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SUMMARY 

P y r i t e separated from 15 samples were analysed f o r 
c o b a l t , n i c k e l , copper, z i n c and lead by atomic absorption 
spectrophotometry. The samples c o n s i s t o f c h a l c o n y r i t e , 
magnetite, p y r i t e , p y r r h o t i t e and s p h a l e r i t e but only p y r i t e 
i s common to a l l of the samples. 

The c o b a l t - n i c k e l content i n d i c a t e s a hydrothermal 
environment of d e p o s i t i o n . The C o r y e l l and Nelson i n t r u s i v e s 
were the sources of the m i n e r a l i z i n g f l u i d s . 

There seems t o be no causative r e l a t i o n s h i p between 
the amount of cobalt and the amount of copper, z i n c , and 
l e a d . 

There i s no apparent c o r r e l a t i o n of minor element 
content and mineralogy except between extremely high cobalt 
values and p y r r h o t i t e . This may be a r e s u l t of the small 
number of samples analysed. 



INTRODUCTION 

The problem i s to determine the concentrations of some 
minor elements i n the p y r i t e of the Summit mining camp and 
to draw conclusions as to the environment of d e p o s i t i o n 
and r e l a t i o n s h i p s between the minor element content and ore 
m i n e r a l i z a t i o n . 

The p y r i t e was f i r s t separated from the parent rock, 
then analysed. The p y r i t e was separated by crushin g , o b t a i n i n g 
a sulphide concentrate w i t h the Supernanner, then s e p a r a t i n g 
the p y r i t e w i t h the Frantz magnetic separator. The a n a l y s i s 
was done by atomic absorption spectrophotometry. 

The Summit camp i s l o c a t e d approximately 6 miles north 
of Grand Forks, B.C. and between Highway no.3 and the Grandby 
R i v e r (see F i g . l ) . 

The author g r a t e f u l l y acknowledges the a s s i s t a n c e and 
advise given by Dr. W.K. F l e t c h e r , Mr.Andre Panteleyev, 
Mr. Barry P r i c e , Mr. Arne Reinsbakken, Dr. A . J . S i n c l a i r and 
Mr. John S t o c k w e l l . The U n i v e r s i t y of B r i t i s h Columbia, 
Department of Geology supplied a l l the equipment and t e c h n i c a l 
a s s i s t a n c e f o r the separation and a n a l y s i s of the p y r i t e 
samples and the pre p a r a t i o n of p o l i s h e d s e c t i o n s . 





HISTORY 
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Seraphim (1956) described the geology and copper 
deposits i n the Boundary D i s t r i c t . Seraphim l i s t e d the 
previous work on the economic geology of the area: Brock 
(1905): "Boundary Creek Mining D i s t r i c t " , LeRoy (1911) on 
the Phoenix camp, LeRoy (1913) on the Motherlode and Sunset 
Mines and McNaugton (1945) on the Greenwood-Phoenix area. 

The e a r l y T e r t i a r y rocks i n the Greenwood map area 
(£2 E/2) were mapped by Monger (1967). Monger l i s t e d the 
previous work done on t h e T e r t i a r y rocks. 

The l a t e s t work (unpublished) was done during the summer 
of 1969 by Mr. Arne Reinsbakken. The area mapped i s bound 
on the North by E h o l t , on the south by Grand Forks, on the 
east by the Grandby R i v e r , and on the west by Phoenix. This 
mapping was done on a scale of 1 i n c h to 1000 f e e t . 

GEOLOGY 

The area of i n t e r e s t c o n s i s t s of a sequence of f o l d e d 
sedimentary and v o l c a n i c rocks ranging from a Permian? t o 
J u r a s s i c age which have been intruded by a la r g e body of 
Nelson Gr a n o d i o r i t e and l a t e r Bocene-Oligocene igneous bodies, 
A l a r g e p o r t i o n of the area i s covered by T e r t i a r y sediments 
and v o l c a n i c s (see F i g . 2 ) . 

The Summit camp i s a group of showings and small mines 



l o c a t e d mainly i n the c a l c - s i l i c a t e skarn zones i n the 
Brooklyn Limestone. The Brooklyn Limestone c o n s i s t s mainly 
of massive a r g i l l a c e o u s limestone and skarn formed by 
thermal metamorphism. 

Seraphim (1956) describes the skarn at the Oro Denoro 
mine. He suggested that the d i o r i t e stock provided the 
m i n e r a l i z i n g f l u i d s . His evidence i s 1) the garnet-epidote 
skarn grading i n t o the d i o r i t e ; 2) pockets of skarn w i t h 
c h a l c o p y r i t e m i n e r a l i z a t i o n found s e v e r a l hundreds of f e e t 
w i t h i n the d i r o i t e ; 3) ore grade increases w i t h p r o x i m i t y 
to the d i o r i t e contact. Seraphim states "Since the other 
ore bodies i n the Boundary area are s i m i l a r i n m i n e r a l i z a t i o n 
i t i s probable that they are formed at the same time, and 
that the Jura-Cretaceous stocks were the source of the 
ore-forming f l u i d s . " 

Also Seraphim r e p o r t s that w i t h one or two exceptions, 
no n o t i c e a b l e increase i n c h a l c o p y r i t e m i n e r a l i z a t i o n was 
found near f a u l t s . 

METHODOLOGY 

The separation of p y r i t e was done by crushing o b t a i n i n g 
a sulphide concentrate w i t h t h e Superpanner, then separating 
the p y r i t e w i t h the Frantz magnetic separator. P y r i t e r i c h 
p o r t i o n s of the rock were crushed i n a percussion mortar and 
p e s t l e , then seived to obt a i n the -100 mesh f r a c t i o n . 



Crushing to a powder y i e l d s approximately a 50% -100 mesh 
sample. Panning an approximately 5 gram sample y i e l d e d 1-2 
grams c o n s i s t i n g of 90% s u l p h i d e s . The samples were 75% 

p y r i t e . The samples were then washed on a 200 mesh screen 
w i t h acetone to remove the dust. The p y r i t e was then separated 
from the other sulphides w i t h the magnetic separator. The 
separator was operated at 1.0 amps wi t h the long a x i s at 25° 

and the short a x i s at 20°. 

The analyses f o r the minor elements were done by atomic 
bbsorption spectrophotometry. The p y r i t e samples were weighed 

J 

i n t o 0.2500 gram p o r t i o n s . Three samples were weighed i n t o 
two p o r t i o n s each f o r the purpose of c o n t r o l . The samples 
were then heated i n 5 ml. of concentrated n i t r i c a c i d , then 
cooled. An a d d i t i o n a l 5 ml. of concentrated n i t r i c a c i d was 
added, then heated to dryness. Then 2-3 ml. of d i s t i l l e d water 
was added to the samples, then 3 n i l . of concentrated h y d r o c h l o r i c 
a c i d added. The s o l u t i o n s were d i l u t e d to 2 5 ml. w i t h d i s t i l l e d 
water, then analysed. 

The samples were analysed i n the order: 1 , 2, 3, k, 5, 6 , 

1(R), ?, 5 ( R ) , 9, 10, 1 1 , 12, 13, H , 1 5 , 9(R). 

RESULTS 

The data obtained by atomic absorption i s shown i n 
F i g . 3. The u n c e r t a i n t y i s l a r g e , but w i t h i n that required f o r 
i n t e r p r e t a t i o n . There were three repeat samples f o r each of 
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the f i v e elements f o r which the samples were analysed. 

FIGURE 3 

SAMPLE NO.. ppm Co npm N i 

1 176.7 326.7 

1(R) 183.7 355.6 
2 A. 761.0 2 5 6 . 3 

3 1610.0 514.4 
4 2 0 4 . 7 155.2 

5 192.5 167,9 

5(R) 194.2 36.6 
6 39.2 59.6 
7 4831.0 3 0 3 . 2 

8 37.5 514 . 4 

1400.0 4 2 0 . 5 

9(H) 1400.0 404.3 
1 0 6 5 6 . 1 274.3 
1 1 3 2 6 . 3 3 0 5 . 1 

1? 431.1 211 . 2 

13 137.1 116 . 5 

14 5 0 . 7 157.0 

15. 572.1 323 . 5 

ppm Cu ppm Zn ppm Pb 

3 7 7 . 1 7 4 . 0 113.6 
3 3 ^ . 0 1 2 5 . 5 11.3 
3 0 5 . 6 2 0 . 3 3 0 . 5 

514 . 9 46 . 3 1 1.3 

2 0 1 . 7 6 3 . 0 O.C 
764 . 2 2 9 . 1 0.0 

726.6 3 5 . 1 0 . 0 

776.7 51.6 0 . 0 

7 4 5 . 9 8 7 3 7 . 0 9 2 5 . 1 

1 2 5 2 . 7 276 . 5 3 . 9 

156.6 2 9 . 1 0 . 0 

1 5 4 . 1 27.6 0 . 0 

2 3 4 . 3 3 7 3 . 6 0.0 

507 . 5 9 1 . 9 0 . 0 

114 . 0 13 . 7 ^ 3 . 3 

9 9 . 0 230 . 1 2 0 5 7 . 2 

5 5 . 1 1 2 0 . 3 0 . 0 

4 3 . 3 1 7 . 9 0 . 0 



P o l i s h e d s e c t i o n s of the rock samples were made and 
the mineralogy of each was noted. The f o l l o w i n g i s a l i s t 
the samples and the ore minerals present w i t h the p y r i t e : 

Sample 1. { " P y r r h o t i t e " showing) 
C h a l c o p y r i t e , magnetite, s p h a l e r i t e . 

Sample 2 . ( S a i l o r Boy) 
Magnetite, p y r r h o t i t e . 

Sample 3. (Oro Denoro) 
Magnetite, s p h a l e r i t e . 

Sample 4. (Mt. Rose) 
C h a l c o p y r i t e , magnetite. 

Sample 5. (Pack Rat) 
Magnetite, s p h a l e r i t e . 

Sample 6. (R. B e l l Mine) 
C h a l c o p y r i t e , minor magnetite. 

Sample 7. (Shick Shock) 
Magnetite, p y r r h o t i t e . 

Sample 8. (Emma ) 
C h a l c o p y r i t e , magnetite. 

Sample 9. Minor c h a l c o p y r i t e , magnetite. 
Sample 10. None. 
Sample 11. Magnetite . 
Sample 12. Magnetite . 
Sample 13. Minor magnetite . 
Sample 14. Minor magnetite. 
Sample 15. (Phoenix) 

Minor magnetite. 
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The cobalt and n i c k e l values are p l o t t e d on F i g . 4 and 
F i g . 5 . These two f i g u r e s show that i n the repeated samples, 
e s s e n t i a l l y a l l of the u n c e r t a i n t y i s i n the n i c k e l v a l u e s . 
I t was found that the h y d r o c h l o r i c a c i d s o l u t i o n was corroding 
a metal p o r t i o n of the spectrophotometer and the samples were 
being contaminated w i t h n i c k e l . However i t appears that only 
analyses 4 , 5 , 6, 13, and 14 could be s i g n i f i c a n t l y a f f e c t e d 
as they have r e l a t i v e l y low n i c k e l content. This i s t a k i n g 
i n t o c o n s i d e r a t i o n the order of a n a l y s i s {1, 21, 3, 4 , 5, 6, 
1(R), 7, 3, 5 ( R ) , 9, 10, 11, 12, 13, 1 4 , 15, 9W ), and the 
f a c t that a n a l y s i s 5 i s the on l y one s i g n i f i c a n t l y d i f f e r e n t 
than i t s repeat. Since w i t h contamination the n i c k e l value 
could only be greater than the true v a l u e , a n a l y s i s 5(R) i s 
probably close to the tr u e value and a n a l y s i s 5 i s d e f i n i t e l y 
contaminated. Analyses 4 , 6, 13, and 14 are p o s s i b l y 
s i g n i f i c a n t l y contaminated. 

CONCLUSIONS 

In *'ig. 4 and F i g . 5 the hydrothermal, sedimentary or 
diag e n e t i c and magmatic f i e l d s were obtained from some of the 
published l i t e r a t u r e on the su b j e c t . The references consulted 
were: F l e i s c h e r ( 1 9 5 5 ) , Hawley and N i c o l s (1961), L o f t u s - H i l l s 
and Solomon (1967), and M i t c h e l l ( 1 9 6 3 ) . 

The author concludes that the c o b a l t - n i c k e l content i n 
the p y r i t e i n d i c a t e s a hydrothermal environment of d e p o s i t i o n 
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f o r most of the occurances of s u l p h i t e m i n e r a l i z a t i o n i n the 
Summit camp. This conclusion supports the hydrothermal o r i g i n 
suggested by Seraphim (1956). The C o r y e l l i n t r u s i v e s as w e l l / 
as the Nelson i n t r u s i v e s were the sources of the m i n e r a l i z i n g / 
f l u i d s . 

Sairroles 1 and # i n d i c a t e a sedimentary or d i a g e n e t i c 
environment of d e p o s i t i o n . The s i m i l a r i t i e s of samples 1 and 3, 
i n f i e l d r e l a t i o n s and mineralogy to the other samples suggests 
to the author t h a t samnles 1 and 3 are a c t u a l l y hydrothermal. 
For some reason the analyses are anomalous and do not r e f l e c t 
the true environment of d e p o s i t i o n . 

In F i g . 6 the amounts of c o b a l t , copner, z i n c and lead are 
compared to the Co:Ni r a t i o . The v a r i a t i o n i n the Co^Ni r a t i o 
i s mainly due to the v a r i a t i o n of the cobalt content. There 
seems to be no causative r e l a t i o n s h i p between the amount of 
cobalt and the amounts of copper, z i n c and l e a d . 

In a comparison of the minor element content and the 
mineralogy of the rocks, there i s very l i t t l e c o r r e l a t i o n . 
Samples ? and 7 are the only rocks c o n t a i n i n g p y r r h o t i t e and 
these two analyses show anomalously high cobalt content. This 
i s q u i t e l i k e l y due to small i n c l u s i o n s of p y r r h o t i t e i n the 
p y r i t e . The other samples show no apparent c o r r e l a t i o n of 
minor element content and mineralogy. However t h i s may be a 
r e s u l t of the small number of samples analysed. A c o r r e l a t i o n 
may appear i f several samples from d i f f e r e n t p a r ts of a s i n g l e 
deposit are analysed. 
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L i t h o l o g i c Legend f o r F i g . 2 

Oligocene? 
C o r y e l l I n t r u s i v e s 

| B i o t i t e s y e n i t e , K-spar rhomb porphyry 
^ S y e n o d i o r i t e , monzonite and t r a c h y t e 

porphyries 

Eocene-Oligocene? 
I Marron Formation (Midway and Phoenix 
1 v o l c a n i c groups) 

Andesite, t r a c h y t e , ouartz l a t i t e , 
r h y o d a c i t e , interbedded n y r o c l a s t i c s 

Kocene 
| K e t t l e R i v e r Formation 

Arko s i c sandstones, l o c a l conglomerate, 
shale and c o a l 

Cretaceous? 
\ V a l h a l l a I n t r u s i v e s 

G r a n i t e , quartz monzonite 
Nelson I n t r u s i v e s 

G r a n o d i o r i t e , hornblende g r a n o d i o r i t e , 
quartz mononite, minor g r a n i t e and 
d i o r i t e 

T r i a s s i c - J u r a s s i c ? 
| D i o r i t e , gabbro and r e l a t e d dykes 

S e r p e n t i n i t e and minor pyroxenite r e l a t e d to 
l a r g e f a u l t zones 



L i t h o l o g i c Legend (cont'd) 

J u r a s s i c 
E h o l t Formation 

T r i a s s i c 

Massive a n d e s i t i c flows and p y r o c l a s t i c 
equivalent 

Brooklyn Formation 
Massive a r g i l l a c e o u s limestone, 
banded limestone, b r e c c i a s , chert 
pebble l i m y sandstone and t h e r m a l l y 
metamorphosed equivalents 

Puddingstone 
Equivalent to sharpstone Conglomerate 
except the matric i s marroon coloured 

Sharpstone Conglomerate 
Chert b r e c c i a , interbedded w i t h a r g i l l i t e , 
s i l t s t o n e and mudstone. Includes the l o c a l 
Rawhide Shale 

Permian 
Knob H i l l formation 

A r g i l l i t e , cherty a r g i l l i t e , p h y l l i t e , 
h o r n f e l s , s c h i s t s and gneisses 

Chert ( r h y o l i t e ? ) , q u a r t z i t e and minor 
quartz s e r i c i t e s c h i s t 
U n i d i v i d e d a r g i l l i t e and s i l i c e o u s metasediments 




