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ABSTRACT 

The ores from the L i t t l e B i l l y , Copper Queen, and 
Marble Bay Mines examined m i c r o s c o p i c a l l y shows the f o l l o w i n g 
minerals to be present i n order of abundance: c h a l c o p y r i t e , 
b o r n i t e , c h a l c o c i t e , molybdenite, s p h a l e r i t e , p y r i t e , an 
unknown m i n e r a l , and c o v e l l i t e . The p a r t i c l e s i z e of the minerals 
v a r i e d from massive areas of c h a l c o p y r i t e down to small c r y s t a l s 
of the unknown mineral only 20 microns across. 

The paragenesis of the ore i s as f o l l o w s . The p y r i t e 
was deposited f i r s t w i t h gangue, fo l l o w e d by the u n i d e n t i f i e d 
white c r y s t a l and s p h a l e r i t e . A d e p o s i t i o n of c h a l c o p y r i t e then 
occurred, followed by a mixture of b o r n i t e and c h a l c o p y r i t e , i n 
tu r n f o l l o w e d by a t h i r d d e p o s i t i o n of c h a l c o p y r i t e . F i n a l l y 
there was a d e p o s i t i o n of molybdenite. 

From an i n v e s t i g a t i o n of the p a r t i c l e s i z e , the 
recovery of copper by f l o t a t i o n appears to present no problems, 
except i n the cle a n i n g of the copper concentrate of small 
amounts of s p h a l e r i t e and molybdenite. 



A MICROSCOPIC STUDY OF THE COPPER ORES OF 
TEXADA ISLAND 

General Purpose of Study 
1. To determine the minerals present. 
2. To study the r e l a t i o n s h i p of the minerals to one 

another, w i t h s p e c i a l r e l a t i o n , i f p o s s i b l e , to t h e i r r e l a t i o n ­
ship w i t h gold. 

I n t r o d u c t i o n 

The specimens of ore studied were from the Marble Bay, 
Copper Queen, and L i t t l e B i l l y Mines on Texada I s l a n d , Vancouver 
Mining D i v i s i o n . 

The ore bodies of these three mines have a l l proven 
to be moderately small but unusually r i c h . Their lengths vary 
from a few f e e t up to 220 f e e t , the widths from 10 to 50 f e e t , 
and the v e r t i c a l dimension u s u a l l y g r e a t e r . These ore bodies 
are very i r r e g u l a r e n c l o s i n g masses of barren limestone. 
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L o c a t i o n and A c c e s s i b i l i t y 

The Marble Bay, Copper Queen, and L i t t l e B i l l y Mines 
are near the northern end of Texada I s l a n d i n the Gulf of 
Georgia. The Copper Queen and L i t t l e B i l l y Mines being l e s s 
than a mile southeast of Marble Bay. 

These mines may be reached by car from Vananda, 
which i s about a mile n o r t h of Marble Bay. Vananda i s s e r v i c e d 
from Vancouver by Union Steam Ships. 

H i s t o r y 

Copper was known to occur i n the marbles of Northern 
Texada I s l a n d as e a r l y as l886jbut not u n t i l 1897 was a shaft 
sunk on the Marble Bay property. By 1899 the shaft had reached 
a depth of 140 feet and was continued i n 1901 to a depth of 200 
f e e t . Development continued steadly u n t i l 1921 when the seventeenth 
l e v e l was reached, where only small deposits of copper were found. 
The L i t t l e B i l l y and Copper Queen Mines have not been developed 
to such a depth. 

I n t e r e s t i n these mines has been revi v e d i n the l a s t 
few years, and at the present time Sheep Creek Gold Mines are 
b u i l d i n g a m i l l at the L i t t l e B i l l y Mine. 

General Geology 

The rock formations of Northern Texada I s l a n d c o n s i s t 
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of: ( D a t h i c k s e r i e s of vol c a n i c s c a l l e d the Texada Formation} 
( 2 ) a t h i c k Marble Bay Limestone of lower J u r a s s i c or upper 
T r i a s s i c age; and (3) the g r a n o d i o r i t e and q u a r t z - d i o r i t e 
i n t r u s i o n s of the Coast Range B a t h o l i t h of upper J u r a s s i c age. 

The Texada Formation i s a part of the Vancouver V o l c a n i c s 
which form a greater part of the Vancouver Group. The Texada 
formation i s s e v e r a l thousand f e e t t h i c k and Underlies v i r t u a l l y 
the whole of Texada I s l a n d . 

The Marble Bay Limestone i s the formation co n t a i n i n g 
the ore bodies of the Marble Bay, Copper Queen, and L i t t l e B i l l y 
Mines. The formation occupies a b e l t from one to two miles wide 
and eight miles long, extending across the northern end of the 
i s l a n d i n a northwesterly d i r e c t i o n , and i s approximately 1500 

f e e t t h i c k . 
The i n t r u s i o n rock at the L i t t l e B i l l y and i n the 

bottom of the Marble Bay Mine i s a t y p i c a l l y p l u t o n i c rock 
c o n s i s t i n g e s s e n t i a l l y of quartz, p l a g i o c l a s e , and va r y i n g 
amounts of o r t h o c l a s e , hornblende, a u g i t e , and b i o t i t e . I t i s 
g e n e r a l l y considered that the ore found i n the L i t t l e B i l l y and 
nearby mines was formed by s o l u t i o n s emanating from the magma 
which formed these i n t r u s i o n s . 

F a u l t i n g on a small scale occured both before and 
a f t e r m i n e r a l i z a t i o n . The f a u l t i n g a f t e r m i n e r a l i z a t i o n i s 
unimportant, wh i l e that preceeding m i n e r a l i z a t i o n has an 
important bearing on the formation of the ore bodies, the l a r g e s t 
and r i c h e s t ore being found i n the l a r g e s t f a u l t . 
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Procedure of Study 

1. V e r i f i c a t i o n of the p r e v i o u s l y determined paragenesis 
by V. Dolmage (1921) of the Marble Bay Mine* 

2 . I n v e s t i g a t i o n to determine i f the paragenesis i s 
s i m i l i a r f o r a l l three mines. 

3 . A study of the mode of occurance of gold and s i l v e r 
i n view of the recent i n t e r e s t i n the property shown by Sheep 
Creek Gold Mines L i m i t e d . 

Megascopic Study 

The m e t a l l i c minerals recognized under the hand lens 
( X 12 ) a r e , i n order of abundance:-

Ch a l c o p y r i t e 
B o r n i t e 
Molybdenite 
P y r i t e 

The q u a n t i t y of sulphides present i n these specimens 
v a r i e d from 10% to almost 100JS sulphides.. 

The C h a r a c t e r i s t i c s of the ore are: 
1. The Marble Bay samples were n e a r l y s o l i d s u l p h i d e s , 

but no developed c r y s t a l forms could be seen. 
2 . The Copper Queen specimen was over 30% sulphides 

but f i n e l y disseminated w i t h no v i s i b l e c y r s t a l forms. 
3 . In the L i t t l e B i l l y s u i t e one specimen showed 

w e l l developed p y r i t e c r y s t a l s of p y r i t o h e d r a l form measuring 
Dolmage, V.; The Marble Bay Mine, Texada I s l a n d , B r i t i s h  

Columbia« Economic Geology, v o l 1 6 , 1 9 2 1 , p. 3 7 2 . 
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f i v e to ten m i l l i m e t r e s across. Another specimen showed massive 
to s c a l y molybdenite. The sulphides i n the remaining specimens 
from t h i s s u i t e were f i n e l y disseminated. 

Microscopic Study 

Summary of Mineralogy 
The M i n e r a l s found i n order of abundance are: 

C h a l c o p y r i t e 
B o r n i t e 
C h a l c o c i t e 
Molybdenite 
S p h a l e r i t e 
P y r i t e 
Unknown M i n e r a l 
C o v e l l i t e 

A summary of the mineralogy i s as f o l l o w s : 
1. C h a l c o p y r i t e : The c h a l c o p y r i t e occurs p r i n c i p a l l y as l a r g e 
massive areas showing no c r y s t a l o u t l i n e . The c h a l c o p y r i t e i s 
c l o s e l y a s s o c i a t e d w i t h b o r n i t e , u s u a l l y w i t h mutual boundries 
between the two and the b o r n i t e c o n t a i n i n g exsolved b o r n i t e , 
as i n p l a t e s 1 and 2, and f i g u r e s 8 and 10. Often i n the same 
s e c t i o n s , however, the c h a l c o p y r i t e i s r e p l a c i n g the b o r n i t e 
as shown i n f i g u r e 10 and i n other s e c t i o n s the b o r n i t e i s r e p l a c i n g 
c h a l c o p y r i t e as shown i n f i g u r e 8. 
2. B o r n i t e : The b o r n i t e i n a l l s e c t i o n s occurs w i t h c h a l c o p y r i t e 
and i n most sections contains exsolved c h a l c o p y r i t e . 
3 . C h a l c o c i t e : The chalcocite- i s always ass o c i a t e d w i t h b o r n i t e , 
w i t h the c h a l c o c i t e r e p l a c i n g the b o r n i t e , but never w i t h 
c h a l c o p y r i t e . The c h a l c o c i t e examined was n e a r l y white i n s t e a d 
of b l u i s h grey and i s negative to the etch reagents. 



4* Molybdenite: The molybdenite, more commonly as s o c i a t e d 
w i t h the c h a l c o p y r i t e than w i t h the b o r n i t e , u s u a l l y occurs as 
small f i n e l y l a m e l l a t e d t a b u l a r fragments as seen i n f i g u r e s 
3 and 11 . 

5- S p h a l e r i t e : The s p h a l e r i t e occurs i n c h a l c o p y r i t e as 
unsupported n e c u l e i , o f t e n replaced p a r t l y by c h a l c o p y r i t e . 
6 . P y r i t e : P y r i t e i s a minor mineral only a few corroded c r y s t a l s 
being found. In a l l s e c t i o n s examined the p y r i t e d i d not 

la r g e amount 
border any^of the copper minerals but occurred e n t i r e l y surrounded 
by gangue. This i s shown i n f i g u r e s 4, 5 and 1 1 . 

7# Unknown M i n e r a l : The unknown mineral occurs as small equiaxed 
c r y s t a l s , about 50 microns i n diameter, surrounded by bo r n i t e 
and c h a l c o p y r i t e . 
8. C o v e l l i t e : The c o v e l l i t e occurs i n t h i n very i r r e g u l a r 
bands r e p l a c i n g b o r n i t e along t h i n cracks. This i s shown i n 
f i g u r e 6 . 
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D e t a i l e d Mineralogy of Sections Examined 

Se c t i o n 1 

Marble Bay Mine M e t a l l i c s occupy over 90$ of the 
t o t a l area of the s e c t i o n . 

1300 l e v e l Assays: 
Au • 0.04 oz per ton 
Ag s 2 7 . 2 oz per ton 
Cu s 5 8 . 0 $ 

M i n e r a l s present, i n order of 
abundance are: 

B o r n i t e 2 55% 
C h a l c o c i t e r 35$ 
C h a l c o p y r i t e r l e s s than 1% 

F a b r i c : The b o r n i t e and c h a l c o c i t e i n this.specimen show no 
c r y s t a l forms but occur i n massive areas. This s t r u c t u r e i s shown 
i n f i g u r e 1 . 

1. B o r n i t e , C h a l c o c i t e : These minerals occur i n l a r g e , i r r e g u l a r , 
massive areas up to s e v e r a l m i l l i m e t r e s long. 
2 . C h a l c o p y r i t e : The small amount of c h a l c o p y r i t e present i s 
not w i t h the mass of the copper sulphides but occurs w i t h b o r n i t e 
as small c r y s t a l s , about 40 microns i n diameter, i n gangue. 
This i s shown i n f i g u r e 2 . 

Mutual R e l a t i o n s h i p of M i n e r a l s Present: 
No true v e i n i n g of the m e t a l l i c s i s seen i n t h i s 

s e c t i o n but an examination of f i g u r e 1 i n d i c a t e s that the gangue 
which now occurs as unsupported n e c u l e i made up the o r i g i n a l 
rock. This gangue was then broken up and bornite entered. 
A f t e r the d e p o s i t i o n of the b o r n i t e , c h a l c o c i t e began to replace 
i t as shown by the f i n g e r i n g of the c h a l c o c i t e i n t o the b o r n i t e . 
A f t e r t h i s d e p o s i t i o n the deposite was again f r a c t u r e d and more 
gangue entered. 



S e c t i o n 2 

Marble Bay Mine M e t a l l i c s occupy approximately 
85% of the t o t a l area of the 

Stock Set s e c t i o n . 
Assays: 

Au * 0.02 oz per ton 
Ag 2 . 2 oz per ton 
Cu =r 2 8 . 2 $ 

M i n e r a l s present i n order of 
abundance are: 

Ch a l c o p y r i t e =• 80% 
B o r n i t e « 3$ 
Molybdenite = 3% 
S p h a l e r i t e * 2% 
Unknown M i n e r a l * 3 small 

c r y s t a l s 
F a b r i c : Massive c h a l c o p y r i t e makes up the background mass of 
t h i s section,the gangue occurring i n p a r t i c l e s approximately a 
m i l l i m e t e r i n diameter, the b o r n i t e , s p h a l e r i t e , molybdenite, and 
u n i d e n t i f i e d c r y s t a l s occuning i n small p a r t i c l e s . 
1. C h a l c o p y r i t e : The c h a l c o p y r i t e i s as large massive areas, 
s e v e r a l m i l l i m e t e r s long. 
2. B o r n i t e : The borni t e occurs i n small i r r e g u l a r c r y s t a l s 
v a r y i n g i n s i z e from about 20 microns to 400 microns. The 
bo r n i t e u s u a l l y has smooth boundries w i t h t h e * c h a l c o p y r i t e but 
some c r y s t a l s have a ragged o u t l i n e and co n t a i n exsolved c h a l c o p y r i t e 
This i s shown i n p l a t e s 1 and 2 . ' 

3« Molybdenite: The molybdenite occurs i n small l a t h - l i k e 
shapes va r y i n g from 40 to 90 microns t h i c k and 500 to 1000 microns 
long. These lathshave smooth boundries and cut a l l other minerals, 
as shown i n f i g u r e 3# 

4. S p h a l e r i t e : The s p h a l e r i t e u s u a l l y occurs bordering on 
bo r n i t e w i t h smooth boundries between the two but o f t e n w i t h 
ragged boundries between the s p h a l e r i t e and c h a l c o p y r i t e . This 
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i s shown i n p l a t e 1. The s i z e of the s p h a l e r i t e p a r t i c l e s v a r i e s 
from 20 microns and l e s s to about 100 microns. 
5# Unknown M i n e r a l : The u n i d e n t i f i e d c r y s t a l s are equiaxed 
and about 50 microns i n diameter. They occur i n b o r n i t e and 
have sharp r e g u l a r g r a i n boundries. The p r o p e r t i e s of these 
c r y s t a l s are: 

Color * white 
Hardness • C 
Weakly a n i s o t r o p i c , d i s p l a y i n g a grey v i o l e t to 

d i r t y purple c o l o r . 
Negative to a l l e tch reagents. 

Mutual R e l a t i o n s h i p of M i n e r a l s Present: 
The s p h a l e r i t e and b o r n i t e have smooth boundries, both 

minerals encroaching the c h a l c o p y r i t e , the bornite c o n t a i n i n g 
exsolved c h a l c o p y r i t e . The molybdenite veins a l l the minerals 
and gangue i n the s e c t i o n . 
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S e c t i o n 3 

Copper Queen M e t a l l i c s occupy approximately 
80$ of the t o t a l area of the 

Stock Set s e c t i o n . 
Assays: 

Au m 0.04 oz per ton 
Ag m 14.0 oz per ton 
Cu * 36.4$ 

M i n e r a l s present i n order of 
abundance are: 

C h a l c o p y r i t e » 60$ 
B o r n i t e » 20$ 
P y r i t e * l e s s than 1$ 
C o v e l l i t e » l e s s than 1$ 
Unknown M i n e r a l » lesp than 1$ 

F a b r i c : Massive c h a l c o p y r i t e makes up the mass of t h i s s e c t i o n 
the b o r n i t e occuning i n massive p a r t i c l e s up to 1000 microns 
across. The gangue i s badly broken, appearing u s u a l l y as 
unsupported n e c u l e i . 
1. C h a l c o p y r i t e : The c h a l c o p y r i t e i s as large massive areas. 
2 . B o r n i t e : The b o r n i t e occurs i n small i r r e g u l a r c r y s t a l s 
v a r y i n g i n s i z e from about 20 microns up to 400 microns. The 
b o r n i t e shows no exsolved c h a l c o p y r i t e and has smooth boundries 
w i t h the c h a l c o p y r i t e . 
3» P y r i t e : The p y r i t e occurs as a few i r r e g u l a r c r y s t a l s i n 
badly broken quartz. The p y r i t e c r y s t a l s are about 300 

microns i n diameter. 
4. C o v e l l i t e : The c o v e l l i t e occurs as t h i n , very i r r e g u l a r 
bands r e p l a c i n g c h a l c o p y r i t e and e s p e c i a l l y b o r n i t e along cracks 
through the copper mi n e r a l s . These bands, shown i n f i g u r e 6 , 

are about 30 microns i n width. 
Unknown M i n e r a l : The unknown mineral occurs as small c r y s t a l s 50 

to 100 microns i n diameter surrounded by b o r n i t e and c h a l c o p y r i t e . 
This i s shown i n p l a t e 3 . 
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Mutual R e l a t i o n s h i p of M i n e r a l s Present: 
The p y r i t e has f r a c t u r e d boundries and i s surrounded 

p r i n c i p a l l y by gangue. The copper minerals have mutual 
boundries and v e i n i n t o the gangue. 
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S e c t i o n 4 

L i t t l e B i l l y Mine M e t a l l i c s occupy approximately 
45$ of the t o t a l area of the 

High P y r i t e s e c t i o n . 
Assays: 

Au r 0 . 1 6 oz* per ton 
Ag r 8.4 oz. per ton 
Cu r 14.9$ 

M i n e r a l s present i n order of 
abundance are: 

C h a l c o p y r i t e r 25$ 

P y r i t e r 20$ 

F a b r i c : The p y r i t e occurs as lar g e r e g u l a r c r y s t a l s , w h i l e the 
c h a l c o p y r i t e occurs as lar g e i r r e g u l a r masses as i n s e c t i o n 2 . 

1 . P y r i t e : The p y r i t e occurs i n l a r g e r e g u l a r c r y s t a l s , 5 

m i l l i m e t e r s square. These cubes are badly cracked and veined 
w i t h gangue, as shown i n f i g u r e s 4 and 5* 

2 . C h a l c o p y r i t e : The c h a l c o p y r i t e occurs i n large i r r e g u l a r 
areas as i n s e c t i o n 2 . 

Mutual R e l a t i o n s h i p of M i n e r a l s Present: 
The lar g e c r y s t a l s of p y r i t e have been badly cracked 

and these cracks f i l l e d w i t h gangue before the d e p o s i t i o n of 
the c h a l c o p y r i t e . Almost nowhere does the c h a l c o p y r i t e border 
the p y r i t e , the gangue v e i n i n g the p y r i t e and the c h a l c o p y r i t e 
r e p l a c i n g the gangue. This i s shown i n f i g u r e 4 # 

In the one place where the p y r i t e does j o i n the 
c h a l c o p y r i t e the gangue again veins the p y r i t e but not the 
c h a l c o p y r i t e . This i s shown i n f i g u r e 5* 
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S e c t i o n 5 
L i t t l e B i l l y Mine M e t a l l i c s occupy approximately 

20$ of the t o t a l area of the 
High Molybdenite s e c t i o n . 

Assays: 
Au s 0.02 oz per ton 
Ag s 0 . 5 oz per ton 
Cu s t r a c e 

M i n e r a l s present i n order of 
abundance are: 

Molybdenite r 20$ 
B o r n i t e s l e s s than 1$ 
C h a l c o p y r i t e s l e s s than 1$ 

F a b r i c : The gangue i s f r a c t u r e d and i n la r g e grains> among 
which occur the molybdenite. 

Molybdenite: The molybdenite occurs as i r r e g u l a r g r a i n s 
from 30 microns up to a quarter of an i n c h across, as seen i n 
f i g u r e 7. 

2* B o r n i t e : The b o r n i t e occurs as small c r y s t a l s , 40 to 100 
microns i n diameter, w i t h sharp smooth boundries, e n t i r e l y 
surrounded by quartz. Some of the b o r n i t e c r y s t a l s are cut 
by the c h a l c o p y r i t e as seen i n p l a t e 4. 
3« C h a l c o p y r i t e : The c h a l c o p y r i t e occurs e i t h e r c u t t i n g the 
b o r n i t e or as small c r y s t a l s , from 5 t o 40 microns i n diameter, 
i n quartz. 
Mutual R e l a t i o n s h i p of M i n e r a l s Present: 

The c h a l c o p y r i t e and b o r n i t e occur as n e c u l e i f o r 
the quartz, the b o r n i t e being present before the c h a l c o p y r i t e . 
The molybdenite does not bound the copper minerals but occurs 
i n badly f r a c t u r e d gangue. 
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S e c t l o n 6 

L i t t l e B i l l y Mine M e t a l l i c s occupy approximately 
55$ of the t o t a l area of the 

High B o r n i t e s e c t i o n . 
Assays: 

Au r o # 6 5 oz per ton 
Ag s 6 . 5 oz per ton 
Cu r 22.4$ 

Mi n e r a l s present i n order of 
abundance are: 

C h a l c o p y r i t e s 25$ 
B o r n i t e r 20$ 

F a b r i c : The sulphide minerals are coarsely disseminated throughout 
the gangue. 
1# C h a l c o p y r i t e : The c h a l c o p y r i t e occurs as large i r r e g u l a r 
masses, f i l l i n g f r a c t u r e s i n the gangue. 
2 . B o r n i t e : The bo r n i t e occurs as l a r g e i r r e g u l a r masses about 
200 to 300 microns i n l e n g t h , o f t e n c o n t a i n i n g exsolved 
c h a l c o p y r i t e . A t y p i c a l sketch of t h i s s e c t i o n i s shown i n 
f i g u r e 8 . 

Mutual R e l a t i o n s h i p of Mi n e r a l s Present: 
The c h a l c o p y r i t e and b o r n i t e have mutual boundries 

both v e i n i n g i n t o the gangue and c o n t a i n i n g unsupported 
n e c u l e i of gangue. 
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S e c t i o n 7 

L i t t l e B i l l y Mine M e t a l l i c s occupy approximately 
85$ of the t o t a l area of the 

High C h a l c o p y r i t e s e c t i o n . 
Assays: 

Au * 0 . 0 2 oz per ton 
Ag * 15#7 02 per ton 
Cu r 3 0 . 5 $ 

M i n e r a l s present i n order of 
abundance are: 

C h a l c o p y r i t e * 70$ 
B o r n i t e * 15$ 
C o v e l l i t e * l e s s than 1$ 
Unknown M i n e r a l * l e s s than 1$ 

F a b r i c : Massive c h a l c o p y r i t e makes up the background mass of 
the s e c t i o n , the gangue being present as unsupported n e c u l e i 
and the b o r n i t e as small i r r e g u l a r p a r t i c l e s . 
1. C h a l c o p y r i t e : The c h a l c o p y r i t e i s as large massive areas 
s e v e r a l m i l l i m e t e r s long. 
2» B o r n i t e : The b o r n i t e occurs i n small i r r e g u l a r c r y s t a l s from 
about f i v e microns up to an ei g h t h of an i n c h across. The b o r n i t e 
has smooth boundries w i t h the c h a l c o p y r i t e , as shown i n f i g u r e 
9, and under high m a g n i f i c a t i o n shows exsolved c h a l c o p y r i t e , shown 
i n f i g u r e 1 0 . 

3* C o v e l l i t e : A very small amount of c o v e l l i t e occurs, as 
i n s e c t i o n 3 *along h a i r cracks through the b o r n i t e . 
4. Unknown M i n e r a l : The u n i d e n t i f i e d c r y s t a l s are equiaxed 
and about 20 microns i n diameter, have sharp boundries, and 
occur i n c h a l c o p y r i t e and b o r n i t e . 
Mutual R e l a t i o n s h i p of Min e r a l s Present: 

The b o r n i t e , c o n t a i n i n g exsolved c h a l c o p y r i t e , has 
mutual boundries w i t h the c h a l c o p y r i t e . The gangue appears 
as unsupported n e c u l e i . 
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S e c t i o n 8 
L i t t l e B i l l y Mine M e t a l l i c s occupy approximately 
~ 2% of the t o t a l area of the 
Molybdenite s e c t i o n * 

M i n e r a l s present i n order of 
abundance are: 

P y r i t e & 1% 
Molybdenite * 1% 

F a b r i c : The mass of gangue i s f r a c t u r e d and the edges are 
eroded away. 
1. P y r i t e : The p y r i t e occurs i n the gangue as r e g u l a r 
r e c t a n g u l a r c r y s t a l s from 20 to 1000 microns i n diameter. 
The edges of the g r a i n s are eroded. 
2. Molybdenite: The molybdenite occurs i n long t h i n g r a i n s , 
100 microns wide and up to 2 mm lo n g , c u t t i n g across the 
f r a c t u r e d gangue. This i s shown i n f i g u r e 11. 
Mutual R e l a t i o n s h i p of M i n e r a l s Present: 

In g e n e r a l , throughout the sample the p y r i t e i s 
eroded and does not occur w i t h the molybdenite, which i s not 
f r a c t u r e d but cuts across f r a c t u r e d gangue. 
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S e c t l o n 9 
L i t t l e B i l l y Mine M e t a l l i c s occupy approximately 

3% of the t o t a l area of the 
600 R.S. s e c t i o n . 

Assays: 
Au s 0 . 2 5 oz per ton 

Mi n e r a l s present i n order of 
abundance are: 

Ch a l c o p y r i t e s 2% 
B o r n i t e s l e s s than 1% 
White M i n e r a l r l e s s than 1% 

F a b r i c : The sulphide p a r t i c l e s are as unsupported n e c u l e i 
throughout the gangue* No gold was found even under 650 

m a g n i f i c a t i o n * 
1. C h a l c o p y r i t e : The c h a l c o p y r i t e occurs as unsupported n e c u l e i 
from a few microns up to 700 microns long* 
2 . B o r n i t e : The b o r n i t e occurs as small unsupported c r y s t a l s 
o f t e n w i t h the c h a l c o p y r i t e * No e x s o l u t i o n was seen i n t h i s 
s e c t i o n * 
3* Unknown M i n e r a l : The unknown mineral occurs as small grains 
i n b o r n i t e and c h a l c o p y r i t e * 
Mutual R e l a t i o n s h i p of Min e r a l s Present: 

A l l three minerals occur together as unsupported 
n e c u l e i . The boundries between the c h a l c o p y r i t e and b o r n i t e are 
smooth, wh i l e the boundries of the unknown mineral are very 
sharp* A general view of t h i s s e c t i o n i s shown i n f i g u r e 1 2 . 
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Paragenesis 

Convincing v e i n i n g or replacement r e l a t i o n s h i p s of the 
copper minerals are l a c k i n g i n the se c t i o n s examined. On the 
other hand there e x i s t s good v e i n i n g r e l a t i o n s h i p s f o r the 
molybdenite and some of the gangue, widespread evidence of 
encroachment of the s p h a l e r i t e by the copper minerals, and 
e x s o l u t i o n of c h a l c o p y r i t e i n the b o r n i t e . The paragenis i s 
determined l a r g e l y upon t h i s c r i t e r i a . 

The order of d e p o s i t i o n of the minerals i s as f o l l o w s : 
1. These i s evidence that p y r i t e was the e a r l i e s t m i n e r a l , 
since gangue f i l l s f r a c t u r e s i n the p y r i t e , see f i g u r e s 4 and 5* 
but a l l other minerals v e i n i n t o gangue or contain gangue as 
unsupported n e c u l e i , see f i g u r e 1, 6 and 8. 

Gangue entered about the same time as the p y r i t e and 
before the copper minerals as seen by the numerous unsupported 
n e c u l e i i n the copper minerals. See f i g u r e s 1, 4, 7 and 8. 
2 . The age of the u n i d e n t i f i e d white c r y s t a l s i s d i f f i c u l t 
to determine, but by t h e i r unsupported n e c u l e i they appear to 
have deposited j u s t before the b o r n i t e , since the b o r n i t e 
surrounds these c r y s t a l s as seen i n p l a t e 3* 

3* S p h a l e r i t e appears to be the next mineral deposited, since 
i t occurs as unsupported n e c u l e i i n the c h a l c o p y r i t e and 
b o r n i t e , and shows no e x s o l u t i o n of c h a l c o p y r i t e which i s 
u s u a l l y present when the two are deposited together. 
4. Ch a l c o p y r i t e i s the next mineral deposited as i t i s being 
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replaced by b o r n i t e i n some sections,as seen i n p l a t e 1. The 
c h a l c o p y r i t e was then fo l l o w e d c l o s e l y by a d e p o s i t i o n of b o r n i t e 
and c h a l c o p y r i t e together as i s seen by the numerous sect i o n s 
showing exsolved c h a l c o p y r i t e i n the b o r n i t e * There then 
f o l l o w e d a f u r t h e r d e p o s i t i o n of c h a l c o p y r i t e as seen i n p l a t e 
4 where i t cuts b o r n i t e . A f t e r the d e p o s i t i o n of these primary 
copper minerals the b o r n i t e was p a r t l y replaced by c h a l c o c i t e 
as shown i n f i g u r e 1 , probably by s o l u t i o n s from the magma 
d i s s o l v i n g out the i r o n , since i t . i s u n l i k e l y that the replacement 
could be by surface s o l u t i o n s since s e c t i o n one i s from the 1300 

l e v e l of the Marble Bay Mine, about 1050 f e e t below sea l e v e l . 
A f t e r the d e p o s i t i o n of the copper minerals the deposit was 
f r a c t u r e d and there was another d e p o s i t i o n of gangue, as seen 
i n f i g u r e 1. 

5. Molybdenite was d e f i n i t e l y the l a s t primary mineral 
deposited, since i t cuts a l l other minerals as seen i n f i g u r e 
3 . 

6. Late i n t h e i r l i f e the b o r n i t e and c h a l c o p y r i t e were o x i d i z e d 
along minute cracks to c o v e l l i t e as seen i n f i g u r e 6. 

The above age r e l a t i o n s are summarized i n .graph I V . 
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Economic S i g n i f i c a n c e 

The specimens studied a l l showed the copper minerals 
occuiring i n massive p a r t i c l e s s e v e r a l hundred microns across and 
r e l a t i v e l y unoxidized or unaltered i n d i c a t i n g that a high 
recovery by f l o t a t i o n should be p o s s i b l e at a r e l a t i v e l y coarse 
g r i n d . An examination of the s p h a l e r i t e and molybdenite, however, 
i n d i c a t e s that to e i t h e r recover these minerals or separate 
them from the copper concentrate a g r i n d to about 20 microns i s 
needed f o r the s p h a l e r i t e and a g r i n d to about 50 microns i s 
required f o r the molybdenite. Thus i t i s l i k e l y that much of 
the s p h a l e r i t e and molybdenite w i l l go i n t o the copper concentrate 
lowering i t s grade. 

The precious metals cannot be recovered by c y a n i d a t i o n 
because of the c y a n i c i d e s , e s p e c i a l l y b o r n i t e , present. 

Because of the absence of f r e e gold or s i l v e r minerals 
i n the s e c t i o n s examined no d e f i n i t e r e l a t i o n s h i p between the 
precious metals and any of the m i n e r a l s , m e t a l l i c or gangue, 
could be determined. An examination of a graph between the copper 
and s i l v e r , however, see graph 2 , i n d i c a t e s that the s i l v e r 
f o l l o w s the copper. Unfortunately the gangue was so disseminated 
through the specimens having the higher assays that not s u f f i c i e n t 
of the sulphide could be cleaned f o r a s i l v e r assay. 

The gold appears to f o l l o w no n o t i c a b l e trend i n 
the small number of specimens examined, but on m i l l i n g i t i s 
found that the gold f o l l o w s the copper. 
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Conclusions 

The m e t a l l i c s present i n paragenetic order are: 
P y r i t e 
U h i d e n t i f i e d white c r y s t a l s 

S p h a t e r i t e , c h a l c o p y r i t e , b o r n i t e , c h a l c o c i t e 
Molybdenite 
C o v e l l i t e 

The e x s o l u t i o n of the c h a l c o p y r i t e i n the b o r n i t e 
r a t h e r than the s p h a l e r i t e i s a notable feature of t h i s ore. 

The ore s o l u t i o n s which formed these deposits were 
e v i d e n t l y of an unusual composition. The great preponderance 
of low i r o n minerals such as bor n i t e and c h a l c o c i t e and the 
absence of p y r i t e i n any amount, p y r r h o t i t e , and magnetite 
a f f o r d s an i n t e r e s t i n g comparison w i t h the huge deposits of 
magnetite found only four miles d i s t a n t i n the same formations. 

This study gives a paragenesis s i m i l i a r to that 
developed by Dr. Dolmage i n 1921. Moreover t h i s study a l s o 
shows the great s i m i l a r i t y between the ores from the three 
mines s t u d i e d , i n d i c a t i n g that a l l three mines were m i n e r a l i z e d 
from the same magma. 
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C l a s s i f i c a t i o n of Deposit 

The sulphides present except f o r the c o v e l l i t e are 
a l l of hypogene o r i g i n * An i n d i c a t i o n of the very a c t i v e 
h i s t o r y of t h i s deposit i s i l l u s t r a t e d by the f o l l o w i n g f a c t s : 

1. The low temperature p y r i t e was the f i r s t sulphide 
mineral deposited* 

2. The medium temperature s p h a l e r i t e and copper 
sulphides were deposited next. 

3* F i n a l l y the high temperature molybdenite was the 
l a s t sulphide deposited. 

4. The badly f r a c t u r e d gangue and sulphides. 
Thus, i n view of the l i m i t e d data a v a i l a b l e the 

deposit may be c l a s s i f i e d as having passed from the epethermal 
to hypothermal type. 
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