
COLL.NO. 

Report No. 

Author 

Cataloguer 

0 1 

i o\z i 
4 0 3 

4 0 4jf 

NTS Map No. 

4 -mi le 
map name 

t> 0 '. /I 
PAGE 

J 

Yr. written 0 5 4 s 6 Yr. entered 4 0 64 
Document type 
01 PhD Thesis 06 Book 

02 MSc Thesis 07 Journal 

03 BSc Thesis 08 Report 

04 4th yr, essay 09 Govt.Pub. 

05 Seminornotes Other: Enter here 

0 7 4 0 

Country | £ | | ^ 

Use 4 - l e t t e r acronyms (see l is t ) 
S ta te / 
Prov 1 I 4: 

Lat i tude Longitude 

i 3 4 
r N/S deg min E/W deg min 

600128 

4 4< L0< CI = r i l \6' i ; 7 
5 < 'A P. I • ) PI 1*) 1 card 1 

HI at mil 5 1 , / IC 
J — L 

r 
_card 2 

A 

B 

S 

T 

R 

A 

C 

T 

1 5 * — 

— 

-card 

.card 2 

..card 3 

_ccrd 4 

.card. 5 

-card 6 
Geological field(s) 

01 Cry*tonography 
02 Economic Geol. 

03 Engineering Geol. 
04 Exploration 

05 Geochemislry 
06 Geochronology 
07 Geomorphology 
08 Geophysics 
09 Geor herma 1 
10 Glaciology 
I I Hydrogeology 
12 Kinetic* 

3 Math.Geol. 
14 Microscopy 
5 Mineral Engineering 

4 1 6 4 1 
Number of specimens assoc ia ted with document(d stored) 

16 Mi nerology 
1 7 Moon, planets 

18 Oceanography 
19 Paleontology 
20 Petrology 
2 I Remote sensing 

22 SeaYmentology 
23 Strafigropny 
24 Structural Geol. 
2 5 Vol canoiogy 
26 Environmental Geol. 

Other: enter below 

Enter most important 
first, etc. 

74 H 

Hand 
specimen 

Thin 
section 

Analyses 

ft 1 8 4 Polished 
section 

Pol. thin 
section 

I 0 <£ 

1 I 4 

Polished 
section 

Pol. thin 
section I ! 4 

2 3 4 5 6 

01 Assays 
02 Atomic abs. 
03 Chemical 
04 Electron probe 
05 Emission spec. 
06 Isotope 
07 Microscope 

I i i i n 
09 
1 0 
I I 
12 
I 3 
14 

Point counts 

Size analysis 

Specific gravity 

Staining 
Xray di f f ract ion 

X ray fluorescence 

Other: enter below 

WW 

http://coll.no


PAGE g | IF THIS DOCUMENT R E F E R S T O OTHERS IN OUR F ILES , ENTER MAP N U M B E R , E T C . OF THE OTHER OOCUMENTtS) 

N T S 

N T S 

NTS 

4: l 4 4 

4 L 4-
4- I. 6 4-

Year 

Year 

Year 

/ Author / 
/ Author / 

/ Author / 

T H E FOLLOWING INFORMATION R E L A T E S TO M I N E R A L D E P O S I T S 

Depos i t name 4 11 4 E T H i 
L, 

it Depos i t t ype(s ) 
I 2 

Host rock age 
• 

P H A H E R O Z O t C 

P R O T E R O Z O I C 

A R C H A E A H 

C E N O Z O I C 

M E S 0 Z 0 I C 

P A L E O Z O I C 

H A DR YNIAN 

H E L I K I A N 

A PHE Bl AM 

Q UATERNARY 

T ERT1ARY 

C R E T A C E O U S 

J U R A S S I C 

T R I A S S | C 

P E R M I A N 

PENNSYLVANIA* 

MISSISSIPPIAN 

D E V O N I A N 

S I L U R I A N 

O R D O V I C I A N 

C A M B R I A N 

1 U P P E R 

2 W t D 0 L E 

1 
L 0 W E R 

1 4 
INSERT ZERO FOR UNCERTAIN 

OR UNKNOWN DIGITS 

H i t 

; 3 4 1 1 
01 Carbonatife 
02 Coal 
03 Contact metomorphic (skarn ) 
04 Dia treme (diamond pipe,breccia 
05 Evapori te 
OG Geothermal (hoi spring) 

07 Industrial mineral 
08 Lateritic 
09 Magmatic 
10 Massive sulphide 

1 I Oceanic (Mn nodules, etc) 

l2Pegmatite 

13 Pefroleum/gos/tar sands 

K P I o c e r 

15 Por phyry 

IGReplocement 

(7 Residual 

18 Strati form sedimentary 

l9Strot i form v o l c a n i c 

20Supergene 

2 1 Ve i n 

pipe) 

Other ; enter below 

Depos i t 4 1 age Other 5«- 4 I I 1 
Major metal (s) 

- f n decreas ing order of importance 
- u s e chemical symbols AG ( P B , etc .Cieft justify) 

1 2 3 4 5 6 7 

Major minera)s(in decreas ing order of impor tance) 
-use 4-letter acronyms (see list or use coding a lgor i thm) 

Major metal (s) 
- f n decreas ing order of importance 
- u s e chemical symbols AG ( P B , etc .Cieft justify) 

1 2 3 4 5 6 7 433 4 | L i i 
—P— 

I 
i — 

43o t 1 1 
r— 

Enter most important ci tat ions of your bibliography as* year /author 's surname/pub!icat ion/ ' 1 sriort : ' t i t le 
separate these i tems by a s l a s h ; abbreviate freely but logical ly ; use only 2 digits for year of publication 
Example^ 71/SUTHER LAND-BROWN /C1M T RAN S , 7 4 , P121 / M E T A L L O G E N Y OF THE CAN.CORDILLERA 

4 3 A' 4 ... 

k 3 c) 4 

3 b 4-

k 7 4' 

$ % 4 
• 



4276 West 14th Avenue 
Vancouver 8 , 
B r i t i s h Columbia, 
March 29 , 1956. 

Dr. R.M.Thompson, 
Department of Geology, 
U n i v e r s i t y of B r i t i s h Columbia, 
Vancouver, B r i t i s h Columbia. 
Dear S i r t 

In accordance w i t h the requirements 
of the U n i v e r s i t y of B r i t i s h Columbia f o r 
p a r t i a l f u l f i l m e n t of the course, Geology 409, 
I submit my report e n t i t l e d "Mineralography of 
the Bethlehem Copper Corporation (N.P.L.) 
property i n Highland V a l l e y , B r i t i s h Columbia". 

Yours t r u l y , 

Harold Jones 



MINERALOGRAPHY OF THE 
BETHLEHEM COPPER CORPORATION (N.P.L.) PROPERTY 

IN HIGHLAND VALLEY, BRITISH COLUMBIA 

A report submitted in 
partial fulfilment of the requirements 

for the course in Geology 409 

HAROLD JONES 

March 29, 1956 



i 

Summary 

The Bethlehem Copper Corporation (N.P.L.) property 
i s s i t u a t e d i n Highland V a l l e y , t h i r t y miles southeast of 
A s h c r o f t , B r i t i s h Columbia. The property i s r e a d i l y a c c e s s i b l e 
by road from A s h c r o f t or M e r r i t t . 

The quartz d i o r i t e of the Guichon Creek B a t h o l i t h 
u n d e r l i e s the Highland V a l l e y d i s t r i c t . On the Bethlehem 
Copper property i t i s intruded by a s e r i e s of g r a n i t i c rocks 
and an igneous b r e c c i a . The m i n e r a l i z a t i o n appears to be 
r e l a t e d to the b r e c c i a and the i n t r u s i v e s . 

Three types of m i n e r a l i z e d zones are present; 
b r e c c i a zones, j o i n t c o n t r o l l e d zones and f i s s u r e v e i n zones. 
These zones are h i g h l y j o i n t e d and i n most p l a c e s , deeply 
weathered. The m i n e r a l i z a t i o n i s widespread and of low grade, 
the main minerals being c h a l c o p y r i t e , b o r n i t e and malachite. 
Minor amounts of c o v e l l i t e , c h a l c o c i t e , molybdenite, t e t r a -
h e d r i t e , p y r i t e , c h r y s o c o l a , a z u r i t e and galena are a l s o 
present. 

This property has the same c h a r a c t e r i s t i c s as some 
of the l a r g e porphyry copper deposits i n the United S t a t e s . 
I f ore grades are s u f f i c i e n t l y h i g h , t h i s property could be 
developed i n t o a l a r g e tonnage porphyry copper mine. 
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MINERALOGRAPHY OP THE 
BETHLEHEM COPPER CORPORATION (N.P.L.) PROPERTY 

IN HIGHLAND VALLEY, BRITISH COLUMBIA 

CHAPTER I 

In t r o d u c t i o n 

A. General Statement 

The object of t h i s paper i s to give a m i n e r a l o g i c a l 
report on the Bethlehem Copper Corporation (N.P.L.) property 
i n Highland V a l l e y , B r i t i s h Columbia. This property i s w i t h i n 
the Kamloops mining d i v i s i o n . 

E x p l o r a t i o n work by t h i s company began i n the summer 
of 1955. The purpose of the work was to map g e o l o g i c a l l y the 
Snowstorm group of claims and to d e l i m i t and evaluate the 
min e r a l i z e d areas. P l a n e t a b l e mapping on a s c a l e of 100 f e e t 
to the i n c h was followed by trenching,-by bull-dozers-, of the 
Iona and Jersey m i n e r a l i z e d areas. The trenches were then 
bulk sampled, t a k i n g one ton of sample over each 20 f e e t of 
trench l e n g t h . 

L o c a t i o n and A c c e s s i b i l i t y 
The Bethlehem Copper Corporation property i s i n the 

Highland V a l l e y d i s t r i c t , t h i r t y miles southeast of A s h c r o f t , 
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B r i t i s h Columbia. Ashcroft (Figure 1) i s on the Thompson 
R i v e r , 220 miles by road northeast of Vancouver B.C. The 
Bethlehem Copper group of claims i s s i t u a t e d on the south
west s i d e of Forge Mountain, which forms the northeast s i d e 
of Highland V a l l e y . 

Highland V a l l e y i s a c c e s s i b l e by secondary roads 
from two d i r e c t i o n s , one from As h c r o f t to the northwest and 
the other from the Savona-Merritt highway to the east. Both 
of these roads connect w i t h main p r o v i n c i a l highways. 

B. Topography 

Highland V a l l e y i s the name given t o the v a l l e y 
occupied by the headwaters of Puka i s t Creek d r a i n i n g westward, 
Witches Brook d r a i n i n g eastward, and the s m a l l lakes at the 
d i v i d e . 

The topography of the Highland V a l l e y d i s t r i c t i s 
of the I n t e r i o r P l a t e a u type. The v a l l e y f l o o r i s at about 
4100 f e e t e l e v a t i o n and i s up to one mile wide. The r e l i e f 
i s low, w i t h the adjacent mountain summits only 1000 to 1200 
fee t above the v a l l e y f l o o r . 

The mountains are w e l l rounded, h e a v i l y d r i f t 
covered and w i t h few rock outcrops. The slopes are covered 
w i t h abundant, but not dense, v e g e t a t i o n , the growth being 
mainly hemlock, f i r and pine of non-commercial grade. There 
i s very l i t t l e , i f any ?underbrush. 



3 

C. H i s t o r y of the Property 

Parts of Highland V a l l e y have been known to be 
m i n e r a l i z e d s i n c e the turn of the century. P r o p e r t i e s staked 
i n the e a r l y 1900 fs include the O.K.Mine, the Kathleen Claim, 
the Glossy Group, the Transvaal Group, the Highland Group 
and the Snowstorm-Group* Extensive e x p l o r a t i o n was c a r r i e d 
out on some of these p r o p e r t i e s . The O.K. property developed 
i n t o a sma l l mine and had a m i l l which during 1916-17 
produced 10,000 tons of copper concentrate. 

On what i s now the Bethlehem Copper property, there 
was staked, i n 1905, the Snowstorm Group of claims which 
co n s i s t e d of 23 claims and f r a c t i o n s . (The accompanying map 
covers part of t h i s o l d group). On the Snowstorm c l a i m a 50-
foot s h a f t was sunk and a 75-foot a d i t d r i v e n and from these 
openings a sma l l stope was opened. During 1915-16 a small 
ore shipment was made. Because of t r a n s p o r t a t i o n d i f f i c u l t i e s , 
very l i t t l e ore was shipped from t h i s area. 

In 1919 the B r i t i s h Columbia Department of Mines 
c a r r i e d out some e x p l o r a t i o n on the Snowstorm Group. Their 
work c o n s i s t e d of d r i v i n g a 280-foot a d i t on the Iona c l a i m 
and diamond d r i l l i n g a few holes on the Snowstorm c l a i m , a l l 
work being done f o r sampling purposes. 

Work ceased i n 1921 and the claims lapsed. In 
1937 the claims were re-staked and a l i t t l e work was done i n 
the Snowstorm s h a f t . In 1942 Ventures, L t d . and Anyox Metals 
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diamond d r i l l e d on the Iona c l a i m and a l s o d r i l l e d one hole 
on the Jersey c l a i m . They a l s o sank the Jersey and Guernsey 
s h a f t s . (See map)• 

Many surface p i t s and sma l l bulldozed trenches may 
be found on the property. These are the r e s u l t s of the e a r l i e r 
e x p l o r a t i o n programs. 

In 1954 the claims lapsed and s h o r t l y l a t e r they 
were re-staked by Bethlehem Copper Corporation. 

D. Acknowledgments 

The w r i t e r wishes to express h i s a p p r e c i a t i o n to 
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CHAPTER I I 

General Geology 

A. I n t r o d u c t i o n 

The rocks on t h i s property c o n s i s t of s e v e r a l 
v a r i e t i e s of g r a n i t i c rocks, igneous b r e c c i a s , and minor 
v o l c a n i c s . 

The o l d e s t g r a n i t i c rock u n i t i s the " o l d e r " quartz 
d i o r i t e which u n d e r l i e s most of the area. I t forms the Guichon 
Creek B a t h o l i t h . I t i s intruded i n s e v e r a l places by a pink 
a p l i t i c g r a n i t e . These two rock u n i t s are i n turn intruded 
by a younger igneous complex of "coarse" porphyry, " f i n e " 
porphyry, quartz d i o r i t e and leuco quartz d i o r i t e . These 
younger i n t r u s i v e s occur as more or l e s s p a r a l l e l bands, (see 
map). 

B r e c c i a zones, o c c u r r i n g i n s e v e r a l areas on the 
property, c o n s i s t l a r g e l y of coarse fragments of igneous rock. 

B. Rock Unit s 

The f o l l o w i n g i s a b r i e f d e s c r i p t i o n of the various 
rocks encountered i n the m i n e r a l i z e d zones. 

(1) "Older" quartz d i o r i t e 
The " o l d e r " quartz d i o r i t e u n d e r l i e s most of the 

Highland V a l l e y area. I t i s r e f e r r e d to as " o l d e r " to avoid 

c o n f u s i o n w i t h a young quartz d i o r i t e i n t r u s i v e . 
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The " o l d e r " quartz d i o r i t e i s a medium to coarse 
grained rock, ranging from l i g h t grey to dark grey i n c o l o u r , 
the colour being c o n t r o l l e d by the s i z e and amount of mafics. 
I t s composition i s , quartz (15$), p l a g i o c l a s e (65 /0, horn
blende (10$) and b i o t i t e (10$). Sphene, s e r i c i t e , a p a t i t e , 
epidote and magnetite occur i n accessory amounts. 

2. Younger igneous complex. 
(a) Leuco quartz d i o r i t e 

The leuco quartz d i o r i t e i s c h a r a c t e r i z e d by i t s 
g e n e r a l l y l i g h t c o l o r , which i s a r e s u l t of a low p r o p o r t i o n 
of m a f i c s . I t i s a medium grained rock and c o n s i s t s p r i m a r i l y 
of quartz (12$), p l a g i o c l a s e (75$), a c t i n o t i t e (5$) and 
epidote (6$). Sphene, a p a t i t e and c h l o r i t e occur i n accessory 
amounts. 

(b) P o r p h y r i t i c rocks 
( i ) "Fine" porphyry 

This i s a f i n e grained porphyry, the phenocrysts 
of which are 2 to 3 nam across. I t s colour ranges from l i g h t 
grey to n e a r l y white, to l i g h t grey-green. The phenocrysts 
make up about 60$ of the rock and c o n s i s t of quartz (3$), 
p l a g i o c l a s e (95$), and hornblende (2$). The mat r i x i s mainly 
quartz and f e l d s p a r but may have about 5$ of hornblende, 
c h l o r i t e and magnetite. 

( i i ) "Coarse" porphyry 
The "coarse" porphyry i s coarser grained than the 
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f i r s t mentioned, i t s phenocrysts being about twice the s i z e 
of those found i n the f i r s t v a r i e t y . I t s colours are much 
the same as the f i r s t v a r i e t y . The s i z e of the phenocrysts 
i s the most d i a g n o s t i c property of the rock. 

I t s composition i s quartz (5$)> p l a g i o c l a s e (90$), 
hornblende (5%). C h l o r i t e , s e r i c i t e , c a l c i t e , a p a t i t e , 
f e l d s p a r s , and quartz form the matrix. 

(c) Hornblende b i o t i t e quartz d i o r i t e 
The hornblende b i o t i t e quartz d i o r i t e c l o s e l y 

resembles some phases of the " o l d e r " quartz d i o r i t e but i s 
medium grained rather than coarse grained. I t s colour may be 
l i g h t grey, l i g h t green or l i g h t pink, depending on the 
amounts of dark mafics and pink quartz and f e l d s p a r s . 

I t s composition i s quartz (20$), p l a g i o c l a s e (60$) 
o r t h o c l a s e (10$), and b i o t i t e (5$). C h l o r i t e and magnetite 
occur i n accessory amounts. 

3* B r e c c i a 
The b r e c c i a c o n s i s t s of coarse, angular fragments 

of the " o l d e r " quartz d i o r i t e and of the younger complex rocks. 
I t s m a t r i x i s dark grey and contains numerous vugs. 
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CHAPTER I I I 

Mineralogy 

A. I n t r o d u c t i o n 

S e v e r a l types of m i n e r a l i z e d zones are found on the 
property* They are: m i n e r a l i z e d b r e c c i a zones, j o i n t con
t r o l l e d zones and f i s s u r e v e i n zones. A l l the rocks on the 
property are h i g h l y j o i n t e d . I t i s probable that most of the 
m i n e r a l i z a t i o n i s r e l a t e d i n some way to the j o i n t i n g . In 
the case of the b r e c c i a zones, although they are h i g h l y 
j o i n t e d and f r a c t u r e d , they are composed of such a d i s t i n c t l y 
d i f f e r e n t rock that i t i s best to consider them as separate 
zones. I t must be pointed out that although a l l the rocks 
are j o i n t e d , not a l l are m i n e r a l i z e d . 

B. M i n e r a l i z e d Zones - general d e s c r i p t i o n s and l a b o r a t o r y data 

1. Iona Zone 
The Iona zone i s p o s s i b l y the l a r g e s t m i n e r a l i z e d 

area on the property. I t contains both a m i n e r a l i z e d b r e c c i a 
zone and a j o i n t c o n t r o l l e d zone. Trenches #1, 2, and 3 have 
i n d i c a t e d the Iona zone to be about 1200 f e e t long i n the 
north-south d i r e c t i o n and 900 feet wide i n the east-west 
d i r e c t i o n . 

About 70% of the rock i n t h i s zone i s b r e c c i a , the 
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remaining 30$ being e q u a l l y d i v i d e d between " f i n e 1 1 porphyry, 
coarse porphyry, and hornblende b i o t i t e quartz d i o r i t e . 
The rocks are h i g h l y j o i n t e d and s t r o n g l y weathered, the 
r e s u l t of the l a t t e r being abundant i r o n s t a i n i n g of the rocks. 

The minerals of economic i n t e r e s t i n the Iona zone 
are b o r n i t e , c h a l c o p y r i t e and malachite. Minor amounts of 
molybdenite, p o w e l l i t e , chrysocola and a z u r i t e are a l s o 
present. Limonite i s associated w i t h a l l the copper mi n e r a l s . 

Four specimens were s t u d i e d from the Iona Zone. 
Data on these are as f o l l o w s : 
Specimen #1 

Specimen #1 i s from the b r e c c i a zone i n trench #2. 
I t c o n s i s t s of s e v e r a l fragments, the l a r g e s t being about 1 
i n c h square, i n a f i n e fragmental m a t r i x . Vugs are present 
i n the matrix. 

C h a l c o p y r i t e appears to be the only primary mineral 
present. I t occurs i n f r a c t u r e s i n the m a t r i x and to a l e s s e r 
e x t e n t , i n f i n e cracks i n the b r e c c i a fragments. Malachite i s 
abundant and coats the j o i n t surfaces and vugs. 

In a polished s e c t i o n of specimen #1 magnetite was 
found as an accessory m i n e r a l . 

This specimen i s about 1$ m i n e r a l i z e d , the minerals 
being c h a l c o p y r i t e (80$), malachite (20$) and magnetite ( 1$). 
Specimen #2 

Specimen #2 i s from the b r e c c i a zone at the east end 
of trench #2 and c o n s i s t s of " f i n e " poprhyry fragments cemented 
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together by a f i n e - g r a i n e d m a t r i x . This specimen i s about 
10$ m i n e r a l i z e d w i t h c h a l c o p y r i t e (90$) and molybdenite (10$) 
being the main minerals. Magnetite occurs as an accessory 
m i n e r a l . The m i n e r a l i z a t i o n appears to be concentrated i n 
openings between the b r e c c i a fragments as w e l l as i n f i n e 
cracks throughout the fragments. 

Figure 2. Molybdenite replaced by c h a l c o p y r i t e 

a 

I n A p o l i s h e d s e c t i o n of specimen #2 the molybdenite 
occurs as f i n e l a t h s p r o j e c t i n g i n t o or surrounded by i r r e g u l a r 
shaped c h a l c o p y r i t e grains (Figure 2 ) . This t e x t u r e i n d i c a t e s 
that the molybdenite c r y s t a l l i z e d f i r s t and was then replaced 
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 appears to have entered 
the molybdenite along cleavage planes. The f a c t that 
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molybdenite i s a high temperature mineral and c h a l c o p y r i t e a 
medium temperature mineral would a l s o i n d i c a t e that molybdenite 
c r y s t a l l i z e d f i r s t . 
Specimen_ #j 

Specimen #3 i s from the same area as specimen #2. 
The rock appears to be leuco quartz diorite. It i s a sma l l 
specimen and may be a part of a b r e c c i a fragment. The 
m i n e r a l i z a t i o n has a disseminated appearance but, as i n the 
other rocks, there are numerous f i n e cracks w i t h which the 
m i n e r a l i z a t i o n i s r e l a t e d . The minerals i d e n t i f i e d w i t h the 
a i d of the b i n o c u l a r microscope are c h a l c o p y r i t e (70%) and 
p y r i t e (30$). The rock i s about 3$ m i n e r a l i z e d . 

In a p o l i s h e d s e c t i o n of specimen #3 many of the 
c h a l c o p y r i t e grains are rimmed w i t h a t h i n l a y e r of c o v e l l i t e . 
Magnetite occurs as an accessory m i n e r a l . 
Specimen #4 

Specimen #4 i s from trench #1. The rock i s a l i g h t 
coloured (leuco ?) quartz d i o r i t e . The primary minerals are 
c h a l c o p y r i t e (40$) and b o r n i t e (50$) and they occur i n a 
network of i n t e r c o n n e c t i n g f i n e cracks (Figure 3)* Malachite 
(8$) i s abundant along j o i n t surfaces and i n some small c r a c k s . 

In a p o l i s h e d s e c t i o n of specimen #4 the chalco
p y r i t e and b o r n i t e are both rimmed by c o v e l l i t e . C h a l c o p y r i t e 
and b o r n i t e are i n about equal proportions and both show ex-
s o l u t i o n t e x t u r e s . B o r n i t e contains exsolved lamellae and 



Figure 3. Handspecimen showing interconnected 
cracks f i l l e d w i t h c h a l c o p y r i t e and 
bo r n i t e x.-k 

blebs of c h a l c o p y r i t e while- c h a l c o p y r i t e has exsolved blebs 
of b o r n i t e on i t s margins. I t appears that c h a l c o p y r i t e and 
b o r n i t e must have been i n about the same proportions i n the 
o r i g i n a l hydrothermal s o l u t i o n s and on d e p o s i t i o n , some grains 
contained an excess of b o r n i t e and hence exsolved c h a l c o p y r i t e 
w h i l e others had an excess of c h a l c o p y r i t e and exsolved 
b o r n i t e , 

A few b o r n i t e f i s s u r e veins cut through the b r e c c i a . 
These resemble the Snowstorm f i s s u r e veins i n mineralogy so 
they w i l l be neglected here. 

Two z e o l i t e s , Heulandite and Laumontite, are found 
i n t h i s zone. The former i s the most abundant and i s found 



13 

coating many of the j o i n t surfaces i n the Iona zone as w e l l 
as i n most of the other zones. Laumontite occurred as a J 

small pocket, as an a l t e r a t i o n product. The z e o l i t e s probably 
were deposited during the l a s t stages of m i n e r a l i z a t i o n by 
low temperature hydrothermal s o l u t i o n s . 

2. Jersey Zone 
The Jersey Zone i s that area which includes the 

Jersey shaft and s e v e r a l bulldozed trenches (see map). The 
rocks i n t h i s zone are " o l d e r " quartz d i o r i t e , leuco quartz 
d i o r i t e , " f i n e " and "coarse" porphyry and b r e c c i a . These 
roc k s , as elsewhere on the property, are s t r o n g l y j o i n t e d and, 
i n many p l a c e s , h i g h l y o x i d i z e d . Some exposures i n the 
trenches show copper gossan and heavy i r o n s t a i n i n g . 
Specimen #1 

Specimen #1 i s from the Jersey s h a f t . I t i s a 
h i g h l y o x i d i z e d "coarse" porphyry and has a l l i t s f r a c t u r e 
surfaces h e a v i l y i r o n s t a i n e d . M i n e r a l i z a t i o n of c h a l c o p y r i t e 
(60$) and molybdenite (40$) i s disseminated throughout the 

In a polished s e c t i o n of specimen #1 c h a l c o p y r i t e 
i s rimmed by c o v e l l i t e . Specular hematite occurs as an 
accessory m i n e r a l . The m i n e r a l i z a t i o n i s associated w i t h 
numerous f i n e cracks and appears to have deposited s i m u l t a n 
eously. 
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Specimen #2 
Specimen #2 i s coarse porphyry and came from cut #4. 

Abundant malachite covers the j o i n t s u r f a c e s . C h a l c o p y r i t e 
and b o r n i t e a l s o occur on j o i n t surfaces and i n s m a l l cracks. 

This specimen i s about 2% m i n e r a l i z e d w i t h chalco
p y r i t e and b o r n i t e o c c u r r i n g i n equal amounts. 
Specimen #3 

Specimen #3 a l s o came from trench #4 and i s from a 
one-half i n c h wide c h a l c o p y r i t e s t r i n g e r . The w a l l s of t h i s 
s t r i n g e r are l i n e d w i t h a t h i n c o a t i n g of specular hematite. 

No other minerals were found i n a p o l i s h e d s e c t i o n 
of t h i s specimen. 

3* Snowstorm Zone 
At the Snowstorm, s m a l l f i s s u r e veins are found i n 

the o l d workings. In the stope, a v e i n 3 f e e t wide shows 
b o r n i t e s t r i n g e r s i n both the foot and hanging w a l l s as w e l l 
as copper m i n e r a l i z a t i o n i n the shattered rock between the 
two w a l l s . 

In a specimen of w a l l rock from t h i s zone the main 
gangue minerals are quartz, epidote and c h l o r i t e . In a t h i n 
s e c t i o n i t was found that w a l l rock a l t e r a t i o n i s complex and 
includes e p i d o t i z a t i o n , c h l o r i t i z a t i o n , c a r b o n a t i z a t i o n and 
s e r i c i t i z a t i o n . 
Specimen #1 

Specimen #1 i s from a b o r n i t e r i c h quartz f i s s u r e 
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v e i n . This specimen i s about 40$ massive b o r n i t e and 60$ 
quartz. S e v e r a l polished s e c t i o n s were made from t h i s 
specimen which appears to contain only b o r n i t e . The f o l l o x ^ i n g 
i s a summary of the observations made i n these p o l i s h e d 
s e c t i o n s . 

Many grains show c h a l c o p y r i t e as f i n e l a m e l l a e , of 
which some are s t r a i g h t and some are wavy. Many of these 
lamellae f e a t h e r i n t o f i n e c r a c k s , coating the cracks w i t h 
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 formed by e x - s o l u t i o n from 
the b o r n i t e and d i f f u s e d i n t o the cracks. 

C o v e l l i t e i s present as p a r t i a l veins around the 
b o r n i t e . I t a l s o l i n e s small p i t s i n the b o r n i t e . 

C h a l c o c i t e occurs as t h i n rims around the b o r n i t e 
but i s i n l e s s e r amounts than the c o v e l l i t e . Both the 
c o v e l l i t e and c h a l c o c i t e are supergene. 

A few i r r e g u l a r grains of galena were found assoc
i a t e d w i t h b o r n i t e and separated from i t by mutual boundaries, 
(Figure 4). The galena has the appearance of simultaneous 
d e p o s i t i o n w i t h e r e x - s o l u t i o n from.bornite. Edwards (pp. 213 
1954) s t a t e s , "that on slow c o o l i n g of a lead-copper matte 
the galena c r y s t a l l i z e s out i n a e u t e c t i c r e l a t i o n w i t h the 
b o r n i t e compound." This may e x p l a i n the presence of galena. 

The minerals present are b o r n i t e (98$), c h a l c o p y r i t e 
(1$) and c h a l c o c i t e , c o v e l l i t e , and galena,(1$). 



F i g u r e 4. Galena ex-solved from b o r n i t e x 4oo 

Specimen #2 
Specimen #2 i s from one of the Snowstorm f i s s u r e s 

v e i n s . This specimen shows two i r r e g u l a r m i n e r a l i z e d v e i n s \ 
one three-quarters of an i n c h wide, the other one-half i n c h 
wide, c u t t i n g through a l t e r e d quartz. ( S i m i l a r to Figure 5 ) . 

The main v e i n mineral i s massive b o r n i t e (80$) but apprec
i a b l e c h a l c o p y r i t e (20$) i s a l s o present. Malachite l i n e s 
a l l the planes of weakness i n the gangue. The gangue 
minerals are q u a r t z , c a l c i t e , c h l o r i t e , and epidote. 
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Figure 5. F i s s u r e v e i n shoving b o r n i t e and c h a l c o p y r i t e xj 

Fine c h a l c o p y r i t e s t r i n g e r s are present i n the 
a, 

b o r n i t e and tend to p a r a l l e l the v e i n , causing a flow bonded 

F i g u r e 6. E x - s o l u t i o n lamellae of c h a l c o p y r i t e i n b o r n i t e xzoo 



18 

appearance (Figure 5). These c h a l c o p y r i t e s t r i n g e r s are 
most l i k e l y the r e s u l t of c h a l c o p y r i t e e x - s o l v i n g from b o r n i t e 
i n t o p r e - e x i s t i n g cracks. Another s e c t i o n from t h i s specimen 
shows e x c e l l e n t Widmanstatten t e x t u r e . 

Minor amounts of t e t r a h e d r i t e are present on the a ^ ^ i ^ 
L-, f^x_ ̂ _ 

outer margins of some bo r n i t e grains (Figure 6 ) . B o r n i t e - / ^^j-

t e t r a h e d r i t e s o l i d s o l u t i o n s can e x i s t above 275°C, thus the 
t e t r a h e d r i t e probably formed by ex-solutions from b o r n i t e 
(Edwards, pp 104, 1954). 

C o v e l l i t e i s abundant, forming many f i n e , i n t e r -
grown f l a k e s along cracks i n the b o r n i t e . 
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Fine l a t h s of specular hematite are abundant i n the 
gangue. 

The minerals present i n specimen #2 are b o r n i t e 
(80$), c h a l c o p y r i t e (16$), t e t r a h e d r i t e and c o v e l l i t e (2$), 
and specular hematite (2$). 

4. White Zone 
The rock i n the White Zone i s hornblende b i o t i t e 

quartz d i o r i t e . This rock i s c l o s e l y j o i n t e d w i t h many of 
the j o i n t s f i l l e d w i t h b o r n i t e and malachite. These j o i n t s 
are between one-sixteenth t o one-eighth inche^ wide. 

The f e l d s p a r s i n contact w i t h the b o r n i t e - f i l l e d 
j o i n t s are a l i g h t e r colour than the r e s t of the gangue. In 
places the f e l d s p a r s have a tendency to l i n e up p a r a l l e l w i t h 
the j o i n t s . The only m e t a l l i c mineral appears to be b o r n i t e . 

In a t h i n s e c t i o n of t h i s rock a great amount of 
s e r i c i t e was found along the boundaries of the j o i n t s . The 
s e r i c i t e , together w i t h bleaching of the f e l d s p a r s by the 
hydrothermal s o l u t i o n s > would account f o r the l i g h t banding 
along the j o i n t s . 

A p o l i s h e d s e c t i o n showed c h a l c o p y r i t e i n the form 
of Widmanstatten t e x t u r e . 

5. Simons Zone 
The Simons zone i s 2,500 f e e t to the west of the 

Jerzey zone and i s o f f the accompanying map. The rock i n 
the Simons zone i s " o l d e r " quartz d i o r i t e . This zone occurs 
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on a r i d g e , the upper part of which has disseminated m i n e r a l 
i z a t i o n whereas the lower part has f i s s u r e v e i n s . 
Specimen #1 

Specimen #1, which i s from the upper part of the 
Simons Zone, contains disseminated b o r n i t e . The b o r n i t e 
appears to be r e l a t e d to the many zones of weakness i n the 
rock. 

A po l i s h e d s e c t i o n of specimen #1 shows the 
b o r n i t e has entered the rock through small f r a c t u r e s and has 
replaced the gangue minerals. 

Minor amounts of c h a l c o c i t e are present as t h i n 
rims around the b o r n i t e and as blebs i n the b o r n i t e . The 
blebs have sharp, smooth borders. Edwards.(pp. 97* 1954) 
s t a t e s that c h a l c o c i t e and b o r n i t e form a s o l i d s o l u t i o n at 
temperatures between 175°C to 225°C. I t i s thus probable 
that the c h a l c o c i t e found i n s i d e the b o r n i t e formed by ex-
s o l u t i o n . The c h a l c o c i t e rims are most l i k e l y supergene. 

Specimen #1 i s l e s s than 1% m i n e r a l i z e d , the 
minerals being b o r n i t e (<1$), malachite (<1%) and c h a l c o c i t e 
( t r a c e ) . 
Specimen #2 

Specimen #2 i s from the lower part of the Simons 
Zone and contains a q u a r t e r - i n c h wide b o r n i t e f i s s u r e v e i n 
which cuts through the quartz d i o r i t e . Heavy i r o n s t a i n i s 
present on the borders of the v e i n . 
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A p o l i s h e d s e c t i o n of specimen #2 shows minor 
amounts of c h a l c o p y r i t e as ex-solved lamellae i n the b o r n i t e 
and as i r r e g u l a r grains i n contact w i t h the b o r n i t e (Figure 7). 

6. Creek Zone 
The Creek Zone i s about 1500 f e e t southeast of the 

east end of #1 Iona trench and i s not included on the accom
panying map. Due to heavy d r i f t , few outcrops are showing. 
From the l i m i t e d information a v a i l a b l e , i t appears that the 
m i n e r a l i z a t i o n i s mainly i n f i s s u r e veins i n quartz d i o r i t e . 

i n c h wide b o r n i t e v e i n . B o r n i t e and malachite appear to be 
the only minerals present. 

Figure 8. C h a l c o p y r i t e ex-solved from b o r n i t e x 400 

A specimen from, t h i s zone contains a three-eights 
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A po l i s h e d s e c t i o n of t h i s v e i n shows c h a l c o p y r i t e 
i n the form of Widmanstatten t e x t u r e , (Figure 8 ) . Specular 
hematite and magnetite occur i n the gangue as accessory 
minerals. 

The minerals present are b o r n i t e (98$) , c h a l c o p y r i t e 
(1$), specular hematite and magnetite (1$). 

Figure 9. C h a l c o p y r i t e e x h i b i t i n g Widmanstatten 
te x t u r e i n b o r n i t e x soo 

C. Di s c u s s i o n 

Laboratory data i n d i c a t e s that the m i n e r a l i z a t i o n 
i s l a t e r than the igneous i n t r u s i v e s , b r e c c i a t i o n and j o i n t i n g . 
The mineral deposit must then be of the hydrothermal r e p l a c e -
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merit porphyry type. The hydrothermal f l u i d s probably entered 
the zones along the igneous i n t r u s i v e contacts and then c i r 
c u l a t e d through the rock v i a the j o i n t s . The minerals 
deposited along the j o i n t s or i n s m a l l cracks f e a t h e r i n g o f f 
the j o i n t s . Where the m i n e r a l i z a t i o n has entered the rock, 
some replacement of gangue had to occur. 

F o l l o w i n g m i n e r a l i z a t i o n there was a long period 
of weathering, the r e s u l t of which has been the a l t e r a t i o n 
of b o r n i t e and c h a l c o p y r i t e to c o v e l l i t e , c h a l c o c i t e , 
m a l a c h i t e , a z u r i t e and l i m o n i t e . The l i m o n i t e must have been 
derived from the c h a l c o p y r i t e s i n c e very l i t t l e p y r i t e i s 
present. 

In most of the m i n e r a l i z e d zones, b o r n i t e and 
c h a l c o p y r i t e show mutual boundaries and e x s o l u t i o n t e x t u r e s , 
Widmanstatten t e x t u r e being the most common. The unmixing 
of b o r n i t e and c h a l c o p y r i t e occurs at temperatures of 475°C 
or greater and thus i n d i c a t e s the deposit to be i n the high 
temperature range. The presence of molybdenite would a l s o 
i n d i c a t e h i g h temperature c o n d i t i o n s . This property would 
be c l a s s i f i e d as a high temperature hydrothermal deposit or 
more c o r r e c t l y , a t e l e t h e r m a l d e p o s i t . W0^i inm^^^i 

The poragenetic sequence would be as f o l l o w s : 



1. Molybdenite deposited above 500° C. 
2. B o r n i t e and c h a l c o p y r i t e exsolved above 475° upon r a p i d 

c o o l i n g . 
3. P y r i t e c r y s t a l l i z e d 
4. A l t e r a t i o n of copper s u l f i d e s to c o v e l l i t e and c h a l c o c i t e . 
5. A l t e r a t i o n and replacement of copper minerals to l i m o n i t e , 

malachite and a z u r i t e . 

p y r i t e . 

The disseminated m i n e r a l i z a t i o n i s q u i t e f i n e 
grained, the average g r a i n s i z e being 607 x 360 microns. In 
the m i l l i n g of t h i s rock, f i n e crushing and g r i n d i n g would 
be required to free the minerals. 
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Conclusions 

The Bethlehem Copper property i n Highland V a l l e y , 
B r i t i s h Columbia i s a l a r g e , low grade m i n e r a l i z e d area. 
The most abundant minerals are b o r n i t e , c h a l c o p y r i t e and 
malachite and occur most abundantly i n h i g h l y j o i n t e d rock. 
C o v e l l i t e , c h a l c o c i t e , t e t r a h e d r i t e , molybdenite, c h r y s o c o l a , 
a z u r i t e , p y r i t e and galena occur i n minor amounts. These 
minerals occur i n b r e c c i a zones, j o i n t c o n t r o l l e d zones and 
f i s s u r e v e i n zones, where the main c o n t r o l appears to be 
j o i n t i n g . 

The m i n e r a l i z a t i o n appears to be r e l a t e d to the 
younger complex of igneous rocks although f i s s u r e veins do 
occur i n the " o l d e r " quartz d i o r i t e . 

The m i n e r a l i z a t i o n i s the r e s u l t of hot f l u i d s or 
emanations so would be c l a s s i f i e d as a high temperature 
hydrothermal d e p o s i t . ? 

The m i n e r a l i z e d zones are near surface f e a t u r e s , the 
only overburden being g l a c i a l d r i f t which may be up t o 40 
feet deep. I t may be concluded that i f ore grades are 
s u f f i c i e n t l y h i g h , t h i s property could be developed i n t o a 
l a r g e tonnage, low grade, open p i t mining operation. 
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