
\0J 

GEOLOGY OF THE CINOLA DEPOSIT, 
QUEEN CHARLOTTE ISLANDS, BRITISH COLUMBIA 

MICHAEL G. CRUSON Cruson & Pansze, Geologists 

FRED W. LIMBACH Cruson & Pansze, Geologists 

ROBERT A. BROOKS Energy Reserves Group, Inc. 

KENNETH G. SANDERS Consolidated Cinola Mines Ltd. 

DUNCAN BAIN Consolidated Cinoia Mines Ltd. 

STEVE LACY Consolidated Cinola Mines Ltd. 

8 0 2 7 9 7 

ABSTRACT 

The Cinola depos i t is a go ld o r e b o d y loca ted on 
Graham Island of t h e Queen Char lo t te Is lands, 
Br i t ish C o l u m b i a . Exp lo ra t ion by several d i f f e ren t 
c o m p a n i e s has been carr ied o u t s ince t h e d i scove ry 
in 1 9 7 0 . Recent dr i l l ing has de l ineated a large t o n ­
nage, l o w grade go ld depos i t in a un ique geo log ic 
s e t t i n g . T h e depos i t is f o u n d in Ter t ia ry in t rus ive 
s u b v o l c a n i c f e l s i c r o c k s a n d v o l c a n i c l a s t i c 
sed imen ts t h a t have been in tense ly b recc ia ted and 
s i l ic i f ied. T h e minera l i za t ion is b o u n d e d at i ts base 
and on the w e s t s ide by a y o u n g e r no rma l fau l t t h a t 
p robab ly had subs tan t i a l lateral m o v e m e n t . 

Gold minera l iza t ion is c lose ly assoc ia ted w i t h 
s i l i c i f ica t ion and spat ia l ly assoc ia ted w i t h t h e fels ic 
in t rus ive r o c k s . The minera l i za t ion o c c u r s in a quar tz 
s t o c k w o r k zone above a near su r face rhyo l i te in ­
t rus i ve . T w o m o d e s of go ld minera l i za t ion are pres­
ent : t h i c k , m o d e r a t e g rade d i ssemina t ions and t h i n , 
h igh grade ve ins . M o s t o f t h e go ld is less t h a n 0 . 5 
m ic rons in size b u t f ree go ld m a y be v isua l ly observ ­
ed in quar tz ve ins . T h e s e d i m e n t a r y s t ra t i g raphy has 
no apparen t con t ro l on t h e go ld minera l i za t ion . 
Simi lar ly , t h e go ld c o n t e n t is no t d i rec t l y re la ted to 
the pyr i te or ca rbon c o n t e n t of t h e h o s t r o c k s . The 
only su l f ides o f s ign i f i cance in t h e d e p o s i t are pyr i te 
and marcas i t e . O the r su l f ides have been repor ted bu t 
occur in on ly t race a m o u n t s . A l t e r a t i o n cons i s t s o f 
s i l ic i f icat ion and arg i l l i za t ion . Reserves at the Cinola 
gold p r o p e r t y are in excess o f 4 5 mi l l ion t o n s c o n ­
ta in ing 0 . 0 5 4 oz go ld per t o n ; s ign i f i can t go ld has 
been e n c o u n t e r e d in dr i l l ing ou ts ide t h e area c o n t a i n ­
ing the repor ted reserves and add i t i ona l su r face ex­
p lorat ion ta rge ts are p resen t . 

INTRODUCTION 

PURPOSE AND LOCATION 

The purposes o f th i s repor t are t o descr ibe the 
geo logy o f t h e Cinola go ld depos i t and p resen t a 
genet ic m o d e l . The Cino la go ld d e p o s i t , f o r m e r l y 
k n o w n as t h e Babe or S p e c o g n a depos i t , is l oca ted 
at lat 5 3 ° 3 2 ' N. , long 1 3 2 ° 1 3 ' W . The deposi t is 
in the s o u t h cent ra l par t o f Graham Island in the 
Queen Char lo t te Is lands, Br i t ish C o l u m b i a (Fig. 1) . 
The depos i t o c c u r s near t h e border b e t w e e n the 
Sk idega te P la teau a n d t h e Q u e e n C h a r l o t t e 

L o w l a n d s on a smal l hil l w i t h an e leva t ion of 9 0 - 2 2 0 
m. The area is genera l ly heav i ly t i m b e r e d and the 
c l imate is mi ld bu t w e t . 

EXPLORATION HISTORY 

C h a m p i g n y , Sinclair and Sanders ( 1 9 8 0 ) have 
prepared an exce l len t repor t on t h e d i s c o v e r y and 
h is to ry o f exp lo ra t i on o f t h e depos i t . In s u m m a r y , 
t h e p r o p e r t y w a s loca ted by t w o local p r o s p e c t o r s in 
1 9 7 0 and w a s o p t i o n e d t o a s u c c e s s i o n o f c o m ­
panies t h r o u g h 1 9 7 7 . These ear ly c o m p a n i e s d id ex­
tens ive geoc hemica l soi l s a m p l i n g , t r e n c h samp l ing 
and m o d e r a t e a m o u n t s o f d r i l l i ng . Conso l i da ted 
Cinola M ines L t d . o p t i o n e d t h e p r o p e r t y in 1 9 7 7 and 
excerc ised the i r o p t i o n in 1 9 7 8 . In 1 9 7 9 Energy 
Reserves C a n a d a , L t d . (a subs id ia ry o f Energy 
Reserves G r o u p , Inc.) f o r m e d a j o i n t v e n t u r e w i t h 
Conso l i da ted Cinola t o exp lo re and d e v e l o p t h e p rop-
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FIGURE 1 . Location map of Queen Charlotte Islands. 
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e r t y . The jo in t v e n t u r e , w h i c h became ac t i ve in 
A u g u s t o f 1 9 7 9 , en larged the h igher grade ore 
reserves t h a t had been d i scove red by Conso l ida ted 
Cinola in late 1 9 7 8 and ear ly 1 9 7 9 . The d ramat i c in ­
crease in t h e pr ice o f go ld du r i ng late 1 9 7 9 and early 
1 9 8 0 s t r o n g l y i n f l u e n c e d t h e d e v e l o p m e n t dec i ­
s ions . C o n s o l i d a t e d Cinola M i n e s , L t d . is the 
opera to r f o r t h e j o i n t v e n t u r e . 

The g e o l o g y o f t h e Queen Char lo t te Is lands is 
d e s c r i b e d by S u t h e r l a n d - B r o w n ( 1 9 6 8 1 . Early 
repor ts on t h e Cinola depos i t inc lude Su the r land -
B r o w n and Schroe te r ( 1 9 7 5 and 1 9 7 7 } and 
R ichards , Chr i s t ie , and W o l f h a r d ( 1 9 7 6 ) . C h a m -
p igny and Sinclair ( 1 9 7 9 ) have summar i zed the 
g e o l o g y and e x p l o r a t i o n resu l ts pr ior t o t h e f o r m a ­
t i on o f t h e j o i n t v e n t u r e . 

T h e a u t h o r s represent t h e pr inc ipa l geo log ic and 
a d m i n i s t r a t i v e s ta f f fo r t h e j o i n t ven tu re f r o m A u g u s t 
1 9 7 9 t o t h e p resen t . Th is inc luded superv is ion of d i ­
a m o n d co re dr i l l ing and samp le p repara t ion . Over 
1 3 , 7 0 0 m e t e r s o f core w e r e l o g g e d , spl i t , and 
ana lyzed f o r g o l d . S u p p l e m e n t a l w o r k inc luded 
re logg ing o f o ld co re and su r face geo log ic recon­
na issance . C o n t r a c t and in -house labora to ry w o r k 
w e r e carr ied o u t in s u p p o r t o f the f ie ld ope ra t i ons . 
Pr incipal l abo ra to ry m e t h o d s inc luded th in sec t ion 
ana lys is , m i c r o p r o b e s c a n n i n g , and quan t i t a t i ve 
ana lys is . 

REGIONAL GEOLOGY 

The Queen C h a r l o t t e Is lands lie in t h e w e s t e r n 
s y s t e m of t h e Canad ian Cordi l lera w i t h i n the Insular 
Fold Belt w h i c h c o n t a i n s late Paleozoic, M e s o z o i c , 
and Ter t i a ry r o c k s . T h e Paci f ic con t inen ta l shel f is 
n a r r o w in th is area and t e r m i n a t e s a f e w miles w e s t 
o f t h e Is lands. T h e Cino la p r o p e r t y is l oca ted i m ­
med ia te l y w e s t o f t h e b o u n d a r y b e t w e e n the 
Sk idga te Plateau and t h e Queen Char lo t te L o w l a n d s . 
This p h y s i o g r a p h i c break co inc ides w i t h t h e Sand-
sp i t f au l t s y s t e m (Fig. 2 ) . The Sandsp i t fau l t can be 
t raced ac ross G r a h a m Is land fo r more t h a n 6 0 km 
and has a d i s p l a c e m e n t of t h o u s a n d s of meters w i t h 
t h e d o w n d r o p p e d b lock t o the east (Su ther land-
B r o w n , 1 9 6 8 ) . A fau l t , be l ieved t o be par t of t h e 
Sandsp i t fau l t s y s t e m , d isp laces t h e Cinola o r e b o d y 
(Fig. 3 ) . 

W e s t o f t h e Sandsp i t f a u l t in t h e Sk idga te P la teau, 
w e s t - d i p p i n g rhyo l i te t u f f s o f t h e Masse t Format ion 
of ear ly Te r t i a ry age u n c o n f o r m a b l y over l ie fo lded 
s e d i m e n t s o f t h e Ha ida F o r m a t i o n o f Cre taceous age 
(Su the r land -Brown , 1 9 6 8 ) . East of the faul t is the 
Queen Char lo t te L o w l a n d w i t h l imi ted exposures of 
u n c o n s o l i d a t e d e las t ics o f t h e Mio-P l iocene S k o n u n 
F o r m a t i o n , t h e h o s t fo r m o s t o f t h e Cinola go ld 
o r e b o d y . P le is tocene g lac ia t ion has caused e x t e n ­
sive m o d i f i c a t i o n o f t h e p la teau and th in ti l l depos i ts 
man t le m u c h of t h e l o w l a n d s and p la teau . 

There are n u m e r o u s o ther go ld occu r rences on the 
Queen Char lo t te Is lands. A bel t o f go ld minera l iza­
t i on at least 3 0 mi les w i d e and 1 5 0 mi les long c o n ­
ta ins over 7 0 go ld o c c u r r e n c e s . S o m e of these ac­
t i ve go ld p r o s p e c t s are s h o w n in Figure 2 . 

STRATIGRAPHY 

The rocks in t h e i m m e d i a t e v i c in i t y o f the depos i t 
have been "divided in to t w o b road g r o u p s : t h e f o o t -
w a l l sec t ion and the h a n g i n g w a l l s e c t i o n . Th is is i l­
lus t ra ted by Figure 4 and c ross-sec t ions A - A ' and 
B-B' (Figs. 5 and 6 . ) . 

FOOTWALL SECTION 

The o ldes t rock un i t f o u n d in t h e i m m e d i a t e v i c in i ­
t y o f t h e depos i t is a dark m u d s t o n e w h i c h is cor­
re lated w i t h t h e upper m e m b e r o f the C r e t a c e o u s 
Haida F o r m a t i o n o f t h e Queen Char lo t te G r o u p . T h e 
m u d s t o n e , w h i c h is n o t m inera l i zed , f o r m s t h e f o o t -
w a l l f a u l t b lock w i t h t h e minera l ized s e c t i o n . On ly 
t h e upper 3 6 m of t h e m u d s t o n e has been 
pene t ra ted by dr i l l ing and m u c h of th i s s e c t i o n is 
sheared and f r a c t u r e d by t h e f a u l t i n g . 

The m u d s t o n e is mass ive w i t h no v is ib le ind ica t ion 
o f b e d d i n g . It is a s o f t , dark g rey t o dark b r o w n 
m u d s t o n e t h a t is c a r b o n a c e o u s and c o m m o n l y 
ca lca reous . Irregular ve in le ts of w h i t e ca lc i te less 
t h a n 1.0 m m w i d e are c o m m o n . Pyr i te , t h a t is l ikely 
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 nodu les in 
a m o u n t s up t o 5 pe rcen t . For several m e t e r s w i t h i n 

FIGURE 2. Regional geologic map. 
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t h e fau l t zone , t h e m u d s t o n e is s i l ic i f ied and brec-
c ia ted w i t h clear quar tz ve ins . W i t h i n th is zone , t h e 
rock has the appearance of an argi l l i te . 

Acco rd ing to Su the r land -Brown ( 1 9 6 8 ) the Haida 
Format ion w a s depos i ted in a L o w e r to Upper 
Cretaceous marine basin. The m u d s t o n e member of 
the Haida fo rmat ion is at least 3 0 0 m th ick . 

Rhyol i te po rphy ry is f o u n d in the f o o t w a l l b lock in­
t r u d i n g the Haida shale at the Mar ino s h o w i n g and in 
Barbie Creek n o r t h w e s t of the depos i t (F ig. 3 ) . Iden­
t ica l rhyo l i te p o r p h y r y is f o u n d in t h e hang ing wa l l 
b lock and is descr ibed in t h e s e c t i o n deal ing w i t h the 
hang ing wa l l s e c t i o n . 

HANGING WALL SEDIMENTARY SECTION 

The minera l ized s e c t i o n on t h e hang ing w a l l of the 
fau l t is a c o m p l e x i n te r f i nge r ing o f coarse c o n g l o m ­
erates and m inor f ine -g ra ined e las t ics w h i c h are in­
t ruded by rhyo l i t i c s u b v o l c a n i c un i t s . A n ex tens ive 
zone of b r e c c i a t i o n , quar tz v e i n i n g , si l ica f l o o d i n g , 
and argi l l ic a l te ra t ion o b s c u r e s prec ise s t ra t ig raph ic 
cor re la t ion of s o m e of t h e un i t s on t h e h a n g i n g w a l l . 

The s e d i m e n t a r y s e c t i o n above t h e f a u l t has been 
cor re la ted w i t h t h e M io -P l iocene S k o n u n Fo rma t ion 
based on l i t h o l o g y . S u t h e r l a n d - B r o w n ( 1 9 6 8 ) 
descr ibes t h e S k o n u n as mar ine to n o n m a r i n e , poor­
ly conso l i da ted s i l t s tones , s a n d s t o n e s and c o n ­
g lomera tes t h a t t o ta l ove r 1 8 0 0 m in t h i c k n e s s . The 

FIGURE 4 . Cinola deposit, showing drill hole locations, cross 
section lines, and cummulat ive thickness of gold mineralization. 

FIGURE 3. Geologic map of the cinola deposit (grid in meters). 

sec t ion pene t ra ted by dr i l l ing is over 4 0 0 m ver t ica l 
t h i c k n e s s and cons i s t s o f a p p r o x i m a t e l y 2 0 percen t 
ma tu re f ine e last ics and 8 0 pe rcen t i m m a t u r e coarse 
elast ics t h a t genera l ly d ip g e n t l y t o t h e no r theas t . 
The hang ing w a l l s e d i m e n t a r y sec t ion can be d iv ided 
in to t w o broad u n i t s : a mass ive l o w e r c o n g l o m e r a t e 
and an upper c o n g l o m e r a t e w i t h i n te rbedded sands 
and s i l ts . 

Coarse c last ic s e d i m e n t s p r e d o m i n a t e in the l ower 
parts o f t h e deeper dri l l holes on t h e east side o f the 
p r o p e r t y . These s e d i m e n t s c o n s i s t d o m i n a n t l y o f 
t a n , pebble t o c o b b l e s ize, r o u n d e d t o s u b r o u n d e d 
f r a g m e n t s o f aphan i t i c fe ls ic vo lcan ic r o c k s ; b u t , 
bou lder size c las ts are n o t u n c o m m o n . A smal l 
pe rcen tage of t h e c las ts are bas ic vo lcan ic r o c k s , 
phaner i t i c p lu ton i c r o c k s , and s e d i m e n t a r y r o c k s . 
The f r a g m e n t s are genera l ly c last s u p p o r t e d . Car­
bon ized w o o d f r a g m e n t s and pyr i te each m a k e up 
less t h a n 3 pe rcen t o f t h e rock . No w e l l deve loped 
bedd ing is p resen t , b u t c rude g raded bedd ing is 
d iscern ib le in mass ive cobb le -bou lde r c o n g l o m e r a t e 
un i ts greater t h a n 6 0 m t h i c k . 

The upper po r t i on o f t h e s e d i m e n t a r y sec t ion c o n ­
sists o f coarse c last ic w i t h in te rbeds o f f ine e las t ics . 
The d o m i n a n t rock t y p e is a tan t o g rey vo lcan ic c o n ­
g lomera te c o m p o s e d of a sandy ma t r i x w i t h m o s t l y 
fe ls ic aphan i t i c vo lcan ic f r a g m e n t s t h a t are e i ther 
c last or mat r i x s u p p o r t e d . T h e c las ts , w h i c h va ry in 
size f r o m 1-10 c m , make up 3 0 - 7 0 percent o f the 
rock. The c lasts are general ly subrounded and o f ten 
s h o w a w e a t h e r e d or a l tered r i n d . Ca rbon f r a g m e n t s 
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FIGURE 5. Geologic section A - A ' w i t h gold assay histograms through diamond drill holes. 

and pyr i te are c o m m o n c o n s t i t u e n t s o f th is c o n ­
g l o m e r a t e . T h e c o n g l o m e r a t e s w i t h i n t h e upper 
s e d i m e n t a r y s e c t i o n are u p t o 3 0 m th i ck bu t 
genera l ly cons is t o f f i n ing u p w a r d sequences f r o m 
c o n g l o m e r a t e s t h r o u g h s a n d s t o n e t o s i l t s tone in 
t h i c k n e s s o f 1 - 3 m . 

Un i ts t h a t are in te r f i ngered w i t h the upper c o n ­
g l o m e r a t e s e q u e n c e and t h a t are u s e d f o r 
s t ra t ig raph ic co r re la t ion b e t w e e n holes inc lude a 
green pebble or m a f i c r ich c o n g l o m e r a t e , s i l t s tones 
and s a n d s t o n e s , a c r o w d e d - p e b b l e c o n g l o m e r a t e 
and d i s t i nc t i ve l i t ho logy t e r m e d the X-un i t . The 
or ig in o f t h e X - u n i t is u n c e r t a i n ; it m a y be a m u d or 
debr is f l o w or an in t rus ive pebble d ike c o m p l e x . 

The g reen maf i c c o n g l o m e r a t e cons is ts of a 
p r e d o m i n a n c e of maf i c vo lcan ic pebb les . M o s t o f the 
c las ts have a d i s t i nc t ch lo r i te -ep ido te a l te ra t ion . The 

s u b r o u n d e d c lasts are 2 -5 c m in size and genera l ly 
s h o w c las t s u p p o r t . C a r b o n f r a g m e n t s and 
d i ssemina ted pyr i te occur as c o m m o n accessor ies . 
Th is maf i c r ich c o n g l o m e r a t e is genera l ly less than 5 
mete rs th i ck and has a lent icu lar shape sugges t i ve o f 
a channe l depos i t . 

M a t u r e s i l t s tones and sands tones t h a t are used fo r 
co r re la t ions are grey t o dark g rey . (Tan s i l t s tones 
and sands tones c o m m o n l y cap the u p w a r d f in ing 
c o n g l o m e r a t e sequences bu t these t a n , f ine e last ics 
are genera l ly not lateral ly c o n t i n u o u s . ) The grey 
s i l t s tone and sands tone un i ts are genera l ly less than 
1 0 m t h i c k . These un i ts are t h i n - b e d d e d , we l l - so r ted 
and organ ic - r i ch sed im en t s . Ripple lamina t ions are 
c o m m o n in the s a n d s t o n e . The sands tones are ve ry 
f ine t o f ine-gra ined w i t h w e l l - r o u n d e d gra ins . Pyri te 
is p resen t in a m o u n t s up to 3 pe rcen t . Pe lecypod 
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FIGURE 6. Geologic section B-B' w i t h gold assay histograms 
through diamond drill holes. 

shell f r a g m e n t s are f o u n d in a g r e y s a n d s t o n e in-
te rbedded w i t h a pebb le c o n g l o m e r a t e at t h e sur face 
on the n o r t h end o f t h e d e p o s i t . M i n o r g laucon i te is 
present in sands tone in a dri l l ho le 2 0 0 m east o f the 
mineral ized zone . Bo th o f these c o n s t i t u e n t s are sug ­
gest ive of a mar ine t o nearshore e n v i r o n m e n t fo r 
m o s t of t h e s e d i m e n t a r y s e c t i o n . Depos i t i on m u s t 
have t a k e n place du r ing rapid s e d i m e n t a t i o n w i t h 
per iods o f re lat ive q u i e s c e n c e . 

The c r o w d e d - p e b b l e c o n g l o m e r a t e and t h e X - u n i t 
are t w o c lose ly re la ted l i tho log ies and have been 
comb ined on the c r o s s - s e c t i o n s . Bo th are local un i ts 
f o u n d above t h e rhyo l i t e i n t r u s i v e . T h e c r o w d e d -
pebble c o n g l o m e r a t e cons i s t s o f 8 0 - 9 0 pe rcen t pea-
sized c lasts w i t h v e r y l i t t le m a t r i x . The c las ts are 
sub rounded and are m o s t l y aphan i t i c vo lcan ic 
f r a g m e n t s . Carbon f r a g m e n t s and pyr i te are again 
c o m m o n c o n s t i t u e n t s . T h e c r o w d e d - p e b b l e un i t 
c o m m o n l y over l ies t h e X - u n i t . 

The X-un i t has t h e l i t ho logy o f a c o n g l o m e r a t i c 
s i l ts tone w i t h a d i s t i n c t i v e b imoda l assemb lage o f 
c o n s t i t u e n t s . It is a poo r l y so r ted g rey to grey ish 
b r o w n s i l t s tone w i t h pebb les o f s u b r o u n d e d l i th ic 
c lasts and angu la r c a r b o n f r a g m e n t s e v e n l y 
d is t r ibu ted in the s i l t s tone m a t r i x . The c las ts , w h i c h 
are m o s t l y v o l c a n i c , m a k e up 1 0 - 2 0 percen t o f the 

rock and are c o m p l e t e l y mat r i x s u p p o r t e d . Clay galls 
w i t h a d iamete r of less t h a n 1.0 c m m a k e up a minor 
percentage o f the c las ts . Pyr i te c o n t e n t is var iable 
and can be up to 5 pe rcen t . 

HANGING WALL INTRUSIVE SECTION 

A rhyo l i t i c s u b v o l c a n i c un i t is f o u n d in b o t h the 
f o o t wa l l and t h e hang ing wa l l s e c t i o n s . The rhyo l i te 
phases are best d e v e l o p e d on t h e h a n g i n g w a l l bu t 
rhyo l i te p o r p h y r y o c c u r s on b o t h s ides o f t h e fau l t . 
The rhyo l i te p o r p h y r y c o n t a i n s 5 - 1 5 percen t 
p h e n o c r y s t s set in a l ight grey aphan i t i c g r o u n d -
mass . The p h e n o c y s t s are t yp i ca l l y 1-2 m m in 
d iamete r and cons is t o f equal a m o u n t s o f anhedra l 
quar tz and a l te red , subhedra l p o t a s s i u m fe ldspar . 
D issemina ted pyr i te makes up less t h a n one pe rcen t 
of t h e rock . 

In add i t i on t o the rhyo l i te p o r p h y r y , several o ther 
d i s t inc t i ve rhyo l i t i c phases are p resen t in t h e 
minera l ized zone above t h e f a u l t . One o f these 
phases is a rhyo l i te p o r p h y r y t h a t has been brec-
c ia ted and ve ined w i t h m e d i u m grey quar tz ve in le ts . 
Several s tages o f quar tz v e i n i n g are e v i d e n t . The 
quar tz ve in le ts are c o m m o n l y 2 c m in w i d t h and 
o f ten have v u g s w h i c h are par t ia l ly f i l led w i t h clear 
t e r m i n a t e d quar tz . A lso p resen t is a rhyo l i t e phase 
t h a t has a crack le brecc ia appearance . Th is u n i t , cal l ­
ed a rhyo l i te s t o c k w o r k , is a rhyo l i te p o r p h y r y t h a t 
has been sha t te red and c r o s s - c u t by n u m e r o u s 
ve in le ts o f quar tz w i t h py r i t e and h e m a t i t e . The 
aphan i t i c g r o u n d m a s s is genera l ly t an t o l igh t grey 
bu t also has a g reen ish cas t f r o m t h e presence of 
f ine ly d i s t r i bu ted ch lo r i t e . A n i sopach m a p of the 
c o m b i n e d t h i c k n e s s o f t h e rhyo l i te un i t s a b o v e the 
fau l t is s h o w n in Figure 7 . 

Closely related to the rhyol i te phases and occurr ­
ing immedia te ly above t h e m are t w o other breccia 
un i t s . The p u m i c e brecc ia is a c ream t o p ink ish tan 
rock w h i c h cons i s t s o f f ine ly , ves icu la r s i l iceous 
f r a g m e n t s , t h a t resemble p u m i c e in t e x t u r e . Quar tz 
ve in le ts are c o m m o n and up t o 5 p e r c e n t 
d i ssemina ted pyr i te is p resen t . The p u m i c e brecc ia 
m a y represent a f r o t h y , vo la t i le r ich rhyo l i te phase or 
a s i l iceous s in ter depos i t above t h e rhyo l i t e b o d y 
(Fig. 7 ) . O c c u r r i n g w i t h t h e p u m i c e brecc ia and 
genera l ly f o r m i n g t h e c o n t a c t zone b e t w e e n the 
rhyo l i te phases and t h e s e d i m e n t s is a un i t t e r m e d 
t h e quar tz f l o o d b recc ia . The quar tz f l o o d brecc ia 
cons is ts o f b recc ia ted and si l ic i f ied s e d i m e n t s , w i t h 
m ino r py r i t e , t h a t have had m u c h o f the i r or ig ina l 
t e x t u r e d e s t r o y e d . The quar tz f l ood b recc ia is bel iev­
ed t o represent t h e c o n t a c t zone b e t w e e n the 
rhyo l i te in t rus ion and the s e d i m e n t s . T h i n pebble or 
brecc ia d ikes (less t h a n 1.0 m th i ck ) have been 
observed in th is un i t and also m a y be present in the 
norma l sed imen ta ry sec t ion w h e r e t h e y are m o r e dif­
f i cu l t t o recogn ize . A c o m p l e x s w a r m o f these d ikes 
m a y over l ie t h e p u m i c e brecc ia and t h e t h i c k e s t por­
t ion o f t h e rhyo l i te . 
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STRUCTURE 

BEDDING 

The lent icu lar shape of m a n y of t h e s t ra t ig raph ic 
un i t s make s t r u c t u r a l i n te rp re ta t i on d i f f i cu l t . Since 
no key marker beds have been recogn ized , the f ine­
gra ined c last ic un i t s are used t o de te rm ine bedd ing 
a t t i t u d e . The beds m a k i n g up t h e minera l ized sec t ion 
s t r ike N 5 - 1 0 W and dip 2 0 ° t o t h e no r theas t . No 
f o l d i n g w i t h i n the minera l ized sec t ion has y e t been 
recogn ized . The a t t i t u d e o f t h e m u d s t o n e in the foo t -
wa l l has n o t been d e t e r m i n e d . 

FAULTING 

The major s t r u c t u r a l fea tu re o f t h e p r o p e r t y is t h e 
fau l t t h a t separa tes t h e s i l ic i f ied, go ld bear ing rocks 
f r o m t h e m u d s t o n e . T h e fau l t zone cons i s t s o f a 
1 -20 m zone of fau l t g o u g e separa ted by sheared 
and b r o k e n r o c k . T h e f o o t w a l l sec t ion con ta ins 
n u m e r o u s 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 
f r a g m e n t s o f m u d s t o n e . There are also th in ( 0 . 2 - 3 . 0 
m) f a u l t s l ivers o f non-s i l i c i f ied rhyo l i te p o r p h y r y 
fau l ted in w i t h t h e m u d s t o n e . 

FIGURE 7. Isopach map of rhyolite above the fault. 
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The fau l t zone s t r i kes N1 5 - 2 0 W and d ips 5 5 ° to 
the no r theas t (Fig. 8 ) . T h e a m o u n t o f d i s p l a c e m e n t 
has no t been d e t e r m i n e d f r o m core l ogg ing . 
Sl ickensl ide s t r ia t ions in several holes ind ica te a ma­
jor s t r ike slip c o m p o n e n t . This fau l t is par t o f t h e ma­
jor Sandsp i t fau l t t h a t is t raced across m u c h of 
s o u t h e a s t e r n Graham Is land. Regional s tud ies sug ­
gest the s y s t e m is a no rma l fau l t w i t h s o m e hor izon­
tal d i sp lacemen t ( S u t h e r l a n d - B r o w n , 1 9 6 8 ) . 

The fau l t i ng appears to be , in par t , pos t -
minera l i za t ion . The fau l t s y s t e m m a y have c o n t r o l l e d 
t h e loca t ion o f t h e rhyo l i te in t rus ion in i t ia l ly , b u t 
m o r e recen t f au l t i ng has d isp laced t h e o r e b o d y . 
L imi ted a m o u n t s of deep dr i l l ing t o the east s ide o f 
the p roper ty ind ica te t h a t t h e rhyo l i te is t h i n or n o t 
p resen t to t h e east . Minera l ized rhyo l i te p o r p h y r y is 
f o u n d b e l o w t h e fau l t t o t h e n o r t h w e s t of t h e pr in ­
c ipal minera l iza t ion at t h e M a r i n o s h o w i n g , sug ­
ges t ing t h a t th i s area m a y be t h e roo t zone of the 
rhyo l i te in t rus ion and the minera l iza t ion (Fig. 3 ) . 

ALTERATION 

SIL ICIF ICATION 

The rocks in t h e cent ra l po r t i on o f t h e Cinola 
depos i t are modera te l y t o s t rong ly s i l ic i f ied. A l l rock 
t y p e s a b o v e t h e fau l t , i nc lud ing t h e rhyo l i te por­
p h y r y , have been sub jec ted t o s i l i c i f i ca t ion and ve in -
ing . The s t rong ly s i l ic i f ied sec t i ons o f t e n have a box -
w o r k t y p e of t e x t u r e w h e r e m u c h o f t h e or ig ina l rock 
has been leached a w a y . The si l ica ve in ing occu rs in 
w i d t h s o f 1 m m t o greater t h a n 2 m . Si l ica ve in ing is 
o f several genera t ions w i t h t h e co lo r rang ing f r o m 
dark g rey , l ight g rey , w h i t e , b r o w n and clear. T h e 
paragenet ic sequence is c o m p l e x and has n o t been 
clear ly es tab l i shed . The ve ins are genera l ly mass ive 
and on ly the clear or la test s tage of quar tz has open 
space f i l l i ng . 

The s i l i c i f i ca t ion is s t r o n g e s t above t h e rhyo l i te 
un i ts and p u m i c e b recc ia . The quar tz f l o o d brecc ia 
un i t is an e x t r e m e a l te ra t ion phase in w h i c h the 
or ig inal rock t e x t u r e has been ob l i te ra ted by b recc ia -
t i o n , s i l i c i f i ca t ion and si l ica v e i n i n g . The s i l i c i f ica t ion 
g r o w s w e a k e r a w a y f r o m t h e rhyo l i te un i t s and 
grades in to a halo of a d v a n c e d argi l l ic a l te ra t ion as 
s h o w n in Figure 8 . 

ARGILL IZAT ION 

The a d v a n c e d argi l l ic a l te ra t ion is t yp i ca l l y 
deve loped in t h e s e d i m e n t s and equal ly a f f e c t s b o t h 
t h e f ine and the coarse e las t ics . W i t h i n t h e c o n ­
g lomera tes b o t h t h e mat r i x and t h e c last are equal ly 
a l te red . The a d v a n c e d argi l l ic a l te ra t ion causes an 
a lmos t c o m p l e t e c h a n g e t o a l ight t an c lay . 

MINERALIZATION 

SOIL GEOCHEMISTRY 

Figure 9 is a regional geoc hemica l c o n t o u r m a p of 
go ld in soi ls f r o m the Cinola depos i t and o u t l y i n g 



FIGURE 8. Structure contour of the fault plane and surface alter­
nation (values in meters above or below sea level). 

areas, i t is a c o m p i l a t i o n o f th ree separa te su rveys 
w i t h all t h e samp les f r o m t h e ' B ' soi l ho r i zon . The 
out l ine o f the pr inc ipa l go ld minera l i za t ion ind icates a 
good pos i t i ve co r re la t i on b e t w e e n soi l g e o c h e m i s t r y 
and go ld m ine ra l i za t i on . Other e lemen ts ana lyzed 
were H g , A s , Ni and C u . None of t hese e lements ex­
hib i ts a g o o d pos i t i ve co r re la t ion w i t h the go ld 
minera l i za t ion . 

MINERALOGY 

Gold. The m ine ra logy o f the depos i t is qu i te s i m ­
ple w i t h on ly i ron su l f ides o c c u r r i n g in any ap­
preciable a m o u n t w i t h t h e g o l d . The go ld assays 
f r o m t h e co re range f r o m t race a m o u n t s t o over 
4 . 0 0 oz per t o n ave raged over a 2 . 0 m in te rva l . 
M u c h o f t h e go ld is e v e n l y d i s t r i bu ted t h r o u g h o u t 
the si l ic i f ied h o s t . Because of t h i s , the go ld has no 
di rect re la t ionsh ip t o t h e py r i te -marcas i te c o n t e n t or 
the ca rbon c o n t e n t . W i t h i n t h e c o n g l o m e r a t e s , ap­
p rox ima te ly equal a m o u n t s o f go ld are f o u n d in b o t h 
the c las ts and t h e ma t r i x ind ica t ing the pervas ive 
nature o f t h e minera l iz ing p rocess . 

M inera log ica l s tud ies (Gaspar r in i , 1 9 7 9 ) have 
s h o w n t h a t m u c h of t h e go ld is t o o f ine t o be resolv­

ed by the h ighest m i c r o s c o p e m a g n i f i c a t i o n of 1 2 5 0 
t imes ( 0 . 5 m i c r o n s ) . M o s t o f t h e f ree go ld observed 
is f o u n d in t r a n s e c t i n g ve in le ts of quar tz w i t h the 
free gra ins genera l ly be ing less t h a n 2 0 m ic rons . 
Th is free go ld is p resen t in the nat ive f o r m , 
d o m i n a n t l y in d isc ree t gra ins no t assoc ia ted w i t h 
pyr i te or o the r su l f ides . The chemica l c o n t e n t o f the 
go ld par t ic les inc ludes a p p r o x i m a t e l y 1 0 percen t 
si lver bu t no apprec iab le a m o u n t s of o ther e lements 
(Gasparr in i , 1 9 7 9 ) . T h e rat ios o f go ld t o si lver w i t h i n 
the hos t rocks vary w i d e l y , b u t overa l l is 0 . 5 - 0 . 3 . No 
si lver minera ls have been recogn ized . 

Sulfides. I ron su l f ides are t h e d o m i n a n t su l f ide in 
t h e depos i t and o c c u r u b i q u i t o u s l y . U n d o u b t e d l y 
more t h a n one gene ra t i on o f py r i te and marcas i te oc­
curs w i t h i n t h e minera l ized zone . S o m e of the pyr i te 
in the sed imen ta ry sec t ion is s y n g e n e t i c . H o w e v e r , 
t h e marcas i te and ve in py r i te is re lated t o t h e 
minera l iz ing p rocess . Pyr i te -marcas i te f o r m s 1-5 
pe rcen t o f t h e rock v o l u m e b u t local ly ranges over 
1 5 pe rcen t . The pyr i te o c c u r s as crys ta l l ine 
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 r ims and cen te rs o f 
pebble and brecc ia f r a g m e n t s , and r e p l a c e m e n t o f 
ca rbon f r a g m e n t s . Pyr i te is also p resen t in th in 
quar tz ve ins in t h e rhyo l i te s t o c k w o r k . The pyr i te 
f o r m is c o m m o n l y g ranu lar t o mass ive bu t c rys ta l 
f o r m s such as cubes and o c t a h e d r o n s are also pres-

FIGURE 9. Soil geochemical map of the Cinola deposit (grid in 
meters). 
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FIGURE 1 0 . Lithologic logs and gold assay histograms of diamond drill holes 4 0 and 5 5 . 

en t . M a r c a s i t e , w h i c h is m i x e d in w i t h the pyr i te and 
is hard t o d i s t i n g u i s h , genera l ly occu rs as radiat ing 
b lades. 

Other su l f ides t h a t have been repor ted b u t occu r in 
on ly t race a m o u n t s are sphaler i te , cha l copy r i t e and 
p y r r h o t i t e (Gaspar r in i , 1 9 7 9 ) . 

Other Minerals. Na t i ve copper , c innabar and 
rut i le also o c c u r in m i n u t e a m o u n t s in the depos i t . 
M e r c u r y c o n c e n t r a t i o n s as h igh as 1 9 , 2 0 0 ppb have 
been n o t e d . O the r a n o m a l o u s e lement c o n c e n t r a ­
t i o n s inc lude arsenic and a n t i m o n y . W h i t e calc i te 
ve ins less t h a n 1 0 c m w i d e are present , bu t rare, 
w i t h i n t h e s i l ic i f ied s e c t i o n . The ca lc i te is apparen t l y 
la te in t h e minera l i za t ion sequence . H e m a t i t e is 
f o u n d in t h e quar t z -py r i t e ve ins in the rhyol i te 
s t o c k w o r k and also d i ssemina ted in the g r o u n d m a s s 
of th is par t icu lar un i t . 

OREBODY SHAPE 

In plan v i e w , the main minera l ized zone cove rs an 
oval area o f 7 0 0 by 2 0 0 mete rs (Fig. 4 ) . The c o n ­
tou r m a p of go ld minera l i za t ion s h o w n in Figure 4 
does n o t take in to a c c o u n t t h e d e p t h of the hole. 
Because holes to t h e east are cons iderab ly deeper 
t h a n t h o s e t o the w e s t , our c o n t o u r m a p has s l ight ly 

sh i f ted the minera l ized zone to the east . Gold is pres­
en t f r o m t h e su r face to d e p t h s o f 3 0 0 mete rs . The 
fau l t zone f o r m s a l ower b o u n d a r y to the main zone 
of go ld minera l i za t ion . The go ld minera l iza t ion has a 
c lose assoc ia t ion w i t h the degree o f s i l i c i f i ca t ion and 
p r o x i m i t y t o the rhyo l i te un i t s (Figs. 5 and 6 ) . W h e r e 
the rock is m o d e r a t e l y s i l i c i f ied , regardless o f 
l i t ho logy , go ld va lues genera l ly exceed 0 . 0 2 5 
o z / t o n . The argi l l ical ly a l tered rocks genera l ly have 
ve ry l o w go ld va lues . Ind iv idua l quar tz ve ins car ry 
go ld va lues in excess o f 0 . 1 0 0 o z / t o n . The go ld 
minera l iza t ion is genera l ly t h i cke r and of h igher 
grade above areas w h e r e t h e rhyo l i te un i ts are 
greater t h a n 2 0 m t h i c k (Fig. 7 ) . 

G O L D DISTRIBUTION 

In genera l there are t w o t y p e s of m inera l i za t ion . A 
l o w grade, d i ssemina ted t y p e is cha rac te r i zed , by 
s u b - m i c r o s c o p i c go ld and grades o f 0 . 0 2 0 - 0 . 1 0 0 
o z / t o n . The h igh grade t y p e occu rs in si l ica ve ins , 
has v is ib le go ld and has grades in excess o f 0 . 1 0 0 
oz per t o n . In Figure 1 0 , t h e c lose assoc ia t ion be­
t w e e n quar tz ve in ing and h igh grade gold va lues is 
appa ren t in hole 4 0 . A lso i l lus t ra ted is t h e s t r o n g 
go ld minera l iza t ion above the rhyo l i te in the in tense-
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ly s i l ic i f ied quar tz f l ood and p u m i c e brecc ia un i ts in 
hole 5 5 . 

Table 1 presents the resu l ts o f fou r dup l i ca te 
assays o f core f r o m hole 1 6 . The h igher grade inter­
vals are more errat ic because of t he presence of 
coarse , v is ib le g o l d . The l o w grade assay in terva ls 
ind ica te tha t t he go ld is very even ly d i s t r i bu ted 
t h r o u g h o u t the rock . Separa te assays o f b o t h the 
c lasts and the m a t r i x in the minera l ized c o n ­
g lomera te g ive near ident ica l resu l ts , i nd ica t ing t h a t 
the minera l -bear ing f lu ids w e r e qu i te pene t ra t i ve . 

GENESIS 

The go ld minera l i za t ion is d i rec t l y re lated t o the 
degree of s i l i c i f i ca t ion . The s i l i c i f i ca t ion appears t o 
be con t ro l l ed by p r o x i m i t y t o the rhyo l i t e . A s s u g ­
ges ted by C h a m p i g n y and Sinclair (1 9 7 9 ) , t h e i n t ru ­
s ion o f the p o r p h y r y in a near su r face e n v i r o n m e n t 
c rea ted a h y d r o t h e r m a l s y s t e m in w h i c h f lu ids r ich in 
go ld m ig ra ted t h r o u g h t h e c las t ic s e q u e n c e . Coo l ing 
of these h y d r o t h e r m a l f lu ids resu l ted in supersa tu ra -
t i on and p rec ip i ta t ion o f quar tz and go ld w i t h t races 
of s i lver, m e r c u r y , arsenic and a n t i m o n y . In s u m ­
m a r y , the Cinola d e p o s i t o c c u r s in a quar tz 
s t o c k w o r k zone a b o v e a rhyo l i te i n t r u s i o n . 

S u b s e q u e n t t o t h e in t rus ion o f t he rhyo l i t e , 
f au l t i ng d isp laced t h e o r e b o d y . O u t c r o p s of rhyo l i te 
w i t h m ino r a m o u n t s o f go ld t o the n o r t h w e s t s u g ­
gest t h a t th is area m a y have been t h e roo t zone o f 
the rhyo l i te p o r p h y r y o f t h e h a n g i n g w a l l . 

R ichards, Chr is t ie and W o l f h a r d ( 1 9 7 6 ) s u g g e s t e d 
tha t the Cinola depos i t be c lass i f ied as a Carl in t y p e 
based on meta l l ic minera l a s s e m b l a g e , a l te ra t ion 
minera logy , pe rmeab i l i t y c o n t r o l o f m inera l i za t ion , 
occur rence o f go ld and p r o x i m i t y t o a major s t ruc ­
tu re . D i f fe rences b e t w e e n t h e Cino la depos i t and t h e 

TABLE 1. Comparative assays of 
diamond drill hole 16 

from four duplicate analyses 

Depth, m BW S1 S2 UN 

1 4 - 1 6 0 . 0 6 5 0 . 0 6 5 0 . 0 7 0 0 . 0 7 6 
1 6 - 1 8 0 . 0 3 5 0 . 0 2 5 0 . 0 3 0 0 . 0 3 0 
1 8 - 2 0 0 . 0 8 8 0 . 1 1 0 0 . 1 1 0 0 . 0 5 6 
2 0 - 2 2 0 . 0 3 0 0 . 0 2 0 0 . 0 2 0 0 . 0 2 8 

2 2 - 2 4 0 . 0 2 5 0 . 0 2 0 0 . 0 2 0 0 . 0 1 8 
2 4 - 2 6 0 . 0 2 5 0 . 0 2 5 0 . 0 2 0 0 . 0 3 6 
2 6 - 2 8 0 . 3 6 0 0 . 3 2 0 0 . 3 1 0 0 . 3 0 0 
2 8 - 3 0 0 . 2 4 0 0 . 1 5 0 0 . 1 2 0 0 . 0 7 0 

Values in oz. Au/ tn. 

Carlin t y p e are reg ional geo log ic s e t t i n g , l i t ho logy o f 
the hos t r o c k s , t h e e x t e n s i v e na tu re o f t h e a l te ra t ion 
and the c lose assoc ia t i on o f t h e rhyo l i te i n t r u s i o n . 
Better ana logues m a y be t h e Pueblo V ie jo d e p o s i t in 
the Domin ican Republ ic (Arga l l , 1 9 7 5 ) , depos i t s in 
the Hauraki go ld f i e lds , N e w Zea land (Wi l l i ams , 
1 9 6 5 ) , or the Porgera d e p o s i t in Papua N e w Guinea 
(Co t ton , 1 9 7 5 ) . These depos i t s m a y represent a 
new class o f l a rge - tonnage , l o w - g r a d e go ld depos i t s 
in w h i c h go ld is assoc ia ted w i t h quar tz s t o c k w o r k s 

above near sur face fe ls ic in t rus ives e m p l a c e d in a 
c o m p l e x t e c t o n i c s e t t i n g . 

SUMMARY 

The Cinola depos i t o c c u r s in a s i l ic i f ied brecc ia 
zone immed ia te l y above a s u b v o l c a n i c rhyo l i te in ­
t rus ive c o m p l e x . Arg i l l ic a l te ra t ion f o r m s an ou te r 
c o n c e n t r i c zone a round t h e s i l ic i f ied co re . There are 
no apparen t s t ra t ig raph ic in f luences on minera l iza­
t i o n b u t the go ld is d i ssemina ted in an unusua l su i te 
o f coarse vo lcan ic las t i c s e d i m e n t s . There are t w o 
t y p e s of go ld m inera l i za t ion . One is l o w grade , sub-
m i c r o s c o p i c and d i ssemina ted and t h e o ther t y p e is 
s t ruc tu ra l l y con t ro l l ed and cons i s t s o f v is ib le , h igh 
grade go ld minera l iza t ion in quar tz ve ins . M u c h o f 
th is h igh grade minera l iza t ion has n o t been fu l l y 
e v a l u a t e d . Cur ren t reserves fo r t h e Cinola depos i t 
are 4 5 mi l l ion t o n s of 0 . 0 5 4 oz of go ld per t o n . 
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