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ABSTRACT 

A megascopic end microscopic examination of 
Tars* Riv**, 

specimens taken from the Strangw^rd Copper Frospect^B.C., 
shows the presence of the f o l l o w i n g minerals i n the min e r a l ­
i z e d regions: 

Bornite 
Chalcopyrite 
C h a l c o c i t e 
C o v e l l i t e 
Hematite 
Limonite 
Mais c h i t e 
A z u r i t e 
C a l c i t e 
Quartz 

P study of space r e l a t i o n s h i p s , t e x t u r e s , and 
minute f r a c t u r e s has l e d the w r i t e r to the conc l u s i o n that 
the primary minerals of t h i s area were emplaced by two stages 
of m i n e r a l i z a t i o n . C h a l c o p y r i t e , c a l c i t e and ouartz were 
deposited f i r s t , i n f r a c t u r e s and brec c i a t e d zones during 
f a u l t i n g of tne country rock. The f i r s t minerals were 
follo w e d by tne simultaneous d e p o s i t i o n of bornite and 
c n a l c o c i t e . 



E r o s i o n and o x i d a t i o n f o l l o w e d tne d e p o s i t i o n of the 
primary minerals. We have two main chemical actions i n v o l v e d ; 
the o x i d a t i o n and s o l u t i o n of copper, and the formation, i n 
s i t u , of copper and i r o n minerals i n t o o x i d i z e d compounds. 

No o r d e r l y seauence of d e p o s i t i o n has been suggested 
f o r the secondary minerals f o r i t appears evident that once 
copper s o l u t i o n s have been formed the order of d e p o s i t i o n 
depends e n t i r e l y on tne minerals which the s o l u t i o n s encounter. 

Minerals which the w r i t e r believes to be secondary 
are; hematite, l i m o n i t e , a z u r i t e , malachite, c o v e l l i t e , and 
c h a l e o c i t e . Thus i t appears that the c n a l c o c i t e i n the 
deposit may be primary or secondary, nowever, secondary 
c h a l e o c i t e has formed i n much l a r g e r amounts. 
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I n t r o d u c t i o n 

The property c o n s i s t s of 3 groups of claims re­
corded under the Strangward P a r t n e r s h i p . Group 1 has 28 
cla i m s , 16 were staked on May 31, 1949, and 12 were staked 
on J u l y 1, 1950. Groups No. 2 and 1*0. 3 have 12 and 4 
claims r e s p e c t i v e l y , and were staked on fugust 15, 1950. 

The discovery of these claims was made by the 
recorded owner, Iff.P. Strangward, during the summer of 1949. 
The f o l l o w i n g summer, 1950, an e x p l o r a t i o n party was sent 
to the area, to s t a r t a g e o l o g i c a l map and to examine and 
sample various m i n e r a l i z e d showings. 

The persons in v o l v e d i n t n i s f i r s t discovery stage 
were as f o l l o w s ; 

tf.P. Strangward, owner and d i s c o v e r e r , 
640 N a t i o n a l C i t y Bank B u i l d i n g , 
Cleveland, Ohio. 
L.R.Simard, Consultant Geologist 
Room 1405 - 330 Bay St. 
Toronto, Canada. 
R.M.Thompson, Geologist 
P r o f e s s o r of Mineralogy 
U n i v e r s i t y of B r i t i s h Columbia 
M.M.Menzies, G e o l o g i s t , 
Dept. of Geology, 
U n i v e r s i t y of B r i t i s h Columbia 

r . -
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L l o y d Bygrave, Surveyor 
227 14th S t r e e t H.W. 
Calgary, A l b e r t s . 
A . E . C a l l i s o n and 0. C o l l i s o n , S u p p l i e r s , 
Toed River Lodge, 
Mi l e 421, Alaskan highway 
Herbert F e l l e r s , pecker, 
F e l l e r ' s h e i g h t s , B.C. 

r 
A l b e r t Lovanger, cook, 
Lower Post, B.C. 
Jim Nieolson, cook 
A r r a s , B.C. 

L o c a t i o n 

Group Mo. 1 i s 15 miles south of Summit Lake, B.C. 
which i s at M i l e 391 on the Alaskan Highway, These claims 
are on the north west slope of the Tetsa River v a l l e y . Group 
Wo. 2 i s on the same side of the r i v e r as Group No. 1, but 
2t miles upstream. The e l e v a t i o n s of these two groups range 
from 4400 f t . to 7100 f t . (See f i g u r e l ) , 

T r a n s p o r t a t i o n 

There i s a good pack t r a i l from Summit Lake i n t o the 
area, over which a l i g h t pack t r a i n can complete the t r i p i n 
one clay. Aeroplane landings are f e a s i b l e on South Tetsa Lake, 
a small lake near c l a i m Group Mo. 2. 

r 



Topography and water Supply 

The area i s cut by a s e r i e s of mountain ranges 
which trend northwest. These ranges have rugged peaks reach­
i n g e l e v a t i o n s of 7000 f t . and 8000 f t . The south slopes 
are covered with t a l u s , and the north slopes are c l i f f s and 
escarpments. The area i s drained by many small creeks, some 
of which form w a t e r f a l l s as they pass through hanging v a l l e y s 
on t h e i r way to the Tetsa R i v e r . Some of these creeks dry 
up towards P a l l , o thers, l i k e the Tetsa R i v e r , are f l o w i n g 
t i l l l a t e F a l l . 

Timber 

A f o r e s t f i r e during June, 1950, k i l l e d much 
valuable timber. The s u r v i v i n g wood, not over 30 f t . high, 
i s c h i e f l y white spruce, and does not grow above the 4300 
f t . contour. Shrubs cover the unwooded areas i n the v a l l e y , 
and form dense t h i c k e t s along the creeks. 

General Geology 

The area i s i n the f r o n t range of the Rocky 
Mountains and i s u n d e r l a i n by e a r l y P a l e o z o i c , or l a t e 
precambrian, metamorphosed sediments. These sediments contac 
h i g h l y f o l d e d Mesozoie limestone along a northwest trending 
t h r u s t f a u l t 4 miles east of the claims. The f o l d s of the 
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limestone r a p i d l y give way to the gentle f o l d s of the f o o t ­
h i l l s f a r t h e r east. 

The area mapped i s u n d e r l a i n by buff weathering, 
grey limestone which i s o v e r l a i n by the higher formations 
shown on the g e o l o g i c a l map and c r o s s - s e c t i o n (see Index I I I ) 
These sediments are gentl y f o l d e d i n t o broad a n t i c l i n e s and 
s y n c l i n e s w i t h northwest trending axes. A graphic formation, 
perhaps the key formation, has been soueezed i n t o t i g h t 
crag f o l d s near f a u l t zones. 

The area i s cut by two major, and s e v e r a l minor, 
f a u l t s . The displacement of these f a u l t s has not been deter­
mined, but they have a normal s t r a t i g r a p h i c throw. Two sets 
of f a u l t s were mapped; the younge&£ set t r e n d i n g northwest, 

r 
and the oldest set trending west. 

Basic dykes occur i n f a u l t s to the west of the 
mapped area. Tney are u s u a l l y v e r t i c a l but may undergo l o c a l 
changes where they crosscut other dykes. The age r e l a t i o n 
between various sets of dykes i s not known because the 
i n t e r s e c t i o n s were not seen, 

Economic Geology 

Showings 1 to 4, e l l i n No.l group, are shown on 
the accompanying g e o l o g i c a l map. (See index I I ) . No. 1 
showing i s 25GC f t . south of the summer camp s i t e . No. 2 
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showing i s on Pocker No. 1 cl a i m , 1000 f t . southwest of the 
summer camp s i t e . No. 3 showing i s on the northeast "boundary 
of Pocker No. 7 c l a i m , 3500 f t . north west from the summer 
camp s i t e . No. 4 showing i s on Focker No. 7 cl a i m about 1700 
f t . southwest from No. 3 showing. 

Although No. 1 groups of claims was the area of 
c h i e f i n t e r e s t during tne summer of 1950, specimens from No.2 
were Inducted w i t h those re c e i v e d f o r microscopic examination. 

A polis h e d s e c t i o n was made f o r each specimen; then 
both specimen and p o l i s h e d s e c t i o n were numbered to corresp-
ona w i t h the member of the sample from which they were taken. 
Thus, i f we r e f e r to sample, specimen or s e c t i o n , i t s source 
can be r e a d i l y found on the g e o l o g i c a l map. 

Minerals I d e n t i f i e d : 
Primary: 

B o r n i t e , Cu^PeS^ 
C h a l c o p y r i t e , Cu Fe Sg 
C h a l e o c i t e , Cu S 
Quartz, S i O Q 

C a l c i t e , Ca CC^ 
Secondary 

Hematite, Fe g0^ 
Limonite, FegOg Ĥ O 
C o v e l l i t e , Cu S 



G 

A z u r i t e , 2 CuC0 3-Cu(0H) 
Malachite, Cu CO . Cu(OH)_ 
C h a l e o c i t e , Gu gS 

Method of determination 
Quartz 

Quartz was i d e n t i f i e d by such megascopic properties 
as; conchoidal f r a c t u r e , hardness of 7, and v i t r e o u s l u s t e r , 
p r i s m a t i c c r y s t a l s were seen when viewed through a micro­
scope, ana at l e a s t two gooa c r o s s - s e c t i o n s ( s e c t i o n 150) 
snowed these prisms to be hexagonal. 

C a l c i t e 
The p e r f e c t rnombohedral cleavage of c a l c i t e can be 

seen i n one or two places on the hand specimens. The hard­
ness i s about 3.5. I d e n t i f i c a t i o n was based c h i e f l y , however 
on the effervescence w i t h a drop of c o l d n i t r i c a c i d . 

to 
Malachite and A z u r i t e 

Malachite d i s p l a y e d such p r o p e r t i e s as: slender 
a c i c u l a r c r y s t a l s growing In t u f f s , b r i g h t green c o l o r , pale-
green st r e a k , and a hardness of 3.5 to 4. 

The a z u r i t e i s d u l l and eartny w i t h a pale- blue 
st r e a k and c o l o r . 

Both these minerals ef f e r v e s c e i n n i t r i c a c i a , 
and both respond to the . microchemical t e s t f o r copper. The 
* An opaque form of malachite, i n t i m a t e l y a s s o c i a t e d with 
q u a r t z i t e , was f i r s t thought to be meleconite. However, an X-
ray by Prof. R.M.Thompson proved the mineral to be malachite. 



7 

a s s o c i a t i o n of these minerals w i t h each other, and other 
copper minerals, was a l s o en a i d irJ t h e i r i d e n t i f i c a t i o n . 

Hematite 
hematite showed o u l l maroon i n intimate a s s o c i a t i o n 

witn the brass yellow of c h a l c o p y r i t e and the pinchbeck brown 
of bornite i n the hand specimens. The i d e n t i f i c a t i o n was 
made, however, by viewing unaer e microscope. The f o l l o w i n g 
p r o p e r t i e s were used; c o l o r grey, haroness G, f a i n t a n i -
sotropism, red powder when scratched, and negative to a l l 
reagents. The microchemica1 t e s t f o r i r o n was d i f f i c u l t 
to o b t a i n without i n t e r f e r e n c e from the i n t i m a t e l y associated 
malachite.. 

Limonite 
The yellow l i m o n i t i c s t a i n s c h a r s c t e r i s t i c of 

weathered copper deposits were on a l l the nana specimens. 
Under the microscope the l i m o n i t e "was i s o t r o p i c and showed 
a yellow powder when scratcned. This mineral showed intimate 
a s s o c i a t i o n with other oxioes i n the replacement phenomena 
observed throughout the s e c t i o n s . 

C o v e l l i t e 
The presence of c o v e l l i t e was not discovered u n t i l 

the examination of p o l i s h e d sections began. Such d i a g n o s t i c 
p r o p e r t i e s as indigo blue c o l o r , haroness of B, strong 
a n t i s o t r o p i s m , and p o l a r i z a t i o n c o l o r s of wnite, yellow, and 
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f i e r y orange, were seen. The p e r f e c t b a s a l cleavage could be 
seen i n almost every case where the mineral was observed. 
KCN s t a i n s black. This mineral occurs i n minute scales r e ­
p l a c i n g other copper sul p h i d e s . 

C h a l e o c i t e 
Although there i s botn primary ana secondary 

c h a l e o c i t e i n the specimens, the mineral i s a n i s o t r o p i c 
wherever I t i s observea. Other i d e n t i f y i n g p r o p e r t i e s were, 
the blue grey c o l o r , and the hardness of B. HNO~ effervesces 

o 

v i g o r o u s l y , s t a i n s blue, and brings out etch cleavage and 
g r a i n boundaries KCN s t a i n s black and corrodes. Cu Is 
p r e c i p i t a t e d i n microenemies 1 t e s t s . 

B o r n i t e 
The b o r n i t e i s b r i t t l e and massive. I t i s pinch­

beck brown on a f r e s h s u r f a c e , has a. m e t a l l i c l u s t r e , end 
r e c d i l y t a r n i s h e s to a p e a c o c K purple, bnaer a microscope 
the mineral i s i s o t r o p i c , p i n k i s h brown, and has a haraness 
of B. HNOg effervesces and etches to a b r i c k - l i k e p a t t e r n . 
Microchemical t e s t s showea the presence of Cu end Pe. 

C h a l c o p y r i t e 
The examination of c h a l c o p y r i t e d i s c l o s e d the 

f o l l o w i n g p r o p e r t i e s ; brass-yellow c o l o r , high p o l i s h , C. 
hardness, b r i t t l e n e s s , weak anisotropism, and a negative 
r e a c t i o n to HgCt P; KOH, KCN, HCI, Pe C l , and HHO-. 
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This mineral can be e a s i l y seratched with a neeale, g i v i n g 
a powder. Microchemical t e s t s showea the presence of Cu and 
pe. 

D e s c r i p t i o n of Hand Specimens end P o l i s h e d Sections 

Specimen 150 
One surface of the specimen i s bounded by a one 

t h i r d i n c h laminae of black q u a r t z i t e , fragments of which 
occur throughout the vein i n ranaom o r i e n t a t i o n . The gengue 
i s composeo of white granular v e i n quartz g e n e r a l l y l a c k i n g 

w e l l developed c r y s t a l f e c e s . Small vugs, however, occur 
In the specimen and poorly developed quartz c r y s t a l s are 
found i n them. 

Malachite f i l l s f r a c t u r e s In the black o u a r t z i t e , 
forms f i l m s around grains of v e i n quartz, and occurs i n 
f i b r o u s masses. Limonite caps the specimens and occurs i n 
vugs ana i n t e r s t i c i e s between the auartz g r a i n s . 

S e c t i o n 150 
The dark c o l o r of the b r e c c i a t e d gsngue i s a r e s u l t 

of the intimate a s s o c i a t i o n between the q u a r t z i t e and 
malachite. The quartz c r y s t a l s have been b r e c c i a t e d but have 
not unaergone any a l t e r a t i o n . There are small s c a t t e r e d 
showings of hematite and l i m o n i t e which have a tendency to 
a s s o c i a t e w i t n the malachite i n the spaces between the auartz 
p a r t i c l e s . 
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Specimen 151 
The specimen contsins e v e i n , l e s s than one inch 

i n width, that has been m i n e r a l i z e d by c h a l c o p y r i t e . The 
c h a l c o p y r i t e has undergone extensive a l t e r a t i o n and i s cut by 
a f i n e network of f r a c t u r e s f i l l e a w i t h secondary minerals. 

S e c t i o n 151 

The c h a l c o p y r i t e appears to have been f r a c t u r e d by 
a c o n t i n u a t i o n of movement i n the country rock. The 
c h a l c o p y r i t e i s being v i g o r o u s l y r e p l a c e d , and i n s e v e r a l 
areas the replacement has reached the advanced stages 
l e a v i n g only remnants of c h a l c o p y r i t e i n a sea of oxides and 
secondary sul p h i d e s . On close examination of the r a m i f y i n g 
v e i n l e t s of oxides and sulphides i n the c h a l c o p y r i t e , some 
suggestion of arrangement can be detected i n what appears at 
f i r s t t o be j u s t a jumble of copper and i r o n minerals. (See 
diagram 1) 

x - tooo 

Diagram 1. 
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Specimen 152 
Primary sulphides o c c u r r i n g i n the specimen are 

c h a l c o p y r i t e ana b o r n i t e with c h a l c o p y r i t e forming about two 
t h i r d s of the combined volume. Limonite i s present as a 
c o a t i n g and occupies f r a c t u r e s i n trie w a l l rock. Malachite 
s t a i n covers a t n i n crust of vein quartz on one of the 
specimen fragments. 

S e c t i o n 152 
Bornite end c h a l c o p y r i t e are the c n i e f ore minerals, 

w i t h c n e l c o p y r i t e i n l a r g e r q u a n t i t i e s . The two show smooth 
contacts between gr a i n s . Both minerals form equigrenular 
t e x t u r e s . And, though both minerals ere f r a c t u r e d , with 
c h a l c o p y r i t e having s u f f e r e d the most. 

A n i s o t r o p i c , grey, c h a l e o c i t e gre i n s , 10 microns by 
125 microns, form a l a t t i c e p a t t e r n along tne (111) planes of 
the b o r n i t e g r a i n s . C o v e l l i t e i s s e l e c t i v e l y r e p l a c i n g 
Dornite at the g r a i n boundaries and along minute f r a c t u r e s . 

The boundaries between c h a l e o c i t e end b o r n i t e are 
smooth, and there i s i n general, an even d i s t r i b u t i o n of 
c h a l e o c i t e through the b o r n i t e . where the lathes of c h a l ­
e o c i t e i n t e r s e c t each other they have a tendency to pinch 

z. 

out. (See f i g u r e i ) . 
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F i g . i . The l a t t i c e intergrowth of c h a l e o c i t e ( l i g h t 
grey) and b o r n i t e (medium grey) r e s u l t i n g 
from the unmixing of a s o l i d s o l u t i o n . 

Specimen 153 
This specimen has a high s p e c i f i c g r a v i t y and 

contains a few grains of milky v e i n auartz. The primary 
sulphide p o r t i o n c o n s i s t s mainly of b o r n i t e , with c h a l c o p y r i t e 
as a minor c o n s t i t u e n t . Both are e x t e n s i v e l y a l t e r e d to 
secondary s u l p h i a e s . Malachite occurs i n f r a c t u r e s ana s t a i n s 
tne specimens. Limonite i s a l s o present. 

S e c t i o n 153 
The c h i e f minerals of the s e c t i o n are b o r n i t e and 

c o v e l l i t e i n a quartz-carbonate b r e c c i a . The c o v e l l i t e has 
e x t e n s i v e l y replaced the b o r n i t e along g r a i n boundaries and 
i n f i n e r a m i f y i n g v e i n l e t s . C a l c i t e has been e x t e n s i v e l y 
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replaced "by malachite. The malachite i s i n streamlets through 
tne s e c t i o n as though i t had flowed i n to f i l l e x i s t i n g spaces 

Specimen 154 
This specimen has an earthy brown c o l o r and i s 

s t a i n e d w i t h malachite, a z u r i t e and l i m o n i t e . I r o n oxide, 
p o s s i b l y h e m i t i t e , forms the l a r g e s t percentage of the spec­
imen. Examination by hand lens d i s c l o s e d the presence of 
b o r n i t e ana c h a l c o p y r i t e ; with b o r n i t e being the more abundant 

Se c t i o n 154 
The s e c t i o n shows vigorous replacement of b o r n i t e by 

c h a l e o c i t e i n f r a c t u r e s ana around g r a i n boundaries. Mala­
c h i t e , mo-laconito, hematite, and l i m o n i t e are s c a t t e r e d 
through the s e c t i o n i n r e l a t i v e l y large amounts so that the 
r a t i o of sulphides to oxides i s s m a l l . 

Specimen 169 
C h a l c o p y r i t e i s the only primary sulphide detected 

but much of i t has been a l t e r e d to c h a l e o c i t e and i r o n oxides. 
Some replacement of the q u a r t z i t e seems to have occurred 
making the boundaries between the host rock and the mineral­
i z a t i o n i r r e g u l a r and i n d i s t i n c t . Remnants of the rock are 
a l s o found w i t h i n the sulphide-oxide mass. 

The specimen i s coatee with malachite and l i m o n i t e . 



14 

S e c t i o n 169 (a and b) 
Replacement has reached the l a t e r stages r e s u l t i n g 

i n numerous c h a l c o p y r i t e i s o l a t i o n s surrounded by c h a l e o c i t e 
and oxides. B r e c c i a t e d q u a r t z i t e and f r a c t u r e d c h a l c o p y r i t e 
i n d i c a t e that the c h a l c o p y r i t e was introduced by f i s s u r e 
f i l l i n g during movement i n the country rock. 

paragenesis 

Movement i n the earth's crust caused f r a c t u r e s i n 
the q u a r t z i t e host, and the formation of channels f o r miner­
a l i z i n g s o l u t i o n s . Quartz, c a l c i t e , and c h a l c o p y r i t e were 
deposited before or during t h i s f r a c t u r i n g of the host rock, 
a f a c t made c l e a r by tne h i g h l y b r e c c i a t e d nature of these 
minerals. while f a u l t i n g continued, c h a l e o c i t e and b o r n i t e 
were deposited. This l a t e r group of minerals i s much le s s 
f r a c t u r e d than the f i r s t group. Although c h a l e o c i t e i s 
s l i g h t l y s e c t i l e end would not f r a c t u r e as r e a d i l y as I t s 
a s s o c i a t e s , the b o r n i t e i s b r i t t l e and would f a i l as r e a d i l y 
as the quartz or c a l c i t e . 

In the case of b o r n i t e and c h a l e o c i t e there i s good 
evidence of e x s o l u t i o n , thus simultaneous d e p o s i t i o n . The 
connected l a t t i c e - w o r k to be seen i n s e c t i o n 152 i s i n t e r ­
preted as an e x - s o l u t i o n t e x t u r e . There i s , i n general, an 
even d i s t r i b u t i o n of the c h a l e o c i t e through the b o r n i t e . The 
e x - s o l u t i o n bodies show no widening at the contacts w i t h one 
another. And, the replacement of b o r n i t e at the g r a i n 



boundaries i s by c o v e l l i t e . 

we might a l s o add that the compositions and c r y s t a l 
s t r u c t u r e s of the two minerals are such that a s o l i d s o l u t i o n 
i s f e a s i b l e . Bornite and cubic c h a l e o c i t e have mutual ( I I I ) 
3-planes and (111) Cu-planes, and the atomic spacing here 

k 

d i f f e r s by only 3%. The f a c t s that c h a l e o c i t e i s a n i s o t r o p i c 
and that blue c h 8 l c o c i t e i s absent suggest slow c o o l i n g . I f 
the rate of c o o l i n g i s equal t o , or l e s s than, the rate of 
d i f f u s i o n then i t i s conceivable that the bornite and c h a l ­
e o c i t e separate completely and the c h a l e o c i t e r e v e r t s to i t s 
orthchombic form. This r e v e r t i n g of tne c h a l e o c i t e would put 
an upper l i m i t of 105° G f o r the temperature of formation of 
the c h a l e o c i t e and b o r n i t e . 

Thus, the oroer of d e p o s i t i o n f o r the primary 
minerals appears to be; quartz, c a l c i t e , and c h a l c o p y r i t e , 
f o l l o w e d by b o r n i t e and c h a l e o c i t e together, a l l being depos­
i t e d d uring f r a c t u r i n g of the q u a r t z i t e host. 

An explanation of the d e p o s i t i o n of the secondary 
minerals i s suggested i n examining the space r e l a t i o n s of the 
oxides and secondary sulphides present i n the diagram of 
s e c t i o n 151. We have two main chemical a c t i o n s i n v o l v e d ; the 
o x i d a t i o n and s o l u t i o n of copper, and the formation, i n s i t u , 
of copper ana i r o n minerals i n t o o x i d i z e d compounds. 

A Edwards, A.B., Textures of the Ore M i n e r a l s , 1947, P (77-78) 
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j j i a . 2. Trie space r e l a t i o n of primary and secondary minerals 

The points of the v e i n l e t s are a mixture of c h a l ­
e o c i t e and hematite (see diagram 2 ) . Such a mixture of 
minerals suggests that they are simultaneously r e p l a c i n g the 
c h a l c o p y r i t e host. The replacement was probably due to the 
presence of descending surface waters c a r r y i n g oxygen. 

An i n d i c a t i o n of the r e a c t i o n i s given i n the 
f o l l o w i n g equation; 

(1) 2 Cu FeS 2 + 3H 20 + 60 g = Gu gS + Fe
2°3 * 3 H £ S 0 4 

In a wider p o r t i o n of the v e i n l e t we see the 
i n t r u s i o n of secondary v e i n l e t s (see diagram 3 ) . 
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D i a . 3. The space r e l a t i o n of primary and secondary minerals 

This space r e l a t i o n suggests the f o l l o w i n g general 
trend: 

Descending copper s o l u t i o n s f a c i l i t a t e d the r e ­
placement of c h a l c o p y r i t e by c o v e l l i t e 
(2) Cu FeS 2 + Cu S 0 4 = 2 CuS + Fe SO 

Then, w i t h an increase i n the concentration of 
tne copper s o l u t i o n s c h a l e o c i t e began r e p l a c i n g c o v e l l i t e 
and c h a l c o p y r i t e 

(3) 5 Cu S + 3 Cu SOj, + 4H 0 = 4 Cu S + 4H- SO. 
(4) 5 CuFeSp +//Cu SO * 8H o0 = 8 Cu P S •* 5Fe SO, -t 8 H„ SO, 

• 4 *d * 4 y 4 

The replacement of b o r n i t e by c o v e l l i t e , seen i n 
s e c t i o n 153, may a l s o be due to the m i g r a t i o n downward of 
s o l u b l e Cu SO*. The r e a c t i o n i n d i c a t e d here i s as f o l l o w s ; 



re 

(5) Gu 5 Fe S 4 + Cu S 0 4 = 5 Cu S + Fe S 0 4 

when the copper s o l u t i o n s encounter tne c a l c i t e , 
malachite and a z u r i t e w i l l form and equations (6) and (7) 
i n d i c a t e the general trend. 

(6) 2 Gu SO. + Ga SO t 2H o0 = CuCO • Cu(OH) o * CaSO.t H^SO^ 
4 4 & o 2 4 2 4 

(CaS0 4 i s so l u b l e i n acids) 
(7) 3 Gu S 0 4 4 2 GaC0 3 * 2H 20 = 2 CuC0 3'Gu(0H) g + 2 GaS0 4 + 

h 2 s o 4 

Oxidation and enrichment of the primary sulphides 
has begun but does not appear to have advanced very f a r . 
There are two po s s i b l e explanations f o r t h i s poor advance. 

1 
The f i r s t i s the small amount of p y r i t e i n the area. 
I n t e n s i t y of a c t i v i t y depends on the presence of a v a i l a b l e 
sulphur. Thus d i s u l p h i d e s y i e l d i n g f r e e sulphur on turning; 
ovor -fre- a sulphate w i l l y i e l d something else i n a d d i t i o n to 
the sulphate of the metal. 

The second explanation f o l l o w s from the f i r s t . I f 
the p y r i t e i s not present i n large amounts, then the deposit 
has not had s u f f i c i e n t time to e n r i c h to any great extent 
when depending on the sulphides that are present f o r f r e e 
sulphur. That i s , the period of e r o s i o n and o x i d a t i o n , that 
f o l l o w s the d e p o s i t i o n of primary s u l p h i d e s , has not been 
long enough to permit extensive enrichment of t h i s type of 
1. P y r i t e has been reported as present around Pocker No,8 and 

would e x p l a i n the more intense enrichment seen In sec. 169, 
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m i n e r a l i z a t i o n . 

To give an o r d e r l y sequence of a e p o s i t i o n of a l l 
the minerals i s impossible, f o r once the copper has gone 
i n t o s o l u t i o n the minerals depositee depend on the minerals 
which the s o l u t i o n s encounter. For t h i s reason, the minerals 
are grouped as primary sulphides, secondary s u l p h i d e s , and 
secondary oxides. (See t a b l e l ) . 

Table 1 

Primary Sulphides Secondary Sulphides Secondary Oxides 

Bornite C o v e l l i t e Hematite 
C h a l c o p y r i t e ChaIcocite Limonite 
C h a l e o c i t e A z u r i t e 

U s l a c h i t e 

r 
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