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G R A N I S L E : B y N . C. Carter. 
L O C A T I O N : Lat. 54° 56.5' — Long. 126° 00' — The mine 

is situated on McDonald Island near the north end of 
• Babine Lake, 65 km northeast of Smithers. 

O W N E R S H I P : Granisle Copper Ltd . (controlled by The 
Granby Mining Company Limited). 

McDonald Island was first prospected in the early 1900's 
when several workings were developed on veins in what is 
now the Granisle mine. In 1929 Cominco drilled five holes 
that indicated 8 million tons grading 0.8 per cent copper 
with minor gold and silver. The property was then dormant 
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developed within- The porphyry pluton is surrounded by an 
anular gossan 2 km in diameter. 

Alteration and primary mineralization are closely asso
ciated in annular zones eccentrically disposed around the 
central pluton. Potash feldspar, topaz, biotite, and silica are 
developed in hornfels within 50 to 250 metres of the pluton, 
and the best primary mineralization is in this zone. Out
ward the alteration becomes chloritic and barren pyrite pre
dominates as the valuable sulphides decrease. The outer 
limit of visible gossan, 300 to 600 metres from the stock, 
marks a decline in pyrite content of about 2 per cent, coinci
dent with little alteration other than epidote. Random frac
tures spaced at 1 to 3 cm characterize the mineralized zone, 
and superimposed on this is a reticulate network of low-
dipping gypsum veinlets. 

Molybdenum and copper are zoned in an irregular annulus 
centred on the pluton which is weakly mineralized in both 
metals. Molybdenum attains maximum value immediately 
adjacent to the stock and fai ;s off slowly outward. Copper 
increases outward, reaching peak values 100 to 200 metres 
out, more or less at the ehlorite-biotite line. 

Although glaciers are still present nearby, the Berg basin 
escaped severe Wisconsin glac'al erosion, so that supergene 
leaching extends down to more than 100 metres from the 
surface. This leaching was facilitated by the network of 
soluble gypsum veinlets. Chalcocite has developed as a weak 
irregular blanket particularly in the low valley slopes south
east of the stock where primary copper grade is enhanced 
by a factor of one-third. 
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Fig . 12. Northern Babinc Lake A r e a . 

until 1955 when Granby acquired the claims, explored them, 
and formed Granisle Copper Ltd. , to develop them. Produc
tion began in 1966 at 6,000 tons per day and has amounted 
to over 9 million tons to the end of 1970. This has yielded 
approximately 47,750 tons of copper, 54,000 ounces of gold, 
and 506,000 ounces of silver. 

The Granisle porphyry copper deposit is the only repre
sentative of the simple and elaborate types of porphyry de
posits of the Skeena A r c h that is in production. Although 
the rock types, age, and setting are characteristic of these 
deposits, Granisle is aberrant in several respects. 

Regional Setting 

Copper deposits of the northern Babine Lake area are 
related to small porphyry intrusions of Tertiary age which 
intrude Mesozoic volcanic and sedimentary rocks (see F ig . 
12). These include two main sequences: Upper Triassic silt-
stones, limestones, and andesites, and Jurassic fragmentai 
andesites and rhyolites, volcanic sandstones, and conglomer
ates. These sequences are intruded by Mesozoic pjutons, 
some of which are definitely part of an Ear ly Jurassic phase 
of the Toplcy Intrusions. Continental sedimentary rocks, be
lieved to be of Late Cretaceous and Early Tertiary age occur 
as small outliers, commonly adjacent to major steep faults. 
Tertiary intrusions include quartz latite and dacite porphy
ries that are not known to be associated with significant 
mineralization, and biotite-feldspar porphyries which are. 

The Granisle and other copper deposits of the area are 
all associated with dykes and plugs of biotite-feldspar por
phyry of quartz diorite composition. Potassium-argon deter
minations carried out on 10 biotite samples from the por
phyries and related types yielded a mean age of 51.2 dt 2. 
million years (Middle Eocene). These crowded porphyries 
are of distinctive appearance and show a marked spatial re
lationship to northwest-striking faults of regional magnitude. 
Extrusive equivalents of these rocks occur as flat-lying sheets 
exhibiting columnar jointing near the south end of Newman 
Peninsula and west of Babine Lake. These rocks, while of 
similar appearance to the intrusive biotite-feldspar, differ 
by having a fine-grained, green to purple matrix and horn
blende, which imparts a flow texture, as the chief mafic 
mineral. Locally the rocks are crystal tuffs and some flow 
breccias were noted west of Babine Lake. 



The major structural trend of the area is northwesterly 
as indicated by the strike of the bedded rocks and the major 
high-angle block faults. Volcanic and sedimentary rocks 
underlying Newman Peninsula and surrounding area have 
been folded into a broad synclinal structure which has been 
modified by later block faulting. Northeasterly faults are 
also common and while they do not appear to be of the same 
regional extent as the northwest faults, they may have been 
equally important in localizing the Tertiary intrusions. 

Local Geology 

The Granisle mine is in the central part of McDonald 
Island, which is triangular shaped, each side being about 
1.5 km long. 

The island is underlain chiefly by volcanic and sedimen
tary rocks of the Lower Jurassic Hazelton Group which are 
divisible into two distinct members. Green to purple water-
lain andesite tuffs and breccias with intercalated chert 
pebble conglomerates underlie the central and eastern part 
of the island. These rocks, which strike northerly and dip 
at moderate angles to the west are apparently overlain in 
the western part of the island by massive and amygdaloidal 
andesitic flow rocks and thinly bedded shales (see Fig . 13). 

Porphyry Intrusions 
Copper mineralization is associated with a series of por

phyry intrusions which occur in the central part of the 
island. The oldest of these is an elliptical plug of quartz dio-
rite, however the largest and most prominent is a 120 to 
200-metre wide dyke of biotite-feldspar porphyry which 
strikes northeasterly across the island. This wide dyke is 
evident as a ridge which before mining culminated as a 
100-metre hil l above lake level. There are small dykes very 

' similar in composition that post-date mineralization. The 
multiple intrusions are well displayed in the present open 
pit. 

The first intrusive stage is represented by a northeast-
oriented ovaloid cylindrical pluton of fine-grained dark grey 
quartz diorite, the original dimensions of which were ap
proximately 300 by 500 metres in plan. The quartz diorite is 
commonly a microporphyry with 1-mm phenocrysts of zoned 
andesine set in a fine-grained quartz-plagioclase-biotite 
matrix. Original amphibole grains, now completely altered 
to fine masses of biotite, locally impart a foliation to the 
rock. 
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Within the quartz diorite, particularly along its eastern 
edge, are irregular inclusions of metavolcanic and metasedi-
mentary rocks which had a wider distribution in the original 
outcrop. Three varieties occur, two of which are breccias 
believed to be the product of recrystaliization and meta
somatism of the fragmcntal volcanic and sedimentary rocks 
marginal to the intrusive. One variety of breccia includes 
1 to 3-cm rounded chert and volcanic fragments in a fine
grained diorite matrix, while another consists of chert frag
ments in a white felsic matrix which also contains 4-mra 
clots of very fine-grained quartz and chloritized biotite. The 
third variety of inclusions consists of fine-grained, light to 
dark grey, hornfelsed volcanic and sedimentary rocks. 

The most important intrusions are biotite-feldspar por
phyries of several distinct but very similar phases that over
lap the period of mineralization. The largest and oldest is 
the wide northeasterly trending dyke which is intrusive into 
the western edge of the quartz diorite pluton. In plan, a 
salient of this porphyry projects into the quartz diorite in 
the pit area and the contact between the two is nearly 
vertical. Small dykes of porphyry radiate outward from the 
main dyke. The main porphyry is light to dark grey and 
ranges in composition from quartz diorite to granodiorite 
depending on the amount of potash feldspar present, most 
of which is of secondary origin. Characteristically the rock 
is a crowded porphyry with between 35 and 50 per cent by 
volume consisting of 2-mm euhedral fresh, zoned plagioclase 
(oligoclase-andesine) phenocrysts and 1-mm flakes and books 
of fresh brown biotite. These phenocrysts are set in a fine
grained matrix consisting essentially of quartz, plagioclase, 
patches of fine-grained biotite, some of which is pseudomor-
phic after amphibole, potash feldspar, and apatite. Outside 
of the pit area, the porphyry is a uniform grey colour and 
contains hornblende phenocrysts as well as biotite and 
plagioclase. 

Several of the phases of porphyry intrusions can be recog
nized within the pit area. While these are all grossly similar 
in appearance and composition as described above, they can 
be distinguished by slight differences in the colour of the 
matrix, resulting mainly from variations in grain size, by 
crosscutting relationships, and by the presence of inclusions 
of earlier phases contained in later ones. 

The earliest and most widespread porphyry phase is the 
medium-grained ; wen-fractured and mineralized biotite-
feldspar porphyry exposed in the central part of the pit. 
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Small dykes of similar material were noted cutting the 
quartz diorite. Bordering this type on the west is a massive 
grey porphyry of uniform appearance, differing mainly by 
having a slightly coarser matrix and by a relative absence 
of fracturing and mineralization. These two varieties of 
biotite-feldspar porphyry are probably products of the initial 
stage of porphyry intrusion with fracturing being best de
veloped in the contact area between the porphyry and the 
quartz diorite. 

Occurring along the contact between the biotite-feldspar 
porphyry and the quartz diorite are narrow discontinuous 
dykes and stringers of intrusive breccia which range in width 
from several inches to several feet and follow the principal 
fracture directions. The dykes and stringers are contained 
in a northerly trending, vertical zone which is up to 60 
metres wide. The intrusive breccias commonly contain 1 to 
2-cm rounded fragments of both the medium grey mineral
ized porphyry and the quartz diorite in a fine-grained light 
to dark grey granulated matrix of strained and fractured 
quartz, broken plagioclase grains, and locally abundant very 
fine-grained biotite. The breccias are also mineralized, with 
some disseminated chalcopyrite occurring in the matrix. 

Dykes of light grey, relatively leucocratic biotite-feldspar 
» porphyry up to 3 metres wide, that also parallel the domin

ant fracture pattern, occur as northwest-trending vertical 
dykes in the main porphyry mass and northeast-trending 
vertical to steeply dipping dykes in the marginal quartz 
diorites. These dykes have a coarse matrix which has a 
lower biotite content. Rounded inclusions of mineralized por
phyry are common in the leucocratic type which are only 
locally mineralized themselves by minor disseminated pyrite 
and chalcopyrite. 

The latest porphyry phase, post-mineral in age, occurs as 
dykes of dark grey biotite-feldspar porphyry which intrude 
diorite rocks in the eastern part of the pit. The plagioclase 
phenocrysts are sparser than in earlier phases and the dark 
grey matrix is due to the presence of very fine-grained bio
tite and uniformly disseminated magnetite. No sulphide 
minerals were noted in this phase. 

Structure 
The porphyry dyke on McDonald Island is bounded by 

two parallel northwest block faults. The westernmost of 
these is marked by a topographic lineament which crosses 
the island to the south of the mine and extends through the 
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western part of McDonald Island in the vicinity of the plant 
site. The eastern fault extends along the channel separating 
McDonald Island from the east shore of Babine Lake. 

Within the pit area, the main fractures arc vertical to 
steeply dipping and include the following sets:-north 20° 
to 40° east; north 70° to 85° east; and north 30° to 
60° west. Horizontal to slightly inclined fractures are also 
common. In general the resulting fracture spacing may vary 
from 0.1 to 1 metre. 

Movement has occurred along many of the fractures; the 
most common faulting directions being north 20° east and 
north 30° to 60" west. 

Alteration and Mineralization 
A n oval zone of potassic alteration is roughly coincident 

with the ore zone or the pit outline (see F ig . 13). Within 
this zone, the intrusive rocks appear relatively fresh in hand 
specimen and plagioclase phenocrysts are essentially un
altered. The main alteration product is secondary biotite 
v/hich occurs as very fine-grained aggregates which retain 
original amphibole outlines in both the porphyries and the 
quartz diorites. Fine-grained biotite is also uniformly distri
buted in the matrix of the intrusive rocks. However secon
dary potassium feldspar is also present within the ore zone, 
occurring most commonly as fine grains in the matrix of the 
biotite-feldspar porphyry, and only detectable by staining. 
Pink potassium feldspar also forms thin envelopes enclosing 
veinlets and fractures in the lower benches of the pit. Simi
lar alteration was noted at depth in cores of holes drilled in 
the centre of the orebody. 

The potassic alteration zone is gradational outward to a 
quartz-sericite-carbonate-pyrite zone. This zone, apparent by 
iron staining on weathered surfaces, is visible on the higher 
benches at the north end of the pit and along roads south 
of the pit. This pyrite halo is elliptical in plan, and is roughly 
coaxial with the ore zone, extending 150 to 250 metres 
beyond. It merges with a similar alteration along the regional 
fault southwest of the p i t The entire quartz-sericite-
carbonate-pyrite zone measures 1,000 by 1,200 metres. 
Within this zone, the intrusive rocks and most of the vol
canic rocks are weathered to a uniform buff color. Abund
ant fine-grained quartz has been introduced, mafic minerals 
have been altered to a mixture of sericite and carbonate, 
and plagioclase is clouded by sericite. Pyrite occurs both as 
disseminations and as fracture fillings. 
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Outside the pyrite halo, most of the rocks on McDonald 
Island display varying degrees of propylitic alteration; 
chlorite, carbonate, and epidote arc common constituents in 
the matrix of volcanic rocks and carbonate-filled fractures 
are widespread. Pyrite also occurs in fractured zones. Clay 
mineral alteration is confined to narrow gouge and fault 
zones. 

The principal minerals within the ore zone are chalcopy
rite, bornite, and some pyrite. Medium to coarse-grained 
chalcopyrite is most widespread, occurring principally in 
quartz-filled fractures which vary from 1 to 5 mm in width. 
The mineralized fractures have preferred orientations of 
north 35° to 60° east and north 30° to 60° west, and dip 
steeply. A horizontal fracture set in the pit is only weakly 
mineralized. Chalcopyrite is also disseminated in the quartz 
diorite and associated metasedimentary and metavolcanic 
rocks. 

Bornite is most widespread in the southern half of the 
ore zone where it occurs with chalcopyrite and quartz in 
fractures. The greatest concentrations of bornite were con
fined to the upper 250 feet (76 metres) of the south end 
of the orebody. During the first few years of mining opera
tions a number of veins up to 0.3 metre wide and composed 
of coarse-grained bornite, chalcopyrite, quartz, biotite, and 
apatite were uncovered. They were vertical and had a strike 
of north 50° east but were discontinuous. 

Gold and silver .are recovered from the copper concentrates. 
Molybdenite occurs locally within the ore zone, most com
monly in drusy quartz veinlets which appear to be later than 
the main mineralizing stage. Magnetite and specularite are 
common in the north half of the ore zone where they occur 
in fractures with chalcopyrite and pyrite. 

The greatest concentration of pyrite is peripheral to the 
copper orebody where it occurs as blebs, stringers, and dis
seminations. 

Near the southwest end of the island, approximately 1,200 
metres southwest of the pit, a narrow quartz-carbonate-
pyrite-galena-sphalerite-chalcopyrite vein containing silver 
values follows a northeast-striking fault for a limited 
distance. 

Age of Mineralization 
Potassium-argon age determinations on four biotite 

samples collected in and near the Granisle orebody yielded 
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a mean age of 51.2 ± 2 million years. The biotites analysed 
were from the following samples: (i) medium grey, well-
mineralized biotite-feldspar porphyry from the south-central 
part of the orebody, (ii) a quartz-chalcopyrite-bornite-apatite-
vein, also from the southern end of the orebody, (in) an 
unmineralized dyke of biotite-feldspar porphyry 915 metres 
southwest of the orebody, and (iv) a dyke of dark grey 
biotite-feldspar porphyry of definite post-mineral age, col
lected from the east side of the pit. 

The similarity in age for all these samples indicates not 
only the close time relations between intrusive and hydro-
thermal activity, but also that mineralization is apparently 
synchronous or nearly so with intrusion. 

O T H E R DEPOSITS OF T H E N O R T H E R N B A B I N E L A K E A R E A 

Copper mineralization is associated with intrusions of 
biotite-feldspar porphyry at several other prospects in the 
northern Babine Lake area, but only two of these are known 
to be of economic importance: the Newman mine of Bell 
Copper Division of Noranda Mines Limited, situated 8 km 
northwest of Granisle; and the Morrison deposit also owned 
by Noranda Mines Limited, situated on the southeast side 
of Morrison Lake about 23 km north of the Newman mine. 

The Newman deposit, discovered in 1962, is scheduled to 
be in production by the summer of 1972 at a daily milling 
rate of 10,000 tons. Ore reserves are in the order of 50 mil
lion tons of 0.50 per cent copper. The Morrison deposit, still 
in the exploration stage, is believed to be of larger tonnage 
but is of lower grade. 

The Newman deposit is grossly similar to Granisle, inas
much as the copper mineralization is related to a plug-like 
intrusion of biotite-feldspar porphyry which is oriented in 
a northeast direction and measures 450 by 900 metres. _ 
Radial dykes projecting from the west side of the plug sug
gest it is probably a volcanic neck which has come up along 
the contact area between siltstones on the west and frag-
mental volcanic rocks on the east. The Newman orebody is 
unique in that it is one of the few deposits in Bri t ish Colum
bia with a substantial zone of supergene mineralization. This 
zone is best developed over the southwest end of the pluton, 
where it extends to depths of as much as 120 metres. Sooty 
chalcocite coats pyrite occurring in fractures and quartz 
veinlets in porphyry and adjacent siltstones that also exhibit 
intense clay mineral alteration, most of which is supergene. 
Underlying this supergene zone is the best primary mineral i -
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zation which forms a vertical pipe-like zone 150 metres in 
diameter, centred on the southwest contact of the pluton 
and extending to a depth of at least 760 metres. Within this 
zone, fine-grained chalcopyrite occurs in a stockwork of 
quartz veinlets and in irregular silicified areas in biotite-
feldspar porphyry and bordering siltstones. Lower grade 
copper mineralization is peripheral to a higher grade zone 
on its eastern side. 

Relatively unaltered and unmineralized biotite-feldspar 
porphyry, bordering the supergene zone on the east and 
capping fair-grade primary mineralization at depth, may 
represent a later, possibly post-mineral porphyry phase. 

The alteration pattern at Newman is similar to Granisle, 
but is modified near surface by supergene clay-mineral 
alteration. Within the zone of primary mineralization, a 
potassic zone, consisting of secondary biotite alteration is 
coincident with the ore zone and is surrounded by a quartz-
sericite-carbonate-pyrite zone extending outward 600 to 900 
metres. 

Copper mineralization at the Morrison deposit consists of 
chalcopyrite in fractures and quartz veinlets in north-
trending dyke swarms of biotite-feldspar porphyry which 
occurs west and east of a small pluton of similar composition. 

OvlD — 
D A Y 5 

E N D A K O : B y K . M . Dawson and E . T. Kimura. 
L O C A T I O N : Lat. 50° 02' — Long. 1125° 06.5' — North 

of the east end of Francois Lake, 185 km west of Prince 
George. 

Endako mine is the largest molybdenum producer in 
Canada and second largest in the world after Climax, Colo
rado. The deposit is an elongate stockwork of quartz-
molybdenite veins developed within the Endako quartz mon-
zonite phase of the Topley Intrusions. In comparison with other 
Cordilloran porphyry-type copper and molybdenum deposits, 
Endako is notable for the paramagmatic . affiliations of 
hydrothermal alteration and mineralization, the well-defined 
sequence of potassic, sericitic, and arguTic alteration stages, 
and the lack of ore-controlling breccias and minor intrusions. 
Sutherland Brown, et al. (1971) would classify it as a plu¬
tonic porphyry deposit. 
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The original discovery on the property, the Stella vein, 
was found in 1927, but the large tonnage potential of the 
deposit was not recognized until 1962, when a small "but 
encouraging drilling programme was initiated by R. & P. 
Metals Corporation Limited. Canadian Exploration Limited 
examined, optioned, and commenced drilling the property in 
late 1962. The decision to develop the deposit for production 
was announced in March 1964, and the mine was officially 
opened on June S, 1965. Total production to the end of 1970 
was about 39,000 tons of molybdenum. Normal daily produc
tion is 27,500 tons of ore at an average grade of 0.16 per 
cent molybdenite from an open pit with a low stripping 
ratio. Reserves in 1971 are estimated at 209 million tons of 
ore averaging 0.15 per cent molybdenite, calculated at a 
cut-off grade of 0.0S per cent molybdenite. 

Regional Setting 
Geologic knowledge of Endako area is based primarily 

upon mapping by Armstrong (1949), Tipper (1963), Carr 
(1966), and the writer (Dawson, 1971). 

The Topley batholith, of Jurassic age, extends west-
northwestward from Quesnel to Babine Lake, a distance of 
some 290 km. The batholith flanks and intrudes the south
western margin of the Pinchi geanticline, an elongate, fault-
bounded belt of Permo-Pennsylvanian (Cache Creek Group) 
rocks in central Brit ish Columbia. This belt, of basic volcanics, 
chert, and limestone was uplifted in Late Triassic time along 
steeply dipping peripheral faults which subsequently may 
have controlled emplacement of rising Topley magma. South 
and west of the Pinchi geanticline, the Topley batholith in
trudes volcanic and sedimentary rocks of Late Triassic to 
Middle Jurassic age. 

Nine phases of Topley Intrusions have been distinguished 
in the Endako area (Carr, 1960) and have subsequently been 
dated radiometrically (see F ig . 14 and Table 1). The oldest 
and most extensive Topley unit, the Middle Jurassic Simon 
Bay diorite complex, is a concordant mesozonal pluton whose 
prominent foliation parallels the northwest batholith trend 
and probably reflects pre-existing structural controls upon 
its emplacement. In the Endako area, Simon Bay rocks are 
intruded by Late Jurassic Topley phases (Endako, Nithi , 
Glenannan, Casey, and Francois plutons) of discordant, epi-
zonal type and west-northwest elongation. The predominantly 
quartz monzonitic plutons are closely grouped in radio
metric age (137 to 141 m.y.) and represent a relatively short 
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