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I . 

A b s t r a c t : 
A l a b o r a t o r y examination of selected ore samples 

i n p o l i s h e d s e c t i o n s , by means of the r e f l e c t i n g micro
scope • 
i n t r o d u c t i o n : 

This report i s r e s p e c t f u l l y submitted i n p a r t i a l 
f u l f i l l m e n t of the Geology 1409) course at the U n i v e r s i t y 
Of B.C. 

The purpose of t h i s report i s t o e s t a b l i s h as 
f a r as i s p o s s i b l e the mineralogy and paragenesis of the 
ore minerals, w i t h pdftieular reference as t o the nature 
and occurence of the g o l d . A l l s e c t i o n s s t u d i e d were 
prepared from a sample taken along the #3 v e i n of the 
P r i v a t e e r mine. 
Acknowledgement: 

I wish t o acknowledge the t e c h n i c a l a s s i s t a n c e 
and f r i e n d l y advice o f f e r e d by the f o l l o w i n g members of 
the s t a f f ; Dr. K.M. Thompson, Dr. H.G. Gunning, Dr. H.V. 
W 
Warren, Mr. J . t'yles and Mr. J . Donnan. 
General Information 
L o c a t i o n : 

The P r i v a t e e r mine i s s i t u a t e d on the west coast 
of Vancouver I s l a n d B.C. at the head of Zeballos arm. The 
mining claims are i n the Clayoqaot Mining D i v i s i o n . 



2. 
The mine may he reached i n one and a h a l f hours 

by a i r p l a n e from Vancouver B.G. An a l t e r n a t i v e route i s by 
sj.P.R. steamship from v i c t o r i a to ueepeecee and thence by 
motor launch t o the head of Zeballos arm, t h i s Journey 
t a k i n g about two days, 

General u-eology: 
B r i e f l y the geology of the area i s as f o l l o w s ; 

The P r i v a t e e r v e i n s l i e outside the southwest contact of 
the quartz d i o r i t e mass forming the Zeballos b a t h o l i t h ; 
they are i n a band of hard, b r i t t l e h o r n f e l s intruded by 
dykes and i r r e g u l a r bodies of the d i o r i t e . This band of 
h o r n f e l s i c rock f o l l o w s a sinuous northerly course, bordered 
on the east by the i n t r u s i v e contact, and on the west 
passing g r a d a t i o n a l l y i n t o l e s s a l t e r e d v o l c a n i c rocks o f 
the Vancouver group. The bedded rocks are e s s e n t i a l l y 
v e r t i c a l with the veins c u t t i n g through the s i l i c a t e d rocka 
almost at r i g h t angles to the bedding. The v e i n s are the 
r e s u l t of f i s s u r e f i l l i n g by ascending hydrothermal waters 
c o n t a i n i n g c h a r a c t e r i s t i c h i g h temperature sulphides i n 
s o l u t i o n . 

wiegascopic Examination: 
The f o l l o w i n g minerals were i d e n t i f i e d i n the ore 

by means of the b i n o c u l a r microscope; ^ 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 , c h a l c o p y r i t e , p y r r h o t i t e , a n d galena, The gangue 
consi s t e d of mainly quartz and c a l c i t e with l o c a l l y r a t h e r 
abundant s e r i c i t e In small shears w i t h i n the ore. 
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uoarse banding i n the ore i s a rather prominent 
reature w i t h the bands arranged i n the f o l l o w i n g order; 
Quartz, a r s e n o p y r l t e , s p h a l e r i t e , a r s e n o p y r i t e , quartz, 
s p h a l e r i t e , o h a l c o p y r i t e and p y r r h o t i t e . The banding may 
be caused by e i t h e r successive d e p o s i t i o n , r i b b o n i n g , or 
by a d e l i c a t e l y changing phase of the m i n e r a l i z i n g s o l u t i o n 
subsequent i n v e s t i g a t i o n has l e d me t o b e l i e v e t h a t a 
combination of f r a c t u r i n g during d e p o s i t i o n and a change 
i n phase or the s o l u t i o n s has been the cause of the 
banding, wo gold was noted during the megascopic study. 
M i c r o s c o p i c Examination: 

In a d d i t i o n to the minerals l i s t e d under megascopic 
examination the f o l l o w i n g were observed; Native gold and 
a r a t h e r strange occurence of magnetite and hematite. A 
d e t a i l e d d e s c r i p t i o n of the i n d i v i d u a l minerals i s as 
f o l l o w s , In order of t h e i r r e l a t i v e abundance i n p o l i s h e d 
s e c t i o n . 
Ohalcopyrite: 

Recognized by i t s brass yellow c o l o r , 0 

hardness and b r i t t l e nature, weakly a n i s o t r o p i c and by the 
p o s i t i v e etch w i t h H N 0 3 and aqua r e g i a . The o h a l c o p y r i t e 
appears i n the massive v a r i e t y e x h i b i t i n g mutual boundaries 
with the s p h a l e r i t e , a l s o disseminated i n blebs along the 
g r a i n boundaries of the s p h a l e r i t e . Ohalcopyrite i s 
i n t i m a t e l y a s sociated w i t h the g o l d , an x-ray of a mineral 
at f i r s t b e l i e v e d to be m i l l e r i t e proved only the presence 
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of gold and o h a l c o p y r i t e and may have been a very Intimate 
mixture of the two m i n e r a l s . 
S p h a l e r i t e : 

Color b l u i s h grey, s o f t w i t h a p e c u l i a r manner 
of forming a depression when scratched with a needle. The 
resinous i n t e r n a l r e f l e c t i o n i s q u i t e d i s t i n c t i v e of t h i s 
m i n e r a l . S p h a l e r i t e i s abundant and massive i n the s e c t i o n 
and i t s cleavage planes act as a host f o r other sulphides 
namely o h a l c o p y r i t e , p y r r h o t i t e and a great d e a l of g o l d . 
P y r r h o t i t e : 

Color creamy w i t h a t i n g e of pink, hardness D-
b r i t t l e , t h i s m ineral was p o s i t i v e l y i d e n t i f i e d by i t s 
a n i s o t r o p i c c o l o r s , the p o l a r i z a t i o n c o l o r s range from 
b l u i s h grey t o brown and are r a t h e r i r r e g u l a r . When 
scratched with a needle p a r t i c l e s of the mineral w i l l 

adhere t o the needle due to i t s magnetic p r o p e r t i e s . This 
mineral occurs i n the massive v a r i e t y and as s c a t t e r e d 
g r a i n s r e p l a c i n g the other sulphides, i t may a l s o be found 
o r i e n t e d along the cleavage planes of the s p h a l e r i t e . i n 
s e c t i o n 5 p y r r h o t i t e appeared i n j u x t a p o s i t i o n w i t h the 
gold i n almost every instance, and smooth even boundaries 
e x i s t e d between the two m i n e r a l s . 
P y r l t e : 

Kecognized by i t s p a l e brass yellow c o l o r and the 
f a c t t h a t i t can b a r e l y be scratched w i t h a needle under 
heavy pressure, i t i s i s o t r o p i c and has a p o s i t i v e etch 
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with HN03 and t h e r e i s a l s o s l i g h t effervesence. The p y r i t e 
occurs as d i s t i n c t c r y s t a l s , as a h i g h l y f r a c t u r e d massive 
v a r i e t y * and as rims about g r a i n s of o h a l c o p y r i t e and 

p y r r h o t i t e both of which replace the p y r i t e . P y r i t e oecura 
f a i r l y e a r l y i n the sequence of m i n e r a l i z a t i o n . 
A r s e n o p y r i t e : 

This mineral has a s i l v e r y white c o l o r , cannot be 
scratched and has prominent p o l a r i z a t i o n c o l o r s , a 
c h a r a c t e r i s t i c etch with HN03 produces slow effervesence 
and the mineral s t a i n s d i f f e r e n t i a l l y i r i d e s c e n t . The 
a r s e n o p y r i t e occurs as d i s t i n c t diamond shaped c r y s t a l s 
i n the quartz, i n aggregates of c r y s t a l s forming bands, and 
as rims about the p y r i t e which i s r e p l a c i n g i t . 
u-alena: 

Galena only appears 4n very minor amounts i n the 
p o l i s h e d s e c t i o n s , i t appears as a l i g h t grey m i n e r a l , and 
was observed v e i n i n g the o h a l c o p y r i t e i n a minor way. The 
g r a i n of galena was so small that a microchemical t e s t for 
lead was applied%\with p o s i t i v e r e s u l t s . The f a c t that gold 
might occur i n the cleavage planes of the galena was taken 
i n t o account and a microchemical t e s t f o r gold was made 
using p y r i d i n e bromide as a reagent, the r e s u l t s were 
negat i v e . 



a o l d : 
Gold was recognized by the orange yellow c o l o r , 

by i t s softness and s e c t i l i t y , and a l s o by the p e c u l i a r 
t e x t u r e of the m i n e r a l , i t haB a roughened s u r f a c e . The / 
n a t i v e gold occurs i n three ways, the main occurence 
appears t o be along f r a c t u r e s i n the s p h a l e r i t e where i t 
appears i n j u x t a p o s i t i o n w i t h p y r r h o t i t e . i t may a l s o be 
found locked i n g r a i n s of c h a l o o p y r i t e , and l a s t l y i n 

• 

f r a c t u r e s i n the quartz. 
The average g r a i n s i z e of the gold i s l e s s than 

200 mesh,varying from .015 nim. t o a maximum of . 15 am. 
The f a c t o r s governing the d e p o s i t i o n of the gold 

appear to have been h i g h l y s e l e c t i v e , out of a t o t a l of 
ten p o l i s h e d s e c t i o n s gold was observed i n only two, and 
i n s e c t i o n 5 the n a t i v e gold was very abundant. The f a c t 
that the gold was observed only i n super-polished sections 
may perhaps i n d i c a t e p l u c k i n g from the hand p o l i s h e d 
s e c t i o n s . 
Magnetite and Hematite: 

These two minerals are grouped together because 
of t h e i r p e c u l i a r manner of occurence, and the minute 
Bize of the g r a i n s . 

Magnetite was i d e n t i f i e d by the dark grey c o l o r , 
the f l e x i b l e hardness and the f a c t t h a t the powder was 
d i s t i n c t l y magnetic. 

Hematite appears as a l i g h t e r grey replacement 
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of the magnetite,could not be scratched, and gave a red 
i n t e r n a l r e f l e c t i o n . 

The two minerals appeared together as s m a l l 
rossetes i n p y r i t e which had^almost e n t i r e l y replaced by 
p y r r h o t i t e . Apparently the l a t h s of magnetite were 
deposited during an e a r l y stage of m i n e r a l i z a t i o n under 
o x i d i z i n g c o n d i t i o n s , the hematite then slfa'ted t o replaoe 
i t from the outside of the l a t h s . P y r i t e was introduced 
i n the f l u i d s and surrounded the oxides c o o l i n g r a t h e r 
q u i c k l y i n the massive s t a t e , xhe p y r i t e acted as a b u f f e r 
against the reducing a c t i o n of the l a t e r p y r r h o t i t e and 
thus preserved the oxides. The f a c t t h a t there are oxides 
present i n d i c a t e s that the very e a r l y phase of m i n e r a l i z 
a t i o n was v a s t l y d i f f e r e n t t o the l a t e r ore-producing 
stage. No microchemical t e s t was made on the above minerals 
as the a s s o c i a t i o n of other i r o n minerals would have made 
such a t e s t superfluous. 
U-angue minerals: 

Quartz appears i n a v a r i e t y of g r a i n shapes 
va r y i n g from euhedral to massive, and as v e i n l e t s c u t t i n g 
e a r l i e r g r a i n s . 

C a l c i t e forms a few rhombs but i t s main occurence 
i s i n v e i n l e t s c u t t i n g a l l other minerals. 

b e r i c i t e formed along planes of minor shearing 
which are qui t e w e l l developed r i g h t w i t h i n the ore. 
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Paragenesis: 

Quartz appeared f i r s t and continued throughout the 
m i n e r a l i z a t i o n , although l e s s abundant during the l a t e r 
stages. Minor amounts of magnetite and hematite accompanied 
the e a r l y s i l i c i f i c a t i o n e l o s e l y f o l l o w e d by ar s e n o p y r i t e 
and p y r i t e . The ars e n o p y r i t e overlapping the p y r i t i z a t i o n 
t o some extent. P y r r h o t i t e , s p h a l e r i t e , and o h a l c o p y r i t e 
followed i n that order; the l a s t named minerals e x h i b i t e d 
c o n siderable overlap and contemporaneous deposit ion.* Native 
gold was deposited next followed by minor galena. The l a s t 
stage was the c a l c i t e . 

WAR TZ • • 

Arse^opynfe •• '¬

pyre te — 

PyrrAoflfe — 

Sphaferi+e — 

ChafcopYr'~fe »— —— 

£4/en3 

So/4 — 

Cf/c/te * 
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Section #b« 

Caries t e x t u r e , w i t h gold and p y r r h o t i t e along f r a c t u r e s 
i n the s p h a l e r i t e . 

Section #5-

The gold appears to be r e p l a c i n g both the s p h a l e r i t e and 
the p y r r h o t i t e . 
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Section #2, 

Section #g. 

quartz i s being replaced by the s p h a l e r i t e . 



Mutual boundary r e l a t i o n s h i p s between o h a l c o p y r i t e , 
s p h a l e r i t e and p y r r h o t i t e . 

I 



1 2 . 

Section § 1 . 
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Sequence of events: 
1. Metamorphism of the Vancouver group of sediments and 

v o l c a n i c s r e s u l t i n g i n t h e i r increased competency. 
2. v a u l t i n g with formation of the major v e i n f i s s u r e s . 
3 . S i l i c i f i c a t i o n . 
4. f u r t h e r movement along the f a u l t produces f r a c t u r e s i n 

the quartz. 
b. P y r i t i z a t i o n . 
6 . Shearing and the I n t r o d u c t i o n of more quartz. 
7* i n t r o d u c t i o n of the main s u l p h i d e s . 
8. N a t i v e gold introduced. 
9. Minor shearing,and s e r i c l t i z a t i o n . 
10. I n t r o d u c t i o n of c a l c i t e . 

uonclusion: 
The minerals forming the ore appear t o have been 

p r e c i p i t a t e d from weakly a c i d to n e u t r a l high temperature 
ascending hydrothermal s o l u t i o n s . Apart, from a r s e n o p y r i t e 
and p y r i t e the remaining sulphides most probably were 
deposited from a d e l i c a t e l y changing phase of the ore 
forming f l u i d , and c o n d i t i o n s f a v o r i n g the d e p o s i t i o n of 
an i n d i v i d u a l m i n e r a l were dependant on the concentration 
of the mineral i n s o l u t i o n r a t h e r than on i t s temperature 
of formation. The n a t i v e g o l d favors s m a l l f r a c t u r e s In 
the sulphides and i n the q u a r t z , s p h a l e r i t e by reason of 
i t s numerous cleavage planes i s most compatible to the g o l d . 
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