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ABSTRACT 
The 1250 Zino orebody at B r i t a n n i a Mines i s 

d i t a a t e d i n the tfairview s e c t i o n of tbe B r i t a n n i a shear 
zone. 

Tbe orebody maybe d i v i d e d i n t o two types of 
mi n e r a l i z a t i o n ; t b e s e are a b a r i t e - s p b a l e r i t e ore and a 
s i l i c e o u s copper ore. The b a r i t e - s p b a l e r i t e m i n e r a l i z a t i o n 
c o n s i s t s of s p h a l e r i t e f c h a l c o p y r i t e f t e t r a b e d r i t e f g a l e n a 
and minor amounts of g o l d , i n a gangue of b a r i t e , p y r i t e and 
very minor amounts of quartz. The s i l i c e o u s copper ore 
co n s i s t s of c h a l c o p y r i t e t s p h a l e r i t e and galena,in a 
gangue of q u a r t z f p y r i t e and b a r i t e . 

The b a r i t e - s p b a l e r i t e ore i s be l i e v e d to be the 
r e s u l t of the e a r l i e s t p e r i o d of m i n e r a l i z a t i o n and tbe 
s i l i c e o u s copper ore i s a t r a n s i t i o n o r e , i n which quartz 
and s u l p h i d e s t m a i n l y chalcopyrite,were introduced and r e 
placed b a r i t e and the remaining host rock. 

The even d i s t r i b u t i o n of the s p h a l e r i t e , the 
twinning of spha l e r i t e , w h i c h i s tbe r e s u l t of deformation * 
and s i m i l a r percentages of i r o n i n tbe s p h a l e r i t e , i n d i c a t e 
that tbe s p h a l e r i t e of the s i l i c e o u s copper ore and the 
s p h a l e r i t e of the b a r i t e - s p b a l e r i t e ore were deposited 
during the same m i n e r a l i z a t i o n p e r i o d . Tbe above evidence 
i s used to suggest that tbe s p h a l e r i t e of the much deeper 
No.6 orebody,also was deposited at the same time. 



MINERALOGRAPHY 01 THE 1260 ZINC OREBODY 
BRITANNIA MINES B.C. 

INTRODUCTION 

B r i t a n n i a Mines i s s i t u a t e d on tbe east side of 
Howe Sound about 30 miles north of Vancouver. The ore dep
o s i t s occur on tbe west side of tbe Coast Kange B a t h o l i t h 
i n what has been termed by Dr. S c b o f i e l d and other g e o l o g i s t s 
as "the P a c i f i c Copper B e l t " . Tbe orebodies occur i n a roof 
pendant of v o l c a n i c and sedimentary rocks of Mesozoic age. 
Tbe rocks of tbe pendant are known as the B r i t a n n i a Group * 
Tbe B r i t a n n i a Group i s d i v i d e d i n t o the Goat Mountain 
formation and tbe B r i t a n n i a formation. The B r i t a n n i a forma
t i o n contains the host rock of the B r i t a n n i a orebodies. 

Tbe host rock of the B r i t a n n i a orebodies i s c a l l e d 
l o c a l l y the green mottled s c h i s t f which i s a sheared phase 



of one menber of tbe B r i t a n n i a formation which was o r i g 
i n a l l y a v o l c a n i c and could be c a l l e d a 'greenstone 1. 
During the i n t r u s i o n of the coast Kange B a t b i l i t b , tbe 
B r i t a n n i a formation was f a u l t e d and f o l d e d , tbe rocks were 
f r a c t u r e d a»d b r e c c i a t e d and i n t h i s manner became a s u i t 
able host rook f o r tbe d e p o s i t i o n of ore minerals, ure 
s o l u t i o n s from tbe deep seated igneous source ascended the 
f a u l t plane and deposited ore minerals i n tbe s u i t a b l e host 
rock of tbe B r i t a n n i a formation. 

Tbe source of tbe m i n e r a l i z a t i o n s o l u t i o n s i s the 
Coast Range B a t h o l i t b . The deposits of the shear zone are 
zoned with respect to tbe B a t h o l i t b ; the higher temperature 
group i s found c l o s e s t to the b a t h o l i t b and tbe lower temp
erature group i s found f u r t h e r away from the g r a n i t i c mass. 
Tbe deposits of the B r i t a n n i a shear zone are a l l mesodermal 
however, the b a r i t e s p h a l e r i t e m i n e r a l i z a t i o n i s b e l i e v e d to 
be a lower temperature type than tbe s i l i c e o u s copper type, 
i n some se c t i o n s of tbe B r i t a n n i a shear zone E.T.James has 
s t a t e d that r e v e r s a l s of zoning are apparent because the 
lower temperature b a r i t e - s p b a l e r i t e m i n e r a l i z a t i o n i s p a r t l y 
replaced by tbe higher temperature s i l i c e o u s copper ore. 

The orebodies at B r i t a n n i a comprises what are 
e i g h t separate orebodies. These are from west to east tbe no 

8 orebody, the Jane orebody f tbe B l u f f orebody, tbe Jfairview 
orebody, tbe no .5 orebody, the impress orebody and the 
V i o t o r i a orebody* Tbe ore of a l l these deposits i s the 



p y r i t i o replacement type and therefore the deposits of tbe 
B r i t a n n i a shear zone may be c l a s s i f i e d as p y r i t i c meso
d e r m a l replacement d e p o s i t s . The v e r t i c a l extent of the 
orebodies i s over 5000 f e e t and has shown no m i n e r a l o g i c a l 
change which would i n d i c a t e a termination of m i n e r a l i z a t i o n . 
The 1250 Zinc orebody i s considered a part of tbe f a i r v i e w 
s e c t i o n of the mine which contains both the b a r i t e - s p h a l 
e r i t e m i n e r a l i z a t i o n and tbe s i l i c e o u s copper m i n e r a l i z a t i o n 

Tbe ore minerals of the B r i t a n n i a shear zone 
deposits are mainly s p h a l e r i t e and c h a l c o p y r i t e . Gold, 
s i l v e r and cadmium are e x t r a c t e d from the ore. 

B r i t a n n i a , u n t i l the l a s t few years was considered 
p r i m a r i l y a copper producing mine. However, with the opening 
up of tbe So.8 orebody, tbe 1250 Z i n t orebody and other 
z i n c orebodies, the production of z i n c has increased so that 
at tbe present time the production of z i n c exceeds the.pro-
duction of copper. 

Production f o r the year 1950 are l i s t e d below: 
Copper 15,000,000 pounds 
Zin c 22,000,000 pounds 

Gold 12 f000 ounces 
Tbe above production of copper, z i n c and gold was r e 

c o v e r e d from tbe mining of 900,000 tons of ore. 



KARLY HISTORY 

Copper was found at B r i t a n n i a i n 1868 by John 
Forbes but i t was not u n t i l 1696 tbat O l i v e r f u r r y staked 
f i v e claims. In 1900 tbe B r i t a n n i a Copper Syndicate was 
formed and mining was s t a r t e d on tbe f i v e f u r r y c l aims. 
I n , I908 ythrough tbe e f f o r t s of Grant B. Schley, the 
B r i t a n n i a Mining and Smelting Company was formed as a 
s u b s i d i a r y of tbe Howe Sound Company of New York. Since 
.then the mine has been i n continuous production. 

EARLY WRITERS 

In 1907 LeRoy v i s i t e d tbe area as g e o l o g i s t f o r 
the G e o l o g i c a l Survey of Canada. H is r e p o r t 1 a P o r t i o n of 
tbe Main Coast of B r i t i s h Columbia 1

f describes tbe rocks of 
tbe area and tbe orebodies that occur i n them. In 1913 
R.G.McConnel wrote a b r i e f account of the orebodies. Tbe 
f i r s t complete examination of the rocks was through the 
e f f o r t s of Dr. S c b o f i e l d . H.T.James examined the property 
i n 1929 as g e o l o g i s t f o r the G e o l o g i c a l Survey of Canada 
and l a t e r as g e o l o g i s t f o r the Howe Sound Company. L a t e r 
papers by B r i t a n n i a g e o l o g i s t s F.Ebbutt and W.i.Irvine 
have c o n t r i b u t e d much towards tbe knowledge of the B r i t a n n i a 
orebodies and tbe r e g i o n a l geology. 
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ORB SPECIMENS 

Specimens of the ore from the 1250 Zinc orebody 
were received from B r i t a n n i a Mines e£ September and en 
December of 1950. A l l specimens were c o l l e c t e d by D. 
Maryland t the Ge o l o g i c a l Engineer at B r i t a n n i a and were 
accompanied by a map showing the l o c a t i o n from where each 
specimen was taken. Tbe map accompanies t h i s report. 

METHODS 0? STUDY 

P o l i s h e d s e c t i o n s were made of tbe specimens 
of tbe 1250 Zinc orebody, using tbe equipment of the 
U n i v e r s i t y of B r i t i s h Columbia. 

M i o r o s c o p i t study was conducted, using A«B. 
Edwards, 1Texture of the Ore M i n e r a l s 1 as a guide f o r 
paragenesis and t e x t u r e . Etch t e s t s and microchemical 
t e s t s as o u t l i n e d i n M.N.Shorts 'Microscopic Determination 
of tbe Ore M i n e r a l s 1 , were used and unless otherwise s t a t e d 
the determinations of tbe minerals were c a r r i e d out by these 
methods. The d e s c r i p t i o n of the t e s t s f o r the i n d i v i d u a l 
minerals w i l l be omitted from the report. The reader i s 
r e f e r r e d to the above two references f o r information as 
to the exact nature of the microscopic t e s t s . 

S e veral t h i n s e c t i o n s were made by J.Donnan, f o r 
the author. The t h i n s e c t i o n s were necessary to observe 
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tbe r e l a t i o n s h i p s of the gangue minerals. 

STRUCTURAL GEOLOGY AS RELATED TO ORE DEPOSITION 

The Coast Range B a t h o l i t b i s b e l i e v e d to be tbe 
source of tbe mineral deposits of the B r i t a n n i a shear zone. 
During the i n t r u s i o n of the Coast Range B a t h o l i t b , the 
rooks of the B r i t a n n i a formation were s t r e s s e d i n such a 
manner that t h r u s t f a u l t i n g occu/ed. Thrust f a u l t i n g was 
accompanied by the formation of w e s t e r l y plunging drag 
f o l d s and a shear zone ftf large dimensions. During t h i s 

orogeny tbe rooks of the B r i t a n n i a formation were f r a c t u r e d 
and b r e c c i a t e d and were rendered s u i t a b l e to the d e p o s i t i o n 
of ore minerals. Tbe ore s o l u t i o n s ascended the f a u l t plane 
which s e r v e i as a channel-way i n t o the s u i t a b l e host rocks 
of the B r i t a n n i a Formation. 

Tbe orebodies of the B r i t a n n i a shear zone are 
s i t u a t e d i n tbe drag f o l d s and i n the f r a c t u r e d zone ad
jacent to the drag f o l d s . Tbe orebodies a l l l i e i n tbe 
hanging-wall of tbe B r i t a n n i a t h r u s t f a u l t and are formed 
by tbe replacement of a s u i t a b l e host rock or they are the 
tbe r e s u l t of f r a c t u r e f i l l i n g i n tbe shear zone. 

Tbe host rock of most of the orebodies of tbe 
B r i t a n n i a shear zone i s l o c a l l y c a l l e d the green mottled 
s c h i s t . Tbe green mottled s c h i s t i s a sheared phase of one 
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of tbe member8 of tbe B r i t a n n i a Formation and was o r i g i n a l l y 
a TOleanio rook. Tbe host rook of tbe No.8 orebody accord
ing to W.S.Irvine i s a sheared member of tbe B r i t a n n i a 
Formation wbicb was a medium fragmental and t u f f s e r i e s . 

MINERALOGRAPHY OF THE 1250 ZINC OREBODY 

TYPES OF MINERALIZATION 

Two types of m i n e r a l i z a t i o n are found i n the 
1250 Zinc orebody. The two types are a s i l i c e o u s copper 
m i n e r a l i z a t i o n and a b a r i t e - s p b a l e r i t e m i n e r a l i z a t i o n . The 
two types are i n contact with one another i n various p a r t s 
of the 1250 Zinc orebody. 

Tbe s i l i c e o u s copper m i n e r a l i z a t i o n c o n s i s t s of 
c h a l c o p y r i t e and s p h a l e r i t e as the ore minerals and quartz 
p y r i t e and b a r i t e as tbe gangue mineral s . Galena i s present 
but i n l e s s e r amounts than i s found i n the b a r i t e - s p b a l e r i t e 
type of ore. The presence of b a r i t e and tbe absence of 
t e t r a b e d r i t e suggests that the s i l i c e o u s ore i s a c t u a l l y 
a t r a n s i t i o n of tbe b a r i t e - s p b a l e r i t e m i n e r a l i z a t i o n . 

The b a r i t e - s p h a l e r i t e m i n e r a l i z a t i o n c o n s i s t s of 
s p h a l e r i t e and c h a l c o p y r i t e as the ore minerals. Galena, 
and t e t r a b e d r i t e occur i n minor but important amounts. The 
gangue minerals are b a r i t e , p y r i t e and small amounts of 
quar t z . Quartz i s l a c k i n g i n some of the po l i s h e d s e c t i o n s 
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but i n a l l t h i n s e c t i o n s of b a r i t e - s p b a l e r i t e ore exam¬
ined quartaiJLn^ very smalltfie present. 

tbe two types of m i n e r a l i z a t i o n of tbe 1260 Zinc 
orebody i n d i c a t e tbat a f t e r tbe m i n e r a l i z a t i o n p e r i o d tbe 
orebodies were s t r e s s e d and deformed by forces wbicb may 
have developed during f a u l t i n g ^ f o l d i n g ar other oregenic 
movements. Tbe evidence of deformation i s r e a d i l y v i s i b l e 
because of tbe twinning of the s p h a l e r i t e , tbe s t r i a t i o n s 
on c b a l c o p y r i t e and the ^re j g i ^ l a r ^ t r i a n g u l a r cleavage p i t a 
of the galena. 

DEFORMATION OF THE ORE MINERALS 

M. J.Buerger( I ) f has shown that ore minerals when 
st r e s s e d f a i l by t r a n s l a t i o n or by twinning. The s t r e s s e s 
which produce such deformation are the r e s u l t of f a u l t i n g , 
f o l d i n g or other oragenic movements. 

Deposits such as tbe Coeur d f A l e n e 9 show evidence 
of tbe deformation by the twinning of s p h a l e r i t e , tbe s t r i a t - I 
ions of c b a l c o p y r i t e and tbe i r r e g u l a r cleavage p i t s of 
galena. Tbe s c h i s t o s e appearance of the band specimen i s 
a l s o evidence of deformation. M.J«Bueger when d e s c r i b i n g 
the above occurance s t a t e s ; 

"In deposits of t h i s s o r t , the evidence of ore 
^ deformation i s so c l e a r that no reasonable doubt e x i s t s 

( I ) M.J.Buerger fThe p l a s t i c deformation of ore minerals. 
Am.Mineralogist,13,pp.35-51. 
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as to the sequence of events wbioh gave r i s e to the char-
act a r t of the present ore. Tbe ore minerals were f i r s t de
p o s i t e d by f i l l i n g and replacement and subsequently were 
subjected to enormous fo r c e s which d i s t o r t e d tbe o r i g i n a l 
c r y s t a l s . The evidence shows that tbe s o f t e r minerals were 
deformed through flowage; while the harder minerals such as 
p y r i t e and quartz were broken or crushed? 

A b r i e f summary of the conclusions of M.J.Bueger 
w i l l be given; f o r f u r t h e r i n f o r m a t i o n the reader i s r e 
f e r r e d to tbe paper by M.J.Buerger. 

The Beformation of S p h a l e r i t e 
S p h a l e r i t e deforms by g l i d i n g o n [ l I I ^ planes and 

the movement i s by twinning. W i t h i n tbe u n i t c e l l of sph
a l e r i t e there are seven octahedral planes, that completely 
define the secondary twinning of the u n i t s p h a l e r i t e c e l l . 

Tbe twinning of s p h a l e r i t e i s r e a d i l y v i s i b l e 
m i c r o s c o p i c a l l y f i f f a f t e r p o l i s h i n g tbe specimen i s etched 
with a d i l u t e s o l u t i o n of potassium permanganate which has 
been a c i d i f i e d with s u l p h u r i c a c i d . The twinning stands out 
as w e l l defined dark bands. Tbe dark bands i n t e r s e c t at an 
angler of 120 degrees.(Fig.I) Etching with potassium per
manganate prove8 the presenceof twinning because i f twinning 
has occulted tbe c r y s t a l l i n e d i r e c t i o n s w i l l d i f f e r from 
those of undeformed p o r t i o n s , and etching w i l l fceveal the 
presence of twin bands. 
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F i q u v c N o t . X - i T O . Ov. TV, B r^p-,«rx . 

Buerger states that a pure c r y s t a l would be ex
pected to deform by t r a n s l a t i o n , while an impure c r y s t a l 
having d i s t o r t e d planes upon which extensive s l i p would 
be attended by great f r i c t i o n , would be expected to de
form by secondary twinning. S p h a l e r i t e contains from one 
to IB percent of i r o n i n s o l i d s o l u t i o n and therefore would 
be expected to deform by secondary twinning. X~ fUo A#A#***J 

Tbe Deformation of Cha l c o p y r i t e 

u h a l c o p y r i t e has a s i m i l a r c r y s t a l l a t t i c e to 
s p h a l e r i t e . Uhalcopyrite i s a r e l a t i v e l y pure mineral and 
therefore should deform by t r a n s l a t i o n . 

e t c h i n g with potassium permanganate rev e a l s no 
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etob bands because tbe c r y s t a l l i n e d i r e c t i o n s are tbe same 
i n tbe a l t e r e d and unaltered specimen. 

Tbe Deformation of Galena 
Galena wben s t r e s s e d deforms by t r a n s l a t i o n i n 

QlO) d i r e c t i o n s . Tbe evidence of deformation i s apparent 
by observing i r r e g u l a r cleavage p i t s . 

i n summary fspbalerite deforms by twinning, where
as galena and c h a l c o p y r i t e deform by t r a n s l a t i o n . The p u r i t y 
of a mineral i s an important f a c t o r i n determining whether 
t r a n s l a t i o n or twinning w i l l occur. Impure minerals such as 
s p h a l e r i t e fwhich contains i r o n i n exs£ljition w i l l deform 
by twinning, whereas galena and c h a l c o p y r i t e , which are 
u s u a l l y pure minerals would deform by t r a n s l a t i o n . Twinn
i n g , i f p r e s e n t , i s good evidence that deformation of an ore-
body has occurred. 

BABITB-3PHALERITE MlJ^JSKALlZATION 

Meg&saopio Examination 

Megasoopioally the only minerals which can be 
determined are c h a l c o p y r i t e and p y r i t e . The band specimens 
are n o t i c e a b l y f i n e grained and the s p e c i f i c g r a v i t y i s 
above normal. 
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M i c r o s c o p i c Examination 

P y r i t e 

±>yrite i s abundant i n a l l p o l i s h e d s e c t i o n s ex
amined and appears to represent three periods of d e p o s i t i o n . 

-barge grains of p y r i t e have been f r a c t u r e d and 
mi n e r a l i z e d with s p h a l e r i t e , c b a l c o p y r i t e and galena. This 
generation of p y r i t e i s pre ore. Hounded corroded g r a i n s of 
p y r i t e are very abundant and are a l s o probably pre ore. 
Many small euhedral grains of p y r i t e are present and these 
represent the l a s t d e p o s i t i o n of p y r i t e . P y r i t e appears in 
excessive amounts wherever the b a r i t e - s p h a l e r i t e ore merges 
with bbe s i l i c e o u s copper ore. 

S p h a l e r i t e 
S p h a l e r i t e i s tbe most abundant ore mineral of 

the b a r i t e - s p b a l e r i t e type of m i n e r a l i z a t i o n and i s evenly 
d i s t r i b u t e d throughout tb» p o l i s h e d s e c t i o n s . The most 
n o t i c e a b l e microscopic property of the s p h a l e r i t e i s the 
presence of twinning. Tbe twinning stands out as w e l l de
f i n e d bands which i n t e r s e c t at angles of I£0 degrees. The 
t w i n n i n g , a f t e r etching with potassium permanganate which 
had been a c i d i f i e d with s u l p h u r i c aci<J,remained as w e l l de
f i n e d dark bands* Therefore,in accordance with the e x p e r i 
ments of Buerger the presence of twinning i s confirmed and 
deformation of the orebody i s i n d i c a t e d . 

S p h a l e r i t e i s the oldest ore mineral foufld i n the 
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b a r i t e - s p b a l e r i t e type of m i n e r a l i z a t i o n and contains nu
merous e x s o l u t i o n intergrowtbs of c b a l c o p y r i t e * Tbe cbalco
p y r i t e i s therefore contemporaneous with the s p h a l e r i t e . 

Tbe s p h a l e r i t e of the 1250 Zinc orebody contains 
on the average 0*34 percent of i r o n i n s o l i d s o l u t i o n ( l ) . 
and would i n d i c a t e a low mesothermal temperature of depo
s i t i o n , 

C b a l c o p y r i t e 
C b a l c o p y r i t e i s abundant i n the p o l i s h e d s e c t i o n s 

examined and represents at l e a s t one p e r i o d of d e p o s i t i o n . 
C h a l c o p y r i t e appears as s e r i a t e e x s o l u t i o n intergrowtbs i n 
tbe s p h a l e r i t e . Tbe gr a i n s i z e of the e x s o l u t i o n intergrowtbs 
v a r i e s from 5 to £0 microns and i n some of the s e c t i o n s ex
amined tbe intergrowtbs are •wwerous. Large p a r t i c l e s of 
ch a l c o p y r i t e are a l s o present and are apparently l a t e r than 
the s p h a l e r i t e . * 

S t r i a t i o n s are v i s i b l e m i c r o s c o p i c a l l y on w e l l 
p o l i s h e d specimens of c b a l c o p y r i t e . Etching with potassium 
permanganate which bad been a c i d i f i e d with s u l p h u r i c a c i d 
r e s u l t e d i n a uniform etch and no twin bands were v i s i b l e . 
The above t e s t s i n d i c a t e s that the c h a l c o p y r i t e deformed by 
t r a n s l a t i o n r a t h e r than by twinning when st r e s s e d by erogenic 
f o r c e s . 

Blebs of c b a l c o p y r i t e often c o n t a i n t t e a r shaped 
p a r t i c l e s of t e t r a b e d r i t e and rounded p a r t i c l e s of galena. 
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These p a r t i c l e s resemble intergrowtbs #However no conclusive 
evidence was observed. 

Te t r a b e d r i t e 
T e t r a h e d r i t e i s f a i r l y abundant i n tbe p o l i s h e d 

s e c t i o n s of b a r i t e - s p b a l e r i t e ore and i s only found i n t h i s 
type of ore. 

Microchemical t e s t s f o r s i l v e r are negative, How
ever since tbe t e s t i s very s e n s i t i v e the absence of s i l v e r 
i n the t e t r a b e d r i t e i s not p o s i t i v e . Mieroebemical t e s t s f o r 
antimony and copper were obtained and etcb t e s t s are i n 
d i c a t i v e of t e t r a h e d r i t e . S i n c e , the composition of the 
s i l v e r bearing t e t r a h e d r i t q , ' f r e i b e r g i t e f and tbe etch t e s t s 
are s i m i l a r to t e t r a b e d r i t e , the presence or absence of 
f r e i b e r g i t e was not determined. 

Twinning was not observed on the t e t r a b e d r i t e 
when the mineral was etched or on the unetched specimen. 

Gfa^ena 
Galena i s common i n a l l the p o l i s h e d s e c t i o n s 

and appears to be tbe youngest sulphide present. Micro
s c o p i c a l l y ,cleavage p i t s i n galena are scarce.However a 
few of the p i t s are deformed t r i a n g l e s which are i n d i c a t i v e 
of deformation. 

P o l i s h e d s e c t i o n HO.6 (see map) co n s i s t s of galena 
and s p h a l e r i t e with minor amounts of c h a l c o p y r i t e . Tetim-
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b e d r i t e i s l a c k i n g from the p o l i s h e d s e c t i o n , f i g u r e Ho.I 
(page 10) i s a photograph of one of the microscopic views. 
±n t h i s s e c t i o n tbe absence of bard minerals encouraged the 
formation of twin bands. C a r e f u l study of t h i s s e c t i o n . i s 
h e l p f u l * to tbe study of paragenesis. *£he lar g e p a r t i c l e of 
galena appears to truncate the twin bands of s p h a l e r i t e , 
which are matched on both sides of the galena. Galena i s 
therefore l a t e r than tbe s p h a l e r i t e , i n the c e n t r a l top 
p o r t i o n of the p i c t u r e . p a r t i c l e s of galena and c b a l c o p y r i t e 
appear to o u t l i n e the twinning of tbe s p h a l e r i t e . This may 
i n d i c a t e t h a t the c h a l c o p y r i t e i s a l s o l a t e r than the sph
a l e r i t e . Other examples are present such as the above which 
i n d i c a t e that the galena and tbe c h a l c o p y r i t e l-s l a t e r than 
tbe s p h a l e r i t e and appear to have been preferentfal|y pre
c i p i t a t e d along tbe twin bands. 

Gold 
i'be b a r i t e - s p b a l e r i t e m i n e r a l i z a t i o n contains 

gold i n minor amounts. The l a r g e s t p a r t i c l e s of gold found 
ave 

i n the p o l i s h e d s e c t i o n s ±s p i c t u r e d below. Tbe a c t u a l s i z e 
of tbe l a r g e s t p a r t i c l e i s 200 microns. Microscopic t e s t s 
i n d i c a t e tbe absence of s i l v e r i n the g o l d . 

The r e l a t i v e age of the gold i n respect to the 
sulphides i s not known}however tbe gold probably was de
p o s i t e d with the t e t r a h e d r i t e f c h a l c o p y r i t e and galena. 
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c 

o 
Gangue Minerals 

Tbe gangue minerals of the b a r i t e - s p b a l e r i t e 
, m i n e r a l i z a t i o n are b a r i t e with minor amounts of quartz. 
C h l o r i t e and s e r i o i t e are a l s o present* The b a r i t e i s 
older than the quartz and the sulphides. 

The gangue minerals of the b a r i t e - s p b a l e r i t e ore 
and the gangue minerals of the s i l i c e o u s ore w i l l be d i s -
oussed i n a l a t e r paragraph. 

Baragenesis 
1. B a r i t e 
2. P y r i t e 
3. S p h a l e r i t e 



4*Cbalcopyrite and t e t r a b e d r i t e 
5. Galena 
6. Quartz 

c h a l c o p y r i t e f t e t r a b e d r i t e and galena may bave 
been deposited at tbe same time. A second generation of 
c b a l c o p y r i t e may a l s o be present. 

SILICEOUS COPPER MINERALIZATION 
Megascopic examination 

megascopically ftbe band specimens~are f i n e 
grained and bave a higher than normal s p e c i f i c g r a v i t y . 
C b a l c o p y r i t e i s more abundant or i s present i n l a r g e r 
p a r t i c l e s than occurf i n the b a r i t e - s p b a l e r i t e ore. 

Micros c o p i c Examination 
S p h a l e r i t e 

S p h a l e r i t e i s abundant and evenly d i s t r i b u t e d i n 
tbe s i l i c e o u s copper m i n e r a l i z a t i o n . The s p h a l e r i t e i s twin
ned . s i m i l a r l y to tbe s p h a l e r i t e of tbe b a r i t e - s p b a l e r i t e 

ana 
type^contains e x s o l u t i o n intergrowtbs of c b a l c o p y r i t e . 
The s p h a l e r i t e i s l a t e r than the b a r i t e t p y r i t e and quartz, 

c h a l c o p y r i t e 
C b a l c o p y r i t e i s the only copper mineral present 

and i s probably l a t e r than tbe s p h a l e r i t e . C h alcopyrite 
of the s i l i c e o u s ore may represent two periods of a e p o s i t i o a 



18 

The f i r s t p e r i o d of d e p o s i t i o n i s probably contemporaneous 
with tbe c b a l c o p y r i t e of the b a r i t e - s p b a l e r i t e ore whereas 
tbe second p e r i o d of the d e p o s i t i o n of c h a l c o p y r i t e maybe 
the r e s u l t of a l a t e r m i n e r a l i z a t i o n period* 

Ualena 

Galena occurs i n minor amounts i n the s i l i c e o u s 
ore and i s younger than the s p h a l e r i t e and c b a l c o p y r i t e * 
The t r i a n g u l a r d i s t o r t e d cleavage p i t s are present, 

Tbe absence of tetrahedrite.whenever quartz appears 
i n f a i r l y large amounts suggests two m i n e r a l i z a t i o n p e r i o d s . 
Quartz i n l e s s e r amounts i n the s i l i c e o u s ore as compared 
with the b a r i t e - s p b a l e r i t e ore i n d i c a t e s that quartz has 
intruded the the b a r i t e - s p b a l e r i t e m i n e r a l i z a t i o n and t h i s 
i s a l s o suggestive of two periods of m i n e r a l i z a t i o n . 

Gangue Minerals of the 1250 Zinc Orebody 
B a r i t e and quartz are the main gangue minerals 

c h l o r i t e and s e r i c i t e are present i n minor amounts. S e r i e i t e 
i s more abundant than c h l o r i t e . 

Some of the p o l i s h e d s e c t i o n s are l a c k i n g i n 
quartz*however t h i n sections of these specimens r e v e a l the 
presence of quartz i n very minor amounts. Tbe quartz ob
served i n tbe t h i n s e c t i o n s veins tbe b a r i t e and since the 
cleavages of the b a r i t e are continuous on both sides of tbe 
quartz) tbe quartz i s therefore l a t e r than the b a r i t e . Re
entrant angles although not con c l u s i v e suggest that quartz 
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i s younger than the b a r i t e . 

Quartz and b a r i t e are abundant i n most of the 
p o l i s h e d s e c t i o n s examined of the s i l i c e o u s type ore. 
However 4*tbis ore grades i n t o a type of ore where b a r i t e 
occurs i n minor amounts tor i s l a c k i n g e n t i r e l y and tbe 
gangue i s mainly quartz. Whenever quartz appears i n large 
amounts tbe absence of t e t r a h e d r i t e i s conspicuous, i n 
sect i o n s examined where b a r i t e i s missing the m i n e r a l i z a t i o n 
i s widely dispersed. The dispersed m i n e r a l i z a t i o n c o n s i s t s 
of s p h a l e r i t e f c h a l c o p y r i t e and galena. Tbe twinning on the 
s p h a l e r i t e i s poorly defined and i s only o b s e r v e ^ d on 
random p a r t i c l e s . 

Tbe quartz of the p o l i s h e d and t h i n s e c t i o n s 
examined i n d i c a t e s that tbe quartz i s younger than the 
b a r i t e and i n places tha evidence i n d i c a t e s that quartz i s 
r e p l a c i n g b a r i t e . 

B a r i t e and quartz examined i n s e v e r a l of the t h i n 
s e c t i o n s show shadowy e x t i n c t i o n and the r e f o r e i n d i c a t e that 
tha quartz and b a r i t e have been s t r e s s e d . 

C h l o r i t e and s e r i c i t e are present i n the t h i n 
s e c t i o n s ; s e r i c i t e i s more abundant than c b l o r i t e 7 * t h i n 
s e c t i o n s i n which b a r i t e i s l a c k i n g and the m i n e r a l i z a t i o n 
i s dispersed both the c h l o r i t e and s e r i c i t e are missing 
from the s e c t i o n s . P o s s i b l y . i n these s e c t i o n s the c h l o r i t e 
and s e r i c i t e bave been completely replaced. 
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The c h l o r i t e and s e r i c i t e may have been formed 
by bydrotbermal a l t e r a t i o n or they maybe tbe remfLn^nts of 
unreplaoed host rock. 

Quartz of tbe s i l i c e o u s copper m i n e r a l i z a t i o n 
may represent two periods of d e p o s i t i o n , ^be f i r s t gener
a t i o n of quartz deposited c b a l c o p y r i t e i n tbe ore zone and 
tbe second generation of quartz i s responsible f o r tbe 
dispersed m i n e r a l i z a t i o n observered i n some of tbe p o l i s h e d 
s e c t i o n s . Tbe quartz may bare replaced b a r i t e and any of 
the o r i g i n a l host rock that remained a f t e r tbe proceeding 
m i n e r a l i z a t i o n p e r i o d s . 

Paragenesis of tbe S i l i c e o u s Copper Ore 

1. B a r i t e 
2. P y r i t e 
3. S p h a l e r i t e and Chal c o p y r i t e 
4. Quartz 
5. Chalcopyrite 
6. Galena 
7. Quartz 

THEORETICAL CONSIDERATIONS 

Microscopic evidence i n d i c a t e s that tbe f i r s t 
p e r i o d of m i n e r a l i z a t i o n i n tbe 1250 Zinc Orebody was the 
depos i t i o h of tbe b a r i t e - s p b a l e r i t e ore tand b a r i t e , p y 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 and t e t r a h e d r i t e were 
deposited i n the favorable host rocks of the B r i t a n n i a 
f ormation. This p e r i o d of m i n e r a l i z a t i o n was followed by 
a seeond p e r i o d of m i n e r a l i z a t i o n when p y r i t e , c h a l c o p y r i t e 
galena and quartz were deposited* The second p e r i o d of 
m i n e r a l i z a t i o n may bave replaced p a r t s of the proceeding 
m i n e r a l i z a t i o n * 

xbe s p h a l e r i t e of the b a r i t e - s p b a l e r i t e ore and 
and the s p h a l e r i t e of the s i l i c e o u s ore are twinned and as 
p r e v i o u s l y seated tbe twinning i s a r e s u l t of the deformation 
of the orebady. Tbe above periods of m i n e r a l i z a t i o n were 
p o s s i b l y f o l l o w e d by a t h i r d p e r i o d of m i n e r a l i z a t i o n , and 
quartz, which may have c a r r i e d minor amounts of s u l p h i d e s , 
wejte deposited. The t h i r d m i n e r a l i z a t i o n p e r i o d i s repre
sented by quartz with dispersed s u l p h i d e s . The s p h a l e r i t e 
i s twinned and may have been deposited at the same time as 
tbe s p h a l e r i t e of the s i l i c e o u s copper ore was deposited. 
Tbe author b e l i e v e s that a barren quartz p e r i o d of mi n e r a l 
i z a t i o n represents the l a s t p e r i o d of d e p o s i t i o n i n the ore 
zone. 

Since,tbe s p h a l e r i t e of the s i l i c e o u s copper ore 
and the s p h a l e r i t e of tbe b a r i t e - s p b a l e r i t e ore i s twinned 
the deformation which caused tbe twinning was l a t e r than the 
de p o s i t i o n of tbe two types of ore;or at l e a s t l a t e r than the 
de p o s i t i o n of the s p h a l e r i t e . o f tbe two types. 



In one specimen from a b a r i t e - s p h a l e r i t e zone 
(specimen Ko.I).quartz with dispersed sulphides appears to 
have intruded the b a r i t e - s p b a l e r i t e m i n e r a l i z a t i o n . T e t r a 
h e d r i t e i n no t i c e a b l e amounts i s present outside the quartz 
sone. therefore the ore on the outside of the quartz i s 
t y p i c a l b a r i t e - s p h a l e r i t e m i n e r a l i z a t i o n and the quartz 
represents the l a s t d e p o s i t i o n of quartz. The m i n e r a l i z a t i o n 
on the outside of the quartz zone shows a d i s t i n c t banded 
s t r u c t u r e and tbe rock inegascopically i s a s c h i s t . I t appears: 

©that the quartz has intruded the s c h i s t and e i t h e r forced 
apart the wa l l s ar i t has replaced the host rock;©or that 
the b a r i t e - s p h a l e r i t e ore flowed i n t o p o s i t i o n and i s o l a t e d 
the quartz i n c l u s i o n ob: bomb, The dispersed m i n e r a l i z a t i o n 
i n s i d e the quartz i n d i c a t e s that the quartz intruded the 
b a r i t e - s p b a l e r i t e m i n e r a l i z a t i o n and replaced b a r i t e and 
host rock. The t r a n s i t i o n zone between the two i s a zone 
of dense p y r i t e which grades i n t o the b a r i t e - s p h a l e r i t e 
m i n e r a l i z a t i o n . Quartz i n very minor amounts i s present 
i n the b a r i t e - s p h a l e r i t e ore. (see Diag. below) 
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The s p h a l e r i t e of the b a r i t e - s p h a l e r i t e ore and 
the s p h a l e r i t e of the s i l i c e o u s copper ore i s twinned and 
t h i s ore mineral i s d i s t r i b u t e d uniform|ly throughout both 
types of ore. Microscopic evidence i n d i c a t e s that tbe sph
a l e r i t e of tbe two types of ore sould bave been deposited 
at the same time and tbe s i l i c e o u s ore i s the r e s u l t of a 
l a t e r m i n e r a l i z a t i o n p e r i o d wbiob intruded and replaced part 
of tbe b a r i t e - s p h a l e r i t e m i n e r a l i z a t i o n . The presence of 
t e t r a h e d r i t e i n the b a r i t e - s p b a l e r i t e ore i n d i c a t e s that 
at l e a s t two periods of m i n e r a l i z a t i o n are present; however 
d i f f e r e n c e s i n host rook could account f o r the absence or 
presence of the t e t r a h e d r i t e . 

A very i n t e r e s t i n g r e l a t i o n s h i p between t b e i r o n 
contents of the two types of s p h a l e r i t e was drawn to the 
a t t e n t i o n of the author by P.KavanagbfI) and with h i s kind 
permission some of the r e s u l t s w i l l be l i s t e d below; 

LOCATION Av. Iron i n % 
1250 tfinc Orebody 

S i l i c e o u s copper ore.. % 0.34% 
B a r i t e - s p b a l e r i t e ore... 0.44% 
Ho. 6 Orebody 0.89% 

Sev e r a l s e c t i o n s of tbe No.8 orebody were st u d i e d 
and tbe twinning of the s p h a l e r i t e i s present. The se c t i o n s 
s t u d i e d were from tbe 4100 l e v e l and from the 4950 l e v e l . 

The very r e g u l a r gradient i n the percentage of 

(I) P.Kavanagb, Minor Elements i n S p h a l e r i t e of the 
B r i t a n n i a Mine. 
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i r o n i n tbe ores of tbe No.8 orebody and tbe 1250 Zinc ore-
body could i n d i c a t e tbat tbe s p h a l e r i t e of these two ore-
bodies was deposited at the same time. Tbe s p h a l e r i t e of the 
upper orebody, the 1250 Zinc orebody, since i t was c l o s e r to 
the surface would be expected to be deposited at a lower 
temperature than tb« s p h a l e r i t e of the much deeper No.8 ore-
body. Tbe higher temperature of d e p o s i t i o n i s i n d i c a t e d by 
the g r e a t e r percentage of i r o n i n tbe s p h a l e r i t e of the No. 
8 orebody. 4**^ VTt&C? h ^^U^J 2*r><> cx^^a^^ui^ 

i'be presence of twinned s p h a l e r i t e i n both these 
orebodies proves tbat tbe deformation of tbe orebodies took 
place a f t e r tbe de p o s i t i o n of the s p h a l e r i t e . Tbe twinning 
therefore suggests, as does the i r o n c o n t e n t y t h a t the sp h a l 
e r i t e of the Ho.8 orebody and tbe s p h a l e r i t e of tbe s i l i c e o u s 
copper ores of the 1250 Zi n c orebody Abelong to tbe same 
m i n e r a l i z a t i o n p e r i o d . 

The s p h a l e r i t e of the 1250 Zinc f b a r i t e - s p b a l e r i t e 
ore.,indicate*a lower temperature of d e p o s i t i o n than tbe 
s i l i c e o u s copper ore. The lower temperature of d e p o s i t i o n 
maybe tbe r e s u l t of the l o c a t i o n of the orebody. Tbe b a r i t e 
s p h a l e r i t e orebody may bave been f u r t h e r away from the 
magma source and therefore lower temperature minerals were 
deposited. Tbe s p h a l e r i t e of tbe 1250 Zinc orebody may 
bave been deposited at the same timej^be even d i s t r i b u t i o n 
of tbe s p h a l e r i t e i n both the s i l i c e o u s , copper ore and i n the 
b a r i t e - s p h a l e r i t e ore i s suggestive, the close c o r r e l a t i o n 
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of the i r o n i n s o l i d s o l u t i o n i n tbe two s p h a l e r i t e s and 
tbe presence of twinning i n the two types of s p h a l e r i t e i s 
a l s o suggestive. I f f tbe above assumptions are co r r e c t and 
there i s every reason to b e l i e v e t b a t they are f the miner
a l i z a t i o n p e r i o d tbat deposited s p h a l e r i t e i n the host rock 
of tbe Uo.8 orebody was al s o responsible f o r the de p o s i t i o n 
of s p h a l e r i t e i n the 1250 Zinc orebody. 

Mic r o s c o p i c study i n d i c a t e s tbat a second period 
of m i n e r a l i z a t i o n deposited quartz and sulphides, mainly f 

c b a l c o p y r i t e i n tbe ore zone. She l a t e r quartz appears to 
bave replaced b a r i t e . Whenever quartz i s present i n large 
amounts tbe copper mineral t e t r a b e d r i t e i s missing. T e t r a 
h e d r i t e may bave been p r e f e r e n t i a l l y replaced by one of the 
l a t e r sulphides or i t was never present i n these p a r t s of 
the orebody. Chalcopyrite i s the only copper mineral present 
i n the s i l i c e o u s type ore and may bave been deposited dwring 
a l a t e r p e r i o d of m i n e r a l i z a t i o n than the s p h a l e r i t e which 
contains c h a l c o p y r i t e i n s o l i d s o l u t i o n . Chalcopyrite i s 
more abundant when quartz i s present. 

In summary,the s p h a l e r i t e of the b a r i t e - s p h a l e r i t e 
m i n e r a l i z a t i o n and the s i l i c e o u s copper m i n e r a l i z a t i o n , may 
bave been deposited at tbe same time. T e t r a h e d r i t e , chalco
p y r i t e ,galena and small amounts of gold were a l s o deposit
ed at t h i s time. Tbe t e t r a h e d r i t e was deposited i n cooler 
p a r t s of tbe host rock or i n chemically s u i t a b l e host rock. 
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A l a t e r p e r i od of m i n e r a l i z a t i o n with quartz and 
su l p h i d e s t m a i n l y c b a l c o p y r i t e , were deposited i n tbe ore zone 
and quartz may have replaced b a r i t e and tbe sulphides may 
bave p r e f e r e n t i a l l y replaced t e t r a b e d r i t e , i f tbe t e t r a b e d r i t e 
was present, ^ f e ^ a ^ a h ^ f f ̂ be quartz m i n e r a l i z a t i o n period 
was f a c i l i t a t e d by deformation of tbe host rocks,wbich 
were f r a c t u r e d and b r e c c i a t e d and therefore formed channel-
ways f o r l a t e r ascending s o l u t i o n s . Tbe l a t e r mineral 
s o l u t i o n s are represented by qaartz a s ^ o b a l e o p y r i t e as the 
copper mineral. The deformation which formed channelways 
f o r l a t e r ore s o l u t i o n s a l s o twinned the s p h a l e r i t e and 
deformed the other ore minerals. A l a t e r p e r i o d of quartz 
i s evidenced^possibly^by the shadowy e x t i n c t i o n of some of 
the quartz $whiob may have been stressed when openings were 
developed f o r the l a t e r ore s o l u t i o n s . 

Tbe s i l i c e o u s copper ore studied i s a c t u a l l y a 
t r a n s i t i o n type" of the b a r i t e - s p h a l e r i t e m i n e r a l i z a t i o n , 
which contains quartz with c b a l c o p y r i t e as the copper 
m i n e r a l , i n place of t e t r a b e d r i t e which occurs i n the b a r i t e -
s p h a l e r i t e m i n e r a l i z a t i o n . Since the s i l i c e o u s copper ore 
c o n s i s t s of a higher temperature group of minerals than 
tbe b a r i t e s p h a l e r i t e - o r e and Intrudes and p a r t l y replaces 
the b a r i t e - s p b a l e r i t e m i n e r a l i z a t i o n the r e v e r s a l s of zona 
ing mentioned by n.T.James i n the Jane orebody are a l s o 
present i n tbe 1250 Zinc orebody. Tbe higher temperature 
s i l i c e o u s copper ore has replaced p a r t s of the lower temp
erature b a r i t e - s p h a l e r i t e ore and reverse zoning i s apparent^ 



1250 ZINC MINERALIZATION SPECIMEN 
(1) S i l i c e o u s Bomb i n B a r i t e - s j p b a l e r i t e ore. 
(2) B a r i t e - s p b a l e r i t e type ore. 
(3) From a vague S i l i c e o u s zone i n B a r i t e - s p h a l e r i t e zone. 
(4) Short discontinuous C h l o r i t e concent r a t i o n i n form of 

a band. 
(5) Not present. 
{&X High Galena concentration i n ore adjacent to green dyke. 
(7) B a r i t e - s p b a l e r i t e type ore. 
(8) S i l i c e o u s type ore. 
(9) B a r i t e - s p h a l e r i t e type ore. 
(10) S i l i c e o u s type ore ad#&cent to a i foot band of B a r i t e 

ore which i s i n t u r n ad£<Jicent to foot w a l l barren s c h i s t . 

( I I } - ( I 2 ) - ( I 3 ) -
(14) S i l i c e o u s type ore. 
(15) to 122)-
(23) S i l i c e o u s type ore. 
(24) S i l i c e o u s Bomb. 
(25) S i l i c e o u s Bomb (<4uartzite?). 
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