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ABSTRACT 

The Lornex copper-molybdenum d e p o s i t i s s i t u a t e d i n •'he 

Highland V a l l e y of B r i t i s h Columbia, 42 k i l o m e t e r s southeast of 

A s h c r o f t . This zoned, s t r u c t u r a l l y c o n t r o l l e d , porphyry deposit 

i s e n t i r e l y w i t h i n Skeena quartz d i o r i t e . The host rock, a 

v a r i e t y of the Bethlehem phase ,of the Upper T r i a s s i c Guichon 

Creek B a t h o l i t h , i s intruded by a pre-mineral quartz porphyry 

dyke. The dyke trends n o r t h w e s t e r l y and i s most prominent i n the 

southern p o r t i o n of the ore zone. The Lornex F a u l t , a north 

s t r i k i n g , west d i p p i n g , r e g i o n a l s t r u c t u r e , i s the northwestern 

boundary of the orebody and separates the host rock from younger, 

v i r t u a l l y b a r r e n Bethsaida g r a n o d i o r i t e west of the orebody. 

The ore zone i s approximately 1900 metres l o n g , 500 metres 

wide, and g e o l o g i c a l i n t e r p r e t a t i o n s suggest the orebody plunges 

30° to 40° towards the northwest. M i n e r a l i z a t i o n i s f r a c t u r e 

c o n t r o l l e d and commonly occurs as f r a c t u r e c oatings or v e i n s . 

The major s u l p h i d e s , i n order of abundance, are c h a l c o p y r i t e , 

b o r n i t e , molybdenite and p y r i t e . 
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These s u l p h i d e minerals and hydrothermal a l t e r a t i o n zones are 

d i s t r i b u t e d i n a roughly c o n c e n t r i c p a t t e r n . The b o r n i t e core 

i s surrounded by a zone of c h a l c o p y r i t e and molybdenite m i n e r a l ¬

I z a t i o n ; p y r i t e i s p e r i p h e r a l . P h y l l i c and pervasive a r g i l l i c 

a l t e r a t i o n s occupy the ore zone and p r o p y l i t i c a l t e r a t i o n occurs 

i n the p e r i p h e r a l zone of p y r i t e and lower copper grades. 

I n t e n s i t y of hydrothermal a l t e r a t i o n i n c r e a s e s w i t h h i g h e r f r a c t u r e 

d e n s i t y and h i g h e r t o t a l s u l p h i d e content. 

i 

The Lornex orebody i s considered to have formed at the 

i n t e r s e c t i o n of r e g i o n a l s t r u c t u r e s . T e c t o n i c s t r e s s e s developed 

conjugate shears at t h i s i n t e r s e c t i o n which were subsequently 

m i n e r a l i z e d by the i n j e c t i o n of hydrothermal f l u i d s . R e a c t i v a ­

t i o n of s t r e s s e s caused r u p t u r e , displacement and t i l t i n g of 

the m i n e r a l i z e d zone along the Lornex f a u l t . Minor f a u l t i n g and 

f r a c t u r i n g of the m i n e r a l i z e d zone occurred a f t e r r e l a x a t i o n of 

major t e c t o n i c f o r c e s . 

LOCATION 

The Lornex copper-molybdenum deposit i s l o c a t e d i n the 

i n t e r i o r p l a t e a u of B r i t i s h Columbia on the southern slope of 

the Highland V a l l e y , on N a t i o n a l Topographic Sheet 92 I/6E, at 
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l a t i t u d e 50° 27* north and l o n g i t u d e 121° 03' west. The orebody 

i s 1550 metres above sea l e v e l . The property i s 42 k i l o m e t r e s 

by road southeast from A s h c r o f t or 72 k i l o m e t r e s by road from 
a 

Kamloops. 

HISTORY 
Copper m i n e r a l i z a t i o n was discovered i n b u l l d o z e r trenches 

by E g i l Lorentzen i n 1964. Mr. Lorentzen formed Lornex Mining 

C o r p o r a t i o n , and i n 1965 under agreement w i t h Lornex, Rio T i n t o 

Canadian E x p l o r a t i o n L i m i t e d began an i n v e s t i g a t i o n of the 

property. A program of geochemical, induced p o l a r i z a t i o n ( I . P . ) , 

magnetometer and g e o l o g i c a l surveys was implemented. The I.P. 

survey o u t l i n e d two zones where c h a r g e a b i l i t i e s were i n excess 

of twice mean background ( i e . c h a r g e a b i l i t i e s i n excess of 5 

m i l l i - s e c o n d s ) . Subsequent diamond d r i l l i n g of the anomolous 

zones returned encouraging copper grades. A t o t a l of 26,200 

metres of s u r f a c e diamond d r i l l i n g and 27,700 metres of per­

c u s s i o n d r i l l i n g was completed by 1967. An underground b u l k 

sampling program and a s m a l l open p i t provided feed f o r a 90 

tonne per day p i l o t m i l l . The mine was put i n t o p r o d u c t i o n i n 

the s p r i n g of 1972. 
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The developed orebody contained an estimated 266 m i l l i o n m e t r i c 

tonnes of mineable ore averaging 0.427% copper and 0.014% 

molybdenum at a c u t - o f f grade of 0.26% copper and a waste to ore 

r a t i o of 1.2:1. During the p e r i o d 1973 to 1974 an a d d i t i o n a l 

20,700 metres of diamond d r i l l i n g was completed. D r i l l i n d i c a t e d 

r e s e r v e s , w i t h i n a s i n g l e open p i t , as of December 31, 1974, were 

estimated to be 425 m i l l i o n m e t r i c tonnes of proven ore grading 

0.412% copper and 0.014% molybdenum at a 0.26% copper c u t - o f f 

grade and a 2:1 waste to ore r a t i o . 

The m i l l was designed to process 34,500 metric tonnes of 

ore per day. A c t u a l throughput, however, has been such t h a t , 

f o r p l a n n i n g purposes, the m i l l c a p a c i t y i s now r a t e d at 43,500 

m e t r i c tonnes per day. 

The property i s operated by Lornex Mining C o r p o r a t i o n 

L i m i t e d , which i s c o n t r o l l e d by Rio Algom Mines L i m i t e d . 

REGIONAL GEOLOGY 

The Lornex ore deposit occurs w i t h i n the composite, 

c o n c e n t r i c a l l y zoned, Upper T r i a s s i c , Guichon Creek B a t h o l i t h 

(see M c M i l l a n , t h i s volume). 
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The b a t h o l i t h which i s approximately 65 k i l o m e t e r s long and 30 

k i l o m e t e r s wide, trends i n a n o r t h - n o r t h w e s t e r l y d i r e c t i o n . The 

b a t h o l i t h has been d i v i d e d i n t o four phases.which are composi-
1 

t i o n a l l y and t e x t u r a l l y d i s t i n g u i s h a b l e . From o l d e s t to youngest 

the phases are: 

1. ) The Hybrid phase i s p e r i p h e t a l and i s g e n e r a l l y a mafic 

r i c h quartz d i o r i t e to d i o r i t e i n composition. 

2. ) The Highland V a l l e y phase c o n s i s t s of the Guichon and 

Chataway g r a n o d i o r i t e s . 

3.) The Bethlehem phase i s g e n e r a l l y g r a n o d i o r i t e , but the 

Skeena v a r i e t y , the host rock f o r the orebody, i s a medium' 

to coarse-grained quartz d i o r i t e . 

A.) The c e n t r a l Bethsaida phase i s coarse-grained g r a n o d i o r i t e 

to quartz monzonite. 

The b a t h o l i t h i n t r u d e s sedir.entary and v o l c a n i c rocks of the 

Permian Cache Creek Group and Late T r i a s s i c N i c o l a Group. 
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Middle J u r a s s i c sedimentary rocks and Cretaceous v o l c a n i c and 

sedimentary rocks unconformably o v e r l i e the b a t h o l i t h . The 

orebody and most of the b a t h o l i t h were mantled w i t h a veneer 

of p l e i s t o c e n e g l a c i a l d e p o s i t s . 

S t r u c t u r a l zones c r o s s - c u t the Guichon Creek B a t h o l i t h 

and are considered to be the r e s u l t of r e g i o n a l t e c t o n i c s t r e s s e s 

which created a s e r i e s of b l o c k f a u l t s (Carr et a l , 1970). P r e ­

dominant trends i n the b a t h o l i t h are n o r t h , northwest and to a 

l e s s e r extent east-west and no r t h e a s t . According to M c M i l l a n , 

(pers. comm., 1974), the Lornex orebody i s lo c a t e d i n a h o r s t 

bounded on the n o r t h by the Highland V a l l e y f a u l t and on the south 

by the Skuhun Creek f a u l t . The h o r s t i s cross-cut by the no r t h 

s t r i k i n g Lornex f a u l t . This r e g i o n a l f a u l t forms the contact 

between the Bethsaida and Bethlehem phases i n the v i c i n i t y of 

the Lornex orebody and truncates m i n e r a l i z a t i o n i n the ore zone. 

Cumulative movement o n . t h i s west d i p p i n g f a u l t i s apparently r i g h t 

l a t e r a l and reverse ( M c M i l l a n , pers. comm., 1974). 
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GEOLOGY OF THE ORE DEPOSIT 

The Lornex copper-molybdenum d e p o s i t i s approximately 1900 

metres l o n g , 500 metres wide and plunges n o r t h w e s t e r l y to a 

depth i n excess of 750 metres (below 850 metres A.S.L.). T n e o r e 

d e p o s i t i s mantled by 2 to 75 metres of overburden. I t reaches 

i t s maximum depth i n Award Creek V a l l e y which i s the su r f a c e 

e x p r e s s i o n of the Lornex f a u l t , and g r a d u a l l y t h i n s eastward. The 

orebody occurs w i t h i n Skeena quartz d i o r i t e , a s l i g h t l y p o r p h y r i t i c , 

medium to coarse grained rock ( f i g u r e 1). I t c o n s i s t s of quartz 

(20%), p l a g i o c l a s e (50%), o r t h o c l a s e (10%), b i o t i t e (5 - 10%), 

hornblende (5 - 10%), and accessory sphene, a p a t i t e , z i r c o n , and 

magnetite. Quartz i s subhedral to anhedral, ' i n t e r s t i t i a l w i t h 

undulatory e x t i n c t i o n . P l a g i o c l a s e e x h i b i t s o s c i l l a t o r y zoning 

and i s twinned. Composition of c r y s t a l c e n t r e s i s about An3Q_35« 

Orthoclase i s i n t e r s t i t i a l and p e r t h i t i c . B i o t i t e i s subhedral to 

euhedral. Hornblende i s i r r e g u l a r anhedral and commonly has a 

p o i k i l i t i c t e x t u r e . 

A pre-mineral quartz porphyry dyke ( f i g u r e 1), which i s 

probably r e l a t e d to the Bethsaida phase (McMil l a n , pers. comm., 

1974), trends n o r t h w e s t e r l y through the Highmont pr o p e r t y , and 

i n t o the Lornex orebody. 
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Contacts of the dyke are i n d i s t i n c t because of s i l i c i f i c a t i o n and 

s e r i c i t i z a t i o n of a d j o i n i n g Skeena quartz d i o r i t e . The dyke i s 

presumed to have intr.uded along one of a s e r i e s of s t r u c t u r a l 

zones p a r a l l e l to Highland V a l l e y (Bergey, et a l , 1970). 

T y p i c a l l y , quartz phenocrysts compose 20 to 25% of the dyke, but 

l o c a l l y p l a g i o c l a s e phenocrysts have been observed. The grey 

a p h a n i t i c m a t r i x i s composed of 60 to 70% p l a g i o c l a s e ( A n ^ ) and 

10% quartz. 

Ages of Rock Types and M i n e r a l i z a t i o n 

A l l phases of the Guichon Creek B a t h o l i t h have been dated at 

198 +8 m.y. (Northcote, 1969), but g e o l o g i c evidence i n d i c a t e s 

that r e l a t i v e age decreases from the p e r i p h e r y to the core. 

Hydrothermal a l t e r a t i o n products, from the Lornex orebody were 

dated at 190 +4 m.y. (Jones et a l , 1974). This and g e o l o g i c a l 

evidence i n d i c a t e s that Lornex m i n e r a l i z a t i o n i s s l i g h t l y younger 

than the youngest i n t r u s i v e phase of the b a t h o l i t h . 

S t r u c t u r e 

M i n e r a l i z a t i o n at Lornex i s c o n t r o l l e d by f r a c t u r e d e n s i t y 

and d i s t r i b u t i o n . 
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M i n e r a l i z e d and post m i n e r a l f r a c t u r e s were formed d u r i n g at 

l e a s t three p e r i o d s of deformation. In order to f a c i l i t a t e the 

study of more than 11,000 s t r u c t u r a l measurements from the Lornex 

p i t , a computerized s t e r e o - p l o t program was u t i l i z e d . This prog­

ram p l o t s poles to planes on a lower hemisphere, equal-area net. 

As i l l u s t r a t e d i n f i g u r e 3a contoured p l o t s of percent d e n s i t y 

i n d i c a t e three major a t t i t u d e s f o r copper-molybdenum v e i n s ; 

022° /55° S.E., 064° /57° S.E. and 090° /58° S. C e r t a i n of these 

v e i n s are dominant i n d i s t i n c t zones of the orebody. The 022 
o 

s t r i k i n g v e i n s are common i n the northern zone, whereas the 090 

s t r i k i n g v e i n s concentrate i n the south and southeast zones. In 

the c e n t r a l and western zones there i s an overlap of a l l three 

v e i n a t t i t u d e s which r e s u l t i n a gr e a t e r concentration of v e i n s 

and h i g h copper grades ( f i g u r e 2 ) . 

Two p o s t - m i n e r a l f r a c t u r e systems have been recognized i n 

the open p i t . One system of f a u l t s and f r a c t u r e s trend 094° /52 J 

S.W. to 092° /62° S.W. and 021 3 /46° S.E. to ©32* /54 S.E. 

( f i g u r e 3b and 3 c ) , s u b - p a r a l l e l to the 022° and 090° s t r i k i n g 

copper-molybdenum v e i n s . A second system, as i l l u s t r a t e d i n 

f i g u r e s 3b and 3c, has three dominant trends: 
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F r a c t u r e s F a u l t s 

1. ) 112° /69° S.W. 117° /57° S.W. 

2. ) 136° /66° S.W. 

3. ) 172° /68* S.W. 172 3 /64* S.W. 

Where f a u l t s c r o s s - c u t v e i n m i n e r a l i z a t i o n displacements are from 

1 centimeter to 2 metres. 

In summary, three d i s t i n c t s t r u c t u r a l systems, one m i n e r a l ­

i z e d and two u n m i n e r a l i z e d , have been recognized i n the orebody. 

They a r e , from o l d e s t to youngest: 

1. ) M i n e r a l i z e d f r a c t u r e s s t r i k i n g 022° , 064 5 and 090*. 

2. ) P o s t - m i n e r a l f a u l t s and f r a c t u r e s which s t r i k e 092* to 094 3 

and 021' to 032*. 

3. ) F a u l t s and f r a c t u r e s which s t r i k e 112" to 117 , 136 and 

172 3. 

The most prominent s t r u c t u r a l f e a t u r e i s the Lornex f a u l t 

i l l u s t r a t e d i n f i g u r e s 1 and 2a. I t has been exposed by mining 

and i n t e r s e c t e d by diamond d r i l l h o l e s . The f a u l t t r u n c a t e s the 

northwestern p a r t of the ore deposit and juxtaposes Bethsaida 

g r a n o d i o r i t e and Skeena quartz d i o r i t e . i n the v i c i n i t y of the 

orebody. 
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The f a u l t s t r i k e s n o r t h and dips 55 to 85 toward the west. I t 

I s g e n e r a l l y f l a t t e r d i p p i n g In the south and steepens toward 

the n o r t h . Slack gouge, which forms on the f o o t w a l l of the f a u l t 

zone, v a r i e s i n t h i c k n e s s from 10 centimetres to 1% metres. 

M y l o n i t e , which forms discontinuous pods 1 to 50 metres wide i n 

the hanging w a l l of the f a u l t zone, has been exposed i n the p i t 

over a s t r i k e l e ngth of 75 metres. 

M i n e r a l i z a t i o n 

The predominant hypogene s u l p h i d e minerals i n order of 

abundance are, c h a l c o p y r i t e , b o r n i t e , molybdenite and p y r i t e . 

Minor amounts of s p h a l e r i t e , galena, t e t r a h e d r i t e , and p y r r h o t i t e 

a l s o occur. T o t a l s u l p h i d e content averages one to one and one-

h a l f weight percent i n the ore zone, but g r a d u a l l y decreases from 

the c e n t r a l p a r t of the orebody towards i t s periphery. Common ; 

gangue minerals i n c l u d e q u a r t z ^ c a l c i t e , e p i d o t e , hematite, 

magnetite and gypsum. 

Sulphide m i n e r a l i z a t i o n occurs p r i m a r i l y as f r a c t u r e i n f i l l -

i n g s i n t i m a t e l y a s s o c i a t e d w i t h quartz and as f r a c t u r e c o a t i n g s . 
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An estimated f i v e percent of the t o t a l b o r n i t e , c h a l c o p y r i t e and 

p y r i t e m i n e r a l i z a t i o n occurs as d i s s e m i n a t i o n s or as p a r t i a l r e ­

placements of mafic c o n s t i t u e n t s of the host rock. Veins average 

5 to 15 m i l l i m e t e r s i n w i d t h , but vary i n width from a h a i r l i n e 

to more than a metre. The l a r g e r v e i n s , some of which have been 

mapped along s t r i k e lengths of over 200 metres, are commonly 

q u a r t z , molybdenite and c h a l c o p y r i t e . O c c a s i o n a l l y , molybdenite 

occurs as r o s e t t e s In vuggy quartz v e i n s , but commonly molyb­

d e n i t e occurs as t h i n laminae i n quartz g i v i n g the v e i n a banded 

appearance. Kimura and Drummond (1968) d e s c r i b e s i m i l a r v e i n s 

at the Endako ore deposit and suggest that r e p e t i t i v e pulses of 

m i n e r a l i z a t i o n occurred along these types of v e i n s t r u c t u r e s . 

Molybdenite v e i n s more than a metre i n w i d t h are prominent on 

the eastern s i d e of the orebody ( f i g u r e 2a). Post-ore f a u l t s 

are p r e v a l e n t along these v e i n s . 

An e r r a t i c band of l a t e stage gypsum occurs at e l e v a t i o n s 

below approximately 1100 metres ( f i g u r e 7b). The gypsum i s 

g e n e r a l l y at a h i g h e r l e v e l on the f r i n g e of the orebody and 

deeper i n i t s center. Gypsum m i n e r a l i z a t i o n i s post-ore and 

occurs i n v e i n s 5 to 10 m i l l i m e t e r s t h i c k . 
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Trace element s t u d i e s of the orebody, surrounding rocks and 

the Lornex f a u l t zone i n d i c a t e anomalous val u e s of s e v e r a l 

elements. Anomalously high amounts of Zn, Ag and B i and, 

acco r d i n g to Olade (1974) Pb, Mn, Hg, Cd and Ca e x i s t i n the 

Lornex f a u l t where i t truncates the orebody. Zinc values as 

hig h as 1200 p.p.m. have been determined from analyses of Lornex 

f a u l t gouge. S p h a l e r i t e and discontinuous pods of massive 

p y r i t e occur i n the Lornex f a u l t zone, but c h a l c o p y r i t e , 

b o r n i t e and molybdenite have not been observed. Assays over 

70 p.p.m. B i i n the f a u l t are probably due to the presence of 

b i s m u t h i n i t e which was i d e n t i f i e d by microprobe analyses of 

copper c o n c e n t r a t e . The orebody i s enric h e d i n B, T i , and V 

but anomolously low i n Mn, Sn and Ba. 

Hydrothermal A l t e r a t i o n 

X-ray d i f f r a c t i o n (McMillan, pers. comm., 1974), megascopic 

and m i c r o s c o p i c s t u d i e s were conducted to c l a s s i f y i n t e n s i t i e s 

and types of hydrothermal a l t e r a t i o n . Four types of a l t e r a t i o n 

which are r e l a t e d to quartz and sulphide m i n e r a l i z a t i o n have 

been recognized i n the open p i t . A f i f t h type of a l t e r a t i o n , 

s i l i c i f i c a t i o n , i s not d e t a i l e d s i n c e the zone of s i l i c i f i c a t i o n 

appears r e l a t e d to the pre-mineral quartz porphyry dyke. 
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The f o u r a l t e r a t i o n types, p o t a s s i c , p h y l l i c , a r g i l l i c and 

p r o p y l i t i c are g e n e r a l l y weak In the quartz porphyry dyke but 

the skeena quartz d i o r i t e host rock was very susceptable to 

hydrothermal a l t e r a t i o n . 

P o t a s s i c A l t e r a t i o n 

Hydrothermal K - f e l d s p a r occurs p r i m a r i l y as v e i n s which 

average approximately 5 m i l l i m e t e r s i n w i d t h . P o t a s s i c a l t e r a t i o n I 

i s e r r a t i c a l l y d i s t r i b u t e d and no w e l l d e f ined p o t a s s i c zone 

e x i s t s at the l e v e l s explored i n the Lornex orebody. 

P h y l l i c A l t e r a t i o n 

Q u a r t z - s e r i c i t e envelopes comprise p h y l l i c a l t e r a t i o n i n 

the orebody. This grey mixture of quartz and s e r i c i t e commonly 

forms borders on quartz-copper s u l p h i d e and quartz-molybdenite 

vein s w i t h i n the a r g i l l i c a l t e r a t i o n zone ( p l a t e s I and I I ) . 

These envelopes o f t e n form sharp boundaries w i t h moderate to 

intense a r g i l l i c a l t e r a t i o n and average approximately 3 c e n t i ­

meters, i n w i d t h . 
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A r g i l l i c A l t e r a t i o n 

A r g i l l i c a l t e r a t i o n which i s p e r v a s i v e throughout the ore 

zone, i s c h a r a c t e r i z e d by the presence of q u a r t z , s e r i c i t e , 

k a o l i n i t e , m o n t m o r i l l o n i t e and c h l o r i t e . S e r i c i t e and k a o l i n i t e 

w i t h minor m o n t m o r i l l o n i t e and c h l o r i t e form pseudomorphs a f t e r 

p l a g i o c l a s e . The core of the p.lagioclase c r y s t a l s are more 

i n t e n s e l y a l t e r e d than the rims, but i n the intense stage of 

a r g i l l i c a l t e r a t i o n the e n t i r e p l a g i o c l a s e c r y s t a l i s replaced 

by s e r i c i t e and c l a y s . K a o l i n i t e , s e r i c i t e and minor monmoril-

l o n i t e replace o r t h o c l a s e . A l t e r a t i o n of these c r y s t a l s 

progresses from the rim towards the core w i t h i n c r e a s i n g 

i n t e n s i t y of a r g i l l i c a l t e r a t i o n . B i o t i t e and hornblende a l t e r 

to c h l o r i t e and s e r i c i t e . A r g i l l i c a l t e r a t i o n of the Skeena 

quartz d i o r i t e i s cream-coloured to bleached or apple green. 

In the cream-coloured to bleached v a r i e t y k a o l i n i t e predominates 

over s e r i c i t e , but i n - t h e apple green v a r i e t y s e r i c i t e p r e­

dominates over k a o l i n i t e . 

C l a s s i f i c a t i o n of the i n t e n s i t y of a r g i l l i c a l t e r a t i o n i s 

based upon the degree of a l t e r a t i o n of f e l d s p a r s and ma f i c s . 

F i g u r e 4 i l l u s t r a t e s the v a r i a t i o n s i n amounts of rock-forming 

and a l t e r a t i o n minerals w i t h i n c r e a s i n g i n t e n s i t y of a r g i l l i c 

a l t e r a t i o n . 
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G e n e r a l l y t o t a l copper grades Increase as the i n t e n s i t y of 

a r g i l l i c a l t e r a t i o n i n c r e a s e s . 

P r o p y l i t i c A l t e r a t i o n 

The t y p i c a l p r o p y l i t i c a l t e r a t i o n assemblage c o n s i t s of 

epidote ( z o i s i t e ) , c h l o r i t e , carbonates ( c a l c i t e ) and minor 

s e r i c i t e , and hematite. Epidote and c a l c i t e are most common as 

v e i n s . Quartz and o r t h o c l a s e are f r e s h , but p l a g i o c l a s e , which 

has a f r e s h e r appearance than i n the a r g i l l i c a l t e r a t i o n zone, 

a l t e r s to c a l c i t e and epidote w i t h minor amounts of s e r i c i t e 

and c h l o r i t e . M a f i c s a l t e r to c h l o r i t e , c a l c i t e and s e r i c i t e 

w i t h minor hematite and epidote. 

Paragenesis and Zoning 

R e l a t i v e ages of m i n e r a l i z a t i o n have been determined from 

c r o s s - c u t t i n g r e l a t i o n s h i p s , such as are i l l u s t r a t e d i n p l a t e s I 

and I I , p o l i s h e d s e c t i o n e x s o l u t i o n f e a t u r e s , and v e i n zoning. 

The stages of m i n e r a l i z a t i o n and the r e l a t e d a l t e r a t i o n types 

f o r each stage are i l l u s t r a t e d i n f i g u r e 5. Quartz i s u b i ­

quitous i n a l l but the two youngest stages of m i n e r a l i z a t i o n . 

Molybdenite occurs In stages 2 to 5, but i s most abundant i n 

stages 4 and 5. 
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Copper m i n e r a l i z a t i o n i s g e n e r a l l y confined to stages 3, 4 and 

5. P y r i t e m i n e r a l i z a t i o n i s i n s i g n i f i c a n t i n the ore zone. 

I t I s probable that c a l c i t e v e i n i n g a s s o c i a t e d w i t h p r o p y l i t i c 

a l t e r a t i o n Is an a l t e r a t i o n product r a t h e r than a l a t e stage 

product of hydrothermal f l u i d f r a c t i o n a t i o n , but no d e f i n i t e 

r e l a t i o n s h i p has been determined. The f i n a l stage of m i n e r a l i ­

z a t i o n , gypsum, has no a s s o c i a t e d a l t e r a t i o n . The concave l i n e 

below the 1200 metre (approximately 4000 foot) e l e v a t i o n on 

f i g u r e 7b i s the "gypsum l i n e " . 

C oncentric h o r i z o n t a l ( f i g u r e 6) and v e r t i c a l ( f i g u r e s 7a 

and b) zonal d i s t r i b u t i o n s of p r i n c i p a l sulphides and major 

hydrothermal a l t e r a t i o n phases have been determined. Sulphide 

and a l t e r a t i o n zones plunge n o r t h w e s t e r l y 30 to 40 and t e r m i ­

nate a b r u p t l y a g a i n s t the f o o t w a l l of the Lornex f a u l t . Bottoms 

of zones have been determined i n the s o u t h - c e n t r a l p o r t i o n of 

the orebody and tops have been i n t e r p r e t e d i n the northern 

p a r t . The shallow depth of the zones i n the s o u t h - c e n t r a l 

area c o i n c i d e w i t h the h i g h e s t l e v e l of quartz porphyry dyke 

I n t r u s i o n . 
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Weak hydrothermal a l t e r a t i o n and lower sulphide content In the 

dyke, r e l a t i v e to the Skeena quartz d i o r i t e , may be due i n p a r t 

to the very f i n e grained nature of the dyke m a t r i x , and to the 

h a l o of s i l i c i f i e d rock surrounding the dyke. That i s , progress 

of hydrothermal f l u i d would be impeded i n the dyke. 

The s u l p h i d e zones i l l u s t r a t e d i n f i g u r e s 6 and 8 are 

defined as f o l l o w s : 

B o r n i t e Zone: B o r n i t e > C h a l c o p y r i t e > P y r i t e 

C h a l c o p y r i t e Zone: C h a l c o p y r i t e > B o r n i t e > P y r i t e 

P y r i t e Zone: P y r i t e J£ 0.05%; t o t a l copper /L 0.26% Cu. 

Molybdenite Zone: Molybdenum > 0.02% Mo. 

T o t a l s u l p h i d e content i n the b o r n i t e , c h a l c o p y r i t e and 

molybdenite zones averages 1 to 1^ percent, but only h to % 

percent i n the p y r i t e zone. According to Olade (1974) an 

increase i n pH c o u l d cause the s u l p h i d e z o n a t i o n , i f the r a t e of 

decrease of copper, caused by d e p o s i t i o n of copper s u l p h i d e , was 

l e s s than the rate of decrease of a c t i v i t y caused by hydro-

thermal a l t e r a t i o n . 
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The a l t e r a t i o n maps ( f i g u r e s 6 and 7a) i l l u s t r a t e zones of 

per v a s i v e a r g i l l i c and p r o p y l i t i c a l t e r a t i o n . The a r g i l l i c 

a l t e r a t i o n has been d i v i d e d i n t o three degrees of i n t e n s i t y as 

def i n e d i n f i g u r e 4. A p h y l l i c a l t e r a t i o n zone which i s not 

d e t a i l e d on the maps, g e n e r a l l y c o i n c i d e s w i t h zones of 

moderate to inte n s e a r g i l l i c a l t e r a t i o n . 

The f o l l o w i n g general statements regarding the m i n e r a l and 

a l t e r a t i o n zoning of the orebody can be made: 

1. ) The p r i n c i p a l s u l p h i d e s form a c o n c e n t r i c p a t t e r n w i t h 

b o r n i t e i n the ce n t r e , c h a l c o p y r i t e o u t s i d e b o r n i t e and a 

molybdenite zone ov e r l a p p i n g p o r t i o n s of the b o r n i t e and 

c h a l c o p y r i t e zones. P y r i t e forms a " h a l o " around the ore 

zone. 

2. ) Copper grades and t o t a l s u l p h i d e content decrease outward 

from the core of the orebody to i t s p e r i p h e r y . 

3. ) Sulphide and a l t e r a t i o n zones are deep i n the n o r t h and 

shallow i n the southern p o r t i o n s of the orebody i n d i c a t i n g 

a 30° to 40° northwest plunge to the orebody. 
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4. ) Zones of moderate to intense a r g i l l i c a l t e r a t i o n correspond 

to grades h i g h e r than 0.26% copper and t o t a l s u l p h i d e 

content 'greater than 1%. 

5. ) The p r o p y l i t i c a l t e r a t i o n zone which occurs on the margin 

of the orebody i s a s s o c i a t e d w i t h sub-economic copper 

grades, the p y r i t e zone and t o t a l s u l p h i d e content l e s s 

than one-half of one percent. 

Weathering and Supergene C h a r a c t e r i s t i c s 

The oxide zone averages only 3 to 30 metres i n t h i c k n e s s and 

co n t a i n s only minor amounts of recoverable copper s u l p h i d e s . I t 

i s t h i c k e s t on the west s i d e of the orebody and t h i n s towards the 

eas t . The depth of the zone i s i r r e g u l a r , apparently c o n t r o l l e d 

by l o c a l f r a c t u r e d e n s i t y . M a l a c h i t e i s the predominant copper 

m i n e r a l i n the oxide cap, but a z u r i t e , c u p r i t e , c h a l c o c i t e , 

c o v e l l i t e and n a t i v e copper are common. Limonite and p y r o l u s i t e 

are a l s o abundant i n t h i s zone. No molybdenum oxide m i n e r a l s 

have been i d e n t i f i e d . Enrichment i n the oxide zone i s not 

economically important, although a discontinuous l a y e r of 

c h a l c o c i t e , averaging about 5 to 10 centimeters t h i c k occurs at 

the o x i d e - s u l p h i d e i n t e r f a c e . 
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GENESIS OF THE ORE DEPOSIT 

I n t e r p r e t a t i o n of the genesis of the orebody has been based upon 

the f o l l o w i n g c r i t e r i a : 

1. ) The age of 198 +8 m.y. f o r the b a t h o l i t h and 190 +4 m.y. 

f o r the m i n e r a l i z a t i o n . 

2. ) The i n t e r s e c t i o n of the Lornex f a u l t and the zones of weak­

ness along which the quartz porphyry dyke i n t r u d e d . 

3. ) T r u n c a t i o n of the Skeena quartz d i o r i t e and the ore zone 

by the Lornex f a u l t . 

4. ) The i n t e r p r e t e d r i g h t l a t e r a l and reverse movement on the 

Lornex f a u l t . 

5. ) Sulphide m i n e r a l i z a t i o n occurs p r i m a r i l y as f r a c t u r e 

i n f i l l i n g s . 

6.) The 022° /55° S.K., 064° /57° S.E. and 090° /58° S. 

o r i e n t a t i o n s of copper-molybdenum v e i n s . 
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7. ) The d e n s i t y and s p a c i a l d i s t r i b u t i o n of v e i n s i n the 

orebody. 

8. ) The presence and o r i e n t a t i o n of two p o s t - m i n e r a l s t r u c t u r a l 

systems. F a u l t s and f r a c t u r e s i n the f i r s t set s t r i k e 093° 

and 026°. The youngest f a u l t s s t r i k e 115° and 172* and 

f r a c t u r e s s t r i k e 136°. 

9. ) The r e l a t i v e ages of m i n e r a l i z a t i o n and r e l a t e d hydro-

thermal a l t e r a t i o n . 

10. ) Hydrothermal a l t e r a t i o n i s weaker and s u l p h i d e content i s 

l e s s i n the quartz porphyry dyke, r e l a t i v e * t o the Skeena 

quartz d i o r i t e . 

11. ) The c o n c e n t r i c , zonal d i s t r i b u t i o n of s u l p h i d e s and hydro-

thermal a l t e r a t i o n . 

12. ) The i n t e r p r e t e d 30° to 40 3 northwest plunge of the ore 

d e p o s i t . 

Emplacement of the Lower J u r a s s i c Guichon Creek B a t h o l i t h 

i n t o Permian and T r i a s s i c rocks of the Cache Creek and N i c o l a 

Groups appears to have been c o n t r o l l e d by major, deep-seated 

zones of weakness (Carr and M c M i l l a n , 1970). 



The Lornex f a u l t may be the rejuvenated s u p r a c r u s t a l e x p r e s s i o n 

of one of these deep-seated s t r u c t u r e s . The quartz porphyry 

dyke, probably r e l a t e d to i n t r u s i o n of the Bethsaida phase, was 

emplaced along a northwest t r e n d i n g zone of weakness which 

i n t e r s e c t s the Lornex f a u l t , 

i 

F i g u r e 9 i l l u s t r a t e s the proposed genetic model of the 

orebody as d e s c r i b e d below. 

P r e - m i n e r a l t e c t o n i c s t r e s s e s are thought to have formed a 

conjugate shear system at the i n t e r s e c t i o n of the Lornex f a u l t 

and the quartz porphyry dyke. Maximum p r i n c i p a l s t r e s s e s from 

the e a s t - n o r t h - e a s t and west-south-west produced the f r a c t u r e 

p a t t e r n i l l u s t r a t e d i n f i g u r e 8a. These shear f r a c t u r e s s t r i k e 

022* and 090* and exte n s i o n f r a c t u r e s s t r i k e 064 3. Assuming that 

the maximum p r i n c i p l e s t r e s s e s were v e r t i c a l , fractures, developed 

at t h i s time would also' be v e r t i c a l . 

Ore b e a r i n g , hydrothermal f l u i d s , which may have developed 

as a l a t e - s t a g e f r a c t i o n a t i o n of the magma which formed the 

b a t h o l i t h , migrated along the f r a c t u r e s . The r e s u l t was an 

epithermal ore de p o s i t w i t h a c o n c e n t r i c zonal d i s t r i b u t i o n of 

sulphide m i n erals and hydrothermal a l t e r a t i o n ( c o n c e n t r i c r i n g s 

i n f i g u r e 9 ) . The b o r n i t e - r i c h c e n t r a l core has a s s o c i a t e d 

p h y l l i c and moderate to i n t e n s e a r g i l l i c a l t e r a t i o n . 
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S u c c e s s i v e l y outward i s a c h a l c o p y r i t e zone w i t h p h y l l i c and 

moderate to in t e n s e a r g i l l i c a l t e r a t i o n , and a p e r i p h e r a l zone 

of p y r i t e m i n e r a l i z a t i o n w i t h a s s o c i a t e d weak a r g i l l i c and 

p r o p y l i t i c a l t e r a t i o n . A zone of h i g h t o t a l s u l p h i d e content 

developed i n the zone of most Intense f r a c t u r i n g ( s t i p p l e d area 

on f i g u r e 9). 

F o l l o w i n g m i n e r a l i z a t i o n i t i s thought that r e g i o n a l s t r e s s e s , 

w i t h maximum p r i n c i p l e s t r e s s e s from the east-north-east and west-

south-west produced f u r t h e r s h e a r i n g s u b p a r a l l e l to and along 

022° and 090° s t r i k i n g v e i n s ( f i g u r e 8b). I t i s probable that 

during t h i s p e r i o d of deformation apparent r i g h t l a t e r a l 

displacement took place on the Lornex f a u l t . A p p a r e n t l y , the 

Lornex orebody (the p o r t i o n east of the f a u l t ) was t i l t e d down 

i n the north and r e l a t i v e l y up i n the south at t h i s time. This 

30° to 40° t i l t i s invoked t o e x p l a i n why m i n e r a l i z e d ' f r a c t u r e 

now dip i n a s o u t h e r l y d i r e c t i o n and why sulphide and a l t e r a t i o n 

zones plunge n o r t h w e s t e r l y . 

A l a t e stage deformation produced by maximum p r i n c i p a l 

s t r e s s e s o r i e n t e d from the northwest and southeast, developed a 

conjugate shear set ( f i g u r e 8 c ) . Conjugate shears are o r i e n t e d 

115° and 172° , and e x t e n s i o n f r a c t u r e s s t r i k e 136°. 
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Displacements r e l a t e d to t h i s p e r i o d of deformation are g e n e r a l l y 

minor. 

P l e i s t o c e n e g l a c i a t i o n and o t h e r geomorphological processes 

developed the present oxide cap and cover of g l a c i a l , f l u v i a l 

and l a c u s t r i n e sediments. 
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CAPTIONS FOR ILLUSTRATIONS 

Fi g u r e 1. General Geology of the Lornex Deposit. 

F i g u r e 2. Composite maps of 4712 and 5000 benches i l l u s t r a t i n g : 

(a) s t r u c t u r a l geology and (b) copper-grade 

d i s t r i b u t i o n s . 

F i g u r e 3. Lower hemisphere, equal area, Stereographic p r o j e c ­

t i o n s of s t r u c t u r e s mapped i n the open p i t . 

F i g u r e 4. Abundance of minerals which d e f i n e zones of v a r y i n g 

i n t e n s i t y of a r g i l l i c a l t e r a t i o n . 

F i g u r e 5. P a r a g e n e t i c sequence and r e l a t i v e abundance of 

m i n e r a l i z a t i o n and r e l a t e d hydrothermal a l t e r a t i o n . 

F i g u r e 6. Hydrothermal a l t e r a t i o n and s u l p h i d e m i n e r a l zoning 

at the 1370 metre (4500 f o o t ) l e v e l . 

F i g u r e 7. S e c t i o n A - A' l o o k i n g n o r t h showing: (a) z o n a t i o n 

of hydrothermal a l t e r a t i o n and (b) s u l p h i d e 

m i n e r a l i z a t i o n . 
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F i g u r e 8. I n t e r p r e t e d p r i n c i p a l s t r e s s d i r e c t i o n s and s t r u c t u r e s 

developed during the three p e r i o d s of deformation. 

F i g u r e 9. Schematic plans i l l u s t r a t i n g the i n t e r p r e t e d genesis 

of the orebody. 

P l a t e I . A stage 2 quartz-molybdenite v e i n w i t h a s s o c i a t e d 

a r g i l l i c a l t e r a t i o n i s c r o s s - c u t by stage 3 q u a r t z -

c h a l c o p y r i t e - m o l y b d e n i t e v e i n s w i t h a s s o c i a t e d i 

p h y l l i c a l t e r a t i o n and a stage 4 q u a r t z - c h a l c o p y r i t e -

b o r n i t e v e i n w i t h a s s o c i a t e d p h y l l i c a l t e r a t i o n . 

P l a t e I I . L e f t Sample 

A stage 3 q u a r t z - c h a l c o p y r i t e v e i n w i t h a s s o c i a t e d 

p h y l l i c a l t e r a t i o n i s c r o s s - c u t by a stage 4 q u a r t z -

c h a l c o p y r i t e - b o r n i t e v e i n w i t h a s s o c i a t e d p h y l l i c 

a l t e r a t i o n . A stage 5 (or stage 6) v e i n composed of 

q u a r t z - c h a l c o p y r i t e w i t h minor b o r n i t e and molyb­

denite and a s s o c i a t e d a r g i l l i c a l t e r a t i o n c r o s s - c u t s 

the stage 3 and 4 m i n e r a l i z a t i o n . 

Right Sample 

A stage 4 (or 3) q u a r t z - c h a l c o p y r i t e v e i n w i t h minor 
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b o r n i t e and a s s o c i a t e d p h y l l i c a l t e r a t i o n c r o s s - c u t s 

a r g i l l i c a l t e r a t i o n a s s o c i a t e d w i t h a b a r r e n , stage 

1 quartz v e i n and a stage 2 q u a r t z - c h a l c o p y r i t e -

molybdenite-bornite v e i n . 
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I . T e c t o n i c s t r e s s e s (maximum p r i n c i p a l 
s t r e s s from NE and SW) develop v e r ­
t i c a l conjugate shears and r e l a t e d 
e x t e n s i o n f r a c t u r e s at the i n t e r ­
s e c t i o n o f the n o r t h s t r i k i n g Lornex 
f a u l t and the northwest t r e n d i n g 
quartz porphyry d y k e . ( S t i p p l e d area 
i s r e g i o n of most intense f r a c t u r i n g ) 

Hydrothermal f l u i d s migrate along 
the shears and f r a c t u r e s . The r e ­
s u l t i s a v e i n type ore d e p o s i t 
w i t h a c o n c e n t r i c , zonal d i s t r i b u ­
t i o n of s u l p h i d e m i n e r a l i z a t i o n 
and hydrothermal a l t e r a t i o n . 

3. T e c t o n i c s t r e s s e s (maximum p r i n c i ­
p a l s t r e s s from NE and SW) produce 
conjugate shears along the v e i n s 
which s t r i k e 022* and 090*. .The 
s t r e s s e s cause apparent r i g h t 
l a t e r a l , r e v e r s e displacement of 
p o r t i o n s of the ore deposit a l o n g 
the west d i p p i n g Lornex f a u l t , and 
cause t i l t i n g of the Lornex o r e -
body. The r e s u l t i s a 30* to 40° 
NW plunging orebody In which the 
vei n s d i p s o u t h e r l y . 

4. L o c a l s t r e s s e s (maximum p r i n c i p a l 
s t r e s s from NW and SE) develop 
minor conjugate shears and r e l a t e d 
e x t e n s i o n f r a c t u r e s i n the v i c i n i t y 
of the Lornex orebody. 

Figure 9 



P l a t e I . Plat,e I I 


