
A MICROSCOPIC STUDY Off THE GOID Q.UARTZ ORE 
of the 

MTSK3STEBR HIKE, T8SDWSLL HITTER V , I , 

600058 

submitted "by 

Franc. Jeubin 

as a p a r t i a l requirement i n 
Geology 9 
- 1942 -



AGEITOYi/LBDGI'EBHTS 

The w r i t e r g r a t e f u l l y acknowledges tl i e h e l p f u l 
suggestions and co-operation of Dr. H. V. Warren i n the 
p r e p a r a t i o n of t h i s r e p o r t . 

The w r i t e r wishes also to thank Mr. Bob Thompson 
f o r h i s generous a s s i s t a n c e i n running the s e v e r a l assays 
of the ore and f o r i n s t r u c t i o n i n the procedure of micro
scopic photography. 

~~o0o— 



C O N T E N T S 

Page 
General Purpose of Study 1 
I n t r o d u c t i o n • 1 
Lo c a t i o n and a c c e s s i b i l i t y 2 
H i s t o r y 3 
General Geology 3 
Mine Geology and S t r u c t u r e 4 
Procedure of Study 5 
Megascopic Study 6 
Mic r o s c o p i c Study: S e c t i o n #1 8 

Se c t i o n #2 10 
S e c t i o n #4 12 
S e c t i o n #8 13 
S e c t i o n #7 A,B,C 15 
S e c t i o n #3 17 
Se c t i o n #5 19 
S e c t i o n #6 20 

Paragenesis 21 
Microscopic Study of S p h a l e r i t e 23 
Conclusions; M i n e r a l o g i c a l 25 
C l a s s i f i c a t i o n of Deposit 27 
Conclusions; M e t a l l u r g i c a l 28 
B i b l i o g r a p h y 29 



ILLUSTRATIONS 

Geology and l o c a t i o n of property f a c i n g page 2 
Figures #1 A,B and C f a c i n g page 7 
Figure #8 f a c i n g page 21 
Graph #1 f a c i n g page 28 
Graph #2 f a c i n g page 28 
Figures #2 - #4 f a c i n g page 23 
Figures #5 - #7 f a c i n g page 23 

M i c r o - p b o t o g r a p h s • F<act"osf 2 . 3 



A MICROSCOPIC STUDY OF MUSKETEER MCE ORE 

General Purpose of Study 

1. To determine the minerals present. 
2. To study t h e i r r e l a t i o n s h i p w i t h one another, 

w i t h e s p e c i a l a t t e n t i o n to t h e i r r e l a t i o n s h i p w i t h g o l d . 
3« To determine i f any m i n e r a l o g i c a l changes are 

present t h a t might be d i a g n o s t i c of the "bottoming" of the 
ore-shoots. 

4« To accumulate data toward determining the 
M e t a l l o g e n e t i c Epoch of the "West Coast" gold deposits of 
which the ore here s t u d i e d i s t y p i c a l . 

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

The specimens of ore st u d i e d were p r i n c i p a l l y from 
the Musketeer Mine at Bedwell R i v e r on Vancouver I s l a n d . 

This deposit i s somewhat s i m i l a r , m i n e r a l o g i c a l l y , 
and s t r u c t u r a l l y , to the t y p i c a l "West Coast" gold d e p o s i t s , 
best i l l u s t r a t e d i n the Zeballos Camp. The "West Coast" 
gold v e i n s are c h a r a c t e r i s t i c a l l y narrow, quartz-sulphide 
f i l l e d f i s s u r e s , s e c t i o n s of which c a r r y h i g h gold v a l u e s . 
The d e p o s i t s appear to be shallow; becoming r a p i d l y im
poverished at around 1,000 f e e t i n depth. C e r t a i n m i n e r a l -



Recent. 

F i g . Bedwell River-Drinkwater Creek Area, 
(contour interTal 200 f e e t ) 

Location 
MusKeteev- Mines. 

LEGEND 
Unconsolidated material. 

Jurassic and, or. Cretaceous (Coast 
Range)—granit ic rocks, chiefly 
quartz-diorite. 

Note.—Sections ind icated by the pat tern 
were not traversed closely and ore prob
ably underlain by Coast Range granitic 
rocks, which may contain roof-pendants. 

Palaeozoic and Mesozoic. 
Chief ly Lower Mesozoic (Vancouver 

Group)—andesite, basa l t , f i ne 
grained, impure tuffs, limestone. 

Permian — limestone, in part recrys-
tal l ized, also includes at some 
po in ts ove r l y ing t h i n -bedded 
siliceous and tuffaceous (?) argi l-
lites. 

Complex stratigraphically below the 
Pe rm ian l imes tone ; vo l can i cs 
tuffaceous and argillaceous sedi
ments, generally of fine-grained 
cherty appearance, of Palaeozoic 
age; basic intrusives, related to 
Lower Mesozoic volcanics; and 
granitic intrusives (Coast Range). 

Note.—The Palaeozoic and Lower Mesozoic rocks ore 
invaded by dykes and other small bodies of granitic 
rock, not mapped, which are related to the larger 
masses of granitic rock. Dykes are numerous near 
the contacts of the larger granitic masses. 

Geological boundary defined. 

Geological boundary approximate. 

Fault with dip. 

Bedding or foliation. 

Fossil locality. 

Triangulat ion station, with elevation 
in feet. 

Spot elevation in feet. 

Road. 

Trai l . 

Glacier, 

PROPERTIES 
*1. Prosper. *10. You. 
"2, Seattle. M l . Casino. 
*3. Avon. 12. Ptarmigan. 
*4. Galena. 13. Big 1. 
*5. Noble and Noble B. *14, Trophy. 
*6. O.K. M5 . Thunderbird. 
7. Joker. 16. Delia. 
8. Musketeer Mines, Limited. 17. Sherwood. 
9. Buccaneer Mines, Limited. 18. P.D.Q 

"Described in Bulletin No. 8. 1940-—Bedwell River Area. 

Miles 

Topography from B r i t i s h Columbia Department of Lands 
Map 92 P/5. 

L 
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o g i c a l changes have "been noted i n i n d i v i d u a l ore-shoots as 
these were "bottomed. 1 1 However, only l i m i t e d depth develop
ment has been attempted to date to prove whether the changes 
marking the "bottom" of these shoots may also be d i a g n o s t i c 
of the "bottom" of the mine* 

The "West Coast" gold deposits appear to belong to 
one and the same M e t a l l o g e n e t i c Epoch and Province* However, 
the p o s i t i o n of the Epoch i n the geologic column i s not 
d e f i n i t e l y known. Th.e r i c h e r gold-bearing s e c t i o n s of the 
v e i n s have most of the c h a r a c t e r i s t i c s of the T e r t i a r y E p i 
t h e l i a l precious metals type of deposit despite the f a c t t h a t 
they occur w i t h i n q u a r t z - d i o r i t e i n t r u s i v e s of Jura-Cretaceous 
age. Immediately below the gold-bearing h o r i z o n the nature of 
the v e i n s changes (quite abruptly) to a type i n d i c a t i n g meso-
thermal c o n d i t i o n s • 

L o c a t i o n and A c c e s s i b i l i t y 

Please see attached map* 
The Musketeer property i s l o c a t e d i n the Bedwell 

R i v e r area on the west coast of Vancouver I s l a n d . This area 
l i e s some 70 m i l e s south-east of Zeballos and 120 m i l e s due 
west of Vancouver, B. C. 

The Musketeer Mine may be reached by car (seven 
miles) from the head of Bedwell Sound. Bedwell Sound i s a 
port of c a l l f o r c o a s t a l f r e i g h t boats. The nearest 



e s t a b l i s h e d comrmmities are Tofino and Clayoquot, some twenty 
m i l e s d i s t a n t "by water. 

H i s t o r y 

The presence of gold quartz v e i n s i n the area has 

been known since 1 8 9 8 ^ but they a t t r a c t e d no seriou s a t t e n 

t i o n u n t i l a f t e r the p u b l i c i t y given the Zeballos deposits* 
The Musketeer property was l o c a t e d i n the f a l l of 

1938. A month l a t e r , the property was optioned f o r develop
ment by Pioneer Gold Mines of B r i t i s h Columbia,* 

Development work, i n the form of surface s t r i p p i n g , 
c r o s s c u t t i n g , d r i f t i n g and diamond d r i l l i n g y i e l d e d q u i t e 
g r a t i f y i n g r e s u l t s through the v e r t i c a l range (500 f e e t ) that 
was explored. Twelve or more a d d i t i o n a l v e i n s v/ere found of 
which s e v e r a l contained ore-shoots or marginal grade or b e t t e r . 

The c o n s t r u c t i o n of a 40 - 50 ton f l o t a t i o n -
amalgamation m i l l was commenced i n the f a l l of 1941. M i l l i n g 
operations were s t a r t e d e a r l y i n 1942* 

General Geology 

Rocks of i n t r u s i v e , v o l c a n i c and sedimentary types 
occur i n the general area of the property. The gold bearing 
v e i n s , however, occur only i n the q u a r t z - d i o r i t e , about one 

(1) B.C. P r o v i n c i a l Dep !t of Mines Annual Reports. 
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m i l e from the contact w i t h the v o l c a n i c s . The veins form a 
w e l l - d e f i n e d , p a r a l l e l f r a c t u r e p a t t e r n . 

For f u r t h e r data on the general geology of the 
mine area, see attached map and enclosure* 

Mine Geology and Stru c t u r e 

The ore deposit c o n s i s t s of a s e r i e s of pa.ra.llel 
t e n s i o n f r a c t u r e s that occur about 200 f e e t apart. The s t r i k e 
of these f r a c t u r e s i s a.bout north-south and t h e i r d ip a,bout 
v e r t i c a l . The f r a c t u r e s a,re terminated towards the no r t h by 
a c r o s s - v e i n which s t r i k e s about east-west and dips about 
60 degrees to n o r t h . The f r a c t u r e s extend south from the 
c r o s s - v e i n f o r 1,000 f e e t or more when they "feather 1 1 out and 
disappear* 

The ore-shoots developed to date oa the property 
occur . i n the c r o s s - v e i n and i n the north-south v e i n s i n the 
f o o t w a l l block of the c r o s s - v e i n . The c r o s s - v e i n i s known as 
the Main Vein while the north-south v e i n most e x t e n s i v e l y 
developed i s known as the T r a i l V e i n . The T r a i l Vein i s con
s i d e r e d the b e t t e r of the tv/o since development v/ork on i t has 
i n d i c a t e d i n c r e a s i n g widths and ore-lengths on depth while ore-
le n g t h and width have decreased on the Main Vein shoots* 

The Main Vein occupies a shear and i t i s charac
t e r i z e d by a marked "ribboning" of the vein-matter. (See 
f i g u r e 1 A)* The v e i n f i s s u r e i s gouged-lined and the w a l l s , 
although hydrothermally a l t e r e d , are not m i n e r a l i z e d . The 

http://pa.ra.llel
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only conspicuous q u a n t i t y of v i s i b l e gold seen on the property 
to date, occurred i n a pocket on the Main V e i n , near the end 
of an ore shoot at a point where a prominent amount of dark 
c h l o r i t i c (?) m a t e r i a l was " i n t e r - r i b b o n e d 1 1 w i t h the quartz* 

The T r a i l Vein i s c h a r a c t e r i z e d by vein-matter of 
d i f f e r e n t t e x t u r e and general appearance from the Main Vein* 
The T r a i l V e in ore r e f l e c t s the t e n s i o n s t r u c t u r e of the 
f i s s u r e occupied* The vein-xiiatter, although l o c a l l y 
"ribboned," occurs more c h a r a c t e r i s t i c a l l y as lenses of 
c r y s t a l l i n e - t e x t u r e d , coxcomb quartz w i t h coarse grained 
sulphides that o c c a s i o n a l l y show w e l l - d e f i n e d d e p o s i t i o n a l 
banding* (See Figure 1 C)• L o c a l l y , the c r y s t a l l i n e - t e x t u r e d 
lenses occur w i t h i n and along planes of the "ribboned" 
m a t e r i a l , conveying the impression that they were a separate 
and presumably f i n a l phase of a prolonged p e r i o d of m i n e r a l 
d e p o s i t i o n . (See f i g u r e I B ) . 

Procedure of Study 

I . 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 para-
(9) 

genesis as determined from near-surface specimens. K J 

I I t M i c r o s c o p i c study of a s u i t e of specimens from 
f o u r l e v e l s of the mine, w i t h p a r t i c u l a r a t t e n t i o n to any 
m i n e r a l o g i c a l changes as depth i s gained. 

(2) Sargent, H: P r e l i m i n a r y Report on the Bedwell R i v e r Area, 
B. 0. 1940. 
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I I I . Separate s t u d i e s to note any d i f f e r e n c e s i n 
composition or paragenesis between 

(a) ribboned vein-matter 
(b) the c r y s t a l l i n e t e x t u r e d vein-matter 

IV. A p a r t i c u l a r study of the charac t e r and mode of 
occurrence of the go l d . 

V. A comparative study of the s p h a l e r i t e i n the 
ore from the Musketeer and other West Coast p r o p e r t i e s to de
termine any sympathetic a s s o c i a t i o n between minerals exsolved 
i n the s p h a l e r i t e and gold; t h i s to i n v e s t i g a t e the popular 
conception on the West Coast that only s p h a l e r i t e of c e r t a i n 
types and c o l o u r w i l l be a s s o c i a t e d w i t h gold v a l u e s . 

Specimens from three Zeballos p r o p e r t i e s and two 
Bedwell R i v e r p r o p e r t i e s were examined i n t h i s regard to se
cure comparative data* 

Megascopic Study 

The m e t a l l i c minerals recognizable by the eye and 
hand l e n s ( x 12 ) are, i n order of abundance:-

P y r i t e 
S p h a l e r i t e 
Galena 
C h a l c o p y r i t e 
Gold 

The q u a n t i t y of sulphides present i n the vein-matter 
v a r i e s l o c a l l y from n i l to 47 percent by weight. In the ore-



Plcrure "1 T Y P E S OF VEIN-FILLING. 
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shoot s e c t i o n s the v e i n matter averages i n excess of 5 per 
cent sulphides* 

A hand-lens examination r e v e a l s c l e a r l y the charac
t e r i s t i c s of the two t e x t u r a l l y d i f f e r e n t hut m i n e r a l o g i c a l l y 
s i m i l a r types. These are i l l u s t r a t e d d i a g r a m a t i c a l l y i n 
f i g u r e s 1A, IB and 1G. 

The c h a r e t e r i s t i e s of the ribboned type are:-
I * Close "ribboning" of the vein-matter p a r a l l e l to the 

v e i n w a l l s . 
I I . Alignment of the sulphides p a r a l l e l to the "ribboning 1. 1 

I l l * R e l a t i v e l y small s i z e of the sulphide p a r t i c l e s . 
IV. The r e l a t i v e l y massive, anhedral quartz gangue. 

The c h a r a c t e r i s t i c s of the c r y s t a l l i n e t e x t u r e d type 
of ore are:-

I * The w e l l developed c r y s t a l forms of sulphides and 
gangue quar t z . S p h a l e r i t e as tetrahedrons, galena as 
cubes and c h a l c o p y r i t e i n tetrahedraJL form were d i s 
c e r n i b l e megascopically. 

I I . The r e l a t i v e l y l a r g e s i z e of sulphide p a r t i c l e s . Most 
pa . r t i c l e s a,re about equi-dimensional and vary from 
three to ten m i l l i m e t r e s i n diameter. Many 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 measure eight to ten 
m i l l i m e t r e s across* 

I I I . Some d e p o s i t i o n a l banding of the s p h a l e r i t e and 
p y r i t e i s present. 
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S e c t i o n 1 
M i c r o s c o p i c Study 

Ribboned Ore 
Main V e i n M e t a l l i c s occupy approximately 10$ 
10,000 L e v e l of the t o t a l area of the s e c t i o n * 
E end, ¥ shoot ~ M i n e r a l s present, i n order of 

abundance, are:-
1. P y r i t e - 1% 

2* Galena - 1% 

3* S p h a l e r i t e - 1% 

4* Gold 
- X/o 

5. C h a l c o p y r i t e 
Gangue Quartz; crypto c r y s t a l l i n e to subhedral; s t r o n g l y 
ribboned* 
F a b r i c Sulphides present i n r e l a t i v e l y small p a r t i c l e s 
except f o r a few prominent p y r i t e c r y s t a l s . These 
c r y s t a l s were cubes now d i s t o r t e d to a rhombic o u t l i n e 
w i t h longer a x i s p a r a l l e l to the ribbon planes. See 
f i g u r e I A. 

Under low m a g n i f i c a t i o n i t was seen that the 
p y r i t e , s p h a l e r i t e , galena and some gold p a r t i c l e s were 
quite i n t i m a t e l y c l u s t e r e d together. 

The bulk of the gold p a r t i c l e s however, occurred 
away from the sulphides. 

A l l the sulphides (except p y r i t e c r y s t a l s ) d i s 
played i r r e g u l a r o u t l i n e s w i t h numerous s a l i e n t s f o l l o w 
i n g the m i c r o - b r e c c i a t i o n i n the quartz. P a r t i c u l a r l y 
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was t h i s apparent w i t h s p h a l e r i t e * 
1. P y r i t e s - Generally g e n t l y curved to straight-edged 

"boundaries. Not g r e a t l y f r a c t u r e d but the l a r g e s t c r y s t a l s 
( o r i g i n a l l y cubes) had s u f f e r e d d i s t o r t i o n i n t o rhombic 
forms* * 

2. Galena - The galena p a r t i c l e s i n the s e c t i o n were e a s i l y 
r ecognizable by the c h a r a c t e r i s t i c t r i a n g u l a r p i t t i n g * 

3. S p h a l e r i t e - S p h a l e r i t e p a r t i c l e s were q u i t e "ragged" i n 
o u t l i n e . A l l appeared t o c o n t a i n some exsolved chalco-
p y r i t e as t i n y rows of dots and rods as shown i n f i g # 6. 

4. Gold - Gold i s q u i t e p l e n t i f u l i n t h i s specimen. I t occurs 
as an aggregate of small g r a i n s or h a c k l y masses, so 
c l o s e l y spaced as to resemble a d e l i c a t e sponge i n f a b r i c . 

5. C h a l c o p y r i t e - This m i n e r a l i s not p l e n t i f u l i n t h i s sec
t i o n . The p a r t i c l e s seen were small and occurred as t i p s 
to s a l i e n t s of galena and as sma.ll patches w i t h i n and on 
the border of s p h a l e r i t e p a r t i c l e s . 
Mutual R e l a t i o n s h i p of M i n e r a l s Present 

Wo true v e i n i n g r e l a t i o n s h i p s were seen i n t h i s 
s e c t i o n . N e i t h e r was there much convincing replacement 
c r i t e r i a . There was, however, some evidence of galena en
croaching on p y r i t e ( f i g . 2) and gold encroaching galena, 
p y r i t e ( f i g . 2) and s p h a l e r i t e . 

http://sma.ll
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S e c t i o n 2 
Ribboned Ore 

Mic r o s c o p i c Study 

Main V e i n M e t a l l i e s occupy approximately 1% 

10,000 L e v e l of the tot8.1 area of the s e c t i o n . 
E end, ¥ shoot M i n e r a l s present, i n order of 
]fear S e c t i o n 1L n 

ft 
abundanc e, are:-
I . P y r i t e - 5% 
2. Galena 
3. S p h a l e r i t e - 2% 

4. Gold 
Gangue Quartz; crypto c r y s t a l l i n e to subhedral; s t r o n g l y 
ribboned. 
F a b r i c Sulphides present i n r e l a t i v e l y small p a r t i c l e s . 
These p a r t i c l e s somewhat isola-ted except f o r small l o c a l 
c l u s t e r s of s p h a l e r i t e and ga.lena. 

appears to have been p r i m a r i l y c o n t r o l l e d by the "ribbon" 
shear planes and s u b s i d i a r y microbreceia/fcion therefrom. 

1. P y r i t e - The p y r i t e i n t h i s s e c t i o n resembled that i n 
s e c t i o n # 1. 

2. Galena - The galena p a r t i c l e s were conspicuous by t h e i r 
p u r i t y from i n c l u s i o n s and r e g u l a r smooth boundaries. 

3. S p h a l e r i t e - As i n s e c t i o n # 1 the s p h a l e r i t e i s here 
a l s o ragged i n o u t l i n e and contains exsolved c h a l c o p y r i t e . 

4. Gold - Extremely h a c k l y i n o u t l i n e ; w i t h i n m i c r o - f r a c t u r e s 
or moulded i n the i n t e r s t i c e s between quartz c r y s t a l f a c e s . 

As i n s e c t i o n " 1, the d i s t r i b u t i o n of sulphides 
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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 

Galena encroaching p y r i t e and s p h a l e r i t e . Galena 
penetrated "by t i n y quartz c r y s t a l s . S p h a l e r 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 . Gold encroaching galena, 
p y r i t e and s p h a l e r i t e . 
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S e c t i o n 4 
Mic r o s c o p i c Study 

Ribboned Ore 
Main Vein M e t a l l i c s occupy approximately 1% 

10,000 L e v e l of the t o t a l a.rea of the s e c t i o n . 
Centre, ¥ shoot M i n e r a l s present, i n order of 

abundanc e, are:-
1 . P y r i t e - 5$ 
2. S p h a l e r i t e 

2cf 
3. Galena 

Gangue Quartz; c r y o p t o c r y s t a l l i n e to subhedral; s t r o n g l y 
ribboned. 
F a b r i c S i m i l a r to s e c t i o n s # 1 and # 2. 

1. P y r i t e - As i n s e c t i o n s # 1 and # 2. 
2. S p h a l e r i t e - Contains exsolved c h a l c o p y r i t e , as i n 

s e c t i o n s # 1 and # 2. 
3. Galena - As i n s e c t i o n s # 1 and # 2. 

Mutual R e l a t i o n s h i p of M i n e r a l s Present 

S p h a l e r i t e encroaching on p y r i t e . 
Galena encroaching on p y r i t e . 
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S e c t i o n 8 
M i c r o s c o p i c Study 

Main V e i n 
850 L e v e l S t a . M e t a l l i c s occupy approximately bfo 

of the t o t a l area of the s e c t i o n . 
M i n e r a l s present, i n order of 
abundane e, are: -
1. P y r i t e ~ 2% 

2. S p h a l e r i t e - 2$ 

3. Ghalcopyrite 
"1 of -X/o 

4. Galena 
Gangue Quartz w i t h minor c a l c i t e . Quartz subhedral. 
Ho " r i b b o n i n g . " 
P a b r i c Sulphide p a r t i c l e s r e l a t i v e l y l a r g e and u n i f o r m l y 
d i s t r i b u t e d . This f a c t and the s e m i - c r y s t a l l i n e appear
ance of the gangue gives t h i s s e c t i o n a "mottled" f a b r i c . 

!• P y r i t e - In s l i g h t l y f r a c t u r e d , equi-dimensional 
p a r t i c l e s . 

2« S p h a l e r i t e - Much exsolved c h a l c o p y r i t e . The borders of 
the s p h a l e r i t e "saturated" w i t h c h a l c o p y r i t e . 

3. C h a l c o p y r i t e - Quite p l e n t i f u l i n t h i s s e c t i o n . C l o s e l y 
a s s o c i a t e d w i t h s p h a l e r i t e . 

4. Galena - P a r t i c l e s c l e a r , w i t h g e n e r a l l y smooth, even 
bounda.ries. 
Mutual R e l a t i o n s h i p of M i n e r a l s Present. 

Several s a l i e n t s of s p h a l e r i t e can be seen 
p e n e t r a t i n g p y r i t e . 
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C h a l c o p y r i t e around and w i t h i n borders of 
s p h a l e r i t e . At one point c h a l c o p y r i t e appears to v e i n 
s p h a l e r i t e . 
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S e c t i o n 7A, B, C. 
Ribboned Ore 

Main Vei n 
700 L e v e l 

H. B. These three 
s e c t i o n s were ad
j o i n i n g s l i c e s 
from the same 
specimen. 

S e c t i o n 7 A 
I . P y r i t e 6$ 
2. S p h a l e r i t e 3$ 
3. Galena 1% 
4. Gold - 1 small 

p a r t i c l e 

M i c r o s c o p i c Study 

M e t a l l i c s occupy approximately the 
f o l l o w i n g percentage of the t o t a l 
areas of the s e c t i o n s : 

7 A 7 B 7 G 
10$ 15$ 12$ 

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

Se c t i o n 7 B 
1. P y r i t e 10$ 
2. S p h a l e r i t e 3$ 
3. Galena 2$ 

Se c t i o n 7 C 
1. P y r i t e 7$ 
2. S p h a l e r i t e 4$ 
3. Galena 1$ 

4. C h a l c o p y r i t e 4. Gold, 1 p a r t i c l e 
( small 

p a r t i c l e s 
Gangue Quartz of crashed, s e m i c r y s t a l l i n e t e x t u r e and "sago
l i k e " appearance. S t r o n g l y ribboned. 
F a b r i c The sulphide p a r t i c l e s i n these se c t i o n s were r e l a 
t i v e l y and u n i f o r m l y s m a l l . They were of angular foim and 
appeared to have su f f e r e d intense f r a c t u r i n g and r e d i s t r i b u 
t i o n along the ribbon shear planes. 
P y r i t e - I s much f r a c t u r e d i n t o small angular p a r t i c l e s . 
S p h a l e r i t e - As small ragged p a r t i c l e s c l o s e l y a s s o c i a t e d 
w i t h c h a l c o p y r i t e . 
C h a l c o p y r i t e - Only one small i s o l a t e d p a r t i c l e seen i n 
a d d i t i o n to i t s customary presence i n the s p h a l e r i t e . 
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Galena - Small p a r t i c l e s . 
Gold - Very small p a r t i c l e s o c c u r r i n g as t i p s t o s a l i e n t s of 
the galena, near p y r i t e contact. 
Mutual R e l a t i o n s h i p of M i n e r a l s Present 

In s e c t i o n 7 A, galena a.nd s p h a l e r i t e encroach 
p y r i t e . A small p a r t i c l e of g o l d occurs at the edge of a. 
p y r i t e p a r t i c l e . A small quartz c r y s t a l penetrates p y r i t e . 

I n s e c t i o n 7 B, galena and c h a l c o p y r i t e encroach on 
s p h a l e r i t e . S p h a l e r i t e and c h a l c o p y r i t e encroach on p y r i t e . 
A p a r t i c l e of g o l d on ga l e n a - p y r i t e contact. 

In s e c t i o n 7 C, s a l i e n t s of galena penetrate p y r i t e . 
An i s l a n d remnant of p y r i t e occurs i n the galena. 
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S e c t i o n 3 
M i c r o s c o p i c Study 

C r y s t a l l i n e t e x t u r e d 
Ore M e t a l l i e s occupy approximately 

T r a i l Vein of the t o t a l area of the s e c t i o n . 
1140 L e v e l M i n e r a l s present, i n order of 
S ore-shoot abundance, are:-

1. S p h a l e r i t e - 20$ 
2. Galena - 2$ 
3. P y r i t e - a few small p a r t i c l e s 
4. C h a l c o p y r i t e - few small p a r t i c l e 

Gangue Quartz; as a r e l a t i v e l y loose aggregate of sub-
h e d r a l to enhedral, p r i s m a t i c c r y s t a l s . 
F a b r i c The sulphide occur as r e l a t i v e l y l a r g e p a r t i c l e s 
forming the i n t e r s t i t i a l f i l l i n g between the quartz 
c r y s t a l s of the gangue. This s e c t i o n i l l u s t r a t e s p a r t i 
c u l a r l y w e l l the d e p o s i t i o n a l banding of s p h a l e r i t e and 
(to a l e s s e r degree) galena,. 
S p h a l e r i t e - P l e n t i f u l and as l a r g e p a r t i c l e s , Exsolved 
c h a l c o p y r i t e present. 
Galena - Occurs as la.rge p a r t i c l e s w i t h r e g u l a r borders. 
P y r i t e - Only a few small i s o l a t e d p a r t i c l e s present. 
C h a l c o p y r i t e - A small q u a n t i t y present. Some exsolved 
i n the spha-lerite and some a.s a border segregation i n 
the s p h a l e r i t e at galena c o n t a c t s . 
Mutual R e l a t i o n s h i p of M i n e r a l s Present 

S p h a l e r i t e veined by galena. S p h a l e r i t e 
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Se c t i o n 5 
Mi c r o s c o p i c Study 

C r y s t a l l i n e 
Textured Ore 

M e t a l l i c s occupy approximately 8% 
~~ of the t o t a l area of the s e c t i o n . 

M i n e r a l s present, i n order of 
abundance, are:-
1. P y r i t e - 3$ 
2. Galena - 3$ 
3. S p h a l e r i t e - 2$ 
4• Gold - one small p a r t i c l e 

Gangue Quartz; a loose aggregate of subhedral c r y s t a l s . 
F a b r i c Sulphide p a r t i c l e s r e l a t i v e l y l a r g e w i t h some
what ragged boundaries. Sulphides c l u s t e r e d together. 
P y r i t e - I r r e g u l a r patches; s l i g h t l y f r a c t u r e d . 
Galena - Large a,nd clean p a r t i c l e s . Penetrated i n places 
by small quartz c r y s t a l s . 
S p h a l e r i t e - The u s u a l exsolved c h a l c o p y r i t e i s present. 
Gold - A small p a r t i c l e w i t h smooth curved boundaries 
occurr on contact between galena a„nd qu a r t z . 
Mutual R e l a t i o n s h i p Between M i n e r a l s Present 

S p h a l e r i t e v e i n i n g and r e p l a c i n g p y r i t e i s 
w e l l i l l u s t r a t e d i n t h i s s e c t i o n . 

Galena encroaches on p y r i t e . 
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Se c t i o n 6  
C r y s t a l l i n e 
Textured Ore 

Micr o s c o p i c Study 

M e t a l l i c s occupy approximately 12£ 
of the t o t a l area, of the s e c t i o n . 
M i n e r a l s present, i n order of 
abundance, are: -
1. Galena - 6$ 
2. S p h a l e r i t e - 5$ 
3. C h a l c o p y r i t e - \% 
4. P y r i t e - small amount only 

Gangue Quartz; a somewhat loose aggregate of subhedral 
c r y s t a l s . 
"Fabric Sulphide p a r t i c l e s r e l a t i v e l y l a r g e w i t h g e n e r l -
a l l y clean-cut boundaries. S p h a l e r i t e tending t o be 
ragged i n o u t l i n e . 
Galena - Large c l e a n p a r t i c l e s . 
S p h a l e r i t e - I r r e g u l a r p a r t i c l e s w i t h exsolved chalco
p y r i t e . 
C h a l c o p y r i t e - As r e l a t i v e l y l a r g e p a r t i c l e s . 
P y r i t e - Conspicuously scarce i n t h i s s e c t i o n . 
Mutual R e l a t i o n s h i p Between M i n e r a l s Present 

C h a l c o p y r i t e encroaches s p h a l e r i t e . A galena 
p a r t i c l e surrounded by c h a l c o p y r i t e . Galena encroaches 
p y r i t e s . P a r t i c l e s of s p h a l e r i t e surrounded by galena. 



Ffe-n'od. of °ribboning " 
S? micro- bnscciation 

S p h a l e r i t e . . 

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

Ga lena . 

G o l d , 

Per iod of open-fissure Filling. BuiK of sulphides &> 
cJbld mlYocluced. 

Maaftascciptc e v i d e n c e o*iiSft 
3 (T3ep"«>;^o»\al S a ^ d i * ^ - ) 

PARAGENESIS O MUSKETEER MINE ORE. 
FIG-. 8 
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Paragenesis 

Convincing v e i n i n g r e l a t i o n s h i p s or replacement r e 
l a t i o n s h i p s are lacJcing i n the se c t i o n s examined. There i s , 
however, widespread evidence of encroachment of the borders of 
some minerals by s a l i e n t s of others and i t i s l a r g e l y upon 
such c r i t e r i a that the paragenesis i s determined. 

I t was determined that the composition and para
genesis of the ribboned ore and c r y s t a l l i n e t e x t u r e d ore are 
s i m i l a r although these two types d i f f e r markedly i n s e v e r a l 
p h y s i c a l aspects. 
I . Among the sulphides, there i s convincing evidence 

that p y r i t e was the e a r l i e s t . See data on Sections 1,2, 
4,5,6,7 and 8, and f i g u r e s 2,3 and 5. 

I I . S p h a l e r i t e f o l l o w e d p y r i t e . See data on sections 
4,5,7 and 8 and f i g u r e 7. 

I I I . C h a l c o p y r i t e accompanied s p h a l e r i t e and i t s appear
ance f o l l o w s an ordered sequence. In some s e c t i o n s , the 
only c h a l c o p y r i t e i s exsolved i n the s p h a l e r i t e (see 
f i g u r e s 4 and 7); i n others the c h a l c o p y r i t e has segre
gated to form a ch a l c o p y r i t e - s a t u r a t e d - b o r d e r phase of 
the s p h a l e r i t e (see f i g u r e 6 ) ; while i n other s e c t i o n s 
the c h a l c o p y r i t e i s completely d i s a s s o c i a t e d from the 
s p h a l e r i t e . 

IV. Galena was deposited i n the same general p e r i o d as 
the c h a l c o p y r i t e but there i s some evidence that the 
d e p o s i t i o n of c h a l c o p y r i t e continued a f t e r the completed 
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d e p o s i t i o n of Bphale-rite. <jc*ier7^. 
Gold was d e f i n i t e l y the l a s t m e t a l l i c t o appear. I t 

occurs occupying m i c r o - f r a c t u r e s i n or along the contacts 
of p y r i t e , s p h a l e r i t e and c h a l c o p y r i t e . I t s most common 
a s s o c i a t i o n , however, i s w i t h galena wherein i t forms 
" t i p s " to s a l i e n t s of galena or occurs as rounded 
p a r t i c l e s concentrated bX and w i t h i n the borders of the 
galena (see p l a t e s 1 and 2 ) . The apparent a s s o c i a t i o n 
between gold and galena i s s t r i k i n g l y s i m i l a r to the 
p h y s i c a l a s s o c i a t i o n noted between s p h a l e r i t e and chalco
p y r i t e . 

Some of the go l d occurs alone and i s o l a t e d from any 
sul p h i d e s . In such cases i t occupies secondary micro
f r a c t u r e s and/or the primary i n t e r s t i c e s between the 
quartz c r y s t a l s of the gangue. 

The above age r e l a t i o n s h i p s are summarized i n 
f i g u r e 8, and i l l u s t r a t e d i n the p l a t e s and sketches 
f o l l o w i n g . 



Plate "Z ~ Section X Note occurrence or Qbld 



Note occurrence of gold 
Note curved "boundaries 
of gold i n galena; 
hackly boundaries e l s e 
where. 
Mote la r g e p r o p o r t i o n 
of gold at contacts. 

O q°*A3 

0 GaUha 
Q Pyrite 

&oid 

1 mm. 

S e c t i o n * 1 

@ &afet* 

0 Pjrtte" 

R d . 2 . 

- Note l a r g e pyritohedron 
of p y r i t e , 

- Note galena r e p l a c i n g core 
of same. 

- Note quartz c r y s t a l pene
t r a t i n g galena -and p y r i t e . 

1 m m . 

S e c t i o n 

Note galena encroaching 
and v e i n i n g s p h a l e r i t e . 
Note i n c l u s i o n of 
s n h a l e r i t e i n galena. 

0 Quart3 

0 Pyrite 

( E v o l v e d ) 

i m m . 



S e c t i o n *6-

Note galena encroach
ing (and v e i n i n g ?) 
p y r i t e. 

0 v-f' a 

t mm-

S e c t i o n * 6 . 

O ^ C 3 

X30 

!J^Cha\copvfire 

Note exsolved c h a l c o p y r i t e 
i n s p h a l e r i t e . 
Note borders of s p h a l e r i t e 
"saturated" with chalco
p y r i t e . 

S e c t i o n 

Note s p h a l e r i t e r e 
p l a c i n g p y r i t e . 
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M i c r o s c o p i c Study of S p h a l e r i t e 

An e f f o r t was made to determine i f there i s any s i g 
n i f i c a n t mutual r e l a t i o n s h i p between the g o l d and ch a l c o p y r i t e -
c o n t a i n i n g s p h a l e r i t e , i . e . i f the 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 s p h a l e r i t e i n d i c a t e s physico-chemical c o n d i t i o n s that were 
s u i t a b l e f o r gold d e p o s i t i o n . 

Sections of v e i n matter from s e v e r a l West Coast 
p r o p e r t i e s were p o l i s h e d and the s p h a l e r i t e examined under 
the microscope w i t h the f o l l o w i n g r e s u l t s : 

Property L o c a t i o n Gold Content Exsolved A s s o c i a t e d 
C h a l c o p y r i t e C h a l c o p y r i t e 

1. Reta Bedwell R. Very low 
2. P e e r l e s s Zeballos R« Low 
3# Maguinna Zeballos R. •30ogs t 

Au.p.t. 
4. Golden 

Gate 
Zeballos R. 1.00*gs. 

Au.p.t. 
5. Musketeer Bedwell R # 11.00ogs. 

Ai&p.t* 

Hone Some 
Hone Some 

S l i g h t amt« Some 

Small amt. Some 

Genera l l y Some 
present 

I t w i l l be noted that a l l the above s p h a l e r i t e 
specimens contained exsolved c h a l c o p y r i t e or were c l o s e l y 
a s s o c i a t e d w i t h c h a l c o p y r i t e . The only g e n e r a l i z a t i o n t h a t 
can be made i n view of the above i s that the c h a l c o p y r i t e and 
s p h a l e r i t e i s c l o s e l y a s s o c i a t e d i n the West Coast gold ores* 

The g o l d content of the above specimens v a r i e d be
tween wide l i m i t s (from about 0.01 ozs. to 11.00 ozs. gold 
p«t.) and a rough, c o r r e l a t i o n appears p o s s i b l e between the 
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go l d content of the ore and the e x s o l u t i o n h a b i t of the 
s p h a l e r i t e . A r a t h e r incomplete examination of a few random 
specimens was a l l that time would permit and so i t i s f e l t 
that the data above can h a r d l y be considered as of a conclu
s i v e nature. 
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Conclusions 

M i n e r a l o g i c a l 
Please r e f e r to f i g u r e 8 and Graphs #1 and #2. 
The m e t a l l i e s present, i n paragenetic order, are as 

f o l l o w s : P y r i t e 
Sphale r i t e, chalc opyri te 
Galena, gold and s i l v e r 

There i s a, cl o s e a s s o c i a t i o n between the f o l l o w i n g 
groups: (a) s p h a l e r i t e and c h a l c o p y r i t e 

( t e t r a h e d r a l : H«3 • 5-4) ) t ^ r ^ e d r a l * H-3 • 5-4) 
(b) galena g o l d — 3 , s i l v e r , 

( i s o m e t r i c H*2.5-2.75)(isometric H-2.5-3) > 
(i s o m e t r i c H*2.5-3) 

In studying each group i t i s curious to note the 
s t r i k i n g p h y s i c a l s i m i l a r i t i e s between the group p a r t i c i p a n t s . 
To emphasize t h i s p o i n t , the c r y s t a l l o g r a p h i c h a b i t and hard
ness are given beneath each m e t a l l i c . 

The presence of s i l v e r i n the ore was determined by 
assay. By sep a r a t i o n of the sulphides i t was found t h a t the 
bulk of the s i l v e r was a s s o c i a t e d w i t h the galena while a much 
l e s s e r amount occurred as an a l l o y w i t h the go l d . A c r i t i c a l 
examination of the galena f a i l e d to re v e a l any a r g e n t i f e r o u s 
t e t r a h e d r i t e , a r g e n t i t e or other s i l v e r - b e a r i n g m i n e r a l . 
Microchemical t e s t s and etch t e s t s f a i l e d to d i s t i n g u i s h the 
presence of the s i l v e r . 

Since s i l v e r i s present i n va r y i n g p r o p o r t i o n s i n 
a l l other sulphides i t i s b e l i e v e d to occur i n some form other 
tha,n as a s i l v e r - g a l e n a a l l o y . 
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The g o l d appears to have been deposited l a t e * Some 
contemporaneous d e p o s i t i o n w i t h galena i s i n d i c a t e d but the 
bulk of the gold was deposited a f t e r galena. 

The p h y s i c a l c o n t r o l s i n f l u e n c i n g gold d e p o s i t i o n 
and d i s t r i b u t i o n are of two types: 

{a) secondary m i c r o - b r e c c i a t l o n 
(b) primary i n t e r s t i t i a l openings between quartz 

c r y s t a l s . 
The f i r s t type of opening occurs i n the massive ribboned ore 
where post-quartz movement has ribboned the v e i n f i l l i n g and 
mi c r o - b r e c c i a t e d the quartz between ribbons. The gold had 
access through the gangue v i a such m i c r o - b r e c c i a t i o n and i t 
was deposited t h e r e i n as a ha.ckly f i l l i n g w i t h notable l a c k 
of replacement. 

In the second case, the formation of ore ( i . e . the 
access of gold i n t o the vein) was not dependent on somewhat 
f o r t u i t o u s secondary f r a c t u r i n g of the gangue. In t h i s case 
the go l d had access v i a the primary c r e v i c e s between the 
quartz c r y s t a l s of the gangue. Gold of t h i s mode of occur
rence i s sometimes of s t r i k i n g appearance; of t e n showing 
s e r r a t e d borders composed of t r i a n g u l a r i n d e n t a t i o n s where i t 
has been molded about the pyramidal ends of quartz c r y s t a l s . 
At f i r s t glance such t r i a n g u l a r , diamond or rhombic shaped 
go l d p a r t i c l e s resemble pseudomorphs a f t e r c e r t a i n s u l p h i d e s . 
A c l o s e r study however r e v e a l s t h e i r true mode of o r i g i n . 
The mixed sulphides i s the best i n d i c a t o r of the presence of 
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g o l d . Galena i s the best gold i n d i c a t o r among the i n d i v i d u a l 
s u l p h i d e s . 

C l a s s i f i c a t i o n of Deposit 

The sulphides present are a l l of primary hypogene 
o r i g i n . The t o t a l absence of p y r r h o t i t e and a.rsenopyrite and 
almost t o t a l absence of c h a l c o p y r i t e (note d i f f e r e n c e s w i t h / 
Zeballos ores) marks the Musketeer ore as of lower tempera
ture than the mesothermal type of d e p o s i t . 

Although the quartz gangue i s l o c a l l y c r u s t i f i e d 
and the sulphides present are acceptable as i n d i c a t i v e of a 
low temperature de p o s i t , s t i l l the quartz i s nowhere chalce-
donic or c o l l o f o r m , oiie sulphides are one opposite of f i n e 
grained and the r i c h s i l v e r bearing minerals of the e p i -
thermal type of deposit are l a c k i n g . 

In view of the a v a i l a b l e data the deposit may be 
t e n t a t i v e l y c l a s s e d as belonging between the mesothermal and 
epithermal types. 
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Conclusions 

Me t a l l u r g i c a l 
The me t a l l i e s present, or the ga,ngue, o f f e r no 

m i l l i n g d i f f i c u l t i e s . 
Some, hut not vail of the gold, may be secured by 

j i g s , t a b l e s , b l a n k e t s and/or amalgamation, since i t i s r e l a 
t i v e l y " f r e e " and r e l a t i v e l y coarse i n s i z e . 

The ore i s w e l l adapted to f l o t a t i o n treatment. 
I t i s a l s o adaptable to c y a n i d a t i o n as no c y a n i c i d e s 

are present. Some " s e t t l i n g " d i f f i c u l t i e s might be a n t i c i 
pated however owing to the r e l a t i v e l y h i g h s e r i c i t e goiige con
tent of the a l t e r e d w a l l rock i n c l u d e d i n the ore. 

The m i c r o b r e c c i a t i o n o r c r y s t a l l i n e t e x t u r e of the 
ore and the f r i a b l e nature of the sulphides makes f o r complete 
quick and low coa-st crushing and g r i n d i n g . 

The h a b i t of the gold to be e i t h e r " f r e e " or along 
sulphide contacts p l u s the r e l a t i v e l y l a r g e s i z e of the 
p a r t i c l e s , suggest that a h i g h percentage recovery should be 
p o s s i b l e . 
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