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THE STUDY IN HAND SPECIMEN AND IN POLISHED SECTION OF 

TWO SPECIMENS OF RADIOACTIVE ORE, ONE PROM THE COPPER 
KING MINE AT KAMLOOPS, B.C., THE OTHER FROM A NEARBY 
LOCALITY, IN ORDER TO DETERMINE THEIR RELATIONSHIPS TO 

ONE ANOTHER. 

I THE COPPER KING MINE 1 

L o c a t i o n 
The Copper Ming property c o n s i s t s of nine crown-

granted claims and i s s i t u a t e d n o r t h of the Vancouver-Kam-
loops highway about 16 m i l e s west of Eamloops. The prop
e r t y i s about a mile south of the Canadian P a c i f i c Railway; 
the nearest r a i l w a y s t a t i o n , Cherry Creek, i s 2 2 miles D i s 

t a n t by road. 

H i s t o r y 
The claims were staked i n 1S97 and the property changed 

hands s e v e r a l times, l i t t l e work b e i n g done u n t i l 1906, 
when the owner a t t h a t time shipped between 900-luuO tons of 
ore averaging .3 ounces of g o l d per t o n , and 4.4% copper. 
The mine passed through s e v e r a l hands and was worked i n t e r 
m i t t e n t l y u n t i l , i n 1940, f i r e destroyed the small m i l l which 
had been b u i l t on the p r o p e r t y . The Copper King mine i s 
c r e d i t e d w i t h the production of 7,491 tons of ore, which 

1 Mostly from C o c k f i e l d (1948). 



yielded. 1,183 ounces of s i l v e r , 2,180 ounces of g o l d , and 
391,331 pounds of copper. c' 

Geology 
The rocks exposed i n the N i c o l a Map-Area range from 

Carboniferous to T e r t i a r y i n age, and include sedimentary 
and igneous, types, the l a t t e r being the most widespread, 
and comprising both i n t r u s i v e s and e x t r u s i v e s . The copper 
deposits are abundant i n and around the Iron Mask b a t h o l i t h , 
of J u r a s s i c time or l a t e r , which Is composed of rocks 
ranging from syenite to u l t r a b a s i c s . The Gov per rang mine 
i s s i t u a t e d i n rocks of the Iron Mask b a t h o l i t h . 

Mineralogy 
The ore minerals of the mine occur disseminated i n the 

country rock along a f r a c t u r e zone. The country rock i s 
d i o r i t e and the ore minerals are c h a l c o p y r i t e , p y r r h o t i t e , 
and b o r n i t e , w i t h some magnetite. C o c k f i e l d (1948, pp. 109¬
110) says that v e i n s of magnetite show a c l o s e connection 
with i r o n deposits i n the v i c i n i t y . M alachite i s found i n 
p l a c e s , and epidote i s important i n p l a c e s as a gangue min
e r a l . Of the two specimens s t u d i e d i n t h i s r e p o r t , one came 
from a shear-zone i n the waste dumg- at Copper King; the other 
from a nearby l o c a l i t y . 3 

B.C. M i n i s t e r of Mines Annual Report (1956} p. 48) g i v e s 
the f i g u r e s as 7,460 tons of m a t e r i a l c o n t a i n i n g about 3% 
copper and 0.14 ounces of g o l d per t o n . 
P e r s o n a l communication from Dr. R.M. Thompson. 



S t r u c t u r e 

C o c k f i e l d (1948, pp. 109-110) r e p o r t s t h a t the deposit 
has no d e f i n e d w a l l s but n o t i c e d t h a t a number of f r a c t u r e 
planes trended n o r t h to northeast ana aipped s t e e p l y south
east to v e r t i c a l . 

Map of the Area 



I I MINERALOGRAPHY 

MACROSCOPIC 

The specimen from Copper King mine measured approx
imately 3" X 2" X 2" and when r e c e i v e d f o r i n s p e c t i o n , had 
already been c u t , p o l i s h e d and mounted i n modelling c l a y . 
This somewhat obscured the o r i g i n a l surface of the sample, 
but greenish and yellow c o l o r s were s t i l l v i s i b l e . This 
specimen w i l l be r e f e r r e d to as Se c t i o n 7 i n the following' 
pages. 

The other sample measured about X 3" X 8" o r i g i n 
a l l y and d i s p l a y e d a number of i n t e r e s t i n g f e a t u r e s . I t 
was m u l t i - c o l o r e d , showing v a r i o u s shades of brown, r e d , 
green, y e l l o w , and b l u e , but was q u i t e dark i n aspect-on 
the whole. I t was extremely b r i t t l e and i n pla c e s vuggy. 
A d u l l green m i n e r a l , i n pla c e s b o t r y o i d a l , gave a micro-
chemical t e s t f o r copper and a bead f o r uranium. A b r i g h t 
yellow m i n e r a l showing a curved p r i s m a t i c h a b i t , almost 
t r e e l i k e , gave t e s t s f o r copper and uranium. Some d u l l , 
chocolate brown c r y s t a l s , possessing good cleavage i n at 
l e a s t two d i r e c t i o n s , gave a t e s t f o r i r o n , copper and 
perhaps n i c k e l . There was much brown powder present, i n 
c o l o r s ranging from r e d d i s h to y e l l o w i s h ; i t gave very 
strong i r o n t e s t s , and was probably the ordinary oxides of 
i r o n . A s t e e l grey, m e t a l l i c , b r i t t l e m i n e r a l w i t h a 
hardness of about 4, occurred i n dodecahedrons, and had. a 



b l u i s h c o a t i n g . This m i n e r a l gave t e s t s f o r copper, i r o n " 
and antimony. T e t r a h e d r i t e was l a t e r found i n p o l i s h e d 
s e c t i o n , C h a l c o p y r i t e was q u i t e obvious i n uhe specimen. 
A s m a l l quartz v e i n , bearing a l i t t l e c h a l c o p y r i t e was seen 
quartz was a l s o seen as p r i s m a t i c c r y s t a l s imbedded i n 
i r o n oxide i n the vuggy p o r t i o n s . Extremely s m a l l t r a n s 
parent c r y s t a l s were present i n small amount and gave no 
p o s i t i v e t e s t s . - This specimen was broken up and the pieces 
used w i l l be r e f e r r e d to as Sections 1-6 i n the f o l l o w i n g 
pages. 

The p o l i s h e d surfaces of both specimens were remark
ably s i m i l a r i n appearance. Tney were both dark r e d d i s h -
brown i n c o l o r and showed c o l l o f o r m t e x t u r e s m the ore 
min e r a l s . A p a r t i c u l a r l y s t r i k i n g t u b e r c l e can be seen 
on the topside of Sect i o n 2. On the bottom of t h i s same 
s e c t i o n i s a banded s t r u c t u r e probably due to rhythmic 
d e p o s i t i o n . On most of the s e c t i o n s , v e i n s oi. quartz can 
be seen to cut through some of these t u b e r c u l a r s t r u c t u r e s , 
i t was n o t i c e d w h i l e g r i n d i n g t h a t the minerals have l a r g e r 
dimensions i n two d i r e c t i o n s than they have i n the t h i r a , 
or i n other words, they stem to be f l a t t e n e d out. That 
the m i n e r a l i z a t i o n i s i n banas can be seen i n S e c t i o n 5. 

Both specimens gave strong readings on the Cieiger 
Counter. No primary r a d i o a c t i v e m i n e r a l was recognized i n 
the hand specimens. 



MICROSCOPIC 

Mineralogy 

1. PITCHBLENDE- grey, hardness about G, i s o t r o p i c , c o l i o -
form, shrinkage c r a c k s , H N O 3, U-bead. 

2. CHALCOPYRITE- y e l l o w , hardness C 5 i s o t r o p i c , HNO3. 
3. TETRAHEDRITE- b l u i s h grey, hardness D, i s o t r o p i c , HNO3 

s t a i n s , KCN b r i n g s out s c r a t c h e s , micro-
chemical t e s t gave copper, i r o n , antimony. 

4. SIEGENITE 4- white, hardness about E. 
5. BORNITE- p i n k i s h brown, s o f t , i s o t r o p i c , HNO3 e f f . , KCN, 

FeCls, purple t a r n i s h . 
6. COVELLITE- dark b l u e , s o f t , a n i s o t r o p i c orange, HNO3,,, KCN, 

under crossed n i c o l s looks s c a l y , a s s o c i a t e d 
w i t h b o r n i t e . 

7. MILLERITE ( ? ) - yellow.(much p a l e r than c h a l c o p y r i t e ) , 
a n i s o t r o p i c blue to pale y e l l o w , assoc
i a t e d w i t h s i e g e n i t e and c h a l c o p y r i t e ; 
extremely f i n e g rained and scarce, had to 
observe under o i l immersion. Sees. 4,6,6,7. 

8. UNKNOWN- (see P l a t e I ) - pale purple under o i l immersion. 
Perhaps CHALCOCITE. A n i s o t r o p i c . S e c t i o n 1. 

9. SIDERITE ( ? ) , ANKERITE ( ? ) - general effervescence on 
se c t i o n s . S o f t brown min
e r a l seen on the surface of 
the s e c t i o n s w i t h the unaided 
eye, e s p e c i a l l y S e c t i o n 6. 

10. QUARTS- dark grey, hard, hexagonal o u t l i n e s , a l s o prism
a t i c w i t h pyramidal t e r m i n a t i o n s . 

I t should be-^-ote<i':h^re*'thai;---n-one-'-x>f the minerals 
p o l i s h e d very w e l l . This made I t necessary to use the 
o i l immersion lens f o r the f o l l o w i n g observations. 

4 P e r s o n a l communication from Dr. R.M. Thompson, 



7. 

Textures and S t r u c t u r e s 

C o l l o f o r m t e x t u r e s : 
B o t r y o i d a l pitchblende showing' syneuresis cracks 

and i n t e r f e r e n c e surfaces was the most obvious example 
of c o l l o f o r m texture*. P l a t e I I I , which was taken from 
Sec t i o n 4, shows an instance where pitchblende encloses 
an intergrowth of c h a l c o p y r i t e , t e t r a h e d r i t e , and 
s i e g e n i t e . S i e g e n i t e occurs as a t h i n , f i n e - g r a i n e d 
s k i n hugging the inner surface of the p i t c h b l e n d e , and 
a l s o as euhedral c r y s t a l s w i t h i n the c h a l c o p y r i t e . 
P i t c h b l e n d e a l s o occurs enclosed by these other minerals 
This can be seen i n most s e c t i o n s , and a f a i r example 
i s shown i n P l a t e V from Se c t i o n 7. Euhedral quartz i s 
present i n both examples. In p l a c e s , the pitchblende 
occurs alone i n q u a r t z . Some of the shrinkage cracks 
In pitchblende are f i l l e d by the other m i n e r a l s , i n d i c 
a t i n g t h a t these minerals came somewhat l a t e r than the 
p i t c h b l e n d e . 

A good example of b o t r y o i d a l c h a l c o p y r i t e , although 
on a small s c a l e , can be seen i n S e c t i o n 1, from which 
P l a t e I I was taken. 

Where pitchblende does not form the outer r i m of 
a t u b e r c l e , s i e g e n i t e f o r the most p a r t does. A good 

J] 

example of t h i s can be seen i n S e c t i o n 5, where a t h i n , 
f i n e g r a i n e d s k i n of s i e g e n i t e encloses a g r a i n com
posed mostly of b o r n i t e , with c h a l c o p y r i t e and c o v e l l i t e 

.. . 
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L a t t i c e t e x t u r e s ; 
A l a t t i c e t e x t u r e e x e m p l i f i e d by P l a t e I of Se c t i o n 1 
e x h i b i t s l a t h s of c h a l c o p y r i t e arranged i n an o r d e r l y 
manner i n g r a i n s of b o m i t e . This l a t t i c e t e xture i s 
seen a l s o In Specimens 2, 3, 5, and 7. In most cases, 
the l a t h s narrow where they meet, but i n some cases 
they appear to widen, as i n a g r a i n which i s mostly 
c h a l c o p y r i t e . For the l a t t e r example, see S e c t i o n 6. 
In S e c t i o n 6, the c h a l c o p y r i t e seems to be guided In 
p a r t through the b o r n i t e by d e n d r i t i c " f r a c t u r e s " . 
However, the b o r n i t e s t i l l possesses the f a m i l i a r 
l a t t i c e t e x t u r e , w i t h the l a t h s of c h a l c o p y r i t e pinch
i n g together at the j o i n s . There Is i n the b o r n i t e , 
besides the l a r g e r l a t h s , a very much f i n e r t e x t u r e 
of c h a l c o p y r i t e almost so f i n e as to be i n v i s i b l e under 
o i l immersion. The d e n d r i t i c " f r a c t u r e s " do not i n 
every place c o i n c i d e w i t h the c h a l c o p i t e " v e i n s " , but 
t r a v e r s e the b o r n i t e unattended by c h a l c o p y r i t e , and 
i n p l a c e s cut a l s o across c h a l c o p y r i t e l a t h s . The 
d e n d r i t i c p a t t e r n c o u l d be caused by veins of an un
known black ( i n r e f l e c t e d l i g h t ) m i n e r a l , somewhat 
sooty, i n s t e a d of by f r a c t u r e s . Another example of 
t h i s d e n d r i t i c p a t t e r n i s seen i n Se c t i o n 1. Here 
there i s no b o r n i t e , and the p a t t e r n i s much denser. 
A l e s s e r example of the l a t t e r i s seen i n Sect i o n 7. 
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A l a t t i c e t e x t u r e i s produced by v e i n s of 
t e t r a h e d r i t e i n c h a l c o p y r i t e , predominantly i n one 
d i r e c t i o n , but' in... some, p l a c e s , two* The veins s w e l l 
at c o n t a c t s . The g r a i n has an outer r i m of chalco
p y r i t e . This l a t t i c e t e x t u r e c o u l d have been caused 
by replacement. This i s seen i n S e c t i o n 2. 

Rim Textures: 
In S e c t i o n 1, c h a l c o p y r i t e showing euhedral quartz 

o u t l i n e s i n s i d e and outside the g r a i n has a rim around 
the outside of t e t r a h e d r i t e , which a l s o rims the euhedral 
quartz i n s i d e the c h a l c o p y r i t e g r a i n . This suggests 
replacement along g r a i n boundaries. 

In S e c t i o n 2, c h a l c o p y r i t e showing euhearal o u t l i n e s 
of quartz has a s o l i d center of t e t r a h e d r i t e . This 
could be " a t o l l " t e x t u r e produced by inner replacement of 
c h a l c o p y r i t e . Rims of c h a l c o p y r i t e are a l s o seen 
around t e t r a h e d r i t e i n Sections,6 and 7. 

A v a r i a t i o n on the l a t t e r t e x t u r e i s s t e n i n Sections 
2 and 7, where the b o r n i t e - c h a l c o p y r i t e intergrowth, 
mentioned e a r l i e r , forms the rims around t e t r a h e d r i t e . 
C o v e l l i t e s e l e c t i v e l y r e p l a c e s b o r n i t e i n these exam
p l e s . 

A r a t h e r I n t e r e s t i n g but sole example of I t s type 
i n these s e c t i o n s was the t e x t u r e seen under o i l imm
e r s i o n on S e c t i o n 6. Figure 1 was drawn from t h i s and 
shows a double rim around what was taken to be m i l l e r i t e 
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because of i t s c o l o r and anisotropism. The outer rim 
i s composed of s i e g e n i t e , which i s veined by chalco
p y r i t e of the inner r im. Probably due to shrinkage. 

Emulsion Textures: 
Sections 1 and 7 show an emulsion t e x t u r e of 

c h a l c o p y r i t e i n t e t r a h e d r i t e . 
An emulsion texture of t e t r a h e d r i t e i n chalco

p y r i t e can be seen In Sections 1 and 7. 

Replacement Veins: 
In Sections 2, 3, and 7, what appear to be replace 

merit v e i n s of t e t r a h e d r i t e occur i n c h a l c o p y r i t e . 
They do not appear to be guided by f r a c t u r e s ana i n 
Sections 2 and 3 occur seemingly at random. The 
guided replacement In Sec t i o n 7 was discussed above 
under " L a t t i c e Textures". 

S e c t i o n 2 shows replacement of t e t r a h e d r i t e by 
c h a l c o p y r i t e guided along f r a c t u r e s . This p a r t i c u l a r 
t e x t u r e was seen only on t h i s s e c t i o n and . i n a very 
l i m i t e d p a r t of i t . 

S e l e c t i v e Rep lacen.ent: 
C o v e l l i t e s e l e c t i v e l y replaces b o r n i t e , l e a v i n g 

c h a l c o p y r i t e . This i s seen i n a l l s e c t i o n s where bor 
n i t e and c h a l c o p y r i t e are present as an intergrowth. 
The replacement i s of supergene o r i g i n . 
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Comb S t r u c t u r e : 
In S e c t i o n 7, there i s one quartz v e i n which, 

under crossed n i c o l s , suggests t h a t comb s t r u c t u r e Is 
present. 

Doubtful t e x t u r e s : 
There were t e x t u r e s seen, which, because of the 

i n f e r i o r p o l i s h or the extreme f i n e n e s s of the t e x t u r e s , 
c o u l d not be I d e n t i f i e d . 

Sections 4, 6, 6, and 7 showed an intergrowth of 
c h a l c o p y r i t e and the m i n e r a l i d e n t i f i e d as m i l l e r i t e . 
Because of the extreme f i n e n e s s , the te x t u r e coula not 
be . i d e n t i f i e d . There was a strong a s s o c i a t i o n here of 
s i e g e n i t e w i t h a l e s s e r one of t e t r a h e d r i t e and b o r n i t e . 

S e c t i o n 1 showed an intergrowth of a white min
e r a l i n t e t r a h e d r i t e . The te x t u r e was too f i n e to 

be 
define p r e c i s e l y , but there appeared to/t lath-shaped 
bodies a l i g n e d side-by-side of the white m i n e r a l and 
al s o polygonal shapes caused by s t r i n g e r s of the same 
m i n e r a l i n the t e t r a h e d r i t e . 

Post-ore f r a c t u r i n g i s evident i n a l l the s e c t i o n s . 
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I I I PAPoiGENESIS 

The minerals seem to have been deposited r h y t h m i c a l l y , 
from the megascopic evidence of Specimen 2, w i t h i n one 
c y c l e , the order seems to l a v e been: pitchblende - siegen
i t e - c h a l c o p y r i t e , m i l l e r i t e , t e t r a h e d r i t e , b o r n i t e - quartz. 
This l a t t e r arrangement can be seen i n some of the tuber
cles', f o r example, Sections 2, 4, and 5. T e t r a h e d r i t e and 
c h a l c o p y r i t e seem to replace one .another; any one could 
overlap the other. There i s the problem of the l a t e r quartz 
v e i n s c u t t i n g through p r e - e x i s t i n g s t r u c t u r e s , as can be 
seen i n almost a l l the s e c t i o n s . This c o u l d be the r e s u l t 
of s t r e s s a p p l i e d to the p a r t i a l l y c r y s t a l l i n e v e i n m a t e r i a l , 
c o l l a p s i n g the t u b e r c l e s ( n o t i c e the broken pitchblende 
s t r u c t u r e i n P l a t e IV) and e j e c t i n g the f l u i d s from them. 
The v e i n s were found to c a r r y the same m i n e r a l s , b a r r i n g 
perhaps p i t c h b l e n d e , as the t u b e r c l e s . 

C o v e l l i t e i s d e f i n i t e l y the l a t e s t m i n e r a l and i t s 
supergene o r i g i n i s a t t e s t e d to by i t s s c a l y , patchy appear
ance and i t s a f f i n i t y f o r b o r n i t e . 

IV TEHPEIiATUKb OF DEPOSITION 
In t h i s regard, the i n t e r p r e t a t i o n of t e x t u r e s i s 

c r i t i c a l . In p a r t i c u l a r , i f the intergrowth between 
b o r n i t e and c h a l c o p y r i t e i s regarded as being i n d i c a t i v e 
of e x s o l u t i o n , the temperature of formation of these 
minerals according to Edwards (1954, pp. 102-103), would 
have to be over 475° C. Although Edwards (1964, p. 160) 
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says t h a t c o l l o f o r m t e x t u r e s are not of much value i n 
es t i m a t i n g the temperature of d e p o s i t i o n of hydrothermal 
oresj the gene r a l appearance of the minerals i n the s e c t i o n s 
and the vugginess of the hand specimens suggest more 
s t r o n g l y a low temperature of d e p o s i t i o n . However, t h i s 

a c t i o n 
vugginess co u l d have been caused by the leach i n g ^ o f the 
st r o n g l y - e v i d e n t weathering processes. 

V CONCLUSION 

Although the h i s t o r y of t h i s p a r t i c u l a r deposit i s 
somewhat obscure, the evidence given by the m i n e r a l o g i c a l 
and t e x t u r a l f e a t u r e s of the two specimens proves that they 
are d i r e c t l y r e l a t e d to one another. The p r o b a b i l i t y t h a t 
two such deposits could occur i n such a l i m i t e d area and 
not be d i r e c t l y r e l a t e d , i s i n f i n i t e l y s m a l l . 

Whatever r e l a t i o n these r a d i o a c t i v e depjosits have to 
the copper deposits of the Copper King mine i t s e l f was not 
made evident during t h i s study. 
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Drawing from S e c t i o n 6. Shows g r a i n w i t h a 
core of m i l l e r i t e , inner rim of chalcopy
r i t e , and outer r i m of s i e g e n i t e , being 
veined by the c h a l c o p y r i t e . R a d i a l t e x t u r e 
probably due to shrinkage. O i l immersion. 

X 800 



15. 

PLATE I - Photograph from S e c t i o n l . O i l immersion 1/7 a, 
5 seconds, noteyepiece. T- t e t r a h e a r i t e , B- b o r n i t e , 
C- c h a l c o p y r i t e , U- unknown ( c h a l c o c i t e ? ) 

X 650 

PLATE I I - Photograph from S e c t i o n 1. B o t r y o i d a l c h a l c o p y r i t e 
i n gangue of qua r t z . Medium power, 3b, 3 seconds, 
no eyepiece. X 85. 
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PLATE I I I - Photograph of S e c t i o n 4. Col l o f o r m pitchblende 
e n c l o s i n g 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 i e g e n i t e , 
and euhedral q u a r t z . Medium power, 3b, 3 seconds, 
no eyepiece. X 85. 

PLATE IV* - Photograph from S e c t i o n 7. Colloform pitchblende 
w i t h 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 i e g e n i t e and 
qu a r t z . X 65 
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PLATS V - Photograph from S e c t i o n 7 . Colloform pitchblende 
w i t h c h a l c o p y r i t e 5 t e t r a h e d r i t e , s i e g e n i t e and 
q u a r t z , X 65. 
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