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ABSTRACT 

P i o n e e r g o l d mine i s 100 m i l e s n o r t h o f Vancouver i n the 

B r i d g e R i v e r a r e a of the L i l l o o e t M i n i n g D i v i s i o n , B r i t i s h 

Columbia. The mine has been worked e x t e n s i v e l y f o r more than 

30 y e a r s and has produced over a m i l l i o n ounces of g o l d . The 

g o l d o c c u r s i n r i b b o n e d q u a r t z v e i n s w h i c h average l e s s than 

t h r e e f e e t i n w i d t h and are c l a s s i f i e d as mesothermal. The 

g o l d c o n t e n t of the v e i n s i s v a r i a b l e and i t o c c u r s , w i t h a 

s m a l l amount of s u l p h i d e s . G o l d v a l u e s g r e a t e r than 0.5 oz. 

Au/Ton are c o n s i d e r e d economic. 

The P i o n e e r mine o c c u r s i n a n o r t h w e s t e r l y t r e n d i n g zone, 

c a l l e d the C a d w a l l a d e r G o l d B e l t , formed by the H u r l e y - N o e l 

f o r m a t i o n o f s e d i m e n t a r y r o c k s and the P i o n e e r f o r m a t i o n of 

v o l c a n i c r o c k s . The g o l d - q u a r t z v e i n s are g e n e t i c a l l y r e l a t e d 

t o the B r a l o r n e i n t r u s i o n s w h i c h o c c u r w i t h i n the r o c k s o f t h i s 

zone. 

There i s a r e p e t i t i o n of these f o r m a t i o n s i n the P i o n e e r 

p r o p e r t y , which can be e x p l a i n e d by normal movement on a f a u l t . 

A wide zone of s e r p e n t i n e marks the p o s i t i o n of t h i s f a u l t , 

w h ich i s c a l l e d the C a d w a l l a d e r Break. T h i s B r e a k i s a f i r s t 

o r d e r f a u l t and can be r e l a t e d to second o r d e r f a u l t s formed 

d u r i n g the same p e r i o d o f d e f o r m a t i o n . These second o r d e r 

f a u l t s a r e now o c c u p i e d by q u a r t z and form the v e i n s w h i c h are 

mined. 

P l a n e s of l i q u i d i n c l u s i o n s i n the q u a r t z of the q u a r t z 

v e i n s have a t t i t u d e s s i m i l a r to those of the megascopic p l a n e s 



o f r u p t u r e . These p l a n e s of i n c l u s i o n s were formed by the 

a n n e a l i n g o f m i c r o s c o p i c f r a c t u r e s i n the q u a r t z v e i n s . The 

a t t i t u d e o f these f r a c t u r e s was d e t e r m i n e d by the same deform

a t i o n w h i c h produced the megascopic f r a c t u r e s , i n c l u d i n g the 

'Cadwallader Break'. 

The B r a l o r n e i n t r u s i o n i n the mine a r e a i s composed of 

the B r a l o r n e d i o r i t e and soda g r a n i t e w h i c h c o n t a i n a l b i t e as 

t h e i r o n l y f e l d s p a r . No e v i d e n c e has been formed to i n d i c a t e 

t h a t the i n t r u s i o n i s formed by the p r o c e s s o f g r a n i t i z a t i o n . 

S o d i c s o l u t i o n s , p o s s i b l y p a r t s of the f i n a l d i f f e r e n t i a t e o f 

the magma w h i c h formed the B r a l o r n e i n t r u s i o n have caused 

a l b i t i z a t i o n of the i n t r u s i o n and the P i o n e e r f o r m a t i o n . 



ACKNOWLEDGMENTS 

The w r i t e r would l i k e to thank the o f f i c i a l s o f B r a l o r n e 

P i o n e e r Mines L t d . and P i o n e e r G o l d Mines of 3. C. L t d . f o r 

making a v a i l a b l e a l l the i n f o r m a t i o n i n the company f i l e s . The 

w r i t e r i s i n d e b t e d t o the P r e s i d e n t o f B r a l o r n e P i o n e e r M i n e s , 

Dr. P. R. J o u b i n who a l l o w e d h i s p e r s o n a l c o l l e c t i o n o f s l i d e s 

to be used f o r t h i s s t u d y . 

A s s i s t a n c e d u r i n g the p r e p a r a t i o n of the t h e s i s by Dr. 

W. H. Wh i t e , Dr. K. C. McTaggart, and Dr. J . V. Ross was g r a t e 

f u l l y a p p r e c i a t e d . The w r i t e r i s a l s o i n d e b t e d to Dr. S. 

H o l l a n d and the B. C. Department o f Mines, who made a v a i l a b l e 

the d e p a r t m e n t a l r e c o r d s and t h i n s e c t i o n c o l l e c t i o n s . The 

many d i s c u s s i o n s w i t h Dr. P. R. J o u b i n , Dr. A. C. S k e r l , 

J . T o n k i n , and P. H o l l a n d were v e r y h e l p f u l and c o n t r i b u t e d 

much t o the i d e a s of the w r i t e r . The encouragement g i v e n by 

W. B. Montgomery, Mine- manager was g r e a t l y a p p r e c i a t e d . 

The t e c h n i c a l a s s i s t a n c e of Mr. J . Donnan i s g r a t e f u l l y a c 

knowledged. 



TABLE OP CONTENTS 

CHAPTER PAGE 

I . INTRODUCTION 1 

L o c a t i o n and Access 1 

Topography and G l a c i a t i o n 2 

D r a i n a g e k 

F l o r a k 

Fauna . 5 

I I . PREVIOUS GEOLOGICAL WORK 6 

H i s t o r y o f P i o n e e r Mine 6 

I I I . GENERAL GEOLOGY . . 13 

Table o f G e o l o g i c a l F o r m a t i o n s 15' 

IV. DETAILED GEOLOGY OF PIONEER MINE 16 

F e r g u s s o n Group . . 16 

H u r l e y - N o e l F o r m a t i o n 20 

P i o n e e r F o r m a t i o n 21 

B r a l o r n e I n t r u s i o n s 26 

1) Soda G r a n i t e 29 

M i n e r a l o g y and M i n e r a l H a b i t 30 

2) B r a l o r n e D i o r i t e 32 

M i n e r a l o g y and M i n e r a l H a b i t 3k 

Greenstone D i o r i t e 37 

P r e s i d e n t I n t r u s i o n s i+0 

M i n o r I n t r u s i o n s 

Group I . Laraprophyre l\2 

Group 6. P o r p h y r i t i c I n t r u s i o n s JLj-3 



\ 

CHAPTER PAGE 

Quartz and/or F e l d s p a r P o r p h y r i e s I4.3 

A p l l t e A l b l t i t e J44 

P e t r o g e n e s i s of the I n t r u s i o n s h& 

S t r u c t u r a l Geology o f P i o n e e r Mine 58 

V. ECONOMIC GEOLOGY 63 

I n t r o d u c t i o n 63 

D i s t r i b u t i o n and D e s c r i p t i o n o f P i o n e e r V e i n s . 6I4. 

W a l l r o c k A l t e r a t i o n 72 

M i n e r a l o g y and P a r a g e n e s i s of t h e V e i n s . . . . 74 

Gangue M i n e r a l s 74 

M e t a l l i c M i n e r a l s 76 

P a r a g e n e s i s 78 

R i b b o n S t r u c t u r e i n V e i n Quartz 78 

S t r u c t u r a l A n a l y s i s of the V e i n F i s s u r e s . . . . 92 

C a t a c l a s t i s m o f V e i n Q u a r t z 100 

P l a n e s of L i q u i d I n c l u s i o n and t h e i r 

S i g n i f i c a n c e 107 

Ore Shoot C o n t r o l s 113 

V I . ORIGIN OF THE GOLD QUARTZ VEINS 118 

V I I . CONCLUSIONS 121 

BIBLIOGRAPHY 123 



LIST OP ILLUSTRATIONS 

FIGURE PAGE 

1. Index Map showing P o s i t i o n of Bridge R i v e r 
raining camp . 3 

2. Diagram to show approximate d i s t r i b u t i o n of 
the Pioneer veins 9 

3. Surface Geology of Pioneer Mine 17 

ij.. Photograph of B r e c c i a . (Amygdoloidal pyro
c l a s t i c ) at s t a r t of 20-135 * cut 22+ 

5. Photomicrograph of t u f f from diamond d r i l l 
s t a t i o n at end of 20-135 x cut 

6. Photomicrograph of soda g r a n i t e showing 
pseudomorphs of c h l o r i t e a f t e r hornblende . . . . 33 

7. Photomicrograph of soda g r a n i t e showing c h l o r i t e . 33 

8. Photomicrograph of Bralorne d i o r i t e showing 
pseudomorphs of c h l o r i t e a f t e r pyroxene ( ? ) . . . 36 

9 . Photomicrograph of soda g r a n i t e showing 
pseudomorphs of c h l o r i t e a f t e r pyroxene 36 

10. Photomicrograph of greenstone d i o r i t e 39 

11. Photograph of q u a r t z - f e l d s p a r porphyry dyke . . . . ij.6 

12. Photomicrograph of soda g r a n i t e showing 
q u a r t z - a l b i t e intergrowth . . . 52 

13. Photomicrograph of soda g r a n i t e showing 
quartz a l b i t e intergrowths 52 

l i j . . Photomicrograph of soda g r a n i t e showing 
intergrowths of quartz and a l b i t e 53 



ILLUSTRATIONS (continued) 

FIGURE PAGE 

15. Photomicrograph of soda g r a n i t e 53 

16. V a r i a t i o n Diagram showing chemical composition 
of d i o r i t e and g r a n i t e of Pioneer compared 
to those of Sparta 57 

17. Cross s e c t i o n of Pioneer mine. 
a. - A n t i c l i n a l i n t e r p r e t a t i o n 
b. - f a u l t i n t e r p r e t a t i o n 6 l 

18. Diagram of surface to show suggested movement 
and r e l a t i v e displacement on the 'Cadwallader 
Break' 62 

19. Diagram to show approximate d i s t r i b u t i o n of 
the Pioneer v e i n s , (reproduced from f i g u r e 2.) . . 66 

20. Diagram to show r e l a t e d p o s i t i o n s of 
i n c l u s i o n fragments 80 

21. Photograph taken by 28-64 Raise showing the 
s t r i a t i o n s on the faces of ribbon quartz . . . . 80 

22. Stope back diagram of 28-46 84 

23. Stope back diagram of 26-108 85 
24. Plan of 27 Vein 88 
25. Cross s e c t i o n of the 27 Vein 89 

26. S t r a i n e l l i p s o i d diagram 94 

27. Comparison of system of Wrench F a u l t Tectanics . . . 96 
28. Stereographic p r o j e c t i o n of j o i n t planes 98 

29. Stereographic p r o j e c t i o n of shear planes 98 

30. Stereographic p r o j e c t i o n of quartz f i l l e d planes. . 98 



ILLUSTRATIONS (continued) 

FIGURE PAGE 

3 1 . S t e r e o g r a p h i c p r o j e c t i o n - composite diagram . . . 98 

3 2 . S t e r e o g r a p h i c p r o j e c t i o n - T a y l o r Tunnel 98 

33. Photomicrograph of v e i n quartz . 102 

31+. S t e r e o g r a p h i c p r o j e c t i o n - c a x i s of quartz . . . . 106 

35« Photomicrograph showing planes of l i q u i d 

i n c l u s i o n s i n q u a r t z . P l a i n l i g h t 110 

36. Photomicrograph showing planes of l i q u i d 

i n c l u s i o n s i n q u a r t z . P o l a r i z e d l i g h t 110 

37. Stereographic p r o j e c t i o n s of planes of 

l i q u i d i n c l u s i o n s from v e i n quartz -Itr-Pocket" jmPtp 

Pioneer mine Surface geology Br-Ptxc-ket' I 
I Q c. 

Pioneer mine 20 L e v e l p l a n ^Tr-prrclceir 

Pioneer mine 29 L e v e l p l a n -I-a—Pocket j 



CHAPTER I 

INTRODUCTION 

T h i s t h e s i s i s based on the f i e l d work undertaken from 

J u l y 1956 to September 1958, and d u r i n g the summer of 1959, 

while the author was employed as g e o l o g i s t at Pioneer g o l d 

mlne.r;... Labo r a t o r y work was c a r r i e d out d u r i n g the winter of 

1959-1960 at the Geology Department of the U n i v e r s i t y of B r i t i s h 

Columbia. The o b j e c t of t h i s t h e s i s i s to p r e s e n t an account 

of the geology of Pioneer mine, w i t h p a r t i c u l a r emphasis on the 

problems of the d i s t r i b u t i o n , and o r i g i n of the gold-quartz.-

v e i n s , which have been e x t e n s i v e l y e x p l o i t e d f o r over t h i r t y 

y e a r s . 

LOCATION AND ACCESS 

Pioneer mine, c o n s i s t i n g of 28 crown granted claims and 

f r a c t i o n s , i s s i t u a t e d on the l e f t bank of Cadwallader creek, 

a t r i b u t a r y of the B r i d g e R i v e r , and i s 3 m i l e s upcreek from 

B r a l o r n e mine. The area c o n t a i n i n g the two mines has been 

s u c c i n c t l y termed the "Cadwallader Gold B e l t " by Joubin (19̂ +7) 

and l i e s w i t h i n the L i l l o o e t Mining D i v i s i o n of B r i t i s h . 

Columbia. The geographic l o c a t i o n i s l a t i t u d e 50° 10' n o r t h 

and l o n g i t u d e 123° west. 

. There are many methods of access, ranging from a i r 

t r a n s p o r t a t i o n to a nearby l a k e , to a c i r c u i t o u s route of 300 
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miles by road from Vancouver v i a the F r a s e r Canyon. A shorter 
route i s $0 miles by road to L i l l o o e t and then by P.G.E. r a i l 
road to Vancouver. A l t e r n a t i v e routes are now considered by 
the community, which has commenced to b u i l d a p i l o t road to 
connect w i t h the v i l l a g e of Pemberton, at a poi n t nearer 
Vancouver. The o l d t r a i l up Cadwallader creek and then over 
M c G i l l i v r a y Pass i s used only by the B.C. Telephone company and 
the o c c a s i o n a l hunter. 

TOPOGRAPHY AND GLACIATION 

The area i s on the eastern f l a n k of the Coast Mountains, 
and a l l ranges have the same trend as the Coast Mountains 
proper. E l e v a t i o n s range from 2,100 f e e t i n the Bridge R i v e r 
v a l l e y up to 9,600 f e e t as the peak of White Cap mountain. In 
the v i c i n i t y of Pioneer the r e l i e f i s If,000 f e e t or more. The 
mountain peaks are u s u a l l y matterhorn i n type, and most of the 
r i d g e c r e s t s are narrow, rocky and p r e c i p i t o u s ; and the v a l l e y s 
steep-walled. 

G l a c i a t i o n has formed numerous U shaped v a l l e y s which 
seem to be c o n t r o l l e d by zones of s t r u c t u r a l weakness - the 
v a l l e y s f o l l o w f a u l t zones and are separated by steep rocky 
r i d g e s which are cut by r i v e r s , i n some s e c t i o n s , f l o w i n g at 
r i g h t angles to the trend of the physiographic f e a t u r e s . 

The e f f e c t s of the g l a c i a t i o n seen as the ridges and 
matterhorn peaks, together w i t h the development of c i r q u e s , and 
hanging v a l l e y s , suggest that the i c e was only r e s t r i c t e d to 
the lower e l e v a t i o n s and d i d not form a continuous i c e sheet. 





The h i g h e s t e l e v a t i o n of g l a c i a l evidence i s g i v e n as w e l l over 

8,200 f e e t on the G l a c i a l map of Canada. 

The t r i b u t a r y v a l l e y g l a c i e r s to the main g l a c i e r which 

occupied the Cadwallader creek have formed U shaped v a l l e y s , 

which are now occupied by streams. These streams cascade over 

the l i p of a hanging v a l l e y i n t o the main creek of Cadwallader. 

In the upper reaches of these streams c i r q u e s are found which 

are now f i l l e d w i t h l a r g e scree fragments, and patches of 

r e s i d u a l snow. 

DRAINAGE 

The drainage i n the d i s t r i c t i s s t i l l i n a y o u t h f u l 

unorganised s t a t e . A l l streams j o i n the Cadwallader or Hurley 

R i v e r , which flow:, n o r t h w e s t e r l y i n t o the B r i d g e R i v e r , to 

j o i n the P r a s e r R i v e r 3 m i l e s n o r t h of L i l l o o e t . 

FLORA 

The area i s f a i r l y h e a v i l y timbered, but most t r e e s are 

s m a l l and there i s evidence that there has been an e x t e n s i v e 

f i r e i n the v a l l e y , a l o n g time ago. Timber l i n e i s g e n e r a l l y 

about 6,^00 f e e t above sea l e v e l . Beloxtf timber l i n e the 

southern slopes are f a i r l y open but the northern slopes s u s t a i n 

a dense growth of r a t h e r I n f e r i o r and bushy f o r e s t s . 

Douglas f i r , b l a c k spruce, balsam, l a r c h , and jackplne 

are present a t h i g h e r e l e v a t i o n s , while c o t t o n woods and p o p l a r 

grow i n the v a l l e y bottoms. L u x u r i a n t growths of a l d e r , d e v i l s 

c l u b , and h u c k l e b e r r y form the undergrowth. 
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FAUNA 

The surrounding area i s w e l l known f o r b i g game hunting, 
and the Taylor B a s i n to the north has produced many record 
animal t r o p h i e s . 

Nearly a l l creeks and lakes are w e l l stocked w i t h f i s h . 
Blue grouse, w i l l o w grouse, and ptarmigan are common. Hares, 
groundhogs and marmots are to be found at higher a l t i t u d e s , 
and i n the area of P i e b i t e r creek, Bighorn sheep, mountain-goat, 
and mule deer are present. G r i z z l y bears are a l s o i n t h i s area, 
and wolverines have been seen. 



CHAPTER I I 

PREVIOUS GEOLOGICAL WORK 

Information regarding the l o c a t i o n , ownership, and 
h i s t o r y of i n d i v i d u a l claims of the Bridge R i v e r mining camp 
has been given adequately In the Annual Reports and B u l l e t i n s 
of the M i n i s t e r of Mines B r i t i s h Columbia. References to other 
r e p o r t s on t h i s area are given i n the b i b l i o g r a p h y . 

The most comprehensive r e p o r t s on the area are by McCann 
(1922), Cairnes (1937), and the unpublished r e p o r t of Stevenson. 
More d e t a i l e d r e p o r t s on the geology of the two main producing 
mines have been w r i t t e n by Cleveland (1938), (1914-0); Gibson 
and Poole (191+5); Joubin (19)4,8); and Poole (1955). The work of 
Joubin i s a comprehensive d i s c u s s i o n of the s t r u c t u r a l geology 
of the Pioneer mine. In the report Joubin r e l a t e s the v e i n 
systems to the conventional s t r a i n e l l i p s o i d . 

HISTORY OF PIONEER MINE 

Although, a l l u v i a l gold had been found i n the Bridge 
r i v e r i n the l850's and expeditions had reported the presence 
of quartz veins as e a r l y as 1865, there was l i t t l e p r o specting 
i n t h i s area u n t i l the turn of the century. During 1897 and 
the preceding year s e v e r a l p r o p e r t i e s were staked throughout 
the v a l l e y , amongst them the Why Not, Lome, and Ida May 
mineral claims. 

The o r i g i n a l Pioneer c l a i m was staked on September 6 t h , 

1897 by a prospector named Harry Attwood. He named the c l a i m 
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a f t e r the popular h o t e l at L i l l o o e t , whose owner B i l l y A l l e n 

had s u p p l i e d h i s grubstake. Attwood soon s o l d out, and A l l e n 

a c q u i r e d a new p a r t n e r F. H. K i n d e r who p r o f i t a b l y worked the 

c l a i m , s i n g l e handed, from 1900 u n t i l 1911. Amongst the t a l e s 

that are t o l d of t h i s mining camp i s the s t o r y that concerns 

the s m a l l hand crusher, that now stands on the lawn by the 

Pioneer mine o f f i c e . 

Sloan (193£:p-339) r e c o r d s t h a t P. H. Kinder, a p r o s 

p e c t o r w i t h a keen nose f o r ore, obtained h i s p a r t n e r s h i p by 

o f f e r i n g to supply a m i l l . T h i s was agreed upon, but the m i l l 

K i n d e r s u p p l i e d was l i t t l e more than a hand crusher. Another 

s t o r y i s g i v e n i n s p e c i a l e d i t i o n of the B r i d g e R i v e r - L i l l o o e t 

News f o r Thursday October 29.1936. "Kinder was a p a i n t e r by 

trade and A l l e n a h o t e l keeper." N e i t h e r one knew anything 

about machinery when they ordered the m i l l from San F r a n c i s c o 

u s i n g a catalogue f o r r e f e r e n c e , and were more than s u r p r i s e d 

when i t was d e l i v e r e d by f r e i g h t car from Ly t t o n J 

The o p e r a t i o n of the mine began i n the s p r i n g when a mud 

• s l i d e from a p r o s p e c t i n g t r e n c h exposed a small v e i n c a r r y i n g 

f r e e g o l d . Kinder drove a small a d i t about J4.O f e e t below the 

exposure and c r o s s cut 70 f e e t to a v e i n and a f u r t h e r 30 f e e t 

to a second v e i n . Two s h o r t e r a d i t s d r i v e n above the o r i g i n a l 

l e v e l , are now i n a c c e s s i b l e . 

Kinder soon c o n s t r u c t e d an a r r a s t r a and water wheel, 

p r o c e s s i n g 500 pounds of ore a day, which he operated u n t i l 

1911 when he s o l d out to A. F. Noel. 

The p r o p e r t y was then s o l d to a s y n d i c a t e , whose 
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p r i n c i p a l members were, Peter and Andrew Pergusson, and 

Adolphus W i l l i a m s , which soon i n c r e a s e d the h o l d i n g s to seven 

claims and three f r a c t i o n s . Work on K i n d e r ! s c r o s s - c u t 

continued. A 100 f e e t a d i t was d r i v e n from a p o i n t 7 0 0 f e e t 

west of the o r i g i n a l c r o s s - c u t . In I9I4 a company c a l l e d the 

Pioneer Gold Mines L i m i t e d was formed and a smal l C h i l e a n - t y p e 

m i l l was l a t e r c o n s t r u c t e d . By 1917 | 1 3 5 , 0 0 0 worth of g o l d had 

been produced, which amply r e p a i d the s y n d i c a t e . Although an 

i n c l i n e d s h a f t had been sunk to about 1 8 7 f e e t below the 

o r i g i n a l c r o s s - c u t , o p e r a t i o n was d i f f i c u l t and the company 

decid e d to s e l l . 

Prom l a t e 1919 to 1921). l i t t l e work was done on the 

pr o p e r t y , but ex t e n s i v e examinations were made by i n t e r e s t e d 

companies. In 1920 the Mining C o r p o r a t i o n of Canada took an 

o p t i o n f o r $100,000 but l a t e r dropped t h i s o p t i o n when the 

second payment f e l l due. E a r l y i n 1921 the p r o p e r t y was ac

q u i r e d by A. E. B u l l , W a l l b r l d g e and A s s o c i a t e s of Vancouver 

and the workings reopened. By the next year no more money 

cou l d be r a i s e d , and David Sloan, a young engineer from the 

east, was h i r e d by W a l l b r l d g e , to make an examination of the 

h o l d i n g s . Sloan was s u f f i c i e n t l y impressed to advise r a i s i n g 

$30,000. T h i s sum c o u l d not be obt a i n e d . 

Again companies were approached, and an e a s t e r n e n t e r 

p r i s e from Binghampton, N.Y., showed i n t e r e s t . O f f i c i a l s who 

came to v i s i t the mine were d i s i l l u s i o n e d and demanded a r e f u n d 

of the $1,000 they had advanced f o r the dewatering of the 

s h a f t . Sloan was s e v e r e l y c r i t i c i s e d but he continued to 
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develop the p r o p e r t y . 

Sloan then took a l e a s e on the p r o p e r t y , and w i t h J . I. 

Babe as a p a r t n e r , and o p e r a t i n g c a p i t a l of $3,000 commenced 

working i n J u l y 192I+. M i l l i n g of g o l d ore l e f t i n the stopes, 

and the development of a l e n g t h of ore beyond a small pinched 

s e c t i o n of the v e i n was s u c c e s s f u l . By September 10th a three 

thousand d o l l a r g o l d b r i c k was poured, and each month succeed

in g b r i c k s were more than double t h i s s i z e , u n t i l winter 

c u r t a i l e d o p e r a t i o n s . 

The s y n d i c a t e was r e o r g a n i s e d i n 1928 when the Pioneer 

G o l d Mines of B. C , L i m i t e d , was i n c o r p o r a t e d . T h i s Company 

continued to operate the mine u n t i l i t amalgamated w i t h B r a l o r n e 

Gold Mines, L i m i t e d , i n e a r l y 1959. 

Development i n 192if. i n v o l v e d the continued s i n k i n g the 

i n c l i n e d s h a f t , the bottom of which was s t i l l o nly 187 f e e t 

below the l e v e l of the Kinder c r o s s - c u t , and by 1926 5 l e v e l 

was e s t a b l i s h e d at a depth of 350 f e e t below the s u r f a c e l e v e l . 

In 1927 a v e r t i c a l s h a f t was r a i s e d to r e p l a c e the o l d I n c l i n e d 

s h a f t . A new 100-ton per day a l l - c y a n i d e p l a n t r e p l a c e d the 

o l d m i l l , and the e f f i c i e n t e x t r a c t i o n enabled the company to 

rework, at a p r o f i t , the o l d m i l l t a i l i n g s , while e s s e n t i a l 

development was completed. 

By 1932 No 3 s h a f t was r a i s e d from 9 l e v e l to the sur

f a c e and had been sunk to l l | l e v e l , and i n September 1932 a new 

u n i t was added to the m i l l i n c r e a s i n g the c a p a c i t y to 300 tons 

per day. In the f o l l o w i n g year, 1933, not only the g r e a t e s t 

development was made, but the l a r g e s t g o l d p r o d u c t i o n of any 
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mine i n the p r o v i n c e was obtained. 

By 1938 the ore on the main v e i n had been f u l l y b l o c k e d 

out and the No l± s h a f t , an i n t e r n a l s h a f t , commenced the 

p r e v i o u s year from 2l\. l e v e l , was sunk to 29 l e v e l , over 3 , 5 0 0 

f e e t below the s u r f a c e . 

S t r i k e s c u r t a i l e d some of the work i n 1 9 3 9 , but i t i s 

s i g n i f i c a n t that some ore was produced from the 21 v e i n on 18 

l e v e l . T h i s 27 v e i n was l a t e r to become the main produ c i n g 

v e i n on the p r o p e r t y . 

By 19^-1 some development had been made on the 27 v e i n , 

and only small amounts of d r i f t i n g on the 29 and 28 v e i n s . 

Wartime c o n d i t i o n s , w i t h labour r e s t r i c t i o n s , prevented exten

s i v e development d u r i n g the e a r l y p e r i o d of the decade. 

Development of the 27 v e i n on l e v e l s 2 0 , 2 1 , and 25 was 

c a r r i e d out i n I946 and more than 800 f e e t of good grade ore 

was found on the lowest l e v e l . In December 1952 a f t e r e x t e n s i v e 

diamond d r i l l i n g , work s t a r t e d on s i n k i n g No 5 s h a f t , an 

i n c l i n e d s h a f t to f o l l o w In the f o o t w a l l of the 27 v e i n . The 

s h a f t s i n k i n g was stopped below 29 l e v e l , the bottom l e v e l f o r 

many y e a r s . 

In 1956 an e x t e n s i v e diamond d r i l l i n g and development 

program was conducted under the guidance of Dr. A. C. S k e r l , 

P.Eng., of Vancouver, to l o c a t e any remaining veins and 

p o t e n t i a l ore s e c t i o n s . A long c r o s s - c u t was d r i v e n Into the 

f o o t w a l l of the main v e i n on 20 l e v e l , and a 2 , 0 0 0 - f e e t c r o s s 

cut was d r i v e n e a s t e r l y towards the P a c i f i c E a s t e r n workings. 

E x t e n s i v e d r i l l i n g i n t o both w a l l s of t h i s c r o s s - c u t f a i l e d to 
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show any major v e i n s t r u c t u r e s on the 20 l e v e l other than the 
89 and 92 v e i n s . 

In 1959 the mine became the property of the amalgamated 
Pioneer and Bralorne companies. The No 5 shaft was sunk to 
expose the 27 v e i n at the 30 l e v e l , and the diamond d r i l l i n g 
program was jln'tee.%rated w l t h A d r i l l i n g program of Bralorne to 
i n v e s t i g a t e the ground between the two p r o p e r t i e s , that had 
p r e v i o u s l y been ignored by mutual agreement. 



CHAPTER I I I 

GENERAL GEOLOGY 

The rock u n i t s i n the B r i d g e R i v e r area are l i s t e d i n 

the t a b l e of formations on page Iff. 

Drysdale (1915) has s t a t e d that the r e g i o n a l s t r u c t u r e 

of the B r i d g e R i v e r area i s "a broad a n t i c l i n a l dome elongated 

In a northwest-south east and p i t c h i n g at a low angle to the 

northwest." 

Since 1915 most of the g e o l o g i s t working i n the area 

have accepted Drysdales s t r u c t u r a l i n t e r p r e t a t i o n . However, 

d e t a i l e d mapping of s m a l l e r areas has shown that the s t r u c t u r e 

Is not a simple a n t i c l i n e . Stevenson c o n s i d e r s the area to be 

an a n t i c l i n o r i u m , and cross s e c t i o n s by Cairnes (1937) show 

complicated f o l d s on the southwest limb of the a n t i c l i n e i n the 

v i c i n i t y of Pioneer mine. 

The core of t h i s a n t i c l i n e i s composed of v a r i o u s types 

of r o c k s b e l o n g i n g to the Pergusson s e r i e s . Cairnes (1937;p.ll|.) 

c o n s i d e r s that the Pergusson s e r i e s i s o v e r l a i n by the Noel 

f o r m a t i o n which c o n s i s t s of sedimentary r o c k s . He a l s o 

c o n s i d e r s that the Noel f o r m a t i o n Is succeeded by the Pioneer 

f o r m a t i o n , which i s i n t u r n o v e r l a i n by the H u r l e y s e r i e s of 

sedimentary r o c k s . 

I n t r u s i o n s r e l a t e d to the Coast Range b a t h o l i t h l c com

p l e x p r e s e n t i n the Pergusson s e r i e s comprise the Bendor 

b a t h o l i t h . I s o l a t e d bodies of rocks of d i o r i t i c composition, 
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known c o l l e c t i v e l y as the B r a l o r n e i n t r u s i v e s , are c o n s i d e r e d 

somewhat o l d e r than the Bendor rocks, and are found i n a broad 

d i s c o n t i n u o u s b e l t t h a t i n c l u d e s Pioneer mine. Small u l t r a -

b a s i c i n t r u s i o n s of the a l p i n e type occur on b o t h f l a n k s of the 

a n t i c l i n e , and are c a l l e d the Shulaps and P r e s i d e n t i l n i r u m o r r s . 

The complex and c o n f u s i n g c o n t a c t s between i n d i v i d u a l 

rock u n i t s and the s c a r c i t y of outcrops except along the r i d g e s , 

make d e t a i l e d s t r u c t u r a l i n t e r p r e t a t i o n s d i f f i c u l t . I t i s 

s i g n i f i c a n t that MacKenzie (1920) who i n v e s t i g a t e d the area to 

the north, was unable to f i n d any s u p p o r t i n g evidence f o r the 

presence of an a n t i c l i n e . 

The ages of the rock u n i t s mentioned above are not 

a c c u r a t e l y known. I t i s upon l i t h o l o g i c s i m i l a r i t i e s t h a t the 

Pergusson s e r i e s i s c o r r e l a t e d w i t h the Cache Creek group which 

i s found near L i l l o o e t . 

The presence of carbonate i n the Hurley s e r i e s 

d i s t i n g u i s h e s t h i s r o c k u n i t from the Noel formation, which i s 

otherwise l i t h o l o g i c a l l y s i m i l a r . T h i s d i s t i n c t i o n may not be 

v a l i d . Such a m i n e r a l may be r e a d i l y i n t r o d u c e d d u r i n g meta

morphism. These two rock u n i t s are not r e c o g n i s e d by Joubin 

(1948:p.ii,l), who c o n s i d e r s them to be one u n i t which he names 

the Hurley-Noel f o r m a t i o n . 

In the immediate area of Pioneer mine there i s a 

r e p e t i t i o n of the Hurley-Noel f o r m a t i o n a M l i Pioneer f o r m a t i o n 

which Joubin e x p l a i n s by f o l d i n g . A d d i t i o n a l i n f o r m a t i o n 

obtained i n a r e c e n t e x p l o r a t i o n program i s i n t e r p r e t e d by the 

w r i t e r as i n d i c a t i n g t h a t such r e p e t i t i o n can be more r e a d i l y 

e x p l a i n e d by f a u l t i n g . 
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CHAPTER IV 

DETAILED GEOLOGY OP PIONEER MINE 

The r e l a t i v e p o s i t i o n s of the rock u n i t s exposed i n 

the v i c i n i t y of Pioneer mine are i n d i c a t e d i n f i g u r e 3 i n the 

t e x t . The d i s t r i b u t i o n of rock u n i t s underground i s shown i n 

the 300 s c a l e p l a n s of 20 l e v e l and 29 l e v e l which accompany 

t h i s t h e s i s . 

The p l a n s show p a r a l l e l b e l t s of sedimentary and 

v o l c a n i c rocks on b o t h s i d e s of a f a u l t zone. T h i s f a u l t zone 

i s the "Cadwallader Break" and i s composed of s e r p e n t i n e which 

forms the southern l i m i t of the mine workings. 

The r e p e t i t i o n of these rock u n i t s i s e x p l a i n e d by 

Joubin (191+8) to be due to f o l d i n g of the v o l c a n i c rocks i n t o 

two sharp a n t i c l i n e s w i t h the o v e r l y i n g sedimentary r o c k s now 

occupying the p o s i t i o n of the s y n c l i n e s . The author c o n s i d e r s 

that the r e p e t i t i o n of these rock u n i t s may be produced by the 

f a u l t i n g of a homocline. 

The i n d i v i d u a l rock u n i t s and i n t r u d e d igneous rocks 

are d i s c u s s e d i n the f o l l o w i n g paragraphs. 

PERGUSSON GROUP 

The name Fergusson s e r i e s was f i r s t a p p l i e d by Cairnes 

(1943:p»9) to the sedimentary and v o l c a n i c rocks p r e v i o u s 

a s s i g n e d to the B r i d g e R i v e r S e r i e s which formed the core of 
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the a n t i c l i n e proposed by Drysdale ( 1 9 1 5 ) . Cairnes (19l+2:p.2) 

l a t e r discarded the term s e r i e s i n favour of the term group. 
The Pergusson group occur on the northern p a r t of 

Pioneer mine but do not form any part of the mine workings. 
This surface exposure i s found to e x i s t to the top of Mount 
Pergusson d i r e c t l y north of Pioneer mine. The exposed form
a t i o n here may be regarded as the type s e c t i o n although much 
v a r i a t i o n i s to be found both here and elsewhere i n the group. 

The contact w i t h the sediments to the south i s nowhere 
seen on the surface, but i s exposed underground i n the P a c i f i c 
Eastern workings where i t i s seen to be a broad f a u l t zone d i p 
ping 1+5 degrees i n a north westerly d i r e c t i o n . Joubin 
( 1 9 4 8 :p. 1+5) r e f e r s to t h i s f a u l t zone as the Pergusson over-
t h r u s t . 

The Pergusson group although h i g h l y v a r i a b l e i n 
composition i s dominantly composed of riibbon cherts which are 
much contorted. At lower e l e v a t i o n s on the side of Mount 
Pergusson the group i s composed of narrow l a y e r s of grey-white 
chert from f r a c t i o n s of an i n c h to s e v e r a l inches t h i c k 
separated by p a r t i n g s of black shaley a r g i l l a c e o u s m a t e r i a l 
u s u a l l y only a f r a c t i o n of an i n c h t h i c k , which have been 
squeezed i n t o the areas between the contorted chert bands. At 
higher e l e v a t i o n s the chert bands become l e s s numerous but 
much t h i c k e r and the t h i c k i n t e r v e n i n g members of a r g i l l i t e 
become massive. At the top of the mountain chert bands are not 
present and most of the group i s composed of massive a r g i l l i t e . 
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I t i s th:es v a r i a b l e nature of the rock type that causes great 

d i f f i c u l t y i n the separation of-, the Ferguason, igraiapj and other 

rock u n i t s i n the area, f o r each u n i t may contain s i m i l a r 

l l t h o l o g l c s e c t i o n s . 

Cairnes (1937:p.l4) says: 
"At a few places w i t h i n the outcrop areas 

of t h i s formation (the Noel) narrow b e l t s or 
lenses of cherty sediments much resembling 
those of the Fergusson s e r i e s were noted." 
V o l c a n i c rocks are found i n the Fergusson group i n 

s e v e r a l outcrops as f i n e to medium grained flows up to s e v e r a l 
tens of f e e t t h i c k showing p i l l o w s t r u c t u r e s . One of these 
f l o w horizons has been i n v e s t i g a t e d by the Holland cross cut 

(see Figure 3). Stevenson records such lavas to be " 
coarse grained, d i a b a s i c w i t h prominent hornblende phenocrysts 
set i n a groundmass of p l a g i o c l a s e l a t h s . " Cairnes r e p o r t s 
that many of the l a v a s contain f i b r o u s a c t l n o l i t e and small 
f l a k e s of b i o t i t e , commonly with abundant secondary minerals 
such as carbonate, s e r i c i t e , and z o i s i t e . This metamorphism 
i s a t t r i b u t e d to the thermal e f f e c t s accompanying the i n t r u s i o n 
of the Bendor b a t h o l i t h . 

Limestone pods are not unknown In the Fergusson group. 
These pods may range from a few inches to s e v e r a l tens of f e e t 
and occur i n the l a v a s , or may form l e n t i c u l a r bodies up to 
100 f e e t t h i c k and s e v e r a l hundred f e e t long. The l a r g e r 
bodies are composed of grey to white coarsely c r y s t a l l i n e car
bonates, and may contain along the contacts garnet, epidote, 
and minor amounts of sulphi%es<> These minerals are the r e s u l t 
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of thermal metamorphism by the Bendor b a t h o l i t h . 

As s t a t e d p r e v i o u s l y the l a c k of f o s s i l evidence has 
r e s u l t e d i n the Fergusson group being c o r r e l a t e d on l i t h o l o g i c 
s i m i l a r i t i e s to the CacheCreek s e r i e s about L i l l o o e t . T r e t t i n 
(1960:p.33) considers the Cache Creek s e r i e s near L i l l o o e t to 
be Upper and perhaps p a r t l y Middle Permian i n age. 

HURLEY-NOEL FORMATION 

The Hurley-Noel formation i s the name given by Joubin 
(19l4-8:p.l(.2) to the dominantly sedimentary rocks that occur to 
the north of the v o l c a n i c rocks i n the Pioneer mine, and 
repeated immediately south of the "Cadwallader Break", and 
again south of the second serpentine zone as shown i n f i g u r e $. 
The exposures f a r t h e s t south were considered p r e v i o u s l y as 
part of the Noel formation and d i s t i n g u i s h e d from the Hurley 
group by the l a c k of carbonates. 

The Hurley-Noel sedimentary rocks Included mainly a r g i l -
l i t e , and minor amounts of f i n e r grained sandstone, tuffaceous 
a r g l l l i t e , and l o c a l lenses of conglomerate. Almost under-
formed ribbon cherts and small bands of v o l c a n i c rocks can be 
found, which are s i m i l a r i n appearance to some of the exposures 
of the Fergusson s e r i e s . Such s i m i l a r i t i e s i n rock types have 
r e s u l t e d i n the m i s i d e n t i f i c a t i o n of the rock u n i t s which 
r e s u l t e d i n erroneous c o r r e l a t i o n s . 

The a r g i l l l t e s i s dark grey to b l a c k i n colour, and the 
beds may be massive or f i n e l y laminated. A l l beds are veined 
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w i t h t h i n seams of carbonate. The t h i c k n e s s of i n d i v i d u a l beds 

may range from a f r a c t i o n of an i n c h up to s e v e r a l f e e t , and 

alt h o u g h there may be v a r i a t i o n i n the g r a i n s i z e of the 

component m i n e r a l s few top determinations can be made. Con

glomerate beds i n the Hurley-Noel f o r m a t i o n appear to be l o c a l 

l e n s e s a few f e e t t h i c k and a few tens of f e e t long. The 

pebbles are rounded to angular fragments of limestone, g r a n i t e , 

w i t h rounded fragments of ch e r t and f e l s i t i c r o c k s . The mat r i x 

i s f i n e sandy m a t e r i a l . 

Joubin (19ij-8:p.42) c o n s i d e r e d these l e n s to form a l o c a l 

b a s a l conglomerate but because of t h e i r presence, throughout 

the sequence and t h e i r l o c a l d i s t r i b u t i o n they are regarded by 

Cairnes as i n t r a f o r m a t i o n a l b r e c c i a s . 

PIONEER FORMATION 

The pioneer f o r m a t i o n , l o c a l l y c a l l e d greenstone, occurs 

as bands b o t h s i d e s of the Cadwallader Break, o v e r l a p p i n g i n 

the v i c i n i t y of Pioneer mine. Each band of greenstone l i e s to 

the south of the Hurley-Noel sedimentary rocks, and i n each 

case appears to be conformable and g r a d a t i o i i a l to t h i s f o r m a t i o n . 

The 2,000 f e e t wide northern band forms p a r t of the area i n 

which the economic g o l d - q u a r t z v e i n s are found, and a l s o to the 

P a c i f i c E a s t e r n workings to the ea s t . The greenstone b e l t 

south of the Cadwallader Break forms a zone IE, 000 f e e t wide 

which pinches out a g a i n s t the Cadwallader Break to the west, 

but continues eastwards f o r s e v e r a l m i l e s . 
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The dominant colour of the Pioneer formation ranges from 
dark to l i g h t green. Colour v a r i a t i o n s may be accompanied by 
changes i n the r e l a t i v e competence of the greenstone. 

Surface exposures do not show any s t r u c t u r e s other than 
vague e l l i p s o i d a l fonsas., D r i l l cores and f r e s h surfaces under
ground show primary s t r u c t u r e s which i n d i c a t e a v o l c a n i c o r i g i n 
f o r the greenstone. On the b a s i s of such s t r u c t u r e s Joubin 
recognised Ij. main l i t h o l o g i c types. These types although 
d i s t i n c t i v e were not s u f f i c i e n t l y continuous to be used as 
marker horizons. 

The main v a r i e t i e s of greenstone include amygdaloidal 
f l o w s , t u f f s , p i l l o w l a v a s , f l o w top b r e c c i a s , p y r o c l a s t i c s , 
and massive f i n e grained rocks that may be i n p a r t i n t r u s i v e . 

Undisturbed contacts of these v a r i e t i e s of the green
stone are r a r e l y preserved, because of Subsequente deformation. 
For example the v o l c a n i c b r e c c i a shown i n Figure if i s traversed 
by i r r e g u l a r dark green bands that upon microscopic i n v e s t i 
g a t i o n prove to be mylonite. Such f i n e grained mylonite 
contains l a r g e cubes of p y r i t e that appear to have been p a r t l y 
r o t a t e d , and secondary comb quartz occupys the pressure 
shadows. In other instances deformation of the greenstone has 
taken the form of i n t r i c a t e f a u l t i n g so that the rock i s now 
broken i n t o d i s c r e t e blocks a few 10's of f e e t i n s i z e . The 
net r e s u l t i s that the beds cannot be c o r r e l a t e d over distances 
of more than one hundred f e e t , and the o v e r a l l s t r u c t u r e of the 
greenstone remains i m p e r f e c t l y known. 
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Amygdaloidal flows occur i n s e v e r a l p a r t s of the mine 

and are d e s c r i b e d by Joubin (19ij.8:p.l+O) as "The amygdaloidal 

type occurs most commonly as a repeated s u c c e s s i o n of t h i n 

f lows, f o l l o w e d by su c c e s s i o n s of t h i n t u f f beds'1', and f u r t h e r 

"amygdaloidal flows r a r e l y exceed one f o o t i n t h i c k n e s s 

and amygdule s i z e v a r i a t i o n commonly i n d i c a t e s the f l o w top". 

T h i n s e c t i o n s show the flows are composed of a l b i t e 

l a t h s w i t h a t r a c h y t i c t e x t u r e , i n an u n r e s o l v e d groundmass of 

c h l o r i t e and opaque m i n e r a l s . The amygdules are f i l l e d w i t h 

c h l o r i t e , quartz and epidote m i n e r a l s . 

T u f f i s r e c o g n i s e d by i t s r e l a t i v e l y coarse g r a i n e d 

t e x t u r e compared to the other v a r i e t i e s of greenstone. A l 

though g r a i n s i z e v a r i a t i o n occurs grading i s not s u f f i c i e n t l y 

w e l l developed to be used f o r top determination's.* Dark•.. • 

p a r t i c l e s , up to a few m.ms i n size,occ.urin a f i n e g r a i n e d 

m a t r i x . 

A t h i n s e c t i o n of a specimen of t u f f from the diamond 

d r i l l s t a t i o n at the end of the 20-135 c r o s s - c u t c o n t a i n s 

shards and fragmental p o r t i o n s of h i g h l y v e s i c u l a r a p h a n i t i c 

rock. The v e s i c l e s are now f i l l e d w i t h f i n e - g r a i n e d i n t e r 

growths of quartz, c h l o r i t e , and ep i d o t e . The remainder of the 

s e c t i o n i s composed of fragments of hornblende and a l b i t e w i t h 

some c h l o r i t e i n a f i n e g r a i n e d groundmass (see f i g u r e 5 K 

Numerous e l l i p s o i d a l shapes, i d e n t i f i e d as p i l l o w l a v a s , 

are r e c o g n i z e d i n areas of a p p a r e n t l y homogeneous rock by the 

c o n t r a s t i n g c o l o u r . These shapes may be o u t l i n e d by concen-
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Figure Photograph of Breccia (Amyg
daloidal pyroclastic) at start of 
20-135 x cut. Note the ir r e g u l a r 
bands of mylonite, and the l i g h t 
coloured amygdaloidal rims of 
the fragments. 

Figure 5- Photomicrograph of t u f f at face 
of 20-135 x cut. Pl a i n l i g h t x 16. 
Thin section 20-135- No 1A. 
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t r a t i o n s of s u l p h i d e m i n e r a l s , or the development of amygdules 

at the b o r d e r s . Cairnes (1938:p . l6) r e c o r d s that such 

s t r u c t u r e s are r a r e , and C l e v e l a n d (1937) s t a t e s that " at 

one p l a c e i n the King mine p i l l o w s t r u c t u r e s are p r e s e n t . " 

Because these s t r u c t u r e s have smooth o u t l i n e s and occur s i n g l y 

they cannot be used f o r top d e t e r m i n a t i o n s . 

Joubin s t a t e s t h a t the f l o w - t o p b r e c c i a s grade i n t o what 

he c a l l s "amygdaloidal p y r o c l a s t i c s " . These p y r o c l a s t i c s can 

be found near the p o r t a l of the T a y l o r Tunnel, i n a short stub 

d r i f t from the R d r i f t on 5 l e v e l , and a g a i n at the s t a r t of 

the 20-135 c r o s s - c u t . F i g u r e I4. shows the appearance of the 

amygdaloidal p y r o c l a s t i c w i t h i t s p e c u l i a r l i g h t - c o l o u r e d , sub-

angular to rounded, fragments up to a few inches i n s i z e , w i t h 

l i g h t c o l o u r e d amygdaloidal selvedges, set i n a dark f i n e 

g r a i n e d cementing m a t e r i a l . In t h i n s e c t i o n the f i n e - g r a i n e d 

groundmass i s seen to be composed of s m a l l a l b i t e l a t h s with a 

t r a c h y t i c texture i n a mass of f i n e - g r a i n e d c h l o r i t e and 

impalpable dust. A f r a c t u r e c r o s s i n g the t h i n s e c t i o n i s 

i n f i l l e d w i t h e p i d o t e , comb quartz, and f r e s h a l b i t e . A s m a l l 

amount of carbonate occurs throughout the s l i d e mainly r e p l a c 

i n g the groundmass. 

The massive greenstone g e n e r a l l y has a dark green Colour 

and Amedium- to f i n e - g r a i n e d , the i n d i v i d u a l c r y s t a l s b e i n g too 

small to i d e n t i f y w i t h a hand l e n s . In t h i n s e c t i o n the rock 

i s composed of s m a l l l a t h s of a l b i t e w i t h a t r a c h y t i c t e x t u r e 

i n a dark, u n i d e n t i f i e d , f i n e - g r a i n e d , groundmass. In other 
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t h i n s e c t i o n s , areas of f i n e - g r a i n e d micas and carbonate may 

re p r e s e n t o r i g i n a l f e l d s p a r g r a i n s and patches of c h l o r i t i c 

m a t e r i a l may r e p r e s e n t the mafic m i n e r a l s . C i r c u l a r patches 

of c h l o r i t e and ep i d o t e i n d i c a t e v e s c i c l e s i n the o r i g i n a l 

flow. 

BRALORNE INTRUSIONS 

A l l the g r a n i t i c r o c k types that occur i n B r a l o r n e and 

Pioneer mines i n c l u d i n g a l l the v a r i e t i e s of a u g i t e d i o r i t e , 

quartz d i o r i t e , greenstone d i o r i t e , and soda g r a n i t e , w i l l be 

d i s c u s s e d under t h i s heading. The name B r a l o r n e i n t r u s i o n s was 

gi v e n by Cairnes ( 1937:p .21) to a group of co a r s e - g r a i n e d rocks 

that had been v a r i o u s l y d e s c r i b e d i n p r e v i o u s r e p o r t s . 

The rock types c l a s s i f i e d as the B r a l o r n e I n t r u s t i o n s 

are c o n f i n e d to a broad, d i s c o n t i n u o u s zone extending n o r t h 

westwards from the P a c i f i c E a s t e r n p r o p e r t y to the Wayside mine 

i n the Brid g e R i v e r V a l l e y . T h i s zone has an o v e r a l l l e n g t h of 

9 "̂ m i l e s and a width up to 2 , 5 0 0 f e e t . The most p r e v a l e n t rock 

type i s the B r a l o r n e d i o r i t e , which i s well-exposed In the 

Br a l o r n e mine workings; on the Pioneer h o l d i n g s i n the outer 

few f e e t of the Countless a d i t ; and a l s o i n the diamond d r i l l 

h o l es (C - 5 3 7J C -543) d r i l l e d ; •..southward toward the serp e n t i n e 

from a p o s i t i o n i n s i d e the Countless a d i t . Throughout the 

v a l l e y the c o n t a c t s between g r a n i t i c r o c k types are g r a d a t i o n a l . 

Cairnes (1937sp-2ij.) s t a t e s : 

"The d i o r i t e may, i n p l a c e s , as i n the C a l i f o r n i a 
working on the B.R.X. pr o p e r t y , be t r a c e d through 
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every g r a d a t i o n Into a f i n e - g r a i n e d rock 
i n d i s t i n g u i s h a b l e from greenstone such as 
forms p a r t of the Pioneer f o r m a t i o n and 
knox^n to be of v o l c a n i c o r i g i n " . 

Poole ( 1 9 5 5 : p « 2 ) i n c o n s i d e r i n g the B r a l o r n e d i o r i t e i n 

and about the B r a l o r n e p r o p e r t y s t a t e s : 

" v a r i a t i o n s i n composition and te x t u r e 
occur i n the greenstone d i o r i t e complex of the 
cont a c t zone. 

The c o n t a c t between the greenstone and 
d i o r i t e i s a t r a n s i t i o n a l zone s e v e r a l hundred 
f e e t wide i n which the d i o r i t e appears to have 
r e p l a c e d or absorbed much of the greenstone. 
As the c o n t a c t i s approached the d i o r i t e becomes 
f i n e r g r a i n e d and the greenstone so a l t e r e d that 
i t i s d i f f i c u l t to demark one r o c k from the o t h e r . " 

Stevenson (unpublished r e p o r t of B.C. Dept. of Mines) 

c o n s i d e r i n g the same c o n t a c t r e c o r d s : 

"The contact between h o r n b l e n d i t e and 
d i o r i t e i s not sharp and a g r a d a t i o n may be 
t r a c e d from h o r n b l e n d i t e , through hornblende 
r i c h d i o r i t e to the average d i o r i t e . T h i s 
f e a t u r e suggests that the h o r n b l e n d i t e i s an 
in t e r m e d i a t e stage i n the a l t e r a t i o n of green
stone to d i o r i t e " . 

G r a n i t i c r o c k known as the soda g r a n i t e occurs on the 

n o r t h s i d e of the main body of B r a l o r n e d i o r i t e as a l a r g e 

elongated body extending from B r a l o r n e mine eastwards through 

Pioneer, and narrowing c o n s i d e r a b l y to a smal l d y k e - l i k e body 

as i t continues i n t o the P a c i f i c E a s t e r n workings. 

Poole ( 1 9 5 5'.p . 2 ) r e c o r d s t h a t the soda g r a n i t e a l s o 

occurs i n the B r a l o r n e p r o p e r t y as smal l i s o l a t e d masses and 

dykes i r r e g u l a r l y d i s t r i b u t e d throughout the northern s e c t i o n 

of the d i o r i t e . 

Most exposures of c o n t a c t s between the B r a l o r n e d i o r i t e 
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and soda g r a n i t e are g r a d a t i o n a l . 

Joubin (il91$':p.43) records: 
"The contacts of the soda g r a n i t e and 

d i o r i t e are commonly g r a d a t i o n a l across a 
patchwork-like zone of h y b r i d type; the 
contacts between the soda g r a n i t e and green
stone are sharply defined w i t h l o c a l shearing 
of the greenstone." 

Poole (1955-tp«2) r e p o r t s that the contacts of soda 
g r a n i t e and greenstone are sharply defined. 

Cairnes (193 i >7:p.27) i s puzzled by such r e l a t i o n s h i p s , 
and concludes that, " beyond reasonable doubt the soda 
g r a n i t e and the augite d i o r i t e are r e l a t e d i n o r i g i n , though 
the g r a n i t e may be younger." He sta t e s f u r t h e r that the 
Pioneer greenstone and the Bralorne d i o r i t e o r i g i n a t e d from the 
same deeply-buried magma, presumably at widely-spaced times. 
Such an expl a n a t i o n creates problems regarding the timing of 
the various i n t r u s i o n s . However, the common presence of a l b i t e , 
and absence of K f e l d s p a r i n a l l rock types suggests that they 
may have some common o r i g i n . 

An a l t e r n a t i v e explanation f o r these c o n f l i c t i n g contact 
r e l a t i o n s of the Bralorne d i o r i t e and the soda g r a n i t e was f i r s t 
made by Dr. A. C. S k e r l (1956 p r i v a t e report to Pioneer com
pany) who w r i t e s : 

"During a v i s i t to these mines i n 19^6 I was 
q u i t e impressed by the v a r i a t i o n and t r a n s i t i o n s 
In the i n t r u s i v e rocks i n t h i s area and suggested 
that they formed an e x c e l l e n t example of d i o r i t i z -
a t i o n and g r a n i t i z a t i o n . " 
On f i e l d evidence S k e r l suggests the o r i g i n a l greenstone 

was soaked i n hot a l k a l i n e s o l u t i o n s r e s u l t i n g i n i t s t r a n s -
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f o r m a t i o n to a d i o r i t e and u l t i m a t e l y soda g r a n i t e . 

Stevenson r e c o r d s there i s evidence t h a t the d i o r i t e has 

r e p l a c e d the greenstone and the s e r i e s has been i n t r u d e d by a 

l a t e r g r a n i t e which c o n t a i n s fragments of the d i o r i t e . 

types, found i n Pioneer mine w i l l be d e s c r i b e d . 

1) SODA GRANITE 

In Pioneer mine the soda g r a n i t e occupys an area 

•immediately south of the n o r t h e r l y b e l t of Pioneer greenstone, 

and forms a zone about 600 f e e t wide at the western boundary 

of Pioneer^ which narrows to a width of l e s s than 50 f e e t t o 

wards the e a s t e r n border of Pioneer mine as i t c r o s s e s i n t o the 

P a c i f i c E a s t e r n h o l d i n g s . 

w i t h a hypidiomorphic t e x t u r e . E s s e n t i a l l y , i t i s composed of 

i r r e g u l a r g r a i n s of c l e a r quartz and w h i t i s h f e l d s p a r , r a n g i n g 

i n s i z e from l e s s than 0.5mm to 5mm w i t h minor amounts of 

c h l o r i t e In t h i n dark green s t r e a k s and c l o t s . Some samples 

c o n t a i n s m a l l l i g h t green spots of e p i d o t e . 

The composition of the soda g r a n i t e as estimated from 

t h i n s e c t i o n i s as f o l l o w s : 

In the f o l l o w i n g s e c t i o n s the p e t r o l o g y of the main 

The soda g r a n i t e i s a l i g h t grey, medium-grained rock 

Quartz 
P l a g i o c l a s e 
C h l o r i t e 
E p i d o t e 
Opaque mi n e r a l s 
A p a t i t e 
" S e r i c i t e " 
B i o t i t e 
Carbonate 

An-An IO 
Wo 
30% 
Q% 
5% 
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The p e t r o g r a p h i c r e l a t i o n s of the i n d i v i d u a l m i n e r a l s 

are d e s c r i b e d i n the f o l l o w i n g paragraphs. Most s e c t i o n s show 

evidence of c a t a c l a s i s which i s wide spread throughout the soda 

g r a n i t e . 

Mineralogy and M i n e r a l Habit 

QUARTZ The quartz content of the soda g r a n i t e i s h i g h l y 

v a r i a b l e and may compose up to $0% of some t h i n 

s e c t i o n s . The quartz occurs e i t h e r i n t e r s t i t i a l l y to the 

p l a g i o c l a s e , or as anhedral g r a i n s up to 4mm i n diameter, 

commonly In c l u s t e r s , w i t h i n d i v i d u a l g r a i n s having s u t u r e d 

c o n t a c t s . Most of the g r a i n s show s t a i n e x t i n c t i o n , f r a c t u r i n g , 

and planes of f l u i d i n c l u s i o n s . Contacts between the quartz 

and the f e l d s p a r are smooth w i t h embayments i n t o the f e l d s p a r . 

These c o n t a c t s i n d i c a t e t h a t some replacement of the f e l d s p a r 

has occured. 

PLAGIOCLASE The p l a g i o c l a s e v a r i e s between 20% and 1+0% of the 

m i n e r a l composition, and occurs i n c r y s t a l s having 

rough r e c t a n g u l a r shapes w i t h a random o r i e n t a t i o n but i n some 

s e c t i o n s showing a t r a c h y t o i d t e x t u r e . Both t h i n s e c t i o n 

s t u d i e s and s t a i n e d hand specimens show t h a t K - f e l d s p a r i s 

absent. The p o t a s h content of analysed r o c k s may be e x p l a i n e d 

by i t s occurence e i t h e r i n the micas or i n s o l i d s o l u t i o n i n 

the p l a g i o c l a s e . The composition of the p l a g i o c l a s e ranges 

from An 0 to An 10, and some c r y s t a l s show normal zoning the 

margins being r e l a t i v e l y more s o d i c than the core. Some 
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p l a g i o c l a s e c r y s t a l s have c l e a r margins i n c o n t r a s t w i t h the 

cores which are p a r t l y a l t e r e d to " s e r i c i t e " w i t h or without 

c l u s t e r s or d i s s e m i n a t i o n s of epidote and other secondary 

m i n e r a l s . 

CHLORITE The c h l o r i t e i s present i n i r r e g u l a r shaped areas 

between the quartz and p l a g i o c l a s e and r a r e l y 

amounts to more than 10% of the t o t a l composition of the rock. 

I t i s p a l e green, s l i g h t l y p l e o c h r o i c and almost ? ' i s o t r o p i c , 

or w i t h anomalous brown b i r e f r i n g e n c e . I t forms pseudomorphs 

a f t e r an amphibole that may p r e s e r v e the amphibole cleavage, 

(see f i g u r e s 6, 7). Some of the c h l o r i t e has small b i r e f r i n g e n t 

areas, showing brown pleochroism, which are i d e n t i f i e d as 

b i o t i t e . 

Small I r r e g u l a r veins of i s o t r o p i c c h l o r i t e are c o n s i d e r e d 

to be pseudomorphs o f t e n pyroxene ( ? ) , and such areas may occur 

i n the l a r g e c h l o r i t e pseudomorphs a f t e r horneblende. F i g u r e 10. 

CARBONATES Carbonate occurs i n h i g h l y v a r i a b l e amounts as 

s m a l l i r r e g u l a r g r a i n s g e n e r a l l y c o n f i n e d to cracks, 

and. zones of b r e c c i a t i o n , although I t can be found r e p l a c i n g 

the p l a g i o c l a s e . Near the quartz v e i n s the carbonate content 

of the a l t e r e d r o c k reaches 70$ or more. 

OTHER In numerous s e c t i o n s small amounts of f i n e g r a i n e d 
MINERALS 

b i o t i t e can be seen r e p l a c i n g c h l o r i t e . I lmenite 

and. p y r i t e occur as primary accessory m i n e r a l s , and leucoxene, 

s e r i c i t e ( ? ) , and epidote are other a l t e r a t i o n products. 
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The l i g h t c o l o u r e d q u a r t z - a l k i t e rocks o c c u r i n g i n 

Pioneer mine may by r e a d i l y c l a s s i f i e d as soda g r a n i t e . 

(Brown 1952). 

2) BRALORNE DIORITE 

The most abundant rock type among the B r a l o r n e i n t r u s i o n s 

i s known as the B r a l o r n e d i o r i t e . I t occupies most of the 

ground of the B r a l o r n e mine but only a narrow wedge protrudes 

i n t o the Pioneer p r o p e r t y . T h i s wedge, onl y a few 1 0 's of f e e t 

wide i s bounded on the immediate n o r t h by the soda g r a n i t e and 

on the south by the s e r p e n t i n e . 

g r a i n e d , rock c h a r a c t e r i s t i c a l l y s u f f u s e d by a network of i r 

r e g u l a r seams of a l b i t e and/or carbonate. The main mi n e r a l s are 

dark b l a c k i s h - g r e e n hornblende, and l a r g e w h i t i s h subhedral 

c r y s t a l s of a l b i t e . These m i n e r a l s occur i n i r r e g u l a r knots 

and c l u s t e r s g i v i n g the r o c k @z. patcfey / appearance which i s 

a l s o a c h a r a c t e r i s t i c of the B r a l o r n e d i o r i t e . 

The m i n e r a l content of t y p i c a l B ralorne d i o r i t e e s t imated 

from t h i n s e c t i o n s i s as f o l l o w s : 

The t y p i c a l B r a l o r n e d i o r i t e i s a g r e y i s h - g r e e n , medium-

Hornblende 
Pyroxene found i n some s e c t i o n s 

from B r a l o r n e mine 
C h l o r i t e 
Epidote 
Quartz 
C a l c i t e 
A c t i n o l i t e 
Opaque m i n e r a l s 
2ndary micas 

(only In c e r t a i n s e c t i o n s ) 



33 

F i g u r e 6. Photomicrograph of soda g r a n i t e 
showing pseudomorphs of c h l o r i t e 
a f t e r hornblende. P l a i n l i g h t x 
16. Note r e l i c t cleavage of 
hornblende. T h i n s e c t i o n 20-90 
No 10. 

F i g u r e 7' Photomicrograph of soda g r a n i t e 
showing c h l o r i t e . P o l a r i z e d l i g h t 
x 16. T h i s i s same s e c t i o n as F i g . 
6. Note b i r e f r i n g e n t areas of 
b i o t i t e w i t h i n the c h l o r i t e . 



Thin s e c t i o n s show the B r a l o r n e d i o r i t e to be composed 

of hornblende, a l b i t e , p a r t l y a l t e r e d pyroxene, and minor 

amounts of qua r t z , opaque i r o n oxides, carbonates, c h l o r i t e and 

a c t i n o l i t e . The pyroxene i n specimens from B r a l o r n e mine 

occurs as small c r y s t a l s some of which are rimmed and p a r t l y 

r e p l a c e d by hornblende. F i b r o u s amphibole was found i n c e r t a i n 

s l i d e s r e p l a c i n g the mafic m i n e r a l s . 

Mineralogy and M i n e r a l Habit 

PLAGIOCLASE The amount of p l a g i o c l a s e Is v a r i a b l e and may 

amount to 60% of the rock. P l a g i o c l a s e occurs as 

l a r g e c r y s t a l s 3mm to 5mm i n l e n g t h , commonly c l u s t e r e d t o 

gether. In a d d i t i o n , some p l a g i o c l a s e occurs as s m a l l sub

h e d r a l c r y s t a l s o f t e n w i t h a t r a c h y t o i d t e x t u r e and 

p o i k i l i t i c a l l y e n c l o s e d i n hornblende. 

The composition of the f e l d s p a r s was found to range from 

A n Q to An t o . The i n d i v i d u a l c r y s t a l s are very s i m i l a r i n s i z e 

and occurence to those of the soda g r a n i t e but are l e s s a l t e r -

ated. No o r t h o c l a s e was found i n any t h i n s e c t i o n s nor s t a i n e d 

hand specimens. 

HORNBLENDE Hornblende i s present i n a l l t h i n s e c t i o n s and may 

make up to 1^.0% of the t o t a l m i n e r a l composition. 

The hornblende occurs as smal l i r r e g u l a r areas occupying the 

i n t e r s t i t i a l areas between euhedral p l a g i o c l a s e c r y s t a l s or as 

l a r g e patches p o i k i l i t i c e n c l o s i n g s m a l l e r c r y s t a l s of p l a g i o 

c l a s e . 
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In p l a i n l i g h t the hornblende has a green c o l o u r and Is 

d i s t i n c t l y p l e o c h r o i c , but has a m o t t l e d appearance. 

x = dark green 
y = o l i v e green 

z = y e l l o w i s h green 

B i r e f r i n g e n c e c o l o u r s are low second order, and the 2v 

i s l a r g e , and neg a t i v e . The e x t i n c t i o n angle of z A c i s u s u a l l y 

l e s s than 23 degrees. 

The hornblende may show extensive a l t e r a t i o n to an 

a c l c u l a r ampbJVbole which has l e s s pheochroism and a s m a l l e r 

e x t i n c t i o n angle. Z A c i s u s u a l l y l e s s than 20 degrees. This 

a c l c u l a r amphibole i s i n g r a i n s ... I too small f o r r e f r a c t i v e 

index d e t e r m i n a t i o n s , but i t i s considered to be a c t i n o l i t e . 

PYROXENE Cairnes (1938:p.22) r e c o r d s a u g i t e as a c h a r a c t e r 

i s t i c m i n e r a l of the B r a l o r n e d i o r i t e although i t 

i s r a r e l y abundant. Pyroxene was i d e n t i f i e d i n a t h i n s e c t i o n 

of a specimen of d i o r i t e o b t a i n e d from B r a l o r n e mine 31 l e v e l , 

and another from P a c i f i c E a s t e r n . The pyroxene was rimmed by 

and p a r t l y r e p l a c e d by hornblende. The e x t i n c t i o n angle of Z A c 

was determined always l e s s than I4.5 degrees and there Is very 

low d i s p e r s i o n . The pyroxene i s i n t i m a t e l y mixed w i t h horn

blende and as i t was Impossible to separate these m i n e r a l s , 

using a b i n o c u l a r microscope, no r e f r a c t i v e index determinations 

were made. 

On the b a s i s of the e x t i n c t i o n angle and low d i s p e r s i o n 

the pyroxene was determined as d i o p s i d e . 

In s e v e r a l t h i n s e c t i o n s from Pioneer, both i n the soda 



F i g u r e 8. Photomicrograph of B r a l o r n e 
d i o r i t e showing pseudomorph of 
c h l o r i t e a f t e r pyroxene (?) 
P l a i n l i g h t x 16. T h i n s e c t i o n 
20-1+58 at i+17 f t . 

F i g u r e 9. Photomicrograph of soda g r a n i t e 
showing pseudomorphs of c h l o r i t e 
a f t e r pyroxene (?) P l a i n l i g h t 
x i+6. T h i n s e c t i o n 20-90 No 7. 
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g r a n i t e and. more p a r t i c u l a r l y i n the d i o r i t e , there are 

c r y s t a l s of pyroxene (?) up to 1mm i n s i z e which are now 

a l t e r e d to c h l o r i t e w i t h some epi d o t e . The c r y s t a l s o u t l i n e s 

are i r r e g u l a r , marked by opaque i r o n ores which a l s o form along 

the cleavage. ( F i g u r e s 9 and H)) Carbonate g e n e r a l l y forms 

broad zones, emphasizing the cleavage, and c h l o r i t e composes 

the main body of the pseudomorph. This c h l o r i t e i s p a l e green, 

not p l e o c h r o l c , and i t s r e f r a c t i v e index i s l e s s than that of 

ep i d o t e . Under c r o s s e d n i c o l s i t i s almost i s o t r o p i c , and i s 

s i m i l a r to some of the c h l o r i t e which r e p l a c e s the hornblende. 

CARBONATE Carbonate occurs i n v e i n l e t s , and f r a c t u r e s , and 

p a r t l y r e p l a c e s zones of b r e c c i a t i o n . Carbonate 

may a l s o occur together with quartz r e p l a c i n g the groundmass i n 

these zones. 

OTHER Other m i n e r a l s i n c l u d e p y r i t e , sphere, i l m e n l t e , 
MINERALS 

and magnetite, w i t h secondary epidote and a l t e r 

a t i o n m i n e r a l s of f e l d s p a r s . A minor amount of quartz i s 

i n t e r s t i t i a l to the p l a g i o c l a s e and hornblende. 

The numerous t e x t q r a l and c o m p o s i t i o n a l var.iie.ties of 

t h i s rock are most e a s i l y r e f e r r e d to by the use of the non 

committal term B r a l o r n e d i o r i t e . 

GREENSTONE DIORITE 

The p e c u l i a r and complex r e l a t i o n s h i p s of the B r a l o r n e 

d i o r i t e and the Pioneer greenstone have been s t r e s s e d by many 

http://var.iie.ties
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authors. Cairnes i n p a r t i c u l a r i s p u z z l e d by the g r a d a t i o n a l 

c o n t a c t s between the d i o r i t e and the greenstone, and i n h i s 

p l a t e V ( f a c i n g page 18 i n Cairnes 1 9 3 7 ) shows examples of the 

p e c u l i a r t e x t u r e d greenstone d i o r i t e which he b e l i e v e d 

r e p r e s e n t s a near s u r f a c e phase, of the B r a l o r n e i n t r u s i v e s . 

In the Pioneer mine the greenstone d i o r i t e occurs as a 

narrow b e l t of v a r i a b l e width u s u a l l y only a few tens of f e e t 

between the d i o r i t e to the north, and the s e r p e n t i n e of the 

Cadwallader Break i n the south. 

Specimens taken from d r i l l holes on 20 l e v e l , i n 

p a r t i c u l a r D.D.H. 20-1+58 show t h a t the f i n e g r a i n e d m a t e r i a l 

about the d i o r i t i c patches i s i d e n t i c a l to the d i o r i t e i n 

composition, but the c r y s t a l s of hornblende and a l b i t e are 

s e v e r e l y b r e c c i a t e d and. comminuted. F i g u r e 10 shows a l a r g e 

p l a g i o c l a s e c r y s t a l which has been broken, and now occurs i n 

a m a t r i x of f i n e l y - g r o u n d m a t e r i a l . 

In the hand specimen, the greenstone d i o r i t e grades i n t o 

the s e r p e n t i n e , by the i n c r e a s e i n the number of dark green 

s l i p p lanes and a darkening i n the body c o l o u r . These changes 

occur as s e r p e n t i n e m i n e r a l s r e p l a c e the g e n e r a l m a t r i x and 

c r y s t a l fragments. 

The g r e e n s t o n e - d i o r i t e i s regarded as sheared d i o r i t e 

w i t h p e c u l i a r remnants of o r i g i n a l medium g r a i n e d d i o r i t e . A l 

though the comminuted d i o r i t e has a s i m i l a r megascopic appear

ance to that of the Pioneer formation, there are no primary 

s t r u c t u r e s of v o l c a n i c o r i g i n , and the greenstone and the green-



F i g u r e 10. Photomicrograph of greenstone 
d i o r i t e . P o l a r i z e d l i g h t x 1+6. 
The l a r g e s h a t t e r e d c r y s t a l of 
a l b i t e i s now surrounded by a 
m a t r i x of comminuted m a t e r i a l . 
Specimen 20-1+58 at 376 f e e t . 
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stone d i o r i t e are not c o n s i d e r e d to be r e l a t e d i n the manner 

suggested by C a i r n e s . 

PRESIDENT INTRUSIONS 

' The P r e s i d e n t i n t r u s i o n s ( C a i r n e s '1937tp.28) i s the name 

gi v e n to the dykes and s m a l l stocks of a l p i n e - t y p e u l t r a b a s i c 

rocks that occur i n s e v e r a l p l a c e s i n Bridge R i v e r area. The 

cores of these bodies are massive dunite and/or p e r i d o t i t e , but 

t h e i r margins commonly are a l t e r e d to s e r p e n t i n e , p a r t i c u l a r l y 

along f a u l t s . A l a r g e r body i n the Shulaps Mountains to the 

north, p r e v i o u s l y regarded as an e x t r u s i v e rock by Drysdale and 

McCann, i s now known to be a l a y e r e d u l t r a b a s i c body, s i m i l a r 

i n many r e s p e c t s to the P r e s i d e n t i n t r u s i o n s . The Shulaps 

u l t r a b a s i c body has been e x t e n s i v e l y d i s c u s s e d by Leech (1953). 

The s e r p e n t i n e that occurs i n the Cadwallader Creek 

area, and i n p a r t i c u l a r t h a t on Pioneer p r o p e r t y i s e v i d e n t l y 

d e r i v e d from, and p a r t of, the P r e s i d e n t i n t r u s i o n s . 

There are two main ser p e n t i n e zones on Pioneer p r o p e r t y 

b o t h of which are sub p a r a l l e l to the dominant no r t h w e s t e r l y 

s t r u c t u r a l t r e n d . The more s o u t h e r l y zone does not occur i n 

the mine workings and forms the southern l i m i t of the Pioneer 

f o r m a t i o n on the south s i d e of Cadwallader creek. The northern 

zone, forms the prese n t southern l i m i t of the Pioneer g o l d -

quartz v e i n s , and occurs as a major f a u l t zone known as the 

"Cadwallader Break". Serpentine of t h i s zone i s exposed on the 

s u r f a c e along Cadwallader creek, and i n the more s o u t h e r l y mine 
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workings, and i n d r i l l h o les d r i l l e d towards the south. 

T h i n s e c t i o n s of specimens from t h i s f a u l t zone c o n t a i n 

b l a d e d a n t i g o r i t e w i t h c h r y s o t i l e and minor amounts of magnetite. 

Large broken c r y s t a l s of hornblende, s i m i l a r i n appearance and 

o p t i c a l p r o p e r t i e s to those found i n the B r a l o r n e d i o r i t e , may 

be a l t e r e d p a r t l y to s e r p e n t i n e . This suggests a t l e a s t some 

of the s e r p e n t i n e may be formed from the B r a l o r n e d i o r i t e . 

Adjacent to the soda g r a n i t e i n 20-89 d r i f t west the serpentine 

c o n t a i n s s m a l l g r a i n s of quartz of a s i z e s i m i l a r to those 

quartz g r a i n s i n the soda g r a n i t e and t h i s would suggest t h a t 

there has been movement of the Cadwallader f a u l t zone a f t e r the 

emplacement of the soda g r a n i t e . 

A chemical a n a l y s i s of m a t e r i a l from the outcrop near 

the Pioneer m i l l compared w i t h the analyses of other l o c a l 

s e r p e n t i n e s shows a remarkable s i m i l a r i t y , and suggests a com

mon o r i g i n f o r a l l s e r p e n t i n e s . A l l analyses are given by 

Cairnes (1937). 

The age of the P r e s i d e n t i n t r u s i o n s i s e s s e n t i a l l y un

known, but elsewhere i n the Cadwallader creek area, the 

occurence of soda ric h , dykes c u t t i n g the. P r e s i d e n t i n t r u s i o n s 

le_d Cairnes to suggest emplacement of the u l t r a b a s i c rocks 

p r i o r to the f o r m a t i o n of the s i l i c e o u s phases of the B r a l o r n e 

i n t r u s i o n s . 

MINOR INTRUSIONS 

The numerous dykes and other s m a l l i n t r u s i v e bodies i n 
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the B r i d g e R i v e r area are d i v i d e d i n t o 6 g e n e r a l groups by 

Cairnes (1937:p«31), as l i s t e d below: 

1) Post-Bendor ( T e r t i a r y ) lamprophyres and b a s a l t i c 
dyke s. 

2) I n t r u s i o n s r e l a t e d to the Bendor b a t h o l i t h . 

3) I n t r u s i o n s probably somewhat o l d e r than, but 
r e l a t e d to, the Bendor b a t h o l i t h . 

4) A l t e r e d dykes of int e r m e d i a t e composition, 
probably r e l a t e d to the B r a l o r n e i n t r u s i o n s . 

5 ) Dykes r e l a t e d to the P r e s i d e n t i n t r u s i o n s . 

6) I n t r u s i o n s i n p a r t or e n t i r e l y r e l a t e d to the 
B r a l o r n e i n t r u s i o n s . 

Of these, only examples of groups 1 and 6 are found In 

the Pioneer mine area. 

GROUP I 

LAMPROBHYRE 

Lamprophyre dykes that range i n width from an i n c h to 

s e v e r a l f e e t cut a l l rock types i n c l u d i n g the quartz v e i n s . 

These are not f a u l t e d and re p r e s e n t the l a t e s t v i s i b l e t e c t o n i c 

event i n the area. The dyke co n t a c t s are f i n e - g r a i n e d but the 

lamprophyre has caused l i t t l e or no a l t e r a t i o n of the country 

rock. 

Sampson (1953) has d e s c r i b e d In d e t a i l the lamprophyre 

dykes found on 15 l e v e l . Other dykes have been exposed on 21, 

20 and 25 l e v e l s ; and on the southern end of the 27 v e i n from 

the 27 l e v e l downwards. In t h i s l a s t p l a c e the dykes occur 

w i t h i n and along the w a l l s of the v e i n , c r e a t i n g mining d i f -
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f i c u l t i e s and causing poor core r e c o v e r y i n the d r i l l i n g from 

the 29-1+1 x cut. Diamond d r i l l i n g shows that these dykes 

p e r s i s t to depths of 1,000 f e e t below 29 l e v e l . 

In hand specimen the lamprophyre i s p o r p h y r i t i c with 

dark broxra g l i s t e n i n g euhedral b i o t i t e f l a k e s up to 1+mm In s i z e 

i n a dark brown a p h a n i t i c groundmass. The groundmass i s s o f t 

and on exposure weathers r a p i d l y to a l i g h t e r brown crumbly 

m a t e r i a l , which i s very dry. 

In t h i n s e c t i o n the b i o t i t e i s dark brown and h i g h l y 

p l e o c h r o i c , o c c u r i n g as s m a l l u n o r i e n t e d f l a k e s up to 1+mm i n 

l e n g t h w i t h i n a brownish m a t r i x composed of magnetite dust and 
j u n r e s o l v e d i s o t r o p i c m a t e r i a l w i t h a s p h e r u l i t i c t e x t u r e . 

P i n e r - g r a i n e d m a t e r i a l occurs towards the cont a c t and the 

b i o t i t e has p a r a l l e l o r i e n t a t i o n suggesting flow l a y e r i n g . 

GROUP 6 

THE PORPHYRITIC INTRUSIONS 

In the Pioneer p r o p e r t y d y k e - l i k e bodies of v a r i a b l e 

width u s u a l l y occur as s t e e p l y - i n c l i n e d sheets with, sheared 

c o n t a c t s . F i n e - g r a i n e d c o n t a c t s are r a r e and i f o r i g i n a l l y 

p r e s e n t have been obscured by l a t e r movement. The only members 

of t h i s group p r e s e n t i n the Pioneer workings are a p l i t e a l b i -

t i t e and quartz and/or f e l d s p a r p o r p h y r i e s . 

QUARTZ AND/OR FELDSPAR PORPHYRIES 

These occur i n greenstone and a l s o soda g r a n i t e as dyke-



l i k e bodies w i t h i r r e g u l a r sheared c o n t a c t s but some have f i n e 

g r a i n e d margins. G e n e r a l l y the dykes w i t h i n the greenstone are 

more b r i t t l e than the v o l c a n i c m a t e r i a l and i n p l a c e s e x h i b i t 

a l a d d e r of narrox-j q u a r t z - f i l l e d f r a c t u r e s . (Figure 11) 

The p o r p h y r i e s w i t h i n soda-granite are g e n e r a l l y f i n e r -

g r a i n e d w i t h a dark green c o l o u r , whereas those i n greenstone 

are t y p i c a l l y massive, p o r p h y r i t i c , with a l i g h t green to grey 

c o l o u r . In t h i n s e c t i o n phenocrysts of quartz or a l b i t e may 

be e i t h e r euhedral, or anhedral w i t h corroded margins. The 

f i n e - g r a i n e d m a t r i x i s composed of i n t e r l o c k i n g g r a i n s quartz 

and a l b i t e i n v a r y i n g p r o p o r t i o n s . Secondary c h l o r i t e , 

" s e r i c i t e " and carbonate occur i n many s l i d e s . B i o t i t e has 

been noted r e p l a c i n g l a r g e patches of c h l o r i t e . 

APLITE ALBITITE 

The name a l b i t l t e porphyry was f i r s t a p p l i e d by McCann 

(1922:p.32) to a g r e a t number of f i n e grained, dyke rocks 

c l o s e l y a s s o c i a t e d w i t h the go l d - q u a r t z v e i n s . The name has 

now become a p l i t e a l b l t i t e by common usage. 

The dyke rocks are £ine-grained, r a r e l y w i t h conspicuous 

phenocrysts, and have a l i g h t grey to b u f f c o l o u r , g e n e r a l l y 

w i t h enough p y r i t e to cause d i s c o l o u r a t i o n upon weathering. 

In t h i n s e c t i o n s the rock i s seen to be composed of 

c l e a r a l b i t e l a t h s forming a mat r i x of small c r y s t a l s w i t h 

intergrown, i n t e r l o c k i n g q u a r t z . O c c a s i o n a l phenocrysts of 

f e l d s p a r are p a r t l y a l t e r e d to a mass of carbonate. Recorded 

acc e s s o r y m i n e r a l s i n c l u d e ilmenite,. a r s e n o p y r i t e , and p y r i t e . 



The age of these i n t r u s i o n s i s g i v e n by Cairnes to be 

l a t e r than the main p e r i o d of the B r a l o r n e i n t r u s i o n ' . The 

v e i n s are post B r a l o r n e i n t r u s i o n i n age but are pre v e i n , f o r 

they can be found o f f s e t by the v e i n s . 

PETROGENESIS OF THE BRALORNE INTRUSIONS 

The rock s of Pioneer mine are unusual, f o r they c o n t a i n , 

no or-thoclase and only p l a g i o c l a s e . The c l o s e a s s o c i a t i o n of 

the g o l d quartz veins and the B r a l o r n e i n t r u s i o n s i m p l i e s a 

common o r i g i n . Any theory of g e n e s i s of the B r a l o r n e i n t r u s i o n s 

should e x p l a i n the many v a r i a t i o n s i n the m i n e r a l content of the 

B r a l o r n e d i o r i t e ; - , the o r i g i n of the soda g r a n i t e , and the 

widespread a l b i t i z a t i o n of the area. 

The B r a l o r n e d i o r i t e c o n t a i n s v a r y i n g amounts of horn

blende and a l b i t e . C a i rnes and McCann c o n s i d e r t h i s d i o r i t e 

i s an e a r l i e r product of c o n s o l i d a t i o n of the magma which 

formed the Coast Range i n t r u s i o n s . B a s i c masses s i m i l a r to the 

B r a l o r n e d i o r i t e have been d e s c r i b e d from other areas, and a 

h y b r i d o r i g i n has been proposed. Compton (1955) c o n s i d e r s that 

s e v e r a l b a s i c bodies a s s o c i a t e d w i t h the b a t h o l i t h near B i d w e l l 

Bar C a l i f o r n i a are b a s i c i n t r u s i o n s emplaced p r i o r to the main 

g r a n i t i c body of the area. About the b a t h o l i t h replacement 

migmatites are found. A s y e n i t e body northeast of the " C o l -

v i l l e b a t h o l i t h " i s d e s c r i b e d by Waters and Krauskopf ( 1 9 4 I : 

P . I I 4 . O 4 ) and they concluded that a h y b r i d o r i g i n f o r t h i s body 

i s p o s s i b l e . Roots (1951+:p• 165-175) d e s c r i b e d s e v e r a l b a s i c 
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Figure 11 . Photo of quartz f e l d s p a r porphyry-
dyke at s t a r t of 20-135 x cut. 
Note v e i n l e t s of quartz which are 
confined to the b r i t t l e dyke rock 
and do not pass i n t o the 'green
stone 1 w a l l rock. 
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masses of v a r i a b l e composition and t e x t u r e s o c c u r i n g at the 

margins of the Omineca i n t r u s i o n , B.C. He s t a t e s that such 

bodies are t y p i c a l l y found In e r o g e n i c r e g i o n s . He g i v e s the 

f o l l o w i n g t h e o r i e s of gen e s i s f o r such b a s i c b o d i e s : 

1) They may be formed from u l t r a b a s i c and b a s i c 

magma which possessed a h i g h content of v o l a t i l e s and were 

i n t r u d e d at h i g h temperatures. I t i s s t a t e d by Roots that 

Buddington c a l c u l a t e d the a n a l y s i s of a specimen of h o r n b l e n d i t e 

from southeastern A l a s k a In terms of anhydrous m i n e r a l s and 

found i t to be the e q u i v a l e n t of an o l i v i n e gabbro. 

2) They may be the r e s u l t s of contamination of a 

g r a n i t i c magma by fragments of the i n t r u d e d r o c k s . 

No evidence has been found to suggest that the B r a l o r n e 

d i o r i t e was formed by contamination. The B r a l o r n e d i o r i t e i s 

i n c o n t a c t w i t h soda g r a n i t e to the nort h and wit h s e r p e n t i n e 

to the south. The rock c a l l e d greenstone d i o r i t e which was 

con s i d e r e d as a t r a n s i t i o n a l phase from greenstone to Br a l o r n e 

d i o r i t e , a c t u a l l y i s sheared B r a l o r n e . B i o r i t e . T h e r e f o r e at 

the Pioneer mine i t i s impossible to demonstrate that contamin

a t i o n of the soda g r a n i t e has occured d e s p i t e the h y b r i d 

appearance of the d i o r i t e . The w r i t e r c o n s i d e r s the evidence 

at Pioneer mine i n d i c a t e s that the B r a l o r n e d i o r i t e has a 

magmatic o r i g i n . 

The o r i g i n of the soda g r a n i t e i s not r e a d i l y e x p l a i n e d . 

I t has a very l i m i t e d h o r i z o n t a l d i s t r i b u t i o n i n comparison 

w i t h the B r a l o r n e d i o r i t e , p o s s i b l y because of f a u l t i n g on the 

northern f l a n k . 
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The soda g r a n i t e i s composed mainly of a l b i t e and quartz 

w i t h some c h l o r i t e and ep i d o t e . No potassium f e l d s p a r was 

observed by the w r i t e r , and the small po t a s h content determined 

i n rock analyses i s probably i n the p l a g i o c l a s e . A m i n e r a l 

assemblage of a l b i t e and quartz i s not unique but i t i s 

s u f f i c i e n t l y r a r e to i n v i t e comment. 

The p o s s i b i l i t y of the e x i s t e n c e of a magma whose com

p o s i t i o n would g i v e such a m i n e r a l assemblage has been debated 

by Bowen and T u t t l e ( 1 9 £ 8:p . l 2 7 ) : 

"Rocks c o n s i s t i n g e s s e n t i a l l y of quartz and 
a l b i t e , or of quartz and o r t h o c l a s e are not only 
r a r e but i t i s qu e s t i o n a b l e whether they are ever 
found among the u n a l t e r e d g l a s s y e x t r u s i v e r o c k s . " 

I t i s p o s s i b l e that the magma which formed the q u a r t z -

a l b i t e assemblage may have been produced by the removal of 

potassium from a 'normal 1 g r a n i t e magma, the mechanism b e i n g 

obscure. 

The exposed co n t a c t s of the B r a l o r n e d i o r i t e w i t h the 

soda g r a n i t e are mainly g r a d a t l o n a l w i t h only minor l o c a l In

t r u s i v e f e a t u r e s . The g r a d a t i o n a l contacts can be e x p l a i n e d 

by p r o g r e s s i v e magmatic c r y s t a l l i z a t i o n , by h y b r i d i z a t i o n , or 

by replacement. 

There Is no c o n c l u s i v e evidence f o r an o r i g i n by a mag

matic process or by contamination so that the p o s s i b i l i t y of a 

replacement o r i g i n f o r the soda g r a n i t e must be co n s i d e r e d . 

G r a n i t i c rocks s i m i l a r to those- exposed In Pioneer mine, occur 

near Sparta Oregon, and have been d i s c u s s e d e x t e n s i v e l y by 

G i l l u l y ( 1 9 3 3 ) . The soda g r a n i t e s near Sparta, are considered 
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by G i l l u l y to have formed by the a l t e r a t i o n of d i o r i t e rocks by 

p e g m a t i t i c s o l u t i o n s which had a. h i g h soda content. The data 

p r e s e n t e d by G i l l u l y does i n d i c a t e t h a t there may have been 

some replacement of the d i o r i t e , a lthough some of the evidence 

may be e x p l a i n e d by magmatic pr o c e s s e s . 

G i l l u l y c o n s i d e r s that a l b i t e - q u a r t z r o c k s are unusual, 

and he shows a g r a d a t i o n from d i o r i t e to g r a n i t e i n h i s s p e c i 

mens. He suggests t h a t the g r a d a t i o n i s due to replacement. 

At Pioneer mine the t r a n s i t i o n from B r a l o r n e d i o r i t e to soda 

g r a n i t e i s sharp but a zone of mixed rock occurs over s e v e r a l 

f e e t . The rocks exposed have been e f f e c t e d by the l a t e r quartz 

v e i n s and I t was not p o s s i b l e to o b t a i n a s u i t e of rocks show

in g a p r o g r e s s i v e change from B r a l o r n e d i o r i t e to soda g r a n i t e . 

T h i n s e c t i o n s of specimens from Pioneer showed that the 

quartz content i n the d i o r i t e and g r a n i t e i s too v a r i a b l e to 

i n d i c a t e a p r o g r e s s i v e i n c r e a s e In q u a r t z . However i t i s noted 

that the quartz i n the B r a l o r n e d i o r i t e i s f i n e g r a i n e d and 

i n t e r s t i t i a l and only p a r t l y r e p l a c e s the other m i n e r a l s , where

as i n the soda g r a n i t e i t forms much l a r g e r g r a i n s . These 

g r a i n s may have i n t r i c a t e l y sutured c o n t a c t s and they may p a r t l y 

r e p l a c e the f e l d s p a r . The replacement of a l b i t e by quartz i s 

suggested by the presence of l o b a t e and p e n e t r a t i v e forms of 

the quartz embaying f e l d s p a r . 

Although no p a r t l y c h l o r i t i z e d hornblende was observed 

In the soda g r a n i t e i t i s evident that the c h l o r i t e of the soda 

g r a n i t e occurs as pseudomorpho a f t e r hornblende. W i t h i n the 

d i o r i t e the hornblende has a patchy c o l o u r and may be p a r t l y 
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c h l o r i t i z e d and t h i s suggests that hydrothermal a c t i v i t y has 

caused hornblende to be p a r t l y a l t e r e d . 

I f the hydrothermal s o l u t i o n s which caused t h i s a l t e r 

a t i o n were s o d i c i n nature, i t would a l b i t l z e a l l p r e v i o u s l y 

e x i s t i n g p l a g i o c l a s e . A process such, as t h i s might account f o r 

the absence of K f e l d s p a r In a l l the rock types. In such a 

process the c a l c i u m would be f r e e d from the o r i g i n a l m i n e r a l s 

to form e p i d o t e , and i n t h i s r e s p e c t i t i s s i g n i f i c a n t to note 

that epidote i s common i n the soda g r a n i t e , p a r t i c u l a r l y as 

s m a l l g r a i n s i n the f e l d s p a r and as c l u s t e r s of g r a i n s a s s o c i 

ated w i t h c h l o r i t e . 

The s o l u t i o n s which G i l l u l y c o n s i d e r e d were r e s p o n s i b l e 

f o r the a l t e r a t i o n of the d i o r i t e s near S p a r t a were thought by. 

him to be more e f f e c t i v e i n areas which had s u f f e r e d b r e c c i a t i o n . 

At Pioneer the rock which shows most evidence of b r e c c i a t i o n i s 

the soda g r a n i t e . I t i s p o s s i b l e that much of the b r e c c i a t i o n 

i s a s s o c i a t e d w i t h the f o r m a t i o n of the quartz v e i n s . A l b l t i z -

a t l o n i s a s s o c i a t e d , at l e a s t i n p a r t , w i t h the s o l u t i o n s which 

formed the quartz v e i n s f o r i n samples of rocks adjacent to the 

v e i n s s t r a i n e d c r y s t a l s of f e l d s p a r may be seen to have c l e a r 

u n s t r a i n e d a l b i t e - r i c h margins. 

In the g r a n i t e s near Sparta, complex Intergrowths of 

quartz and f e l d s p a r are c o n s i d e r e d by G i l l u l y to be the r e s u l t 

of replacement of the f e l d s p a r by q u a r t z . Graphic intergrowths 

s i m i l a r to those d e s c r i b e d by G i l l u l y are present i n the soda 

g r a n i t e at Pioneer mine. The quartz and f e l d s p a r a l s o may 
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form wormrlike intergrowths which may occur i n r o s e t t e s . 

F i g u r e 11+ shows such an i n t e r g r o w t h . Many intergrowths have a 

r e c t a n g u l a r nucleus of q u a r t z . Intergrowths s i m i l a r to those 

shown i n F i g u r e 11+ have been d e s c r i b e d by Spencer (1929). He 

d i s c u s s e d the v a r i o u s t h e o r i e s put forward to account f o r the 

intergrowths of quartz and f e l d s p a r . Workers p r e v i o u s to 

Spencer regarded i n t e r g r o w t h of quartz and f e l d s p a r to be the 

r e s u l t s of c r y s t a l l i z a t i o n i n e u t e c t i c p r o p o r t i o n s , or as r e 

placement of f e l d s p a r s by q u a r t z . Spencer has c o n s i d e r e d the 

arguments and concludes t h a t such intergrowths are the r e s u l t s 

of c r y s t a l l i z a t i o n i n e w t e c t i c p r o p o r t i o n s . 

However i t may be argued t h a t i n the soda g r a n i t e of 

Pioneer Mine there has been some replacement of the a l b i t e by 

q u a r t z . The quartz p r e s e n t i n the soda g r a n i t e has l o b a t e 

c o n t a c t s w i t h the f e l d s p a r . C e r t a i n intergrowths of quartz, 

a l l p o r t i o n s of which are i n o p t i c a l c o n t i n u i t y , ' r e p l a c e ' 

s e v e r a l a s s o c i a t e d a l b i t e g r a i n s which have no common o r i e n t 

a t i o n . Such intergrowths as shown i n F i g u r e 12 are regarded 

as i n d i c a t i n g replacement and are d i s t i n c t l y d i f f e r e n t from 

the intergrowths formed by c r y s t a l l i z a t i o n . (Figure ll| ) The 

intergrowths formed by c r y s t a l l i z a t i o n are composed of quartz 

and f e l d s p a r i n s m a l l u n i t s and each u n i t i s formed by quartz 

and f e l d s p a r which i s i n o p t i c a l c o n t i n u i t y only w i t h i n the 

u n i t . In the replacement intergrowths the quartz i s i n o p t i c a l 

c o n t i n u i t y i n one or more g r a i n s of f e l d s p a r . 

G i l l u l y s t a t e d that a comparison of the chemical analyses 

of the S p a r t a d i o r i t e s w i t h the g r a n i t e s showed a d i s t i n c t t r e n d 
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F i g u r e 12. Photomicrograph of soda g r a n i t e 
showing q u a r t z - a l b i t e intergrowths 
c o n s i d e r e d to be i n d i c a t i v e of 
replacement. P o l a r i z e d l i g h t x 16. 
T h i n s e c t i o n 20-90. No 10 

F i g u r e 13. Photomicrograph of soda g r a n i t e 
showing q u a r t z - a l b i t e intergrowths 
considered to i n d i c a t e replacement. 
P o l a r i z e d l i g h t x 16. T h i n s e c t i o n 
2 0 - 9 0 . No 7-



F i g u r e l l f . Photomicrograph of soda g r a n i t e 
showing i n t e r g r o w t h of quartz and 
a l b i t e . P o l a r i z e d l i g h t x 16. 
T h i s i n t e r g r o w t h i s assumed to be 
simultaneous c r y s t a l l i z a t i o n . 

F i g u r e 15'. Photomicrograph of soda g r a n i t e 
P o l a r i z e d l i g h t x 4.7. Quartz 
i n t e r s t i t i a l to and p a r t l y r e 
p l a c i n g a l b i t e . T h i n s e c t i o n 
20-90. No 7-



of replacement. He p l o t t e d these analyses on a v a r i a t i o n 

diagram and used the diagram to e x t r a p o l a t e the composition of 

a h y p o t h e t i c a l 'pegmatitic' s o l u t i o n . G i l l u l y ' s diagram which 

i s reproduced here as f i g u r e 16 c o u l d be i n t e r p r e t e d as a 

d i s t i n c t trend of magmatic d i f f e r e n t i a t i o n . However G i l l u l y 

argues that i f the v a r i a t i o n between the d i o r i t e and g r a n i t e 

were a normal d i f f e r e n t i a t i n g t r e n d the v a r i a t i o n s of the 

i n d i v i d u a l oxides would form a g e n t l e curve as shown by Bower 

In h i s work r e l a t i n g to the area of Katmai. By comparison w i t h 

the g e n t l e curve shown by a d i f f e r e n t i a t i n g magma, the trend i n 

the Sparta rocks i s seen as a s t r a i g h t l i n e - t h i s s t r a i g h t 

l i n e r e l a t i o n s h i p of the oxides i s c o n s i d e r e d by G i l l u l y to 

i n d i c a t e a replacement o r i g i n f o r the Sparta g r a n i t e . 

F o r the purpose of comparison the values of c e r t a i n 

analyses of the B r a l o r n e i n t r u s i o n g i v e n by Cairnes are p l o t 

ted on the f i g u r e 16. These analyses show that f o r the g r a n i t e 

rocks of Pioneer mine and B r a l o r n e mine a replacement o r i g i n 

f o r the soda g r a n i t e cannot be proved because the composition 

of the B r a l o r n e d i o r i t e i s too v a r i a b l e to show any p r o g r e s s i v e 

change i n oxide content when a s e r i e s of rock analyses i s 

p l o t t e d on a v a r i a t i o n diagram. 

The w r i t e r concludes t h a t the B r a l o r n e d i o r i t e and the 

soda g r a n i t e may be r e l a t e d In o r i g i n and that l a t e r s o d i c 

s o l u t i o n s of a hydrothermal nature have m o d i f i e d the o r i g i n a l 

composition of these rocks by widespread a l b i t i c replacement, 

and some a l t e r a t i o n of the mafic minerals to c h l o r i t e . The 

secondary nature of the a l b i t e i s i n d i c a t e d by the numerous 
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v e i n s of a l b i t e i n the B r a l o r n e d i o r i t e , and the presence of 

c l e a r a l b i t e rims:• of. a l t e r e d p l a g i o c l a s e c r y s t a l s . 

T h i s same s o d i c s o l u t i o n c o u l d have permeated the whole 

area about Pioneer mine, causing e x t e n s i v e a l b i t i z a t i o n of the 

Pioneer f o r m a t i o n . 

The Pioneer f o r m a t i o n i s composed of rocks of a v o l c a n i c 

o r i g i n whose composition i s now mainly a l b i t e , c h l o r i t e , and 

e p i d o t e . T h i s m i n e r a l assemblage cannot be regarded as the 

o r i g i n a l assemblage and the a l t e r a t i o n to the p r e s e n t compos

i t i o n has been brought about by the i n t r o d u c t i o n of soda. The 

f o r m a t i o n of soda r i c h v o l c a n i c rocks has been e x t e n s i v e l y 

d i s c u s s e d by G i l l u l y ( 1935:p.347) w i t h r e f e r e n c e to the s p i l i t e s 

of e a s t e r n Oregon. He concluded that the s o d l c m a t e r i a l s were 

i n l a r g e p a r t of deep-seated d e r i v a t i o n . Waters (1955:p«707) 

c o n s i d e r s that the a l t e r a t i o n of Eocene b a s a l t s of the P a c i f i c 

northwest to s p i l i t e s i s due to f l u i d s e x p e l l e d from depths by 

a metamorphosing r o o t zone. The sedimentary rocks u n d e r l y i n g 

the s p i l i t e s c o n t a i n a l b i t e and q u a r t z . Turner and Verhoogen 

( 1 9 5 l:p« 2 1 1 ) c o n s i d e r that quartz and a l b i t e are r e a d i l y 

m o b i l i z e d and s t a t e 

"Prevalence of a l b i t e - q u a r t z v e i n s and laminae 
i n low grade s c h i s t s of grey wacke t e s t i f i e s to the 
ease wi t h which the components of a l b i t e d i f f u s e 
and segregate i n the presence of water at temper
atures f a r below those that p r e v a i l i n r e s e r v o i r s 
of molten b a s a l t . " 

A pervading hydrothermal s o l u t i o n r i c h i n soda could 

e a s i l y produce the a l b i t e i n the Pioneer f o r m a t i o n . The 

carbonate which c h a r a c t e r i s e s the a r g i l l a c e o u s r o c k s , the 
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(1) (2) (3) (k) 

SIOz 71+. 38 5 2 . 1 5 5 0 . 6 9 1+8.07 
A l a O s 1 2 . 8 7 1 5 . 0 5 1 8 . 6 1 2 1 . 6 1 
F e , 0 3 0 . 6 1 2 . 3 0 1 .51 0 . 8 7 
PeO 1 .96 6 . 3 5 7.1+5 5 . 1 6 
MgO 1 .27 8 . 3 1 6 . 0 5 ' 8 . 5 6 
GaO 1.12 1 0 . l l | 8 . 3 0 1 1 . 8 5 
Na ,0 5-27 2.1+8 3.80 1.1+0 
K , 0 0 . 3 6 0 . 0 7 0 . 8 0 0 . 3 6 
H<0* 1 .21 0 . 7 7 2 . 8 9 1 .09 
H , 0 " 0 . 1 0 0 . 1 0 0 . 1 6 0 . 0 9 
TiO 0.11+ 0 . 8 8 0.31+ 0 . 1 6 
GO 1 . 3 2 N i l — N i l 
P, o, 0 . 0 7 0 . 2 2 C. 0 ? N i l 
MnO t r a c e 0 . 1 0 0 . 1 1 t r a c e 
Bm — — _ — 
SrO — — --S 0.61 0.61 0 . 0 2 0 . 3 7 
NiO — N i l - N i l 
Cr x 0, — 0 . 1 2 — — 0 . 0 6 

1 0 1 . 1 7 9 9 . 6 5 1 0 0 . 7 0 9 9 . 6 5 

1. Soda g r a n i t e from Pioneer mine. 

2. Greenstone d i o r i t e from a specimen taken a few f e e t from 
specimen 1+. 

3 . B r a l o r n e a u g i t e d i o r i t e : A n a l y s i s made f o r McCann from 
King (Lome) mine. 

1+. B r a l o r n e d i o r i t e from a d r i l l core at a depth of s e v e r a l 
hundred f e e t on the U r a l c l a i m . B.R.X. Cons. Mines L t d . 

Analyses by Fabry, reproduced from Cairnes ( 1 9 3 7:p . 2 3,26). 
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Hurley-Noel f o r m a t i o n , may a l s o be dependent upon the s o l u t i o n 

and o b t a i n the calcium, and carbonates from the a l t e r a t i o n of 

the o r i g i n a l m i n e r a l s of the B r a l o r n e i n t r u s i o n s . 

STRUCTURAL GEOLOGY OP PIONEER MINE 

The e a r l i e s t i n t e r p r e t a t i o n of the d e t a i l e d s t r u c t u r e i n 

the v i c i n i t y of Pioneer mine was made by Cairnes (1937:p.l}-2). 

He co n s i d e r e d the s t r u c t u r e to ba a n o r t h w e s t e r l y - t r e n d i n g syn-

c l l n e w i t h i n the r e g i o n a l a n t i c l i n a l a r c h proposed by Drysdale 

(1915K The core of t h i s s y n c l l n e was thought to be occupied 

by c o n s i d e r a b l e t h i c k n e s s e s of m a t e r i a l younger than the 

Pergusson s e r i e s which formed the core of the r e g i o n a l a n t i c l i n e . 

C a i r n e s , s t a t e s that " the B r a l o r n e , and i n p a r t the 

P r e s i d e n t i n t r u s i v e s were emplaced along the major s y n c l i n a l 

a x i s of the area". The diagram of Joubin (191+8) shows the B r a 

l o r n e i n t r u s i o n emplaced almost w i t h i n the core of an a n t i c l i n e 

formed by the Pioneer f o r m a t i o n . T h i s proposed a n t i c l i n e of 

greenstone i s repeated to the south, and has an i n t e r v e n i n g 

s y n c l l n e formed, by the o v e r l y i n g Hurley-Noel f o r m a t i o n . A 

f a u l t Is presen t on the southern limb of the northern a n t i c l i n e 

formed by the greenstone, and t h i s f a u l t i s the "Cadwallader 

Break". 

The r a p i d narrowing of the "north greenstone b e l t " as 

seen i n the underground p l a n s of 29 l e v e l , 20 l e v e l , and on the 

su r f a c e p l a n , would suggest t h a t I f the greenstone has been 

f o l d e d i n t o an a n t i c l i n e i t would have a steep plunge to the 

e a s t . The corresponding a n t i c l i n e which forms the south green-
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stone b e l t a l s o should be expected to have s i m i l a r plunge. 

Although such an e x p l a n a t i o n concerning a n t i c l i n e s can account 

f o r the r e p e t i t i o n of greenstone, and o v e r l y i n g sedimentary 

rocks and would e x p l a i n the r a p i d narrowing towards the west of 

the sedimentary rocks south of Cadwallader Break, i t does not 

account f o r r a p i d westward narrowing of the south greenstone 

b e l t . The a n t i c l i n a l theory would r e q u i r e the south greenstone 

b e l t to widen to the west. 

Diamond d r i l l i n g i n the p e r i o d 1956-1959 shows that the 

south greenstone b e l t does not i n c r e a s e i n width between the 

sur f a c e and 5 l e v e l , nor does the Hurley-Noel a r g i l l i t e south 

of the Cadwallader Break r a p i d l y decrease i n width with, depth. 

A h o r i z o n t a l diamond d r i l l h o l e, SSss d r i l l e d from 5 l e v e l 

i n t e r s e c t e d a g r e a t width of a r g i l l i t e s of the Hurley-Noel 

f o r m a t i o n , whose apparent dip of bedding i n the core was seldom 

l e s s than 50 degrees. Now, i f these sedimentary rocks had been 

symmetrically f o l d e d , as suggested i n the a n t i c l i n a l theory, 

the a x i a l plane would be r e p r e s e n t e d by the bedding which should 

have been h o r i z o n t a l at some p o i n t along the d r i l l core (see 

f i g u r e 1 7 ) . 

Present i n t e r p r e t a t i o n s of the s t r u c t u r e i s that the 

Pioneer f o r m a t i o n i s conformable w i t h the Hurley-Noel s e r i e s , 

along the g r a d a t i o n a l c o n t a c t which can be seen i n the holes 

S-165 and 3 - 1 6 6 (these holes are shown on the s u r f a c e map, i n 

the back of t h i s r e p o r t ) and hole 2 0 - 5 1 9 at the end of 2 0 - 1 5 2 

x c u t . 

The whole sequence of the Pioneer and Hurley-Noel form-
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a t i o n s has been t i l t e d to an almost v e r t i c a l a t t i t u d e and then 

f a u l t e d , the o v e r l a p p i n g s e c t i o n s of the Pioneer v o l c a n i c s and 

the Hurley-Noel sediments o c c u r i n g w i t h i n the Pioneer h o l d i n g s . 

The f a u l t which causes t h i s d u p l i c a t i o n i s known as the 

"Cadwallader Break" or the s e r p e n t i n e b e l t , as mentioned 

p r e v i o u s l y . The d i p of the f a u l t as determined underground i s 

steep and to the south with l o c a l r e v e r s e d i p s . 

The movement upon t h i s f a u l t zone i s c o n s i d e r e d to be 

normal, the a c t u a l movement p o s s i b l y having a steep plunge t o 

wards the west. F i g u r e 18 i n d i c a t e s the r e l a t i v e movements 

which would r e s u l t i n the r e l a t i v e d i s t r i b u t i o n of the rock 

u n i t s as seen i n the s u r f a c e p l a n ( f i g u r e 3). 

Th i s i n t e r p r e t a t i o n that the r e p e t i t i o n of the Pioneer 

and Hurley-Noel formations i s caused by f a u l t i n g r a t h e r than 

f o l d i n g i s based mainly on the o v e r a l l d i s t r i b u t i o n of the rock 

u n i t s . The p l a n of 20 l e v e l shows that the r e l a t i v e width of 

the greenstone i s s i m i l a r to t h a t exposed on the s u r f a c e and 

suggests t h a t there i s no a n t i c l i n e . I f such a s t r u c t u r e 

e x i s t e d the greenstone should have i n c r e a s e d :in width between 

the s u r f a c e and 20 l e v e l which i t has not done. 
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CHAPTER V 

ECONOMIC G-EOLOG-Y 

INTRODUCTION 

Gold i s present i n many veins i n the B r i d g e R i v e r area 

but i t i s onl y In the v i c i n i t y of the Cadwallader creek that 

there has been e x t e n s i v e commercial development of go l d - q u a r t z 

v e i n s . These economic v e i n s are c o n f i n e d to a broad zone 

c a l l e d the "Cadwallader Gold B e l t " which Is formed by the 

Pioneer f o r m a t i o n and B r a l o r n e i n t r u s i o n . The Pioneer and 

B r a l o r n e mines w i t h i n t h i s b e l t have produced n e a r l y a l l of 

the g o l d from t h i s area. By March 1958 Pioneer mine had a 

recorded p r o d u c t i o n of l , 2 l 5,0i+ 8 oz. of g o l d from 2 , 2 2 2 , 6 3 3 

tons of ore, the grade of which averaged 0 .55 oz. Au/Ton. The 

gold - q u a r t z v e i n s of B r a l o r n e mine and Pioneer mine are remark

ably s i m i l a r i n p h y s i c a l appearance and o v e r - a l l mineralogy. 

The v e i n s occur mainly as f i s s u r e f i l l i n g s which range from a 

few inches to s e v e r a l f e e t i n width but g e n e r a l l y about 2, f e e t 

wide. Those v e i n s which have been developed have proven 

continuous f o r s e v e r a l thousand f e e t In s t r i k e and dip 

d i r e c t i o n s . The quartz v e i n s are f i l l i n g s of f i s s u r e s that 

occur i n both the Pioneer f o r m a t i o n and the B r a l o r n e I n t r u s i o n s , 

but do not continue i n t o the Hurley-Noel f o r m a t i o n , or i n t o the 

se r p e n t i n e . I t may be s i g n i f i c a n t that v e i n s elsewhere In the 
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Hurley-Noel f o r m a t i o n have not proven commercial. P o s s i b l y 

sedimentary rocks of the Hurley-Noel type c o u l d not s u s t a i n 

open f i s s u r e s s u f f i c i e n t l y l o n g to become m i n e r a l i z e d . 'Wall 

rock a l t e r a t i o n i s not e x t e n s i v e i n any rock type but i t i s 

most r e a d i l y observed i n the Pioneer f o r m a t i o n . 

The c l o s e a s s o c i a t i o n of the economic g o l d quartz veins 

w i t h the B r a l o r n e i n t r u s i o n s i s c o n s i d e r e d to be due to t h e i r 

common o r i g i n . 

Throughout the Cadwallader creek v a l l e y most v e i n s have 

a f a i r l y p e r s i s t e n t x^esterly s t r i k e and a steep dip to the north. 

Most veins have s i m i l a r a t t i t u d e s and the average a t t i t u d e of 

the v e i n s i s r e l a t e d by Joubln to one shear d i r e c t i o n of a 

s t r a i n e l l i p s o i d . 

The mineralogy of the v e i n s i s simple. Quartz and minor 

amounts of carbonate form the bulk of the gangue m a t e r i a l , and 

c o n t a i n an average of 2 to 1+/C s u l p h i d e s , and v a r i a b l e amounts 

of g o l d . Most of the h i g h e r g o l d values occur i n w e l l d e f i n e d 

ore shoots, and the extent of most of the ore shoots i s d e f i n e d 

by assay l i m i t s r a t h e r than p h y s i c a l d i s c o n t i n u i t i e s i n the 

v e i n s . 

DISTRIBUTION AND DESCRIPTION OF PIONEER VEINS 

The g o l d quartz v e i n s of Pioneer mine are c o n f i n e d to 

the Pioneer f o r m a t i o n and B r a l o r n e d i o r i t e , and r e p r e s e n t f i l l 

i n g s by quartz and minor s u l p h i d e s of a s e r i e s of f i s s u r e s that 

may be r e l a t e d to the f a u l t zone of the Cadwallader Break. 

T h i s f a u l t forms the most western l i m i t to most of the v e i n s . 

The r e l a t i v e d i s t r i b u t i o n , and a n a l y s i s , of the f r a c t u r e system 
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i s d i s c u s s e d a t g r e a t e r l e n g t h i n a subsequent s e c t i o n , b u t i t 

w i l l s u f f i c e t o know t h a t v e i n s occupy a s e r i e s of p a r a l l e l 

r e v e r s e f a u l t s w h i c h p o s s e s s a g e n e r a l s o u t h - e a s t e r l y s t r l k e a a d d 

d i p f r o m 90 degrees t o 6@ deigEe<§'s tbotfoeriabr th..• 

A l l v e i n s t r u c t u r e s have narrow w i d t h s of betx^een 2 or 

3 f e e t and d i p s t e e p l y . S t r i a t i o n s and l i n e a t i o n s on the w a l l 

r o c k s and i n t e r n a l b a n d i n g a l l p l u n g e s t e e p l y towards the e a s t . 

The a t t i t u d e o f the s e main f i s s u r e s has been r e l a t e d to a 

s t r a i n e l l i p s o i d and r e p r e s e n t s one d i r e c t i o n o f s h e a r . The 

t e n s i o n d i r e c t i o n i s r e p r e s e n t e d a t P i o n e e r mine by the 27 v e i n 

w h i c h d i p s a t 52 degrees t o the n o r t h e a s t . 

M a i n v e i n f i s s u r e s are r e p r e s e n t e d by s e v e r a l v e i n s on 

the P i o n e e r p r o p e r t y and F i g u r e 19 shows the r e l a t i v e p o s i t i o n s 

o f these v e i n s . 

TAYLOR The T a y l o r v e i n o r 1+0-vein has been i n v e s t i g a t e d 
VEIN 

m a i n l y on the a d i t l e v e l and a s u b l e v e l about 100 

f e e t h i g h e r i n e l e v a t i o n . A l t h o u g h i t c o n t a i n s s e c t i o n s o f 

good grade, ore v a l u e s a r e s p o t t y and the v e i n g e n e r a l l y I s 

c o n s i d e r e d non co m m e r c i a l . D u r i n g i n i t i a l development o f t h i s 

v e i n i n 191+5 & s m a l l p o c k e t of g o l d c o n t a i n i n g more t h a n 700 oz. 

was d i s c o v e r e d , and subsequent r a i s i n g and s u b - d r i f t i n g i n the 

immediate a r e a d i s c l o s e d a s p l i t w i t h good v a l u e s on the f o o t 

w a l l b r a n c h . A f u r t h e r s e c t i o n c o n t a i n i n g good v a l u e s was f o u n d 

b e n e a t h a s e r p e n t i n e over~hung a t the e a s t e r n e x t r e m i t y of the 

v e i n . Diamond d r i l l i n g from 5 l e v e l i n d i c a t e s t h a t the v e i n 

s t r u c t u r e i s p r e s e n t on the 5 l e v e l as a s e r i e s of narrow v e i n -
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l e t s c o n t a i n i n g o n l y s m a l l amounts of g o l d . 

131 VEIN The 131 v e i n exposed at the northern end of the 21 

v e i n has been developed f o r only a few 10's of f e e t 

on v a r i o u s l e v e l s without f a v o u r a b l e i n d i c a t i o n s of ore. A l 

though there are no in t e r m e d i a t e i n t e r s e c t i o n s to prove the 

c o n t i n u i t y of the s t r u c t u r e s , i t i s f e l t that t h i s v e i n c o r r e s 

ponds to the T a y l o r v e i n exposed some 3,000 f e e t higher i n 

e l e v a t i o n . 

COUNTLESS The Countless v e i n has been exposed on the s u r f a c e 
VEIN 

by a s e r i e s of open p i t s and trenches, and has been 

shown to pass i n t o the B r a l o r n e p r o p e r t y where i t i s c o r r e l a t e d 

w i t h the Coronation v e i n . 

Sub-surface development has been made on the a d i t l e v e l 

and from 5 l e v e l f o r s e v e r a l hundred f e e t i n the 'R' d r i f t , 

and although the v e i n i s f a i r l y p e r s i s t e n t , only two short 

s e c t i o n s 100 f e e t l o n g were found i n the a d i t workings that 

might be c o n s i d e r e d m a r g i n a l ( 0 . 3 oz. Au/Ton over an expanded 

width of 3 f e e t ) . 

28 VEIN The small v e i n known as the 28 v e i n was found on 21 

l e v e l near the 27 v e i n and i s t e n t a t i v e l y c o r r e l a t e d 

w i t h the Countless v e i n a l t h o u g h evidence to support such a 

statement i s the s i m i l a r i t y i n s t r i k e , d i p and r e l a t i v e p o s i t i o n s . 

However, they are separated by 2,000 f e e t v e r t i c a l l y and the 

i n t e r v e n i n g l e v e l s have not been i n v e s t i g a t e d . 
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E. P. Vems Work i n 5 l e v e l exposed s e v e r a l narrow v e i n s that 

are developed f o r a few hundred f e e t . These veins 

have a low go l d content d e s p i t e the prominent banding. The 

v e i n s are c a l l e d the E. and P. when going n o r t h e r l y along the 

5 l e v e l c r o s s - c u t . These ve i n s are only exposed on the 5 l e v e l 

and i n a few diamond d r i l l holes at lower e l e v a t i o n s . 

MAIN VEIN The Hanging w a l l (B), the Main (A), the J v e i n and 

the numerous f o o t w a l l s p l i t s i n the area of the 

No 2 and No 3 s h a f t s may be c l a s s i f i e d as one u n i t . The Main 

v e i n of Pioneer mine developed In the e a r l y days of the mine 

was r e s p o n s i b l e f o r much of the company's success and the 

s p e c t a c u l a r museum specimens of g o l d f o r which Pioneer i s famous. 

The numerous s p l i t s from the Main v e i n have r e s u l t e d i n 

a complexity of d r i f t names of c e r t a i n l e v e l s . ( i . e . 15 l e v e l 

has three f o o t w a l l d r i f t s , each named the Main v e i n d r i f t ) . 

The whole s e r i e s of v e i n s i s regarded by the author to re p r e s e n t 

a 'composite' v e i n system which o r i g i n a t e d at one and the same 

time. This system i s formed by the Main v e i n and numerous 

lo o p s . Such loops have been d e f i n e d as 6'ymoidal loops by 

McKins t r y (1955:p« 311+), however, the Hanging w a l l v e i n (B vein) 

on the upper l e v e l s , and the J v e i n on l e v e l s 20 to 29 are 

s u f f i c i e n t l y w ell-developed to be con s i d e r e d as d i s t i n c t s p l i t s . 

HANGING The Hanging w a l l v e i n has been developed on s e v e r a l 
WALL VEIN 

(B VEIN) l e v e l s between the s u r f a c e and had only a few short 

ore shoots. The v e i n s t r i k e s almost p a r a l l e l to the Main v e i n 

and dips at a s m a l l e r angle, 50 to 65 degrees. 
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J VEIN The J v e i n developed by s e v e r a l d r i f t s from 20 

l e v e l to 29 l e v e l p a r a l l e l s the main v e i n i n s t r i k e 

but i t has a f l a t t e r d i p . No ore shoots have been found. 

Diamond d r i l l i n g on V~> and 13 l e v e l s has proved the e x i s t e n c e 

of the J v e i n , but not of ore, at these l e v e l s . 

MAIN VEIN The Main v e i n and a s s o c i a t e d cymoidal loops i s the 

most e x t e n s i v e l y developed f r a c t u r e system i n the 

mine. I t i s exposed by d r i f t s and stopes from the s u r f a c e down 

to the 29 l e v e l a v e r t i c a l d i s t a n c e of 3 , 5 1 0 f e e t , (a d i p d i s 

tance of 3 , 5 8 0 f e e t ) . Along the s t r i k e d i r e c t i o n i t has been 

developed from the western end near the se r p e n t i n e on 15 l e v e l , 

to the e a s t e r n t e r m i n a t i o n on the 20 l e v e l where the v e i n 

v i r t u a l l y disappears b e f o r e r e a c h i n g the Hurley^Noel/greenstone 

c o n t a c t . T h i s e n t i r e h o r i z o n t a l d i s t a n c e i s some 3,800 f e e t . 

The s t r i k e of the v e i n i s w e s t e r l y and the dip v a r i e s 

from 75 to 80 degrees northwards, w i t h o n l y l o c a l r e v e r s a l s . 

Reverse movement of the main v e i n f a u l t has g i v e n a l e f t handed 

displacement of the gre e n s t o n e - g r a n i t e contact 50 to 200 f e e t . 

The f a u l t components as giv e n by James (193l+:p, 346) are 1+00 

v e r t i c a l l y , and 200 f e e t h o r i z o n t a l l y . I n d i c a t i o n of the move

ment d i r e c t i o n i s g i v e n by the s t r i a t i o n s and l i n e a t i o n on the 

v e i n w a l l s and on the r i b b o n s t r u c t u r e i n the v e i n . These s t r i 

a t i o n s p i t c h to the east a t angles of 4 5 to 65 degrees. 

Gold can be found throughout the Main v e i n but i t i s 

con c e n t r a t e d i n t o f o u r main shoots. 

1) The west end ore shoot i s immediately beneath the 
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overhang of s e r p e n t i n e formed by the "Cadwallader Break". The 

ore shoot extends from the contact of the v e i n w i t h the serpen

t i n e f o r s e v e r a l hundred f e e t . The ore shoot f o l l o w s down the 

rake of t h i s c o n t a c t from the s u r f a c e to below 9 l e v e l , a 

v e r t i c a l d i s t a n c e of over 1,000 f e e t . This ore shoot was the 

o r i g i n a l ore body developed at the s u r f a c e . 

2) The No 2 ore shoot i s united, w i t h the west end ore 

shoot above 5 l e v e l ' a n d continues to below 20 l e v e l . Below 11 

l e v e l the grade i s l e s s than 0.5 oz. Au/Ton and the shoot i s 

only about 300 f e e t long, but i t i s p e r s i s t e n t . 

3) The No 3 ore shoot i s s i m i l a r to No 2 shoot but theye 

are separated by a narrow s e c t i o n of v a r i a b l e l e n g t h . The 

shoot extends from 3 l e v e l to below l l | l e v e l f o r a v e r t i c a l d i s 

tance of 1,300 f e e t , and l e n g t h of 600 f e e t . 

Ij.) No i | ore shoot i s a narrow d i s c o n t i n u o u s ore zone 

that occurs west of the 2 and 3 s h a f t s . I t extends f o r a 

v e r t i c a l d i s t a n c e of almost 2,000 f e e t from 12 l e v e l downwards 

wi t h a maximum d r i f t l e n g t h of l i t t l e more than 500 f e e t . Be

low 2I4. l e v e l only s m a l l stopes were developed and a t 29 l e v e l 

ore grade m a t e r i a l Is l i m i t e d to a s m a l l uneconomic s e c t i o n . 

92 AND 89 The 92 and 89 veins occur s e v e r a l hundred f e e t 
VEINS 

w i t h i n the f o o t w a l l of the Main v e i n and were ex

posed d u r i n g the development p e r i o d 195& "to 1959. B o t h v e i n s 

have the same g e n e r a l s t r i k e as the main v e i n but t h e i r dips 

are f l a t t e r , 70 degrees and 65 degrees, r e s p e c t i v e l y . Although 

the v e i n s are 300 f e e t apart on the 20 l e v e l the d i p s of the 
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v e i n s i n d i c a t e they would u n i t e about 29 l e v e l . On 20 l e v e l the 

veins are exposed, from the contact w i t h the s e r p e n t i n e , f o r a 

l e n g t h of more than 1,000 f e e t . The 89 v e i n terminates i n a 

zone of narrow s u b - p a r a l l e l quartz f i l l e d shears. D r i f t i n g and 

r a i s i n g on s e v e r a l s e c t i o n s of these v e i n s i n d i c a t e that f o r 

d i s t a n c e s of 600 f e e t , these veins have an average width of 1 

f o o t (89 vein) and 2 f e e t (92 v e i n ) . Over these s e c t i o n s the 

g o l d content of 0.3 oz. Au/Ton i s obtained f o r a c a l c u l a t e d 

mining width of 3 f e e t . The g o l d values are c o n s i s t e n t but 

there i s a marked i n c r e a s e i n g o l d content of b o t h veins as the 

s e r p e n t i n e c o n t a c t s are approached. 

Development on 25 l e v e l has exposed the 92 v e i n but here 

the v e i n c o n t a i n s no long s e c t i o n s of ore grade. F u r t h e r ex

p l o r a t i o n has f a i l e d to l o c a t e any s t r o n g v e i n s t r u c t u r e i n the 

p r o j e c t e d p o s i t i o n of the 89 v e i n . Development at lower 

e l e v a t i o n s on the 29 l e v e l by the 16 c r o s s - c u t and d r i l l i n g be

low the 29 l e v e l has f a i l e d to show any p e r s i s t e n t v e i n 

s t r u c t u r e s or s i g n i f i c a n t g o l d v a l u e s . 

27 VEIN The 27 V e i n i s a m o d i f i e d t e n s i o n opening which 

occurs between the main v e i n system of f a u l t s . The 

27 V e i n s t r i k e s northeast and d i p s towards the northwest at an 

angle of 55 degrees. The v e i n i s composed of s e v e r a l v e i n 

l e n t i c l e s which are arranged w i t h a s l i g h t o v e r l a p so that the 

v e i n appears as a continuous body. The v e i n i s up to 20.feet 

wide i n c e r t a i n s e c t i o n s and i t i s formed by a t e n s i o n opening. 

The v e i n has been exposed from the 1*7 l e v e l to the 29 
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l e v e l and the s t r i k e development on 25 l e v e l i s 1,600 f e e t . 

The v e i n i s composed of a s e r i e s of ore shoots which are 

l i m i t e d to the i n d i v i d u a l v e i n l e n t i c l e s . The ore i n c o n t i n u 

ous on the upper l e v e l s but on the lower l e v e l s i t i s d i s 

continuous and l i m i t e d to c e r t a i n ribboned s e c t i o n s . This v e i n 

i s the main producing v e i n a t the pr e s e n t time. 

W*AI branch 

2.9 VEIN T h i s i s a f o o t k w h i c h occurs at the n o r t h end. of the 

27 V e i n . T h i s v e i n has been developed from 20 

l e v e l to 25 l e v e l f o r d i s t a n c e s up to 580 f e e t but con t a i n s 

only a small ore shoot which occurs at the d i s t a l end of the 

d r i f t . 

WALLROCK ALTERATION 

Wal l r o c k a l t e r a t i o n v i s i b l y extends 2 to 3 f e e t from the 

v e i n s , but rock samples s t u d i e d under the microscope show that 

i t may extend much f u r t h e r . The m i c r o s c o p i c e f f e c t s are b l e a c h 

i n g and g e n e r a l d i s c o l o u r a t i o n of the w a l l r o c k most r e a d i l y 

observed i n v o l c a n i c rocks because of the st r o n g c o l o u r c o n t r a s t . 

As the v e i n i s approached the v o l c a n i c r o c k s show an a l t e r a t i o n 

to dark or l i g h t brown or g r e y i s h c o l o u r . The su l p h i d e content 

of the rocks i n c r e a s e s towards the v e i n . The su l p h i d e s occur 

e i t h e r as s i n g l e euhedral c r y s t a l s or as complex i n t e r p e n e t r -

a t i o n twins of e i t h e r p y r i t e or a r s e n o p y r i t e up to $mm. i n s i z e . 

In some p l a c e s i n t e n s e a l t e r a t i o n has produced a dense s o f t 

m a t e r i a l c o n t a i n i n g secondary micas, carbonates, k a o l i n , and 

very s m a l l amounts of s u l p h i d e s . 
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I r w i n (1947:P»32-34) a t t r i b u t e s the a l t e r a t i o n of the 

Pioneer f o r m a t i o n to the i n t r o d u c t i o n of carbon d i o x i d e , potash, 

sulphur, and a r s e n i c . A l t e r a t i o n s i m i l a r to that seen i n the 

greenstone i s p r e s e n t i n the B r a l o r n e d i o r i t e and Irwin con

cludes that the s i m i l a r i t i e s i n the a l t e r a t i o n s of the two 

rocks may be due to s i m i l a r i t i e s of o r i g i n a l composition.Thus, 

both rock types would be a f f e c t e d i n the same manner by the 

"hydrothermal s o l u t i o n s " which gave r i s e to the g o l d quartz 

v e i n s . The d i o r i t e and the greenstone o r i g i n a l l y c o n tained 

a l b i t e , and hornblende (or c h l o r i t e ) . These m i n e r a l s have been 
9 

a l t e r e d to a mass of ' s e r i c i t e ' , carbonate, p y r i t e , and arseno-

p y r i t e , with, some l o c a l s i l i c i f i c a t i o n . 

Quartz a n d . a l b i t e are the main minerals i n the more a c i d 

r o c ks, the soda g r a n i t e and dykes. These m i n e r a l s are a l t e r e d 

to f i n e - g r a i n e d masses of quartz, white micas, carbonates, and 

minor amounts of s u l p h i d e s . The a l t e r a t i o n i s brought about by 

the i n t r o d u c t i o n of carbon d i o x i d e , potassium, sulphur, and 

a r s e n i c , and by a decrease i n the amount of soda and s i l i c a . 

I r win s t a t e s t h a t the a l t e r a t i o n of soda g r a n i t e and 

a c i d dyke rocks i s l e s s pronounced than that of the B r a l o r n e 

d i o r i t e . He e x p l a i n s that the a c i d rocks are a l a t e d i f f e r e n t i 

ate of the B r a l o r n e i n t r u s i o n s and should have a composition 

s i m i l a r to the f i n a l d i f f e r e n t i a t e s which are the t h e o r e t i c a l 

hydrothermal s o l u t i o n s and the a c i d rocks would tend to be i n 

e q u i l i b r i u m w i t h the hydrothermal s o l u t i o n when compared ^ f i t l i n e 

b a s i c r o c k s . 
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In the mine workings the degree of a l t e r a t i o n appears 

to be s t r i c t l y l o c a l and i n the o p i n i o n of the w r i t e r i t does 

not seem to be more pronounced i n any s i n g l e rock type. 

Stevenson r e c o r d s that s i l i c - i f i c a t i o n i s most common where 

g r a n i t e i s i n contact w i t h the v e i n s . Where a c i d dykes are cut 

by a v e i n a p l a t y y q u a r t z - s e r i c i t e s c h i s t c o n t a i n i n g p y r i t e and 

a r s e n o p y r i t e i s developed. A c c o r d i n g to Stevenson areas of 

a l t e r e d a l b i t e dykes may be m e g a s c o p i c a l l y d i s t i n g u i s h e d from 

a l t e r e d d i o r i t e , by the development of t h i s p l a t y y s t r u c t u r e , 

and may be d i s t i n g u i s h e d m i c r o s c o p i c a l l y by an abundance of 

quar t z . The areas of g r a n i t e and acid, dyke rocks adjacent to 

the v e i n can be i d e n t i f i e d i n t h e i r a l t e r e d s t a t e by the 

presence of conspicuous quartz "eyes" which remain as r e l i c t s 

from the g r a n i t e . 

I r w i n concluded t h a t hydrothermal a l t e r a t i o n of the 

va r i o u s rocks i n the mine occured i n the v i c i n i t y of a system 

of open f r a c t u r e s . He c o n s i d e r s that there was an i n t r o d u c t i o n 

of carbon d i o x i d e , potassium, sulphur, and a r s e n i c and th a t 

soda and s i l i c a were p a r t l y removed. 

MINERALOGY AND PARAGENESIS OP THE VEINS 

GANGUE MINERALS 

Quartz i s the main gangue m i n e r a l of the v e i n s , o c c u r i n g 

i n two main forms. The f i r s t v a r i e t y occurs as massive, snow-

white ' b u l l ' q u a r t z . T h i s v a r i e t y i s common In the 2 7 v e i n 

where i t may comprise the e n t i r e v e i n . This v a r i e t y of quartz 
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g e n e r a l l y c o n t a i n s only small amounts of g o l d although s p e c t a c 

u l a r masses of g o l d are not unknown i n i t . The second v a r i e t y 

of quartz occurs commonly i n a l l veins i n the v a l l e y and i s 

c a l l e d r i b b o n or banded q u a r t z . The r i b b o n quartz i s more 

p r e c i s e l y l a y e r e d quartz, and i s formed by p a r a l l e l to sub-

p a r a l l e l l a y e r s of quartz which range from a f r a c t i o n of an 

i n c h to s e v e r a l inches i n t h i c k n e s s . These l a y e r s are separated 

from one another by t h i n f i l m s , s t r e a k s , and l a y e r s , composed 

of v a r y i n g amounts of c h l o r i t e , " s e r i c i t e " , m a r i p o s i t e , gouge 

s u l p h i d e s , and minor amounts of g o l d . T h i s banded v a r i e t y of 

quartz forms the b u l k of the mine ore and g e n e r a l l y has a h i g h e r 

g o l d content than the massive quartz. 

F r a c t u r e s i n the quartz c o n t a i n brownish white to white 

carbonates whose compositions range from c a l c i t e to a n k e r i t i c 

carbonate. In some s e c t i o n s of the mine carbonates may compose 

the main p a r t of the v e i n . 

Other m i n e r a l s occur i n the v e i n s In only minor amounts 

but may be s u f f i c i e n t l y d i s t i n c t to be e a s i l y r e c o g n i s e d . Pre

v i o u s r e p o r t s w r i t t e n on the area d e s c r i b e the presence of 

s c h e e l i t e , which In Pioneer forms p a r t of a small shoot i n the 

Main v e i n near the Pioneer No 2 s h a f t . 

M a r i p o s i t e has been I d e n t i f i e d by I r w i n (192+8) by i t s 

s m a l l negative 2v, l e s s than 10 degrees, and r e f r a c t i v e i n d i c e s 

<£ = 1 . 5 7 V- 1.60. The m a r i p o s i t e i s e a s i l y r e c o g n i s e d by 

the b r i g h t green c o l o u r . I t occurs as small f l a k e s c o a t i n g the 

s l i c k e n ^ s i d e d s u r f a c e of banded quartz or i n i s o l a t e d patches 

throughout a l t e r e d soda g r a n i t e and other a l t e r e d host r o c k s . 



76 

A c i c u l a r c r y s t a l s of b l a c k tourmaline i n small r a d i 

a t i n g c l u s t e r s are present i n vugs and smal l c a v i t i e s i n the 27 

v e i n . 

Dolmage (1934-P• 1+26) has re c o r d e d the presence of 

a l u n i t e and b a r y t e s w i t h i n the v e i n s of Pioneer mine. 

METALLIC MINERALS 

The mineralogy of the quartz veins i s simple and the 

g o l d occurs i n a f r e e s t a t e . In g e n e r a l the m e t a l l i c content 

of the veins i s low and c o n s t i t u t e s between 2 and i+ per cent of 

the v e i n content. The su l p h i d e s occur on the s u r f a c e s of the 

r i b b o n quartz f o l i a t i o n s or i n c l u s t e r s and t h i n , l a y e r s of 

i s o l a t e d g r a i n s . The a t t i t u d e of these s u l p h i d e l a y e r s may be 

independent of the a t t i t u d e of the r i b b o n i n g i n the qua r t z . 

Cairnes ( 1 9 3 7 :p.5 5 - 5 7 ) and Dolmage ( 1934:p. 1+25) have 

adequately d e s c r i b e d the m i n e r a l assemblage and par a g e n e s i s . 

A b r i e f resume of the mi n e r a l s i d e n t i f i e d and para g e n e s i s i s 

g i v e n below. 

GOLD Gold i n economic q u a n t i t i e s i s g e n e r a l l y c o n f i n e d 

to the quartz v e i n s but may be presen t a l s o i n the 

host rock adjacent to the v e i n . The g o l d Is a s s o c i a t e d w i t h 

the s u l p h i d e s on the s l i c k e n s i d e d s u r f a c e s of the r i b b o n q u a r t z . 

The g o l d may a l s o occur as s p e c t a c u l a r masses w i t h i n the un

handed quartz, w i t h or without a s s o c i a t e d s u l p h i d e s . 

SILVER Native s i l v e r or any m i n e r a l of s i l v e r has not been 

r e c o g n i s e d i n the ores of Pioneer mine. Mint 
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r e t u r n s show t h a t the g o l d b r i c k s c o n t a i n about 6% s i l v e r . I t 

i s c o n s i d e r e d that the s i l v e r i s i n s o l u t i o n i n the g o l d . Dana's 

system of mineralogy V o l . I p.91 s t a t e s that g o l d may c o n t a i n 

10 to 1$% s i l v e r i n s o l i d s o l u t i o n . Although I t i s not known 

which m i n e r a l c o n t a i n s the s i l v e r , i t i s suggested that the 

s m a l l amount of s i l v e r i s c o n t a i n e d i n the g o l d . 

PYRITE P y r i t e i s the most abundant sul p h i d e m i n e r a l , 

o c c u r r i n g as disseminated c r y s t a l s or g r a i n s through

out the v e i n s and i n the w a l l rock. 

ARSEN0- A r s e n o p y r i t e occurs as massive i r r e g u l a r c r y s t a l 
PYRITE 

c l u s t e r s , as i s o l a t e d well-formed d i p y r a m i d a l 

c r y s t a l s ; or as minute to l a r g e - a c i c u l a r c r y s t a l s . I t occurs 

i n b o t h the v e i n and the more s t r o n g l y a l t e r e d w a l l r o c k , and 

i s a s s o c i a t e d w i t h the g o l d . Much of the smeared, s l i c k e n s l d e d , 

r i b b o n quartz s u r f a c e s are coated by a r s e n o p y r i t e . 

SPHALERITE L i g h t brown s p h a l e r i t e , and galena occur i n the 
AND GALENA 

quartz as i r r e g u l a r i s o l a t e d g r a i n s which, are 

l o c a l l y conspicuous. Most of the s p h a l e r i t e Is i n t i m a t e l y 

a s s o c i a t e d w i t h f r e e g o l d . 

OTHER P y r r h o t i t e has been r e c o g n i s e d at Pioneer, but i t 
MINERALS 

i s r a r e . Other m i n e r a l s r e c o r d e d are c h a l c o p y r i t e , 

t e t r a h e d r i t e ( ? ) , s t i b n i t e , g o l d t e l l u r i d e s and m i l l e r i t e . 

Warren (19i+2:p.30) r e p o r t s that the m i l l t a i l i n g s of B r a l o r n e 

c o n t a i n s m a l l amounts of b o r n i t e , s t i b n i t e , c h a l c o c i t e , c o v e l 

l i t e , and magnetite. 
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PARAGENESIS 

The i n v e s t i g a t i o n s of Cairnes and Dolmage i n d i c a t e a 

p a r a g e n e t i c sequence which i s summarised, below. 

1) P r i n c i p a l stage of v e i n quartz d e p o s t i o n w i t h s p a r s e l y 
disseminated s u l p h i d e s , c h i e f l y p y r i t e . 

2) F r a c t u r i n g . 

3) C h i e f stage of p y r i t e , a r s e n o p y r i t e , and p y r r h o t i t e 
deposition w i t h , l o c a l l y , c o n s i d e r a b l e g o l d and c a l -
c i t e . Much of the s e r i c i t e , and perhaps a l s o 
m a r i p o s i t e , was probably formed at t h i s stage, ( t h i s 
corresponds to the f i r s t p e r i o d IndicatMbbyl'Dolmage) 

2|) F r a c t u r i n g . 

5 ) C h i e f stage of f r e e g o l d d e p o s i t i o n ; commonly 
concentrated about the a r s e n o p y r i t e and f i l l i n g 
f r a c t u r e s i n i t . Other m i n e r a l s formed p r i n c i p a l l y 
i n t h i s stage i n c l u d e c a l c i t e , quartz, c h a l c o p y r i t e , 
s p h a l e r i t e , galena and g o l d t e l l u r i d e s . 

6) F r a c t u r i n g 

7) F u r t h e r d e p o s i t i o n of g o l d together w i t h a c l c u l a r 
a r s e n o p y r i t e ; f i n e l y c r y s t a l l i n e p y r i t e , c a l c i t e , 
and quartz. Any r e l a t e d s t i b n i t e m i n e r a l i z a t i o n 
probably formed at t h i s stage. 

The paragenesis g i v e n above shows that g o l d has been 

in t r o d u c e d i n s e v e r a l p e r i o d s and Is mainly a s s o c i a t e d w i t h 

a r s e n o p y r i t e . S p h a l e r i t e and g o l d are found i n t i m a t e l y a s s o c i 

ated, and because s p h a l e r i t e i s more e a s i l y r e c o g n i s e d i t i s 

used as an I n d i c a t i o n of the presence of f r e e g o l d i n the v e i n s . 

RIBBON STRUCTURE IN VEIN QUARTZ 

Ribboning i n the Veins 

Quartz v e i n s throughout the mine workings are very, 

s i m i l a r i n mineralogy and p h y s i c a l appearance, but the most 
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s t r i k i n g f e a t u r e of the v e i n s i s t h e i r u b i q u i t o u s r i b b o n 

s t r u c t u r e . T h i s f o l i a t i o n i s expressed b o t h by p l a t y y i n 

c l u s i o n s and by c l o s e l y spaced shear s u r f a c e s . 

• P l a t y y or s l i v e r l i k e i n c l u s i o n s of h i g h l y a l t e r e d w a l l -

r o c k are common.in the v e i n s , and i n some i n s t a n c e s i t may be 

seen that they have been wedged o f f the immediately adjacent 

w a l l s . Many i n c l u s i o n s have s t r i a t e d s u r f a c e s coated w i t h 

c h l o r i t e suggesting f a u l t c o n t a c t s . 

In the Grass V a l l e y r e g i o n of C a l i f o r n i a , s e v e r a l . s u c h 

i n c l u s i o n s i n quartz v e i n s have been d e s c r i b e d by Parmin (1938). 

These i n c l u s i o n s show f e a t u r e s s i m i l a r to those of the Pioneer 

v e i n s . Parmin s t a t e s that i n s e v e r a l p l a c e s the i n c l u s i o n s 

w i t h i n the veins are fragmented, and these fragments are d i s 

o r i e n t a t e d . F o r t h i s d i s o r i e n t a t i o n , such as shown i n f i g u r e 20, 

Parmin g i v e s two e x p l a n a t i o n s . 

1) The s p e c i f i c g r a v i t y of the w a l l rock was near that 

of the quartz, which had not completely s o l i d i f i e d , 

so t h a t slow s i n k i n g of the I n c l u s i o n s occured. The 

sm a l l e r fragments s e t t l e d at d i f f e r e n t angles but 

maintained approximately t h e i r former o r i e n t a t i o n . 

T h i s e x p l a n a t i o n i s not r e a d i l y accepted by the w r i t e r , 

because the exact nature of the one b e a r i n g medium, 

whether i t was a d i l u t e aqueous s o l u t i o n , gas, or a 

c r y s t a l mush i s debatable. 

2) D i s l o c a t i o n of the i n c l u s i o n s occured when the 

s o l u t i o n s forming the v e i n became l e s s "slushy and 

g e l a t i n o u s " , and b e f o r e they .stopped..moving. 



F i g u r e 2 0 . Diagram to show r e l a t i v e 
p o s i t i o n s of i n c l u s i o n f r a g 
ments of a septa banding. 

F i g u r e 2 1 . Photograph taken by 2 8 - 6 4 Raise 
showing the s t r i a t i o n s on the 
f a c e s of r i b b o n quartz that 
i n d i c a t e movement on the hanging 
w a l l has not been i n a constant 
d i r e c t i o n . 
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I t appears to the w r i t e r that the most r a t i o n a l explan

a t i o n f o r the d i s o r i e n t e d fragments of i n c l u s i o n s i s that there 

was c r y s t a l l i z a t i o n of the quartz by the f o l l o w i n g mechanism <-

when the v e i n m a t e r i a l was i n t r o d u c e d , much d i l a t i o n of the 

w a l l rock occured and t h i n septa were wedged from the w a l l and 

passed i n t o the opening. Quartz then c r y s t a l l i s e d In the f i s 

s u re. L a t e r movements may have f r a c t u r e d b o t h the quartz and 

septa r e s u l t i n g i n s l i g h t d i s o r i e n t a t i o n of the septa fragments. 

These f r a c t u r e s were then annealed by quartz which was e i t h e r 

d e r i v e d from an e x t e r n a l source, or by r e c r y s t a l l i z a t i o n of the 

p r e - e x i s t i n g q u a r t z . Some of t h i s l a t e r quartz p a r t l y r e p l a c e s 

the fragments e s p e c i a l l y along the broken s u r f a c e , e n l a r g i n g 

the p r e v i o u s l y s m a l l gap between i n d i v i d u a l fragments. 

A second type of r i b b o n quartz i s made up of p a r a l l e l to 

s u b p a r a l l e l l a y e r s of quartz v a r y i n g from a f r a c t i o n of an i n c h 

to s e v e r a l Inches i n t h i c k n e s s , separated by sheets, l a y e r s , or 

f i l m s of s e r i c i t e , c h l o r i t e , gouge, or s u l p h i d e s . In stope and 

d r i f t backs these l a y e r s appear i n . s e c t i o n as d i s t i n c t r i bbons 

or bands. These l a y e r s were formed by the deformation of the 

o r i g i n a l quartz v e i n s . Deformation has produced a s e r i e s of 

p a r a l l e l shears whose s u r f a c e s were coated w i t h s u l p h i d e s . 

In many stopes the r i b b o n quartz has been f r a c t u r e d and 

the fragments so formed are separated by an i n c h of white un-

ribboned q u a r t z . The s u r f a c e of the s e c t i o n s of 'ribbon' 

quartz show s t r i a t i o n s which i n d i c a t e that at some p e r i o d the 

fragments were continuous, and the i n t e r v e n i n g white quartz i s 

l a t e r than the r i b b o n i n g . 
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The r i b b o n s u r f a c e s may be d i s t i n c t l y s t r i a t e d , or 

grooved w i t h coarse s t r i a t i o n s and f l u t i n g thereby showing 

evidence of movement. The s t r i a t i o n s are present on the sur

f a c e of r i b b o n i n g of the 9 2 , 89 and other v e i n s of the main 

v e i n system. These s t r i a t i o n s p i t c h c o n s t a n t l y to the east at 

h i g h angles and on the main v e i n they p a r a l l e l the r o l l s i n the 

v e i n , which are c l e a r l y v i s i b l e on superimposed l e v e l p l a n s . 

The s t r i a t i o n s i n d i c a t e that the f a u l t movements were r e v e r s e . 

T h i s movement d i r e c t i o n i s a l s o shown by the displacement of 

the g r a n i t e - g r e e n s t o n e contact. 

The r i b b o n s t r u c t u r e of the 27 v e i n was s t u d i e d c l o s e l y 

by the w r i t e r . The r i b b o n s t r u c t u r e s s t r i k e a few degrees 

more w e s t e r l y than the s t r i k e of the v e i n , and they dip a l i t t l e 

more s t e e p l y . Thus, i n both p l a n and s e c t i o n the ribbons cross 

the v e i n a c u t e l y from f o o t w a l l to hanging w a l l . (Figure 2$ and 

F i g u r e 25) 

S t r i a t i o n s and f l u t i n g upon the s u r f a c e s of these l a y e r s 

i n d i c a t e t h at a r e v e r s e movement has occured on the 27 v e i n , at 

l e a s t i n the f i n a l stages of deformation. F i g u r e 21 shows 

s t r i a t i o n s on the hanging w a l l of the 27 v e i n i n the area of 

the 28-61+ r a i s e . I t can be seen t h a t the s t r i a t i o n s are not 

e n t i r e l y constant i n plunge but some may even be h o r i z o n t a l . 

SIGNIFICANCE OF RIBBON QUARTZ 

I t i s obvious that the r i b b o n quartz and the s t r i a t i o n s 

r e s u l t from movements produced i n p r e v i o u s l y c r y s t a l l i z e d 

q u a r t z . I t i s assumed t h a t the i n i t i a l quartz which f i l l e d the 
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v e i n was white " b u l l " quartz and i t s d e p o s i t i o n was accom

panied by the d e p o s i t i o n of some s u l p h i d e s . The septa of w a l l 

rock l i k e l y were i n c o r p o r a t e d i n the quartz during the i n i t i a l 

stages of f o r m a t i o n of the v e i n , and a l t e r a t i o n of the septa 

took p l a c e d u r i n g these stages. The quartz probably c r y s t a l 

l i z e d from a d i l u t e aqueous s o l u t i o n , or other medium. The 

banding of quartz i n the main v e i n system i s thought to have 

been caused by s h e a r i n g w i t h i n the v e i n . 

During the p e r i o d (1956 to 1958) an e x t e n s i v e i n v e s t i g 

a t i o n was made of a l l stopes i n the 27 v e i n on the lower l e v e l s 

and a l s o of i s o l a t e d stopes i n the upper l e v e l s of the 27 v e i n . 

Stope backs were mapped on a s c a l e of 1 Inch to 10 f e e t , and 

the r e s u l t s were p l o t t e d as a diagram together w i t h the assay 

values f o r these backs. A l l the r i b b o n quartz was noted and 

plunge d i r e c t i o n of the n u m e r o u s . s t r i a t i o n s recorded. 

F i g u r e s 2g and 2.3 r e p r e s e n t the v a r i o u s stope backs of 

28-1+6 stope and of 26-108 stope, as seen In an up dip view. 

The major p o i n t s of i n t e r e s t to these f i g u r e s are -

1) The a t t i t u d e of the banding r e l a t i v e to the v e i n i s 
constant. 

2) L i n e a t i o n s and s t r i a t i o n s have the same d ip plunge. 

3) The ore shoots conform to the r i b b o n s t r u c t u r e . 

These f e a t u r e s found i n a l l stopes are c o n s i d e r e d to be 

u l t i m a t e l y r e l a t e d to s t r e s s environment which produced the 

v e i n f i s s u r e s . 

The 27 v e i n cannot be regarded as a simple shear f r a c t u r e 

f i l l e d by q u a r t z . I t d i f f e r s from the Main v e i n system i n many 
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r e s p e c t s . The v e i n s of the Main, v e i n system i n Pioneer are 

f a i r l y p e r s i s t e n t , i n s t r i k e and i n dip d i r e c t i o n . They are 

narrow, r a r e l y over 3 f e e t i n width, and are w e l l ribboned. 

In c o n t r a s t , the 2J v e i n i s up to 20 f e e t wide, and banding 

i s not everywhere p r e s e n t . S e c t i o n s can be found where almost 

the e n t i r e width of the v e i n i s composed of massive quartz, 

a l s o the ore shoots are i n c l i n e d , and the v a r i a t i o n s i n the dip 

and s t r i k e of the v e i n are c o n s i d e r a b l e . 

Joubin (191+8) t e n t a t i v e l y c o n s i d e r e d the 27 v e i n to be 

a m o d i f i e d t e n s i o n opening, or a " c r o s s - o v e r " v e i n correspond

i n g to set C of h i s s t r a i n e l l i p s o i d . The 27 v e i n branches 

from the main v e i n i n a s t r i n g e r zone and p e r s i s t s as a wide 

composite v e i n to the 131 v e i n near the a r g i l l i t e c o n t a ct. 

The 27 v e i n i s composed of a s e r i e s of s m a l l s l g m o i d a l 

f r a c t u r e s which were pro b a b l y formed at the same time as the 

Main v e i n system of f r a c t u r e s . The p l a n of the 27 v e i n shows 

that the i n d i v i d u a l v e i n l e n t i c l e s are arranged en echelon with 

a s l i g h t o v e r l a p . They may simply j o i n , or may assume one of 

the s e v e r a l forms l i s t e d by M c K i n s t r y (19l|.8:p. 3H4-). These forms 

are d e s c r i b e d as a double l i n k , c h a t t e r - l i k e l i n k , m u l t i p l e or 

s i n g l e cymoidal loops or curved s h i n g l e s . The v e i n l e n t i c l e s 

may be d i r e c t l y j o i n e d or connected by r a m i f y i n g v e i n l e t s of 

c a l c i t e and m i l k y q u a r t z . The v e i n l e t s are commonly barren, 

c o n t a i n no banding, and have i r r e g u l a r f r o z e n c o n t a c t s . 

The v e i n l e n t i c l e s are regarded as a s e r i e s of over

l a p p i n g s i g m o i d a l v e i n s c o n t a i n i n g ore shoots which are 

g e n e r a l l y c o n f i n e d to the s e c t i o n of the v e i n l e n t i c l e s that 
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do not o v e r l a p . In t h i s manner the ore shoots appear as a 

continuous ore zone on each l e v e l . The v e i n l e n t i c l e s are 

co n s i d e r e d to have been t e n s i o n openings and the b r e c c i a t e d 

w a l l rock at the northern end of the 27 v e i n i s compatible 

w i t h such an o r i g i n . L a t e r s h e a r i n g of the quartz which f i l l e d 

these t e n s i o n openings, produced the r i b b o n quartz with which 

the g o l d i s a s s o c i a t e d . 

Movement has occured i n the 27 v e i n and i s expressed by 

the f o l l o w i n g f e a t u r e s . 

1) S t r i a t i o n , m u l l i o n , and l a r g e s c a l e f l u t i n g i n the 
v e i n w a l l s p i t c h i n g at 60° towards the south. 

2) Ribboning of the quartz i n the v e i n . 

3) S t r i a t i o n s upon the banding p i t c h i n g at about the 
same angle as the s t r i a t i o n s on the v e i n c o n t a c t s . 

1+) Displacement of the g r a n i t e - g r e e n s t o n e c o n t a c t . 

The r e v e r s e movement on the 27 V e i n has been c a l c u l a t e d 

from the displacement of the g r e e n s t o n e - g r a n i t e contact to be 

a t o t a l of 200 f e e t . 

The stope back diagrams ( F i g u r e s 22, 23) show that h i g h e r 

g o l d values are v i r t u a l l y r e s t r i c t e d to p a r t i c u l a r p a r t s of the 

r i b b o n quartz i n each s u c c e s s i v e stope back. Some of the ore 

s e c t i o n s are r e s t r i c t e d to one ribboned s e c t i o n but others pass 

from one r i b b o n s e c t i o n to another. 

The 27 v e i n c o n t a i n s o v a l shaped t a b u l a r ore shoots, 

whose g r e a t e s t dimension i s i n the dip d i r e c t i o n of the v e i n . 

These ore shoots p i t c h a t almost 90 degrees and they are l i m i t e d 

h o r i z o n t a l l y by the extent of the v e i n l e n t i c l e s . The upper 

l i m i t s of the ore are commonly determined by the p h y s i c a l l i m i t 
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of the v e i n l e n t i c l e but i n depth the l i m i t s of the shoots are 

determined by assay v a l u e s . There i s a p r o g r e s s i v e decrease 

i n g o l d values from 26 l e v e l downwards. In the northern s e c t i o n 

of the 27 v e i n the ore "bottoms" between the 27 and 29 l e v e l s . 

The s e c t i o n of the 27 v e i n south of 5 s h a f t has a continuous 

exposure of ore. This s e c t i o n of ore i s composed of s e v e r a l 

ore shoots, each of which i s c o n f i n e d to a v e i n l e n t i c l e . Each 

ore shoot c o n t a i n s good values on the l e v e l 27 and above, but 

the grade of ore decreases below the 27 l e v e l and on 29 l e v e l 

the ore becomes m a r g i n a l . I t would appear t h a t , with the ex

c e p t i o n of a s m a l l shoot of ore near the 5 s h a f t , 29 l e v e l i s 

.-at the bottom of the southern set of ore shoots. The i n d i v i d u a l 

ore shoots i n the v e i n l e n t i c l e s have w i t h i n them h i g h grade 

s e c t i o n s c o n f i n e d to the r i b b o n i n g i n much the same way that ore 

s e c t i o n s occur i n the v e i n l e n t i c l e s below the ore shoots. 

The d i s t r i b u t i o n of the ore I n d i c a t e s that the b e t t e r 

grade s e c t i o n s are i n the upper l e v e l s of the 27 v e i n and ore 

shoots are c o n f i n e d to the upper p o r t i o n s of the v e i n l e n t i c l e s . 

Where the v e i n l e n t i c l e s f l a t t e n i n d i p , as i n the n o r t h end of 

the 29 l e v e l the g o l d content i s low. T h i s suggests that the 

best g o l d values are to be found i n the steeper s e c t i o n of the 

v e i n l e n t i c l e s . 

The exact r e l a t i o n of r i b b o n i n g to the g o l d content Is 

not known. But the d i s t r i b u t i o n of the g o l d on the s u r f a c e s of 

the r i b b o n i n g i n d i c a t e s t h a t the g o l d i s l a t e r than the q u a r t z . 

I t would be necessary f o r the v e i n quartz to be f r a c t u r e d and 

the g o l d to be i n t r o d u c e d along the f r a c t u r e s u r f a c e . The 
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r e l a t i v e l y h i g h e r content of g o l d i n the upper p a r t s of the v e i n 

suggests that the g o l d ore b e a r i n g m a t e r i a l was able to ascend 

o n l y w i t h i n the v e i n . The t e r m i n a t i o n of s u i t a b l e s t r u c t u r e s 

i n the v e i n may have caused impounding of g o l d b e a r i n g s o l u t i o n s 

at the upper p o r t i o n of the passage ways f o r the s o l u t i o n s . I t 

i s p o s s i b l e t h a t the shear planes which form the r i b b o n quartz 

were s u i t a b l e p l a c e s f o r the d e p o s i t i o n of minerals from that 

p o r t i o n of the ore b e a r i n g medium t h a t s t i l l remained mobile i n 

the l a t e r stages of m i n e r a l i z a t i o n and a f t e r the c r y s t a l l i z a t i o n 

of the q u a r t z . 

Mawdsley (1938) has d i s c u s s e d the i m p l i c a t i o n s of the 

l a t e g o l d of other mining camps, and f o l l o w s the e x p l a n a t i o n s 

of Fenner. An a l t e r n a t i v e e x p l a n a t i o n f o r the presence of l a t e 

g o l d has been made by White ( 19 l |3 :p .531) • He c o n s i d e r s that by 

a r a t i o n a l process of s u b t r a c t i v e . , c r y s t a l l i z a t i o n of non-

a u r i f e r o u s m i n e r a l s the g o l d present i n the ore parent f l u i d i n 

only minor amounts would become concentrated i n the r e s i d u a l 

s o l u t i o n s . By v i r t u e of i t s a b i l i t y to d i f f u s e r e a d i l y , the 

r e s i d u a l f l u i d can c o l l e c t i n any s e c t i o n of the v e i n . Sheared 

s u r f a c e s would be e a s i l y permeated.and the go l d b e a r i n g ore 

r e a d i l y d e p o s i t e d on the s u r f a c e s . Such an e x p l a n a t i o n c o u l d 

l o g i c a l l y e x p l a i n the d i s t r i b u t i o n of the go l d i n Pioneer with

out recourse to s e v e r a l i n j e c t i o n s of ore b e a r i n g f l u i d i m p l i e d 

by the paragenesis l i s t e d by C a i r n e s . 
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STRUCTURAL ANALYSIS OP THE VEIN FRACTURES 

Cairnes (1937:p«5l) s t a t e s t h a t a survey of a group of 

v e i n f i s s u r e s r e v e a l e d no c o n s i s t e n t system of f r a c t u r e s . Mine 

development i n the f o l l o w i n g years has shown t h a t the d i s t r i b u t 

i o n of quartz v e i n s has a d e f i n i t e p a t t e r n as e x p l a i n e d by 

Joubin ( i948tp. l j .6-48). F i g u r e £ of Joubin's paper reproduced 

here as f i g u r e 26 shows the i n t e r r e l a t i o n of v e i n f r a c t u r e s and 

other s t r u c t u r e s i n terms of the s t r a i n e l l i p s o i d . I t should 

be noted that the long a x i s of the e l l i p s o i d i s i n c l i n e d to the 

southeast at minus 45 degrees and corresponds to that which 

Joubin has termed the " a x i s of e l o n g a t i o n of the Br a l o r n e i n 

t r u s i o n " . 

The v a r i o u s f r a c t u r e planes of the s t r a i n e l l i p s o i d are 

designated as Set A, B, and C. These sets are r e l a t e d to t h e 

v a r i o u s v e i n s and f a u l t s throughout the B r a l o r n e and Pioneer 

mines. 

Set A T h i s i s expressed by the n o r t h e r l y - s t r i k i n g 

f a u l t s t h a t are unm i n e r a l i z e d , w i t h the p o s s i b l e e x c e p t i o n of 

No. 2 B r a l o r n e f a u l t . A l l notable shears belonging to t h i s set 

occur In Br a l o r n e mine. The set s t r i k e s between due nort h and 

north 20 degrees west and di p s range from 45 to 70 degrees west. 

The apparent h o r i z o n t a l component of movement on most f a u l t s of 

t h i s set i s d e x t r a l and amounts to 200 to 300 f e e t . 

Set B This set i s regarded as the complement to set 

A and i s r e p r e s e n t e d by the m a j o r i t y of economic veins i n the 

area. These v e i n s s t r i k e between 15> degrees no r t h and. south of 

http://i948tp.lj.6-48
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west, and d i p from 55 degrees n o r t h to v e r t i c a l , but have l o c a l 

steep r e v e r s a l s of d i p . The h o r i z o n t a l components of movement 

are always to the l e f t . The t o t a l movement on the v e i n s i s 

d i f f i c u l t to determine. James (19314.: p. 346) g i v e s an upward, 

movement of I4.OO f e e t f o r the Pioneer Main v e i n . Pronounced 

s t r i a t i o n s upon the ribbon*. . quartz i n the veins i n d i c a t e that 

the f i n a l movements, at l e a s t , were r e v e r s e and to the l e f t , 

f o r these s t r i a t i o n s pitch, at steep angles towards the east. 

Other veins i n Pioneer which correspond to set B are the 

8 9 , 92, T a y l o r , Countless E, P, 28, and the numerous s p l i t s 

such as the P o o t w a l l , J, and Hanging w a l l v e i n s which, j o i n the 

Main v e i n . 

Set C T h i s set i s represented by openings which, are 

found between the Main v e i n s t r u c t u r e s and c o n s i d e r e d to be 

t e n s i o n a l or 'cross over 1 s t r u c t u r e s . T h i s set i s r e p r e s e n t e d 

i n the lower l e v e l s of B r a l o r n e mine by the 5 9 , 13, and 79 

v e i n s , and i n Pioneer by the 27 v e i n . These veins may curve 

westward as they approach the .hanging w a l l of the Set B 

f r a c t u r e s . 

D e t a i l e d work by the author on the s t r u c t u r a l r e l a t i o n s 

of the 27 v e i n shows that t h i s v e i n i s not s t r i c t l y the f i l l i n g 

of a t e n s i o n opening, f o r there i s evidence that movement has 

•occured s u b p a r a l l e l to the v e i n w a l l s . 

I t may be noted that Joubin's i n t e r p r e t a t i o n of the 

s t r u c t u r e i n terms of the s t r a i n e l l i p s o i d takes no account of 

the 'Cadwallader Break' which i s the most prominent s t r u c t u r a l 



N 

LEGEND 
Indicates direction of dip 1 
Indicates direction of- s/ickensides and S ̂  
horizontal fault offszts ^ 

F^utf Z6 Strain Ellipsoid D iag ram RepTOdoted +ro~, T o u b m l ^ f S p \] 



95 

f e a t u r e of the whole raining carap. I t does not r e a d i l y f i t i n 

w i t h the s t r a i n e l l i p s o i d concept. 

I t i s c o n s i d e r e d that the s t r a i n e l l i p s o i d i s a con

v e n t i o n a l way of d e s c r i b i n g the e l a s t i c s t r a i n known to have 

e x i s t e d immediately p r i o r to any permanent rock d i s t o r t i o n . 

L e i t h (1937) has d i s c u s s e d the use of the s t r a i n e l l i p s o i d con

cept and c o n s i d e r s the s t r a i n e l l i p s o i d Is not a theory of 

rupture although i t i s p o s s i b l e to determine the nature of the 

pr e - r u p t u r e s t r a i n . 

Cloos (1955) performed experiments w i t h c l a y cakes which 

were supposed to r e p r e s e n t an homogeneous medium. He showed 

that the f i r s t shears formed are at 60 degrees to one another, 

and i t Is only upon f u r t h e r deformation that t h i s angle i s 

i n c r e a s e d . 

The w r i t e r w i l l attempt to c o r r e l a t e a l l the major and 

minor f r a c t u r e s , i n c l u d i n g the "Cadwallader Break", known In 

the mine area. 

An attempt w i l l be made now to e x p l a i n the d i s t r i b u t i o n 

of these f r a c t u r e s i n terms of the a n a l y s i s of wrench f a u l t 

systems r e c e n t l y made by Moody and H i l l s ( 1 9 5 6 ) . In order to 

make such a comparison, I t must be assumed that the s t r a i n p a t 

t e r n of Moody and H i l l s would be v a l i d not only f o r a s m a l l e r 

area but a l s o f o r an a x i s of p r i n c i p a l s t r e s s that i s other than 

h o r i z o n t a l . In the case of Pioneer mine, f o r example, t h i s 

p r i n c i p a l s t r e s s a x i s must have been i n c l i n e d to the east at 

some angle between 1+5 and v e r t i c a l ; and f u r t h e r , t h i s a x i s may 

not have had the same o r i e n t a t i o n throughout the p r o t r a c t e d 



F I G U R E 2 7 C o m p a r i s o n of s y s t e m o f W r e n c h F a u l t T e c t o n i c s p r o p o s e d by 

M o o d y and H i l l s and the f a u l t s at P i o n e e r M i n e . 

P , » . i E n » i ro SHOW RE._nr.oN o f C D W R U U R D I R 

P L A N O F W R E N C H S Y S T E M U N D E R S . M P L E C O M P R E S S I O N . 5»=B« Z o n e F . - S D r H e V . E N F , « S O R E 5 

MomnEO F » « M O O D Y ^ O H . I I S 1956. 

http://RE._nr.oN


97 

p e r i o d of deformation. 

F i g u r e 27 compares the d i s t r i b u t i o n of wrench f a u l t s 

r e s u l t i n g from a simple h o r i z o n t a l compression a c c o r d i n g to 

Moody and H i l l s w i t h a d i s t r i b u t i o n of f a u l t s of the Pioneer 

mine as seen i n a v e r t i c a l cross s e c t i o n . I t must be assumed 

that i n the l a t t e r example the p r i n c i p a l s t r e s s a x i s i s e i t h e r 

v e r t i c a l or h i g h l y i n c l i n e d . 

The primary 1st order f a u l t of Moody and H i l l s would be 

r e p r e s e n t e d by the "Cadwallader Break" which the w r i t e r has 

i n d i c a t e d p r e v i o u s l y to be a normal f a u l t . 

The complementary 1st order wrench f a u l t s would then be 

r e p r e s e n t e d by.a s e r i e s of shears having the same s t r i k e as the 

"Cadwallader Break" but d i p p i n g at h i g h angles towards the 

north, that i s , i n a d i r e c t i o n opposite to that of the "Cadawal-

l a d e r Break". The 2nd order r i g h t l a t e r a l wrench f a u l t s of 

Moody and H i l l s would be r e p r e s e n t e d by the Main v e i n system. 

The r e q u i r e d complementary f a u l t s should develop at an angle of 

60 degrees to the Main v e i n system, but such f a u l t s have not 

been r e c o g n i s e d by the w r i t e r i n that p a r t of the mine with 

which he i s f a m i l i a r . However, Cairnes has r e c o r d e d that i n the 

upper l e v e l s of Pioneer mine a " . . . . s e t of f a u l t s s t r i k e s about 

p a r a l l e l to the main v e i n f i s s u r e s , but dips n o r t h e r l y at a 

f l a t t e r angle (than the main vein) g e n e r a l l y about h £ ° I t 

i s p o s s i b l e that these f a u l t s d e s c r i b e d by Cairnes correspond 

to the complementary 2nd order f a u l t s . 

The 27-vein, somewhat of a s t r u c t u r a l enigma, has the 

p h y s i c a l appearance of a t e n s i o n f r a c t u r e and was so designated 



Stereographic Projection of Planes from 20-106,135,15 2 C r o s s c u t s 
( P O L E S P L O T T E D ) 

Shear pi an es 
Joi n t plane s N 

N 

C o n t o u r s 5,3,1 % Contours 7 , 6 , 3 % 
( 7 8 r e a d i n g s ) ( 6 7 readings) 

F I G U R E 2 8 C o m p o s i t e d i a g r a m F I G U R E 2 9 
N 

Q u a r t z f i l l e d p 1 an e s 
N 

C o n t o u r s 5,4,3,2,1 % 
( 2 2 0 r e a d i n g s ) 

F I G U R E 3 
T a y l o r Tunnel 

C o n t o u r s S, 4 ,1 % 
( 7 5 readings) 

F IG UR E 3 0 

C o n t o u r s 8,7 , 3, I 
( 6 0 r e a d i n g s ) 

F I G U R E 3 2 
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by Joubin. I t has, however, i n p l a c e s prominent r i b b o n i n g that 

tends to cross the v e i n at a very acute angle, and that ir.aj 

r e p r e s e n t planes of shear f a i l u r e . The 27 v e i n may f i t i n t o 

the Moody and H i l l s concept as the t e n s i o n a l f r a c t u r e comple

mentary to the 2nd order shears, and the r i b b o n i n g might then 

correspond to 3 r d order r i g h t l a t e r a l shears. 

F i g u r e s 2 8 , 2 9 , and 30 are the p o l a r diagrams of shear 

planes, j o i n t planes, and quartz v e i n l e t s t h a t are p r e s e n t i n 

the 20-106 c r o s s c u t , 2 0 - 1 3 5 c r o s s c u t and p a r t of the. 2 0 - 1 5 2 

c r o s s c u t and that were mapped and measured by the w r i t e r . I t 

w i l l be noted that at l e a s t one maximum roughly corresponds In 

a l l three diagrams. T h i s maximum i s I n t e r p r e t e d as the expres

s i o n of the f i r s t order shear or i t s complement. By combining 

the three diagrams i n F i g u r e 31 i t w i l l be seen that there are 

two prominent maxima, one p o s s i b l e r e p r e s e n t i n g the 1 s t order 

complement and the other- the 2nd order " r i g h t l a t e r a l " of Moody 

and H i l l s ( i . e . the Main v e i n ) . Secondary maxima i n the com

p o s i t e diagram probably r e p r e s e n t complementary shears. 

These maxima are not developed c o n s i s t e n t l y throughout 

the mine and at any g i v e n p o i n t only are set may be developed. 

For example, f i g u r e 32 shows the p l o t of p o l e s to a l l j o i n t s , 

and shears and quartz v e i n l e t s , i n the T a y l o r Tunnel a d i t , and 

has o n l y one maximum which corresponds to shear planes p a r a l l e l 

to the "Cadwallader Break", a f i r s t order f a u l t . 
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CATACLASTISM.OF' VEIN QUARTZ 

Thin s e c t i o n s were s t u d i e d of a l l v a r i e t i e s of quartz -

massive quartz, r i b b o n quartz, and quartz which seemed to be 

l a t e r than the r i b b o n i n g . O r i e n t e d specimens of massive and 

r i b b o n quartz ( l a b e l l e d A and B r e s p e c t i v e l y i n f i g u r e 37) were 

taken as c l o s e together as p o s s i b l e from the stope backs. 

No unique f e a t u r e s d i s t i n g u i s h i n g one type of quartz 

from another could be found. Quartz was the main m i n e r a l i n 

a l l t h i n s e c t i o n s s t u d i e d w i t h minor amounts of carbonate f i l 

l i n g f r a c t u r e s and b r e c c i a t e d zone. One s e c t i o n contained 

abundant a c l c u l a r c r y s t a l s of a r s e n o p y r i t e which appeared to 

be l a t e r than the main body of q u a r t z . 

The quartz i n the t h i n s e c t i o n s examined contained 

myriads of I n c l u s i o n s . These i n c l u s i o n s and t h e i r s i g n i f i c a n c e 

are d i s c u s s e d i n a subsequent s e c t i o n . The quartz i n the 21 

V e i n of Pioneer mine shows s e v e r a l f e a t u r e s of c a t a c l a s t i s m 

which may have b e a r i n g on the d e p o s i t i o n of the g o l d . I t has 

been suggested that g o l d i s l a t e i n the paragenesis and such 

zones of c a t a c l a s t i s m ocould form channel ways f o r ore b e a r i n g 

media. 

White (19l+3:p.250) has suggested that c a t a c l a s t i s m i s 

a f f e c t e d by temperature. In any environment below a c e r t a i n 

temperature the v e i n quartz would on l y be p u l v e r i z e d . Above 

t h i s temperature the quartz i s capable of r e c r y s t a l l i z i n g . The 

v e i n quartz of the 27 was i n v e s t i g a t e d to see i f any r e o r i e n t 

a t i o n of the quartz g r a i n s c o u l d be found i n the r i b b o n quartz. 
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Any r e o r i e n t a t i o n may i n d i c a t e the r e l a t i v e age of the quartz 

and i n d i c a t e the presence of g o l d . 

In the i n i t i a l stages of c a t a c l a s t i s m the s t r a i n i n g of 

quartz produces und u l a t a r y e x t i n c t i o n which i s v i s i b l e i n t h i n 

s e c t i o n s as an e x t i n c t i o n band t h a t sweeps across the c r y s t a l 

g r a i n s . At a l a t e r stage i n the process of c a t a c l a s t i s m the 

e x t i n c t i o n p a t t e r n becomes more d e f i n i t e and g r a i n s have a 

s t r i k i n g m o t tled e f f e c t i n the e x t i n c t i o n p o s i t i o n . The edges 

of the g r a i n s i n c o n t a c t w i t h other g r a i n quartz were p r e v i o u s l y 

i n t r i c a t e l y sutured, but now a s e r i e s of chains or c l u s t e r s of 

small c l e a r g r a i n s are gormed. (F i g u r e 33)• These sma l l g r a i n s 

are u n s t r a i n e d and c o n t a i n no i n c l u s i o n s i n c o n t r a s t to the 

l a r g e r s t r a i n e d c r y s t a l of which they were once p a r t . 

White s t a t e s that the c a t a c l a s i s m r e s u l t s i n a completely 

new te x t u r e composed of small equidimensional g r a i n s of c l e a r 

q u a r t z . The specimens of quartz s t u d i e d by the w r i t e r showed 

only s m a l l areas of f i n e g r a i n e d c l e a r quartz which was r e 

s t r i c t e d to g r a i n boundaries and zones of b r e c c i a t i o n . 

The development of s t r a i n e d v e i n quartz was d i s c u s s e d by 

Adams(1920:p.650) and the g e n e r a l process he p o s t u l a t e d i s 

giv e n below. 

Thin s e c t i o n s cut from u n s t r a i n e d quartz showed an ag

gregate of c o a r s e l y g r a n u l a r subhedral quartz g r a i n s which he 

c o n s i d e r e d to be the o r i g i n a l c r y s t a l s . 

A c c o r d i n g to Adams the f i r s t e f f e c t of s t r a i n i n c r y 

s t a l s of quartz i s the p r o d u c t i o n of wavyy or undulose 

e x t i n c t i o n , and l a t e r m o t t l e d e x t i n c t i o n . The mottled e x t i n c t -
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F i g u r e 33. Photomicrograph of v e i n q u a r t z . 
Grossed N i c o l s x 16. Note the 
mottled e x t i n c t i o n and the 
f o r m a t i o n of s m a l l c l e a r g r a i n s 
at the contacts of l a r g e 
s t r a i n e d quartz g r a i n s . 
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i o n i s shown by s m a l l but d e f i n i t e areas w i t h i n the l a r g e r 

c r y s t a l s , and are caused by r e - c r y s t a l l i z a t i o n of the s t r a i n e d 

q u a r t z . These areas i n c r e a s e In s i z e under c o n d i t i o n s of p r o

longed deformation. 

Adams c o n s i d e r s that during the f i n a l stages of s t r a i n 

produce i n t e r l o c k i n g aggregates of r a t h e r e quidimensional un

s t r a i n e d q u a r t z . A process f o r the g r a n u l a t i o n of quartz 

s i m i l a r to t h a t s t a t e d by Adams i s o u t l i n e d by Van H i s e , (1890) 

i n a d i s c u s s i o n of metamorphic r o c k s . He s t a t e s : 

"An i n d i v i d u a l , i n s t e a d of e x t i n g u i s h i n g upon the 
whole as a u n i t i s now composed of i n d i v i d u a l s 
which e x t i n g u i s h more or l e s s independently a l 
though the p o s i t i o n s of e x t i n c t i o n are not f a r 
from each other, except the g r a i n has been wholly 
destroyed". 

The mechanism f o r such a process of " g r a n u l a t i o n " i s 

obscure. However, s e v e r a l attempts have been made to e x p l a i n 

a s i m i l a r process which causes the breakdown and r e c o n s t i t u t i o n 

of quartz i n metamorphic rocks where the r e c o n s t i t u t e d quartz 

has a p r e f e r r e d o r i e n t a t i o n . T h i s r e c o n s t i t u t i o n of quartz i s 

governed by the f o r c e s a c t i n g at some p e r i o d , and much has been 

w r i t t e n i n an attempt to e x p l a i n the mechanics of t h i s o r i e n t 

a t i o n . 

In petro'fabric s t u d i e s i t i s u s u a l l y assumed t h a t the 

m i n e r a l s d i d not possess any p r e f e r e d primary o r i e n t a t i o n , un

l e s s I t can.be otherwise determined. - i . e . mica f l a k e s i n 

sedimentary rocks may be d e p o s i t e d so they are h o r i z o n t a l , and 

the C a x i s Is v e r t i c a l . 

'When d i r e c t i o n a l f o r c e s cause movement the m i n e r a l g r a i n s 
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are r o t a t e d ... r e i t h e r m e c h a n i c a l l y or by r e d i s t r i b u t i o n of 

m a t e r i a l taken i n t o s o l u t i o n by contact p r e s s u r e . The m i n e r a l 

g r a i n s of the metamorphic rocks w i l l f i n a l l y possess what i s 

termed a d i r e c t i o n a l f a b r i c . T h i s f a b r i c Is found by p l o t t i n g 

the axes of the m i n e r a l g r a i n s , on the lower h a l f of a s t e r e o 

g r a p h i c p r o j e c t i o n . When the 0 axes of quartz In metamorphic 

rocks are p l o t t e d i n t h i s waya s e v e r a l d i f f e r e n t f a b r i c diagrams 

are obtained. The diagrams have been e x p l a i n e d i n s e v e r a l ways 

by d i f f e r e n t suthors. Turner (19i+8:p.265) d e s c r i b e s s e v e r a l 

such f a b r i c s and reviews the p o s t u l a t e d mechanics of t h e i r 

f o r m a t i o n . Experimental data to confirm any of the hypotheses 

are not a v a i l a b l e , ! ' o r l a b o r a t o r y methods are not capable of a 

d i s r u p t i n g the strong space l a t t i c e of q u a r t z , which has c l o s e 

i n t e r l o c k i n g s i l i c a , t e t r a h e d r a , and i t i s d i f f i c u l t to i n t e r 

p r e t mechanical deformation In the c r y s t a l l o g r a p h i c s t r u c t u r e 

of quartz where planes of weakness are not easy to r e c o g n i s e . 

T h e o r i e s on the s t r a i n i n g of quartz are mainly concerned, 

w i t h the r e c o g n i t i o n of a p o t e n t i a l g l i d e plane. These planes 

have been quoted as -

1) an u n s p e c i f i e d f a c e In the p r i s m zone, 

2) a u n i t rhombohedron, or other f a c e , 

3) a 2nd order pyramid (1122) 

An e x p l a n a t i o n more f e a s i b l e than those concerned w i t h 

p o t e n t i a l g l i d e p l a n e s , was suggested by Griggs and B e l l ( 1 9 3 8 ) . 

They c o n s i d e r that when quartz i s deformed metamorphically I t 

r u p t u r e s i n t o n e e d l e l i k e fragments bounded by the u n i t rhom

bohedron, the b a s a l plane, and i r r e g u l a r s u r f a c e s (not d e f i n i t e 
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p r i s m a t i c planes) p a r a l l e l to the G a x i s . These fragments.are 

then drawn i n t o a s u b p a r a l l e l p o s i t i o n so that t h e i r l o n g a x i s 

are i n the d i r e c t i o n of movement. I t i s s i g n i f i c a n t t h a t 

s h a t t e r i n g of quartz c r y s t a l s i n t o n e e d l e l i k e fragments has 

been obtained by experimental methods. 

Recently, B a i l e y , B e l l and Peng ( 1 9 5 8 ) I n v e s t i g a t e d 

s t r a i n e d quartz c r y s t a l s from numerous environments. They used 

Laue photographs to show that a s t e r i s m o c c u r s . The f o r m a t i o n 

of asterism i s e x p l a i n e d by the b r e a k i n g of the quartz g r a i n s i n 

to a s e r i e s of n e e d l e - l i k e c r y s t a l l i t e s which are s u b p a r a l l e l 

to the c a x i s of the i n i t i a l parent g r a i n s . With continued 

deformation these c r y s t a l l i t e s are r e o r i e n t a t e d and then fuse 

together so t h a t a new c r y s t a l i s formed whose o r i e n t a t i o n i s 

governed by deformation. 

Prom the p r e s e n t work on the 27 v e i n i t would appear 

that the quartz i s broken down i n t o small s t r a i n e d areas which 

are l a t e r r e c r y s t a l l i z e d . The boundaries between these s t r a i n e d 

areas could, e a s i l y be channel ways f o r ore b e a r i n g s o l u t i o n s . 

The present s t u d i e s show no r e l a t i o n s h i p of the C a x i s 

of quartz g r a i n s to the megascopic s t r u c t u r e s i n the area nor 

to the a t t i t u d e s of the planes of i n c l u s i o n s . The s t u d i e s i n 

d i c a t e t h a t the v e i n quartz has undergone very l i t t l e r e c r y s t a l 

l i z a t i o n , and the f a b r i c shown by the p l o t t i n g of C axes to the 

quartz g r a i n s ( F i g u r e 34) i s c o n s i d e r e d to be random. 
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PLANES OP LIQUID INCLUSIONS AND THEIR SIGNIFICANCE 

Cairnes. (1937:p«5'5) d e s c r i b e d i n c l u s i o n s that occur i n fU 

a l l the p r i n c i p a l v eins of the B r a l o r n e , Pioneer area, and a l s o 

d e s c r i b e d i n c l u s i o n s w i t h i n the quartz of the soda g r a n i t e 

( 1 9 3 7:p - 2 7 ). Cairnes suggested t h a t such i n c l u s i o n s may be of 

s i g n i f i c a n c e i n the s e a r c h f o r f u r t h e r g o l d quartz v e i n s . 

I n c l u s i o n s i n quartz have been noted i n other areas by 

s e v e r a l authors. Leech (1953:p»50) s t a t e s that the v e i n quartz 

from the E l i z a b e t h group i n the Yalakarn R i v e r area possesses 

myriads of dust l i k e i n c l u s i o n s each of which c o n t a i n s l i q u i d 

and a gas bubble. Other authors have d e s c r i b e d i n c l u s i o n s i n 

quartz from magmatic and metamorphic r o c k s . 

The presence of planes of l i q u i d i n c l u s i o n s i n quartz 

from v a s t l y d i f f e r e n t environments i n d i c a t e s t h a t they cannot 

be used to I n d i c a t e the presence of g o l d . They are dependent 

upon the s t r e s s environment. 

T h i n s e c t i o n s form of v e i n quartz from the 27 V e i n 

examined by the w r i t e r a l l c o n t a i n myriads of i n c l u s i o n s . Some 

i n c l u s i o n s were carbonate m a t e r i a l or s u l p h i d e s and are 

c o n s i d e r e d primary and not d i s c u s s e d f u r t h e r . Other I n c l u s i o n s 

or vacuoles range i n s i z e from submicroscopic up to a few 

hundreds of m i l l i m e t e r s In s i z e . The shape of these i n c l u s i o n s 

i s extremely v a r i a b l e and t h e r e are v a r i e t i e s from sheet l i k e 

i n c l u s i o n s to i n c l u s i o n s w i t h more r e g u l a r shapes such as 

spheres, pearshaped, or e l l i p s o i d s 1 . The l a r g e r I n c l u s i o n s are 

seen to c o n t a i n a l i q u i d and a small bubble, but the r e l a t i v e 
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p r o p e r t i e s of these phases d i d not seem to be the same f o r 

d i f f e r e n t vacuoles. The bubble i s c o n s i d e r a b l y s m a l l e r i n 

comparison w i t h the l i q u i d but where the i n c l u s i o n s have been 

cut by the t h i n s e c t i o n the l i q u i d has escaped and the vacuole 

may appear opaque. 

These i n c l u s i o n s may be randomly d i s t r i b u t e d In the 

quartz, or occur i n i r r e g u l a r patches, or i n sinuous to f l a t 

p l a n e s . These planes g e n e r a l l y vary i n l o c a l a t t i t u d e but 

t h e i r average a t t i t u d e i s e a s i l y r e c o g n i s e d . The planes of 

I n c l u s i o n s may pass through g r a i n s i r r e s p e c t i v e of the c r y s t a l 

o r i e n t a t i o n . They may terminate at g r a i n boundaries or pass on 

through the next g r a i n without change i n e i t h e r a t t i t u d e or 

c o n t i n u i t y . (See F i g u r e s 35 and 36). These vacuole planes are 

always found i n s t r a i n e d quartz and a c c o r d i n g to the c r i t e r i a 

used by T u t t l e are of secondary o r i g i n . The s m a l l r e c r y s t a l 

l i z e d quartz g r a i n s that occur along g r a i n boundaries c o n t a i n 

no i n c l u s i o n s nor do the c l e a r u n s t r a i n e d quartz g r a i n s i n 

' l a t e r ' f r a c t u r e s . The c o n c l u s i o n i s t h a t the i n c l u s i o n s d i s 

appear d u r i n g r e c r y s t a l l i z a t l o n . 

Adams (1920:p .650) i n d i s c u s s i n g the c r y s t a l l i z a t i o n of 

v e i n quartz s t a t e s that i n the o r i g i n a l c r y s t a l l i z e d v e i n 

quartz the i n c l u s i o n s are randomly d i s t r i b u t e d . He concludes 

that w i t h r e c r y s t a l l l z a t i o n these i n c l u s i o n s would be removed. 

The exact mechanism f o r the f o r m a t i o n of planes of i n 

c l u s i o n s i s not w e l l known. Three main hypotheses have been 

suggested. 

Dale (1923) c o n s i d e r e d that the planes r e s u l t e d from a 
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growth, of phenomenon, and a p p l i e d t h i s theory to the f o r m a t i o n 

of planes of i n c l u s i o n s i n the quartz of g r a n i t e s . However he 

.•6 r e c o g n i s e d the e x i s t e n c e of some planes of l i q u i d i n c l u s i o n s 

which had a secondary o r i g i n . 

The apparent l a c k of r e l a t i o n s h i p between the planes of 

i n c l u s i o n s and the c r y s t a l axes and the e x t e n s i o n of planes 

across g r a i n boundaries do not i n d i c a t e a primary o r i g i n f o r 

the i n c l u s i o n planes i n the Pioneer v e i n q uartz. 

Judd (1886) b e l i e v e d that the pl a n e s of i n c l u s i o n s were 

formed by s o l u t i o n s e n t e r i n g along planes of easy s o l u b i l i t y . 

He considered that these planes along which s o l u t i o n s r e a d i l y 

moved have a d e f i n i t e r e l a t i o n s h i p to the symmetry of the 

c r y s t a l system, but he r e a l i z e d that such a r e l a t i o n s h i p c ould 

not always be determined. 

As e a r l y as 1884 H i c k s proposed a fractiwrs hypothesis i n 

which he d e s c r i b e d planes that were of a seconday o r i g i n and 

were r e l a t e d to f r a c t u r e s i n the primary quartz which were 

caused by deformation. . These planes were l a t e r f i l l e d w i t h 

secondary quartz. Tut t i e (19l j .9 :p. 331+) e l a b o r a t e d on t h i s theory 

by a t t r i b u t i n g the f r a c t u r i n g of the quartz to the same deform-

a t i o n a l f o r c e s that produce such s t r u c t u r e s as j o i n t i n g , f a u l t 

in g , etc. He co n s i d e r e d t h a t the f r a c t u r i n g was f o l l o w e d by 

the f i l l i n g of the f r a c t u r e s w i t h a l i q u i d which u l t i m a t e l y 

c r y s t a l l i z e d . A c c o r d i n g to T u t t l e those p a r t s of the f r a c t u r e 

that were not annealed w i l l occur as i n c l u s i o n s and the s i z e s 

and shapes of such i n c l u s i o n s w i l l be i n d i c a t i v e of the age of 

the f r a c t u r e and the l e n g t h of time taken f o r the annealing to 



F i g u r e 35. P h o t o m i c r o g r a p h snowing p l a n e s 
of l i q u i d i n c l u s i o n s i n q u a r t z . 
P l a i n l i g h t x 1+6. T h i s s e c t i o n 
26-112B. 

F i g u r e 36. P h o t o m i c r o g r a p h showing p l a n e s 
of l i q u i d i n c l u s i o n s . P o l a r i z e d 
l i g h t x 1+6. T h i n s e c t i o n 26-112B. 
The same s e c t i o n p o s i t i o n as 
f i g u r e 35, showing the p l a n e s 
pass t h r o u g h g r a i n c o n t a c t s . 
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occur. He a l s o c o n s i d e r s that the p r o g r e s s i o n of the a n n e a l i n g 

i s seen by: 

1) The f o r m a t i o n of f r a c t u r e s seen as t h i n l i n e s under 

the microscope. 

2) The a n n e a l i n g of c e r t a i n s e c t i o n s of the f r a c t u r e , 

which r e s u l t s i n the f o r m a t i o n of vacuoles i n areas not yet 

annealed. 

3) The gradual apparent displacement of the T t y % G ^ o l e s due 

to continued d e p o s i t i o n of q u a r t z . The vacuoles i n the l a s t 

stages do not occur i n w e l l d e f i n e d l i n e s . 

The energy causing s o l u t i o n and d e p o s i t i o n of quartz 

along these f r a c t u r e s can be mechanical or thermal and s u b s t i 

t u t i o n and d e p o s i t i o n were p o s s i b l y a f f e c t e d by the 'Riec.&e' 

p r i n c i p l e . TheRlee'ke p r i n c i p l e i s the e f f e c t of contact p r e s 

sure on s o l u t i o n . 

The exact mechanism of the f o r m a t i o n of i n c l u s i o n s i n 

quartz was s t a t e d by T u t t l e to be the d i s s o l v i n g of m a t e r i a l 

along s u r f a c e s of c o n t a c t , which may have been f o l l o w e d by 

e i t h e r d e p o s i t i o n of d i s s o l v e d m a t e r i a l i n areas of lower p r e s 

sure or d e p o s i t i o n upon p r e - e x i s t i n g c r y s t a l s , due to o s s c i l -

a t i o n s i n temperature which r e s u l t s i n the continued growth of 

p r e - e x i s t i n g c r y s t a l s . 

T u t t l e (191+9) examined s e v e r a l quartz specimens from an 

area of 200 square m i l e s i . - - P r Washington, D.C. These specimens 

contained i n c l u s i o n s . T u t t l e (191+9:p. 34°) concluded that no 

m i c r o s c o p i c s t r u c t u r e s c o u l d be found that c o u l d be d i r e c t l y r e -
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l a t e d to the planes of l i q u i d i n c l u s i o n s w i t h i n the quartz, but 

t h a t i t was p o s s i b l e f o r some i n c l u s i o n s i n v e i n quartz to be 

r e l a t e d to the megascopic s t r u c t u r e s . Furthermore, h i s s t a t i s 

t i c a l s t u d i e s of planes of l i q u i d i n c l u s i o n s i n quartz, 

i n d i c a t e d t h a t there was no c o n t r o l of the o r i e n t a t i o n of these 

planes by c r y s t a l l o g r a p h i c d i r e c t i o n s i n the quartz. T u t t l e 

(1914-9:p. 354) b e l i e v e d that the planes of i n c l u s i o n s are younger 

than the primary s t r u c t u r e s of the area and are not g e n e t i c a l l y 

r e l a t e d . 

The w r i t e r s t u d i e d s e v e r a l s e c t i o n s of v e i n quartz from 

the 27 v e i n of Pioneer. The o r i e n t e d s l i d e s of quartz were 

pl a c e d on a L e i t z I4. a x i s u n i v e r s a l stage and the a t t i t u d e s of 

the planes of. i n c l u s i o n s were measured. T h e i r p o l e s then were 

p l o t t e d as a s t e r e o g r a p h i c p r o j e c t i o n using the lower h a l f of 

the sphere. 

The way i n which e r r o r s may r e s u l t i n the a c t u a l measure

ment of the planes have been d e s c r i b e d by T u t t l e as -

1) These planes are undulose and the average d i r e c t i o n 
must be taken. T h i s w i l l r e s u l t i n the l o s s of 
d e t a i l but should not a f f e c t the o v e r a l l r e s u l t . 

2) The d i r e c t i o n of the planes w i l l a f f e c t the number 
of the r e a dings r e c o r d e d i n a t r a v e r s e of the s l i d e 
and the s t a t i s t i c a l a n a l y s i s w i l l be i n e r r o r . 

To o b t a i n optimum values f o r the s t a t i s t i c a l a n a l y s i s 

T u t t l e used one s l i d e ;-.,each cut at r i g h t angles to the plane of 

i n c l u s i o n . He made determinations on them and combined the 

r e s u l t s . In the present work one h o r i z o n t a l and one v e r t i c a l 

s e c t i o n were cut from each specimen of v e i n quartz. The 
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s e c t i o n s cut i n the v e r t i c a l plane are r e f e r r e d to as A', and 

B', and the r e s u l t s of the v e r t i c a l s e c t i o n have been r o t a t e d 

i n t o a h o r i z o n t a l plane. I t was c o n s i d e r e d that any h o r i z o n t a l 

or sub h o r i z o n t a l planes of i n c l u s i o n s would not be r e c o g n i z e d 

i n the h o r i z o n t a l s e c t i o n , but would be seen i n the v e r t i c a l 

s e c t i o n , and no planes In the quartz would remain undetected. 

The r e s u l t s of the measurements of planes of i n c l u s i o n s 

are expressed i n f i g u r e 37 diagram 1 to 1 0 , and f o r comparison 

the composite s t e r e o g r a p h i c p r o j e c t i o n of the megascopic planes 

of f a i l u r e i n 20 l e v e l u>s> reproduced as diagram 11 . 

The f a b r i c diagrams of planes of I n c l u s i o n s i n d i c a t e 

maxima which may be r e l a t e d to the maxima of the f a b r i c of the 

megascopic s t r u c t u r e s . But i n a s i m i l a r manner to the megas

c o p i c f e a t u r e s the maxima are not always the same In each 

diagram which i n d i c a t e s t h a t there i s a p r e f e r e n t i a l develop

ment of p l a n e s . 

The f a b r i c diagrams I n d i c a t e t h a t over sma l l areas and 

i n c e r t a i n environments the planes of I n c l u s i o n s may be d i r e c t l y 

r e l a t e d to megascopic s t r u c t u r e s of the area. In the case of 

Pioneer mine, the s t r u c t u r e s may a l l be r e l a t e d to the 

development of the "Cadwallader Break" or the Main v e i n system, 

with the complementary s t r u c t u r e s a l s o developed. 

ORE SHOOT CONTROLS 

Although a l l the banded quartz veins throughout the mine 

c o n t a i n t r a c e s of g o l d , there are only a l i m i t e d number of ore 

shoots. The presence of these ore shoots may depend on the 
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grade or width of the v e i n , and the dimensions of these ore 

shoots are u s u a l l y determined by assay v a l u e s , r a t h e r than 

p h y s i c a l d i s c o n t i n u i t i e s . 

The most important g o l d quartz v e i n s i n the Cadwallader 

g o l d b e l t appear to be a s s o c i a t e d w i t h areas of B r a l o r n e i n 

t r u s i o n s . T h i s i n d i c a t e s a s i m i l a r g e n e t i c o r i g i n f o r b o t h the 

g o l d and the B r a l o r n e i n t r u s i o n s . 

The f a c t o r s c o n s i d e r e d to be r e s p o n s i b l e f o r the form

a t i o n of ore shoots are summarized below. 

1) The most f a v o u r a b l e f e a t u r e i s the presence of a rock 

which i s able to s u s t a i n f r a c t u r e s . The d i s t r i b u t i o n 

of the veins i n the igneous rocks r a t h e r than the 

a r g i l l i t e s and s e r p e n t i n e may be e x p l a i n e d i n terms 

of r e l a t i v e competency. I t i s s i g n i f i c a n t that no 

g r e a t development has been made of any v e i n s occur-

i n g i n these s e r p e n t i n e s and a r g i l l i t e s , and i t i s 

c o n s i d e r e d t h a t such rocks are d i s t i n c t l y unfavour

able f o r the f o r m a t i o n of ore. 

2) With the f o r m a t i o n of f r a c t u r e s and shears the 

presence of s u i t a b l e ore s o l u t i o n s i s e s s e n t i a l , and 

a c o i n c i d e n c e of a p p r o p r i a t e temperatures, p r e s s u r e s , 

and chemical c o n d i t i o n s would be r e q u i r e d . The 

p h y s i c a l and chemical c o n d i t i o n s at the time of v e i n 

f o r m a t i o n are not known, and t h e i r exact nature can 

only be surmised. 



3) The necessary openings f o r d e p o s i t i o n of v e i n 

m a t e r i a l would be found i n the f i s s u r e s at l o c a t i o n s 

where changes i n s t r i k e or.' dip occur. Such v a r i 

a t i o n s are r e f l e c t e d by the d i s t r i b u t i o n and widths 

of the ve i n s and may to some extent r e p r e s e n t changes 

i n the r e l a t i v e competences of the rock types i n 

which the f i s s u r e s formed. The exact l o c a t i o n s of 

s e c t i o n s of r e l a t i v e l y wide v e i n m a t e r i a l would a l s o 

depend on the d i r e c t i o n of the movement. The more 

n o r t h e r l y s t r i k i n g s e c t i o n s of the main v e i n systems 

tend to be the pinched s e c t i o n s which r e p r e s e n t the 

be a r i n g s u r f a c e s of the movement. Such s u r f a c e s 

or planes would be compatible w i t h a re v e r s e s i n i s t r a l 

movement. 

I4.) Cairnes considered that an important f a c t o r f o r ore 

d e p o s i t i o n i s the presence of i n t r a - m i n e r a l i z a t i o n 

shears. These shears are r e p r e s e n t e d by the ;r,ibb.oji 

quartz i n Pioneer mine. The presence of rab.b.ani quartz 

sometimes i n d i c a t e s that the v e i n w i l l c o n t a i n b e t t e r 

g o l d values than u s u a l l y found, but t h i s i s not a l 

ways t r u e . The reasons f o r t h i s v a r i a b l e r e l a t i o n s h i p 

between the g o l d content and the banding has been 

d i s c u s s e d i n the. s e c t i o n r e l a t i n g to the banding as 

seen i n the 27 v e i n . 

5 ) The i n t e r s e c t i o n of f r a c t u r e s and t h e i r minor s p l i t 

t i n g i n c e r t a i n s e c t i o n s have long been r e c o g n i z e d 
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as p o t e n t i a l l o c a t i o n s of ore shoots. These i n t e r 

s e c t i o n s and s p l i t t i n g s are not always conducive to 

ore d e p o s i t i o n at Pioneer mine as can be seen by the 

co n t a c t of the Main and 27 v e i n s on 22 l e v e l . At 

t h i s p o s i t i o n there i s no i n c r e a s e i n quartz widths 

and there i s no i n c r e a s e i n g o l d v a l u e s . 

The enrichment i n g o l d of these i n t e r s e c t i o n s would 

depend on. 

1) o r i g i n of the f i s s u r e s 

2) m i n e r a l h i s t o r y of these f i s s u r e s 

3) the r e l a t i v e p o s i t i o n s of the f i s s u r e s and the 
d i r e c t i o n of movement of the ore forming medium. 

6) The most ou t s t a n d i n g ore c o n t r o l i n the mine i s the 

ser p e n t i n e f a u l t zone, which forms the southern l i m i t 

of the mine workings. The f a u l t d i p s a t a steep angle 

to the south. The v e i n f i s s u r e s d i p to the n o r t h and 

t h e i r upper l i m i t s are determined by t h e i r c o n t a c t s 

w i t h t h i s s e r p e n t i n e . These c o n t a c t s plunge towards 

the west, and the ore shoots o c c u r i n g below the 

se r p e n t i n e have the o v e r a l l form of c u r t a i n s hanging 

from the se r p e n t i n e c o n t a c t . The serp e n t i n e i s very 

incompetent a.nd i t i s thought that i t was unable to 

form or s u s t a i n an open f r a c t u r e system d u r i n g the 

p e r i o d of v e i n f o r m a t i o n so that i t acted as an im

permeable capping to the channelways formed by the 

v e i n f i s s u r e s . T h i s capping d i d not dam the 'vein' 
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s o l u t i o n s f o r there i s no i n c r e a s e i n the widths of 

the v e i n s beneath the c o n t a c t . The capping acted w i t h 

a c h a n n e l i z i n g i n f l u e n c e to concentrate the f l o w of 

v e i n m a t e r i a l below i t and caused an i n c r e a s e i n the 

d e p o s i t i o n of g o l d . 

The overhang of l o c a l s e r p e n t i n e and of f a u l t gouge 

along the greenstone-sediment co n t a c t to the n o r t h of 

the greenstone has r e s u l t e d i n the f o r m a t i o n of minor 

ore shoots, none of which has been developed. 



CHAPTER VI 

ORIGIN OP THE GOLD QUARTZ VEINS 

The p o s i t i o n s of the ore shoots i n the v e i n s at Pioneer 

Mine appear to be dependent upon l o c a l c o n d i t i o n s such as the 

p o s i t i o n s and s i z e s of a v a i l a b l e openings which were c o i n c i d e n t 

i n space and time w i t h the ore b e a r i n g medium. The a p p r o p r i a t e 

temperatures and p r e s s u r e s and chemical c o n d i t i o n s must have 

been constant over a v a s t area because the veins throughout the-

mining camp of B r a l o r n e and Pioneer have an i d e n t i c a l miner

alogy which p e r s i s t s to great depths. The Main v e i n has been 

i n v e s t i g a t e d to depths of almost <?,000 f e e t by underground 

development and diamond d r i l l i n g . 

The quartz of the Pioneer v e i n s was c o n s i d e r e d by 

Cairnes and others to have been d e r i v e d from the same magma 

that gave r i s e to the soda g r a n i t e and B r a l o r n e d i o r i t e . The 

evidence which suggests a geneit-ic r e l a t i o n s h i p between the 

B r a l o r n e i n t r u s i o n s and the g o l d quartz veins i s the f a c t that 

they occur i n c l o s e p r o x i m i t y to one another. The a s s o c i a t i o n 

of g o l d quartz v e i n s and a l b i t e r i c h r o c k s has been d i s c u s s e d 

by G a l l a g h e r (191+0) who quotes the B r i d g e R i v e r d i s t r i c t as an 

example of t h i s a s s o c i a t i o n . 

In the p a s t decade many authors have questioned the 

hydrothermal o r i g i n of many ore d e p o s i t s . O f t e d a h l (1958) has 

proposed an e x h a l a t i v e - s e d i m e n t a r y o r i g i n f o r many p y r i t e 
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d e p o s i t s , and S u l l i v a n (192+8) has contended t h a t ore d e p o s i t s 

are not d e r i v e d from the d i f f e r e n t i a t i o n of magma but r a t h e r 

may be formed mainly from sediments and -other r o c k s a v a i l a b l e 

i n the s o i l at the time g r a n i t i z a t i o n takes p l a c e . 

S u l l i v a n (192+8) has shown there i s an a s s o c i a t i o n of 

go l d and greenstone, which he c o n s i d e r s may not be due to the 

p h y s i c a l and chemical p r o p e r t i e s of the greenstone. These 

p r o p e r t i e s supposedly make the greenstone more f a v o u r a b l e f o r 

the d e p o s i t i o n of g o l d than the sedimentary rocks because the 

greenstone can s u s t a i n open f r a c t u r e s i n which g o l d - q u a r t z 

veins can be l o c a t e d . He f u r t h e r i m p l i e s t h a t the greenstone 

may be regarded as the source rocks f o r gold i n much the same 

way that shale i s regarded'as the source rock f o r petroleum. 

The nature of the mechanism f o r the e x t r a c t i o n of the g o l d 

contained i n the greenstone and of i t s c o n c e n t r a t i o n i n t o 

economic d e p o s i t s Is not s t a t e d by S u l l i v a n . 

Boyle.-3 (1959:p. 1523) who has d e s c r i b e d the •Yellowknife 

g o l d d e p o s i t s i n the N o r t h w e s t T e r r i t o r i e s of Canada suggests 

a mechanism f o r the c o n c e n t r a t i o n of g o l d from greenstone which 

i s as f o l l o w s : 

"1 The v o l a t i l e s and other c o n s t i t u e n t s of the 
de p o s i t s were d e r i v e d by l a t e r a l and v e r t i c a l 
s e c r e t i o n from a s e r i e s of rocks i n which they 
occur. 

2 The energy necessary to m o b i l i z e v a r i o u s -
elements and concentrate them i n d e p o s i t s was In 
p a r t due to d i l a t a n c y r e s u l t i n g from s t r u c t u r a l 
deformation." 

Boyle bases h i s assumption upon geochemical s t u d i e s of 

the rock types at Y e l l o w k n i f e . He f i n d s that there i s . a n i n -
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crease In v o l a t i l e b e a r i n g m i n e r a l s towards shear zones,, and a 

corresponding decrease towards the g r a n i t e . 

The greenstone and the metamorphosed e q u i v a l e n t s at 

Y e l l o w k n l f e do not appear to be unusual rock types and i t would 

seem that the mechanism suggested by Boyle may e x p l a i n the 

a s s o c i a t i o n of go l d and greenstone. 

At Pioneer mine there i s no i n d i c a t i o n that a mechanism 

such as suggested by Boyle has been r e s p o n s i b l e f o r the form

a t i o n of the gol d - q u a r t z v e i n m a t e r i a l . Although i t i s 

impossible to determine the o r i g i n of the g o l d b e a r i n g s o l u t i o n s , 

i t i s reasonable to assume, on the b a s i s of the present work, 

that the v e i n m a t e r i a l was d e r i v e d from a d i f f e r e n t i a t i n g 

magma. The f i n a l a c i d phases of t h i s magma were capable of 

causing a l b . i t i z a t i o n of the B r a l o r n e i n t r u s i o n s and the adjacent 

greenstones. The go l d - q u a r t z v e i n s of Pioneer mine may be 

c l a s s i f i e d as mesothermal and are a s s o c i a t e d w i t h the f i n a l 

a c i d phases of the B r a l o r n e i n t r u s i o n s , but they are l a t e r i n 

time. 



CHAPTER VII 

CONCLUSIONS 

The sedimentary and v o l c a n i c rocks of Pioneer mine are 

probably e a r l y Mesozoic i n age. Although p r e v i o u s authors 

s u b d i v i d e d some of the sedimentary rocks of the Cadwallader 

creek area i n t o the Hurley and Noel formations on the b a s i s of 

the carbonate content, the w r i t e r c o n s i d e r s that the carbonate 

has been i n t r o d u c e d a f t e r d e p o s i t i o n of the r o c k s . The w r i t e r , 

l i k e Joubin (191+8), concludes that the two proposed formations 

are a c t u a l l y the same rock u n i t . 

The B r a l o r n e i n t r u s i o n i s composed of B r a l o r n e d i o r i t e 

of v a r i a b l e composition and texture^and soda g r a n i t e . The 

i n t r u s i o n has f a u l t e d c ontacts at Pioneer mine and the w r i t e r 

can f i n d no evidence to support a g r a n i t i z a t i o n o r i g i n f o r i t . 

The v a r i a b l e nature of the B r a l o r n e d i o r i t e i s p o s s i b l y a 

r e f l e c t i o n of the h i g h v o l a t i l e content of the o r i g i n a l magma 

from which i t was formed. There i s no evidence f o r a 'con

tamination' o r i g i n f o r t h i s rock. 

The p o s s i b i l i t y of a replacement o r i g i n f o r the soda 

g r a n i t e has been considered, but the w r i t e r concludes that the 

soda g r a n i t e i s of magmatic o r i g i n . Sodic s o l u t i o n s have 

caused some a l t e r a t i o n of a l l the g r a n i t i c r o c k s , and these 

s o l u t i o n s were r e s p o n s i b l e f o r the a l b i t i z a t i o n of the Pioneer 

formation. The rock c a l l e d greenstone d i o r i t e p r e v i o u s l y 

considered to be p a r t of the Pioneer f o r m a t i o n has been formed 
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by s h e a r i n g of the Bra l o r n e d i o r i t e . 

The r e p e t i t i o n of the Hurley-Noel f o r m a t i o n and the 

Pioneer f o r m a t i o n i n the v i c i n i t y of Pioneer can be e x p l a i n e d 

by movement on the 'Cadwallader Break'. The g e n e r a l s t r u c t u r e 

i s t h e r e f o r e l i k e l y a f a u l t e d ho.mocline. 

The d i s t r i b u t i o n of the g o l d quartz veins of Pioneer 

mine can be r e l a t e d to the Cadwallader Break, and the system of 

f a u l t s formed by the v e i n f i s s u r e s , megascopic f r a c t u r e s , and 

the Cadwallader B'neak i s s i m i l a r to that of a t h e o r e t i c a l f a u l t 

system proposed by Moody and H i l l s ( 1 9 5 6 ) . 

Planes of i n c l u s i o n s i n the quartz of the quartz v e i n s 

have the same g e n e r a l a t t i t u d e as the megascopic planes of 

rupture ( j o i n t s , shear p l a n e s ) . The planes of l i q u i d i n c l u s 

ions appear to be the m i c r o s c o p i c a f f e c t s of deformation. 

. The g o l d quartz v e i n s are g e n e t i c a l l y r e l a t e d to the 

Bra l o r n e i n t r u s i o n s . Although there i s a p o s s i b i l i t y that 

evidence f o r a g r a n i t i z a t i o n process may e x i s t at depth, the 

gold - q u a r t z v e i n s are considered to be hydrothermal, and are 

l a t e r than the a c i d phase of the phase of the Br a l o r n e 

i n t r u s i o n s . These veins have a simple mineralogy and may be 

c l a s s i f i e d as mesothermal g o l d - q u a r t z v e i n s . 
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