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ABSTRACT 

The Krain porphyry copper prospect, located 10 km 

north of the Bethlehem mine, has been explored inten¬

s i v e l y over the past 20 years. Reserves of 15J m i l l i o n 
'O 

TO M ft£$ 

•tons'grading .55 percent copper are indicated, and 

l i t t l e hope remains f o r discovery of a d d i t i o n a l tonnage 

Krain i s unique i n the d i s t r i c t i n that i t i s 
COoH 

p a r t l y covered by postmineral volcanics beneath, which 

a copper enriched oxidized capping has been preserved. 

Despite t o t a l oxidation of primary s u l f i d e s , no s i g n i f i 
o 

cant enrichment i n the form of c h a l c o c i t e has occurred 

due to the acid n e u t r a l i z i n g r e a c t i o n of secondary c a l -

c i t e , which has g r e a t l y retarded the downward migration 

of copper. 

; /} £* : ' 

-Also-unique at Krain are c l e a r genetic and spa

t i a l t i e s between zonal patterns of m i n e r a l i z a t i o n . 
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a l t e r a t i o n , and f r a c t u r i n g , around a quartz d i o r i t e 

stock which resembles the Bethlehem phase of the Guichon 

B a t h o l i t h . 

Postmineral f a u l t i n g i s s i g n i f i c a n t . 

LOCATION 

The Krain property i s located on the east flank 

of North Forge Mountain about 10 Ian north of the Beth

lehem mine i n Highland V a l l e y d i s t r i c t . 

J 

Latitude 50° 35' N 
. Longitude 120° 58' W 

Ele v a t i o n 5700 1 (1750 m) 
N.T.S. 92I/10W 

HISTORY 

The e a r l i e s t h i s t o r y at Krain i s not known -except 

r \ . C«H<J. 

that i n 1907 i t was named the Keystone Group, and a 

5 m a d i t e x i s t e d . L i t t l e more was done u n t i l develop-
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ment of the Bethlehem mine commenced i n 1955, and pros

pects i n the d i s t r i c t began to a t t r a c t the a t t e n t i o n of 

1955 have included Beaver Lodge Uranium, Far west Tungsten 

Kennecott, North P a c i f i c , Canex, Shulman, Noranda, Quin-

tana and Getty, and t o t a l exploration costs have exceeded 

one m i l l i o n d o l l a r s . 

Several companies recognized that part of the mineral

i z e d area at Krain was deeply oxidized and l a y beneath 

T e r t i a r y v o l c a n i c cover where enriched copper grades 

might be p o s s i b l e . Determined e f f o r t s were made to ex

plore t h i s p o t e n t i a l , as well as to develop tonnage i n 

the primary s u l f i d e zone. Regional and d e t a i l e d geolo

g i c a l mapping and sampling were supplemented by geo-

chemical, magnetometer and induced p o l a r i z a t i o n surveys, 

and''followed by' considerable bulldozer trenching. 

mineral exploration companies. Operators at Krain;, 
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Formidable q u a n t i t i e s of diamond d r i l l i n g and percussion 

d r i l l i n g were done throughout the years. 

The most recent operators, Quintana and Getty, i n 

1971-72 j o i n t l y explored extensions of m i n e r a l i z a t i o n 

beneath covered areas to the north and south. In 1973 

Getty continued e f f o r t s to develop jdeeper extensions to 

the south and southwest, but since then the property 

has been i d l e . 

In 1972 tonnage and grade estimates were made at 

Krain based on r e s u l t s of then current and previous 

d r i l l i n g . Mineralized rocks that could be recovered 

r i n a s i n g l e openpit, 250 m deep, were included i n the 

estimates, and a .3 percent copper c u t o f f grade was 

used. The c a l c u l a t i o n s i n d i c a t e d a t o t a l reserve of 

15 m i l l i o n tons grading .55 percent copper. Of t h i s 

t o t a l , about 10 m i l l i o n tons averaging .53 percent 
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copper contain primary s u l f i d e s , and ft m i l l i o n tons- ¬

grading approximately .6 percent copper contain second

ary copper carbonates and oxidation products. 

O v e r a l l molybdenum content was estimated to average 
0 

close to .01 percent Mo although short intercepts near 

the core contain as much as .03 percent Mo. 

GEOLOGY 

The Krain prospect l i e s on the southern boundary 

of an extensive area of postmineral cover c o n s i s t i n g 

of c o n t i n e n t a l v o l c a n i c s and interbedded sediments of 

the E a r l y T e r t i a r y Kamloops Group. Such rocks cover 

the northern h a l f of the mineralized zone, and have 

protected a pre-Kamloops age'cap as much as 100 m 

t h i c k . Hypogene s u l f i d e s within t h i s cap have been 

t o t a l l y destroyed. In the southern part of the deposit 



Pleistocene g l a c i a t i o n has removed most of the oxidized 

zone. 

M i n e r a l i z a t i o n at Krain occurs within quartz d i o -

r i t e s of the Highland V a l l e y phase (Guichon v a r i e t y ) of 

the Guichon B a t h o l i t h , as defined by Northcote (1969) , 

and within c r o s s c u t t i n g dykes and small stocks. These 

dykes and stocks e x h i b i t textures ranging from p o r p h y r i t i c 

to hypidioraorphic-granular, and the more equigranular 

v a r i e t i e s c l o s e l y resemble quartz d i o r i t e s of the Beth

lehem phase of the b a t h o l i t h (Northcote, 1969). 

The mineralized porphyry system at Krain occurs 

w i t h i n a broad northwesterly trending zone containing 

the Trojan prospect, a breccia-pipe 3 km south of Krain, 

and the Bethlehem deposits some 7 km f u r t h e r south. 

This northwest trending zone i s characterized by numerous 

p a r a l l e l porphyry dykes, as w e l l as by prominent fracture 



r e l a t e d but non-pervasive c h l o r i t e - e p i d o t e - c h a l c o p y r i t e -

i p y r i t e - i b o r n i t e hydrothermal a l t e r a t i o n assemblages*^ 

\ 

Smaller zones of pervasive c h l o r i t e - c l a y a l t e r a t i o n 

i 
occur frequently within the above broad zone. These 

0 

smaller zones are often at the margins of porphyry 

dykes; many contain conspicuous c h a l c o p y r i t e . (Exploration 

" a c t i v i t i e s i n the d i s t r i c t have led to extensive trenching 

and d r i l l i n g w ithin and around many of these small showing 
/<-

At Krain unique s i t u a t i o n e x i s t s . M i n e r a l i z a t i o n 

and a l t e r a t i o n are c l o s e l y associated with an elongate 

dyke-like stock which i s unroofed within a very small 

area at the centre of the deposit. The unroofed p o r t i o n 

appears to be an abrupt cupola-like p r o j e c t i o n which 

developed above the stock„ To the northwest and south

east along s t r i k e the apex of the stock plunges gently 

away from the high point at Krain, as i l l u s t r a t e d i n 



Figure 2. An approximate dip of 70° Southwest on the 

walls of the stock i s also i l l u s t r a t e d . 

F r a c t u r i n g , b r e c c i a t i o n , a l t e r a t i o n and mineral

i z a t i o n are a l l most strongly developed i n and around 

the c e n t r a l c u p ola-like core and along the upper surface 

of the stock. 

MINERALIZATION AND ALTERATION 

-Strong zonal patterns of primary s u l f i d e mineral

i z a t i o n and s i l i c a t e a l t e r a t i o n have been recognized 

around the core area. Within the core and near the 

contacts of the stock, c h a l c o p y r i t e - b o r h i t e assemblages 

are found and these are associated with molybdenite-

bearing quartz v e i n l e t s . Outwards, -strongly f r a c t u r e 

c o n t r o l l e d c h a l c o p y r i t e - p y r i t e assemblages occur with 

p y r i t e becoming more abundant outwards, both within the 



w a l l rocks and the stock. Maximum t o t a l s u l f i d e content 

i s about 5 percent and occurs approximately coincident 

with the outer l i m i t of .1 percent copper." ^a-^t-c . 
0 

Associated s i l i c a t e a l t e r a t i o n i s pervasive and 
o 

grades from s e r i c i t e - c l a y - c h l o r i t e ' 1 ' assemblages i n the 

core outwards through c l a y - c h l o r i t e and c h l o r i t e assem¬

blages i n the cha l c o p y r i t e zone, and further grades to 

ch l o r i t e - e p i d o t e assemblages i n the p y r i t e zone. Beyond 

the approximate outer l i m i t of .05 percent copper, s i l i 

cate a l t e r a t i o n i s no.longer pervasive although c h l o r i t e -

epidote assemblages form pronounced fr a c t u r e selvage 

halos which gradually diminish to f r a c t u r e coatings over 

t r a n s i t i o n zones as much as a thousand metres wide. 

1. I d e n t i f i c a t i o n of s e r i c i t e and clay-bearing mineral 
assemblages i s based on p h y s i c a l properties and know
ledge of x-ray determined mineralogy of s i m i l a r rocks 
from the Bethlehem mine (McMillan, W. J . , 1974, person 
communication). 
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OXIDIZED ZONE 

A deeply o x i d i z e d , s l i g h t l y copper enriched zone has 

been preserved beneath E a r l y T e r t i a r y c o n t i n e n t a l v o l c a n i c -

sedimentary cover at Krain. (see Figure 2.) h Malachite i s 

the most abundant copper mineral although c h r y s o c o l l a and 

a black waxy copper oxide (neotocite?) are often-associated. 

These minerals form very prominent f r a c t u r e coatings, 

f \ T'fi 
some of which are b o t r y o i d a l , and theser'also occur -dis--=-

-seminated-in c a v i t i e s previously occupied by s u l f i d e s . 

Cuprite and disseminated native copper occur i n minor 

q u a n t i t i e s , most commonly i n the outer parts of the 

deposit. 

Small amounts of c h a l c o c i t e (in- the\ form£ofn t h i n 

coatings on corroded grains of s u l f i d e are-present;, i n 

/* \ some d r i l l holes near the base of the ox i d i z e d -zoneV) 
-i . . . 
[/> 

-overlapping the lower 'metre of oxidized rock and 



extending i n t o the upper few metres of the primary s u l f i d e 

zone. Chalcocite i s not s u f f i c i e n t l y abundant to c o n t r i ¬

bute appreciably to the grade of the deposit, nor-to— 
(X*V,>f— 

_axp^l^irn-^fchje> s l i g h t enrichment of the oxidized zone over 

primary grade. 

Disseminated c a l c i t e , which may—form- as much as 

5 percent of the more highly a l t e r e d rocks at Krain, 

i s b e lieved to have greatly influenced the migration 

of copper, and contributed to the small- amount o f ^ e n r i c h -
•. ,. . ' - / / ' • • 

ment within the oxidized zone. f-The presence of c a l c i t e 

w ithin the (Jiydrothermai s u l f i d e j system i s — a t t r i b u t e d -to-

the destruction of c a l c i c p l a g i o c l a s e during the hydro-

thermal event. C a l c i t e laterA reacted to n e u t r a l i z e acids 
A 

formed as a r e s u l t of oxidation of hypogene s u l f i d e s , 

and p r e c i p i t a t e d copper from s o l u t i o n before much v e r t i c a l 

migration could take place. I t i s believed however, that 



some net downward migration of copper' must have occurred 

i n order to give r i s e to„ s l i g h t copper enrichment within 

the oxidized zone, as- the weathering-oxidation-leaching 

process ^progressed. 

A p o s s i b l e alternate explanation, f o r the s l i g h t l y 

enriched copper grade of the oxidized zone at K r a i n i s 

that i t may have formed by oxidation of a p r e - e x i s t i n g 

c h a l c o c i t e enriched blanket, but no t e x t u r a l r e l a t i o n 
s-

ships were observed -that could e i t h e r substantiate or 

deny such a hypothesis. P a r t i a l l y o x idized surfrde~s present

i r e p y r i t e and c h a l c o p y r i t e ^ a n d - the c h a l c o c i t e present 

forms coatings on -some—of— these^grains . The-simplest 

^explanation would c a l l f o r p r e c i p i t a t i o n " "biT the minor 

amount of copper reaching the groundwater tabled/as c h a l -

/ 
c o c i t e coatings on s u l f i d e grains, i n a f i r s t / c y c l e oxid¬

ation-weathering system, under the i n f l u e n c e of xt r e l a t i v e l y 

/nigh carbonate environment 



STRUCTURE 

Fra c t u r i n g and f a u l t i n g are prominent features of 

cthe geology,at Krain, and the areas of highest f r a c t u r e 

density are the zones of best m i n e r a l i z a t i o n , adjacent 
i\ 

0 

to the stock. 

Sets of steeply dipping northeasterly and northerly 

trending f a u l t s are evident on Figure 1, and postmineral 

o f f s e t s on these f a u l t s are indicated by the map pattern.— 

Premineral existence of some of these f a u l t s may-^lso-be 

demonstrated i n the f i e l d , although most appear'of post-
i • 

0 

mineral age. E a r l y T e r t i a r y Kamloops Group rocks are;;K'-'^' 

almost e n t i r e l y found vin downfaulted blocks, and v e r t i c a l 

o f f s e t s have i n several instances been substantiated by 

d r i l l r e s u l t s . However,, no measure of the net . s l i p 
IS 

on these f a u l t s has been obtained, nor -has—it-been—possible-

-to-fully_janderstand~ the time r e l a t i o n s h i p s between mineral-
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i z a t i o n , f i r s t development and subsequent movements on 

these minor f a u l t s , and the formation of the major f a u l t s 

^known xn the regxon*> j-MMj v ^ e ^ *~^ - ~ - 1 

SUMMARY 

Krain prospect i s a well-explored porphyry copper 

occurrence which forms a small part of a much l a r g e r 

f A 

hydrothermally-emplaced s u l f i d e system- Reserves of 

^ 1 5 ' m i l l i o n tons averaging .55 percent copper and .01 

percent molybdenum are i n d i c a t e d , and l i t t l e chance 

remains f o r discovery of a d d i t i o n a l tonnage near surface 

Unlike most other copper deposits w i t h i n the Gui

chon B a t h o l i t h , Krain d i s p l a y s a p o s i t i v e g e n e t i c and 
s p a t i a l r e l a t i o n s h i p to a d i s c r e t e stock which i n t h i s 

instance intrudes Guichon quartz d i o r i t e . / T h e stock 
V 

c l o s e l y resembles the Bethlehem phase of the b a t h o l i t h . 
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and part of the-stock- forms a core about which are 

developed strong zonal patterns j.n' s u l f i d e mineralogyv"* 

s i l i c a t e a l t e r a t i o n assemblages, i n t e n s i t y of hydro-

thermal a l t e r a t i o n , and f r a c t u r i n g - A l l of these zonal 
o 

features suggest a close genetic r e l a t i o n s h i p between 

emplacement of the stock and m i n e r a l i z a t i o n . 

Mineralized rocks at Krain, including the unroofed 

c e n t r a l part of the stock, were deeply weathered and 

o x i d i z e d p r i o r to b u r i a l beneath Early T e r t i a r y c o n t i 

nental v o l c a n i c s and sediments. Despite deep oxidation 

and t o t a l destruction of sulfides, very l i t t l e secondary 

c h a l c o c i t e enrichment occurred,, although the oxidized 

zone has been s l i g h t l y enriched i n c o p p e r p r i n c i p a l l y 

i n the form of copper carbonate. This enrichment i s 

i n t e r p r e t e d to r e s u l t from the influence of disseminated 

secondary c a l c i t e formed on the breakdown of c a l c i c 



p l a g i o c l a s e during the hydrothermal event. This -calcite 

reacted to n e u t r a l i z e acids produced during the oxidation 

process thereby p r e c i p i t a t i n g copper c a r r i e d i n s o l u t i o n , 

and retarding downward migration of copper. Ultimately, 
o 

as the weathering-oxidation process continued, s u f f i c i e n t 

downward transport of copper occurred to produce s l i g h t 

enrichment within the oxidized zone, before the deposit 

was buried beneath v o l c a n i c cover i n the Early T e r t i a r y . • 

The northern part of the Krain deposit remains 

buried beneath Early T e r t i a r y cover and there the deeply 

o x i d i z e d cap remains i n t a c t . Southern parts of the 

deposit have been exposed to Pleistocene g l a c i a t i o n 

and the cap has been almost completely removed. 

The present d i s t r i b u t i o n of Kamloops Group rocks 

i s strongly c o n t r o l l e d by f a u l t s along which v e r t i c a l 

displacements appear to be most important./ T e r t i a r y 
. l i t . rocks are p r e s e n t l y almost-restricted-to,downthrown 

f a u l t blocks. 
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