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INTRODUCTION

Al ka line mag mas are im por tant sources of Au and Cu
(Mul ler and Groves, 1993) and are as so ci ated with a num -
ber of world-class por phyry (Dinkidi, Phil ip pines;
Skouries, Greece; Cadia, Aus tra lia) and epi ther mal-style
de pos its (Porgera and Landolam, Pa pua New Guinea; Em -
peror, Fiji; Crip ple Creek, United States; see Jensen and
Barton, 2000). Brit ish Co lum bia is well en dowed with por -
phyry de pos its that formed dur ing two dis tinct pe ri ods in
the de vel op ment of the Cor dil lera: the first in the Late Tri -
as sic to Early Ju ras sic and the sec ond in the Late Cre ta -
ceous to Eocene (McMillan et al., 1995). Al ka line and
cospatial calcalkaline Cu-Mo±Au por phyry de pos its
formed within is land-arc set tings, rep re sented by the
Quesnel and Stikine ter ranes, lo cated on the fringes of an -
ces tral North Amer ica, dur ing Late Tri as sic to Early Ju ras -
sic time. These arcs may have ex tended for up to 3000 km
prior to their col li sion with an ces tral North Amer ica, be -
tween 185 and 173 Ma (Nixon et al., 1993; Mihalynuk et
al., 2004), and they now ac count for more than half of the
accreted crustal ma te rial within the BC Cor dil lera. Late
Cre ta ceous to Eocene por phyry de pos its formed in a con ti -
nen tal-arc setting after amalgamation of the composite
terranes to North America.

El e vated metal prices and re cent ex plo ra tion suc cesses 
in BC have re kin dled in ter est in Cu-Au por phyry de pos its.
Key ex plo ra tion tar gets are the alkalic Cu-Au por phyry de -
pos its sim i lar to the Ga lore Creek, Mount Polley and Afton-
Ajax deposits (Fig. 1).

Min er al ized and unmineralized al ka line in tru sions are
com mon through out the Intermontane Belt, in both Stikine
and Quesnel ter ranes of the Ca na dian Cor dil lera (Barr et
al., 1976; Lueck and Rus sell, 1994). Al ka line in tru sions as -
so ci ated with por phyry de pos its in clude both sil ica-sat u -
rated and sil ica-undersaturated types (Lang et al., 1995),
but world wide only the BC de pos its are as so ci ated with

small, com plex, ei ther neph el ine or leu cite nor ma tive, sil -
ica-undersaturated in tru sions, and these con tain al most no
quartz. Late Tri as sic Brit ish Co lum bia de pos its are unique
end-mem bers of a con tin uum of por phyry de pos its as so ci -
ated with calcalkaline, high-K calcalkaline or al ka line sys -
tems. Un der stand ing the con di tions of al ka line por phyry
for ma tion and the dis tinc tion be tween bar ren and fer tile al -
ka line in tru sions is important for the evaluation of arc
terranes and their economic potential in BC.

Re gional geo log i cal map ping and sam pling con tin ued
at Mount Polley as part of an on go ing study of al ka line Cu-
Au por phyry de pos its in BC. This re port in cludes the re -
sults of map ping and rock geo chem i cal data col lected from
the east ern side of Quesnel Terrane, in the vi cin ity of Mount 
Polley. Key ob jec tives of the pro ject are to com plete a
lithogeochemical transect across the cen tral Quesnel
Terrane at ap prox i mately 52.5oN, and to char ac ter ize Tri as -
sic to Ju ras sic evo lu tion of the arc, sim i lar to the study of
the south ern Quesnel by Mortimer (1987). It is also crit i cal
to es tab lish the tec tonic im pli ca tions of over lap ping
calcalkaline and al ka line magmatism and re lated por phyry
min er al iza tion, and to re fine the un der stand ing of the pet ro -
log i cal evo lu tion of al ka line-arc magmatism that cul mi -
nated in por phyry min er al iza tion at the Triassic–Jurassic
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Fig ure 1. Lo ca tion of study area, cen tral Quesnel Trough, cen tral
Brit ish Co lum bia (mod i fied from Wheeler and McFeely, 1991).



bound ary. In ad di tion, this study in cludes a melt – fluid in -
clu sion study on vol ca nic and in tru sive rocks as so ci ated
with mineralized and barren alkalic centres in the Mount
Polley area (Bath and Logan, 2006).

PREVIOUS WORK

The Geo log i cal Sur vey of Can ada car ried out re gional
geo log i cal stud ies in the Quesnel River area dur ing the
1950s and 1960s (Tip per, 1959, 1978; Camp bell, 1961,
1963, 1978; Camp bell and Camp bell, 1970), but it was not
un til the work by Fox (1975) that the al ka line com po si tion
of the vol ca nic rocks was rec og nized in the Quesnel area.
De tailed map ping and min eral de posit stud ies in the Horse -
fly area by Mor ton (1976), and by Bailey (1978) in the area
around Morehead Lake, pro vided the first strati graphic de -
scrip tions of the rocks en com pass ing the Mount Polley
deposit.

Bailey (1988a, b, 1990), Panteleyev (1987, 1988) and
Panteleyev and Han cock (1989) car ried out re gional-scale
geo log i cal map ping and min eral eval u a tion in the area lo -
cated be tween Quesnel and the Horse fly River as part of the 
1985–1990 Can ada – Brit ish Co lum bia Min eral De vel op -
ment Agree ment. The fo cus of their stud ies was to re map
and re in ter pret the cen tral Quesnel vol ca nic belt and test the 
eco nomic po ten tial for Au and Cu de pos its along its vol ca -
nic-in tru sive axis (Panteleyev et al., 1996). De posit stud ies
at Mount Polley by Hodgson et al. (1976), Fra ser (1994,
1995) and Fra ser et al. (1995) rec og nized three stages of
brec cia em place ment (pre, syn and postmineralization) and 
the dis tinc tive al ka line por phyry al ter ation as sem blages
that sep a rate the deposit into proximal and distal
mineralized zones.

REGIONAL GEOLOGY

The study area lies along the east ern mar gin of the
Intermontane Belt close to its tec tonic bound ary with the
Omineca Belt, in south-cen tral BC. At this lat i tude, the
Intermontane Belt is un der lain mainly by Late Pa leo zoic to
Early Me so zoic arc vol ca nic, plutonic and sed i men tary
rocks of the Quesnel Terrane. Far ther west are co eval rocks
of the oce anic Cache Creek Terrane (Fig. 1). The Quesnel
Terrane (Quesnellia) con sists of a Late Tri as sic to Early Ju -
ras sic mag matic arc com plex that formed above an east-
dip ping subduction zone (Mortimer, 1987). The Cache
Creek Terrane, with its Late Tri as sic to Mid dle Ju ras sic
(Patterson and Harakal, 1974; Ghent et al., 1996)
blueschist-fa cies rocks, rep re sents the rem nants of this
subduction-accretionary com plex (Travers, 1977;
Mihalynuk et al., 2004). Quesnellia is fault bounded, jux ta -
posed on the west with Pa leo zoic and Me so zoic rocks of the 
Cache Creek com plex, and on the east by Me so zoic to Pa -
leo zoic and older metasedimentary, meta vol can ic and
metaplutonic rocks of the pericratonic Kootenay Terrane.
The Barkerville and Cariboo subterranes of the Kootenay
Terrane sep a rated Quesnellia from North Amer ica un til the
Mid dle Ju ras sic, at which time they were imbricated and
thrust east ward onto the North Amer i can craton (Nixon et
al., 1993). The tec tonic bound ary be tween the Kootenay
and Quesnel ter ranes is in truded by the Ju ras sic–Cre ta -
ceous Raft batholith to the south. Ter tiary vol ca nic rocks
and feeder dikes of the Chilcotin Group are the youngest
rocks in the region (Mathews, 1989).

Quesnel arc magmatism and as so ci ated por phyry min -
er al iza tion mi grated east ward with time, be gin ning in the
west ca. 212 Ma with de vel op ment of calcalkaline Cu-
Mo±Au de pos its at High land Val ley and Gi bral tar. East of
Gi bral tar, sub ma rine to subaerial Na and K-rich lava flows,
cogenetic al ka line in tru sions and 204 Ma, Cu-Au min er al -
iza tion oc cupy the cen tral axis of the arc. Mount Polley is
hosted by a high-level, al ka line in tru sive com plex that is of
lat est Tri as sic age (202 Ma; Mortensen et al., 1995). A
chain of sim i lar de pos its ex tends the length of the
Intermontane Belt (Barr et al., 1976; Fig. 1). In the south,
they are as so ci ated with the Iron Mask batholith (Afton,
Ajax and Cres cent) and Cop per Moun tain in tru sions (Cop -
per Moun tain and Ingerbelle) and, to the north, with the
Hogem batholith (Lorraine). Up lift and ero sion of the fore-
arc pro duced sub-Ju ras sic un con formi ties as magmatism
shifted east and cul mi nated with in tru sion of 195 Ma
calcalkaline plutons in the south (Takomkane, Thuya, Wild
Horse and Pennask) and de po si tion of distal volcaniclastic
and younger sedimentary rocks across the terrane.

NICOLA GROUP ROCKS

The cen tral Quesnel belt con sists of a two fold
lithostratigraphic sub di vi sion: a lower fine-grained sed i -
men tary suc ces sion and an up per ‘alkalic or shoshonitic’
se quence of calcalkaline arc vol ca nic de pos its that are
gradational with and con form ably over lie the sed i men tary
pack age. The vol ca nic suc ces sion oc cu pies the cen tral
north west-trending belt and is flanked on the east by ‘black
phyllite’ and on the west by fine-grained vol ca nic sand -
stone, siltstone and con glom er ate. The op pos ing re gional
dips of the Mid dle to Late Tri as sic sed i men tary units be -
neath the youn ger, Up per Tri as sic vol ca nic suc ces sion pro -
vide the geo met ric def i ni tion for the Quesnel Trough
(Roddick et al., 1967; Camp bell and Tip per, 1970;
Panteleyev et al., 1996). This two fold sed i men tary-vol ca -
nic dis tinc tion of Quesnellia is rec og nized in the Mount
Milligan and Man son Creek – Germansen Land ing ar eas to
the north (Ferri  and Mel ville, 1994; Nel son and
Bellefontaine, 1996) and as far south as Little Fort
(Schiarizza and Israel, 2001).

Schiarizza et al. (2002) sub di vided the Nicola Group
rocks in the Clearwater – Lit tle Fort area into five in for mal
units: a cen tral (lower) vol ca nic and (over ly ing)
volcaniclastic pack age, an east ern sed i men tary (Lemieux
Creek) and two west ern sed i men tary suc ces sions (Me rid -
ian and Wavey Lake). They rec og nized sim i lar rock types
and equiv a lent ages for the sed i men tary rocks east and west 
of the vol ca nic axis and mapped them as fa cies-equiv a lent
units. Rel e vant to the pres ent study are the Anisian,
Ladinian and Early Carnian cono dont ages from lime stone
interbedded with grey phyllite, slate and slaty siltstone of
their east ern most Lemieux Creek suc ces sion, which sup -
port cor re la tion with the lithologically sim i lar Mid dle to
Late Tri as sic basal Nicola rocks of unit 1 (Panteleyev et al.,
1996) in the Quesnel Lake area.

The base of the Nicola, unit 1 (Fig. 2), forms a north -
west-trending belt ex posed east of Quesnel Lake. It has
been es ti mated to con sti tute at least 2500 m (Rees, 1987), to 
lo cally 4000 m (Bloodgood, 1990), of fine-grained gra -
phitic and quartzose sed i men tary rocks that grade up ward
into (Carnian to Norian) basal units of the up per vol ca nic
unit. Miss ing from the Lemieux Creek suc ces sion but well
de scribed by Bloodgood (1987), Rees (1987) and
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Panteleyev et al. (1996, unit 1A) in the Eu reka Peak and
Quesnel Lake ar eas are mafic hornblende, pyroxene vol ca -
nic brec cia, con glom er ate and tuffaceous argillite, which
oc cur near the top of the sed i men tary se quence (ML>Nv).

Augite por phy ritic flow, brec cia and volcaniclastic
units de fine a north west-trending belt, up to 20 km wide, of
sub aque ous and sub or di nate subaerial vol ca nic rocks with
an es ti mated thick ness on the or der of 5–6.5 km (Rees,
1987; Panteleyev et al., 1996). Thick est ac cu mu la tions of
vol ca nic rocks and co eval subvolcanic in tru sions de fine the 
mag matic axis of the Quesnel arc and show re mark able
sim i lar ity in chem i cal af fin ity and geo chron ol ogi cal cor re -
la tions along the length of the arc, as well as with other Late
Tri as sic arcs in the Cor dil lera (Mortimer, 1987; Mihalynuk
et al., 1994, Nel son and Bellefontaine, 1996; Panteleyev et
al., 1996; this study). Green or ma roon, clinopyroxene
(augite)–phyric ba salt to ba saltic an de site (L>Npv) is the
dom i nant and iden ti fy ing rock type, but augite-ol iv -
ine±plagioclase, augite-plagioclase-analcime (L>Nav) and 
hornblende-plagioclase-augite (L>Nhv) ba salt com po si -
tions oc cur across the study area. Vol u met ri cally, fine to
me dium-grained volcaniclastic de pos its far ex ceed tuff and 
brec cia units, and co her ent lava and flow brec cia units form 

the least abundant components of the arc within the study
area.

West of the mag matic axis is a sec ond pack age of fine-
grained sed i men tary and volcaniclastic rocks, the Gavin
Lake suc ces sion, which un der lies pyroxene vol ca nic brec -
cia and flow rocks of the main vol ca nic fa cies (Fig. 2). It
crops out north of Bea ver Creek val ley and ex tends about
20 km in a north west-trending belt be tween Antoine and
Gavin lakes. Panteleyev et al. (1996) mapped these as
equiv a lent to their east ern sed i men tary as sem blage (unit 1). 
On its north ern side, the con tact be tween the Gavin Lake
suc ces sion and over ly ing vol ca nic rocks trends north west,
or thogo nal to the re gional bed ding in the lower sed i men -
tary suc ces sion. At out crop scale, how ever, the con tact is
gradational and con form able. The south ern con tact is
poorly ex posed and un con form ably over lain and/or faulted
against un named Ju ras sic sed i men tary and Ter tiary ba salt
units (units 6 and 11 of Panteleyev et al., 1996).

The Gavin Lake suc ces sion is dom i nated by fine-
grained, well-strat i fied, 25–30 mm thick beds of light and
dark grey, wavy lam i nated siltstone, nor mal graded sand -
stone and cherty shale. Interbedded, mas sive or thick bed -
ded pyroxene and plagioclase-rich crys tal sand stone oc curs 
lo cally or forms the ma trix of thick-bed ded de bris flows.
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The thin-bed ded rocks are dark grey, black and rusty-
weath er ing slate and dense cherty argillite that breaks with
a conchoidal frac ture. Interlayered with these are me dium-
bed ded, pale and dark green, grey and brown cherty vol ca -
nic siltstone, brown me dium-grained feldspathic sand stone 
with shale and siltstone rip-up clasts, and rare polylithic
vol ca nic con glom er ate. Also pres ent, west of Antoine
Lake, are coarse polymictic vol ca nic con glom er ate, nor -
mal-graded beds of lime stone, clast-dom i nated de bris
flows and finer grained lam i nar crossbedded sand stone-
siltstone cou plets. The con glom er ate in cludes an gu lar to
subrounded peb bles of siltstone, green and ma roon
pyroxene-phyric ba salt and pink hornblende–phyric
subvolcanic monzonite sup ported by a silty or crys tal-rich
wacke ma trix. Panteleyev et al. (1996) re ported a Late Tri -
as sic (prob a bly lower Norian) age for a suite of cono donts
(GSC lo cal ity No. C-117644; Or chard, 1995). The col our
al ter ation in dex (CAI) of 3.5 – 4.5 is slightly lower than the
5.0–5.5 CAI for Mid dle Tri as sic conodonts collected from
the eastern sedimentary package of black phyllite.

North of Gavin Lake, the fine-grained sed i men tary
rocks are over lain con form ably by bed ded polymictic vol -
ca nic brec cia and ma trix-sup ported gran ule to peb ble con -
glom er ate, graded sand stone and cherty vol ca nic siltstone.
Nor mal-graded beds and load struc tures in di cate up right-
fac ing, im ma ture volcaniclastic units that con tain pyroxene 
and plagioclase crys tal-rich ho ri zons and an gu lar lithic
frag ments. Analcime and pyroxene flow brec cias con form -
ably cap the section (Fig. 2).

BASALT STRATIGRAPHY

The au thors agree with the gen eral stra tig ra phy of
Bailey (1978) and Panteleyev et al. (1996), who rec og nized 
four main vol ca nic units in the study area (unit 1A and units
2, 3 and 4; see Fig. 2). Vol ca nic and epiclastic rocks of unit
1a were sep a rated from the up per, dom i nantly vol ca nic se -
quence be cause they oc cur en tirely within the Mid dle to
Up per Tri as sic sed i men tary unit 1, al beit near the top of the
suc ces sion (Fig. 2), and on the ba sis of their pet ro chem i cal
dif fer ences (Panteleyev et al., 1996). They are in ter preted
to rep re sent ini ti a tion of arc magmatism in a mar ginal-ba sin 
set ting Bloodgood (1987). In the pres ent study, these are re -
ferred to as East ern arc ba salt (ML>Nv).

Units 2, 3 and 4 re cord the evo lu tion of magmatism and 
the main con struc tion pe riod of the arc dur ing the Late Tri -
as sic. These de fine the cen tral axis of the arc and are re -
ferred to as Cen tral arc ba salt (L>Nv). In gen eral, the vol ca -
nic stra tig ra phy con sists of a sub aque ous pyroxene-phyric
ba salt unit, con sist ing mainly of flows and brec cias;
pyroclastic and lahar de pos its of more evolved ‘fel sic’
com po si tions; and an up per, subaerial, analcime-bear ing
ol iv ine ba salt unit (Lo gan and Mihalynuk, 2005). Ages of
these three units were in ter preted to span the Up per Tri as sic 
to Early Ju ras sic bound ary. Sub se quent U-Pb iso to pic age
dat ing of the var i ous in tru sive phases of the Polley and
Bootjack stocks in di cates that these in tru sions are Late Tri -
as sic (Palfy et al., 2000); there fore, they cannot intrude
rocks younger than 200 Ma (Fig. 2).

Ev i dence for iso lated Early Ju ras sic calcalkaline vol -
ca nism and plutonism is rec og nized in the area: for ex am -
ple, the 197 Ma (Lo gan et al., in press) quartz-phyric dacite
unit lo cated im me di ately north of Mount Polley mine (Lo -
gan and Mihalynuk, 2005) and the 195 Ma quartz syenite
dike at Shiko Lake. How ever, the ma jor ity of Early Ju ras sic 

strata within the study area are well-bed ded sed i men tary
units that con tain Early Sinemurian, Canadensis Zone fos -
sils (GSC lo cal ity No. 93215b, 93960, 93961; Poulton and
Tip per, 1991; Tip per, 1992) and ma ture, well-bed ded,
polylithic, monzonite-bear ing con glom er ate (Lo gan and
Mihalynuk, 2005; Fig. 2). Prov e nance stud ies of Early Ju -
ras sic sed i men tary se quences in the study area in di cate im -
ma ture arc-de rived sand stone con tain ing Late Tri as sic to
Early Ju ras sic de tri tal zir cons that sug gest lo cal sources
dom i nated, or di luted and masked, any evolved North
Amer i can con ti nen tal sed i men tary in flu ence (Petersen et
al., 2004).

Middle to Late Triassic Metavolcanic Rocks
(unit 1A)

Nine sam ples of meta vol can ic rocks rep re sent ing
rocks from unit 1A (Panteleyev et al., 1996) were col lected
from Span ish Moun tain (n = 2), east of Span ish Lake (n = 3) 
and east of Horse fly in the vi cin ity of Viewland Moun tain
(n = 5). The rocks in the area of Span ish Moun tain in clude
plagioclase crys tal tuffaceous siltstone, vol ca nic con glom -
er ate and hornblende-plagioclase por phy ritic brec cia.
North east of Span ish Lake, pale green fo li ated tuffaceous
phyllite, mas sive greenstone and brec cia dom i nate, with
rare, thin pil lowed flows of pyroxene por phyry ba salt. Sec -
tions con tain ing pyroxene ba salt ap pear iden ti cal to the
youn ger vol ca nic stra tig ra phy in the main Quesnel vol ca -
nic belt far ther west. How ever, thin-sec tion in ves ti ga tion
re veals sub stan tial recrystallization and low-grade meta -
mor phism. Analcime ba salt iden ti fied in the field is, in fact,
metabasalt with sec ond ary al bite porphyroblasts fill ing
ves i cles. Panteleyev et al. (1996) showed a 1–2 km wide,
north west-trending belt of vol ca nic rocks ex tend ing be -
tween Horse fly and Quesnel lakes, cen tred on Viewland
peak. Re con nais sance along the length of this belt col lected 
rep re sen ta tive sam ples of in ter me di ate to mafic meta vol -
can ic brec cia and flow units. De for ma tion and lower
greenschist metamorphism have also variably affected the
massive breccia flow and tuffaceous units.

The vol ca nic rocks from the vi cin ity of Eu reka peak
(Bloodgood, 1987) com prise coarse por phy ritic flows,
brec cia and fine-grained tuff. Phenocryst as sem blages con -
sist of pyroxene, hornblende and plagioclase. The vol ca nic
rocks have been meta mor phosed to lower greenschist fa -
cies. Meta mor phic min er als in clude actinolite, al bite,
epidote, chlorite, quartz and cal cite. Cono donts from lime -
stone-bear ing rocks south west of Span ish Moun tain have
yielded Mid dle Tri as sic ages rang ing from Anisian to
Ladinian (Or chard, 1995), with cono dont al ter ation in di ces 
(CAI) of 5.0–5.5. Bloodgood (1987) con cluded that the
chem is try sug gested an is land-arc or i gin with pos si ble
back-arc or marginal-basin affinities.

Late Triassic Augite-Phyric Volcanic Rocks

Ma roon, green and grey pyroxene-phyric flow, brec cia 
and pyroxene crys tal–rich volcaniclastic units form the ma -
jor ity of the cen tral vol ca nic belt. They are interfingered
with augite-ol iv ine, analcime and hornblende-bear ing ba -
salt units through out the strati graphic col umn (Panteleyev
et al., 1996; Lo gan and Mihalynuk, 2005) and near the top
by lime stone and fel sic crys tal tuffs (Fig. 2). Nor mal
graded-bed ding, crossbedding and load fea tures are com -
mon in the sed i men tary rocks; all in di cate up right fac ing
beds and a sub aque ous environment of deposition.
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Co her ent flows com prise 30% (to a max i mum of 50%)
me dium to coarse-grained euhedral pyroxene (Fig. 3A, B),
20% subhedral plagioclase pheno crysts in a fine-grained
felted seriate groundmass of plagioclase, pyroxene, ±ol iv -
ine, mag ne tite and ap a tite. Euhedral coarse pyroxene crys -
tals up to 5 mm in di am e ter are well zoned and of ten show
align ment of melt in clu sions along growth planes. Por phy -
ritic augite flow brec cia and flow tops are com monly amyg -
da loid al and ex hibit trachytic align ment of plagioclase
laths in a chloritic vitrophyric matrix.

Late Triassic Analcime-Phyric Volcanic
Rocks

Analcime-bear ing mafic flows crop out near Trio
Lake, Mount Polley, west of Morehead Lake (Lo gan and
Mihalynuk, 2005) and south of Antoine and Shiko lakes.
South of Jacobie Lake, analcime-bear ing ba salt forms the
basal flow unit that over lies the Gavin Lake suc ces sion. Ex -
cel lent ex po sures are found along the high way north of
Prior Lake within an ~260 m thick vol ca nic sec tion dom i -
nated by dark grey-green to ma roon, ve sic u lar augite por -
phyry flows. Analcime con tent var ies from one flow to the
next, as do pyroxene and olivine contents.

Typ i cal flows com prise 30% me dium to coarse-
grained euhedral pyroxene (up to 60%); 20–50% fine to
coarse plagioclase, lo cally in clud ing coarse, trachytically
aligned, bladed pheno crysts; 2–10% me dium-grained ol iv -
ine, com monly re placed by bright red iddingsite; up to 10%
amygdules, mostly filled with cal cite and chlorite; and 0–
20% euhedral, salmon pink analcime up to 3 cm di am e ter
(Fig. 3C, D).

Analcime oc curs as euhedral pheno crysts, as ir reg u lar
in ter sti tial ma trix ma te rial and as amyg dule fill ings in co -
her ent ba salt flows. In ad di tion, it is pres ent as euhedral
grains in ju ve nile crys tal lithic tuff and epiclastic units,
which would sup port a pri mary or i gin for this phenocryst.
The de bate whether analcime is pri mary or sec ond ary in
sim i lar Nicola lavas (Coates, 1960; Mortimer, 1987) or the
youn ger Crowsnest For ma tion (Pe ter son and Cur rie, 1993)
is in con clu sive. Karlsson and Clay ton (1991) pre sented
strong iso to pic and microprobe data to sup port low-tem -
per a ture re place ment of early leu cite and a secondary
origin for pristine analcime crystals.

Late Triassic to Early Jurassic (?)
Hornblende-Phyric Volcanic Rocks

Hornblende-phyric ba salt flows, dikes and brec cia
units form a sub or di nate but dis tinc tive se quence ex posed
along the east ern side of the cen tral vol ca nic belt at the QR
de posit (Fox and Cameron, 1995) and north of Shiko Lake.
Panteleyev et al. (1996) cor re lated these rocks (their unit
2d) with units 2a and 2b, which oc cupy a lower po si tion in
the Up per Tri as sic stra tig ra phy. Fos sil or iso to pic age con -
straints are lack ing. From ob ser va tions dur ing the pres ent
study, sim i lar hornblende-phyric flows and dikes are as so -
ci ated with sed i men tary units high in the stra tig ra phy.
These units are quartz poor and dif fer ent from the Early
Jurassic quartz-phyric hornblende dacite.

Hornblende-plagioclase por phyry dikes and diorite
sills north of the Quesnel River at QR and Shiko Lake
cross cut black and grey, thin lam i nated argillite and
siltstone. The dikes are com monly rusty and con tain 1–2%
py rite.

The rocks con tain 3–5 mm euhedral grains of con spic -
u ous hornblende, smaller euhedral pyroxene and
plagioclase within a fine-grained seriate groundmass of the
same min er als. Ac ces sory min er als in clude mag ne tite, ap a -
tite, py rite and the al ter ation min er als chlorite and car bon -
ate. A white ze o lite, pos si bly laumontite, occupies
amygdules.

Intrusive Bodies

Dark green, 10–20 m wide pyroxenite bod ies in trude
fine-grained volcaniclastic rocks in two lo cales west of
Gavin Lake. The pyroxenite oc cu pies sill-like (con form -
able with bed ding) bod ies and dikes that cross cut bed ding
at high an gles. The pyroxenite con sists of coarse-grained,
euhedral zoned pyroxene pheno crysts, al tered subhedral
ol iv ine pseudomorphed by ser pen tine and talc, and
plagioclase laths within a fine-grained, al tered, opaque-
rich (mag ne tite and py rite) ma trix of plagioclase, pyroxene
and al ter ation min er als, in clud ing chlorite, talc and cal cite.
These in tru sions are rel a tively rich in MgO (10.26 wt%; Ta -
ble 1), rep re sent a less frac tion ated magma, and con tain
sim i lar ma jor-el e ment abun dances as the pyroxenite at
Mount Polley (see Bath and Lo gan, 2006; Fra ser, 1994).
They are likely feeder dikes to some of the early pyroxene-
phyric ba salt flows that stratigraphically over lie the west -
ern volcaniclastic se quence. Youn ger, tex tur ally sim i lar
augite por phyry (AP) dikes that in trude the mine stra tig ra -
phy at Mont Polley have much lower MgO contents (5.26
wt% MgO; Fraser, 1994).

The west ern por tion of the study area is in truded by
metre to decimetre-wide quartz por phy ritic monzonite
dikes. The dikes con sist of a fine-grained leucocratic ma -
trix, vari able amounts of finely dis sem i nated py rite and
sparse to 10% euhedral quartz pheno crysts. Bi o tite (up to
sev eral per cent) and rarely hornblende are pres ent, but both 
are of ten com pletely re placed by seri cite and car bon ate.
Weath er ing pro duces a dis tinc tive limonitic-pink ish, fine-
grained mas sive rock with con spic u ous (2–8 mm) quartz
pheno crysts. The larg est con cen tra tion of these in tru sive
rocks oc curs at Gavin Lake, where a co alesc ing swarm of
east-trending dikes and small quartz monzonite por phyry
plugs in trude an area ap prox i mately 0.5 km by 3 km im me -
di ately north of the lake. Chal co py rite and mo lyb de nite
min er al iza tion is as so ci ated with quartz and K-feld spar
stockwork vein ing in the dikes. North-trending quartz
veins, in places up to 5 m wide, cut the fine-grained
volcaniclastic se quence. Min er al iza tion in cludes chal co -
py rite and ga lena with Au and Ag val ues re ported
(Hodgson, 1970). Bailey (1978) and Panteleyev et al.
(1996) cor re lated these quartz-bear ing calcalkaline in tru -
sions with hornblende-bi o tite monzogranite of the Nyland
Lake stock and in cluded them in the Cre ta ceous Naver
plutonic suite (Woodsworth et al., 1991). A sam ple of
quartz porphyritic monzogranite was collected for U-Pb
geochronology; results are pending.

WHOLE-ROCK GEOCHEMISTRY

More than 100 rep re sen ta tive sam ples were col lected
dur ing the re gional map ping of the Quesnel Lake area.
These in cluded sam ples of all ma jor phases of the Mount
Polley ig ne ous com plex, phases of equiv a lent (?) re gional
in tru sive cen tres and a suite of the sur round ing host lavas.
Weath ered sur faces or al tered sam ples were screened by
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care ful in spec tion of hand sam ples, and 75 were se lected
for anal y sis. Sam ples were milled in chrome steel (trace el -
e ments) and tung sten car bide (ma jor ox ides) at the BC
Geo log i cal Sur vey lab o ra tory in Vic to ria. Rep li cate sam -
ples and stan dards were in cluded and the splits were
shipped for anal y ses to Teck Cominco Lab o ra to ries, Van -
cou ver for ma jor-el e ment 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 Lab o ra to ries Ltd., 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 Ac ti va tion Lab o ra to ries
Ltd., 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
the sam ples was sent to Me mo rial Uni ver sity, New found -
land (MUN) for trace-el e ment anal y ses us ing in duc tively
cou pled plasma – mass spectrometry (ICP-MS). Detection
limits, precision and accuracy are discussed in a companion 
paper (Bath and Logan, 2006).

This re port fo cuses on the geo chem i cal char ac ter iza -
tion of the Tri as sic ba salt stra tig ra phy across the axis of the
Quesnel arc at the lat i tude of Quesnel Lake, in the vi cin ity
of the alkalic Cu-Au por phyry de posit at Mount Polley.
Thirty-seven ba salt sam ples are dis cussed in this re port.
Sam ples of the vol ca nic units have mod er ate to high loss-
on-ig ni tion val ues (0.99–4% LOI). This data set was com -
ple mented by whole-rock anal y ses from pub lished sources
(Bloodgood, 1987; Panteleyev et al., 1996; Fraser, 1995).

RESULTS

Major Oxides

Ma jor and trace-el e ment com po si tions of rep re sen ta -
tive vol ca nic rocks from the Nicola Group are pro vided in
Ta ble 1. Nor ma tive cal cu la tions, discriminant and
bivariant plots use chem i cal data that are re cal cu lated to
100% vol a tile free. Over all, the rock com po si tions are
com pa ra ble to Nicola lavas from the south ern (Mortimer,
1987), cen tral (Barrie, 1993) and north ern (Takla; Dostal et
al., 1999) Quesnel Terrane (Souther, 1977). The sil ica con -
tent var ies be tween 45 and 52 wt%. The rocks have a mod -
er ately high con tent of al ka lis (5–7 wt% Na2O+K2O) and
plot as tran si tional to al ka line on the to tal al kali versus sil -
ica di a gram (Irvine and Baragar, 1971) and as subalkaline
ba salt and andesitic ba salt on the Zr/TiO2 versus Nb/Y im -
mo bile el e ment plot (Fig. 4) of Winchester and Floyd
(1977), a re sult of the rel a tively de pleted Nb and lower high 
field strength el e ments (HFSE; e.g., <1.1 wt% TiO2) that
char ac ter ize vol ca nic arc rocks. Intraplate rifts and con ti -
nen tal alkalic suites are en riched in Nb and TiO2 rel a tive to
vol ca nic rocks formed at de struc tive plate bound aries, and
plot to the right of the shaded area in the alkali basalt field.

An AFM plot (Fig. 5) shows a calcalkaline trend for the 
ma jor ity of the sam ple suite. Ba salt from the Eu reka peak
area (Bloodgood, 1987) and stratigraphically equiv a lent
lavas from the east ern side of the arc at Span ish Moun tain
(SM), east of Span ish Lake (SL) and in the Viewland Peak
area (VP) strad dle the tholeiitic-calcalkaline trend. These
bas alts are interlayered with Mid dle to Up per Tri as sic sed i -
men tary rocks, and are older than the main arc and may
there fore rep re sent early vol ca nism and ini ti a tion of arc
magmatism (Bloodgood, 1987; Panteleyev et al., 1996).
The typ i cally high MgO con tents (mean val ues of 7–
10 wt%; Ta ble 1) in di cate that these vol ca nic rocks rep re -

sent a pri mary magma that has not un der gone substantial
fractionation (see Fig. 6).

When plot ted against an in dex of frac tion ation such as
wt% MgO (Fig. 6), the ma jor-el e ment abun dances can be
used to de ter mine the cogenetic re la tion ships be tween dif -
fer ent rock units. With the ex cep tion of a sub set of the most
prim i tive Eu reka Peak ba salt  (Bloodgood, 1987;
Panteleyev et al., 1996, unit 1A), the smooth lin ear trends
for the re main ing sam ples sug gest they can all be re lated by
sim ple frac tional crys tal li za tion. The FeOT, TiO2, P2O5,
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Fig ure 4. Zr/TiO2 vs. Nb/Y plot of Tri as sic Nicola Group vol ca nic
rocks show ing compositional range and clas si fi ca tion for Mount
Polley area (af ter Winchester and Floyd, 1977). Rock type codes:
L>Nhv, hornblende phyric ba salt; L>Nv, analcime-phyric ba salt;
L>Nvpv, pyroxene-phyric ba salt; ML>Nv, hornblende-pyroxene
metabasalt; small square, this study; large square, data from
Bloodgood (1987).
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Fig ure 5. AFM ter nary di a gram show ing calcalkaline na ture of
Mount Polley ig ne ous rocks. Rock type codes as in Fig ure 4 plus
L>Nmn, Late Tri as sic re gional in tru sive rocks (diorite to
monzonite) and L>BJsy, Bootjack stock syenite.
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CaO and Ni val ues dis play pos i tive cor re la tions, whereas
Al2O3, Na2O and SiO2 and Na2O+K2O cor re late neg a tively. 
The ma jor-ox ide trends show the least dif fer en ti ated (i.e.,
high est wt% MgO) to be the old est ba salt of unit 1A, and
show pro gres sive evo lu tion and dif fer en ti a tion from
pyroxene to analcime and fi nally hornblende-bear ing ba -
salt and the co eval/cogenetic in tru sive suites of diorite-
monzodiorite-syenite (Panteleyev et al., 1996; this study).
The pyroxenite that in trudes the Gavin Lake sed i men tary
suc ces sion is more prim i tive and shows better over all pos i -
tive cor re la tion with dif fer en ti a tion trends than the Mount
Polley pyroxenite (Fra ser, 1994). In fact, the Mount Polley
pyroxenite sam ple has an in ter me di ate MgO value rel a tive
to the most prim i tive ba salt and the most frac tion ated
syenite sam ples from the Bootjack stock (Bath and Lo gan,
2006). Over all, the dif fer en ti a tion trends are nor mal and
con sis tent with frac tional crys tal li za tion of ol iv ine,
clinopyroxene, Fe-Ti ox ides, plagioclase and ap a tite. The
in crease in Al2O3 and SiO2 and the sharp de crease in CaO
and MgO be gin ning at ap prox i mately 9 wt% MgO prob a -
bly re flect frac tional crys tal li za tion (re moval) of
clinopyroxene. The sharp de cline in Ni (and Cr) sup ports
an early frac tion ation of ol iv ine and clinopyroxene, and the
gen eral in crease in P2O5 and TiO2 con tents with decreasing
MgO reflects early suppression and subsequent crystal
fractionation of apatite and sphene (Fig. 6).

The K2O val ues show no cor re la tion, whereas Na2O
shows a strong neg a tive cor re la tion, as does Na2O+K2O
with the ex cep tion of the highly dif fer en ti ated and potassic
Bootjack stock syenite.

Trace Elements and Rare Earth Elements

Trace and rare earth el e ment (REE) abun dances of rep -
re sen ta tive vol ca nic rocks from the Nicola Group are given
in Ta ble 2.

Mafic rocks from the cen tral belt are ba salt and ba saltic 
an de site. They have TiO2 con tents of 0.7–0.85 wt% and
low Nb con tents rang ing from <3 to 7 ppm (Ta ble 1). The
chondrite-nor mal ized REE pat terns for the ba salt from the
cen tral belt are char ac ter ized by mean light rare earth el e -
ment (LREE) en rich ments (La/YbCN = 3.4, 3.9 and 5.6) and
a down ward slop ing pat tern to ward the heavy rare earth el -
e ments (HREE). The HREE are es sen tially flat, (<10 times
chondrite, not shown). Prim i tive man tle–nor mal ized trace-
el e ment pat terns of the Cen tral arc ba salt suite (L>Npv,
L>Nav and L>Nhv) have broadly sim i lar pat terns (Fig. 7A,
C). All are char ac ter ized by mod er ate neg a tive Nb anom a -
lies rel a tive to Th and La, and all pos sess neg a tive Ti anom -
a lies and a gen er ally down ward slop ing pro file from LREE
to HREE. The geo chem i cal pat terns for the ba salt, and a
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Fig ure 7. Prim i tive man tle–nor mal ized (Sun and McDonough, 1989) multielement plots for Late Tri as sic Nicola Group ba salt and ba saltic
an de site (L>Nv) from the cen tral part of the arc (A and C) and Mid dle to Late Tri as sic ‘black phyllite’–hosted vol ca nic rocks (ML>Nv) from
the east ern side of the arc (B and D). Shaded ar eas in A cor re spond to the range of val ues for Late Tri as sic re gional diorite to monzonite in -
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suite of Late Tri as sic diorite-monzonite-syenite in tru sive
rocks col lected from the study area, are sim i lar and sug gest
that they are cogenetic. Also shown is the trace-el e ment
pat tern of the Late Tri as sic Bootjack syenite stock, with its
higher con cen tra tions of in com pat i ble el e ments (left side
of di a gram) and lower con cen tra tions of com pat i ble el e -
ments (right side of di a gram) com pared to the re gional
diorite and ba salt, which is con sis tent with frac tion ation
from a dioritic par ent magma (Bath and Lo gan, 2006).
Prim i tive man tle–nor mal ized mean trace-el e ment val ues of 
the hornblende, analcime and pyroxene-phyric bas alts
(Fig. 7C) are vari ably de pleted but closely par al lel the pat -
tern for calcalkaline-arc ba salt from the Sunda arc (Jen ner,
1996), which sup ports the field re la tion ships (i.e.,
interlayered breccia flows and coarse to fine tuff, polylithic
breccia and epiclastic deposits).

The mafic vol ca nic rocks from the east ern vol ca nic
belt (Span ish Lake, Span ish Moun tain and Viewland Peak
suites) are subalkaline ba salt and an de site. They have sim i -
lar TiO2 con tents of 0.7–1.0 wt% and low Nb con tents of 3–
14 ppm (Ta ble 1), but show dif fer ent trace-el e ment abun -
dances and multielement pat terns when com pared.
Chondrite-nor mal ized REE pat terns for the ba salt from the
Viewland Peak suite are char ac ter ized by mean LREE en -
rich ments (La/YbCN = 2.8) and a down ward slop ing pat tern
to ward the HREE, but the ba salt from Span ish Moun tain is
char ac ter ized by an up ward slop ing pat tern to ward the
HREE. The HREE are es sen tially flat (~10 times chondrite
for VP and 20 times chondrite for SM, not shown). The
prim i tive man tle–nor mal ized trace el e ment pat terns of the
Viewland Peak and Span ish Moun tain bas alts (Fig. 7B, D)
are char ac ter ized by de ple tions in the LREE (La, Ce) and
most in com pat i ble el e ments (Th, Nb), and there fore re flect
typ i cal de pleted-man tle sources. Both have a pos i tive Nb
anom aly rel a tive to Th and La, and pos i tive Zr and Ti anom -
a lies. They have flat or slightly neg a tive slopes that closely
over lap the global com pi la tion pat terns (Sun and
McDonough, 1989) for en riched mid-ocean ridge ba salt
(E-MORB) and nor mal mid-ocean ridge ba salt (N-
MORB), re spec tively. The prim i tive man tle–nor mal ized
trace-el e ment pat terns for the Span ish Lake ba salt are sim i -
lar to pat terns for subduction-gen er ated arc basalt, but
show elevated incompatible elements (Th, Nb) in
comparison to central belt alkaline basalt.

On the Zr-Y-Ti tec tonic dis crim i na tion di a gram (af ter
Pearce and Cann, 1973; Fig. 8), which is used to dis tin guish 
non-arc ba salt (high Ti/Y ra tios) from other magma types,
all of the ba salt from the cen tral vol ca nic belt plots in arc-
ba salt fields, spe cif i cally fields A (tholeiitic vol ca nic-arc
ba salt, VAB) and B (MORB and calcalkaline VAB), with
three metabasalt sam ples (ML>Nv) from the east ern side of
the arc (Viewland Peak area)  plot t ing in f ield C
(calcalkaline VAB). The dis tinc tion be tween fields A and B
and field C can be mod elled by up per crustal as sim i la tion,
which changes the com po si tion from the av er age N-MORB 
man tle to ward av er age up per crustal com po si tions (higher
Zr val ues; Pearce, 1996). All of the ba salt from the cen tral
vol ca nic belt has high-field-strength el e ment (HFSE)
abun dances that are char ac ter is tic of VAB (high Th/Y ra tios 
and Nb de ple tion) and plot in the calcalkaline (Hf/Th ra tios
<3) por tion of the arc-ba salt field on Fig ure 9 (af ter Wood,
1980). A sin gle sam ple of pillowed basalt from Spanish
Mountain falls into the MORB field (A).
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Fig ure 8. Tec tonic dis crim i na tion di a gram based on Zr, Ti, Y (af ter
Pearce and Cann, 1973), used to dis tin guish non-arc ba salt (high
Ti/Y ra tios) from other magma types and a par tial sep a ra tion of
MORB and VAB. MORB plot in field B, calcalkaline VAB plot in
fields B and C, tholeiitic VAB plot in field A and C, and non-arc
within-plate ba salt (WPB) plot in field D. Sym bols as for Fig ure 3.
All ba salt and ba saltic an de site from the cen tral vol ca nic belt plot
within fields A and B, with the ex cep tion of three ba salt sam ples
(ML>Nv) from the east ern side of the arc (Viewland Peak area),
which oc cupy field C.

A

B

C

D

Th Ta

Hf/3

L>Nhv

L>Nav

L>Npv

ML>Nv

Fig ure 9. Tec tonic dis crim i na tion di a gram based on Th, Hf, Ta (af -
ter Wood, 1980), used to dis tin guish arc ba salt (high Th/Ta) and
the o ret i cally be tween calcalkaline ba salt, tholeiitic-arc ba salt and
non-arc ba salt. Ba salt and ba saltic an de site from the cen tral vol ca -
nic belt fall within the calcalkaline-arc ba salt field (D). A sin gle pil -
lowed ba salt sam ple from Span ish Moun tain plots within the
MORB field (A).



DISCUSSION

The Late Tri as sic Takla and Nicola rocks of Quesnellia 
have fea tures of shoshonitic rocks de rived from is land arcs
(de Rosen-Spence, 1985; Mortimer, 1987; Barrie, 1993;
Pantelyev et al., 1996; Nel son and Bellefontaine 1996),
sim i lar to the Late Tri as sic Stuhini rocks of Stikinia (Lo gan
and Koyanagi, 1994; Lo gan, un pub lished data, 2005). Low
ini tial Sr ra tios and εNd val ues (Preto et al., 1979; Smith et
al. ,  1995; Lang et al. ,  1995) in di cate a prim i tive
intraoceanic set ting that was not un der lain by con ti nen tal
(en riched-man tle) material.

Arc ba salt is de rived from es sen tially two sources; the
subarc man tle wedge and an aque ous fluid and/or melt
(adakitic lavas; Kay, 1981; Pea cock et al., 1994) de rived
from the subducted slab (Davies and Stevenson, 1992;
Kerrich and Wyman, 1996). De hy dra tion of the slab at
depths of ap prox i mately 100 km re leases flu ids that
metasomatize the over ly ing subarc man tle wedge (MORB-
like; Pearce and Peate, 1995), en rich ing it in the volatiles,
S, SiO2 and large-ion lithophile el e ments (LILE) such as
Rb, K, Cs, Ba and Sr (Tatsumi et al., 1986; de Hoog et al.,
2001). Cer tain high-field-strength el e ments (HFSE), such
as Ti, Nb and Ta, are not mo bi lized (con ser va tive el e ments;
Pearce and Peate, 1995) but are re tained in the downgoing
slab. Melt ing of the subarc man tle wedge pro duces pri mary
ba saltic mag mas that are dis tin guished from MORB by
their higher H2O and LILE and an oma lously low Ti, Nb and 
Ta con tents (Rich ards, 2003). These mag mas rise to the
base of the crust where they un dergo a mul ti stage pro cess
in volv ing crustal melting, assimilation, storage and
magma homogenization (‘MASH’ model of Hildreth and
Moorbath, 1988).

In south ern BC, the Quesnel Terrane is an iso to pic and
geochemically prim i tive arc com plex that formed above an
east-dip ping subduction zone (Cache Creek Terrane).
Early Me so zoic magmatism re spon si ble for con struc tion of 
the arc is char ac ter ized by calcalkaline and al ka line stages
of de vel op ment. Arc magmatism mi grated east ward with
time, be gin ning in the west, ca. 212 Ma, with de vel op ment
of Cu-Mo±Au de pos its at High land Val ley and Gi bral tar
that are re lated to calcalkaline in tru sions of the Guichon
plutonic suite (Woodsworth et al., 1991). At the lat i tude of
Mount Polley (east of Gi bral tar), the ma jor ity of the arc
con sists of Na and K-rich, sub ma rine to subaerial lava
flows and cogenetic al ka line in tru sions that rep re sent
~20 m.y. (Norian stage) of al ka line magmatism. The chem i -
cal trends of the ba saltic rocks change over time (up stra tig -
ra phy) from prim i tive east ern ba salt (ML>Nv) and
pyroxenite to more evolved/fel sic cen tral ba salt (L>Nv).
They over lap and par al lel the chem i cal evo lu tion of the
Late Tri as sic in tru sions and are likely cogenetic.
Magmatism cul mi nated be tween 204 and 200 Ma (Cop per
Moun tain plutonic suite of Woodsworth et al., 1991) with
the in tru sion of evolved monzonitic to syenitic bod ies and
Cu-Au por phyry min er al iza tion. The caus ative magma in a
min er al ized por phyry sys tem pro vides the heat, H2O, S and
met als to the sys tem. These el e ments are exsolved from the
magma and pro duce the brecciation, al ter ation and Cu min -
er al iza tion. Bath and Lo gan (2006) pres ent chem is try and
pe trog ra phy that fa vours the Late Tri as sic Bootjack stock
(Bailey and Archibald, 1990) as a late fractionate/com po -
nent of the causative magma responsible for mineralization
at Mount Polley.

Up lift and ero sion of the fore-arc pro duced sub-Ju ras -
sic un con formi ties as magmatism shifted east and cul mi -
nated with in tru sion of calcalkaline plutons at 195 Ma and
de po si tion of dis tal volcaniclastic and youn ger sed i men -
tary rocks across the terrane. In the study area, only small,
high-level, quartz-bear ing calcalkaline in tru sions rep re -
sent the vo lu mi nous Early Ju ras s ic calcalkal ine
magmatism that is pre served in the south ern and north ern
Quesnel Terrane. To the south, this magmatism is rep re -
sented by an arc-par al lel belt of 195 Ma calcalkaline
batholiths (Takomkane, Thuya, Wild Horse, Pennask) in
the east ern part of the Quesnel Terrane that rep re sent the
roots of this Early Jurassic magmatic arc.

CONCLUSIONS

The ba salt and trachyte of the Nicola Group have well-
de vel oped high-field-strength el e ment (Nb, Ta, Zr, Hf, Ti)
de ple tions, and Th, U, and large-ion lithophile el e ment (Rb, 
Ba, K, Sr) en rich ment, which is typ i cal of subduction-zone
mag mas in the cen tral belt. They have REE con cen tra tions
sim i lar to those of  the Mount Polley ig ne ous com plex, con -
sis tent with a sim i lar melt source and a cogenetic re la tion -
ship through fractional crystallization.

The east ern vol ca nic belt con tains meta vol can ic units
with geo chem i cal char ac ter is tics of non-arc ba salt that rep -
re sent ini ti a tion of vol ca nism ei ther in a back-arc ba sin or
tran si tional vol ca nic arc-mar ginal ba sin set ting. The lat ter
model is sup ported by geo chem is try and Nd iso tope char -
ac ter is tics of Up per Tri as sic sed i men tary rocks in the
south ern Quesnel Terrane (Unterschutz et al., 2002).

An in ter pre ta tion that the rocks in the Quesnel Lake
area may have been erupted within ma ture is land-arc set -
tings is con sis tent with the dom i nance of al ka line ba saltic
over in ter me di ate andesitic com po si tions, the shoal ing of
the arc, and shal low-wa ter de po si tion of lime stone and re -
worked, lo cally de rived volcaniclastic rocks.

The in tru sive com plex at Mount Polley rep re sents one
of a num ber of Cu-Au-min er al ized mag matic cen tres that
de fine the cul mi na tion of al ka line magmatism (Cop per
Moun tain plutonic suite of Woodsworth et al., 1991) in the
Lat est Tri as sic de vel op ment of the Quesnel Terrane. An
east ward shift of magmatism in the Early Ju ras sic and the
re turn to mainly calcalkaline vol ca nism is marked by the
ap pear ance of a quartz-bear ing dacite and Early Ju ras sic
fossiliferous sedimentary rocks.
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