
lesser amounts of epidote, hedenbergite-diopside, and actino-
l i te w i t h m i n o r calcite, magnetite, and pyr i te . The outer 
altered zone varies marked ly w i t h the nature of the or ig ina l 
rock but commonly has patches of calc-sil icate minerals and 
sulphides i n the host rock. The igneous rocks normal ly are 
intensely chlor i t ized and the limestone coarsely recrys ta l -
l ized. In general the s k a r n envelope is three or four times 
the volume of the orebody. The altered zone passes grada-
t ional ly outward to fresh rock and is several t imes larger 
t h a n the s k a r n zone. 

Conclusions 

Conclusive evidence of metamsomatic replacement of 
basalt, l imestone, and plutonic rocks by s k a r n and ore i n 
cludes the f o l l owing : 

(1) Kerne l s of less altered rocks i n s k a r n and ore. 

(2) Textures of s k a r n and ore that are m i m e t i c of the host. 

(3) Pro jec t ion of the contacts of basalt, l imestone, and p lu -
ton f r o m areas of unaltered and altered zones into the 
s k a r n and ore zones. 

(4) D i f f e r i n g character of s k a r n and ore where replacing 
different hosts. In general skarns replac ing limestone 
are garnet -r i ch , those replacing volcanic rocks epidote-
r i c h , and ore replacing limestone commonly is sulphide-
r i c h . 

The orebodies are arranged around the pluton w i t h con
duits, brecc ia zones or faults, apparently leading i n toward 
i t . Those of the west at least f o rm an upwardly branching 
system that general ly follows the contact zone and i n its 
lower part seems spat ia l ly related to a pipe-l ike breccia. 
Where the conduit system, pipes or f lat faults, reach the 
l imestone the m a i n ore and s k a r n bodies blossom out. 

D A Y 3 

I S L A N D C O P P E R : B y K . E . Northcote . 

L O C A T I O N : L a t . 50° 36' — L o n g . 127° 28.5' — A t the 
northwestern end of Ruper t Inlet, 13 k m south of P o r t 
H a r d y on nor thern Vancouver Island. 

O W N E R S H I P : U t a h Construct ion & M i n i n g Co . 

The Island Copper p o r p h y r y deposit was discovered i n 
1965 as a result of rout ine prospecting fol lowed by a geo-
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chemical survey, the latter hav ing delineated the central 
port ion of the orebody. Subsequent geological and geophysi
cal surveys followed by d r i l l i n g defined a mineable orebody 
w h i c h is scheduled for i n i t i a l production in late 1971, and 
to reach fu l l capacity early i n 1972. The company has re 
ported reserves of approximate ly 2S0 m i l l i o n tons of 0.52 
per cent copper and 0.029 per cent molybdenite. 

Regional Sett ing 

The deposit occurs i n and adjacent to a smal l po rphyry 
intrus ion found in the upper part of a very th i ck Mesozoic 
volcanic and sedimentary succession, the Vancouver Group. 

The lower part of th is succession, the Tr iass ic K a r m u t s e n 
F o r m a t i o n , consists of 3,300 to 6,700 metres of oceanic 
basaltic p i l low lavas, breccias, massive flows and interbedded 
tuffs (see M u l l e r , 1970a, p. 44) . These volcanic rocks are 
overlain by 100 to 820 metres of Upper Tr iass ic l imestone 
(Quatsino Format ion ) and 165 to 490 metres of Upper 
Tr iass i c to L o w e r Jurass ic calcareous, argillaceous, and 
arenaceous sediments (Parsons B a y Format ion ) (Mul ler , 
1970a, pp. 44 and 47; 1970 b, pp. 11-18; personal c o m m u n i 
cat ion) . D u r i n g the E a r l y Jurass ic there was renewed, part ly 
explosive, volcanic ac t iv i ty f rom numerous volcanic centres 
f o rming an island arc. Th i s ac t iv i ty resulted in deposition 
of at least 2,600 metres of largely pyroclastic deposits and 
interbedded lava flows of andesitic and basaltic composit ion 
(Bonanza Subgroup) (see Mul ler , 1970a, p. 47) . Some inter-
volcanic basins received deposits of limestone and water la in 
arenaceous to argil laceous volcanic debris. The Upper B o n 
anza basalt and andesite flows are accompanied by some that 
are rhyodacite w h i c h are believed to be co-magmatic w i t h 
the more felsic of the mid-Jurass ic intrusive stocks. 

A belt of these m i d - (to late?-) Jurass ic stocks ranging in 
composition f rom diorite to granite extends f r om the east 
end of Rupert Inlet, just east of the Island Copper deposit, 65 
k m northwesterly to the north end of the island. Most of 
the signif icant known minera l deposits in the area are asso
ciated w i t h this belt of intrusive rocks. 

L o w e r Cretaceous conglomerates, sandstones, siltstoncs, 
and shales were unconformably deposited i n basins upon i n 
trusive and Vancouver Group rocks. 

The s t ructura l environment is one of regional block faul t 
ing. M a j o r northwesterly trending fault zones break the 
volcanic and sedimentary succession into a series of moder-
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ately southwesterly d ipping s t ructura l plates w h i c h result 
in both repetit ion and loss of section. A second fault system 
trending northeasterly breaks the s t ruc tura l plates into 
segments. 

L o c a l Geology 

Island Copper deposit lies near the east end of a belt of 
granit i c intrusive stocks w h i c h extends f rom the cast end 
of R u p e r t Inlet 65 k m northwesterly to the north coast of 
Vancouver Island. The orebody is a porphyry copper deposit 
i n w h i c h most of the mineral izat ion occurs w i t h i n brec-
ciated, metasornatically altered rocks of the Bonanza pyro -
clastic sequence. Copper and molybdenum minera l izat ion 
occurs as disseminations and in quartz and fracture stock-
works. The minera l deposit and altered zone envelop a 
locally intensely breccia ted, altered, elongate digitated quartz 
(feldspar) porphyry dyke and siliceous differentiates (see 
F i g . S) . The quartz (feldspar) porphyry dips fa i r l y steeply 
nor thward and cuts the moderately southerly dipping B o n 
anza rocks at a h igh angle. 

Stratigraphy 
The Island Copper deposit occurs w i t h i n the lower part 

of the pyroclastic L o w e r Jurass ic Bonanza volcanic sequence. 
Where bedding attitudes are visible, northwesterly str ikes 
and gentle to moderate southwesterly dips prevai l . D r i l l 
holes on the north side of the deposit show thin-bedded, 
siliceous tuffs. The siliceous tuff is interbedded w i t h and over
la in by more massive tuff, lapiHi tuff, and tuff breccia of 
andesitic and basaltic composition. F e w lava flows are recog
nized in this part of the section. Andesi t i c and basaltic rocks 
not of a pyroclastic nature observed in core may be sills and 
dykes rather than flows. Shades of green-grey, green, and 
mottled mult i -colours of purpl ish red, purpl ish grey w i t h 
green, and green-grey are prevalent in the pyroclastic rocks. 
Outside the zone of a l terat ion the rocks arc weakly chlor i t i c , 
have widely disseminated pyr i te grains, and contain fracture 
f i l l ings of zeolites ( laumonite) , carbonate, and lesser amounts 
of quartz and epidote. 

The elongate quartz (feldspar) porphyry dyke trends 
northwesterly across the property and appears to have 
or iginated f rom one or more larger porphyry bodies at sha l 
low depth (see F i g . 9 ) . Large , rounded, resorbed quartz 
phenocrysts, characterist ic of this porphyry , and large clots 
of f ine-grained sericite a n d / o r pyrophyl l i te are set in a very 







f ine-grained, siliceous m a t r i x . The f ine-grained siliceous 
m a t r i x also contains flecks of sericite or pyrophyl l i te and 
carbonate. Where the porphyry has been brecciated, veined 
by quartz, and s i l i c i f ied , i t is commonly mineral ized by pyr i te 
and chalcopyrite . A brecciated zone of intense hydro thermal 
a l terat ion characterized by abundant dumort ier i te and p y r o 
phyl l i te occurs along the quartz (feldspar) p o r p h y r y trend 
at the northwest side of the deposit. T h i s intensely altered 
zone is i n part quartz (feldspar) poxphyry. 

Structure 
Bedding, where visible i n Bonanza rocks, str ikes n o r t h 

westerly and has low to moderate southwesterly dips. The 
quartz (feldspar) p o r p h y r y was apparently emplaced along 
a steep to moderate norther ly d ipping shear zone w h i c h cuts 
the bedding at a h i g h angle (see F i g . 9 ) . L a t e shear zones, 
evident i n core and i n present exposures, t rend n o r t h 70° 
west or n o r t h 50° east {see Y o u n g and R u g g , 1971) and 
contain gouge and arg i l i i c ( i l l ite) a l terat ion. 

A n extremely complicated and incompletely solved history 
of f rac tur ing and brecciat ion is evident i n core and rock 
exposures over ly ing and f l ank ing the quartz (feldspar) por
p h y r y complex. Fragments of quartz (feldspar) porphyry , 
bedded and massive tuff, tuff breccia, etc., f o r m a breccia 
w i t h a siliceous, seric it ic m a t r i x that is cut by at least two 
generations of quartz veins. T h i s breccia appears to have 
been local ly rebrecciated, healed by dumort ier i te , brecciated, 
healed by pyrophyl l i te , and brecciated again. Some of the 
f rac tur ing and brecciat ion is undoubtedly the result of shear
ing and movement i n fault zones. However p r o x i m i t y to 
quartz (feldspar) porphyries , large var ie ty of rock f rag
ments i n the breccia ( including quartz (feldspar) p o r p h y r y ) , 
and the local ly low fragment to m a t r i x rat io suggest explo
sive brecciation dur ing the fo l lowing emplacement and c r y 
stal l izat ion of quartz (feldspar) porphyry . Some siliceous 
differentiates of the p o r p h y r y permeated the brecciated 
rocks and altered and mineral ized them. Other siliceous veins 
are unmineral ized. 

Alteration 
There is an apparent zoning of the types of a l terat ion 

i n w a r d towards the core of the al terat ion envelope, but the 
pattern is obscured by more intense or different k inds of 
a l terat ion i n locall ized zones, presumably fo l lowing shear 
zones. However , the outer marg ins of the altered zone gen
era l ly show an increase i n amount of pervasive carbonate, 
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sericite, and pyr i te . Clots of epidote are conspicuous on some 
weathered surfaces. Carbonate and zeolite veins become more 
numerous and some quartz veins occur. Progress ing inwards 
the number of quartz veins increase, and chlor i t i zat ion and 
ser ic i t izat ion, occurr ing i n clots, is more intense. S i l i c i f i cat ion 
becomes more pervasive near the quartz (feldspar) p o r p h y r y 
swarm. In additon Y o u n g and R u g g (1971) report hydro -
thermal orthoclase. Dumort i e r i t e and pyrophyl l i te occur 
i n a zone of intense al terat ion on the northwest side of the 
ore zone as presently outlined. A r g i l l i c a l terat ion (il l ite) 
seems most abundant i n fractures and shear zones where it 
is probably the result of weather ing processes. 

Mineralization 
Copper minera l i zat ion occurs as very f ine-grained dis

seminated chalcopyrite i n siliceous veinlets, and i n brecciated, 
altered Bonanza rocks and quartz (feldspar) porphyry . C h a l 
copyrite is commonly associated w i t h f ine-grained magne
tite. I n addit ion, Y o u n g and R u g g report bornite (see Young 
and Rugg , 1971). Molybdenite occurs i n siliceous zones as 
coatings i n fractures. Hemat i t e is common and pyrrhot i te 
less common i n the altered zone. 

Suggested ore controls a re : 
(1) E a r l y ve r t i ca l to steep n o r t h dipping f racture o r shear 

zone across bedding of Bonanza . 

(2) Exp los ive brecciat ion accompanying emplacement and 
crysta l l i zat ion of quartz (feldspar) porphyry . 

(3) M i n e r a l i z a t i o n by differentiates of quartz (feldspar) 
porphyry . 

P o r t H a r d y to Smithers 
E n route b y a i r f r o m P o r t H a r d y to Smithers we hope to 

v iew several p o r p h y r y deposits of simple or elaborate type 
i n w h i c h the topography and colour anomalies reflect the 
cy l indr i ca l f o r m of the smal l mineral ized plutons. 

R E D B I R D P R O S P E C T : B y A . Suther land B r o w n . 

L O C A T I O N : L a t . 53° 18' — L o n g . 127° 00' — 3 k m 
east of the Coast Crys ta l l ine B e l t and 165 k m south of 
Smithers . 

O W N E R S H I P : A s h f o r k Mines L t d . (a subsidiary of Phelps 

Dodge Corporat ion of Canada, L i m i t e d ) . 

T h e Reel B i r d prospect is a simple p o r p h y r y molybdenum 
deposit centred on a cy l indr i ca l pluton about 1,000 metres 
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in diameter with a semicircular ring-dyke about the north
ern circumference (see Fig . 10) . The pluton consists large ly 
of a single phase, a leucocratic quartz monzonite that has 
an apparent age of 50 =t 2 m i l l i o n years. Th i s pluton intrudes 
the Midd le Jurass ic Haze l ton Group consisting local ly of 
dark-coloured pyroclast ic rocks, that are only gently folded. 

A l t e r a t i o n and minera l i zat ion are arranged concentrical ly 
to the pluton. Pyroc las t i c rocks surrounding the pluton are 
pyr i t i zed and weathered in a prominent annular gossan about 
3 k m i n m a x i m u m diameter. A smal ler exter ior annulus is 
converted to hornfels characterized by very f ine new biotite. 
The core of the pluton has a moderate potassic a l terat ion 
w i t h about half the or ig ina l plagioclase phenocrysts con
verted to potash feldspar. A n annulus that overlaps the 
contact but is p r inc ipa l ly within the p luton has an intense 
s tockwork of quartz veinlets w i t h accompanying, moderately 
intense, pervasive s i l i c i f i cat ion . 

Molybdenite is wide ly distr ibuted i n trace amounts i n the 
pluton but minera l i zat ion approaches ore-grade only i n an 
annulus whose outer m a r g i n is roughly coincident w i t h the 
contact. The m a x i m u m grade occurs about 20 metres w i t h i n 
the pluton. Beyond the contact molybdenum minera l izat ion 
fal ls off sharply but pyr i te w i t h m i n o r chaicopyrite continues 
i n the quartz stockwork. S t i l l fur ther out the quartz- f i l led 
s tockwork grades to d r y pyrite-coated fractures. 

B E R G P R O S P E C T : B y C. S. Ney. 

L O C A T I O N : Lat. 53° 48 ' — Long. 127° 25.5' — Twelve km 
east of the Coast Crys ta l l ine B e l t and 115 k m south 
of Smithers . 

O W N E R S H I P : . Kennecott Copper Corporat ion . 

* The B e r g is a somewhat elaborate p o r p h y r y w i t h a cen
tral c y l indr i ca l pluton 800 metres in diameter of quartz 
monzonite p o r p h y r y w h i c h is dated at 50 ± 2 m i l l i o n years. 
The pluton intrudes a homcl ina l ly east-dipping sequence of 
greywacke, tuff, and andesite breccias correlated w i t h the 
Midd le Juraiss i c Haze l ton Group (see F i g . 11) . P a r t of the 
country rock on the east is an i r regu lar quartz diorite stock 
that preceded the p o r p h y r y pluton by a few m i l l i o n years. 
D y k e s and masses of quartz lat i te p o r p h y r y succeeded the 
central p o r p h y r y by a few m i l l i o n years. One such dyke 
outcrops as a conspicuous spine trending at 040° outside the 
central stock on the northeast, and less regular masses are 
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developed w i t h i n . The p o r p h y r y pluton is surrounded by an 
anular gossan 2 k m i n diameter. 

A l t e r a t i o n and p r i m a r y minera l i zat ion are closely asso
ciated i n annular zones eccentrical ly disposed around the 
central pluton. Potash feldspar, topaz, biotite, and s i l i ca are 
developed i n hornfels w i t h i n 50 to 250 metres of the pluton, 
and the best p r i m a r y minera l i za t i on is i n th is zone. O u t 
w a r d the a l terat ion becomes ch lor i t i c and barren pyr i te pre
dominates as the valuable sulphides decrease. The outer 
l i m i t of visible gossan, 300 to 600 metres f r om the stock, 
m a r k s a decline i n pyr i te content of about 2 per cent, co inc i 
dent w i t h l i t t le a l terat ion other t h a n epidote. R a n d o m f rac 
tures spaced at 1 to 3 c m characterize the mineral ized zone, 
and superimposed on th is is a ret iculate network of l ow-
dipping gypsum veinlets. 

Mo lybdenum and copper are zoned i n an i r regu lar annulus 
centred on the pluton w h i c h is weak ly mineral ized i n both 
metals. Molybdenum attains m a x i m u m value immediate ly 
adjacent to the stock and falls off s lowly outward. Copper 
increases outward, reaching peak values 100 to 200 metres 
out, more or less at the chlorite-biotite l ine. 

A l t h o u g h glaciers are s t i l l present nearby, the B e r g basin 
escaped severe Wiscons in g lac ia l erosion, so that supergene 
leaching extends down to more than 100 metres f r o m the 
surface. Th i s leaching was fac i l i tated by the network of 
soluble gypsum veinlets. Chalcocite has developed as a weak 
i r regu lar blanket par t i cu lar ly i n the low val ley slopes south
east of the stock where p r i m a r y copper grade is enhanced 
by a factor of one-third. 

— £ND-
D A Y 4 

G R A N I S L E : B y N . C. Car ter . 

L O C A T I O N : L a t . 54° 56.5' — L o n g . 126° 00 ' — T h e mine 
is situated on M c D o n a l d Is land near the n o r t h end of 
Babine L a k e , 65 k m northeast of Smithers . 

O W N E R S H I P : Granis le Copper L t d . (controlled by The 
G r a n b y M i n i n g Company L i m i t e d ) . 

M c D o n a l d Island was f i rs t prospected i n the ear ly 1900's 
when several work ings were developed on veins i n what is 
now the Granis le mine, In 1929 Cominco dr i l led f ive holes 
that indicated 8 m i l l i o n tons grading 0.8 per cent copper 
w i t h m i n o r gold and si lver. The property was then dormant 
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