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SUMMARY 

The specimens f o r t h i s e x e r c i s e were taken from the 
A t l i n Ruffner Mine, northeast of A t l i n , B. G. 

The mine i s l o c a t e d on Vaughan mountain which i s 
composed of q u a r t z - d i o r i t e and d i o r l t e , both of which are 
cut by m i n e r a l i z e d basic dykes and barren a p l i t e dykes. 

M e t a l l i c minerals determined were galena, sphaler
i t e , p y r l t e , marcasite, c h a l c o p y r i t e , arseno p y r i t e , t e t r a -
h e d r i t e , p y r a r g y r i t e , and p y r r h o t i t e i n order of decreasing 

i t e and a l t e r e d w a l l rock. 

The deposit Is mesothermal, probably near the higher 
end of t h i s type. 

abuidance. c a l c i t e , anker-
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INTRODUCTION 

The f o l l o w i n g r e p o r t i s a r e s u l t of a mineralo-
grapbic study of specimens from the A t l i n Ruffner Mine, A t l i n , 
B.C. The study was c a r r i e d out during part of the s p r i n g 
s e s s i o n of 1 9 5 3 at the U n i v e r s i t y of B r i t i s h Columbia as an 
ex e r c i s e i n mineralography. 

The w r i t e r extends thanks to Dr. Thompson, Dr. 
Okuli£h, Mr. Donnan, and Mr. Dodson f o r t h e i r advice, c r i t i 
cism, and guidance. 
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LOCATION AND HISTORY x 

The A t l i n Ruffner Mine, p r e v i o u s l y known as the At
l i n S i l v e r - L e a d Mines, i s l o c a t e d on Vaughan Mountain, 
about 1 6 miles northeast of A t l i n . 

Development of t h i s property was s t a r t e d i n 1921 by 
Mr, J . M. Ruffner. P r e l i m i n a r y surveying, t r e n c h i n g , and 
mapping was c a r r i e d out, and s e v e r a l tunnels d r i v e n to 
block out ore. 

Between 1 9 2 1 and 1 9 2 6 , the property was leased by 
the F e d e r a l Mining and Smelting Company, under the manage
ment of Mr. Ruffner, and from then u n t i l 1 9 3 4 I t was oper
ated by B u f f a l o I n t e r e s t s and managed by Mr. Ruffner. A 
t o t a l of 2 2 5 tons of ore was shipped between 1 9 2 1 and 1 9 2 6 

which nett e d approximately $ 1 0 0 . 0 0 per ton. 

During the summers of 1 9 5 1 and 1 9 5 2 a sampling and 
diamond d r i l l i n g program was undertaken. 

1 B.C. M i n i s t e r of Mines Reports, 1921-1932 & 1934 
G-.S.C. Summary Report, 1925. 



GENERAL GEOLOGY1 

Vaughan mountain, e l e v a t i o n 6 9 0 0 f e e t , i s one of a 
s e r i e s of peaks comprising a range running i n a general 
n o r t h e r l y d i r e c t i o n . The range i s separated from other para
l l e l ranges by Fourth of J u l y Greek on the west, and S i l v e r 
Creek on the east. The mountain i s comprised of coarse 
q u a r t z - d i o r i t e and f i n e - g r a i n e d d l o r i t e . 

Eoth the q u a r t z - d i o r i t e and the d i o r i t e are cut by a 
s e r i e s of p a r a l l e l lamprophyre dykes and another s e r i e s of 
smaller a p l i t e dykes. 

The b a s i c dykes s t r i k e n o r t h e a s t e r l y and vary i n width 
from a few inches to about 40 f e e t . Some of the dykes are min
e r a l i z e d , the m i n e r a l i z a t i o n being dependent upon the formation 
of f a u l t s and f i s s u r e s . These f a u l t s a l s o provided channels f o r 
p e r c o l a t i n g water which caused some secondary enrichment near 
the surface. At the lower l e v e l , p a r t s of these dykes grade 
i n t o a quartz porphyry. 

The a p l i t e dykes are narrow, barren, and l a t e r than the 
j'c 

b a s i c dykes. They nrobably represent the a c i d end ohase of the 
quartz d i o r i t e . 

4 
1 -B.C. M i n i s t e r of Mines Reports, 1 9 2 1 - 1 9 3 2 & 193% 

-G.S.C. Summary Report, 1 9 2 5 
- O k u l i t c h , V. J . - Ore Deposits of the Eastern Side of the 

Coast Range B a t h o l i t h (with s p e c i a l reference to 
A t l i n D i s t r i c t ) - t h e s i s f o r Master's degree i n 
App l i e d Science, 1 9 3 2 . 
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The ore occurs mostly w i t h i n the ba s i c dykes. In gen
e r a l the vei n s are w e l l d e f i n e d , but there i s some replacement 
of the dykes, and they vary i n width from a few inches to f i v e 
f e e t . 

MICROSCOPIC RESULTS 
M e t a l l i c minerals i d e n t i f i e d were galena, s p h a l e r i t e , 

p y r i t e , marcasite, c h a l c a p y r i t e , a r s e n o p y r i t e , t e t r a h e d r i t e , 
p y r a r g y r i t e , and p y r r h o t i t e i n order of decreasing abundance. 

G-angue minerals c o n s i s t of q u a r t z , c a l c i t e , a l i g h t 
to dark brown carbonate, probably a n k e r i t e (B.C. M i n i s t e r of 
Mines, 1 9 3 0 ) and fragments of the w a l l rock, some of which 
have been a l t e r e d to a dark green, s o f t m ineral which may be 
serpentine.' 

PYRRHOTITE 
P y r r h o t i t e was p o s s i b l y the f i r s t m i neral deposited, 

although there i s no microscopic evidence of t h i s . The only 
reason f o r t h i s s u p p o s i t i o n i s that p y r r h o t i t e i s the highest 
temperature mineral present. 

Only three g r a i n s were found i n a l l the s e c t i o n s . 
These are m #11 s e c t i o n and occur i n the galena as r e g u l a r l y 
shaped bodies w i t h f a i r l y smooth boundaries, the l a r g e s t of 
which was 1 1 0 x 5 0 microns. The gra i n s were i d e n t i f i e d by 
t h e i r hardness, c o l o r , strong anisotropism, and etch t e s t s . 



ARSENOPYRITE 
Arsenopyrite was the f i r s t m e t a l l i c mineral to be de

p o s i t e d (with the p o s s i b l e exception of p y r r h o t i t e ) . I t 
commonly occurs as c h a r a c t e r i s t i c rhomb-shaped and t r i a n g u l a r 
c r y s t a l s from 10 microns to § num. i n s i z e . 

Hardness, shape, anisotropism, c o l o r and etch t e s t s 
r e a d i l y i d e n t i f i e d i t . 

Galena and s p h a l e r i t e commonly replace i t , ( F i g . 1) 
as does c h a l c o p y r i t e to a l e s s e r extent. 

::&RCA3IT£ AND PYRITE 
These two minerals commonly occur together as i n t i 

mate intergrowths of coarse grained aggregates, some of the 
g r a i n s being f a i r l y w e l l c r y s t a l i z e d . Their time of deposi
t i o n i s n e a r l y contemporaneous, but the marcasite began 
s l i g h t l y e a r l i e r . A c e r t a i n amount of overlapping e x i s t s bet 
ween them and the p r e v i o u s l y deposited a r s e n o p y r i t e . 

The hardness, c o l o r , shape, p o l i s h , etch t e s t s , i s o -
tropism of the p y r l t e , and anisotropism of the marcasite made 
these minerals e a s i l y i d e n t i f i a b l e . 

Replacement of p y r l t e by galena, s p h a l e r i t e ( F i g . 2) 
c h a l c o p y r i t e , and marcasite i s not uncommon. Marcqsite i s 
o c c a s i o n a l l y replaced by galena. 

SPHALERITE 
The c o l o r , hardness, i s o t r o p i s m , and i n t e r n a l r e f l e c t 



i o n of s p h a l e r i t e made i t s i d e n t i f i c a t i o n p o s s i b l e . The redd¬
i s h i n t e r n a l r e f l e c t i o n I n d i c a t e s that i t i s the s e e - r i c h 
v a r i e t y (Uytenbogaardt)• 

s 
S p h a l e r i t e occurs mostly as i r r e g u l a r l y - s h a p e d , con

tinuous masses, but Is also present as minute blebs i n the 
c h a l c o p y r i t e which are up to 5 microns across. These blabs 
are probably formed by unmixing of a s o l i d s o l u t i o n of the two 
min e r a l s . 

S p h a l e r i t e was deposited a f t e r p y r i t e and before g a l 
ena. Some replacement by galena i s evident ( F i g . 1 ) . 

CHALCOPYRITE 
Chal c o p y r i t e was i d e n t i f i e d by i t s c o l o r , hardness, 

b r l t t l e n e s s , weak anisotropism, and etch t e s t s . 

I t occurs as i r r e g u l a r masses up to 4 or 5 M.m. across 
and as smooth-bordered, f a i r l y well-rounded bodies up to 300 
microns, but aver ageing approximately 20 microns, which occur 
i n the galena. These rounded bodies In the galena suggest sim 
ultaneous d e p o s i t i o n , but most of the c h a l c o p y r i t e was depos
i t e d before the galena. 

C h a l c o p y r i t e i s also present as an ex&olution product 
the s p h a l e r i t e , occuring as f i n e I n c l u s i o n s 5 to 10 microns i n 
s i z e , some of which are elongated and of t e n o r i e n t a t e d . 

GALENA 
Galena i s the most abundant m i n e r a l present. C o l o r , 
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hardness, etch t e s t s , e x c e l l e n t cubic cleavage and t y p i c a l 
t r i a n g u l a r p i t s along cleavage planes ( F i g s . 4 and 5 ) r e a d i l y 
i d e n t i f i e d i t . 

TETRABSDRITE 
Tetr a h e d r i t e was i d e n t i f i e d by i t s c o l o r , hardness, 

i s o t r o p i s m and etch t e s t s . I t commonly occurs i n the galena 
as minute blebs 5 to 1 5 microns i n s i z e but i t a l s o Is pres
ent as i r r e g u l a r , l a r g e r bodies i n the galena up to approx
imately 2 0 x 5 0 microns. Larger masses up to one h a l f m.m. 
are r a r e l y seen which may contain minute blebs of chalcopy
r i t e . Most of the t e t r a h e d r i t e was apparently deposited from 
s o l i d s o l u t i o n w i t h the galena, but some has been deposited 
simultaneously with the galena, and r a r e l y , w i t h the chalcopy
r i t e . A small amount, occuring w i t h p y r a r g y r i t e i n a t i n y 
f i s s u r e which cuts the galena, has been deposited l a t e r ( F i g . 
3 ) . Some replacement by p y r a r g y r i t e i s evident ( F i g . 3 ) . 

PYRARGYRITE 
Co l o r , strong anisotropism, deep red i n t e r n a l r e f l e c t 

i o n , and etch t e s t s aided i n the i d e n t i f i c a t i o n of p y r a r g y r i t e . 
I t commonly occurs along cleavage planes of the galena as l a t h -
shaped bodies up to 2 0 microns wide ( F i g s . 1 , 3 , and 4 ) . In 
some cases i t occurs as i r r e g u l a r masses up to 1 0 0 x 2 0 0 mic
rons i n s i z e where i t has replaced the galena ( F i g s . 1 and 5 ) « 

The p y r a r g y r i t e has been deposited l a t e r than the galena and 
t e t r a h e d r i t e i n most cases, but a few i n c l u s i o n s about 5 mic
rons In s i z e in "the galena might i n d i c a t e some p r e c i p i t a t j f f r o m 
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s o l i d s o l u t i o n . 

UNKNOWN MINERAL 
Several f a i r l y w e l l rounded bodies, the l a r g e s t of 

which i s 1 0 0 x 1 5 0 microns occur i n the galena, i n a s s o c i a t ¬
io n w i t h p y r a r g y r i t e and t e t r a h e d r i t e . ( F i g . 5 ) One g r a i n 
occurs i n the p y r a r g y r i t e , and another i s bounded on one side 

£ 

by \ e t r a h e d r i t e , but these boundaries are a l l smooth and reg
u l a r , as they are w i t h the galena, so i t i s d i f f i c u l t to place 
it's time of d e p o s i t i o n . One of the l a r g e r g r a i n s contained 
small blebs of c h a l c o p y r i t e ( F i g . 5 ) and another contained 
f i n e i n c l u s i o n s of T e t r a h e d r i t e which suggests s o l i d s o l u t i o n , 
or simultaneous d e p o s i t i o n w i t h these minerals. 

The mineral i s a l i g h t brownish grey with a d e f i n i t e 
mauve t i n g e . I t takes a good p o l i s h , hardness B+ to G-, i s 
i s o t r o p i c , has no apparent cleavage, twinning, i n t e r n a l r e f 
l e c t i o n , or texture under crossed n i c o l s . The etch t e s t s are 
as f o l l o w s : Hg C l 2 (+•) - s t a i n s l i g h t brown to blue; 
KOH, ( f ) - darkens and leaves rough surface; HC1, ( - ) ; K C N , 

(•!•) - darkens and leaves rough surface; HNO3 (-) - f a i n t sugg
e s t i o n of etch cleavage; Aqua Regia ( + ) - s t a i n s b l u i s h black. 

Dr. Thompson, a f t e r some d i f f i c u l t y securing a sample, 
X-rayed the m i n e r a l , but i t gave an unknown p a t t e r n . 

file:///etrahedrite
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Some i n t e r - r e l a t i o n of times of d e p o s i t i o n of the 
i n d i v i d u a l minerals has "been discussed under microscopic 
r e s u l t s . 

Quartz was deposited f o l l o w i n g the i n i t i a l f r a c t 
u r i n g of the country rock, and b e a u t i f u l , clea£ c r y s t a l s 
were formed, some of which are greater than 1 m.m. i n diam
e t e r . 

P y r r h o t i t e was p o s s i b l y the f i r s t m e t a l l i c m ineral 
to be deposited, but there Is no evidence f o r t h i s . Arseno
p y r i t e was then deposited w i t h marcasite and p y r i t e beginn
i n g s l i g h t l y l a t e r . S p h a l e r i t e and c h a l c o p y r i t e f o l l o w e d In 
that order, but e x s o l u t i o n o f one i n the other i n d i c a t e s 
some overlapping. Galena was deposited mostly l a t e r than the 
c h a l c o p y r i t e , but these minerals are i n p a r t contemporaneous. 
Most of the t e t r a h e d r i t e was deposited w i t h the galena but a 
small amount i s contemporaneous w i t h the c h a l c o p y r i t e on one 
s i d e , and the p y r a r g y r i t e on the other. P y r a r g y r i t e i s main
l y l a t e r than the galena, f i l l i n g cleavage planes and r e 

p l a c i n g that m i n e r a l . 

f r a c t u r e 

A second p e r i o d of f r a c t u r i n g f o l l o w e d and tbese/ i w e r e 

f i l l e d w ith white, cloudy quartz ( F i g . 2.). 

A t h i r d p e r i o d of quartz m i n e r a l i z a t i o n f i l l e d t i n y 
f i s s u r e s which cut a l l other minerals. This quartz i s some-

e 
what opaque and may be c h a l a M o n l c . These small f i s s u r e s 
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c o n t a i n some tetrahedrite and p y r a r g y r i t e ( F i g . 3 ) « 

The c a l c i t e and a n k e r i t e were the l a s t minerals.: de
p o s i t e d , and are probably secondary. 
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TEMPERATURE AKD TYPE OF DEPOSIT 

C r i t e r i a used f o r temperature determination are: 
p y r r h o t i t e (melting point) 
marcasite (unstable above) 
Cha l c o p y r i t e In s p h a l e r i t e 

(unmix at) 
s p h a l e r i t e i n c h a l c o p y r i t e 

(unmix at) 

These c r i t e r i a , and the presence of such r a t h e r t y p 
i c a l intermediate temperature minerals as a r s e n o p y r i t e , c h a l 
c o p y r i t e , galena, s p h a l e r i t e , and t e t r a h e d r i t e , suggest t h a t 
the deposit i s of Mesothermal type. Presence of p y r r h o t i t e 
and e x s o l u t i o n of s p h a l e r i t e and c h a l c o p y r i t e I n d i c a t e that 
the temperature i s near the upper end of the mesothermal 
range. 

On the b a s i s of t h i s c onclusion i t i s p o s s i b l e to say 
the deposit has good depth p o t e n t i a l i t i e s without much change 
In m i n e r a l i z a t i o n . The l a t e p y r a r g y r i t e w i l l probably d i e 
out at depth as i t was deposited below 2 5 0 ° C. 

1 Edwards - Textures of the Ore Miner a l s 



PARAGSNETIC SEQUENCE 
" * 1 — • • i • i 

Q,uartz ; 

P y r r h o t i t e 
A r senopyrite 
M a r c a s i t e — • 
P y r i t e 
S p h a l e r i t e 
C h a l c o p y r i t e _ 
Galena 
T e t r a h e d r i t e 
P y r a r g y r i t e 
Unknown mineral 
C a l c ^ / i t e 
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F i g . l ( S p e c . l l - A ) 
-Replacement of a r s e n o p y r i t e "by galena and 
s p h a l e r i t e . 

-Replacement of s p h a l e r i t e by galena. 
-Replacement of galena by. p y r a r g y r i t e . 
- D e p o s i t i o n of p y r a r g y r i t e i n cleavage planes 
of galena. 
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Fig.3 (Spec. 11-B) 
-Small f i s s u r e of chalco&onic quartz, t e t r a h e d r i t e , 
and p y r a r g y r i t e c u t t i n g the galena. 

- D e p o s i t i o n of p y r a r g y r i t e i n cleavage planes 
of galena. 
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Fig.5 (Spec. 11-B) 
- T e t r a h e d r i t e , p y r a r g y r i t e , and: unknown 
mineral i n galena. 

-Replacement of galena by p y r a r g y r i t e 
( p r e s e r v a t i o n of cleavage). 

-Blebs of c h a l c o p y r i t e i n unknown mineral. 
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