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INTRODUCTION

Por phyry de pos its in Brit ish Co lum bia have pro duced
more than $27 bil lion worth of cop per and gold. They
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 Cre ta ceous to Eocene. Most por phyry
pro duc tion has come from the south ern part of Quesnel
Terrane, where two cy cles of calcalkaline through al ka line
magmatism are rec og nized in the Late Tri as sic and Early
Ju ras sic. The rea son for the ca. 10 Ma cy cle of early
calcalkaline and later al ka line vol ca nism, plutonism and
min er al iza tion is not fully re solved, but the same pat tern re -
peated in the cen tral and north ern parts of the terrane sug -
gest a feature fundamental to the Quesnel Arc genesis.

Brit ish Co lum bia al ka line por phyry de pos its are as so -
ci ated with small, com plex, ei ther neph el ine or leu cite-nor -
ma tive in tru sions and con tain al most no quartz. The de pos -
its com prise mul ti ple, high-grade (0.5–1.0% Cu, 0.5–
1.0 g/t Au) cen tres, each gen er ally less than 150 mil lion
tonnes in size. Vein and stockwork de vel op ment is in sig nif -
i cant and hy dro ther mal brec cia-cen tred sys tems dom i nate.
Min er al iza tion is fo cused near the vol ca nic-plutonic in ter -
face, pre sum ably as a re sult of late-stage magma
devolatilization of highly ox i dized (mag ne tite, he ma tite
and anhydrite), pri mar ily mag matic, high-sa lin ity flu ids.
Late Tri as sic BC de pos its are unique end-mem bers of a
con t in 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 are im por tant criteria for the evaluation of the
Intermontane arc terranes and their economic potential in
BC.

In 2004, the BC Min is try of En ergy, Mines and Pe tro -
leum Re sources, Aba cus Min ing and Ex plo ra tion Cor po ra -
tion, Im pe rial Met als Cor po ra tion and Spec trum Gold Inc.
(now NovaGold Re sources) ini ti ated a geoscience part ner -

ship agree ment fo cused on re fin ing the al ka line Cu-Au por -
phyry ex plo ra tion model as it ap plies to the Iron Mask,
Mount Polley and Ga lore Creek al ka line mag matic cen tres
(Fig 1). Re cent de posit and re gional-scale geo log i cal map -
ping have es tab lished a better un der stand ing of the strati -
graphic and tec tonic frame work that hosts these al ka line
Cu-Au min eral sys tems, their geo chem is try and their ages
of for ma tion (Lo gan and Mihalynuk, 2005a, b; Bath and
Logan, 2006; Logan and Bath, 2006).

This re port pres ents 17 new U-Pb and 40Ar/39Ar age
de ter mi na tions that have be come avail able since the study
be gan, for the Iron Mask batholith and the Mount Polley
Cu-Au mine area. Data from Ga lore Creek and Cop per
Moun tain will be pre sented separately.

GEOLOGICAL SETTING

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 (Fig 1). 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. The south ern
Quesnel  Terrane con sists  of  an iso to  pi  cally and
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Fig ure 1. Lo ca tion of BC Cu-Au-Ag±PGE al ka line por phyry de pos -
its; green band in di cates the Quesnel Terrane and the grey band
in di cates the Cache Creek Terrane. Ab bre vi a tion: ST, Stikine
Terrane.



geochemically prim i tive Late Tri as sic to Early Ju ras sic
mag matic arc com plex, which formed above an east-dip -
ping subduction zone (Mortimer, 1987). The Cache Creek
Terrane, with its Late Tri as sic (Pat er son 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’. Slide Moun tain Terrane rocks have
been in ter preted to rep re sent the rem nants of a Late Pa leo -
zoic mar ginal ba sin (Schiarizza, 1989; Roback et al.,
1994), which sep a rated Quesnellia from North Amer ica
un til its clo sure in the Early Ju ras sic. By Mid dle Ju ras sic
time, Stikinia had col lided with Quesnellia, re sult ing in the
de mise of the Cache Creek subduction zone (173 Ma) and
the stitch ing of the bound ary in the north ern Cor dil lera by
ca.172 Ma plutons (Mihalynuk et al., 2004). At the same
time, the Quesnellia, Slide Moun tain, Barkerville and
Cariboo subterranes were imbricated and thrust east ward
onto the North Amer i can craton (Nixon et al., 1993). Cre ta -
ceous in tru sions, Ter tiary vol ca nic rocks and feeder dikes
of the Eocene Kamloops and Miocene Chilcotin groups 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. 210 to 215 Ma, with the em place ment of
plutons and the de vel op ment of calcalkaline Cu-Mo±Au
de pos its at High land Val ley and Gi bral tar. New data sug -
gests that min er al iza tion at High land Val ley post dates the
in tru sion of the Guichon batholith by up to 4 Ma (see Ash et
al., 2007). East of Gi bral tar, in the cen tral axis of the arc, are 
al ka line in tru sions and 205 Ma, Cu-Au min er al iza tion at
Mount Polley. 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 sive
rocks (Cop per Moun tain, 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 the in tru sion
of calcalkaline com pos ite plutons con sist ing of quartz
monzodiorite (ca. 202 Ma) and granodiorite (193–195 Ma)
phases (Schiarizza and Macauley, 2007) in the south
(Takomkane, Thuya, Wild Horse and Pennask) and de po si -
tion of dis tal volcaniclastic and youn ger sed i men tary rocks
across the terrane. A tem po rally un re lated, ca.183 Ma syn-
accretionary pulse of al ka line magmatism and Cu-Au min -
er al iza tion is rec og nized at Mount Milligan, 275 km north -
west of Mount Polley. Post-ac cre tion plutons in the cen tral
Quesnel belt in clude a Mid dle Ju ras sic (ca. 163 Ma) al kali
leucogranite as so ci ated with Cu-Mo min er al iza tion at
Gavin Lake, and the ca. 104 Ma, mid-Cre ta ceous Bayonne
suite plutons associated with Mo mineralization at Boss
Mountain deposit and the Anticlimax showing.

GEOCHRONOLOGY

First at tempts at de ter min ing the ages of Cu-Au min er -
al iza tion within the Iron Mask batholith by Cockfield
(1948) and North cote (1977) and at Mount Polley by
Camp bell (1978) and Bailey (1978) used strati graphic and
paleontological con straints. Sub se quent K-Ar iso to pic dat -

ing of in tru sions and al ter ation as sem blages as so ci ated
with min er al iza tion were re ported by Preto et al. (1979) for
the Iron Mask batholith and by Panteleyev et al. (1996) and
Bailey and Archibald (1990) for var i ous in tru sions in the
Mount Polley re gion. On the ba sis of the K-Ar age data and
al ka line com po si tions, most of these in tru sions were in -
cluded in the Early and Mid dle Ju ras sic Cop per Moun tain
suite by Woodsworth et al. (1991).

Prior to the wide spread ap pli ca tion of U-Pb tech niques 
to date in tru sions, the ma jor ity of the age data for
Cordilleran por phyry sys tems con sisted of K-Ar and Rb-Sr
cool ing or iso to pic dis tur bance ages (R.L. Armstrong,
UBC data file) rather than crys tal li za tion ages. In ar eas of
pro tracted magmatism or sub se quent ther mal/hy dro ther -
mal over print ing, com mon in por phyry de pos its, nei ther
the K-Ar nor the Rb-Sr tech nique can pro vide a re li able
crys tal li za tion age. Us ing the U-Pb age dat ing tech nique,
Mortensen et al. (1995) was able to re solve two dis crete ep -
i sodes of al ka line magmatism as so ci ated with cop per-gold
min er al iza tion in the Ca na dian Cor dil lera: 210 Ma to
200 Ma and 183 Ma. Armed with the re vised time scale of
Palfy et al. (2000), sub se quent work ers were able to de ter -
mine that the older ep i sode, in clud ing in tru sive phases at
the Iron Mask batholith (204 ±3 Ma) and at Mount Polley
(204.7 ±3 Ma), falls en tirely within the Late Tri as sic, while
the youn ger ep i sode is Early Ju ras sic in age. Our geo chron -
ol ogi cal work was aimed at es tab lish ing a finer tem po ral
res o lu tion for mag matic-hy dro ther mal events at ex ist ing
de pos its, as well as eval u at ing whether compositionally
similar intrusions in the belt are coeval with the important
204 Ma Cu-Au metallogenic event.

ANALYTICAL TECHNIQUES

All U-Pb and 40Ar/39Ar sam ple prep a ra tion and an a lyt -
i cal work was con ducted at the Pa cific Cen tre for Iso to pic
and Geo chem i cal Re search (PCIGR) at the De part ment of
Earth and Ocean Sci ences, Uni ver sity of Brit ish Co lum bia.
An a lyt i cal re sults de ter mined by U-Pb meth ods are listed in 
Ta bles 1 and 2. Step-heat ing gas re lease plots for 40Ar/39Ar
anal y ses and con cordia plots for U-Pb anal y ses are shown
in Figures 3, 6, 9 and 11.

U-Pb-Thermal Ionization Mass
Spectrometry

Zir con was sep a rated from sam ples us ing con ven -
tional crush ing, grind ing and Wilfley ta ble tech niques, fol -
lowed by fi nal con cen tra tion us ing heavy liq uids and mag -
netic sep a ra tions. For this study, coarse ti tan ite was
disaggregated di rectly from hand sam ples with no ad di -
tional min eral sep a ra tion nec es sary. Zir con frac tions were
se lected on the ba sis of grain qual ity, size, mag netic sus cep -
ti bil ity and mor phol ogy. All zir con frac tions were air
abraded prior to dis so lu tion to min i mize the ef fects of post-
crys tal li za tion Pb loss, us ing the tech nique of Krogh
(1982). Min eral frac tions were dis solved in sub-boiled
48% HF and 14 M HNO3 (ra tio of ~10:1, re spec tively) in
the pres ence of a mixed 233-235U–205Pb tracer; zir cons for
40 hours at 240°C in 300 µL PTFE or PFA microcapsules
con tained in high-pres sure ves sels (Parr™ acid di ges tion
ves sels with 125 mL PTFE lin ers) and ti tan ite on a hot plate
in 7 mL screw-top PFA beak ers for at least 48 hours at
~130°C. Sam ple so lu tions were then dried to salts at
~130°C. Zir con res i dues were re-dis solved in ~100 µL of
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sub-boiled 3.1 M HCl for 12 hours at 210°C in high-pres -
sure ves sels and ti tan ite res i dues on a hot plate in ~1 mL of
sub-boiled 6.2 M HCl in the same 7 mL screw-top PFA
beak ers for at least 24 hours at ~130°C. Ti tan ite so lu tions
were again dried to salts and were again re-dis solved on a
hot plate, in the same beak ers, in 1 mL of sub-boiled 3.1 M
HCl at ~130°C for at least 24 hours. For sin gle-grain zir con
frac tions E, F and G, sam ple JLO-05-6-27 3.1 M HCl was
trans ferred to 7 mL PFA beak ers, dried to a small drop let af -
ter the ad di tion of 2 µL of 1 M H3PO4 and loaded di rectly on 
to Re fil a ments for anal y sis, as de scribed be low. For all
other zir con and ti tan ite frac tions, the sep a ra tion and pu ri fi -
ca tion of Pb and U em ployed ion ex change col umn tech -
niques mod i fied slightly from those de scribed by Parrish et
al. (1987). Lead and ura nium were se quen tially eluted into
a sin gle beaker; U from ti tan ite so lu tions was pu ri fied by
pass ing through col umns a sec ond time. Elutants were
dried in 7 mL screw-top PFA beak ers on a hot plate at
~120°C in the pres ence of 2 µL of ul tra-pure 1 M phos pho -
ric acid (H3PO4). Sam ples were then loaded on sin gle, de -
gassed zone re fined Re fil a ments in 5 µL of a sil ica gel
(SiCl4) phos pho ric acid emit ter. Iso to pic ra tios were mea -
sured us ing a mod i fied sin gle col lec tor VG-54R ther mal
ion iza tion mass spec trom e ter equipped with an an a logue
Daly photomultiplier. Mea sure ments were done in peak-
switch ing mode on the Daly de tec tor. An a lyt i cal blanks
dur ing the course of this study were <1 pg for U and for Pb
in the range of 1 to 3 pg for no chem is try frac tions and 2 to
10 pg for zir cons passed through col umns and ti tan ite. Ura -
nium frac tion ation was de ter mined di rectly on in di vid ual
runs us ing the 233-235U tracer and Pb iso to pic ra tios were
cor rected for the frac tion ation of 0.32 to 0.37%/amu, based
on rep li cate anal y ses of the NBS-982 Pb stan dard and the
val ues rec om mended by Thirlwall (2000). Re ported
precisions for Pb/U and Pb/Pb dates were de ter mined by
nu mer i cally prop a gat ing all an a lyt i cal un cer tain ties
through the en tire age cal cu la tion us ing the tech nique of
Roddick (1987). Stan dard con cordia di a grams were con -
structed and re gres sion in ter cepts cal cu lated with Isoplot
v. 3.00 (Lud wig, 2003). Un less oth er wise noted, all er rors
on in ter preted ages are quoted at the 2σ level.

U-Pb ther mal ion iza tion mass spec trom e try (TIMS)
an a lyt i cal re sults are pre sented in Ta ble 1. Dis cus sion of re -
sults in a geo log i cal con text fol low in these sec tions: ‘Iron
Mask’, ‘Mount Polley’, ‘Shiko Lake Stock’, ‘Woodjam
Prop erty’ and ‘Gavin Lake’.

Laser Ablation Inductively Coupled Plasma
Mass Spectrometry

La ser ab la tion in duc tively cou pled plasma mass spec -
trom e try (LA-ICP-MS) dat ing has re cently been es tab -
lished as a rou tine pro ce dure at the PCIGR. Zir cons are sep -
a rated from their hostrocks us ing con ven tional min eral
sep a ra tion meth ods and sec tioned in an ep oxy grain mount
along with grains of in ter na tion ally ac cepted stan dard zir -
con (FC-1, a ca. 1100 Ma zir con stan dard), and brought to a
very high pol ish. The grains are ex am ined us ing a stage-
mounted cathodoluminescence im ag ing set-up that makes
it pos si ble to de tect the pres ence of al tered zones or in her -
ited cores within the zir con. The high est-qual ity por tions of 
each grain, free of al ter ation, in clu sion or cores, are se -
lected for anal y sis. The sur face of the mount is then washed
for ~10 min utes with di lute ni tric acid and rinsed in ul tra-
clean wa ter. Anal y ses are car ried out us ing a New Wave
213 nm Nd-YAG la ser cou pled to a Thermo Finnigan

Element2 high-res o lu tion ICP-MS. Ab la tion takes place
within a New Wave ‘Supercell’ ab la tion cham ber, which is
de signed to achieve very high ef fi ciency en train ment of
aero sols into the car rier gas. He lium is used as the car rier
gas for all ex per i ments and gas flow rates, and to gether with 
other pa ram e ters, such as torch po si tion, are op ti mized
prior to be gin ning a se ries of anal y ses. We typ i cally use a
25 µm spot with 60% la ser power, and do line scans rather
than spot anal y ses in or der to avoid within-run el e men tal
frac tions. Each anal y sis con sists of a 7 sec ond back ground
mea sure ment (la ser off) fol lowed by a ~28 sec ond data ac -
qui si tion pe riod with the la ser fir ing. A typ i cal an a lyt i cal
ses sion con sists of four anal y ses of the stan dard zir con, fol -
lowed by four anal y ses of un known zir cons, two stan dard
anal y ses, four un known anal y ses, etc. and fi nally four stan -
dard anal y ses. Data are re duced us ing the GLITTER soft -
ware de vel oped by the Geo chem i cal Evo lu tion and
Metallogeny of Con ti nents (GEMOC) group at Macquarrie 
Uni ver sity, which can sub tract back ground mea sure ments,
prop a gate all an a lyt i cal er rors and cal cu late iso to pic ra tios
and ages. This ap pli ca tion gen er ates a time-re solved re cord 
of each la ser shot. Fi nal ages for con tig u ous pop u la tions of
rel a tively young (Phanerozoic) zir cons are based on a
weighted av er age of the cal cu lated 206Pb/238U ages for 10 to
15 in di vid ual anal y ses. In ter pre ta tion and plot ting of the
an a lyt i cal re sults em ploys Isoplot v. 3.00 soft ware (Lud -
wig, 2003).

The LA-ICP-MS an a lyt i cal re sults are pre sented in Ta -
ble 2. A dis cus sion of re sults in a geo log i cal con text fol low
in these sec tions: ‘Iron Mask’, ‘Mount Polley’, ‘Shiko
Lake Stock’, ‘Woodjam Prop erty’ and ‘Gavin Lake’.

40Ar/39Ar

Min eral sep a rates were hand-picked, washed in ni tric
acid, rinsed in de-ion ized wa ter, dried, wrapped in alu mi -
num foil and stacked in an ir ra di a tion cap sule with sim i lar-
aged sam ples and neu tron flux mon i tors (Fish Can yon tuff
sanidine, 28.02 Ma; Renne et al., 1998). The sam ples were
ir ra di ated on Feb ru ary 15 to 17, 2006 at the McMaster Nu -
clear Re ac tor in Ham il ton, On tario, for 90 MWh, with a
neu tron flux of ap prox i mately 3 by 1016 neu trons/cm2/s.
Anal y ses (n = 57) of 19 neu tron flux mon i tor po si tions
produced errors of <0.5% in the J value.

The sam ples were an a lyzed at the No ble Gas Lab o ra -
tory, Pa cific Cen tre for Iso to pic and Geo chem i cal Re -
search, The Uni ver sity of Brit ish Co lum bia, Van cou ver.
The min eral sep a rates were step-heated at incrementally
higher pow ers in the defocused beam of a 10 W CO2 la ser
(New Wave Re search MIR10) un til fused. The gas evolved
from each step was an a lyzed by a VG5400 mass spec trom e -
ter equipped with an ion-count ing elec tron mul ti plier. All
mea sure ments were cor rected for to tal sys tem blank, mass
spec trom e ter sen si tiv ity, mass dis crim i na tion, ra dio ac tive
de cay dur ing and sub se quent to ir ra di a tion, as well as in ter -
fer ing Ar from at mo spheric con tam i na tion and the ir ra di a -
t ion of Ca, Cl and K (iso tope pro duc t ion ra t ios:
[40Ar/39Ar]K=0.0302 ±0.00006; [37Ar/39Ar]Ca=1416.4
±0.5;  [3 6Ar/3 9Ar]C a=0.3952 ±0.0004, Ca/K=1.83
±0.01[37ArCa/

39ArK]).

The pla teau and cor re la tion ages were cal cu lated us ing
Isoplot v. 3.00 (Lud wig, 2003). Er rors are quoted at the 2σ
(95% con fi dence) level and are prop a gated from all sources 
ex cept mass spec trom e ter sen si tiv ity and age of the flux
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mon i tor. The best sta tis ti cally jus ti fied pla teau and pla teau
age were picked based on the following criteria:

• three or more con tig u ous steps com pris ing more
than 30% of the 39Ar;

• the prob a bil ity of fit of the weighted mean age
greater than 5%;

• the slope of the er ror-weighted line through the pla -
teau ages equals zero at 5% con fi dence;

• the ages of the two out er most steps on a pla teau are
not sig nif i cantly dif fer ent from the weighted-mean
pla teau age (at 1.8σ, six or more steps only); and

• the out er most two steps on ei ther side of a pla teau
must not have non zero slopes with the same sign (at
1.8σ, nine or more steps only).

An a lyt i cal re sults for 40Ar/39Ar are pre sented in Ta -
ble 3. A dis cus sion of re sults in a geo log i cal con text fol low

in these sec tions: ‘Iron Mask’, ‘Mount Polley’, ‘Shiko
Lake Stock’, ‘Woodjam Prop erty’ and ‘Gavin Lake’.

IRON MASK BATHOLITH

The Iron Mask batholith is a north west-trending,
diorite-monzonite com plex that in truded Carnian to Norian 
vol ca nic and sed i men tary rocks of the east ern Nicola
Group (Preto, 1979; Mortimer, 1987). It con sists of two
sep a rate bod ies: the 22 km long by 5 km wide Iron Mask
batholith (Fig 2) in the south east and the smaller, 5 km by
5 km Cherry Creek pluton in the north west (Preto 1967,
1972; North cote, 1974). The two are sep a rated by an east-
trending graben filled with Eocene Kamloops Group vol ca -
nic and sed i men tary rocks. Snyder and Rus sell (1993,
1995) have de scribed the var i ous phases of the batholith
and stud ied the petro gen etic re la tion ships be tween them, as 
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well as an enig matic picrite unit
(Snyder and Rus sell, 1994). We fol -
low their re vised se quence of ma jor
in tru sions (from old est to youn gest):
Pothook diori te ,  Cherry Creek
monzonite and Sugarloaf diorite.
Many pre vi ous maps show a fourth
phase, the Iron Mask Hy brid phase.
Snyder and Rus sell as sert that the Hy -
brid is mainly Pothook diorite con -
tain ing abun dant, vari ably as sim i -
lated Nicola Group xe no liths. Our
ob ser va tions con firm this as ser tion;
how ever, xe no lith-rich Sugarloaf
diorite can also form a Hybrid look-
alike unit (Logan and Mihalynuk,
2005a).

Chem i cally dis tinc tive hy dro -
ther mal min er al iza tion over prints
each in tru sive phase. Au rif er ous,
frac ture-con trolled chal co py rite and
bornite with mag ne tite ac com pa nies the potassic al ter ation
as so ci ated with the Cherry Creek monzonite and the sodic
al ter ation over print on the Sugarloaf diorite. Al ter ation and
min er al iza tion tend to fo cus along in tru sive con tacts be -
tween the older Pothook/Hy brid phases and the youn ger

feld spar and hornblende-phyric phases. To date, no sig nif i -
cant min er al iza tion has been de lin eated out side the
batholith in the Nicola Group vol ca nic rocks (al though
Nicola Group strata are an im por tant host of mineralization
at Copper Mountain, 140 km to the south).
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Po tas sium-ar gon bi o tite cool ing ages for sam ples of
the Hy brid and Cherry Creek phases and hy dro ther mal al -
ter ation as so ci ated with min er al iza tion (Preto et al., 1979)
range from 201 to 209 Ma (mean 204 ±12 Ma). The U-Pb
age data for sam ples of the Pothook, Hy brid and Cherry
Creek phases of the batholith (Mortensen et al., 1995) are
204 ±3 Ma. Sugarloaf diorite is the youn gest phase of the
Iron Mask batholith. Ac cord ing to Ross et al. (1995), it is
re spon si ble for albitic al ter ation and cop per-gold min er al -
iza tion. At tempts to ex tract zir con from this unit have
hitherto been unsuccessful.

Sam ples of the Iron Mask were col lected from five
sep a rate sites along the south west ern mar gin of the
batholith (Fig 2). Sam pling in cludes a peg ma titic va ri ety of
the Iron Mask Hy brid phase, fo li ated augite crys tal tuff of
the Nicola Group, two hornblende diorite sam ples of the
Sugarloaf phase and hy dro ther mal ti tan ite from a min er al -
ized vein in the Ajax West pit. Sam ple de scrip tions and data 
interpretation are below.

Iron Mask Hybrid (MMI-04-4-1A)

The Iron Mask Hy brid phase is a xe no lith-rich, het er o -
ge neous unit that com prises ap prox i mately 45% of the Iron
Mask batholith (Fig 2). Hy brid rocks mark the con tact
zones be tween in di vid ual phases (i.e., Pothook, Cherry
Creek and Sugarloaf) within the batholith, as well as the
con tact zones be tween the mar gin of the batholith and the
vol ca nic coun try rock. A xe no lith-poor in tru sive brec cia
oc cu pies a north erly trending belt, ex tend ing from the Ajax
de posit to Coal Hill. Here, it is fine-grained to peg ma titic
with lo cal trachytic segregations of clinopyroxene,
plagioclase, hornblende and mag ne tite. North of the Ajax
de posit, the hy brid rocks pos sess a con sis tent east-trending
mag matic fo li a tion and peg ma titic min eral growth di rec -
tion is per pen dic u lar to the mag matic fo li a tion, prob a bly
par al lel to the direction of dilatancy (Fig 10; Logan and
Mihalynuk, 2005b).

Coarse-grained hornblende crys tals that de fine this
well-de vel oped min eral lineation were se lected and dated
with 40Ar/39Ar step-heat ing tech niques to con strain the tim -
ing of crys tal growth and cool ing his tory (hornblende clo -
sure tem per a ture of 550°C; Har ri son, 1981). The
hornblende sep a rate (MMI-04-4-1A) yields a good 206.9
±2.2 Ma age spec trum with a strong pla teau rep re sent ing
97.7% of the to tal 39Ar re leased (Fig 3a). The in verse
isochron plot gave an at mo spheric in ter cept of 285 ±25 Ma
and an isochron age of 207.1 ±1.3 Ma, which agrees within
er ror to the cal cu lated pla teau age. Preto et al. (1979) re -
ported a bi o tite K-Ar age for a sam ple of the Iron Mask Hy -
brid phase from a sim i lar lo ca tion with a cool ing age of 204
±12 Ma, equivalent within the limits of error.

Foliated Pyroxene-Porphyritic Basalt (JLO-
04-17a)

On the south side of the Ajax west pit de cline, fo li ated,
car bon ate-al tered augite crys tal tuff, augite por phyry ba salt 
and picrite are in truded by a 1.2 m thick Sugarloaf dike.
Both the fo li a tion and the dike are warped by a gen tle up -
right fold. The fo li a tion and the fold ax ial plane av er age
120°/60° min eral elon ga tion lineation de vel oped around
pyroxene porphyroblasts in the ad ja cent picrite trend
10°/115°.

The fo li ated augite tuff was col lected and a sam ple of
seri cite that de fines the fab ric (Fig 4) was dated us ing
40Ar/39Ar step-heat ing tech niques to con strain the tim ing of 
fo li a tion gen er a tion. The age spec tra are com pli cated and
the four-point in verse isochron plot is un us able. The heat -
ing data in di cates prob a ble ex cess ar gon in the low-tem per -
a ture steps (1–5) and high Ca/K ra tios in dic a tive of con tam -
i na tion in the high-tem per a ture steps (11–16). The four-
step pla teau age of 205.6 ±1.3 Ma is de fined by 37% of the
to tal 39Ar (Fig 3b). In spite of the high Ca/K ra tios, the last 4
high-tem per a ture steps yield a ca. 189 Ma age with 20% of
the 39Ar. An ac cu rate as sess ment of the meta mor phic age
can not be de rived from these data, but a Late Tri as sic to
Early Ju ras sic age for crystallization of the sericite is
indicated.

Sugarloaf Hill Monzodiorite (JLO-04-6-67)

The Sugarloaf Hill stock is one of the len tic u lar north -
west-trending in tru sions of Sugarloaf monzodiorite that
are dis persed pri mar ily along the west ern mar gin of the
batholith. These stocks are as so ci ated with Cu-Au por -
phyry min er al iza tion at the past-pro duc ing Ajax East de -
posit and at the Rain bow de posit, which has drill-in di cated
re sources from the #2 and #22 zones of 21.9 mil lion tonnes
grad ing 0.464% Cu and 0.106 g/t Au (0.30% Cu cut-off;
Aba cus Min ing and Ex plo ra tion Cor po ra tion, 2006). The
Rain bow prop erty is lo cated on the east ern slopes of
Sugarloaf Hill, close to the Leemac fault. The #1 and #17
zones are hosted in Sugarloaf hornblende por phyry; the #2
and #22 zones in Pothook/Sugarloaf hy brid and meta vol -
can ic rock, re spec tively (Lo gan and Mihalynuk, 2005b).
All min er al iza tion is frac ture or brec cia-con trolled and
con sists of chal co py rite±mag ne tite accompanied with
pyrite and alteration mineralogy.

Ac cord ing to Ol i ver (1995), Sugarloaf Hill is un der -
lain by three mappable stocks: hornblende diorite, al bite-
phyric monzodiorite and a microphyric hornblende diorite.
Snyder and Rus sell (1993) in ter preted the ra dial dis tri bu -
tion of hornblende por phyry dikes around Sugarloaf Hill as
ev i dence that the stock was a subvolcanic in tru sive cen tre.
The stocks in trude picrite and volcaniclastic units of the
Nicola Group. On their north east mar gin, the Sugarloaf Hill 
stocks are faulted and struc tur ally in ter leaved along the
Leemac fault with the Hy brid and Pothook phases.

A sam ple of least al tered, me dium-grained horn -
blende-por phy ritic monzodiorite was col lected from the
south east ern end of the stock (Fig 2) for chem i cal and age
de ter mi na tion. The diorite is char ac ter ized by 1 to 3 mm
euhedral hornblende (20%) and plagioclase (35%) pheno -
crysts in a fine-grained groundmass of plagioclase,
clinopyroxene, mag ne tite and po tas sium feld spar. Ac ces -
sory min er als in clude ap a tite, sphene, mag ne tite, py rite and 
traces of quartz. Mi nor al ter ation prod ucts in clude
actinolite, sericite and calcite.

A hornblende sep a rate was dated by 40Ar/39Ar step-
heat ing tech niques to con strain the cool ing age of the in tru -
sion. Anal y ses of hornblende from JLO-04-6-67 gave a
good age spec trum, show ing some Ar loss in the early heat -
ing stages and a cool ing age of 200.1 ±2.5 Ma us ing 6 of 11
steps and 89.2% of the 39Ar (Fig 3c). The in verse isochron
plot gave an at mo spheric in ter cept of 263 ±84 Ma and an
isochron age of 202.2 ±6.1 Ma, which agrees within er ror to 
the cal cu lated plateau age.
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Fig ure 3. Step-heat ing gas re lease plots for 40Ar/39Ar anal y ses for a) hornblende sam ple MMI-04-4-1a from North Jacko Lake; b)
seri cite sam ple JL0-04-2-17a from Ajax West, south wall; c) hornblende sam ple JLO-04-6-67 from Sugarloaf Hill; d) con cordia
plot of U-Pb ther mal ion mass spec trom e try (TIMS) data for sam ples from the Iron Mask batholith; e) step-heat ing gas re lease
plots for 40Ar/39Ar anal y sis for po tas sium feld spar sam ple JLO-04-2-14 from Ajax West, north wall; T1, T2 and T3 e cor re spond to

frac tion num bers in Ta ble 1. All er rors are dis played as 2ó level of un cer tainty.



Gold Zone, Sugarloaf Dike (MMI-04-1-6)

Gold-rich, cop per-poor min er al iza tion oc curs in two
north west-trending zones (Gold and East) that are lo cated
im me di ately south west of the Pothook pit (Fig 2). The Gold 
zone was first rec og nized by Teck Cominco in the 1990s at
the struc tur ally com pli cated con tact be tween the Pothook
and Cherry Creek phases and the Nicola Group coun try
rocks. An other fea ture of the Gold zone is a north west erly
swarm of Sugarloaf diorite dikes at the south ern mar gin of
the broad propylitic al ter ation zone, which ex tends to the
north ern Afton pit, where it is an im por tant part of the
mineralizing system.

Sugarloaf dikes in the Gold zone are weakly trachytic,
hornblende-por phy ritic diorite with a mod er ate to strong
albitic and propylitic over print. An ICP-MS anal y sis of one 
of the dikes that re turned 480 ppb Au and 161 ppm Cu. Re -
ported drill in ter sec tions of >0.2% Cu and >0.2 g/t Au char -
ac ter ize the min er al ized zone, with higher-grade in ter sec -
tions up to 3.0 g/t Au (Ev ans, 1992). Grab sam ples from the
south east end of the East zone re turned gold-rich as says of
6.36 g/t Au, 0.83 g/t Pd and 1.0% Cu (Aba cus News
Release, Dec 17, 2002).

A sam ple of one of the least-al tered Sugarloaf dikes
was col lected from the Gold zone to es tab lish the crys tal li -
za tion age and to pro vide con straints on the cool ing his tory
for the hy dro ther mal min er al iz ing sys tem re spon si ble for
the gold-rich, cop per-poor min er al iza tion. Al though the
age spec trum shows Ar loss in the early heat ing steps and a
slightly hump-shaped pat tern, a good pla teau is de fined by
five steps rep re sent ing more than 66% of the to tal 39Ar re -
leased (Fig 3d). The 196.3 ±1.3 Ma hornblende cool ing age
is in ter preted to rep re sent the magmatic crystallization age.

Hydrothermal Titanite and Potassium
Feldspar (JLO-04-2-14)

The Ajax West and Ajax East de pos its are lo cated on
the south west side of the Iron Mask batholith at the con tact
be tween me dium to coarse-grained Iron Mask Hy brid
diorite and Sugarloaf diorite (Fig 2). Min er al iza tion oc curs
as dis sem i nated and veinlet chal co py rite in propylitic,
albitic and potassic-al tered Sugarloaf diorite. In the west
de posit, a core of in tense al bite al ter ation di min ishes out -
ward to less per va sive pe riph eral propylitic al ter ation
(chlorite, epidote, cal cite±py rite; Ross et al., 1995). Out -
side the ore shell, but within the propylitic al ter ation zone in 
the north wall of the West pit, en échelon north west-strik -
ing (300°/62°) salmon-pink po tas sium feld spar veins (10–
50 cm) cut Iron Mask Hy brid rocks. These veins have a
mar gin of mag ne tite intergrown with bi o tite±chlorite and a
core of a vug gy intergrown aphyric ma trix of po tas sium
feld spar and al bite with cal cite, chal co py rite, py rite and
coarse euhedral crys tals of ti tan ite-fill ing frac tures and
interconnected vugs (Fig 18; Logan and Mihalynuk,
2005b).

Ti tan ite was sep a rated from the hy dro ther mal vein as -
sem blage and an a lyzed us ing U-Pb TIMS geo chron ol ogi -
cal tech niques to pro vide a max i mum age limit on the chal -
co py rite min er al iza tion hosted within the vein set. One
large (~0.5 cm), pale yel low, clear to slightly cloudy, stri -
ated ti tan ite grain was re moved from a vug and bro ken into
frag ments. Three of the clear est of these were an a lyzed and
gave con cor dant and over lap ping re sults. A crys tal li za tion
age of 198.5 ±4.5 Ma is based on the to tal range of
206Pb/238U ages and as so ci ated 2σ er rors for the three re sults 
(Fig 3e, Ta ble 1).

In ad di tion to ti tan ite, po tas sium feld spar was sep a -
rated from the vein as sem blage and dated with 40Ar/39Ar
step-heat ing tech niques to con strain the cool ing his tory of
the hy dro ther mal vein min er al iza tion. The po tas sium feld -
spar has a com plex age spec tra with older ap par ent ages in
the low-tem per a ture steps (Fig 3f). A pla teau age of 104.63
±0.67 Ma cal cu lated from the fi nal 72.6% of the 39Ar pro -
vides a good cool ing age, which is in ter preted as the hy dro -
ther mal crys tal li za tion age of the feld spar. An in verse
isochron plot gave an isochron age of 103.6 ±2.9 Ma, which 
agrees within error to the calculated plateau age.

CENTRAL QUESNEL BELT

The Nicola Group of the cen tral Quesnel belt con sists
of a two-fold sub di vi sion: a lower fine-grained Mid dle to
Up per Tri as sic sed i men tary suc ces sion and an up per
‘alkalic or shoshonitic’ se quence of Up per Tri as sic
calcalkaline arc vol ca nic de pos its, which are gradational
with and con form ably over lie the sed i men tary pack age.
Lower to Mid dle Ju ras sic sed i men tary and less com mon
vol ca nic rocks un con form ably over lie the Nicola Group
(Lo gan and Mihalynuk, 2005a, b). A num ber of small com -
pos ite gra nitic bod ies in trude the area. Data from this study
and oth ers (Breitsprecher and Mortensen, 2004) in di cate
the pres ence of at least five in tru sive suites: Late Tri as sic
(Gran ite Moun tain suite, ca. 212 Ma), lat est Late Tri as sic
(Mount Polley in tru sive suite, ca. 205 Ma), Early Ju ras sic
(Takomkane-Thuya suite, ca. 193 Ma), Mid dle Ju ras sic
(Gavin Lake suite, ca. 163 Ma) and mid-Cre ta ceous (Naver 
suite, ca. 106 Ma).
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Fig ure 4. Pho to mi cro graph of fo li ated and weakly crenulated seri -
cite porphyroblastic augite crys tal tuff (JLO-04-17a); plane-po lar -
ized light. Abbreviations: px, pyroxene; ser, seri cite.



An axis of alkalic in tru sions and re lated min er al iza tion 
oc cu pies the east ern part of the Quesnel Arc in cen tral Brit -
ish Co lum bia (Fig 8 in Panteleyev et al., 1996). Fewer and
more widely spaced min eral oc cur rences as so ci ated with
calcalkaline in tru sions are lo cated on the west ern mar gin of 
Quesnellia.

In the area sur round ing Mount Polley, there are a num -
ber of small, high-level com pos ite in tru sions com posed of
diorite through monzonite to syenite com po si tions. These
are in ter preted to have been emplaced into the up per lev els
of the arc and are of ten hosted by coarse, ex tru sive-fa cies
vol ca nic rocks that in di cate in di vid ual erup tive cen tres
(i.e., Mount Polley, Bailey and Hodgson, 1979; Shiko
Lake, Panteleyev et al., 1996). An ex ten sive pro gram of
geo log i cal map ping and geo chron ol ogy was con ducted
over the east ern Intermontane Belt in the Quesnel and
Quesnel River ar eas by Bailey (1988, 1990), Panteleyev
(1987, 1988) and Panteleyev et al. (1996). Geo chron ol ogi -
cal sam ples were col lected from the Mount Polley area as
part of a re gional map ping pro gram in the Quesnel Lake
(Fig 5) and Horse fly Lake (Fig 10) map ar eas in 2004 and
2005. Sam ples from the im me di ate vi cin ity of the Mount
Polley mine in clude two from pyroxene monzonite sat el lite 
stocks, a po tas sium feld spar megacrystic dike, a quartz-
phyric an de site and hy dro ther mal bi o tite from the Cariboo
pit and the North east zone. Ad di tional sam pling was car -
ried out at Shiko Lake (quartz syenite), Woodjam prop erty
(hornblende-quartz monzonite and quartz-feld spar por -
phyry) and Gavin Lake (quartz-por phy ritic monzogranite). 
Sample descriptions and data interpretation are below.

MOUNT POLLEY INTRUSIVE COMPLEX
(MPIC)

The Mount Polley alkalic in tru sive com plex is a north
to north west elon gated, com pos ite cen tre lo cated in a large
(40 by 17 km) re gional aero mag net ic anom aly. This high-
level in tru sive com plex is 5.5 by 4 km in size and com prised 
pri mar ily of fine-grained por phy ritic monzodiorite and
monzonite, plagioclase por phyry and syenite stocks and
dikes with abun dant screens of meta vol can ic rock and hy -
dro ther mal brec cia (Fra ser, 1994, 1995; Hodgson et al.,
1976), fea tures char ac ter is tic of a subvolcanic en vi ron ment 
(Fig 5). It is sep a rated from an other north west-elon gated
com pos ite in tru sive body to the south west across a ~1 km
thick panel of vol ca nic strata. Known as the Bootjack stock, 
this sec ond body is 2.3 by 7 km, is char ac ter ized by an un -
usual or bic u lar pseudoleucite syenite (Bath and Logan,
2006) and lacks subvolcanic textures.

Pub lished geo chron ol ogy from the Bootjack stock in -
cludes a hornblende 40Ar/39Ar pla teau age of 203.1 ±2.0 Ma 
from the coarse-grained syenite phase (Bailey and
Archibald, 1990), a U-Pb zir con age from the or bic u lar
syenite (202.7 ±7.1 Ma; Mortensen et al., 1995) and a Pb-
Pb ti tan ite age from pseudoleucite syenite (200.7 ±2.8 Ma;
Mortensen et al., 1995). Ura nium-lead ages from two in tru -
sive phases from the MPIC (201.7 ±4 Ma zir con from
diorite and 204.7 ±3 Ma zir con from plagioclase por phyry)
are sim i lar, within er ror, to ages from the Bootjack stock
(Mortensen et al., 1995). Fra ser (1995), how ever, in fers
that the Bootjack stock is youn ger than the MPIC on the ba -
sis of diorite xe no liths pres ent within the neph el ine
pseudoleucite and or bic u lar syenite units. Such an age re la -
tion ship can be ac com mo dated by the er ror en ve lopes on

the geo chron ol ogi cal data from the MPIC and Bootjack
stock.

Satellite Monzonite Stock (JLO-04-24-111)

A north west-trending hypa bys sal stock (1 km by 3 km) 
of pyroxene monzonite crops out north west of Bootjack
Lake. It con sists of holocrystalline plagioclase-pyroxene-
phyric monzodiorite and pink pyroxene monzonite.
Rounded xe no liths of pyroxene por phyry and diorite are
com mon. The stock is fine-grained, equigranular or
microporphyritic and weakly trachytic. Petrographic ob -
ser va tions re veal that both phases have the same modal
min er al ogy: sericitized plagioclase laths (45%, 1 mm), po -
tas sium feld spar (40%, <1 mm laths and ma trix ma te rial)
and euhedral pyroxene crys tals (10–15%, 0.5–1 mm). Ac -
ces sory min er als in clude mag ne tite, ap a tite and zir con. Po -
tas sium al ter ation is per va sive, flood ing the ma trix and as
overgrowths on feld spar pheno crysts. Late-stage deuteric
al ter ation has pro duced isolated patches of chlorite and
calcite.

In places, the weath ered sur faces of fine-grained
monzonite dis play a crackle or autobrecciated tex ture. At
its south ern mar gin, the brec cia is pink with clasts de fined
by a tight, anastomosing net work of chlorite frac tures.
Nearer its cen tre, the stock is dom i nated by a potassic al -
bite-al tered brec cia re sem bling the hy dro ther mal brec cia at
the Springer zone and on Mount Polley (Lo gan and
Mihalynuk, 2005a).

A 20 kg sam ple was col lected from a bor row pit lo cated 
in the cen tre of the stock. This sam ple yielded clear, colour -
less, euhedral stubby zir con prisms and more com monly
bro ken pieces. Five air-abraded multigrain frac tions rang -
ing from 3 to ~30 com plete or bro ken grains were an a lyzed
us ing the TIMS tech nique. Re sults in di cate mi nor in her i -
tance. An age es ti mate of 203.1 +1.6/–12.7 Ma (mean stan -
dard weighted de vi ate = 0.42) is based on the lower in ter -
cept of a five-point re gres sion (Fig 6a). Due to very lim ited
data dis per sion near the low end of the re gres sion line, the pre -
ci sion of the up per in ter cept is a very poor 1284 +1300/–872
Ma. This value gives an es ti mate for the av er age age of in -
her i tance in an a lyzed grains.

Polley Lake Road, Monzonite (JLO-04-20-
70b)

A small (<1 km2), hypa bys sal monzonite stock crops
out north of the Polley Lake Road ap prox i mately 500 m
east of the Fry pan Road junc tion (Fig 5). The rock is a
microporphyritic plagioclase-pyroxene-phyric monzonite, 
sim i lar to the stock lo cated north west of Bootjack Lake
(JLO-04-24-111). It is com posed of roughly equal amounts
of plagioclase (3–5 mm tab u lar laths), po tas sium feld spar
(subhedral 2–3 mm grains and ma trix ma te rial), 10 to 15%
tab u lar euhedral pyroxene (0.7–1.5 mm) and trace
hornblende and bi o tite. Ac ces sory min er als in clude mag -
ne tite, sphene and ap a tite. Po tas sium al ter ation has cre ated
a tur bid ma trix and has re placed most of the feld spar pheno -
crysts. Late deuteric al ter ation caused chloritization of
hornblende and biotite, but had little effect on pyroxene.

The stock in trudes al tered brec cia and clastic rocks of
the Mount Polley in tru sive com plex very close to the ero -
sional top of the Tri as sic sec tion. Early Ju ras sic bed ded
volcaniclastic rocks, tuff (MMI-04-26-18) and con glom er -
ate un con form ably over lie the MPIC at this lo cal ity and al -
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though the con tact is not ex posed on sur face, it has been in -
ter sected in drill ing (L. Ferreira, pers comm, 2005).

A hornblende sep a rate from the monzonite was an a -
lyzed to es ti mate the age of the stock and the cool ing his tory 
of the in tru sive cen tre. The hornblende sep a rate yielded a
com pli cated hump-shaped age spec tra, which is in ter preted 
to in di cate ex cess ar gon and pos si ble 39Ar re coil in the
hornblende or the con tained pyroxene in clu sions (Fig 6b).
If re coil is as sumed, the in te grated age (160.7 ±2.05 Ma) is
usu ally the best age es ti mate; how ever, we ten ta tively ac -
cept the pla teau age of 165.2 ±1.8 Ma (50.9% of the to tal
39Ar re leased) as a better age ap prox i ma tion. We as cribe the 
com pli cated spec trum to the re lease of ex cess ar gon from
chloritized hornblende dur ing low-tem per a ture heat ing
steps and con tam i na tion (high Ca/K min eral, i.e., pyroxene
inclusions) during high-temperature steps.

Bell Pit, Potassium-Feldspar–Porphyritic
Syenite (JLO-04-50-510)

Po tas sium-feld spar–por phy ritic syenite oc curs as
dikes within the core of the stock un der ly ing the top of
Mount Polley peak (Cen tral zone; Fra ser, 1994) and as
frag ments in min er al ized brec cia at the North east zone and
Lloyd-Nordic zone (Lo gan and Mihalynuk, 2005a). It is
char ac ter ized by the pres ence of salmon-pink-col oured
tab u lar orthoclase pheno crysts. An in verse re la tion ship be -
tween the pro por tion of feld spar pheno crysts and their size

re sults in crowded trachytic va ri et ies that con tain 20 to 25% 
pheno crysts that av er age less than 7 mm in size and those
monzosyenite that con tain fewer pheno crysts (2–10%) that
can be greater than 2 cm in length. The groundmass con sists 
of weakly aligned plagioclase crys tals with in ter sti tial
clinopyroxene, bi o tite and lesser mag ne tite, sphene and ap -
a tite. Late deuteric al ter ation has sericitized the feld spar
and re placed mafic min er als with a mixture of chlorite,
white mica and carbonate.

Early ex plo ra tion drill ing of the North east zone led to
the rec og ni tion of a close as so ci a tion be tween ore-grade
min er al iza tion and the ap pear ance of po tas sium feld spar
megacrystic syenite clasts in the brec cia (P. McAndless,
pers comm, 2005). Chilled mar gins and cross cut ting re la -
tion ships in di cate the late in tru sion of po tas sium feld spar
por phy ritic syenite dikes. In the in tru sive se quence at
Mount Polley, the por phy ritic syenite was con sid ered to be
a good can di date for the ‘caus ative’ in tru sion. To test this
hy poth e sis, a 25 kg sam ple of po tas sium-feld spar–por phy -
ritic syenite was col lected from an east-south east-trending
dike that in trudes diorite in the highwall be tween the Bell
and Cariboo pits. It was dated us ing U-Pb in zircons to
determine a magmatic crystallization age.

Zir cons re cov ered are both euhedral, rounded and
slightly resorbed clear prisms and grain frag ments. Three
abraded multigrain frac tions give con cor dant and over lap -
ping re sults (Fig 6c) that yield a con cordia age of 205.01
±0.3 Ma (mean stan dard weighted de vi ate = 3.3; prob a bil -
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ity of con cor dance = 0.071; Lud wig, 2003). We con sider
this to be the crys tal li za tion age for the po tas sium-feld spar–
porphyritic dike.

Cariboo Pit, Hydrothermal Biotite (MMI-04-
24-1)

Min er al iza tion at Mount Polley is hosted by a va ri ety
of hy dro ther mal brec cia that cut a high-level multiphase
dioritic-monzonitic in tru sive se quence. Al ter ation and
min er al iza tion are in ter preted to be re lated to a sin gle hy -
dro ther mal cen tre (Hodgson et al., 1976; Bailey and
Hodgson, 1979) mod i fied by fault ing (Fra ser, 1994). The
brec cia and hy dro ther mal al ter ation, how ever, im posed on
them dis play suf fi cient zonal vari a tion to war rant sub di vi -
sion into the West (Springer), Cen tral (Cariboo and Bell),
North east and South east zones (Fig 16; Logan and
Mihalynuk, 2005a).

Work by Fra ser (1994, 1995) in the Cen tral and West
zones re sulted in the sub di vi sion of the potassic core into
three subzones de fined on the ba sis of the dom i nant al ter -
ation min eral: bi o tite, actinolite or po tas sium feld spar al -
bite. The bi o tite and actinolite subzones over print the Cen -
tral zone east of the Mount Polley fault; the po tas sium
feld spar al bite zone oc curs west of the fault in a north west-

trending belt west of Mount Polley (West zone). Far ther
west still is the actinolite zone.

A sam ple of coarse hy dro ther mal bi o tite was col lected
from the east wall of the Cariboo pit in the bi o tite subzone
of the potassic core zone (Fra ser, 1995). This zone is char -
ac ter ized by coarse, sec ond ary bi o tite de vel oped within the
ma trix of min er al ized hy dro ther mal brec cia in the core of
the Central zone.

The bi o tite sep a rate yielded a nor mal dif fu sive loss
pro file in the low-tem per a ture steps. Ap par ent ages in -
crease over the ini tial 45% of the 39Ar re leased. The re main -
der of the spec tra is fairly con stant and gave a weighted
mean age of 220.8 ±1.3 Ma (Fig 6d). The in verse isochron
plot gave an at mo spheric in ter cept of 280 ±31 Ma and an
isochron age of 221.4 ±1.6 Ma, which agrees, within er ror
to the cal cu lated pla teau age. The bi o tite pla teau age for
sam ple MMI-04-24-1 pre dates the in tru sion of the al ka line
MPIC rocks by ap prox i mately 15 Ma, and is herein
considered suspect.

Northeast Zone, Hydrothermal Biotite and
Orthoclase (WB-05-209)

The North east zone is a 150 by 500 m north west-
trending, steeply dip ping tab u lar zone of Cu-Au-Ag min er -
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Fig ure 5. Re gional ge ol ogy map of the Mount Polley area with the lo ca tion of geo chron ol ogi cal sam ples. In set shows the de tailed area of
the Mount Polley in tru sive com plex (MPIC); mod i fied from Lo gan et al. (2007).
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Fig ure 6. a) Con cordia plot of U-Pb ther mal ion mass spec trom e try (TIMS) data for zir con sam ples JLO-04-24-111 from north -
west Bootjack Lake; A, B, C, D and E cor re spond to frac tion num bers in Ta ble 1; b) step-heat ing gas re lease plot for 40Ar/39Ar
anal y ses for hornblende sam ples JLO-04-20-70b from the North Bell pit; c) con cordia plot of U-Pb TIMS data for zir con sam -
ples JLO-04-50-510 from the Bell pit; d) step-heat ing gas re lease plot for 40Ar/39Ar anal y ses for bi o tite sam ples MMI-04-24-1
from the Cariboo pit; e) step-heat ing gas re lease plot for 40Ar/39Ar anal y ses for bi o tite sam ples WB-05-209 from the North east
zone; f) step-heat ing gas re lease plot for 40Ar/39Ar anal y ses for po tas sium feld spar sam ples WB-05-209 from the North east
zone.



al ized brec cia lo cated close to the north ern mar gin of the
MPIC. Al ter ation at the North east zone is sim i lar to that
pres ent at the Cen tral and West zone (1.5 km south west).
There are, how ever, sub tle dif fer ences, plus min er al iza tion
is higher-grade over all with higher Cu:Au ra tios, higher sil -
ver and bornite con tent, lower mag ne tite and higher cop per
grades, which make it an important exploration target.

A com pre hen sive petrographic study, aug mented by
SEM work on the min er al ogy at the North east zone was
com pleted by Ross (2004) in an un pub lished re port for Im -
pe rial Met als (sum ma rized in Lo gan and Mihalynuk,
2005a). On go ing re search on the North east zone in cludes
melt in clu sion stud ies by A. Bath, car bon ate geo chem is try
by H. Pass (both at CODES, Uni ver sity of Tas ma nia) and
brec cia gen e sis and al ter ation min er al ogy by M. Jack son
(MDRU, University of British Columbia).

Bi o tite is not a com mon al ter ation min eral in the
North east zone, but a min er al ized sam ple con tain ing bi o tite 
was sam pled from a 7 cm sec tion of split drillcore from
289 m be low the col lar of di a mond drill hole WB-05-209
(kindly con trib uted by L. Ferreira, Im pe rial Met als Cor po -
ra tion). The sec tion sam pled con sists of per va sive po tas -
sium-flooded, salmon-pink microporphyritic plagioclase
monzonite brec cia. The rock is crackle brecciated and vari -
ably re placed and veined by chal co py rite and coarse bi o tite
(1.5–2 mm books). Chal co py rite and bi o tite are in ti mately
intergrown and be lieved to be co eval (Fig 7). Both bi o tite
and po tas sium feld spar were sep a rated from this sam ple
and an a lyzed to con strain the cool ing his tory of the al ter -
ation and mineralizing system in the Northeast zone
(Fig 6e, f).

The in creas ing ap par ent ages dis played in the ini tial
50.5% of the bi o tite age spec trum rep re sents a nor mal dif -
fu sion loss pro file. A pla teau age of 205.2 ±1.2 Ma cal cu -
lated from the fi nal 49.5% of the 39Ar pro vides a good cool -
ing age, which is in ter preted as the crys tal li za tion age of the 
bi o tite. Po tas sium feld spar sep a rated from the same sam ple
has a com plex age spec trum. A pla teau age, us ing 35.8% of
the 39Ar in the last 5 heat ing steps, yielded 130.7 ±1.0 Ma.
The po tas sium feld spar pla teau age yields the same age, as
do the low est temperature steps of the biotite spectrum.

Quartz-Phyric Mauve Andesite (MMI-04-26-
18)

Dense, quartz-phyric, white to mauve-weath er ing
lapilli tuff is ex posed in two out crops be tween Bootjack
and north ern Polley lakes (Fig 3; Lo gan and Mihalynuk,
2005a). We used the field term ‘mauve dacite’ for this unit,
but the SiO2 con tent (<60%) in di cates it is an an de site. It is
crys tal-rich, com posed of tab u lar and bro ken plagioclase
laths (40%, <3 mm), hornblende (3% al tered 2–3 mm
prisms), light grey quartz eyes (up to 1% and 5 mm di am e -
ter) and bi o tite (<1%, al tered 2–3 mm book lets). The an de -
site con tains un di gested ac ci den tal frag ments, shard-like
crys tal frag ments, bro ken ve sic u lar clasts and a devitrified
glassy ma trix (Fig 8). A vague com pac tion fab ric is pre -
served lo cally, but clear ev i dence of col lapsed pum ice frag -
ments or weld ing is ab sent. Pos si ble col lapsed pum ice
blocks are dis played in one out crop be low the Polley Lake
road. For these rea sons, we main tain that an ex tru sive or i -
gin (i.e., ash flow) best accounts for the formation of this
unit.
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Fig ure 7. Di a mond drill core sam ple (WB-05-209 at 289 m) of
potassic-al tered North east zone monzonite, show ing coarse inter -
growths of chal co py rite and large books of sec ond ary bi o tite sam -
pled for 40Ar/39Ar age de ter mi na tion; ab bre vi a tions: cpy, chal co py -
rite; kspar, po tas sium feld spar.

Fig ure 8. Quartz-phyric mauve an de site tuff. Note the devitrified
glassy ma trix, curviplanar frag ments of ve sic u lar glass (vgl) and
crys tal shards of hornblende (hnb) and quartz (qtz).



Bed ding ori en ta tions of en clos ing strata are par al lel
with the trend of the mauve an de site unit. A poorly ex -
posed, prob a ble gradational south ern con tact with the ma -
roon laharic con glom er ate is con sis tent with a pyroclastic
or i gin and not a hypa bys sal in tru sion. This vol ca nic and
epiclastic suc ces sion is unmineralized; it ap par ently over -
laps min er al ized brec cia of the MPIC, thereby con strain ing
the maximum age of mineralization.

Ap prox i mately 25 kg of the mauve an de site was col -
lected for U-Pb anal y ses and a de ter mi na tion of a mag matic 
crys tal li za tion age to pro vide an age limit on the host vol ca -
nic stra tig ra phy. Abun dant zir cons were re cov ered from the 
sam ple. Zir cons are vivid pink, stubby pris matic grains
with abun dant clear in clu sions. Ap prox i mately 25 of the
coars est crys tals were air abraded and run as 4 multigrain
frac tions of 2–6 grains each. The in ter preted age of 196.7
±1.3 Ma is based on two con cor dant el lip ses on con cordia
(Fig 9a, d). Slightly youn ger U/Pb re sults for frac tions B
and E are attributed to minor Pb loss (Fig 9a).

SHIKO LAKE STOCK

A high-level alkalic stock in trudes Early Ju ras sic arc
strata 15 km south east of Mount Polley mine, near Shiko
Lake (Fig 5). Three sep a rate in tru sive phases com prise the
stock. These are, from old est to youn gest: a melanocratic,
me dium-grained,  equigranular,  bi  o ti te-pyroxene
monzodiorite; a pink trachytic, me dium to coarse-grained,
po tas sium-feld spar–phyric syenite and a leucocratic al kali
feld spar quartz syenite. The quartz syenite trun cates a well-
de vel oped west-strik ing, 30° north-dip ping trachytic fab ric 
in the po tas sium feld spar megacrystic syenite, which veins
and en gulfs the ear lier diorite. All phases con tain mafic xe -
no liths of ol iv ine-pyroxene-phyric ba salt, fine-grained
metasedimentary rocks and subvolcanic diorite to
monzonite. Xe no liths in crease in abun dance to ward the
con tact of the stock (Logan and Mihalynuk, 2005a).

Chal co py rite and mi nor bornite oc cur as veins and dis -
sem i nated clots within all three in tru sive phases. Veins cut -
ting the stock are inter growths of actinolite, po tas sium feld -
spar, sphene, mag ne tite, and py rite±chal co py rite. Potassic
overgrowths on feld spars and the re place ment of
hornblende by actinolite and bi o tite by chlorite are at trib -
uted to late deuteric alteration.

Po tas sium-ar gon bi o tite cool ing dates on sam ples from 
the monzonitic core are re ported by Panteleyev et al.
(1996) as 192 ±10 Ma and 182 ±6 Ma, and from a horn -
blende por phyry dike cut ting the stock as 196 ±7 Ma. A
num ber of macrofossil iden ti fi ca tions from the sed i men -
tary rocks in truded by the Shiko stock are Early Ju ras sic
(GSC-C-118687, prob a ble Sinemurian; GSC-C-118685,
Lower Sinemurian or pos si bly Hettangian; GSC-C-
118686, Lower Sinemurian, lower Pliensbachian; Tip per,
in Panteleyev et al., 1996). Panteleyev et al. (1996) de -
scribe vol ca nic and in tru sive brec cia along the south ern
con tact of the stock, which they in ter preted to rep re sent the
vent zone of an intrusive centre.

Leucocratic Quartz Syenite (JLO-04-21-84)

The leucocratic quartz syenite is a me dium to fine-
grained equigranular rock char ac ter ized by quartz-filled
miarolitic cav i ties and a neg li gi ble mag netic sus cep ti bil ity.
It is com posed of in ter lock ing tab u lar plagioclase laths
(30%, <1 mm), equant orthoclase crys tals (50%, 1–

1.5 mm), in ter sti tial vit re ous quartz (18%), rare chloritic
hornblende (3%, <1 mm) and bi o tite (<1%, al tered <1 mm
book lets). Ac ces sory min er als in clude zir con, pres ent as
crys tal ag gre gates or small euhedral crystals, apatite,
calcite and pyrite.

A 20 kg sam ple of leucocratic quartz syenite was col -
lected from a quarry at the west ern end of the stock for an
age de ter mi na tion. It was se lected be cause it is dem on stra -
tively the youn gest min er al ized phase. In ad di tion, it is
quartz sat u rated and pos si bly un re lated to other min er al -
ized al ka line bod ies in the Quesnel belt. The sam ple yielded 
clear, am ber, euhedral to subhedral bro ken zir con crys tals
and a smaller pop u la tion of com plete grains of zir con. Ap -
prox i mately 30 of the best-qual ity grains (pieces and avail -
able com plete crys tals) were se lected for anal y sis (see
photo) and were strongly air abraded. Dur ing this pro cess,
much of the ma te rial was bro ken along in ter nal frac tures,
end ing up as smaller subrounded pieces. The clear est of
these frag ments (n = 6–10 per frac tion) were se lected for
anal y sis. Ura nium-lead re sults for the five an a lyzed frac -
tions re flect mi nor Pb loss only; re sults are 0 to 3.5% dis -
cor dant. The age es ti mate of 191.6 ±5.3 Ma is based on the
cal cu lated 207Pb/206Pb weighted mean, which is equiv a lent
to the up per in ter cept of a re gres sion an chored through 0
m.y. and all five fractions, as shown on standard concordia
plot for this sample (Fig 9b).

WOODJAM PROPERTY

The Woodjam prop erty is lo cated ap prox i mately
35 km south east of the Mount Polley cop per-gold mine. It is 
un der lain by hornfelsed Late Tri as sic Nicola Group vol ca -
nic and re lated sed i men tary rocks within the con tact meta -
mor phic au re ole of the Early Ju ras sic Takomkane
batholith; a com pos ite, quartz-sat u rated calcalkaline in tru -
sion com posed of hornblende monzodiorite to hornblende-
bi o tite monzogranite. In tru sive rocks dom i nate the east ern
por tion of the prop erty and to the west, Mio cene to Pleis to -
cene al kali ol iv ine flood ba salt of the Chil cotin Group over -
lie Nicola Group vol ca nic rocks (Wetherup, 2000; Pe ters,
2005). Three zones of por phyry Cu-Au min er al iza tion
(Megabuck, Takom and Spellbound) are reported for the
property (Fig 10).

The Megabuck zone (400 m by 350 m) oc curs within
crowded plagioclase and hornblende-plagioclase-por phy -
ritic vol ca nic brec cia, tuff and fine-grained re worked
clastic rocks and pos si bly co eval in tru sive rocks. Min er al -
iza tion con sists of an early quartz-mag ne tite-chal co py -
rite±gold stockwork sys tem over printed by car bon -
ate±chal co py rite-py rite veinlets and sur rounded by a
py ritic halo. At the cen tre of the zone where veinlet in ten -
sity is high est, the volcaniclastic se quence is flooded with
po tas sium feld spar and re placed by blebs of quartz, mag ne -
tite/he ma tite and chal co py rite inter growths. Quartz
veinlets and stockworks con tain chal co py rite, lesser
bornite and rare py rite. Gold val ues show good cor re la tion
with cop per, and gold is as sumed to oc cur as microscopic
inclusions within chalcopyrite grains.

The Takom zone is lo cated 2.5 km south of the
Megabuck zone. The Spell bound zone is lo cated 2.5 km
east of the Megabuck zone. Both zones are char ac ter ized by 
a weak quartz-chal co py rite stockwork de vel oped in weak
to strong epidote±tour ma line hornfelsed volcaniclastic
units sit u ated ad ja cent to the north-trending con tact of the
Takomkane batholith. Quartz-car bon ate vein stockworks
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Fig ure 9. a) Con cordia plots of U-Pb ther mal ion mass spec trom e try (TIMS) data for zir con sam ples MMI-04-26-18 from Fry pan 
Road; A, B, C, D and E cor re spond to frac tion num bers in Ta ble 1; b) con cordia plots of U-Pb TIMS data for zir con sam ples JLO-
04-21-84 from Shiko Lake; A, B, C, D and E cor re spond to frac tion num bers in Ta ble 1; c) step-heat ing 39Ar re lease plots for
40Ar/39Ar anal y ses from hornblende sam ples JLO-05-24-177 from the Takom zone; d) step-heat ing 39Ar re lease plots for
40Ar/39Ar anal y ses for po tas sium feld spar sam ples JLO-05-24-177 from the Takom zone; e) step-heat ing 39Ar re lease plots for
40Ar/39Ar anal y ses from bi o tite sam ples JLO-05-25-186 from the Megabuck zone; f) step-heat ing 39Ar re lease plots for 40Ar/39Ar 

anal y ses for bi o tite sam ples JLO-05-6-26 from Gavin Lake. All er rors are dis played as 2ó level of un cer tainty.



at the Takom zone cut bleached, clay-al tered pyroxene and
feld spar por phyry flows and tuff where hornblende
monzodiorite and quartz diorite apophyses of the
Takomkane batholith intrude the sequence.

Ab so lute ages of the hornblende and feld spar crys tal
tuff, brec cia and subvolcanic rocks that host min er al iza tion
on the Woodjam prop erty were not pre vi ously known. Can -
non and Pent land (1983) and Panteleyev et al. (1996) con -

cluded that they are Eocene in age; Wetherup (2000), Lane
(2006) and this study be lieve that they are Late Tri as sic
Nicola Group – equiv a lent units. The tuff and vol ca nic
brec cia ex hibit weak to strong epidote al ter ation and
hornfels that in creases in in ten sity with prox im ity to the
Early Ju ras sic Takomkane batholith and sup ports an older
Me so zoic age; how ever, podiform epidote re place ments,
po tas sium feld spar and tour ma line, seri cite, py rite, quartz
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Fig ure 10. Com pi la tion map of the Woodjam prop erty show ing the lo ca tions of 40Ar/39Ar iso to pic age de ter -
mi na tion sites and an a lyt i cal re sults. In cor po rates un pub lished as sess ment work by Wetherup (2000).



stockwork al ter ation af fects both the Early Ju ras sic in tru -
sion and host coun try rocks, and could be re lated to a youn -
ger event. Anal ogy with the Mount Polley Mine has been
sug gested, but the Quesnel belt al ka line Cu-Au por phyry is
typ i cally quartz undersaturated, not char ac ter ized by
quartz stockwork, and they are Late Tri as sic in age. A better 
anal ogy might be the min er al iza tion at the Mount Milligan
de posit. It com prises four zones sit u ated within and ad ja -
cent to the west-dip ping Early Ju ras sic MBX stock
(Sketchley et al., 1995). East of the stock, in the footwall, is
the cop per-gold MBX, which to the south passes into the
gold-rich, cop per-poor 66 zone. To the west, in the
hangingwall of the stock, are the WBX and DWBX zones,
where chal co py rite and gold min er al iza tion is as so ci ated
with quartz veins. Woodjam mineralization is most similar
to the WBX and DWBX zones.

To better un der stand the re la tion ships be tween the sil -
ica-rich hy dro ther mal min eral sys tem at the Megabuck
zone and the Takomkane batholith, 40Ar/39Ar age dat ing
was un der taken. Two sam ples were col lected: one from the
main phase of the Takomkane batholith and the other from a 
post-min er al iza tion quartz-feld spar por phyry (QFP) dike
that cuts Cu-Au min er al iza tion at the Megabuck zone.

Hornblende Quartz Monzonite (05JLO-24-
177)

A me  d i u m t o  c o a r s e - g r a i n e d  eq u i g r an u l a r
hornblende±bi o tite quartz monzonite com prises the main
phase of the Takomkane batholith, where it crops out along
the east ern side of the Woodjam prop erty. The batholith
con tact trends north-north east and is char ac ter ized by a
mixed bor der phase that in cludes hornblende quartz
diorite, pyroxene monzodiorite and dis tinc tive bladed feld -
spar por phyry (Wetherup, 2000). Re gional aero mag net ic
pat terns sug gest that the batholith bor der may un der lie the
hornblende-plagioclase por phy ritic brec cia, tuff and
volcaniclastic rocks on the west ern por tion of the Woodjam 
property.

A sam ple was col lected from the main me dium-
grained, equigranular quartz monzonite ex posed ap prox i -
mately 1 km east of the Takom zone (Fig 10). The
monzonite is mas sive, ho mo ge neous and un al tered. Lo -
cally, it con tains ovoid epidote+plagioclase+tour ma line
nod ules (1–2 cm) or is cut by centi metre-wide po tas sium
feld spar veins. Both of these fea tures were avoided dur ing
sam ple col lec tion. The col lected sam ple con tains
hornblende (8–10%, 1–1.3 cm), bi o tite (1%, 1–2 mm),
feld spar (3–6 mm) and subrounded quartz (19%) with ac -
ces sory amounts of tour ma line, mag ne tite, apatite, epidote
and pyrite.

Hornblende and po tas sium feld spar were sep a rated
from the quartz monzonite and an a lyzed sep a rately to con -
strain the cool ing his tory of the unit (Fig 9c, d). The age for
the hornblende sep a rate gave 193.0 ±1.2 Ma, with only mi -
nor Ar loss dis played in the ear li est heat ing step. The pla -
teau age in cludes 99.59% of the 39Ar and pro vides a good
un dis turbed cool ing age that is in ter preted as the crys tal li -
za tion age. Po tas sium feld spar from this same sam ple gave
a well-de fined Ar/Ar pla teau age of 192.2 ±1.1 Ma, rep re -
sented by 86.7% of the 39Ar. This is es sen tially iden ti cal
within er ror; hornblende and po tas sium feld spar pla teau
ages for this sam ple sup port an un dis turbed cool ing age of
ca. 193 Ma.

Quartz-Feldspar Porphyry Dike (05JLO-25-
186)

A quartz-feld spar por phyry dike in trudes hornblende-
phyric meta vol can ic rocks at the Megabuck show ing on the 
Woodjam prop erty. The dike was in ter sected over a 12 m
in ter val near the bot tom of di a mond drillhole WJ04-37.
The dike con tains stubby white plagioclase laths (40%,
3 mm), light grey quartz eyes (up to 5% and 5 mm di am e ter) 
and bi o tite (<1%, fresh 2–3 mm book lets), in a fine-grained
al tered ma trix of quartz, plagioclase and po tas sium feld -
spar. Five 2 m as say sam ples col lected across the dike re -
turned mean val ues of 0.001% Cu and 0.01 g/t Au (Pe ters,
2005). The dike is unmineralized and is as sumed to post -
date min er al iza tion. The footwall con tact to the dike is
faulted, and be low this fault, some of the better cop per and
gold grades were en coun tered (2.05 m of 0.496% Cu and
0.205 g/t Au, and 1.74 m of 1.805% Cu and 2.204 g/t Au;
Peters, 2005).

Bi o tite was sep a rated from the QFP dike and an a lyzed
to con strain the age of min er al iza tion. Al though the dike is
fri a ble and the groundmass is al tered to pale, chalky clay
min er als, the euhedral bi o tite pheno crysts are very fresh.
The bi o tite re turned an age of 163.67 ±0.84 Ma, with only
mi nor Ar loss dis played in the ear li est two heat ing steps
(Fig 9e). The pla teau age in cludes 99.57% of the 39Ar and
pro vides a good un dis turbed cool ing age for the quartz-
feld spar por phyry dike that cross cuts host vol ca nic rocks
and mineralization at the Megabuck zone.

GAVIN LAKE

The west ern por tion of the Quesnel belt at this lat i tude
is well de fined by the north-north west-trending edge of the
Mount Polley aero mag net ic anom aly. Vol ca nic rocks in the
belt are in truded by metre to decimetre-wide quartz por -
phy ritic monzogranite dikes (Fig 5). The dikes con sist of a
fine-grained leucocratic ma trix, vari able amounts of finely
dis sem i nated py rite and up to 10% euhedral quartz pheno -
crysts. Bi o tite, to sev eral per cent, and rare hornblende is
pres ent, but both are com monly 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 cur at Gavin Lake, where a
co alesc ing swarm of east-trending dikes and small quartz
monzonite por phyry plugs in trude vol ca nic sed i men tary
rocks in an area ap prox i mately 1 km by 4 km im me di ately
north of the lake (Lo gan and Bath, 2005). Sparse chal co py -
rite and mo lyb de nite min er al iza tion is as so ci ated with
quartz and po tas sium feld spar stockwork vein ing in the
dikes. A sim i lar swarm of car bon ate-al tered quartz-eye
por phy ritic monzogranite in tru sions crop out along the
Quesnel River, 80 km north west of Gavin Lake, at the Kate
show ing. There, Cu, Au and Mo min er al iza tion oc cu pies
nar row quartz and quartz-car bon ate stockwork veinlets in
the monzogranite. Py rite dom i nates, with less abun dant
chal co py rite, and as says re turn a dis tinc tive metal as sem -
blage el e vated in bis muth, an ti mony, ar senic and sil ver val -
ues. Bailey (1978) and Panteleyev et al. (1996) cor re late
these quartz-bear ing calcalkaline in tru sions with
hornblende-bi o tite monzogranite of the Nyland Lake stock
and in clude them in the Cretaceous, Naver plutonic suite
(Woodsworth et al., 1991).
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Quartz-Plagioclase-Porphyritic
Monzogranite (05JLO-06-26)

A sam ple of least-al tered, por phy ritic quartz-
plagioclase monzogranite was col lected from an ex plo ra -
tion trench lo cated north of the east end of Gavin Lake. The
rock has con spic u ous euhedral plagioclase (25%, 2–3 mm), 
subhedral to rounded vit re ous quartz pheno crysts (10%, 2–
6 mm) and fresh euhedral black books of bi o tite (3–4%,
1 mm) in a fine-grained groundmass (55–60%) of po tas -
sium feld spar, plagioclase, quartz and opaque min er als. It is 
cut by nar row (0.5–1 cm wide) sheeted quartz veins min er -
al ized with vari able amounts of pyrite and chalcopyrite.

Ig ne ous bi o tite was sep a rated from the por phy ritic
monzogranite and an a lyzed to con strain the cool ing his tory
for this calcalkaline ep i sode of magmatism and pro vide a
min i mum age for al ter ation and min er al iza tion. Steps 4
through 14 of the 39Ar re lease spec trum rep re sent 81.4% of
the to tal 39Ar and yield a pla teau age of 162.5 ±0.86 Ma. Mi -
nor Ar loss is dis played in the ear li est low-tem per a ture
heat ing steps (Fig 9f). The pla teau age is slightly too old
due to the pres ence of ex cess ar gon. An in verse isochron
plot, based on 11 points, yielded a cor re la tion age of 161.77
±0.99 Ma (mean stan dard weighted de vi ate = 1.13), which
agrees within er ror with the cal cu lated pla teau age. The in -
te grated (or to tal gas) age of 160.46 ±0.53 Ma is also sim i lar 
to the cor re la tion age be cause the sam ple is so highly ra dio -
genic that the excess argon makes little difference to the
calculated age.

Quartz-Plagioclase-Porphyritic
Monzogranite (05JLO-06-27)

A 20 kg sam ple of quartz-plagioclase-por phy ritic
monzogranite was col lected from an out crop lo cated north
of the Gavin Lake Road, mid way along the length of Gavin
Lake. Zir cons are clear to slightly cloudy, subhedral
(slightly rounded and resorbed) prisms with cores that are
ev i dent in plane light. Cathodoluminescence (CL) im ag ing
re veals that most grains are dom i nated by cores with rel a -
tively nar row rims. Some grains fea ture ir reg u larly shaped
rims that ex tend well into the in te rior, in di cat ing that sig nif -
i cant re sorp tion oc curred dur ing magmatism (Fig 11b).
Ura nium-lead TIMS re sults for seven multigrain frac tions
and sin gle grains that lie be tween about 185 Ma and 260 Ma 
are in ter preted as mix tures of rim and core ma te rial or for
the older grains, pos si bly a re cord of the age of the core. It is 
likely that for these lat ter grains, the nar row cores may have 
been com pletely re moved dur ing air abra sion. The youn -
gest TIMS re sult at ca. 187 Ma is considered as a maximum
age constraint (Fig 11a).

La ser ab la tion ICP-MS U-Pb dat ing was un der taken in
or der to better iso late the ages of cores and rims. The data
are listed in Ta ble 2. Fig ure 11c is a con cordia plot of the la -
ser ab la tion U-Pb data, high light ing the dif fer ence be tween
core and rim ages. Cores are mainly ca. 200 to 240 Ma and
rims are ca. 160 Ma. A com pos ite rim age of 160.0 ±2.3 Ma, 
based on a weighted av er age of eight 206Pb/238U dates
(Fig 11d), is thought to re cord a min i mum crys tal li za tion
age for the in tru sion. At the 2σ level of un cer tainty, this date 
is sta tis ti cally equiv a lent to the biotite Ar/Ar date of 162.5
±0.9 Ma.

INTERPRETATION AND DISCUSSION

Geo chron ol ogi cal re sults from the Iron Mask batholith 
and Mount Polley stud ies cor rob o rate ear lier work and also
pro vide new age con straints on the lim its of al ka line and
calcalkaline-re lated por phyry min er al iza tion in the cen tral
Quesnel Terrane. Ap plied re gion ally, these re sults help
clar ify the Me so zoic met al lo gen ic evo lu tion of this part of
the Quesnel Terrane (52.5°N). Geo chron ol ogi cal re sults
from this study are summarized in Table 3.

Min eral ex plo ra tion and prop erty as sess ment are as -
sisted by de posit mod els. The rec og ni tion of the most ap -
pro pri ate de posit model and, in the case of BC al ka line Cu-
Au por phyry de pos its, the cor rect mag matic suite, is im por -
tant for the early stage of de posit eval u a tion. The rec og ni -
tion of al ka line ver sus calcalkaline al ter ation and min eral
zonation pat terns are im por tant steps to the eval u a tion of
na scent min eral ex plo ra tion tar gets. This is par tic u larly
true in ar eas with lim ited exposure, like many parts of the
Intermontane Belt.

Iron Mask Batholith

The ages re ported here for plutonic rocks and hy dro -
ther mal ti tan ite from the Iron Mask batholith in clude the
first cool ing ages ob tained for the Sugarloaf diorite. They
sup port the stra tig ra phy pro posed by Snyder (1994) and
Snyder and Rus sell (1995). The U-Pb crys tal li za tion ages
for sam ples of the Pothook, Hy brid and Cherry Creek
phases of the Iron Mask batholith (Mortensen et al., 1995)
fall within the age range of 204 ±3 Ma. The Sugarloaf
diorite is the youn gest phase (from cross cut ting re la tion -
ships) but eludes U-Pb tech niques due to low zir con con -
tent. The 40Ar/39Ar cool ing age de ter mi na tions for
hornblende from two sam ples of Sugarloaf diorite give
ages of 200.1 ±2.5 Ma and 196.3 ±1.3 Ma. The young
40Ar/39Ar ages for the Sugarloaf diorite are con sis tent with,
and over lap the er ror en ve lope of the ti tan ite cool ing age for 
the Ajax hy dro ther mal as sem blage. Min er al iza tion at both
the Rain bow and Gold zones is hosted by Sugarloaf hy brid
units and al tered hornblende por phyry phases of Sugarloaf
diorite, and are likely re lated to late-stage fluids generated
from these same phases.

Mag matic fo li a tion in the hy brid phase is con sis tently
ori ented ~280°, sug gest ing tec tonic con trol on the em -
place ment and cool ing of the Iron Mask batholith. The tim -
ing of de for ma tion is fur ther con strained by a sin gle 206.9
±2.2 Ma cool ing age for lineated peg ma titic hornblende
segregations (MMI-04-4-1a) of hy brid rocks from north of
Jacko Lake. The cool ing age is older, but within er ror of the
crys tal li za tion age (204.6 ±2.6 Ma) re ported by Mortensen
et al. (1995) for the hy brid phase. Schistosity is well de vel -
oped within car bon ate porphyroblastic augite tuff and
sericitic meta sedi ment near the south rim of the Ajax West
Pit. There, Sugarloaf dike rocks are also weakly fo li ated.
Seri cite from a fo li ated augite tuff (JLO-04-2-17a) yielded
a com plex spec tra with a pla teau age of 205.6 ±1.3 Ma, co -
eval within er ror with hornblende hav ing a pre ferred ori en -
ta tion within the Hy brid phase, but pre dates the cool -
ing/crys tal li za tion ages of the two Sugarloaf diorite
sam ples (JLO-04-6-67 and MMI-04-1-6). The age spec tra
also con tain ev i dence for a youn ger (ca. 189 Ma) cool ing
event in the high-tem per a ture steps, probably reflecting
known regional Early Jurassic magmatism.

110 Brit ish Co lum bia Geo log i cal Sur vey



The crys tal li za tion age of 198.5 ±4.5 Ma for hy dro -
ther mal ti tan ite is as sumed to rep re sent the age of vein min -
er al iza tion hosted in the Iron Mask Hy brid unit. The ge om -
e try of the vein and en échelon ten sion gash sys tem is
con sis tent with tops-to-the-south east sense of mo tion at the 
time of min er al iza tion. The 104.6 ±0.67 Ma 40Ar/39Ar cool -
ing age for po tas sium feld spar sep a rate from the vein sug -
gests that the sys tem was sus cep ti ble to a low-tem per a ture
ther mal overprint until the mid-Cretaceous.

Mount Polley Area

The U-Pb and 40Ar/39Ar ages re ported here are sim i lar
within er ror to pre vi ously pub lished crys tal li za tion and
cool ing ages for in tru sive rocks and al ter ation as sem blages
in the cen tral Quesnel belt (Bailey, 1988, 1990; Panteleyev,
1986, 1987; Mortensen et al., 1995; Panteleyev et al.,
1996). Geo chron ol ogi cal data for plagioclase por phyry,
pyroxene monzonite, po tas sium megacrystic syenite and
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Fig ure 11. U-Pb con cordia plots for ther mal ion iza tion mass spec trom e try (TIMS); a) and la ser ab la tion; A, B, C, D, E, F and G cor re spond to
7 multigrain frac tions in Ta ble 1; b) two cathodoluminescence im ages of sin gle zir con grains show com plex core–rim ge om e try and fine-
scale ig ne ous zon ing in their cores. Dark lines are la ser tracks across green ish rim (right im age) and blue core ma te rial (right side of left im -
age). The length of the crys tals is ~0.2 mm; c) U-Pb con cordia plots for TIMS data for zir con frac tions from Gavin Lake por phy ritic quartz

monzonite; d) crys tal li za tion age based on a weighted av er age of eight 206Pb/238U dates from la ser ab la tion data of zir con rims. All er rors are 

dis played at the 2ó level of un cer tainty.



diorite phases of the Mount Polley in tru sive com plex range
be tween 204.7 ±3 Ma (Mortensen et al., 1995; this study)
and ca. 197 Ma. The youn gest ca. 197 Ma age limit is de -
fined by quartz-phyric an de site tuff that ap par ently over -
laps the min er al ized Mount Polley Ig ne ous Com plex
(MPIC) and was de pos ited fol low ing lo cal emer gence and
in ci sion of the arc. Quartz-bear ing an de site tuff, vol ca nic
con glom er ate and interbedded hornblende-phyric
volcaniclastic rocks un con form ably (?) over lie the MPIC
north of Polley Lake Road. The se quence is unmineralized
and char ac ter ized by low-tem per a ture white and pink ze o -
lite as sem blages but not potassic, albitic or calcsilicate
hypogene al ter ation as sem blages. Strati graphic and
petrographic re la tion ships sup port an ex tru sive or i gin for
the tuff and a change from quartz-undersaturated to quartz-
saturated magmatism and isolated volcanism.

In this study, 40Ar/39Ar age de ter mi na tions for bi o tite
as so ci ated with chal co py rite min er al iza tion from the
North east zone (Wight Pit) gave a date of 205.2 ±1.2 Ma,
which we re gard as the age of min er al iza tion. This age is in -
dis tin guish able from the U-Pb crys tal li za tion age of a po -
tas sium feld spar megacrystic dike in the Bell pit (205.01
±0.3 Ma) and con sis tent with high-level em place ment and
rapid cool ing of the in tru sive com plex. Map re la tions in the
pits and drillcore show that al ter ation and brecciation fol -
lowed the in tru sion of the megacrystic dike phase be cause
frag ments of this unit are pres ent in the North east zone
brec cia. Min er al iza tion post dates brec cia for ma tion that
was re stricted to a sin gle, main event, due to the pau city of
clasts of brec cia within brec cia zones. North east zone cop -
per min er al iza tion, how ever, ap pears to have been in tro -
duced in two stages. First-stage chal co py rite, as an in ter -
con nected net work of frac tures and veinlets, is over printed
by later bornite, rim ming and re plac ing chalcopyrite, and
focused in steep northwest-trending centimetre-thick
sheeted veins.

Per va sive potassic al ter ation pre cedes brec cia for ma -
tion and min er al iza tion at Mount Polley; there fore, the
130.7 ±1.0 Ma po tas sium feld spar pla teau age for WB-05-
209 must re flect a much youn ger, prob a bly lo cal, ther mal
over print. Young, low-tem per a ture (i.e., be low the Ar clo -
sure tem per a ture for bi o tite, 300–350°C) hy dro ther mal
event(s) could re set the ca. 205 Ma min er al iz ing event in
the po tas sium feld spar. Plutonic po tas sium feld spar has Ar
clo sure tem per a tures of 200 to 225°C (Foland, 1994) or as
low as 150°C (McDougall and Har ri son, 1999). Ev i dence
for a ca. 130 Ma mag matic or ther mal event in this part of
the Quesnel belt has not been pre vi ously doc u mented, al -
though Mortimer et al. (1990) re port a 130 Ma date from
lam pro phyre dikes that crosscut Quesnel Terrane Nicola
Group rocks east of Kamloops.

Bi o tite cool ing ages (be low 350°C) for the MPIC in -
clude the 205.2 ±1.2 Ma pla teau age from the North east
zone (WB-5-209) and the 220.8 ±1.3 Ma pla teau age from
coarse hy dro ther mal al ter ation as sem blages as so ci ated
with hypogene min er al iza tion in the Cariboo pit (MMI-04-
24-1). The rel a tively un dis turbed age spec trum for bi o tite
as so ci ated with hypogene min er al iza tion in the North east
zone con trasts sharply with the bi o tite cool ing ages from
the Cariboo pit. The bi o tite pla teau age for Cariboo pit sam -
ple MMI-04-24-1 pre dates crys tal li za tion ages of the
MPIC rocks by ap prox i mately 15 Ma. We be lieve this age
to be er ro ne ous. Cool ing ages cal cu lated for hornblende
(203.1 ±2.0 Ma) and ti tan ite (200.7 ±2.8 Ma) from the
Bootjack stock (Bailey and Archibald, 1990; Mortensen et
al., 1995) in di cate vari able but con sid er ably slower cool ing 
(be low 600–550°C) for this in tru sion (i.e., younger ages for 
minerals with higher closure temperatures).

Sat el lite plugs of pyroxene monzonite crop out pe riph -
eral to the MPIC. Sam ple JLO-04-24-111 has a U-Pb zir con 
crys tal li za tion age of 203.1 +1.6/–12.7 Ma, which over laps
within er ror the U-Pb zir con crys tal li za tion age range of the 
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MPIC. Sam ple JLO-04-20-70b is min er al og i cally iden ti cal 
to other Late Tri as sic pyroxene monzonite, but has a Mid -
dle Ju ras sic 40Ar/39Ar pla teau age (165.2 ±1.8 Ma). This
age is in ter preted to re flect a Mid dle Ju ras sic ther mal over -
print and is com pli cated by ex cess ar gon and re coil re lated
to con tam i na tion. Petrographic anal y sis of this sam ple
shows that the hornblende is chloritic and makes up a much
smaller com po nent of the monzonite than ini tially as -
sumed, thus, it is prob a ble that the hornblende sep a rated for 
40Ar/39Ar dating included a significant proportion of
pyroxene.

The leucocratic quartz syenite that cuts monzodiorite
and trachytic feld spar por phyry syenite of the Shiko Lake
stock has a U-Pb zir con crys tal li za tion age of 191.6
±5.3 Ma. This pro vides a min i mum age for cop per-gold
min er al iza tion that is hosted in all three units. It is pos si ble,
how ever, that the in tru sion of the youn ger quartz-bear ing
syenite in cor po rated and remobilized ear lier min er al iza -
t ion  as  so  c i  a ted  wi th  the  quar tz-undersaturated
monzodiorite and por phy ritic syenite phases. Min eral as -
sem blages in these ear lier al ka line phases (actinolite, po -
tas sium feld spar, mag ne tite, py rite and chal co py rite) are
sim i lar to those in the Cariboo pit at Mount Polley.

Cop per and gold quartz stockwork min er al iza tion at
the Woodjam prop erty is hosted in epidote-mag ne tite-py -
rite±tour ma line hornfelsed hornblende-plagioclase-phyric
andesitic brec cia, bed ded volcaniclastic rocks and
apophyses of the Takomkane batholith. The Takomkane is
a com plex batholith that ap par ently spans the Late Tri as sic
to Early Ju ras sic bound ary (ca. 202–193 Ma; Schiarizza
and Macauley, 2007), the main phase in the vi cin ity of the
Woodjam prop erty is Early Ju ras sic (193 Ma). An
unmineralized quartz-feld spar-bi o tite por phyry dike that
cross cuts min er al iza tion at the Megabuck zone is herein
dated as 163 Ma, pro vid ing a min i mum age con straint on
min er al iza tion (i.e., not Ter tiary as pre vi ously pro posed).
The quartz stockwork style of Cu-Au min er al iza tion at the
Megabuck is dis sim i lar to the Late Tri as sic al ka line cen tres
in the area (i.e., Mount Polley, Shiko Lake and QR) and cuts 
an Early Ju ras sic hornfels re lated to the Takomkane
batholith. We in ter pret the age of the min er al iza tion at the
Woodjam prop erty to be Early Ju ras sic, ca. 193 Ma. It is
sim i lar in style to ca.183 Ma mineralization at Mount
Milligan, ~275 km to the northwest.

Cop per and mo lyb de num quartz stockwork min er al -
iza tion at Gavin Lake is as so ci ated with a quartz-phyric
calcalkaline dike swarm. Geo chron ol ogy in di cates Mid dle
to Late Tri as sic xenocrystic zir cons man tled by Mid dle Ju -
ras sic zir con rims that give con cor dant ages of ca.160.0 Ma
and are in ter preted as the age of in tru sion. The xenocrystic
zir cons have orig i nated from ei ther the source re gion or the
wallrocks in the path of as cent, and pos sess no ev i dence for
any ex ten sive in ter ac tion with older North Amer i can crust.
Re gional cor re la tive stocks and dikes are char ac ter is ti cally
iron-car bon ate al tered, pyritic high-level siliceous
leucogranite intrusions.

CONCLUSIONS

Mag matic, tec tonic and geo chron ol ogi cal fea tures of
the Iron Mask and Mount Polley ar eas sup port the fol low -
ing con clu sions:

• in tru sion of the main phases of these al ka line in tru -
sive com plexes oc curred over a short time span in
the Late Tri as sic (204 ±3 Ma)

• prob a bly in a shal low or subvolcanic en vi ron ment

• min er al iza tion was fo cused over a rel a tively short
time in ter val(s) from 205 to 200 Ma at the Tri as sic–
Ju ras sic bound ary (Woodjam is calcalkaline type
and Early Ju ras sic in age)

• duc tile de for ma tion ac com pa nied the in tru sion and
cool ing of the early phases of the Iron Mask
batholith
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