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T A B L E I. Reserves in sonic alkalic porphyry C u - A u deposits. 
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Much of this in formal ion, however, remains unpublished or in 
press. Brief summaries of the geology, alteration, and mineral
ization of several of the belter known deposits are therefore pre
sented here as a prelude to a generalized description. 

Galore Creek 

The host rocks to the intrusive complex at Galore Creek are 
mafic to intermediate alkalic volcanic rocks of the Carnian to 
Norian Stuhini Group (fig. 3; Linns and others, in press}. Sluhini 
volcanic rocks are dommantly augite and plagioclase phyric 
basalt and andesite Hows and fragmental rocks with subordinate 
interbedded clastic sedimentary rocks; less abundant silica-
undersaturated units with pseudoleucite phenocrysts (a mixture of 
nepheline-orthoclase-analcime pseudomorphic after t rape zoned ral 
leucite crystals) overlie the silica-saturated units (Logan and 
Panteleyev, 1991). The Stuhini Group formed in a partially 
subareal volcanic arc environment (Logan and Koyansi lveri , 
1989). At Galore Creek the Stuhini Group has been intruded in a 
five by (wo kilometer area by up to 14 phases of syenite dikes, 
sills, and slocks (Al ien and others, 1976; Stanley, 1992; Enns 
and others, in press). The syenite intrusions range from fine to 
coarse grained and typically contain large orthoclase phenoc
rysts which locally reach 25 centimeters in length. Some early 
syenites which include those temporally and spatially related to 
formation of the copper-gold mineralization contain pseudoleucite 
phenocrysts. One dike type contains euhedral phenocrysts of 
melanite garnet (andradite with high T iO , ) . A s a group the 
intrusions contain variable proportions of phenocrysts of ortho
clase, plagioclase, pseudoleucite, melanite, clinopyroxene, 
biotite, and hornblende in a matrix of pilotaxitic potassium feld
spar, disseminated magnetite, and accessory apatite and titanite. 
Clinopyroxene phenocrysts are ubiquitous, and biotite, apatite, 
and magnetite are almost always present both as phenocryst and 
groundmass minerals. Plagioclase is present in some intrusions 
but absent from many, and aluminous hornblende is only present 
in one late dike set. 
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Figure 2. Radiometric ages of porphyry systems in British Columbia. 

Copper-gold mineralization is developed in 12 zones at 
Galore Creek, but the following description emphasizes rela
tionships in the Central Zone which hosts most of die reserves. 
In general, alteration is intense and obliterates original textures. 
Early alteration comprises a potassium-calc-silicate assemblage 
of andradite garnet-potassium feldspar-biotite-anhydrite-apatite 
± magnetite ± diopside in the core of the zone. This early alter
ation assemblage at the core grades laterally to a potassic assem
blage of potassium feldspar-biotite-anhydrite-magnetite-minor 
pyrite. Garnet-bearing alteration largely preceded but locally 
overlapped sulfide deposition and chalcopyrite and bornite be
gan to precipitate as garnet alteration waned and as potassic 
alteration became dominant. Late stage alteration produced 
pyrite, carbonate, anhydrite, minor sphalerite, and trace galena, 
and sodalite, fluorite, and allanite have been identified in trace 
amounts, particularly in the potassium-calc-silicate alteration. 
Local ly albite-epidote veins cut potassium-calc-silicate and 
potassic alteration, and all alteration types are locally over
printed by sericite ± anhydrite ± carbonate ± pyrite ± hematite 
alteration. Copper sulfide mineralization occurs both in altered 



220 J. R. LANG. C. R. STANLEY AND J. F. li. THOMPSON 

D I S T R I B U T I O N , A G E , A N D P R O D U C T I O N 
H I S T O R I E S O r D E P O S I T S 

Porphyry deposits arc broadly distributed in western 
Canada (fig. i ; Dawson and others, 1991). A l l known deposits 
of the alkalic suite, however, are located in rock sequences 
which formed predominantly in an inlraoccanic island arc envi
ronment in the Quesnellia and northern Stikinia tectono-
stratigraphic terranes (Souther, 1991; GabrieLse and others, 
1991). The general geologic environment of most alkalic depos
its is similar and includes an intrusive complex cutting volcanic 
host rocks that share temporal and compositional similarities 
with the plutons. The volcanic host rocks occur in belts that can 
be correlated along the Cordil lera and comprise the Nico la 
Group in southern Quesnellia, the Takla Group in central 
Quesnellia, and the Stuhini Group in northern Stikinia; each vol
canic belt contains both calc-alkalic sequences and alkalic suites 
that range to sjioshonitie compositions (Mortimer, 1987). 

Nine deposits with reserves in excess of 10 mill ion tonnes 
and several smaller deposits and prospects may be considered 
alkalic copper-gold porphyry deposits (fig. I; table 1). The Iron 
Mask Batholith contains at least 10 individual deposits and 
prospects (Kwong, 1987); the past-producers, Al ton and Ajax, 
are the largest, in central British Columbia the Hogem Batholith 
(Garnett, 1978) and satellite intrusions which are probably re

lated lo it have many associated deposits and prospects; the 
most significant are Mount Mi l l igan (Sketchley and others, 
in press), Lorraine (Wilkinson and others, 1976; Bishop and 
others, in press), and Chuchi (Nelson and others, 1992; Barrie, 
1993). but none have been exploited. The largest production has 
come from the Copper Mountain camp, which includes the 
Ingcrbclle deposit and several zones in the adjacent Copper 
Mountain area (Holbeck and others, in press), The Mount Policy 
and Galore Creek Deposits have substantial reserves and grades 
higher than average for the suite but have not been mined. Katie 
is small and is the only deposit in the Jurassic Rossland Group 
(Cathro and others, 1993). Assignment o f the Kerr (Bridge, 
1993; Ditson and others, in press) and Red Chris (Newell and 
Pietfield, in press) deposits to the alkalic suite continues to be 
debated, and they are not discussed here. 

Porphyry deposits in the Canadian Cordillera formed from 
Latest Triassic to Eocene time (fig. 2). A lka l i c deposits in [he 
same region, however, formed only between 212 and 183 M a 
(fig. 2; Godwin and Mortensen, in press). 

D E S C R I P T I O N S O F I N D I V I D U A L D E P O S I T S A N D 
D I S T R I C T S 

In recent years interest in alkalic porphyry deposits as ex
ploration targets has resulted in voluminous new geologic data. 
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Figure 1. Location of porphyry base and precious metal deposits in between silica-saturated and siUca-undcrsaturated deposits is discussed in 
the tectonostratigraphic terranes of British Columbia. The distinction the (ext. 
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A B S T R A C T 

The Triassic-Jurassic arc terranes of Quesnellia and 
northern Stikinia in British Columbia host numerous cop¬
per-gold-silver porphyry deposits which are associated with 
alkalic igneous rocks. The alkalic suite porphyry deposits 
may he further subdivided into a group associated with 
silica-saturated alkalic intrusive complexes and a second 
group associated with feldspathoid-hearing, silica-under-
saturated alkalic igneous rocks. Many characteristics of 
alteration, mineralization, .and timing of hydrothernial 
events differ between these two subtypes, and both alkalic 
subtypes have many characteristics which also distinguish 
them from the more common copper-molybdenum-silver 
calc-alkalic deposits. These characteristics include (1) the 
common presence of albitic (sodic) and potassium-calc-
silicate alteration; (2) weaker relationships to relatively 
more differentiated intrusions in a given district; (3) a near 
absence of quartz as an alteration mineral but the presence 
of abundant carbonate; (4) absence or only weak develop
ment of peripheral mineralization such as skarns or meso
dermal veins; (5) paucity of sericitic (phyllic), clay-dominated 
(argillic), and aluminosilicate-rich (advanced argillic) alter
ation assemblages; (6) abundant hydrothermal magnetite 
associated with mineralization and high concentrations 
of primary igneous magnetite in associated intrusions; (7) 
weaker association of alteration and mineralization to stock-
work zones of dilatant fractures; and (8) absence of signifi
cant molybdenum concentrations. 

The alkalic deposits, however, also share many similari
ties with calc-alkalic deposits. These similarities include 
(1) formation in volcanic arc environments, (2) association 
of mineralization with specific stages in multiphase intrusive 
complexes, (3) cores of potassic alteration surrounded and 
locally overprinted by propylitic alteration, (4) early perva
sive or microfracture-controlled alteration followed by frac
ture-controlled alteration, (5) formation at shallow depths, 
(6) close correlation between copper and gold grades, and 
(7) similarities in characteristics of hydrothermal fluids 
present in fluid inclusions. The similarities suggest that alkalic 
deposits form the more consistently gold-enriched end-
member of a continuum of porphyry deposits that ranges 
from calc-alkalic copper-molybdenum deposits through 
high-potassium calc-alkalic copper-molybdenum-gold de
posits and silica-saturated alkalic deposits to silica-under-
saturated highly alkalic deposits. Many of the differences 
among deposit types may reflect variation in the composi
tion of fluids derived from magmas of different composition. 

Differences in tectonic setting may also contribute to 

differences among porphyry deposits. P o r p h y r y deposits in 
Br i t i sh C o l u m b i a formed from earliest Jurassic to Ter t ia ry 
time, but a lka l ic deposits formed only between about 183 
and 212 M a in intraoceanic volcanic arc assemblages in 
Quesnel l ia and nor thern S t ik in i a p r i o r to accretion of those 
terranes onto N o r t h A m e r i c a . Th i s contrasts with calc-
a lka l ic deposits, wh ich with the exception of the H i g h l a n d 
Valley deposits formed in continental volcanic arc settings or 
over crust wi th a significant continental component. The 
occurrence of globally uncommon, si l ica-undersaturated 
a lkal ic deposits in both Quesnel l ia and nor thern S t i k i n i a 
suggests that port ions of those terranes are closely related. 

I N T R O D U C T I O N 

Porphyry base and precious metal deposits have been in
tensely studied, and many of their fundamental characteristics 
are now well known (see reviews by Titley and Hicks , 1966; 
Sutherland-Brown, 1976b; Hollister, 1978; Titley and Beane, 
1981;Beane and Titley, 1981; Titley, 1982). A point which has 
generated considerable discussion has been identification of 
broadly applicable criteria which may be employed to partition 
porphyry deposits into subtypes and the implications of (he con
sequent subdivisions to deposit genesis. Among the methods of 
classification which have been employed are tectonic setting 
(Titley and Beane, 1981; Kesler, 1973; Kesler and others, I975K 
metal assemblage and ratios (Kesler, 1973; Titley, 1978; Sill i toe, 
1979; Sinclair and others, 1982; Cox and Singer, 1988; Sill i toe, 
1990), petrography of associated intrusions (Guilbert and Lowel l , 
1974; Hollister, 1978), chemical composition of associated 
igneous suites (Hollister, 1978), and depth and style of emplace
ment of mineralization and associated intrusions (Sutherland-
Brown, 1976a). Barr and others (1976) presented die first 
descriptions of the subject of this review, a subgroup of por
phyry deposits in British Columbia which have a copper-gold 
metal assemblage and are associated with igneous rocks of 
alkalic chemical composition. 

This paper reviews recent advances in understanding of 
alkalic copper-gold porphyry deposits in the Canadian Cord i l 
lera. We first present capsule geologic summaries of six dis
tricts. These descriptions form a basis for developing the general 
characteristics of alteration, mineralization, and igneous asso
ciation of the class, proposing a further classification into two 
subtypes, and drawing comparisons with calc-alkalic deposits. 
M c M i l l a n and Panteleyev (this volume) provide general back
ground information on porphyry deposits in the Canadian Cor
dillera, and detailed information on individual deposits may be 
found in Sutherland-Brown (1976b) and in the upcoming C 1 M 
Special Volume 46 (Schroeter, in press). 

21') 
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Table I- Size, grade, and fyild content of selected Canadian Cordiileran porphyry copper deposits (after Schroeter and others, 19S9; Harris, 1991; Sutherland 
Brown, 1976; and other sources). 
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DEPOSIT T Y P E SIZE COPPER GOLD (g/t) G O L D (g/t) CONTAINED 
G O L D 

SILVER M O L Y B D E N U M 

NAME • 
MILLION 
TONNES 

(PERCENT) RECOVERED CONTAINED TONNES (g/t) (PERCENT) 

P R E- AND SYN-ACCR KTION 
• 

A L K A L I C CLASS 

Terranc: Quesnellia 
1 Copper Mountain V 32 1.08R** 0.1800 - 5.8 4.3R* -

2 Si mitco/Tnger belli V 15S 0.43R 0.1300 - 20.5 0.7R 

3 Afton/Ajax V 69 0.63 0.4700 0.560 38.5 2.1R -

4 Mount Polity/ Cariboo Hell V 48 0.44 - 0.583 28.0 -

s Lorraine V 10 0.67 - 0 210 2.1 -
6 Mnunt Milligan V 298 0.22 - 0445 132.6 - -

Terranc: Stikinia 

7 Red Chris V 41 0.56 - 0.320 13.1 -
8 Galore Creek V 125 1.06 - 0400 50.0 7,7 -

Copper Canyon V 32 0.75 1.170 37.9 17.1 
9 Kerr V 60 0.86 - 0.340 20 4 2.0 -

PRE- AND SYN-ACCRETION 

C A L C A L K A L I C CLASS 

Terranc: Quesnellia 
10 ftrenda P 183 0.25 0.0140 0.031 5.7 1.1R 0.040 
11 Lornex P 669 042 o.ooos 0.006 4.0 1.7R 0.010 

12 ISelhlebem P 131 0.48 0.0120 0013 1.7 0.7R -
13 Vallty P 91! 0.47 0.0005 0.006 0.8 1.7R 0.010 
M Nigliniont P 160 022 0.004 0.6 0.022 
15 
16 

JA V 286 043 ? ? 7 0.017 15 
16 Gibraltar p 935 0.31 0.007 6.5 0.15R 0.008 

17a Kenir.ss North c? 173 0.18 - 0.010 1.9 - -
17b Kernes* South c? 200 022 - 0.620 124.3 -

Terranc: .Stikinia 
18|Srhaft Creek V | 910 i 0 30 I - | 0.11TO0.34 | 100TO300 ! 1,2 0.020 

Terranc: Wraiigcllia 
19 Hush am u (Expo) V 173 0.28 0.342 59.0 - 0 009 
20 Island Copper V 373 0 37 0.1000 0.200 74.6 0.9 0020 
21 !*td DOR V? 31 0 31 0.446 13.9 0.007 -

POST-ACCRETION 

C A L C A L K A L I C CLASS 

22 Kish \,»V.t c? 976 0 24 0.460 449.0 - -
23 I'uUoti Mountain c? 159 033 - 0.310 49.3 - 0.010 
24 Cat Tact c 138 0.46 - 0.05? UNCERTAIN - -
25 C ran iilt c 66 0.42R 0.0900 0.130 8.6 1.3R -
26 11.11 Copper c !43 0.42R 0.2000 0.400 57.2 0.48R -
21 Morrison Gold \Z.(nO c 86 0.42 - 0.340 29.2 3.4 -
28 c 238 0 39 0.050 11.9 2.8 0.030 

29a Ilurkleherry \*L\\ \ c 77 0.41 
29b ilueklelicrry East c 75 0.47 

30 Casino i "L ̂  (J c 558 0.26 0.331 184.8 0.02S 

* Deposit Type: P= Plutonic; V= Volcanic ; C= Classic ** R means recovered amount 
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Porphyry copper deposits in the Canadian Cordillera, 
in contrast lo those in the Southwestern United States, occur 
in accreted terranes comprised dominant!}' of island arc 
rocks. Further, many of the Canadian deposits are consider
ably older (latest Triassic and Early Jurassic) than most of 
the American deposits, but younger (Cretaceous and Ter
tiary) deposits also occur. Older deposits are frequently 
linked to consuming-margin, island-arc processes that took 
place before or during accretion of the island arc terrane to 
North America. Younger deposits are post-aceretionary and 
apparently related to basement structures like those that 
localized the northeast-trending Stikine and Skeena arches 
in north-central British Columbia. 

Deposits in the Cordillera have been classified accord
ing to their physical characteristics, their chemistry, and 
their metal budgets. They formed within hatholiths, in the 
root zones of contemporaneous volcanic complexes, and, like 
most of those in the Southwestern United States, in associa
tion with high level intrusions into unrelated country rock. 
Associated intrusions are both calcalkalic and alkalic, and 
the alkalic varieties are further subtyped into those that are 
nearly silica saturated and those that are clearly undersatu-
ratcd. Metal signatures vary from copper-molybdenum with 
low precious metal contents through coppcr-moiybdenum-
gold to copper-gold and, locally, gold-only types. Gold is 
apparently more abundant in deposits formed at shallower 
levels in the crust, both in the roots of volcanoes and with 
high level stocks. Both calcalkalic and alkalic types can be 
gold-enriched. The calcalkalic examples generally also con
tain molybdenum, whereas the alkalic examples tend to be 
molybdenum-poor. 

I N T R O D U C T I O N 

Porphyry deposits occur in orogenic belts worldwide and 
are usually related to subduction-generated plutonism and vol -
canism at consuming plate margins. Most deposits occur either 
in island-arcs or at continental margins. Most are Mesozoic or 
Cenozoic in age, but older examples also occur. 

In the Canadian Cordillera, porphyry deposits occur in the Iti-
termontane Belt and less commonly in the Insular Belt (fig. 1). 
Excellent detailed information about these porphyry copper and 
porphyry molybdenum deposits has been provided in Sutherland 
Brown (1976). Updated information and data on new deposits wi l l 
be presented in Canadian Institute of Mining, Metallurgy and Pe
troleum Special Volume 46 to be published in 1995. This new vol
ume wi l l feature descriptions of more than 50 deposits from 
Washington, British Columbia, Yukon, and Alaska. 

Currently combined base and precious metal deposits present 
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Figure 1. Distribution of porphyry copper deposits relative to tectonic ter
ranes in the Canadian Cordillera. 

the most attractive exploration targets in the Canadian Cord i l 
lera; fortunately many porphyry copper deposits contain signifi
cant gold and silver values. Schroeter and Lane (1991) compiled 
production and reserve statistics which show that in 1991 more 
than half of British Columbia 's gold reserves {fig. 2) and 80 per 
cent of its copper reserves were contained in porphyry deposits. 
It is estimated that 20 per cent of the gold and 48 per cent of the 
silver produced in British Columbia in 1993 were byproducts 
from base metal mines; total production is estimated at 13.42 
tonnes gold and 180.67 tonnes silver. G o l d production from in
dividual base metal deposits ranks with the largest lode-gold 
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Table I. Size, grade, and gold content «rselected Canadian Cordilleran porphyry copper deposits (al ter Schroeter and others, 1989; Harris, 1991; Sutherland 

Brown, 1976; and other sources). 

W 

O>0 

\ 
V 5 

DEPOSIT T Y P E SIZE COPPER G O L D (g/t) GOLD (g/t) 
CONTAINED 

G O L D 
SILVER M O L Y B D E N U M 

NAME 
MILLION 
TONNES 

(PERCENT) RECOVERED CONTAINED TONNES (PERCENT) 

PRE- AND SYN-ACCRETION 

A L K A L I C CLASS 

Terranc: Quesnellia 

i Copper Mountain V 32 I.08R" 0.1800 5.8 43R* -

2 Similco/Ingerbelle V 158 0.43R 0.1300 20.5 0.7R 

3 ARonMjai V 69 063 0.4700 0.560 38.5 2.1R -

Mount Policy/ Cariboo Hell V 48 0.44 - 0.583 28.0 -

5 Lorraine v 10 0.67 - 0210 2.1 • -
6 Mount Milligan V 298 0.22 - 0445 132.6 - -

Terranc: Stikinia 

7 Red Chril V 41 0 56 - 0.320 13.1 - -
8 Galore Creek V 125 1.06 - 0 400 50.0 7.7 -

Copper Canyon V 32 0 75 - 1.170 37.9 17,1 

9 Kerr V 60 0.86 - 0.340 20.4 2.0 -

PRE- AND SYN-ACCRETION 

C A L C A L K A L I C CLASS 

Terranc: Quesnellia 

10 Brenda P 183 0.25 0.0140 0.031 5.7 I.1R 0.040 

11 Lornex p 669 042 0.0005 0.006 4.0 I.7R 0010 

12 Bethlehem p 131 0.48 0.0120 0.013 1 7 0.7R -
13 Valley p 911 047 0.0005 0.006 0.8 1.7R 0.010 
\i I lighmont p 160 0.22 - 0.004 0.6 0.022 
15 
16 

JA r 286 0.43 - ? ? 0.017 15 
16 Gibraltar p 935 0 31 - 0.007 6.5 0.15R 0.008 

17a Krraess North c? 173 0.18 • 0010 1.9 
I7h KeiucM South c? 200 0 22 - 0.620 124.3 • -

Terranc: Stikinia 

ISjSdian Creek V j 910 0 30 - 0.11 TO 0.34 | 100TO 300 12 0.020 

Terranc: Wrangel l ia 

19 1 lusliatuu (Expo) V 173 0.28 - 0.342 59.0 - 0.009 
20 Island Copper V 373 037 0.1000 0 200 74.6 0.9 0.020 
21 Red Dog V? 31 031 - 0 446 13.9 0.007 -

POST-ACCRETION 

C A L C A L K A L I C CLASS 

22 Kbh Lake c? 976 024 - 0.460 449.0 
2.1 Poison Mountain c? 159 0 33 0.310 4') 3 - 0.010 
2-1 CaUacc c 138 0.46 - 0.05? irNCERTALN - -
25 (;rani\le c 66 0 42R 0 0900 0.130 8.6 I.3R -

26 Hell Copper ( 7 . ^ c 143 0.42R 0 2000 0.400 57.2 0.48R -
27 Morrison Cold Q c 86 0.42 0.340 29.2 3.4 -
28 c 238 0 39 - 0050 11.9 2.8 0.030 

29:i Murkleherry \1 4 | c 77 0 41 

2 * 1 iueklelierry East V\ c 75 0.47 
3D Casino 1*7̂ 6 (J C 558 0.26 0331 184.3 0.025 

* Deposit Type: V= Plutonic; V= Volcanic; C'= Classic It means recovered amount 


