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A. INTRODUCTION 

1. Access. 

Zeballos i s on the west coast of Vancouver I s l a n d about 175 m i l e s 

west of Vancouver. I t i s served by d i r e c t t r i - w e e k l y a i r connections and 

by t r i - m o n t h l y steamship s e r v i c e from Vancouver v i a V i c t o r i a and P o r t 

A l b e r n i . S i x m i l e s of road connects Mount Zeballos Mine w i t h Z e b a l l o s 

township a t t i d e w a t e r . 

2. Topography. 

The p r o d u c t i v e p o r t i o n of the Zeballos area i s extremely rugged, 

having a r e l i e f of about 4,000 f e e t , but i s nevertheless well-wooded. I t 

i s drained by the Zeballos R i v e r and i t s t r i b u t a r i e s t o the south-east, 

namely, Nomash, Bibb, G o l d v a l l e y and Spud Creeks. The l a t t e r , on which the 

three l a r g e s t producers (1941) are s i t u a t e d , i s a t y p i c a l l y U-shaped, 

g l a c i a t e d v a l l e y w i t h p r e c i p i t o u s slopes but having the r i d g e summits w e l l -

rounded. 

B. GENERAL GEOLOGY OF ZEBALLOS (see F i g . 1) 

Gunning (1) describes the rocks as v o l c a n i c s and sediments of 

the Vancouver group of T r i a s s i c age i n t r u d e d by the Coast Range b a t h o l i t h 

of J u r a s s i c age. Three d i v i s i o n s of the Vancouver group are represented i n 

the Z e b a l l o s area. 

1# Karmutsen v o l c a n i c c o n s i s t i n g of flows and b r e c c i a s w i t h minor 
in t e r b e d s of limestone. 

2. d u a t s i n o limestone w i t h interbedded v o l c a n i c s 

3. Bonanza formation c o n s i s t i n g of f l o w s , t u f f , b r e c c i a , a r g i l l i t e 
and limestone. 

(1) Gunning, H.C., C.G.S. Summary Report A2, 1932. 
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Sketch-map &ho\*ting the yeolojy afZabaftoa Area. 
(.YloJifl'ect from HC.Gunnfog t J.S- SMrcnson) 

These formations, of which the Bonanza i s the youngest, are 

conformable w i t h each other and s t r i k e northwest, d i p p i n g a t moderate 

angles of not over 50° southwest. They have been i n t r u d e d by the Ze b a l l o s 

b a t h o l i t h of quartz d i o r i t e composition which trends p a r a l l e l t o the s t r i k e 

of the formations and v a r i e s from l e s s than one m i l e , where the Zeballos 

R i v e r crosses i t , t o over two m i l e s i n width i n the productive area t o the 

southeast. 

C. GENERAL MINE GEOLOGY (see l a r g e - s c a l e map) 

Mount Z e b a l l o s mine l i e s w h o l l y i n the Bonanza formation w i t h i n a 

quarter m i l e of the b a t h o l i t h i c c o n t a c t . Here the Bonanza formation c o n s i s t s 
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of white t o green t o greyish-brown, a l t e r e d and u n a l t e r e d flows v a r y i n g i n 

t e x t u r e from a p h a n i t i c t o p o r p h y r i t i c . S p e c i f i c a l l y the w a l l - r o c k i n the 

Mount Zeballos mine c o n s i s t s of three main l i t h o l o g i c types i n order of 

abundance as f o l l o w s : 

1. Denee, un a l t e r e d greenstone flows of a n d e s i t i c composition 

s t r i k i n g about N 40° W and dipping 45° S.W. 

2. P o r p h y r i t i c flows conformable w i t h the above but of g r a d a t i o n a l 

t e x t u r e . These vary i n c o l o u r from mottled green t o greyish-brown. 

Stevenson^) described t h i s phase as c o n s i s t i n g of a l b i t e pheno-

c r y s t s set i n an a l b i t e - q u a r t z groundmass and i n f e r s t h a t i t i s the 

product of replacement of an o r i g i n a l a n d e s i t i c greenstone. 

3. W i i t e s i l i c i o u s rock. This sometimes occurs i n s i l l - l i k e bodies 

w i t h i n d e f i n i t e contacts between the f l o w s . However the l a r g e s t 

mass o c c u r r i n g i n the mine i s i r r e g u l a r l y e l l i p t i c a l i n the plane 

of the v e i n , being 500 f e e t long and 200 f e e t deep.in the v i c i n i t y 

of the 1800 l e v e l . The contacts of t h i s mass are g r a d a t i o n a l i n t o 

the porphyry or greenstone and i t e x h i b i t s ghost bedding i n p l a c e s . 

M i c r o s c o p i c study l e d Stevenson t o suggest t h a t t h i s rock i s t r u l y 

metamorphic and t h a t r e c r y s t a l l i z a t i o n under the i n f l u e n c e of sodic 

s o l u t i o n s introduced a t the time of the Z e b a l l o s b a t h o l i t h i c 

i n t r u s i o n produced the present q u a r t z - a l b i t e composition. 

D. STHJCTPHB 

The Mount Zeballo s v e i n i s a narrow but p e r s i s t e n t f i s s u r e — 

f i l l i n g t y p i c a l of the mesothermal gold-quartz type of d e p o s i t , s t r i k i n g 

S50° W and d i p p i n g n e a r l y v e r t i c a l . The f i s s u r e has a proved v e r t i c a l 

range of over 1000 f e e t , a h o r i z o n t a l range of over 1200 f e e t and a width 

averaging two or three inches i n the commercial p o r t i o n s of the v e i n . 

(2) J.S. Stevenson, Geology and Ore Deposits of the Z e b a l l o s Area, 
B.C. Trans. C.I.M.M. 1939. 
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Spur f i s s u r e s i n places break away from the main f i s s u r e but do 

not continue f o r any a p p r e c i a b l e d i s t a n c e . Minor post-mineral f a u l t s occur 

having a maximum o f f s e t of three f e e t , although s i x inches i s t y p i c a l . 

Although the average v e i n m a t e r i a l i s o n l y two or three inches 

wide, a p a l e grey a l t e r a t i o n m a t e r i a l extends three or f o u r inches i n t o 
L3) 

each w a l l . A.R. Allen^determined t h i s to c o n s i s t l e a r g e l y of c a l c i t e , 

c h l o r i t e and s e r i c i t e w i t h minor amounts of p l a g i o c l a s e , quartz and t i t a n i t e . 

E. NATURE OF THE ORE SHOOTS. 

The o u t l i n e of the known ore shoots i s shown on the accompanying 

ore shoot p r o f i l e . I t w i l l be seen from t h i s t h a t the ore shoots are very 

e r r a t i c i n nature. There has been no s i n g l e d e p o s i t i o n a l c o n t r o l but r a t h e r 

i n d i c a t i o n s t h a t the f o l l o w i n g have c o n t r i b u t e d towards ore d e p o s i t i o n . 

1. The i n c r e a s e i n competency of the w a l l - r o c k r e s u l t i n g i n : 

(a) Greater r e l a t i v e movement between w a l l s along the f i s s u r e . 

(b) Greater width of the f i s s u r e 

(c) Greater tendency f o r the occurrence of s p l i t f i s s u r e s . 

This i s a p u r e l y p h y s i c a l or s t r u c t u r a l c o n t r o l which i s born out i n 

the v i c i n i t y of the w h i t e , s i l i c i c w a l l rock (type (c) above which i s 

l o c a l l y c a l l e d a p l i t e ) where the r i c h e s t shoots are found. 

2. M i n e r a l o g i c a l change — i n c r e a s e i n the amount of sulphides favours 

i n c r e a s e i n v a l u e s . This l a t t e r f a c t o r a p p l i e s l o c a l l y but i s a l s o 

c o n d i t i o n e d by depth f o r i t i s noted t h a t on the 1250 or bottom l e v e l , 

although the v e i n i s strong t h e r e are no commercial shoots of ore. 

This poverty i n values i s a s s o c i a t e d w i t h a l a c k of sulphide minerals 

i n the q u a r t z - f i s s u r e - f i l l i n g on t h i s l e v e l . 

This paper i s concerned w i t h the d e t a i l e d m i n e r a l o g i c a l study of 
the Mount Zeballos ores i n an e f f o r t t o e x p l a i n the apparent bottoming of 
the commercial ore shoots. Both megascopic and microscopic s t u d i e s are 
described on the f o l l o w i n g pages. 
(3) Alien, A* T7?e*>te &£j6snittec/ /or A/. *5"<r . or> " Wa//n?<=Ar 

siHena-tran f/ie Z<?b&//a& Ores* 
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E. MACROSCOPIC EXAMINATION 

1. F i e l d Study. 

From A p r i l t o September 1941 the w r i t e r had an opportunity 

during h i s d u t i e s as engineer t o observe the mineralogy of the ore i n the 

mine and t o disouss w i t h other employees t h e i r experience i n m i n e r a l 

a s s o c i a t i o n s w i t h i n the commercial ore shoots. The f o l l o w i n g general 

observations were made: 

(a) I n the upper l e v e l s of the mine the v e i n m a t e r i a l had a l a r g e 

content of coarse sulphides w i t h only moderate ore v a l u e s . I n the 

middle p a r t of the mine, as c h a r a c t e r i z e d by the 1603 stope, the 

phenomenally r i c h ore had a smal l e r content of very f i n e - g r a i n e d 

s u l p h i d e s . I n the lower l e v e l s the sulphides were much sc a r c e r 

w i t h a r e s u l t a n t decrease i n gold values t o a non-commercial grade. 

(b) I n the upper l e v e l s the quartz i s w e l l - c r y s t a l l i z e d and o f t e n 

d i s p l a y s well-developed comb s t r u c t u r e . Small vugs are common 

w h i l e i n many places l a t e c a l c i t e has f i l l e d the vugs. This i s 

w e l l i l l u s t r a t e d by specimen 3 from 2150/9 stope. I n the lower 

l e v e l s the quartz becomes massive and c a l c i t e much l e s s p l e n t i f u l . 

2. Laboratory Study. 

The above f i e l d observations are confirmed by a subsequent 

c a r e f u l study w i t h hand lens and b i n o c u l a r s , of ores from various p e r t s of 

the mine.(see l a r g e - s c a l e map). U n f o r t u n a t e l y specimens of v e i n m a t e r i a l 

from the barren 1250 l e v e l are not a v a i l a b l e . The f o l l o w i n g a d d i t i o n a l 

observations have been made. 

(a) There i s no app r e c i a b l e change i n the m e t a l l i c minerals from the 

1600 (lower) l e v e l t o the 2250 (top) l e v e l , the order of abundance of the 

m e t a l l i c minerals being: 



(1) A r s e n o p y r i t e 
(2) P y r i t e 
(3) S p h a l e r i t e 
(4) Galena 
(5) C h a l c o p y r i t e 
(6) Gold 

I n the 2150 and 2250 l e v e l s (most r e c e n t l y developed) the order 

of abundance of the p y r i t e and the a r s e n o p y r i t e i s reversed. I n a d d i t i o n , 

specimen No. 34 from w i t h i n 100 f e e t of the surface i n 2005 stope shows 

c o v e l l i t e i n comb quartz i n c l o s e a s s o c i a t i o n w i t h s p h a l e r i t e . I t i s most 

l i k e l y secondary as i t i s i n a zone where there has been much o x i d a t i o n of 

v e i n m a t e r i a l . 

(b) Specimen No. 32 from 2150/9 stope shows heavy sul p h i d e m i n e r a l i z a -

t i o n i n which s p h a l e r i t e veins the p y r i t e . 

(c) Specimen No. 12 from 1705 stope shows three generations of q u a r t z . 

(1) Dense watery quartz c o n t a i n i n g a r s e n o p y r i t e and p y r i t e 
m i n e r a l i z a t i on• 

(2) Type (1) i s cut by c o a r s e l y - c r y s t a l l i n e quartz, which i n t h i s 
specimen i s of a r u s t y c o l o u r . 

(3) Types (1) and (2) are both cut by t i n y v e i n l e t s of a l a t e r 
quartz• 

Types (1) and (2) are common i n a l l specimens. I n a d d i t i o n , 

specimens 8, 9 and 10 from 2005 stope and 32 from 2150/9 stope d i s p l a y g o l d 

o c c u r r i n g i n type (2) and at the margin between types (1) end ( 2 ) . S e v e r a l 

specks of g o l d w i t h a copper-coloured s t a i n were found i n specimen No.8. 

G. MICROSCOPIC EXAMINATION. 

Hand p o l i s h e d s e c t i o n s were prepared from the f o l l o w i n g specimens 

(see l a r g e - s c a l e map f o r l o c a t i o n s ) : 

No. L o c a t i o n No. L o c a t i on 

5 
7 

12 
17 

2150/9 Stope 
2005 H 

1705 ?/ « 
1908 " 

29 
32 
38 
40 

1906 Stope 
2150/9 ,f 

1604 W " 
1603 tt 
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In a d d i t i o n , 10 super-polished s e c t i o n s were prepared from 

specimen 17 which contained a l a r g e amount of f r e e g o l d . The f o l l o w i n g 

r e l e v a n t i n f o r m a t i o n was obtained: 

1. Sections 40A and 40B show fragments of s i l i c i c w a l l r o c k rimmed by 

a r s e n o p y r i t e . I n s e c t i o n 12, however, the b r e c c i a t e d c a l c i o 

w a l l r o c k i s not rimmed by a r s e n o p y r i t e . This i l l u s t r a t e s the 

chemical e f f e c t of w a l l r o c k composition on M n e r a l d e p o s i t i o n . 

2. S e c t i o n i l l u s t r a t e s a l s o the lateness of the c r y s t a l l i n e quartz 

which i n t h i s s e c t i o n has a r u s t y c o l o u r . 

3. Sections 5 and 29 show more a l t e r e d w a l l r o c k being cut by 

v e i n l e t s of quartz c o n t a i n i n g p y r i t e and a r s e n o p y r i t e w i t h some 

s p h a l e r i t e and c h a l c o p y r i t e . Close examination of s e c t i o n 5 

d i s c l o s e d two generations of quartz, the minor generation being 

e a r l i e r , of a m i l k y white c o l o u r , and apparently barren of 

sulphides o r i g i n a l l y . 

4.,In s e c t i o n 32 s p h a l e r i t e w i t h eXsolved c h a l c o p y r i t e cuts p y r i t e . 

The whole seems t o have undergone f r a c t u r i n g . 

5. Sections 12, 38, 40A and 40B are t y p i c a l of the average high grade 

mine ore, the main sulphide being f i n e - g r a i n e d a r s e n o p y r i t e upon 

which the gold d e p o s i t s . Where p y r i t e occurs i t i s r e l a t i v e l y 

c o a r s e l y c r y s t a l l i n e and i s rimmed by f i n e c r y s t a l s of a r s e n o p y r i t 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 are minor c o n s t i t u e n t s . 

6. S e c t i o n 7 shows coarse p y r i t e , s p h a l e r i t e , galena and c h a l c o p y r i t e 

c r y s t a l l i z e d i n a c l u s t e r e x h i b i t i n g no c r o s s c u t t i n g or replacement 

f e a t u r e s . This would i n d i c a t e t h a t there was l i t t l e time-spread 

during the d e p o s i t i o n of these m i n e r a l s . 
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7. Sections 17, 17A, 17B, 17C, 17D and 17E a l l cut from specimen 17, 

i l l u s t r a t e the a s s o c i a t i o n s of g o l d w i t h a r s e n o p y r i t e and galena. 

(a) The occurrence of blebs of gold i n galena i s represented 

i n F i g . 5 from s e c t i o n 17. 

(b) I n F i g . 4 from s e c t i o n 17E gold i s seen surrounding arseno­

p y r i t e and p a r t i a l l y r e p l a c i n g i t . I n both F i g s . 4 and 5 

gold and galena are shown d e p o s i t i n g around the c r y s t a l l i n e 

quartz. 

(c) Gold a c t u a l l y veins a r s e n o p y r i t e i n F i g . 7 from s e c t i o n 17C 

(d) l n F i g . C from s e c t i o n 17D, gold i s seen pseudomorphic a f t e r 

a r s e n o p y r i t e . Other pseudomorphs are seen i n s e c t i o n s 17B, 

17C, 17E, and 17F, t h a t from 17B being i l l u s t r a t e d i n 

p l a t e 2. 

(e) P l a t e 1 from s e c t i o n 17A s u b s t a n t i a t e s the argument f o r 

contemporaneous d e p o s i t i o n of gold and galena f o r the i l l u s ­

t r a t i o n shows smooth-margined apophyses of gold i n galena and 

galena i n g o l d . However, gold appears t o have continued t o 

deposit a f t e r the galena, f o r gold i s seen o c c a s i o n a l l y 

f i l l i n g narrow spaces between galena and a r s e n o p y r i t e 

c r y s t a l s . 

8. I n s e c t i o n s 7, 12 and 32 s t r i n g e r s of c a l c i t e v e i n a l l the other 

minerals i n c l u d i n g quartz. 

H. MINERALOGICAL CONCLUSIONS 

1. From the above examinations the paragenesis of the v e i n minerals 

may be deduced as below* 

Quartz 
P y r i t e 
A r s e n o p y r i t e — 
S p h a l e r i t e 
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S p h a l e r i t e 
C h a l c o p y r i t e 
Galena 
Gold 
C a l c i t e . — 

2. There are probably f o u r generations of quartz• 

(a) M i l k y - w h i t e , barren v a r i e t y 
(b) Darker, watery-coloured quartz c a r r y i n g the p y r i t e 

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

(c) C r y s t a l l i n e quartz which introduced g o l d and galena. 
(d) The f o u r t h generation occurs only as t i n y v e i n l e t s , 

barren of m i n e r a l i z a t i o n . 

3. The g o l d has an a f f i n i t y f o r the f i n e l y - c r y s t a l l i z e d a r s e n o p y r i t e , 

tending t o deposit on i t s margins and t o replace i t . 

4. Gold and galena are contemporaneous, although not always found i n 

c l o s e a s s o c i a t i o n . 

5. The more s i l i c i c w a l l r o c k favours d e p o s i t i o n of the a r s e n o p y r i t e 

which i s a s s o c i a t e d w i t h the r i c h e r gold v a l t i e s . 

I . GENERAL OBSERVATIONS 

Since w r i t i n g the fo r e g o i n g , the author had occasion t o r e f e r t o 

the r e s u l t s of Stevenson 1s microscopic examination of the Zeballos ores (8), 

and was s u r p r i s e d t o f i n d t h a t i n general the m i n e r a l o g i c a l conclusions on 

the Mount Ze b a l l o s ores c o i n c i d e d w i t h Stevenson's f i n d i n g s on Zeb a l l o s 

d i s t r i c t ores w i t h the f o l l o w i n g minor exceptions? 

lm Stevenson places a r s e n o p y r i t e e a r l i e r than p y r i t e . 

2. Stevenson s t a t e s "the amount of g o l d i s d i r e c t l y p r o p o r t i o n a l t o 

the amount of su l p h i d e p r e s e n t . w 

Stevenson*s conclusions concerning " R e l a t i o n s h i p Between M i n e r a l i ­

z a t i o n and F a u l t i n g * are a l s o s u b s t a n t i a t e d by the foregoing m i n e r a l o g i c a l 

conclusions and nothing f u r t h e r can be added to h i s e x c e l l e n t treatment. 
Below i s a table showing generalized r e l a t i o n s h i p of 

gold values to mineralogy and wallrock composition i n the 
Mount Zeballos Mine: 



LOCATION VEIN QUARTZ 

Lower l e v e l s 
(below 1600) 

Intermediate l e v e l s 
(1600 - 2000) 

Upper l e v e l s 
(2000 - 2350) 

Compact 

C r y s t a l l i n e 

C r y s t a l l i n e 
and open. 

SULPHIDES WALLROCK GOLD VALUES 

Scarce S o f t andesite Sub-commercial 

Ar s e n o p y r i t e o nly 
i s abundant 

Very hard 
" f e l s i t e " 

Very r i c h 

Mixed sulphides 
abundant 

Moderately hard Moderately r i c h 
porphyry 
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J. ECONOMIC APPLICATION 

The g e n e r a l i z e d r e l a t i o n s h i p of gold values t o mineralogy and 

w a l l r o c k composition i n the Mount Zeballo s mine i s i n c o n c l u s i v e . The ore 

occurrence as a whole i s so e r r a t i c t h a t such a g e n e r a l i z a t i o n does not 

present a t r u e p i c t u r e . Further study of s t r u c t u r a l and p e t r o l o g i c a l 

f e a t u r e s of the deposit and f u r t h e r c o r r e l a t i o n w i t h other deposits of the 

Zeballos area would a i d towards p r e d i c t i n g d e f i n i t e l y the d e p o s i t i o n a l 

c o n t r o l s and the p o s s i b i l i t y of f i n d i n g ore deposits w i t h depth. However, 

the f o r e g o i n g m i n e r a l o g i c a l study i n d i c a t e s t h a t the Mount Zeballos ore 

shoots are bottomed? 

1. The w a l l r o c k composition apparently has a c o n t r o l on ere d e p o s i t i o n . 

I t has been shown i n the p o l i s h e d s e c t i o n s t h a t there i s a 

chemical c o n t r o l — a r s e n o p y r i t e deposits more r e a d i l y on s i l i c e o us 

w a l l r o c k than on the s o f t e r calcareous a l t e r a t i o n from the dark 

an d e s i t e . There may a l s o be a p h y s i c a l c o n t r o l due t o the 

competency of the s i l i c e o u s w a l l r o c k ( " a p l i t e " and porphyry). 

There seems t o be a decrease w i t h depth of s i l i c e o u s " A p l i t e " and 

porphyry so the chance of f i n d i n g ore shoots w i t h depth grows l e s s . 

2. The m i n e r a l o g i c a l occurrence of the v e i n f i l l i n g alone tends t o 

s u b s t a n t i a t e a suggestion by Gunning (4) t h a t the v e i n f i s s u r e s of 

the Zeballos area were f i l l e d a t a p e r i o d when the topography was 

l i t t l e d i f f e r e n t t o what i t i s a t present, so t h a t ore d e p o s i t i o n 

took p l a c e under near-surface c o n d i t i o n s . 

I n the l i g h t of the above i n d i c a t i o n s , v e r t i c a l e x p l o r a t i o n a t 

depth would not be warranted. 

(4) Gunning, H.C., Unpublished notes on " P r i v a t e e r Mine end the Zeballos 
Mining D i s t r i c t . " 1940. 




