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INTRODUCTION

Por phyry de pos its and pros pects con tain ing cop per,
mo lyb de num and gold are im por tant his tor i cal con tri bu tors 
to the me tal lic min ing in dus try in Brit ish Co lum bia. El e -
vated metal prices and re cent ex plo ra tion suc cesses have
re newed in ter est in Brit ish Co lum bia’s cop per-gold por -
phyry de pos its, in par tic u lar the alkalic Cu-Au por phyry
class of de pos its (e.g., Ga lore Creek, Mount Polley and
Afton-Ajax). These and cospatial calcalkaline Cu-Mo and
Cu-Mo-Au por phyry de pos its formed out board of an ces tral 
North Amer ica in is land-arc tec tonic set tings in the Late
Tri as sic to Early Ju ras sic. The alkalic Cu-Au de pos its in
both the Stikine and Quesnel ter ranes are the prod ucts of a
dis crete alkaline magmatic event (210–200 Ma) at the end
of the Triassic.

 In or der to better un der stand the con trols on min er al -
iza tion and max i mize ex plo ra tion ef fi cien cies, a part ner -
ship was struck be tween the Brit ish Co lum bia Min is try of
En ergy and Mines and ex plo ra tion com pa nies with a di rect
in ter est in re fin ing the al ka line Cu-Au por phyry ex plo ra -
tion model (Aba cus Min ing and Ex plo ra tion Corp., Im pe -
rial Met als Corp., NovaGold Re sources Inc.) as it ap plies to 
the Iron Mask, Mount Polley and Ga lore Creek magmatic
com plexes. Ad di tional fund ing was obtained through a
Rocks to Riches grant pro vided by the Brit ish Co lum bia
and Yu kon Cham ber of Mines. The new in for ma tion pro -
vided by these stud ies will up date the provincial da ta base
and min eral de posit mod els, and pro mote Cu-Au por phyry
ex plo ra tion, all of which will ul ti mately lead to new dis cov -
er ies and re sources in the prov ince.

The Ga lore Creek pro ject ob jec tives are to

· de ter mine the spa tial and tem po ral re la tion ships be -
tween the al ka line (feldspathoid-bear ing) vol ca nic
rocks, min er al iza tion and the var i ous in tru sive phases
of the alkalic Ga lore Creek magmatic com plex;

· char ac ter ize min eral zones lo cated pe riph eral to, and
as much as 1000 m ver ti cally above, the Cen tral zone;

· ac quire a suite of sam ples from the var i ous min er al ized 
zones, as well as a suite of least al tered vol ca nic and in -
tru sive rocks, for ma jor and trace el e ment anal y sis, and 

compare with pub lished data and data from the Mount
Polley and Iron Mask suites; and

· com pare these re sults with those from other alkalic in -
tru sive cen tres in the prov ince to es tab lish a met al lo -
gen ic model that will di rect ex plo ra tion.

The Ga lore Creek camp is lo cated within the lower
Stikine River re gion of north west ern Brit ish Co lum bia, ap -
prox i mately 150 km north east of Stew art. The prop erty is
75 km north west of the Eskay Creek gold-sil ver mine, on
the west side of the Cassiar High way (Fig. 1). It con tains
twelve known Cu-Au oc cur rences (MINFILE 104G/90
through 99), that are dis trib uted across an area measuring
5 km by 4 km, and over a ver ti cal range of 1000 m. Three of
these, the Cen tral, Junc tion and South west zones, con tain
re sources of 284 mil lion tonnes at 0.67% Cu. NovaGold
Re sources Inc is cur rently in an op tion agree ment to earn
100% own er ship of the prop erty. In 2003, SpectrumGold
com pleted a 3000 m drill pro gram to test for the pres ence of
in creased gold and cop per grades in the Cen tral de posit. At
that time, a new zone of Cu-Au min er al iza tion, the ‘Boun ti -
ful zone’, was dis cov ered be neath the Cen tral zone and has
spurred re-eval u a tion of the Ga lore Creek prop erty.

This re port sum ma rizes the re gional ge ol ogy and pres -
ents some of the pre lim i nary field ob ser va tions from the
2004 field map ping. The Ga lore Creek com po nent of the
Cu-Au Porphyry Project con ducted 1:20 000-scale field
map ping and sam pling of the west ern and south ern por -
tions of the Ga lore Creek ba sin, where over bur den is thin
and out crop ex po sure is good. In ad di tion, re gional-scale
tra verses were started out side the main in tru sive com plex
and traced stra tig ra phy back into the Ga lore Creek ba sin,
where po tas sium metasomatism has typ i cally oblit er ated
pri mary protoliths. Mag netic sus cep ti bil i ties of in tru sive
and vol ca nic units were mea sured to better uti lize the low-
level air borne geo phys i cal sur vey and aid map com pi la -
tion. A map of the in tru sive com plex, to gether with geo -
chem i cal an a lyt i cal re sults and pe trog ra phy, will be re -
leased as a GeoFile.

PREVIOUS WORK

For rest Kerr car ried out the first geo log i cal map ping
along the Stikine and Iskut rivers from 1924 to 1929, but it
was not un til 1948 that his data were pub lished (Kerr,
1948a, b). Kerr pro posed the orig i nal Perm ian and pre-
Perm ian sub di vi sion of Pa leo zoic strata and, from his work
in the Taku River val ley of the Tulsequah map area, he de -
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fined the Late Tri as sic Stuhini Group, much of which un -
der lies the cur rent study area. In 1956, a he li cop ter-sup -
ported re con nais sance of the Tele graph Creek map area
was con ducted by the Geo log i cal Sur vey of Can ada (1957,
Op er a tion Stikine). Jack Souther mas ter minded Op er a tion
Stikine and pro duced 1:250 000-scale geo log i cal maps of
the Tele graph Creek sheet (104G), Tulsequah sheet (104K)
and 1:50 000-scale de tailed stud ies of Mount Edziza (1988, 
1992). Other work by the Geo log i cal Sur vey of Can ada
(Fig. 1) in cludes that of Mon ger (1970, 1977), Souther
(1971, 1972, 1992) and An der son (1984, 1989).

A. Panteleyev car ried out map ping in the im me di ate
area of Ga lore Creek, in con junc tion with a study of the de -
posit be tween 1973 and 1975 (Panteleyev, 1973, 1974,
1975, 1976, 1983). Geo log i cal map ping was com pleted at
1:50 000 scale in the Ga lore Creek area (Sphaler Creek and
Flood Gla cier map sheets) in 1988 (Lo gan et al., 1989; Lo -
gan and Koyanagi, 1994). Con cur rent Brit ish Co lum bia
Geo log i cal Sur vey pro jects have com pleted 1:50 000-scale
map cov er age north and west of the Iskut north pro ject area
in the Scud River, Yehiniko Lake, Chutine River and
Tahltan Lake map ar eas (Brown et al., 1996).

REGIONAL GEOLOGY

The study area strad dles the bound ary be tween the
Intermontane Belt and the Coast Belt, and is un der lain
mainly by rocks of the Stikine Terrane (Stikinia), the wes -
tern most terrane of the Intermontane Belt (Fig. 1). The
strati graphic and plutonic frame work of north west ern
Stikinia is sum ma rized by An der son (1993), Gun ning
(1996) and Lo gan (2000). It con sists of a Pa leo zoic to Me -
so zoic sed i men tary and volcanoplutonic arc as sem blage
that in cludes the De vo nian to Perm ian Stikine as sem blage,

the Late Tri as sic Stuhini Group and the Early Ju ras sic
Hazelton Group. These are over lain by Mid dle Ju ras sic to
early Ter tiary suc ces sor-ba sin sed i ments of the Bow ser
Lake and Sustut Groups, Late Cre ta ceous to Ter tiary con ti -
nen tal vol ca nic rocks of the Sloko Group, and Late Ter tiary
to Re cent bi modal shield volcanism of the Edziza and
Spectrum ranges.

The Stikine Terrane is a com pos ite allochthonous (?)
terrane made up of an amal gam ation of vol ca nic is land arcs
rang ing in age from late Pa leo zoic through Early Ju ras sic.
Mod ern analogs in clude the Pa cific is land arcs from Ja pan
south through the Phil ip pines, or New Guinea to New Zea -
land. Re cent stud ies sug gest that the Stikine terrane de vel -
oped ad ja cent to the an ces tral mar gin of North Amer ica
(McClelland, 1992; Mihalynuk et al., 1994; Gun ning
1996) and that parts of the Pa leo zoic Stikine as sem blage
are cor re la tive with and depositionally tied to Pa leo zoic
rocks of the Yu kon-Tanana Terrane. Depositional ties be -
tween the Quesnel and Yu kon-Tanana ter ranes are also
known and this, to gether with the hook-like ge om e try of
the 0.706 ini tial 87Sr/86Sr line around the north ern end of
Stikinia (Fig. 1), led Nel son and Mihalynuk (1993) and
Mihalynuk et al. (1994) to pro pose a sin gle arc model con -
sist ing of the Quesnel, Yu kon-Tanana, Nisling and Stikine
ter ranes.

Up per Tri as sic vol ca nic rocks and paired, al ka line-
calcalkaline Cu-Au de pos its ex tend the length of the Ca na -
dian Cor dil lera (Barr et al. 1976). In the south, in
Quesnellia, the Nicola and Takla groups lie east of the
Cache Creek Terrane. Far ther north, in Stikinia, the Stuhini
and Lewis River groups lie west of the Cache Creek. There
is lit tle dif fer ence in age, li thol ogy or chem is try of the Tri -
as sic strata from one tectonostratigraphic terrane to the next 
(Barr et al., 1976; de Rosen-Spence, 1985; Mortimer, 1987; 
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Fig ure 1. Lo ca tion of the Ga lore Creek com po nent of the Cu-Au Por phyry Pro ject in north west ern Brit ish Co lum bia (NTS 104G). In set is a 
terrane map of north ern Cor dil lera (mod i fied from Wheeler and McFeely, 1991), show ing the tectonostratigraphic set ting of the three study 
ar eas. Me so zoic ini tial stron tium iso pleths are from Armstrong (1988). Box on the right shows de tailed terrane re la tion ships for NTS 092I
and the pro ject area.



Lo gan and Koyanagi, 1994; Panteleyev et al., 1996; Nel son 
and Bellefontaine, 1996). Un con formi ties sep a rate the Up -
per Tri as sic Stuhini Group, which is mainly sub ma rine vol -
ca nic rocks, from the Ju ras sic Hazelton Group, which is
mainly subaerial vol ca nic and sed i men tary rocks in north -
west ern Brit ish Co lum bia. A paraconformity sep a rates the
Tri as sic from Early Ju ras sic vol ca nism in north-cen tral
Quesnellia (Nel son and Bellefontaine, 1996). A sim i lar hi -
a tus is in ter preted at Mount Polley (Lo gan and Mihalynuk,
this vol ume), where Lower Ju ras sic sed i men tary rocks
over lie the Tri as sic vol ca nic se quence; how ever, in south -
ern Quesnellia, the Early Ju ras sic vol ca nic rocks of the
Rossland Group (Höy and Dunne, 1997) in di cate a sub stan -
tial east ward shift of vol ca nism from the Tri as sic mag matic
axis.

Ga lore Creek is one of a num ber in tru sion-re lated Cu-
Au de pos its that de vel oped in the Up per Tri as sic to Lower
Ju ras sic (?) volcanoplutonic-arc rocks of the Quesnel-
Stikine arc (Barr et al.; 1976; Nel son and Mihalynuk,
2004).  Sim i  lar de pos i ts  ex tend the length of the
Intermontane Belt (Fig. 1). The Cu-Au de pos its are as so ci -
ated, in the south, with the Iron Mask batholith (Afton,
Ajax, and Cres cent) and Cop per Moun tain intrusives (Cop -
per Moun tain, Ingerbelle); to the north, with the Hogem
batholith (Lorraine); and, in the Stikine Terrane, with Ga -
lore Creek intrusives (Ga lore Creek).

The de pos its at Ga lore Creek are hosted within
shoshonitic sub ma rine vol ca nic rocks and co eval
subvolcanic syenite in tru sions of the Up per Tri as sic
Stuhini Group. It is a high-level, sil ica-undersaturated al ka -
line por phyry Cu-Au sys tem of lat est Tri as sic age (210 Ma;
Mortensen et al., 1995) that lies 38 km south west of the
large calcalkaline Cu-Mo-Au Schaft Creek sys tem.

STUHINI GROUP ROCKS

Up per Tri as sic Stuhini Group flows, tuffs, vol ca nic
brec cias and sed i men tary rocks de fine a vol ca nic ed i fice
cen tred on Ga lore Creek. Con tem po ra ne ous sed i men tary
rocks flank the vol ca nic cen tre and, east of the South Scud
River fault, a se quence of meta vol can ic brec cias and mas -
sive vol ca nic rocks is in truded by the co eval calcalkaline
Hickman pluton. Stuhini stra tig ra phy ranges in age from
early Carnian to late Norian, based on ra dio met ric dates
(An der son, 1983) and fos sil ages (Souther, 1972; Lo gan
and Koyanagi, 1994; Brown et al., 1996).

Vol ca nic rocks con sti tute the bulk of the Up per Tri as -
sic stra tig ra phy at Ga lore Creek, and three dif fer ent
calcalkaline vol ca nic suites are rec og nized: a lower
subalkaline hornblende-bear ing ba saltic an de site; a me dial
subalkaline to al ka line augite-por phy ritic ba salt; and an up -
per most al ka line orthoclase and pseudoleucite-bear ing
shoshonitic ba salt. Strat i fied, sed i men tary fa cies equiv a -
lent units of the lavas were de pos ited on the flanks of the ed -
i fice and con tain di ag nos tic fos sils. Carnian fos sils are pre -
served within the lower sed i men tary pack age; the me dial
and up per sed i men tary pack ages are char ac ter ized by
cono donts and bi valves of Norian age (Lo gan and
Koyanagi, 1994). Rocks of the me dial and up per vol ca nic

sub di vi sions un der lie the Ga lore Creek ba sin, host mul ti ple 
syenite in tru sions and Cu-Au min er al iza tion that make up
the in tru sive-vol ca nic com plex and are, in part, ex tru sive
equiv a lents of these subvolcanic in tru sions.

The Lower vol ca nic sub di vi sion con sists of aphyric
and sparse hornblende and plagioclase-phyric flows, brec -
cia and tuff that un der lie ex ten sive ar eas south of Ga lore
Creek and con sti tute most of the Mid dle to Up per Tri as sic
coun try rock that hosts the Hickman batholith (Lo gan and
Koyanagi, 1994; Brown et al., 1996).

The Me dial vol ca nic sub di vi sion is dom i nated by
polylithic vol ca nic con glom er ate, wacke, sand stone,
siltstone and fine tuffaceous rocks, and dis tinc tive but sub -
or di nate pyroxene-phyric ba salt flow brec cias and dikes.
The clast com po si tion is vari able, in clud ing pale green,
grey or pur ple, sparsely por phy ritic plagioclase an de site,
pyroxene por phyry ba salt, coarse-bladed plagioclase-
pyroxene por phy ritic ba salt and rarely lime stone. The
clasts are an gu lar to subrounded and con sti tute from 15 to
80% of the rock in an arkosic ma trix of sim i lar com po si -
tion. Graded sand stone and siltstone beds and lo cal, thinly
lam i nated, black and or ange, cal car e ous argillite ho ri zons
are interbedded with the con glom er ate on the ridge west of
the head of Ga lore Creek. They are char ac ter ized by soft-
sed i ment slump ing, fault ing and scour-and-fill struc tures,
and cross cut by sed i men tary dikes (Fig. 2). Interlayered
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Fig ure 2. Well-lam i nated cal car e ous argillite rip-ups in a cha otic
lahar-con glom er ate unit. This unit marks the tran si tion from vol -
ca nic con glom er ates of the Me dial subdivision up ward into the al -
ka line vol ca nic tuffaceous rocks.



with the dom i nantly epiclastic rocks are pyroxene por -
phyry flow brec cias, pyroxene crys tal tuff, and re worked
vol ca nic sand stone con tain ing vit re ous pyroxene crys tals.
The me dial unit gen erally coars ens up wards. Lower units
are thin, re pet i tively graded AE-turbidites. Higher in the
sec tion are thick-bed ded, cha otic to nor mally graded lahar-
con glom er ate and pyroxene-phyric lava flows. The
turbidites and pau city of lava flows sug gest a dis tal
depositional en vi ron ment.

The Up per al ka line vol ca nic sub di vi sion is best ex -
posed west of Cop per Can yon. Vol ca nic rocks at the base of 
the sec tion (Lo gan and Koyanagi, 1994, Fig. 12)  are per va -
sively po tas sium metasomatized and, in some places, may
be in  t ru  s ive in  or  i  g in .  The lower  unit  is  cut  by
pseudoleucite, po tas sium feld spar syenite por phyry bod ies
and youn ger fel sic and diabase dikes. Over ly ing the lower
pack age are less al tered in ter me di ate tuff-brec cia,
tuffaceous wacke and rare, interbedded or ange-weath er ing
grit con tain ing shale rip-up clasts. The unit fines and be -
comes well bed ded up ward; the vol ca nic com po nent also
re flects a change to more al ka line magmatism. The top of
the sec tion con sists of orthoclase and bi o tite crys tal tuffs
and fine epiclastics, lithic crys tal tuffs, lapilli tuffs and
polymictic vol ca nic con glom er ates that are interbedded
with well-lam i nated siltstone and fine-grained sand stone
beds. A dis tinc tive accretionary lapilli ho ri zon was rec og -
nized near the base of the sec tion (Fig. 3). The epiclastic

and tuffaceous beds are char ac ter is ti cally po tas sium feld -
spar rich, crossbedded and show both nor mal and re verse
grad ing. Graded bed ding, in ter preted to be nor mal, in di -
cates that the beds are over turned in places (Fig. 4).
Interbedded with the silts and tuffs are slump de pos its of
mas sive to cha otic ma roon silt and sand con tain ing cross -
bedded rip-up clasts and large an gu lar brec cia blocks of
fine-grained tuff, some show ing soft-sed i ment plas tic de -
for ma tion. Among the sed i ments are polylithic con glom er -
ates that con tain syenite clasts of the Ga lore Creek
intrusives. Rare clasts of min er al ized syenite por phyry oc -
cur within the po tas sium feld spar crys tal-rich lapilli tuff
unit west of Cop per Can yon. A grab sam ple from a 40 cm
block of well min er al ized po tas sium feld spar pseudo -
leucite por phyry syenite from a lapilli tuff bed re turned ex -
ceed ingly high cop per, sil ver and gold val ues (6.53 % Cu,
0.21 g/t Au and 174 g/t Ag; JLO04-44-504, see Ta ble 1).
Orthoclase crys tal tuffs con tain large po tas sium feld spar
crys tals up to 1 by 2 cm in size. Subhedral to euhedral clots
and crys tals of de tri tal bi o tite con sti tute 2–5% of a num ber
of crys tal lithic tuff beds. The euhedral crys tals pro vide ev i -
dence for a pyroclastic or i gin for these rocks, as does the
pres ence of accretionary lapilli. The crosslaminations, rip-
up clasts, soft-sed i ment de for ma tion fea tures and pres ence
of accretionary lapilli could be in ter preted as ev i dence of a
base surge or airfall de posit. Ar gon-ar gon step heat ing of
bi o tite from this unit gives a pla teau age of 212 Ma (Lo gan
and Koyanagi, 1994).
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Fig ure 3. Accretionary lapilli ho ri zon marks the tran si tion from a
lower pack age of heterolithic brec cias and lapilli tuff up wards into 
po tas sium feld spar and bi o tite-rich airfall crys tal tuffs, west of
Cop per Can yon.

Fig ure 4. Po tas sium feldspar–rich graded crys tal tuff, west of Cop -
per Can yon.
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Pseudoleucite trachyte brec cia flows crop out on the
ridge be tween the Anuk River val ley and the head of Ga lore 
Creek (Fig. 5). The tuffs con sist of a se quence of orthoclase
crys tal tuffs and crys tal-lithic tuffs and flow-banded sills or
welded tuffs. The rocks are potassically al tered and cut by a
pro nounced and strong pen e tra tive de for ma tion that has
pro duced fo li ated and schis tose rocks. The north-trending
ex tent of these po tas sium-rich vol ca nic units is ev i dent on
the po tas sium ra dio met ric im age de rived from the low-
level air borne geo phys i cal sur vey (Yar row and Tay lor,
1990).

ORTHOCLASE PORPHYRY SYENITE

The Ga lore Creek magmatic complex is lo cated in the
head wa ters of Ga lore Creek. It com prises a se ries of
orthoclase-por phy ritic syenite in tru sions that in trude co -
eval Up per Tri as sic Stuhini Group vol ca nic rocks and re -
lated sed i ments. At least 12 main equigranular and
orthoclase por phy ritic feldspathoid-bear ing syenite in tru -
sive units can be iden ti fied and have been de scribed (Enns
et al., 1995).

 The early in tru sive suite is premineral to intermineral
and in cludes pseudoleucite por phyry and megaporphyry
dikes (I-1 and I-2), grey syenite por phyry (I-3), dark
syenite por phyry (I-4a, I-4b), and dikes of fine-grained
orthoclase syenite megaporphyry (I-5). The early suite is
ex posed in the south part of the com plex. Intrusives I-1, I-2

and I-3 are only ex posed in drillcore. Due to their in tense
hy dro ther mal al ter ation, they have been in ter preted as the
caus ative in tru sion for the main stage of cop per min er al iza -
tion (Sillitoe, 1991a, 1991b; Enns et al., 1995). The I-3 out -
crop in lower Den dritic Creek could not be sub stan ti ated. I-
4 is the most com mon in tru sive in the south ern part of the
de posit. It is a me dium dark grey por phyry with 10–20%
white stubby orthoclase pheno crysts (5–20 mm in length)
and rare euhedral pseudoleucite pheno crysts up to 5 cm in
di am e ter (Fig. 6). The ma trix to I-4 is a mix ture of fine-
grained orthoclase, bi o tite and chlorite.

The re main ing phases are con sid er ably less al tered,
cross cut min er al iza tion and are con sid ered to be
postmineral. Most of these phases were de fined in drillcore
from the Cen tral zone, where cross cut ting re la tion ships
could be ob served and pro jected be tween holes. In the
field, the most com monly en coun tered phases are the me -
dium-grained equigranular syenite (I-8), an inter growth of
orthoclase, hornblende and epidote and rarely 2–5 mm
orthoclase pheno crysts;  and the me dium-grained
orthoclase syenite megaporphyry (I-9a and I-9b), which is
equiv a lent to the epidote syenite megaporphyry of Allen et
al. (1976) and is the most abun dant in tru sive phase at Ga -
lore Creek. It forms thick (up to 50 m) subhorizontal dikes
that di lute the ore in the Cen tral, North Junc tion, Butte and
West Rim zones. It is char ac ter ized by 10–30% euhedral
orthoclase megacrysts, 10–30 mm in length, in a me dium to 
rarely coarse-grained ma trix. Chlorite and bi o tite pseudo -
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Fig ure 5. I-4 por phyry syenite, show ing stubby orthoclase pheno -
crysts and rare euhedral pseudoleucite pheno crysts, south ern part
of the Cen tral zone.

Fig ure 6. Pseudoleucite trachyte brec cia flow on the ridge be tween 
the Anuk River Val ley and the head of Ga lore Creek. 



morphs hornblende, and vari able amounts of epidote and
gar net char ac ter ize the unit. I-9b can be dis tin guished from
I-9a in hand spec i men by the pres ence of coarse plagioclase 
and mag ne tite in the ma trix and com monly very large
orthoclase pheno crysts (up to 20 cm). I-9a is also typ i cally
more potassically al tered and py ritic. I-11 is a me dium-
grained, equigranular, grey to brown inter growth of
orthoclase, bi o tite and pyroxene, with sparse, acicular
white orthoclase pheno crysts (2–7%). It con tains miarolitic 
cav i ties filled with epidote and gar net. Lav en der por phyry
(I-12) is a quartz-bear ing (Enns et al., 1995) syenite. It is
char ac ter ized by strongly aligned trachytic orthoclase
pheno crysts (50–70%) in a lav en der-col oured orthoclase
ma trix.

Ura nium-lead ages (Mortensen et al., 1995) from in -
tru sive rocks at Ga lore Creek range from 210 ± 1 Ma (Pb-
Pb isochron, ti tan ite) for an early intermineral syenite por -
phyry (I-4) to 197.2 ± 1.2 Ma (Pb-Pb isochron, ti tan ite) for
a postmineral po tas sium feld spar por phyry (I-9). These
span the Tri as sic-Ju ras sic bound ary (~200 Ma), us ing the
time scale of Palfy (2000), and sug gest a pro tracted mag -
matic his tory for the Ga lore Creek mag matic com plex.

MINERALIZATION AND ALTERATION

Ten por phyry cop per-gold de pos its are known on the
Ga lore Creek prop erty. The Cen tral and North Junc tion
zones have drill-in di cated re serves; the re main ing de pos its
are con sid er ably smaller and less well tested. The de pos its
are in ter preted to be high-level synvolcanic mantos re lated
to al ka line plutonic rocks that in trude and breach the vol ca -
nic ed i fice (Allen et al., 1976).

Central Zone

The al ter ation min er al ogy and zonation de vel oped
around the Cen tral zone have been well doc u mented and
de scribed by Barr (1966), Allen et al. (1976), Panteleyev
(1976) and Enns et al. (1995), and ref er ences therein. The
zone ex tends 1800 m north-north east erly and var ies in
width from 200 to 500 m. The de posit dips steeply to the
west. It is di vided into a core zone and north and south
zones. Al though the metasomatic over print (calcsilicate
min eral as sem blage) at Ga lore Creek is un usual, the dis tri -
bu tion of sulphides, pre cious met als and mag ne tite is con -
sis tent with the ex pected zon ing pat tern for alkalic por -
phyry de pos its (Jones and Leveille, 1989; McMillan,
1991).

Prograde and ret ro grade al ter ation min eral as sem -
blages char ac ter ize the hy dro ther mal sys tem that was cen -
tred on the Cen tral zone. Early, hot, dom i nantly mag matic
flu ids caused po tas sium sil i cate al ter ation and the de po si -
tion of bi o tite, mag ne tite, orthoclase, bornite and chal co py -
rite (Fig. 7). The po tas sium sil i cate al ter ation is pre served
in the northern and south ern parts of the Cen tral zone.
Cool ing and col lapse of the hy dro ther mal sys tem down -
ward pro duced patchy propylitic al ter ation (epidote,
chlorite, cal cite and py rite), which is de vel oped pe riph eral
to the min er al iza tion. This was fol lowed by a late-stage (?)
or sep a rate hy dro ther mal fluid that caused calcic-potassic

al ter ation. This as sem blage con sists of per va sive white
orthoclase, coarse bi o tite, gar net, anhydrite, di op side and
ap a tite (Fig. 8). The calcic-potassic al ter ation is cen tred
above the mag matic brec cia in Den dritic Creek at the core
of the Cen tral zone and is in ter preted to have em a nated
from this cen tre. A late, lower tem per a ture (?) al ter ation
(SAC), char ac ter ized by an as sem blage of seri cite,
anhydrite, car bon ate and py rite±he ma tite (spec u lar) is de -
vel oped along the mar gins of the Cen tral, Junc tion and
Butte zones (Fig. 9).

Dis sem i nated py rite is the most abun dant sul phide
min eral. Chal co py rite and bornite, in the ra tio 10:1, are the
main cop per min er als. Sphalerite and ga lena are as so ci ated
within gar net-rich ar eas, and trace amounts of mo lyb de -
nite, na tive sil ver, na tive gold and tetrahedrite have been
noted (Allen, 1966). Mag ne tite oc curs in veinlets with or
with out chal co py rite and of ten ce ments brec cias.
Chalcocite, cu prite, na tive cop per and tenorite are sec ond -
ary cop per min er als (Lo gan and Koyanagi, 1994).

Gold is gen er ally as so ci ated with higher grades of cop -
per min er al iza tion. There is not al ways a strong cor re la tion; 
many ar eas of high cop per lack ap pre cia ble gold. How ever,
higher gold grades are as so ci ated with bornite in the north
and south parts of the Cen tral zone.
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Fig ure 7. Po tas sium sil i cate al ter ation of a vol ca nic brec cia al tered 
and pref er en tially re placed by bi o tite, mag ne tite and orthoclase,
south ern end of Cen tral Zone. In set shows en large ment of bornite
and chal co py rite min er al iza tion



Copper Canyon

The Cop per Can yon show ing is lo cated ap prox i mately
8 km due east of the Ga lore Creek de posit. It is owned by
Ea gle Plains Re sources. It was tested by seven di a mond-
drill holes (1010 m) in 1957 by the Amer i can Metal Com -
pany Lim ited. At that time, geo log i cal re serves of
27 million tonnes with an av er age grade of 0.72% cop per
and 0.43 g/t gold were in ferred (Spencer and Dobell, 1958). 
In 1990, Con sol i dated Rhodes Re sources Ltd. com pleted
3784 m of di a mond-drill ing in thir teen holes. NovaGold,
un der an op tion agree ment with Ea gle Plains Re sources,
com pleted eight di a mond-drill holes to tal ling 3017 m in
2004. Drill ing con firmed and ex panded the near-sur face
cop per-gold-sil ver min er al iza tion on the prop erty, which is
as so ci ated with a syenite por phyry and a hy dro ther mal sys -
tem that is sim i lar to but smaller than that at Ga lore Creek.
The Cop per Can yon area has been mapped in detail by
Leary (1990) and Otto and Smithson (2004).

The de posit is hosted by Late Tri as sic al ka line flows,
tuffs, epiclastics and syenite intrusives. To the east, Mid dle
Tri as sic sed i ments and Lower Perm ian lime stones are
thrust west ward over these volcanics at the head of Cop per
Can yon Creek. Two north west erly-trending dikes of
syenite por phyry crop out in the lower part of the creek. The 

por phyry is sim i lar to the dark syenite por phyry at Ga lore
Creek. It con tains po tas sium feld spar megacrysts up to
4 cm in length, abun dant bi o tite and dis sem i nated py rite.
An in tru sive brec cia phase or brecciated in tru sive is de vel -
oped lo cally. Bi o tite was col lected from the mag matic brec -
cia for radiometric dat ing; re sults are pend ing.

STRUCTURE

The ori en ta tions of lay ered rocks around the Ga lore
Creek magmatic com plex out line a broad domal struc ture,
pos si bly re lated to in tru sion but prob a bly re flect ing youn -
ger deformational events. The Ga lore Creek area is flanked
on the east by the north-trending, east-dip ping Cop per Can -
yon thrust fault, which forms the west-verg ing com po nent
of the re gional Scud River fault, which has been in ter preted 
to rep re sent a pos i tive flower struc ture (Lo gan and
Koyanagi, 1994). The west ern flank is char ac ter ized by
north-trending up right folds and a well-de vel oped north-
trending, west-dip ping my lon ite zone. Pen e tra tive de for -
ma tion of the Tri as sic rocks is rare and re stricted to dis crete
shear zones or folds in sed i men tary rocks. Shear sense
gives an ap par ent top-to-the-west sense of mo tion
(Fig. 10). Folds are broad, open struc tures and gen er ally
plunge south erly. These struc tures post date min er al iza tion. 
The Cone Moun tain thrust fault is a north west-trending,
east-dip ping my lon ite zone with sim i lar tops-to-the-west–
directed thrust ing (Brown et al., 1996). The footwall to the
my lon ite is fo li ated granodiorite (185 Ma), which provides
a lower limit to the age of thrusting.

Well-bed ded sed i men tary and wa ter-lain crys tal
tuffaceous rocks, ex posed along the west ern edge of the
com plex and at Cop per Can yon, per mit a struc tural analysis 
of the rocks in the area. With the ex cep tion of a thick pack -
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Fig ure 8. Calcic-potassic al ter ation in the orthomagmatic brec cia
lo cated on the west side of the Cen tral Zone, Den dritic Creek. Per -
va sive white po tas sium metasomatism, with coarse inter growths
of bi o tite, gar net, anhydrite and ap a tite, re place the ma trix to the
brec cia.

Fig ure 9. Alteration char ac ter ized by an as sem blage of seri cite,
anhydrite, car bon ate (SAC) and py rite±he ma tite (spec u lar) over -
prints an I-5 at the por tal to the North Junc tion Zone.



age of crys tal-rich tuffs at Cop per Can yon, all other bed -
ding mea sure ments are up right.

Thrusts at Copper Can yon post date min er al iza tion and 
may co in cide with shears to the west of the com plex.

Late dikes, D-1 through D-4, trend 90° and 125°, have
north and south dips, and cross cut al ter ation, min er al iza -
tion and all I-1 through I-12 syenite dikes.

CHEMISTRY

Sam ples were steel milled at the Brit ish Co lum bia
Geo log i cal Sur vey Branch Lab o ra tory in Vic to ria. Splits
were shipped for analysis to TeckCominco Lab o ra to ries,
Van cou ver for ma jor and trace el e ment abun dances (Ba,
Rb, Sr, Nb, Zr and Y) by X-ray flu o res cence (XRF); ACME 
An a lyt i cal, Van cou ver for trace el e ment anal y ses us ing in -
duc tively cou pled plasma – emis sion spec trom e try (ICP-

ES); and Actlabs, Ancaster, On tario for trace el e ment anal -
y ses us ing in stru men tal neu tron ac ti va tion anal y sis
(INAA). A sub set of these sam ples has also been sent to
Me mo rial Uni ver sity, New found land for trace el e ment
analysis us ing in duc tively coupled plasma – mass
spectrometry (ICP-MS). Results are pending.

CONCLUSIONS

A Late Tri as sic vol ca nic cen tre is pre served at Ga lore
Creek. Sul phide de po si tion within it was re lated to a dy -
namic sys tem of synvolcanic faults, syenite in tru sions, ex -
plo sive brec cias and comagmatic ex tru sive volcanics. Be -
cause dikes, sills and ex plo sive brec cias dom i nate, to gether 
with pseudoleucite-bear ing intrusives, this is en vi sioned to
have taken place in a high-level set ting, pos si bly within the
throat of a vol cano. Ra dio met ric ages (Mortensen et al.,
1995) in di cate a pro longed al ka line mag matic his tory for
the in tru sive com plex, with the bulk of cop per-gold min er -
al iza tion oc cur ring early. In tense po tas sium metasomatism
and cop per-gold min er al iza tion are synvolcanic and lat est
Tri as sic in age (Lo gan and Koyanagi, 1994). Ex tru sive
equiv a lent rocks of the po tas sium por phy ritic syenite con -
sti tute the up per stra tig ra phy pack age of the Stuhini Group
at Ga lore Creek (Fig. 11). These rocks are pre dom i nantly
po tas sium feld spar and bi o tite crys tal-rich pyroclastic and
epiclastic rocks. Accretionary lapilli and depositional bed
forms are interpreted to be base surge deposits and indicate
subaerial deposition.

No sin gle min er al iza tion-al ter ation zonation pat tern is
ap par ent that would tie all the min eral oc cur rences at Ga -
lore to a sin gle cen tral hy dro ther mal sys tem (i.e., cen tred
over the Cen tral Zone), nor is there any ap par ent re la tion
be tween el e va tion and ei ther sul phide or al ter ation min eral
as sem blages.
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Photo 9. Dis crete brit tle shear zone de vel oped in vol ca nic con -
glom er ates along the west ern wall of the Ga lore Creek ba sin. Ro -
ta tion of clasts gives an ap par ent tops-to-the-west sense of shear.

Fig ure 11. Schematic rep re sen ta tion of the Late Tri as sic vol ca nic and magmatic com plex at Ga lore Creek, show ing rel a tive ages of events.
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