a t e d w i t h the 

upper member o f the Cre t a c e o u s Haida F o r m a t i o n o f the Queen 

C h a r l o t t e Group. The mudstone, which i s not m i n e r a l i z e d , forms 

the f o o t w a l l f a u l t b l o c k w i t h the m i n e r a l i z e d s e c t i o n . Only the 

upper 36 m o f the mudstone has been p e n e t r a t e d by d r i l l i n g and 

much o f t h i s s e c t i o n i s sheared and f r a c t u r e d by the f a u l t i n g . 

The mudstone i s massive with no v i s i b l e i n d i c a t i o n o f bed­

d i n g . I t i s a s o f t , dark g r e y to dark brown mudstone t h a t i s 

carbonaceous and commonly c a l c a r e o u s . I r r e g u l a r v e i n l e t s o f 

white c a l c i t e l e s s than 1.0 mm wide are common. P y r i t e , t h a t 

i s l i k e l y s y n g e n e t i c , o c c u r s as d i s s e m i n a t i o n s and nodules i n 

amounts up to 5 p e r c e n t . For s e v e r a l meters w i t h i n the f a u l t 

zone, the mudstone i s s i l i c i f i e d and b r e c c i a t e d w i t h c l e a r 

q u a r t z v e i n s . W i t h i n t h i s zone, the r o c k has the appearance o f 

an a r g i l l i t e . 
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A c c o r d i n g to Sutherland-Brown (1969) the Haida Formation 

was d e p o s i t e d i n A Lower to Upper C r e t a c e o u s marine b a s i n . The 

mudstone member o f the Haida F o r m a t i o n i s a t l e a s t 300 m t h i c k . 

R h y o l i t e porphry i s found i n the f o o t w a l l b l o c k i n t r u d i n g 

the Haida s h a l e a t the Marino showing and i n B a r b i e Creek n o r t h -

w e s t o f t h e d e p o s i t ( f i g . 3 ) . I d e n t i c a l r h y o l i t e porphyry i s 

found i n the hanging w a l l b l o c k and i s d e s c r i b e d i n the s e c t i o n 

d e a l i n g w i t h the hanging w a l l s e c t i o n . 

Hanging W a l l Sedimentary S e c t i o n 

The m i n e r a l i z e d s e c t i o n on the h a n g i n g w a l l o f the f a u l t 

i s a complex i n t e r f i n g e r i n g o f c o a r s e conglomerates and minor 

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

v o l c a n i c u n i t s . An e x t e n s i v e zone o f b r e c c i a t i o n , q u a r t z 

v e i n i n g , s i l i c a f l o o d i n g , and a r g i l l i c a l t e r a t i o n obscures p r e ­

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

han g i n g w a l l . 

The sedimentary s e c t i o n above the f a u l t has been c o r r e l a t e d 

w i t h the M i o - P l i o c e n e Skonun F o r m a t i o n based on l i t h o l o g y . 

Sutherland-Brown (1968) d e s c r i b e s the Skonun as marine to non-

marine, p o o r l y c o n s o l i d a t e d s i l t s t o n e s , sandstones and c o n g l o ­

merates t h a t t o t a l o v er 1800 m i n t h i c k n e s s . The s e c t i o n pene­

t r a t e d by d r i l l i n g i s over 400 m v e r t i c a l t h i c k n e s s and 

c o n s i s t s o f a p p r o x i m a t e l y 20 p e r c e n t mature f i n e e l a s t i c s and 
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80 percent immature coarse e l a s t i c s that g e n e r a l l y d i p g e n t l y 

to the n o r t h e a s t . The hanging w a l l sedimentary s e c t i o n can be 

d i v i d e d i n t o two broad u n i t s : a massive lower conglomerate and 

an upper conglomerate with interbedded sands and s i l t s . 

Coarse c l a s t i c sediments predominate i n the lower p a r t s 

o f the deeper d r i l l holes on the east s i d e o f the p r o p e r t y . 

These sediments c o n s i s t dominantly of tan, pebble to cobble 

s i z e , rounded to subrounded fragments o f a p h a n i t i c f e l s i c 

v o l c a n i c r o c k s ; but, boulder s i z e c l a s t s are not uncommon. A 

small percentage o f the c l a s t s are b a s i c v o l c a n i c r o c k s , 

o h a n e r i t i c p l u t o n i c r o c k s , and sedimentary r o c k s . The fragments 

are g e n e r a l l y c l a s t supported. Carbonized wood fragments and 

p y r i t e each make up l e s s than 3 percent o f the rock. No w e l l 

developed bedding i s p r e s e n t , but crude graded bedding i s d i s ­

c e r n i b l e i n massive cobble-boulder conglomerate u n i t s g r e a t e r 

than 60 m t h i c k . 

The upper p o r t i o n o f the sedimentary s e c t i o n c o n s i s t s of 

coarse e l a s t i c s with i n t e r b e d s o f f i n e e l a s t i c s . The dominant 

rock type i s a tan to grey v o l c a n i c conglomerate composed of 

a sandy matrix with mostly f e l s i c a p h a n i t i c v o l c a n i c fragments 

that are e i t h e r c l a s t or matrix supported. The c l a s t s , which 

vary i n s i z e from 1-10 cm, make up 30-70 percent o f the rock. 

The c l a s t s are g e n e r a l l y subrounded and o f t e n show a weathered 
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or a l t e r e d rind'. Car,bon~ fragments' and p y r i t e a r e common 

c o n s t i t u e n t s o f t h i s c o n g l o m e r a t e . The conglomerates w i t h i n 

the upper s e d i m e n t a r y s e c t i o n a re uo to 30 m t h i c k but g e n e r a l l y 

c o n s i s t o f f i n i n g upward sequences from conglomerates through 

sandstone t o s i l t s t o n e i n t h i c k n e s s e s o f 1-3 m. 

U n i t s t h a t a re i n t e r f i n g e r e d w i t h the upper conglomerate 

seauence and t h a t a re used f o r s t r a t i g r a p h i c c o r r e l a t i o n between 

h o l e s i n c l u d e a green pebble o r m a f i c r i c h conglomerate, s i l t -

s t o nes and s a n d s t o n e s , a crowded-pebble conglomerate and d i s t i n c 

t i v e l i t h o l o g y termed the X - u n i t . The o r i g i n o f the X - u n i t i s 

u n c e r t a i n ; i t may be a mud o r d e b r i s f l o w or an i n t r u s i v e pebble 

d i k e complex. 

The green m a f i c conglomerate c o n s i s t s o f a predominance 

o f m a f i c v o l c a n i c p e b b l e s . Most o f the c l a s t s have a d i s t i n c t 

c h l o r i t e - e p i d o t e a l t e r a t i o n . The subrounded c l a s t s are 2-5 cm 

i n s i z e and g e n e r a l l y show c l a s t s u p p o r t . Carbon fragments and 

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

r i c h conglomerate i s g e n e r a l l y l e s s than 5 meters t h i c k and has 

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

Mature s i l t s t o n e s and sandstones t h a t a re used f o r c o r r e l a ­

t i o n s are g r e y to dark g r e y . (Tan s i l t s t o n e s and sandstones 

commonly cap the upward f i n i n g conglomerate sequences but these 

t a n , f i n e e l a s t i c s a r e g e n e r a l l y not l a t e r a l l y c o n t i n u o u s . ) The 
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grey s i l t s t o n e and sandstone u n i t s are g e n e r a l l y l e s s than 

10 m t h i c k . These u n i t s are thin-bedded, w e l l - s o r t e d and o r g a n i c -

r i c h sediments. R i p p l e l a m i n a t i o n s are common i n the sandstones. 

The sandstones are v e r y f i n e to f i n e - g r a i n e d with well-rounded 

g r a i n s . P y r i t e i s present i n amounts up to 3 percent. Pelecypod 

s h e l l fragments a r e found i n a grey sandstone interbedded with 

a pebble conglomerate at the s u r f a c e on the north end of the 

d e p o s i t . Minor g l a u c o n i t e i s present i n sandstone i n a d r i l l 

h o l e 200 m east o f the m i n e r a l i z e d zone. Roth o f these 

c o n s t i t u e n t s are suggestive o f a marine to nearshore environment 

f o r most o f the sedimentary s e c t i o n . D e p o s i t i o n must have taken 

p l a c e d u r i n g r a p i d sedimentation with p e r i o d s o f r e l a t i v e 

q uiescence. 

The crowded-pebble conglomerate and the X-unit are two 

c l o s e l y r e l a t e d l i t h o l o g i e s and have been combined on the c r o s s -

s e c t i o n s . Both are l o c a l u n i t s found above the r h y o l i t e 

i n t r u s i v e . The crowded-pebble conglomerate c o n s i s t s o f 80-90 

percent p e a - s i z e d c l a s t s with v e r y l i t t l e m a t r i x . The c l a s t s 

ar? subrounded and are mostly a p h a n i t i c v o l c a n i c fragments. 

Carbon fragments and p y r i t e are again common c o n s t i t u e n t s . The 

crowded-pebble u n i t commonly o v e r l i e s the X - u n i t . 

The X - u n i t has the l i t h o l o g y of a conglomeratic s i l t s t o n e 

with a d i s t i n c t i v e bimodal assemblage o f c o n s t i t u e n t s . I t i s a 

po o r l y s o r t e d grey to g r e y i s h brown s i l t s t o n e with pebbles of 
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subrounded l i t h i c c l a s t s and a n g u l a r c a r b o n fragments e v e n l y " 

d i s t r i b u t e d i n t h e s i l t s t o n e m a t r i x . The c l a s t s , which are < 

m o s t l y v o l c a n i c , make up 10-20 p e r c e n t o f the r o c k and are 

c o m p l e t e l y m a t r i x s u p p o r t e d . C l a y g a l l s w i t h a diameter o f l e s s 

t h a n 1.0 cm make up a minor p e r c e n t a g e o f the c l a s t s . P y r i t e 

c o n t e n t i s v a r i a b l e and can be up t o 5 p e r c e n t . 

Hanging W a l l I n t r u s i v e S e c t i o n 

A r h y o l i t i c s u b v o l c a n i c u n i t i s found i n bpth the f o o t 

w a l l and t h e * h a n g i n g w a l l s e c t i o n s . The r h y o l i t e phases a r e 

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

on b o t h s i d e s o f the f a u l t . The r h y o l i t e p o r p h y r y c o n t a i n s 5-15 

p e r c e n t p h e n o c r y s t s s e t i n a l i g h t g r e y a p h a n i t i c groundmass-

The p h e n o c r y s t s a r e t y p i c a l l y 1-2 mm i n d i a m e t e r and c o n s i s t 

o f e q u a l amounts o f a n h e d r a l q u a r t z and a l t e r e d , s u b h e d r a l 

p o t a s s i u m f e l d s p a r . D i s s e m i n a t e d p y r i t e makes up l e s s than one 

p e r c e n t o f the r o c k . 

In a d d i t i o n t o the r h y o l i t e p o r p h y r y , s e v e r a l o t h e r 

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

zone above the f a u l t . One o f t h e s e phases i s a r h y o l i t e p o r p h y r y 

t h a t has been b r e c c i a t e d arid v e i n e d w i t h medium g r e y q u a r t z 

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

q u a r t z v e i n l e t s a r e commonly 2 cm i n w i d t h and o f t e n have vugs 

w h i c h a r e p a r t i a l l y f i l l e d w i t h c l e a r t e r m i n a t e d q u a r t z . A l s o 
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present i s a r h y o l i t e phase t h a t has a c r a c k l e b r e c c i a appear­

ance. T h i s u n i t , c a l l e d a r h y o l i t e stockwork, i s a r h y o l i t e 

porphyry t h a t has "been s h a t t e r e d and c r o s s - c u t by numerous v e i n -

l e t s o f q u a r t z w i t h p y r i t e and h e m a t i t e . The a p h a n i t i c groundmass 

i s g e n e r a l l y tan t o l i g h t grey but a l s o has a g r e e n i s h cast from 

the presence o f f i n e l y d i s t r i b u t e d c h l o r i t e . An i s o p a c h map o f 

the combined t h i c k n e s s of the r h y o l i t e u n i t s above the f a u l t i s 

shown i n f i g u r e 7. 

C l o s e l y r e l a t e d to the r h y o l i t e phases and o c c u r r i n g 

immediately above them are two o t h e r b r e c c i a u n i t s . The pumice 

b r e c c i a i s a cream to p i n k i s h t a n r o c k which c o n s i s t s of f i n e l y , 

v e s i c u l a r s i l i c e o u s fragments, t h a t resemble pumice i n texture-. 

Quartz v e i n l e t s are common and up to 5 percent d i s s e m i n a t e d 

p y r i t e i s p r e s e n t . The pumice b r e c c i a may r e p r e s e n t a f r o t h y , 

v o l a t i l e r i c h r h y o l i t e phase or a s i l i c e o u s s i n t e r d e p o s i t above 

the r h y o l i t e body ( f i g . 7). O c c u r r i n g w i t h the pumice b r e c c i a and 

g e n e r a l l y f o r m i n g the c o n t a c t zone between the r h y o l i t e phases 

and the sediments i s a u n i t termed the q u a r t z f l o o d b r e c c i a . 

The q u a r t z f l o o d b r e c c i a c o n s i s t s o f b r e c c i a t e d and s i l i c i f i e d 

sediments, w i t h minor p y r i t e , t h a t have had much of t h e i r 

o r i g i n a l t e x t u r e d e s t r o y e d . The q u a r t z f l o o d b r e c c i a i s b e l i e v e d 

to r e p r e s e n t the c o n t a c t zone between the r h y o l i t e i n t r u s i o n 

and the s ediments. T h i n pebble or b r e c c i a d i k e s ( l e s s than 1.0 

m t h i c k ) have been observed i n t h i s u n i t and a l s o may be p resent 

i n the normal sedimentary s e c t i o n where they are more d i f f i c u l t 

t o r e c o g n i z e . A complex swarm of these d i k e s may o v e r l i e the 

pumice b r e c c i a and the t h i c k e s t p o r t i o n o f the r h y o l i t e . 
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STRUCTURE 

Bedding 

The l e n t i c u l a r shape o f many of the s t r a t i g r a p h i c u n i t s 

make s t r u c t u r a l i n t e r p r e t a t i o n d i f f i c u l t . Since no key marker 

beds have been r e c o g n i z e d , the f i n e - g r a i n e d c l a s t i c u n i t s are 

used to. determine bedding a t t i t u d e . The beds making' up the 

m i n e r a l i z e d s e c t i o n s t r i k e N5-10W and d i p 20° to the northeast 

No f o l d i n g w i t h i n the m i n e r a l i z e d s e c t i o n has yet been recog­

n i z e d . The a t t i t u d e o f the mudstone i n the f o o t w a l l has not 

been determined. 

F a u l t i n g 

The major s t r u c t u r a l f e a t u r e o f the p r o p e r t y i s the f a u l t 

that separates the s i l i c i f i e d , g o l d b e a r i n g rocks from the mud 

stone. The f a u l t zone .consists of a 1-20 m zone o f f a u l t gouge 

separated by sheared and broken rock. The f o o t i ^ a l l s e c t i o n 

c o n t a i n s numerous s l i c k e n s i d e s u r f a c e s on b r e c c i a t e d fragments 

of mudstone. There are a l s o t h i n (0.2-3.0 m) f a u l t s l i v e r s of 

n o n - s i l i c i f i e d r h y o l i t e porphyry f a u l t e d i n with the mudstone. 

The f a u l t zone s t r i k e s M15-20U and d i p s 55° to the n o r t h ­

east ( f i g . 8 ) . The amount o f displacement has not been d e t e r ­

mined from core l o g g i n g . S l i c k e n s l i d e s t r i a t i o n s i n s e v e r a l 

h oles Ind i c a t e a major s t r i k e s l i p component. T h i s f a u l t i s 

par t o f the major Sandspit f a u l t that i s t r a c e d across much 

of southeastern Graham I s l a n d . Regional s t u d i e s suggest the 

system i s a normal f a u l t with some h o r i z o n t a l displacement 

(Sutherland-Brown, 1968). 
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A r g i l l i c 
a l t e r a t i o n 

3000 N 

100 m 
- J 

O u t l i n e ^ 
of p r i n c i p a l , 
m i n e r a l i z a t i o 

3000 E 
2500 N 

S t r u c t u r e contour on the f a u l t plane 
& s u r f a c e a l t e r a t i o n ( v a l u e s in meters 
above or below sea l e v e l ) . 
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The f a u l t i n g appears to be, i n p a r t , p o s t - m i n e r a l i z a t i o n . 

The f a u l t system may have c o n t r o l l e d the l o c a t i o n o f the r h y o l i t e 

i n t r u s i o n i n i t i a l l y , but more recent f a u l t i n g has d i s p l a c e d 

the orebody. L i m i t e d amounts of deep d r i l l i n g to the east s i d e 

of the p r o p e r t y i n d i c a t e that the r h y o l i t e i s t h i n or not present 

to the e a s t . M i n e r a l i z e d r h y o l i t e porphyry i s found below the 

f a u l t to the northwest of the p r i n c i p a l m i n e r a l i z a t i o n at the 

Marino showing, suggesting that t h i s area may be the ro o t zone 

of the r h y o l i t e i n t r u s i o n and the m i n e r a l i z a t i o n ( f i g . 3). 
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ALTERATION 

S i l i c i f i c a t i o n 

The r o c k s In the c e n t r a l p o r t i o n o f the C i n o l a d e p o s i t 

are m o d e r a t e l y to s t r o n g l y s i l i c i f i e d . A l l r o c k types above the 

f a u l t , i n c l u d i n g the r h y o l i t e p r o p h y r y , have been s u b j e c t e d to 

s i l i c i f i c a t i o n and v e i n i n g . The s t r o n g l y s i l i c i f i e d s e c t i o n s 

o f t e n have a boxwork type o f t e x t u r e where much o f the o r i g i n a l 

r o c k has been l e a c h e d away. The s i l i c a v e i n i n g occurs- i n widths 

o f 1 mm t o g r e a t e r than 2 m. S i l i c a v e i n i n g i s o f s e v e r a l genera 

t i o n s w i t h the c o l o r r a n g i n g from dark gr e y , l i g h t g rey, w h i t e , 

brown and c l e a r . The p a r a g e n e t i c sequence i s complex and has 

not been c l e a r l y e s t a b l i s h e d . The v e i n s are g e n e r a l l y massive 

and o n l y the c l e a r o r l a t e s t shape o f q u a r t z has open space 

f i l l i n g . 

The s i l i c i f i c a t i o n i s s t r o n g e s t above the r h y o l i t e u n i t s 

and the pumice b r e c c i a . The q u a r t z f l o o d b r e c c i a u n i t i s an 

extreme a l t e r a t i o n phase i n which the o r i g i n a l r o c k t e x t u r e 

has been o b l i t e r a t e d by b r e c c i a t i o n , s i l i c i f i c a t i o n and s i l i c a 

v e i n i n g . The s i l i c i f i c a t i o n grows weaker away from the r h y o l i t e 

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

as shown i n f i g u r e 8. 
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Arg L l l i z a t i on 

The advanced a r g i l l i c a l t e r a t i o n i s t y p i c a l l y developed 

i n the sediments and e q u a l l y a f f e c t s both the f i n e and the coarse 

e l a s t i c s . Within the conglomerates both the matrix and the c l a s t 

are e q u a l l y a l t e r e d . The advanced a r g i l l i c a l t e r a t i o n causes 

an almost complete change to a l i g h t tan c l a y . 
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MINERALIZATION 

S o i l G e o c h e m i s t r y 

F i g u r e 9 i s a r e g i o n a l geochemical c o n t o u r map o f g o l d i n 

s o i l s from the C i n o l a d e p o s i t and o u t l y i n g a r e a s . I t i s a c o m p i l ­

a t i o n o f t h r e e s e p a r a t e s u r v e y s w i t h a l l the samples from the f B f 

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

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

and g o l d m i n e r a l i z a t i o n . Other elements a n a l y z e d were Hg, As, Ni 

and Cu. None o f these elements e x h i b i t s a good p o s i t i v e 

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

M i n e r a l o g y 

G o l d . The m i n e r a l o g y o f the d e p o s i t i s q u i t e s i m p l e with 

o n l y i r o n s u l f i d e s o c c u r i n g i n any a p p r e c i a b l e amount wi t h the 

g o l d . The g o l d a s s a y s from the c ore range from t r a c e amounts to 

over 4.00 oz per ton averaged over a 2.0 m i n t e r v a l . Much o f the 

g o l d i s e v e n l y d i s t r i b u t e d throughout the s i l i c i f i e d h o s t . 

Because o f t h i s , the g o l d has no d i r e c t r e l a t i o n s h i p t o 

the p y r i t e - m a r c a s i t e c o n t e n t or the carbon c o n t e n t . W i t h i n the 

c o n g l o m e r a t e s , a p p r o x i m a t e l y e q u a l amounts o f g o l d are found 

i n both the c l a s t s and the m a t r i x i n d i c a t i n g the p e r v a s i v e n a t u r e 

of the m i n e r a l i z i n g process.-

M i n e r a l o g i c a l s t u d i e s ( G a s p a r r i n i , 1979) have shown t h a t 

much o f the g o l d i s too f i n e to be r e s o l v e d by the h i g h e s t m i c r o ­

scope m a g n i f i c a t i o n o f 1250 times (0.5 m i c r o n s ) . Most o f the 

f r e e g o l d o b s e r v e d i s found i n t r a n s e c t i n g v e i n l e t s o f q u a r t z 
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P r i n c i p a 
M i n e r a l i z a t i o n 

S o i l G e o c h e m i s t r y 

3000 N 

-2000N 

!T ( g r i d 1 in m e t e r s ) . 
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w i t h the f r e e g r a i n s g e n e r a l l y b e i n g l e s s than 10 m i c r o n s . T h i s 

f r e e g o l d Is p r e s e n t i n the n a t i v e form, d o m i n a n t l y i n d i s c r e e t 

g r a i n s not a s s o c i a t e d w i t h p y r i t e o r o t h e r s u l f i d e s . The c h e m i c a l 

c o n t e n t o f the g o l d p a r t i c l e s i n c l u d e s a p p r o x i m a t e l y 10 percent 

s i l v e r but no a p p r e c i a b l e amounts o f o t h e r elements 

( G a s p a r r i n i , 1979). The r a t i o s o f g o l d to s i l v e r w i t h i n the h o s t 

r o c k s v a r y w i d e l y , but o v e r a l l i s 0.5-0.3. No s i l v e r m i n e r a l s 

have been r e c o g n i z e d . 

S u l f i d e s . I r o n s u l f i d e s are the dominant s u l f i d e i n the 

d e p o s i t and o c c u r u b i q u i t o u s l y . Undoubtedly more than one g e n e r a t i o n 

o f p y r i t e and m a r c a s i t e o c c u r s w i t h i n the m i n e r a l i z e d zone. Some 

o f the D y r i t e i n the sedimentary s e c t i o n i s s y n g e n e t i c . However, 

the m a r c a s i t e and v e i n p y r i t e i s r e l a t e d to the m i n e r a l i z i n g 

p r o c e s s . P y r i t e - m a r c a s i t e forms 1-5 p e r c e n t o f the r o c k volume 

but l o c a l l y ranges o v e r 15 p e r c e n t . The p y r i t e o c c u r s as c r y s t a l l i n e 

d i s s e m i n a t i o n s , r e p l a c e m e n t o f rims and c e n t e r s o f pebble and 

b r e c c i a fragments, and replacement o f c a r b o n fragments. P y r i t e 

i s a l s o p r e s e n t i n t h i n q u a r t z v e i n s i n the r h y o l i t e stockwork. 

The p y r i t e form i s commonly g r a n u l a r to massive but c r y s t a l forms 

such as cubes and octahedrons are a l s o p r e s e n t . M a r c a s i t e , which i s 

mixed i n w i t h the p y r i t e and i s h a r d to d i s t i n g u i s h , g e n e r a l l y occurs 

as r a d i a t i n g b l a d e s . 

Other s u l f i d e s t h a t have been r e p o r t e d but o c c u r i n o n l y 

t r a c e amounts a r e s p h a l e r i t e , c h a l c o p y r i t e and p y r r h o t i t e 

( G a s o a r r i n i , 1979). 
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Other M i n e r a l s . Native copper, cinnabar and r u t i l e a l s o 

occur i n minute amounts i n the d e p o s i t . Mercury c o n c e n t r a t i o n s 

as h i g h as 19,200 ppb have been noted. Other anomalous element 

c o n c e n t r a t i o n s i n c l u d e a r s e n i c and antimony. Hhite c a l c l t e 

v e i n s l e s s than 10 cm wide are p r e s e n t , but r a r e , w i t h i n the 

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

i z a t i o n seauence. Hematite i s found i n the q u a r t z - p y r i t e v e i n s 

i n the r h y o l i t e stockwork and a l s o disseminated i n the groundmass 

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

Orebody Shape 

In p l a n view, the main m i n e r a l i z e d zone covers an o v a l 

area of 700 by 200 meters ( f i g , 4 ) . The contour map o f gold m i n e r a l ­

i z a t i o n shown i n f i g u r e 4 does not take i n t o account the depth 

of the h o l e . Because ho l e s to the east are c o n s i d e r a b l y deeper 

than those to the west, our contour map has s l i g h t l y s h i f t e d 

the m i n e r a l i z e d zone to the e a s t . Gold i s present from the s u r f a c e to 

depths o f 300 meters. The f a u l t zone forms a lower boundary to the 

main zone of gold m i n e r a l i z a t i o n . The gold m i n e r a l i z a t i o n has a c l o s e 

a s s o c i a t i o n with the degree of s i l i c i f i c a t i o n and p r o x i m i t y to the 

r h y o l i t e u n i t s ( f i g . 5 and 6). Where the r o c k i s moderately 

s i l i c i f i e d , r e g a r d l e s s of l i t h o l o g y , g o l d v a l u e s g e n e r a l l y exceed 

0.025 oz/ton. The a r g i l l i c a l l y a l t e r e d rocks g e n e r a l l y have very low 

g o l d v a l u e s . I n d i v i d u a l ouartz veins c a r r y gold values i n excess of 

0.100 oz/ton. The gold m i n e r a l i z a t i o n i s g e n r a l l y t h i c k e r and of 

h i g h e r grade above areas where the r h y o l i t e u n i t s are g r e a t e r than 20 

rn t h i c k ( f i g . 7 ) . 
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Gold D i s t r i b u t i o n 
, 4 

In g e n e r a l t h e r e are two types o f m i n e r a l i z a t i o n , A low 

grade, d i s s e m i n a t e d type i s c h a r a c t e r i z e d by s u b - m i c r o s c o p i c 

g o l d and grades o f 0.020-0.100 o z / t o n . The h i g h grade type o c c u r s 

i n s i l i c a v e i n s , has v i s i b l e g o l d and has grades i n excess o f 

•0,100 oz per t o n . In F i g u r e 10, the c l o s e a s s o c i a t i o n between 

q u a r t z v e i n i n g and h i g h grade g o l d v a l u e s i s apparent i n h o l e 40. 

A l s o i l l u s t r a t e d i s the s t r o n g g o l d m i n e r a l i z a t i o n above the r h y o l i t e 

i n the i n t e n s e l y s i l i c i f i e d q u a r t z f l o o d and pumice b r e c c i a u n i t s i n 

h o l e 55. 

T a b l e 1 p r e s e n t s the r e s u l t s o f f o u r d u p l i c a t e a s s a y s o f 

core from h o l e 16. The h i g h e r grade i n t e r v a l s a re more e r r a t i c 

because o f the presence o f c o a r s e , v i s i b l e g o l d . The low grade 

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

throughout the r o c k . Separate a s s a y s o f both the c l a s t s and the 

m a t r i x i n the m i n e r a l i z e d conglomerate g i v e near i d e n t i c a l r e s u l t s , 

i n d i c a t i n g t h a t the m i n e r a l - b e a r i n g f l u i d s were q u i t e p e n e t r a t i v e . 
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FIGURE 10. L i t h o l o g i c logs & gold assay 
histograms of diamond d r i l l holes 4 0 & 5 5 . 
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DEPTH, ni BW S I S 2 UN 
Values in oz. A u / i n . 

14 • 16 0.065 0.065 0.070 0.076 
16 • 18 0.035 0.025 0.030 0.030 
18 • 20 0.088 0.110 0.110 0.056 
2 0 - 22 0.030 0.020 0.020 0.028 

2 2 - 24 0.025 0.020 0.020 0.018 
24 • 26 0.025 0.025 0.020 0.036 
26 - 28 0.360 0.320 0.310 0.300 
28 • 30 0.240 0.150 0.120 0.070 

TABLE 1. COMPARATIVE ASSAYS 
OF DIAMOND DRILL HOLE 16 FROM 
FOUR DUPLICATE ANALYSES. 
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GENESIS 

The g o l d m i n e r a l i z a t i o n i s d i r e c t l y r e l a t e d to the degree 

o f s i l i c i f i c a t i o n . The s i l i c i f i c a t i o n appears to be c o n t r o l l e d < 

by p r o x i m i t y to the r h y o l i t e . As suggested by Champigny and S i n c l a i r 

(1979), the i n t r u s i o n o f the p r ophyry i n a near s u r f a c e environment 

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

through the c l a s t i c sequence. C o o l i n g o f these hydrotherrnal f l u i d s 

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

w i t h t r a c e s o f s i l v e r , mercury, a r s e n i c and antimony. In summary, 

the C i n o l a d e p o s i t o c c u r s i n a q u a r t z stockwork zone above a 

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

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

the orebody. Outcrops o f r h y o l i t e w i t h minor amounts o f g o l d 

to the northwest suggest t h a t t h i s a r e a may have been the r o o t 

zone o f the r h y o l i t e p r o p h y r y o f the hanging w a l l . 

R i c h a r d s , C h r i s t i e and Wolfhard (1976) suggested that the 

C i n o l a d e p o s i t be c l a s s i f i e d as a C a r l i n t y pe based on m e t a l l i c 

m i n e r a l assemblage, a l t e r a t i o n m i n e r a l o g y , p e r m e a b i l i t y c o n t r o l 

o f m i n e r a l i z a t i o n , occurence o f g o l d and p r o x i m i t y to a major 

s t r u c t u r e . D i f f e r e n c e s between the C i n o l a d e p o s i t and the C a r l i n 

type are r e g i o n a l g e o l o g i c s e t t i n g , l i t h o l o g y o f the h o s t r o c k s , 

the e x t e n s i v e n a t u r e o f the a l t e r a t i o n and the c l o s e a s s o c i a t i o n 

o f the r h y o l i t e i n t r u s i o n . B e t t e r analogues may be the Pueblo 

V i e j o d e p o s i t i n the Dominican R e p u b l i c ( A r g a l l , 1975), d e p o s i t s 
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i n the K a u r a k i g o l d f i e l d s , New Zealand ( W i l l i a m s , 1965), o r the 

P o r g e r a d e p o s i t i n Papua New Guinea ( C o t t o n , 1975). These d e p o s i t s , 

may r e p r e s e n t a new c l a s s o f l a r g e - t o n n a g e , low-grade g o l d d e p o s i t s 

i n which g o l d i s a s s o c i a t e d w i t h q u a r t z stockworks above near 

s u r f a c e f e l s i c i n t r u s i v e s emplaced i n a complex t e c t o n i c s e t t i n g . 
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SUMMARY 

The C i n o l a d e p o s i t o c c u r s i n a s i l i c i f i e d b r e c c i a zone 

immediately above a s u b v o l c a n i c r h y o l i t e I n t r u s i v e complex. A r g i l l i c 

a l t e r a t i o n forms an o u t e r c o n c e n t r i c zone around the s i l i c i f i e d 

c o r e . There are no apparent s t r a t i g r a p h i c i n f l u e n c e s on m i n e r a l ­

i z a t i o n but the g o l d i s d i s s e m i n a t e d i n an u n u s u a l s u i t e o f c o a r s e 

- v o l c a n i c l a s t i c s e d i m e n t s . There are two t y p e s o f g o l d m i n e r a l i z a t i o n 

One i s low gra d e , s u b - m i c r o s c o p i c and d i s s e m i n a t e d and the o t h e r 

type i s s t r u c t u r a l l y c o n t r o l l e d and c o n s i s t s o f v i s i b l e . , h i g h 

grade g o l d m i n e r a l i z a t i o n i n q u a r t z v e i n s . Much o f t h i s h i g h 

grade m i n e r a l i z a t i o n has not been f u l l y e v a l u a t e d . C u r r e n t r e s e r v e s 

f o r the C i n o l a d e p o s i t are 45 m i l l i o n tons o f 0.054 oz g o l d per t o n . 
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