
Regional Geology and Setting of the Cariboo, Bell, Springer and
Northeast Porphyry Cu-Au Zones at Mount Polley,

South-Central British Columbia 

By James M. Logan and Mitchell G. Mihalynuk

KEYWORDS: geology, mineralization, alkaline, porphyry
copper-gold, Quesnellia, Mount Polley, Cariboo, Bell,
Springer, Northeast zone, Nicola, hydrothermal breccia,
magnetite, Likely

INTRODUCTION

Por phyry de pos its and pros pects con tain ing cop per,
mo lyb de num, gold and tung sten are the most im por tant his -
toric con tri bu tors to the me tal lic min ing in dus try in Brit ish
Co lum bia. El e vated metal prices and re cent ex plo ra tion
suc cesses have re kin dled in ter est in Brit ish Co lum bia’s
cop per-gold por phyry de pos its. In par tic u lar, the alkalic
Cu-Au por phyry class of de pos its, such as Ga lore Creek,
Mount Polley and Afton-Ajax, are key ex plo ra tion tar gets.
These and co-spa tial calcalkaline Cu-Mo, Cu-Mo-Au por -
phyry de pos its formed out board of an ces tral North Amer -
ica in is land-arc set tings in Late Tri as sic to Early Ju ras sic
time. Two ma jor com po nents of this arc, the Stikine and
Quesnel ter ranes, were the lo cus of a dis crete al ka line mag -

matic event that gave rise to alkalic Cu-Au deposits at the
end of the Triassic period (210 to 200 Ma).

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

The Mount Polley Cu-Au por phyry de posit is lo cated
56 km north east of Wil liams Lake on the west side of
Quesnel Lake (Fig. 1), ap prox i mately 8 km south west of
Likely (MINFILE 093A/008, 093A/164). It is cur rently
owned and op er ated by Im pe rial Met als Cor po ra tion.
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Fig ure 1. Lo ca tion of the Mount Polley com po nent of the Cu-Au Por phyry Pro ject in south-cen tral Brit ish Co lum bia (NTS 092I). In set is
terrane map of the north ern Cor dil lera (mod i fied from Wheeler and McFeely, 1991), show ing the tectonostratigraphic set ting of the three
study ar eas. Me so zoic ini tial Sr iso pleths are from Armstrong (1988). Box on right shows de tailed terrane re la tion ships for NTS 093A and
the pro ject area.



 Pro duc tion at Mount Polley be gan in Oc to ber 1997
(Cariboo-Bell) and con tin ued un til 2001, with an over all
pro duc tion of 60 735 000 kg of cop per; 11 517 000 g of gold 
and 2 347 000 g of sil ver from a to tal of 35.5 million tonnes
mined and 27.6 million tonnes of ma te rial milled (BC Min -
is try of En ergy and Mines, MINFILE). In 2003, dis cov ery
of a new zone of high-grade Cu-Au min er al iza tion, the
‘North east zone’, spurred re-eval u a tion of the Mount
Polley prop erty and a re sur gence in por phyry ex plo ra tion
east of Wil liams Lake. 

On go ing as sess ment of the pre vi ously pro duced
(Springer and Bell zones) and newly iden ti fied (North east
zone) re sources on the prop erty in di cates the to tal proven
and prob a ble re serves to be: 24 733 044 t of 0.362% Cu and
0.31 g/t Au for the Springer zone; 9 784 689 t of 0.264% Cu
and 0.297 g/t Au for the Bell; and 6 202 814 t of 0.9782%
Cu, 0.324 g/t Au and 6.978 g/t Ag for the North east zone
(Im pe rial Met als Cor po ra tion, press release, Au gust 3,
2004). In an tic i pa tion of re start ing op er a tions at Mount
Polley, Im pe rial Met als has ap plied, and been ap proved, for 
a mine per mit amend ment to al low min ing of the North east
zone. The North east zone has been re named the ‘Wright
pit’ af ter the late George Wight, mine man ager at Cariboo-
Bell from 1996–2003.

The Mount Polley field com po nent of the Cu-Au por -
phyry study com prised re con nais sance geo log i cal map ping 
and sam pling of the 200 km2 area cen tred on the Cariboo
pit. Key ob jec tives of the pro ject are to elu ci date the strati -
graphic and pet ro chem i cal re la tion ships be tween the vol -
ca nic, subvolcanic and plutonic rocks that con sti tute the al -
ka line com plex and to eval u ate re la tion ships be tween the
newly dis cov ered North east zone min er al iza tion and the
main hy dro ther mal sys tem re spon si ble for the Cen tral zone
(Cariboo and Bell) and West zone (Springer) min er al iza -
tion. Ura nium-lead dates for in tru sive phases in the Mount
Polley com plex show Late Tri as sic crys tal li za tion ages
(204.7 ± 3 Ma; Mortensen et al., 1995) us ing the time scale
of Palfy (2000). How ever, pre vi ously de fined stra tig ra phy
based on re gional cor re la tions, fos sil de ter mi na tions and
im pre cise ra dio met ric-dat ing tech niques, which gave cool -
ing rather than crys tal li za tion ages, are Early Ju ras sic for
the coun try rocks. Map ping around Mount Polley and ad di -
tional al ka line mag matic centres (Shiko Lake, Bul lion Pit
and Bootjack West) was con ducted to help rec on cile this in -
con sis tency. 

PREVIOUS WORK

Re gional geo log i cal stud ies in the Quesnel River area
by the Geo log i cal Sur vey of Can ada were car ried out in the
1950s and 1960s (Tip per, 1959, 1978; Camp bell, 1961,
1963; 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 sub -
di vi sions and de scrip tions of the geology encompassing
Mount Polley.

Re gional stud ies of the con tact re la tion ships be tween
the Intermontane-Omineca belts have been the fo cus of nu -
mer ous uni ver sity the sis stud ies (e.g., Rees, 1987; Ross et
al., 1985, 1989; McMullin et al., 1990 and ref er ences
therein; Struik, 1986, 1987, 1988a, b). Bailey (1988, 1989,
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 gold and cop per de pos its along its vol ca nic-in tru sive
axis (Panteleyev et al., 1996). De posit stud ies at Mount
Polley by Fra ser (1994, 1995) and Fra ser et al. (1995) rec -
og nized three stages of brec cia em place ment (pre, syn and
post-min er al iza tion) and dis tinct al ter ation as sem blages
that sep a rate the de posit into two dis tinc tive 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 Brit ish Co lum bia. At this
lat i tude, the Intermontane Belt is un der lain mainly by Up -
per Pa leo zoic to Lower Pa leo 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 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 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 with 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 . The tec -
tonic bound ary be tween the Kootenay and Quesnel ter -
ranes is in truded by the Jura-Cre ta ceous Raft Batholith to
the south. Ter tiary vol ca nic rocks and feeder dikes of the
Chil cotin Group are the youn gest rocks in the re gion 

Mount Polley is one of a chain of alkalic intrusion–
related Cu-Au de pos its that de vel oped in the Up per Tri as -
sic to Lower Ju ras sic vol ca nic-plutonic arc rocks of the
Quesnel Terrane (Barr et al., 1976). It is hosted by a high-
level alkalic in tru sive com plex within the Cen tral Quesnel
Belt 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 (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 intrusives (Cop per Moun tain,
Ingerbelle) and, to the north, with the Hogem batholith
(Lorraine) and, in the Stikine Terrane, with Ga lore Creek
intrusives (Ga lore Creek). 
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Triassic Nicola Group 

In the vi cin ity of Quesnel Lake, the Nicola Group con -
sists of a lower, dom i nantly metasedimentary unit and an
up per, dom i nantly vol ca nic-arc as sem blage (Fig. 2). The
older Mid dle to Late Tri as sic (Ansian to Norian) sed i men -
tary unit forms a north west-trending belt ex posed east of
Quesnel Lake. It has been es ti mated to com prise at least
2500 m (Rees, 1987) to lo cally 4000 m (Bloodgood, 1990)
of fine-grained sed i men tary rocks that grade up ward into
(Carnian to Norian) basal units of the up per vol ca nic unit.
The over ly ing vol ca nic rocks de fine a par al lel 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 to 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. 

Panteleyev et al. (1996) adopted the stra tig ra phy of
Bailey (1978) and rec og nized three vol ca nic units in the
study area: a sub aque ous pyroxene-phyric ba salt unit of
pre dom i nantly flows and brec cias; pyroclastic and laharic
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. Ages of
these three units were in ter preted to span the Up per Tri as sic 
to Early Ju ras sic bound ary. The main ba saltic unit was re -
ported as Carnian to Norian in age, the fel sic more dif fer en -
ti ated volcaniclastic unit, Sinemurian, and the up per
analcime-bear ing ba salt re ported as Sinemurian to pre-
Pliensbachian (Panteleyev et al., 1996 and ref er ences
therein). Sub se quent U-Pb iso to pic dat ing of the var i ous in -
tru sive phases of the Polley and Bootjack stocks in di cates
that these intrusives are Up per Tri as sic in age (Palfy, 2000)
and there fore can not be in trud ing rocks youn ger than
200 Ma. 

The stra tig ra phy pre sented be low sum ma rizes the re -
sults of 3 weeks of map ping; it does not ben e fit from any
new radiometric or fos sil con straints and is there fore pre -
lim i nary in scope and in tent (Fig. 3). A de tailed multisensor 
air borne sur vey (Shives et al., 2004) aided strati graphic
and struc tural anal y sis (Fig. 4). 

AUGITE±OLIVINE BRECCIA FLOWS AND
TUFFACEOUS ROCKS.

Green, grey and dark ma roon pyroxene-phyric al kali
ol iv ine ba salt flows, brec cias and mi nor pil low ba salt crop
out near Jacobie Lake, west of Morehead Lake and south of
Mount Polley. The flows are com monly mas sive with
amyg da loid al brecciated tops. Mas sive co her ent flows are
interlayered with block and lapilli-flow brec cias. Tex tures
vary and in clude aphyric and trachytic va ri et ies, but most
com monly are coarsely por phy ritic. Pheno crysts of
pyroxene and plagioclase (up to 10 mm) and ol iv ine (5 mm) 
constitute from 30 to 75% of the rock. The groundmass
con sists of very fine grained plagioclase (microlites),
clinopyroxene, ol iv ine, mag ne tite and al ter ation min er als,
in clud ing iddingsite, cal cite, chlorite, py rite and epidote.
Ves i cles are rimmed by analcime and filled by calcite. 

Cop per min er al iza tion oc curs within interlayered ma -
roon and green, pyroxene-olivine–phyric flow brec cias

near Jacobie Lake (Fig. 2). Here, 2 cm wide veins of
chalcocite, mal a chite and az ur ite are lo cal ized at the con -
tact zone be tween the base of one flow and the top of an -
other. Zeolites com monly re place the ma trix or fill voids
within the vol ca nic units.

PYROXENE PORPHYRY BRECCIAS AND
CRYSTAL-RICH SEDIMENTS

Pyroxene-phyric ba salt flows, brec cias and tuffaceous
rocks dis play vol ca nic tex tures and depositional forms sim -
i lar to those of the augite-ol iv ine bas alts, dif fer ing only by
the ab sence of ol iv ine and the greater abun dance of
plagioclase. Pyroxene bas alts are more ex ten sive, al though
they are lo cally interdigitated with augite-ol iv ine basalt.

These rocks are ma roon, green and grey in col our.
Thick flows have mas sive centres and brecciated tops
and/or bot toms. Brec cias are clast sup ported to ma trix rich.
Lapilli to block tuff flows and fluidal ejecta are interlayered 
with ju ve nile pyroxene and plagioclase crys tal-rich sand -
stones and finer grained green and grey siltstones. Well-
pre served, thin-bed ded, waterlain crys tal and ash tuffs crop 
out along the Ditch road, west of Quesnel Lake and south -
east of Jacobie Lake (Fig. 5). West of Quesnel Lake, sub -
ma rine de bris flows dis rupt the strata and in cor po rate
poorly pre served horn cor als. Near Jacobie Lake, a com -
plete (?) erup tive cy cle is pre served in out crop, be gin ning
with coarse brec cia blocks of pur ple ve sic u lar pyroxene-
plagioclase–phyric ba salt that fine up ward through lapilli
and ash to crys tal-rich ho ri zons of pyroxene and
plagioclase (Fig. 3). Nor mal graded bed ding, crossbedding
and load fea tures are com mon in the sed i ments; all in di cate
up right fac ing beds and a sub aque ous en vi ron ment of de -
po si tion.

ANALCIME-BEARING PYROXENE BASALT
BRECCIAS

Analcime-bear ing mafic flows crop out near Trio
Lake, Mount Polley and west of Morehead Lake (Fig. 2).
How ever, eas ily ac ces si ble and 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 ol iv ine con tents. 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 (Fig. 6); up to 10% amygdules, mostly filled with 
cal cite and chlorite; and 0–20% euhedral, salmon pink
analcime up to 3 cm in di am e ter (Fig. 7). The vol ca nic sec -
tion ex tends along strike to the north and, at Sis ter Moun -
tain, is in truded by a <1 km2 subvolcanic hornblende-
plagioclase–phyric monzonite body. Other parts of the sec -
tion in clude well-bed ded tuffite and de bris flows, in clud ing 
metre-size blocks of lime stone. These features point to a
submarine depositional environment.

Cor re la tive ma roon ol iv ine-pyroxene–phyric ba salt
flows, brec cias and poorly bed ded ash and crys tal tuff, lo -
cated west of Morehead Lake, also con tain con spic u ous
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analcime (Fig. 3). Flow rock com prises coarse tab u lar crys -
tals of pyroxene; subrounded ol iv ine (3–5 mm, al tered to
iddingsite); plagioclase laths; and pink or brown ish,
rounded to euhedral analcime crys tals (2–5mm, 10–20 %).
Some of the flow tops con tain amygdules of analcime, cal -
cite, chlorite and mi nor epidote. In thin-sec tion, euhedral to 
subhedral analcime crys tals (0.25 mm) and plagioclase
laths are in ter sti tial to larger euhedral (2–3 mm) zoned
clinopyroxene crys tals and al tered ol iv ine grains (<1 mm).

Mas sive, dark green to black, analcime-bear ing
pyroxene±olivine–phyric flows and brec cias south and east 
of Trio Lake are in truded and hornfelsed by pseudoleucite
por phy ritic syenite of the Bootjack stock. In ad di tion to
pyroxene, plagioclase and ol iv ine pheno crysts, the ba salt
con tains up to about 20% euhedral to rounded, white
analcime crys tals. The ba salt is interlayered with thick
heterolithic volcaniclastic brec cias dom i nated by
pyroxene-plagioclase– and pyroxene-olivine–phyric frag -
ments. Sim i lar, coarsely por phy ritic grey-green analcime-

bear ing ol iv ine-pyroxene bas alts are ex posed in the con -
tain ment ditch south of the mine, and on the Polley Lake
road, west of the mine. 

NORIAN – LIMESTONE AND
INTERBEDDED MAROON EPICLASTICS

Light to me dium-grey, recrystallized micritic lime -
stone is ex posed on two hill sides south of the high way, west 
of Morehead Lake (Fig. 2). The unit is no more than a few
hun dred metres thick and is dis con tin u ous along strike. It
dips mod er ately north east and is interbedded with ma roon
epiclastic and con glom er atic units. De po si tion of lime stone 
and re worked clastic rocks prob a bly mark a hi a tus in
volcanic activity. 

The lower sec tions of the lime stone are interbedded
with 0.5 to 1.5 m thick ma roon and limonitic weath er ing
lapilli and fine, ash-rich tuff beds that over lie (across a
100 m cov ered sec tion), pink analcime-bear ing, pyroxene-
 olivine–phyric vol ca nic brec cias and mas sive ba salt flows.
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Fig ure 3. Strati graphic sec tions for Nicola Group vol ca nic and sed i men tary rocks in the Morehead Lake, Jacobie Lake, Bootjack Lake and
Fryingpan Road ar eas.
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Fig ure 4. Ver ti cal-gra di ent mag netic lin ea ments adapted from Shives et al. (2004).



Up sec tion, the lime stone is char ac ter ized by 5 to 10 cm
thick beds of me dium-grey micrite. The lime stone is
brecciated, recrystallized and cut by white cal cite and
limonitic iron car bon ate veinlets; traces of py rite and mal a -
chite oc cur lo cally where the lime stone crops out along
high way (Fig. 3). 

At this lo cal ity, the lime stone is re ported to con tain fos -
sils of un cer tain Lower Ju ras sic age (GSC- 93216,
Sinemurian?; in Panteleyev et al., 1996); how ever, it is cor -
re lated with other dis con tin u ous lenses of grey lime stone
un equiv o cally dated as Norian based upon cono dont fauna
(H.W. Tip per in Panteleyev et al., 1996). This lime stone da -
tum marks the top of the Tri as sic vol ca nic-volcaniclastic
sec tion on the west side of the cen tral axis of the Quesnel
belt (Bailey, 1988; Panteleyev et al., 1996).

LAHAR AND TUFFITE

A red to brown-weath er ing, tuffaceous lahar is ex -
posed along the Fry pan road (be tween Bootjack and north -
ern Polley Lake) and around the north ern end of Morehead
Lake (Fig. 2). It is char ac ter ized by a dark hematitic ash ma -
trix and con spic u ous, lo cally abun dant white and pink
zeolites (laumontite) that re place the ma trix and coat frac -
tures. Clasts are polylithic and pri mar ily an gu lar lapilli
with rare rounded boul ders that show a com plete lack of
sort ing. Clast com po si tions are dom i nated by green and
ma roon, crowded tab u lar feld spar por phyry bas alts. The
lahar is cha otic and mas sive; rarely are bedding attitudes
observed. 

Near Morehead Lake, the unit is heterolithic (Fig. 8).
Com mon clast types in clude: ma roon, fine tab u lar feld spar
por phyry; apha ni tic dark green ba salt, lo cally with sparse
coarse pyroxene crys tals; ol iv ine-mag ne tite (±chro mite)
du nite; fine to me dium-grained, holocrystalline pink
syenite (?) or K-metasomatized monzonite; poly gen etic
tuff and/or tuffite. At ap par ently deeper strati graphic lev els
(as sum ing no fault dis place ments across nu mer ous cov ered 

in ter vals), the lahar gives way to well-bed ded ma roon
sand stone with sparse con glom er ate lenses less than 10 cm
thick. Clasts are tab u lar feld spar por phyry, lesser feld spar-
hornblende por phyry, and sparse but con spic u ous
pyroxene clasts. Still far ther down sec tion, these be come
more tuffaceous in char ac ter and end abruptly at a cov ered
con tact with lime stone (Fig. 3). Cor re la tive units to the
tuffaceous rocks are re ported to con tain Late Tri as sic fos -
sils (GSC- 117609, 10 and 117621, Norian, prob a bly up per
Norian; in Panteleyev et al., 1996). 

Clasts from an iso lated out crop of polylithic block to
lapilli tuff lo cated south west of Morehead Lake con sist of
90% crowded feld spar por phy ries with equal abun dances
of trachytic and felted tex tures. Apha ni tic mafic clasts and
rare pyroxene-phyric clasts constitute the re main ing 10%.

Ex po sures of the unit along the Fry pan road are also
heterolithic. Clasts in clude ma roon, fine tab u lar feld spar
por phyry; apha ni tic green ba salt; grey plagioclase-
 pyroxene–phyric ba salt; and subvolcanic pyroxene
microdiorite and monzonite. It is ma trix sup ported with an -
gu lar clasts, some of which dis play thin re ac tion rims. In
one lo cal ity, the lahar is in cised by a chan nel con tain ing
polylithic vol ca nic con glom er ate (Fig. 3). 

EARLY JURASSIC SEDIMENTARY UNIT

East of Morehead Lake, shal lowly dip ping dirty brown 
sand stone, black siltstone and lesser cal car e ous gran ule
con glom er ate con tain abun dant fos sil fauna that all point to
an Early Ju ras sic age (GSC- 93215b, Lower Sinemurian,
Canadensis Zone; in Panteleyev et al., 1996). These strata
may have been de pos ited atop the ma roon lahar unit. Al -
though con tacts are cov ered, bed ding ori en ta tions sug gest
a sim ple strati graphic suc ces sion. If this is cor rect, the con -
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Fig ure 6. Typ i cal flow, comprising euhedral pyroxene, plagioclase 
and ol iv ine re placed by bright red iddingsite.

Fig ure 5. Picritic ba salt brec cia interbedded with volcaniclastic
units of the Nicola Group, south east of Jacko Lake



glom er ate is be tween Norian and Sinemurian in age, de pos -
ited near the Ju ras sic-Tri as sic bound ary (Fig. 3).

CONGLOMERATES AND TUFFITE

Con glom er ate and tuffite are ap par ently most ex ten -
sive where they crop out near Morehead Lake and east of
Polley Lake (Fig. 2). At these lo cal i ties, a clear sep a ra tion
of this unit from the lahar-tuffite unit may not be pos si ble.
Lithologically sim i lar units can be ob served at other lo cal i -
ties, such as the high way cutbanks north of Prior Lake, near
Jakobie Lake, and along the east ern cliffs of north ern
Quesnel Lake; how ever, at these lo cal i ties, the vol ca nic
sand stone and vol u met ri cally sub or di nate con glom er ate
tend to be in ter ca lated with coarse tuffaceous or flow units
and are clearly part of the arc con struc tion phase.

The con glom er ate unit is a var ie gated polymictic cob -
ble to boul der con glom er ate, best ex posed on low gla ci ated
out crops and small knobs on both sides of the Fry pan road.
The unit ap par ently rests atop the tuffaceous lahar ex posed
in the Fry pan roadcuts and around the north ern end of
Morehead Lake (see above). Polymictic con glom er ate is
mas sive to lo cally well bed ded (Fig. 9). It con tains
subangular to well-rounded clasts up to large boul der size
(70 cm). 

Clast com po si tion is vari able, in clud ing monzonite
(Fig. 3), pos si bly de rived from the ‘Polley vol ca nic suc ces -
sion’ and a va ri ety of plagioclase por phy ries that con tain
hornblende or pyroxene. Pyroxene por phyry clasts are

prob a bly de rived from the more deeply in cised part of the
arc. These con glom er ate units could mark a sig nif i cant hi a -
tus in vol ca nic de po si tion, al though unit thick ness is a poor
proxy for elapsed time in dy namic vol ca nic en vi ron ments.
Note that heterolithic vol ca nic brec cia and lahar-con glom -
er atic units are in truded by monzonite in the area be tween
the Cariboo pit and Polley Lake, near the Au zone and pos -
si bly also west of Bootjack Lake. These are older
volcaniclastic rocks that lie stratigraphically lower in the
pile.

QUARTZ-PHYRIC MAUVE DACITE.

Dense, quartz-phyric, white to mauve-weath er ing
lapilli tuff is ex posed in two out crops be tween Bootjack
Lake and north ern Polley Lake (Fig. 2). We have used the
field term ‘mauve dacite‘ for this unit even though the SiO2

con tent is not quite high enough to place it squarely within
the dacite field. Based upon bed ding in en clos ing strata, the
thick ness of this unit can be es ti mated as at least 70 m
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Fig ure 7. Atyp i cally coarse analcime-bear ing pyroxene±olivine–
phyric flow, high way north of Prior Lake. 

Fig ure 8. Hematitic, ma roon weath er ing tuffaceous lahar, com -
prised dominately of an gu lar to subrounded clasts of crowded tab -
u lar feld spar por phyry ba salt in a crys tal-rich ash ma trix. Ex po sure 
on high way south west Morehead Lake. 

Fig ure 9. Ju ras sic (?) con glom er ate south of Fry pan Road and
north of Mount Polley.



(Fig. 3). 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%, 5 mm in di -
am e ter) and bi o tite (<1%, al tered 2–3 mm book lets). 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. 

Bed ding ori en ta tions of en clos ing strata are par al lel to
the trend of the mauve dacite unit. A poorly ex posed, prob a -
ble gradational south ern con tact with the ma roon laharic
con glom er ate sug gests that this unit is part of the vol ca nic
stra tig ra phy and not a hypa bys sal in tru sion, al though a tuff
dike or sill or i gin can not be ruled out. Ar eas south of the
unit have been pen e trated by di a mond-drill ing. No unit like 
the mauve dacite is de scribed in drillcore logs (Ten nant,
1997, 1998, 2000). A sam ple of mauve dacite was col lected
for U-Pb geo chron ol ogy; re sults are pend ing.

Mount Polley Intrusive Complex

The Mount Polley stock is a north to north west-
trending, high-level, com pos ite alkalic in tru sive com plex
(Fig. 2). The stock is 5.5 by 4 km in size and com prises pri -
mar ily fine-grained por phy ritic diorite and monzonite,
plagioclase por phyry and syenite dikes with abun dant
screens of meta vol can ic rocks and hy dro ther mal brec cias,
fea tures char ac ter is tic of a subvolcanic en vi ron ment. Bor -
der ing it to the south west is an ~1 km thick panel of vol ca -
nic strata that sep a rates it from the 2.3 by 7 km, north west-
elon gated Bootjack stock, which is also a com pos ite in tru -
sive body and includes an un usual or bic u lar pseudo leucite
syenite. Subvolcanic textures are lacking in the Bootjack
stock.

A hornblende 40Ar-39Ar pla teau age from the coarse-
 grained syenite phase of the Bootjack stock yielded a well-
de fined age of 203.1 ± 2.0 Ma (Bailey and Archibald,
1990). Ura nium-lead ages (Mortensen et al., 1995) from
the Polley stock (201.7 ± 4 Ma; zir con, diorite and 204.7 ±
3 Ma; zir con, plagioclase por phyry) are sim i lar to ages
from the Bootjack stock (202.7 ± 7.1 Ma; zir con orbicular
syenite and 200.7 ± 2.8 Ma; Pb-Pb, ti tan ite, pseudoleucite
syenite). How ever, Fra ser (1995) in ferred that the Bootjack 
stock is youn ger on the ba sis of diorite xe no liths pres ent
within the neph el ine pseudoleucite and or bic u lar syenite
units. 

PYROXENITE

Hornblende pyroxenite and bi o tite gab bro have been
in ter sected in drillholes col lared near the east shore of
Bootjack Lake (Hodgson et al., 1976) and rec og nized as
zenoliths within diorite, and clasts within in tru sive brec cia
in the Bell pit (Fra ser, 1995). Fo li ated hornblendite xe no -
liths and ac ci den tal clasts are com mon within vol ca nic
units east of the Cariboo pit. 

DIORITE 

In the mine area, diorite is the ear li est phase and com -
prises the ma jor ity of the Mount Polley stock. It is a ho mo -
ge neous, me dium to fine-grained equigranular rock that
weath ers pale grey. A large body of weakly al tered, fine to
me dium-grained diorite is ex posed north of the Cariboo pit

and in the west wall of the Bell pit (Fig. 2). At this lo cale, it
is cut by tight epidote-lined frac tures that have al bite-
epidote±K-feld spar al ter ation en ve lopes. Un al tered,
equigranular, me dium-grained bi o tite-pyroxene diorite
crops out along the Bootjack Lake road, west of the mine.
Mafic min er als con sist of me dium-grained (3–6 mm) al -
tered pyroxene (30%) and an ad di tional 15% large
poikilitic bi o tite crys tal. In thin sec tion, the diorite con sists
of euhedral (1–2 mm) plagioclase laths (40–50%), green
clinopyroxene (1 mm) crys tals (15–20%) and poikilitic bi -
o tite (10–15%) that en closes plagioclase, pyroxene and
mag ne tite grains. Ac ces sory min er als include magnetite,
sphene and apatite.

MONZONITE

Monzonite, where un al tered, is grey to pink, fine to
me dium grained, por phy ritic or rarely seriate. It is com -
posed of roughly equal amounts of plagioclase (3–5 mm
tab u lar laths) and K-feld spars (subhedral 2–3 mm grains
and ma trix ma te rial) and 10–15% mafic min er als
(pyroxene and/or hornblende and less bi o tite). Ac ces sory
min er als in clude mag ne tite, sphene and ap a tite. In out crop,
the monzonite re sem bles a po tas sium en riched, me dium-
 grained diorite. Its dis tri bu tion, par tic u larly around the
mine, has been over es ti mated in part due to the per va sive
po tas sium al ter ation in this area but also be cause
monzonite was used as a field term or catch-all for pink to
or ange-al tered rocks that could not be des ig nated as diorite, 
plagioclase porphyry or potassium megacrystic monzo-
syenite. 

Small (<1 km2), high-level, stocks of hornblende
monzonite crop out north of Prior Lake and north west of
Bootjack Lake. These in tru sions con sist of holocrystalline
plagioclase-hornblende–phyric subvolcanic monzodiorite
and pink equigranular monzonite. Both stocks con tain
abun dant rounded zenoliths of pyroxene por phyry and
diorite. The stock north west of Bootjack Lake con sists of a
crackle or autobrecciated, fine-grained monzonite. At its
south ern mar gin, it is a pink brec cia with clasts de fined by a
tight, anastomosing net work of chlorite frac tures; how ever, 
to ward its cen tre, the stock is dom i nated by a potassic-
albite–altered brec cia re sem bling the hy dro ther mal brec -
cias at the Springer zone and on Mount Polley. 

PLAGIOCLASE PORPHYRY

Plagioclase por phyry is a grey to green, fine to me -
dium-grained, seriate-tex tured subvolcanic in tru sion. It is
char ac ter ized by 1–4 mm, white, stubby plagioclase pheno -
crysts (up to 70%), subhedral 2–3 mm mafic min er als in -
clud ing bi o tite, hornblende and less abun dant pyroxene set
in a groundmass that is com monly potassic al tered. Ac ces -
sory min er als in clude mag ne tite, sphene and ap a tite.
Plagioclase por phyry are pre, syn and post-min eral in tru -
sions. They ap pear to be as so ci ated with a per va sive po tas -
sium metasomatic event. A com mon oc cur rence of
plagioclase por phyry (and monzonite) is as ma trix to
brecciated diorite in the in tru sive brec cias, which are
common within mineralized zones

In drillcore from be neath (?) the Bell pit (BD-04-26),
2–3 m wide dikes of crowded plagioclase por phyry with
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chilled sharp con tacts and in ter nal trachytic tex tures in -
trude equigranular po tas sium-al tered diorite or monzonite
(Fig. 10). Plagioclase por phyry con tain ing xe no liths of bi o -
tite diorite is ex posed half way down the main haul age ramp
in the Cariboo pit. The plagioclase por phyry (dyke?) is
chilled against min er al ized and al tered me dium-grained
monzonite, clearly post dat ing potassic-al bite frac tures and
patchy chal co py rite min er al iza tion.

POTASSIUM FELDSPAR PORPHYRITIC
SYENITE

Po tas sium feld spar por phy ritic monzonite-syenite oc -
curs as dikes within the core of the Cen tral zone, as a stock
on the top of Mount Polley (Fra ser, 1994) and as frag ments
in min er al ized brec cias at the North east zone (Fig. 11) and
Lloyd-Nordic zone (Fig. 2). It is char ac ter ized by the pres -
ence of salmon pink col oured tab u lar K-feld spar
(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 20–25% pheno -
crysts averaging less than 7 mm in size, and those
monzosyenites that con tain fewer pheno crysts (2–10%),
but which 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. Plagioclase crys tal in clu sions
within the po tas sium megacrysts in di cate that the two crys -
tal lized si mul ta neously. Late deuteric al ter ation has
sericitized the feld spars and re placed mafic minerals with a
mixture of chlorite, white mica and carbonate. 

In the high wall be tween the Bell and Cariboo pits is a
set of east-south east-trending, south-dip ping dikes of K-
feld spar por phy ritic syenite. The dikes are 0.25–5 m thick,
have chilled mar gins and a weak trachytic fab ric, and are
over printed by weak chlorite-py rite al ter ation. A sam ple
was col lected for ra dio met ric dat ing; re sults are pend ing. 

A south east-trending in tru sive brec cia char ac ter ized
by per va sive potassic al ter ation and frothy al bite re place -
ment along clast mar gins de fines the west ern con tact of the
Mount Polley monzosyenite stock. Li thol ogy closely re -
sem bles that of the dikes de scribed above. The stock con -
tains about 5% large equant po tas sium megacrysts in a
plagioclase-rich groundmass con tain ing pyroxene al ter ing
to hornblende, bi o tite, and mag ne tite. It is over printed by
dis crete al ter ation zones con tain ing one or more of al bite,
epidote, mag ne tite, chlorite and py rite and lo cally chal co -
py rite. A grab sam ple of chal co py rite min er al iza tion re -
turned low Cu (~0.2%) and Au (207 ppb) val ues (JLO04-
25-127; see Ta ble 1).

BRECCIAS

In tru sion brec cias and hy dro ther mal brec cias are as so -
ci ated with a num ber of high-level alkalic in tru sive cen tres
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Fig ure 10. Plagioclase por phyry dike, chilled mar gin against per -
va sive po tas sium metasomatized monzodiorite. Drillcore from be -
neath Bell pit.

Fig ure 11. Min er al ized frag ments of K-feld spar por phy ritic
monzonite-syenite in brec cias at the North east zone. 
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in the study area (Mount Polley, all min eral zones; Shiko
Lake and the small stock lo cated north west of Bootjack
Lake). In tru sion brec cias are ma trix sup ported; plagioclase
por phyry in the Cariboo pit (Fig. 12) or quartz syenite at
Shiko Lake con tain ap prox i mately 30% an gu lar to
rounded, ro tated clasts of monzonite-diorite coun try rock
in ad di tion to more ex otic xe no liths (pyroxene-ol iv ine–
phyric vol ca nic rock, mafic subvolcanic in tru sive, fo li ated
hornblende gab bro, or diorite clasts). Hy dro ther mal brec -
cias are heterolithic, of ten with clasts of in tru sion brec cia,
vol ca nic rocks, diorite and monzonite. These brec cias con -
tain ei ther rounded (peb ble dikes) or an gu lar clasts that are
par tially re placed, and have their in ter stices filled, by al ter -
ation min er als (Springer zone, Fig. 13). Fra ser (1994) di -
vided the hy dro ther mal brec cias at Mount Polley into four
types, based on dom i nant ma trix min er al ogy: bi o tite,
actinolite, al bite and mag ne tite . The potassic-al bite brec cia 
west of Mount Polley and at the Springer zone are char ac -
ter ized by the pres ence of tab u lar al bite and lesser bi o tite
crys tals fill ing vugs in the brec cia ma trix. Bi o tite brec cia
and actinolite brec cia in the Cariboo and mag ne tite brec cias 
oc cur north west of the North east zone. 

Bootjack Stock

The Bootjack stock is a sil ica undersaturated, lay ered
syenite pluton (Hodgson et al., 1976; Fra ser et al., 1993),
lo cated south of Bootjack Lake (Fig. 2). In con trast to the
fine-grained por phy ritic tex tures of the rocks that make up

the Polley stock, the Bootjack phases ex hibit coarse-
 grained plutonic tex tures. It has an east erly to north west -
erly trend and is sep a rated from the Mount Polley stock by a 
nar row belt of north west-trending mafic meta vol can ic
flows, brec cias and fine-grained bed ded volcaniclastic
units. To the south (and deeper), the stock in trudes strati -
graphically lower analcime-bear ing pyroxene-olivine–
phyric ba salt and volcaniclastic brec cias. Compositional
lay er ing within the main body of the syenite strikes west -
erly and dips mod er ately north (con sis tent with the ma jor -
ity of re gional bed ding mea sure ments), although, at the
west end of the body (Trio Lake), the lay er ing trends north -
west erly with steep east erly dips (Hodgson et al., 1976).
The stock com prises a mafic pseudoleucite syenite, a
crowded or bic u lar syenite and a coarse-grained grano -
phyric syenite (Fra ser, 1994). 

MAFIC PSEUDOLEUCITE SYENITE
PORPHYRY

A melanocratic por phy ritic syenite com prises ~40% of 
the stock and crops out pri mar ily along the stock’s west ern
mar gin. It con tains up to 20% 2 cm euhedral pheno crysts of
pseudoleucite (mix ture of neph el ine, K-feld spar and seri -
cite) in a me dium to coarse-grained salt and pep per tex tured 
groundmass (Fig. 14) com pris ing K-feld spar, neph el ine,
al bite, clinopyroxene, hornblende and mag ne tite. Mafic
min er als constitute 15 to 25% of the rock. Nar row chilled

Fig ure 12. In tru sion brec cia, plagioclase por phyry in the Cariboo
pit 

Fig ure 13. In tru sive brec cia char ac ter ized by per va sive potassic
al ter ation and frothy, al bite re place ment along clast mar gins. Brec -
cia de fines the west ern con tact of the Mount Polley monzo-syenite 
stock lo cated on Mount Polley.



apophyses of the mafic syenite por phyry in trude mafic
analcime-bear ing basalt near Trio Lake.

A large (18 m wide), north-trending, east-dip ping tab -
u lar block of pyroxene por phy ritic metabasalt is ex posed in
the north east wall of the bor row pit, ap prox i mately 2 km
north west of the tail ings im pound ments. The syenite is
chilled ad ja cent to the xe no lith and, to the west, the
metabasalt is faulted against leucocratic or bic u lar neph el -
ine syenite. In ad di tion, the pyroxene por phyry is veined by
pink potassic al ter ation (orthoclase flood ing), epidote and
mi nor py rite. It is im por tance to note that, al though this
augite por phyry re sem bles some of the youn gest cross cut -
ting ‘AP’dikes, ob ser va tions indicate that it pre dates the
syenite.

FELSIC ORBICULAR NEPHELINE SYENITE

The or bic u lar neph el ine syenite is a leucocratic rock
consisting of 30 to 90% orbicules of pseudoleucite up to
4 cm in di am e ter. Interstitial to the orbicules is a me dium-
grained equigranular ma trix of neph el ine, clinopyroxene,
bi o tite, sphene and mag ne tite. The orbicules con tain
subhedral pseudoleucite cores and have con cen tric
overgrowths of K-feld spar. This unit constitutes ap prox i -
mately 55% of the Bootjack stock. 

The north east ern mar gin of the stock (south east end of
Bootjack Lake) has been over printed by bi o tite and flu o -
rite. (Fra ser, 1995). In a struc tur ally re stored sec tion, where 
re gional dips have been re moved by as sum ing that all parts
of the crust were tilted equally, the north ern part of the stock 
would be the roof zone (see ‘Struc ture’ sec tion).

QUARTZ-PLAGIOCLASE PORPHYRITIC
MONZOSYENITE

Coarse-grained quartz and feld spar-phyric monzonite
and monzosyenite dikes in trude the pseudoleucite syenite
south west of Bootjack Lake. Panteleyev et al. (1996) in -
cluded these as part of their Tri as sic-Ju ras sic suite of rocks
(unit 7). Hodgson et al. (1976) cor re lated them with a youn -
ger suite of calcalkaline, quartz-bear ing stocks of prob a ble
Cre ta ceous age. We fol low Hodgson’s cor re la tion.

 AUGITE PORPHYRY DIKES 

Augite por phyry dikes are ubiq ui tous through out the
area. They are typ i cally re ces sive, rubbly weath er ing, 10–
100 cm thick and con sist of 30–50% euhedral 1–5 mm
clinopyroxene phenocrysts in a black to dark green aphyric
groundmass of plagioclase laths, mag ne tite and in ter sti tial
K-feld spar (in di cated by stain ing sam ples with so dium
cobaltinitrate). The youn gest in tru sions oc cur as north erly
strik ing, mod er ately east-dip ping swarms of gen er ally thin
(centimetre to metre-scale) dikes that cross cut all of the ig -
ne ous and brec cia units at the deposit (Fraser, 1994). 

They are compositionally like Nicola Group ba salt
flows and feeder dikes. They also cut min er al ized
monzonite in tru sions that cut the Nicola Group bas alts and
are there fore youn ger. It is not un com mon to see augite por -
phyry clasts within in tru sion-hy dro ther mal brec cias them -
selves cross cut by augite por phyry dikes. These dikes prob -
a bly rep re sent feed ers to Mio cene or youn ger (Mathews
1989) al ka line pla teau ba salt flows known from west of the
study area. How ever, these dikes bound min er al ized zones
(earn ing them the name ‘Death Dikes’) and are lo cally de -
formed (east wall of Cariboo pit ramp), sug gest ing that at
least some of them are pre to syn-min er al iza tion (un less
they have in truded along post-min eral faults with sig nif i -
cant off sets).

CHEMISTRY

Sam ples were steel milled at the Brit ish Co lum bia
Geo log i cal Sur vey Branch Lab o ra tory in Vic to ria. Splits
were shipped for analysis to TeckCominco Lab o ra to ries,
Van cou ver for ma jor 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, Van cou ver for trace element
anal y ses us ing in duc tively cou pled plasma – emis sion
spec trom e try (ICP-ES); and Actlabs, Ancaster, On tario for
trace el e ment anal y ses us ing in stru men tal neu tron ac ti va -
tion (INAA). A sub set of these sam ples has also been sent to 
Me mo rial Uni ver sity, New found land for trace el e ment
anal y ses us ing in duc tively coupled plasma – mass
spectrometry (ICP-MS). Results are pending.

STRUCTURAL STYLE

Scat tered ex po sures of well-bed ded sed i ment and wa -
ter-lain tuff are sources of re li able paleohorizontal ori en ta -
tion data that can be used to as sess the effects of fold ing and
fault ing in the Polley area. Lo cal ex cel lent pres er va tion of
bed ding tops in di ca tors shows that, with the ex cep tion of a
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Fig ure 14. Por phy ritic syenite, con taining up to 20% 2 cm
euhedral pheno crysts of pseudoleucite (mix ture of neph el ine, K-
feld spar and seri cite).



sin gle out crop that may have slumped, all beds are up right.
Bed ding ori en ta tion data are sparse and po ten tially un re li -
able in the vol ca nic-in tru sive Mount Polley com plex but,
on its north ern flank, ori en ta tion data form a low vari ance
(0.018) unimodal pop u la tion with mi nor dis per sion on a Pi
gir dle (Fig. 15A). A lack of mea sure ments from the fold
limbs lim its re li abil ity of the cal cu lated beta axis, 35°/300°
(Fig. 15A). In a sin gle-phase cy lin dri cal fold, the beta axis
is par al lel with the fold axis. When com bined with all re li -
able bed ding de ter mi na tions, the cal cu lated Pi gir dle is
more ro bust, in di cat ing a shal lowly north-north west-
plung ing fold, with a beta axis of 21°/353° (Fig. 15B). Ef -
fects of this plunge, if re gion ally ap pli ca ble, could be sub -
stan tial. For ex am ple, in the ab sence of block fault ad just -
ments to com pen sate, the tilt ing of the Bootjack stock may
have re sulted in a dif fer en tial ex hu ma tion of 2.6 km from
north west to south east. That is to say, the ex posed south ern
part of the stock was emplaced 2.6 km deeper than the cur -
rently ex posed north ern end. A south to north vari a tion
from megacrystic or bic u lar syenite to hy dro ther mally al -
tered fine to coarse-grained syenite is con sis tent with this
mag ni tude of re gional tilt ing. How ever, an in vari ant re -
gional meta mor phic grade in Nicola Group strata does not
per mit dif fer en tial up lifts of tens of kilometres, so
extensional block fault ing must have ac com pa nied tilt ing
of blocks that ex tend more than 20 or 30 km in a di rec tion
par al lel to the re gional fold axes. Ma jor dis con ti nu ities in
the fab ric of the re gional aero mag net ic to tal field data oc cur 
be tween the Bootjack stock and Shiko Lake stock, and be -
tween Morehead Lake and Quesnel River, pos si bly re lated
to north east-trending nor mal faults. Along the south ern
dis con ti nu ity are relicts of Mio cene pla teau ba salt, per haps
fed from dikes that in vaded these pro posed faults.

Ex is tence of north-north west-trending faults is firmly
es tab lished. Dom i nant struc tures in the mine area are the
Polley Fault and the un named fault that trun cates min er al -
iza tion in the North east zone. The Polley fault is a steep
east erly-dip ping brit tle struc ture that sep a rates the de posit
into the Cen tral zone (Cariboo and Bell pits) and the West
zone (Springer pit), each with dis tinc tive min er al iza tion,
al ter ation and style of brecciation. In the south west cor ner
of the Cariboo pit, the struc ture com prises a 50 m wide zone 
of sheared and frac tured rocks con tain ing fault brec cias and 
clay gouge, but the fault zone nar rows to the north and
south (Wild, 1999). The fault does re sult in ap par ent hor i -
zon tal dis place ment of the north ern con tact of the Bootjack
stock, and there fore any mo tion along the struc ture must ei -
ther 1) have a dis place ment vec tor that is ap prox i mately
par al lel to the dip of the in tru sive con tact; 2) be a ro ta tional
fault with an axis of ro ta tion lo cated near the lo ca tion of the
Bootjack stock; 3) pre dates in tru sion of the Bootjack stock
(200 Ma); or 4) re cord a tre men dous amount of mo tion but
with no net dis place ment, and there fore be of lit tle re gional
sig nif i cance. Lay ered strata on the north ern flank of Mount
Polley are ap par ently not off set by the fault, and we show a
de flec tion in the trace of the fault from ~350° to ~290° in
or der to con tinue the fault west of ex po sures of well-lay -
ered rocks. In this area, only two re li able well-bed ded ex -
po sures lie west of the fault and they have an av er age ori en -
ta tion of 219°/42°, as com pared to those east of the fault

(226°/35°; N=11). The av er aged bed ding ori en ta tion from
east of the fault falls within the 20% con tour (points per 1%
area) of the east ern pop u la tion (Fig. 15A) and is there fore
not sta tis ti cally dif fer ent. Con sis tent bed ding ori en ta tion
rules out sig nif i cant ro ta tional vari a tion across the Polley
fault.

A sec ond north-north west-trending fault cor ri dor has
been in ter sected by drill ing in the North east zone, where it
marks the north west ern limit of min er al iza tion. These
struc tures may be re lated to a ma jor fault that is ob scured by 
cover within the Polley Lake val ley. Pos si ble con tin u a tion
of this fault be neath cover north west of Polley Lake is sug -
gested by trun ca tion of re gional mag netic fab ric shown on
the Polley multiparameter dataset (BC MapPlace). In par -
tic u lar, ap par ently folded ver ti cal-gra di ent mag netic lin ea -
ments (Fig. 4) that are con sis tent with the broad fold on the
north flank of Mount Polley (Fig. 2) are trun cated at the pre -
sumed fault ex ten sion (Fig. 4). If this is truly the same struc -
ture, its trend is de flected by about 60° from 350° to 290°,
sim i lar to the pro posed de flec tion on the Polley fault. One
highly spec u la tive in ter pre ta tion is that both faults are
folded about a near-ver ti cal axis. If this is so, the Northeast
zone is lo cated in the outer (dilatent) part of the hinge zone.

Most veins in the Polley area are steep (Fig. 15C) ex -
cept for a small sub set that dips mod er ately south-south -
east. The mode rep re sents a set of veins that dips steeply to -
ward ~150º. Be cause paleohorizontal con trol is lack ing for
most of the Polley area, we have not at tempted to un fold
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C D
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Fig ure 15. Equal area plots of A) re li able bed ding mea sure ments
(N=14) from the north ern flank of Mount Polley; con tours are 8,
16, and 32% of data points per 1% of plot area; B) all re li able bed -
ding mea sure ments from the Polley area (N=51); con tours are 2, 4,
8, and 16% of data points per 1% of plot area; C) all veins from the
Polley area (N=25); con tours are 4, 8, and 16% of data points per
1% area; and D) all dikes from the Polley area (N=51); con tours
are 2, 4, 8, and 16% of data points per 1% area. 
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and ro tate the data based upon the ap par ent re gional fold -
ing.

Dike ori en ta tions dis play a mode of ap prox i mately
120º/65º (Fig. 15D); a smaller pop u la tion is ori ented about
310º/85º. Dikes may be use ful in di ca tors of the paleostress
field, but rel a tive ages and ef fects of later tilt ing and ro ta -
tion must first be es tab lished.

MINERALIZATION AND ALTERATION

Alkalic in tru sion–re lated min er al iza tion de fines the
cen tre or axis of the Quesnel arc (Panteleyev et al., 1996,
Fig. 8); 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 with com po si tions rang ing from diorite
through monz onite to syenite. 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 equiv a lent volcanics that
in di cate in di vid ual erup tive centres (i.e., Mount Polley,
Bailey and Hodgson, 1979; Shiko Lake, Panteleyev et al.,
1996). 

INTRUSIVE CENTRES

Mount Polley (MINFILE 093A/008 and 164)

Min er al iza tion at Mount Polley is hosted by a va ri ety
of hy dro ther mal brec cias that cut a high-level multiphase
dioritic in tru sion. 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 centre mod i -
fied by fault ing (Fra ser, 1994). How ever, they dis play suf -
fi cient zonal vari a tion to war rant sub di vi sion into West,
Central and Northeast zones (Fig. 16).

Central and West Zones (Cariboo-Bell-Springer)

Al ter ation stud ies by Hodgson et al. (1976) and Bailey
and Hodgson (1979) iden ti fied three roughly con cen tric al -
ter ation as sem blages as so ci ated with the cop per-gold min -
er al iza tion at Mount Polley: a cen tral potassic core, an in -
ter me di ate gar net-epidote zone and an outer propylitic
zone. Work by Fra ser (1994, 1995) on the min eral zonation
in the Cen tral (Cariboo and Bell) and West (Springer) 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 and K-feld spar–albite. The bi o -
tite and actinolite subzones oc cupy the Cen tral zone, east of 
the Mount Polley fault, the K-feld spar–albite zone oc curs
west of the fault (West zone), and east of the actinolite zone
in a north west-trending belt west of Mount Polley (this
study). Al ter ation min eral zonation ap pears to have been
con trolled by the dis tri bu tion of hy dro ther mal brec cias and
re flects the evolv ing per me abil ity, fluid com po si tion and
tem per a ture of the hy dro ther mal sys tem (Fig. 16).

The bi o tite subzone is char ac ter ized by coarse sec ond -
ary bi o tite de vel oped interstitial to hy dro ther mal brec cias
in the core of the Cen tral zone. Ex tend ing north from the bi -
o tite subzone is the 600 by 200 m north-trending actinolite

subzone (Fra ser, 1995). It is char ac ter ized by abun dant
actinolite-chal co py rite-pyroxene-mag ne tite veins that are
en vel oped by ex ten sive K-feldspar al ter ation en ve lopes.
Sur round ing the actinolite and bi o tite subzones is a cir cu lar
0.8 km2 zone of in tense K-feld spar flood ing. Where per va -
sive, potassic al ter ation has de stroyed pri mary tex tures and
fine-grained dis sem i nated he ma tite im parts a salmon-pink
colouration to the rocks. The east ern and west ern mar gins
of the potassic core are marked by or ange-weath er ing
potassic hy dro ther mal brec cias. In these zones, coarse
gran u lar white al bite crys tals fill veins and the spaces be -
tween the potassic-al tered brec cia frag ments (West zone
and west flank of Mount Polley). 

Wild (1999) rec og nized that the rel a tive abun dance of
main al ter ation min er als (K-feld spar, actinolite-bi o tite and
mag ne tite) cor re lated well with cop per grade. From this, an
al ter ation scor ing sys tem was de vised to es ti mate cop per
grades. Each of the con stit u ents is scored from 0 to 5 based
on in ten sity (low to high), with a to tal of 15. Grade or
~0.3% Cu cor re sponds to a 10–12 or higher score. From
these cri te ria, it is nec es sary to have at least some of each of
the main al ter ation con stit u ents to reach grade. The al ter -
ation scor ing sys tem does not work at the North east zone
(McAndless, per sonal com mu ni ca tion, 2004). 

The Mount Polley de posit (Cariboo-Bell-Springer)
con tains chal co py rite, py rite and bornite as pri mary
sulphides that are as so ci ated with mag ne tite. Pol ished sec -
tions in di cate rare tetrahedrite, ga lena, sphalerite and mo -
lyb de nite. Ox ide min er als in clude mal a chite, az ur ite, mag -
ne tite, he ma tite, and li mo nite. Na tive gold is pres ent as 5 to
30 mm in clu sions in chal co py rite (Wild, 1999). Min er al iza -
tion is hosted pri mar ily in hy dro ther mal and in tru sion brec -
cias, with lesser amounts in frac tured coun try rocks. 

Northeast Zone

The Cu-Au-Ag min er al iza tion at the North east zone
oc cu pies a 150 by 500 m, north west-trending, steeply dip -
ping tab u lar zone lo cated close to the north ern mar gin of
the Polley stock. Hostrocks are in ter preted as hy dro ther -
mally brecciated monzodiorite, monzonite and por phy ritic
monzonite phases of the stock that are cut by premineral K-
feld spar megacrystic syenite and plagioclase por phyry
dikes. Post-min eral plagioclase por phyry and augite por -
phyry dikes also cut the North east zone. 

A com pre hen sive petrographic study, aug mented by
scan ning elec tron mi cro scope (SEM) work on the min er al -
ogy at the North east zone was com pleted by Ross (2004)
for Im pe rial Met als. Quick logs of six drillholes along
sections 14, 18 and 22, dis cus sions with Pat McAndless,
Lee Ferreira and Chris Rees dur ing the on go ing drill ing,
and ex am i na tion of se lect drillcore form the ba sis of the fol -
low ing de scrip tion of the North east zone.

Al ter ation at the North east zone is not dis sim i lar to that 
pres ent at the Cen tral and West zones (1.5 km south west).
The North east zone con sists of an early per va sive and tex -
tur ally de struc tive po tas sium metasomatic event that pre -
dated or co in cided with brecciation. Pink veinlets con sist of 
cloudy brown sec ond ary K-feld spar, which over prints the
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Fig ure 16. Dis tri bu tion of al ter ation zones at Mount Polley (from Fra ser, 1994). Bi o tite and actinolite subzones oc cupy the Cen tral zone,
east of the Mount Polley fault; the K-feld spar–albite zone oc curs west of the fault (West zone) and east of the actinolite zone in a north west-
trending belt west of Mount Polley



groundmass plagioclase and lo cally de stroys mafic min er -
als. Dif fuse green veinlets consist of a very fine grained
inter growth of  epidote-clinozois i te  and cal  c i te .
(clinozoisite is an alu mi num-rich epidote min eral). Fine-
grained py rite and chal co py rite are as so ci ated with the
green al ter ation. This was fol lowed by a calcsilicate as sem -
blage that Ross (2004) di vided into two stages: an early
mag ne tite-gar net-ap a tite stage; and a slightly youn ger
clinozoisite-al bite-cal cite stage, which in tro duced most of
the Cu sulphides. A late-stage, lower tem per a ture al ter ation 
as sem blage of cal cite-al bite-chlorite (ret ro grade con tin -
uum to the min er al iz ing stage; ac cord ing to Ross, 2004) is
sep a rate from a propylitic as sem blage of cal cite-chlorite -
py rite that en vel ops the brec cias but is more strongly de vel -
oped in the vol ca nic rocks ad ja cent to the north east ern mar -
gin (Fig. 17). Late-stage cal cite-gyp sum veins oc cur deep
in the sec tion. They cross cut the pe riph eral propylitic zones 
as well as the in tru sive brec cias. Cal cite and fi brous ra di at -
ing zeolites are late and fill open spaces in the Cen tral zone.

Gar net com po si tions from the North east zone are iden -
ti cal to those from Cen tral and West zones (Ross, 2004;
Fra ser, 1994); both are nearly pure an dra dite with mi nor
(10–15%) grossular (Ca) com po nent in rims. Mag ne tite is
in ferred to be less im por tant in the North east zone,
although Ross (2004) re ported that the high est grade min -

er al iza tion is de vel oped in mag ne tite-rich sec tions of the
in tru sive brec cia. In drillhole WB-04-21, a post-min eral
hy dro ther mal brecciation and al bite-clinozoisite al ter ation
over prints the min er al ized brec cia (Fig. 18). The zone is
veined by co alesc ing white and pale green, banded or
crustiform veinlets and a fine-grained sug ary tex ture ma -
trix con tain ing tab u lar al bite crys tals. Brec cia frag ments of
min er al iza tion are sur rounded by al bite-al tered ma trix
(Fig. 19). 

The North east zone cop per min er al iza tion con sists of
chal co py rite and bornite as pri mary sulphides that are spo -
rad i cally intergrown with mag ne tite and lesser py rite. Cop -
per min er al iza tion oc curs as finely dis sem i nated chal co py -
rite and as coarse intergrown clots of chal co py rite and
bornite. Petrographic anal y sis shows bornite and chal co py -
rite exsolution tex tures, one from the an other. Copper min -
er al iza tion ap pears to have per vaded the North east zone in
two stages: first chal co py rite, oc cur ring within an in ter con -
nected net work of frac tures and veinlets; and later bornite,
rim ming and re plac ing chal co py rite in veinlets (Fig. 19).

Gold and si l ver  min er  als oc cur with cop per.
Silver±selenium oc cur in tellurides, silver oc curs in ga lena, 
and selenium oc curs as in clu sions in bornite and chal co py -
rite (Ross, 2004). Min er al iza tion at the North east zone is
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Fig ure 17. Four char ac ter is tic ex am ples of North east zone li thol ogy-al ter ation from DDH WB-03-27: a) postmineral plagioclase por phyry 
dike at 14.5 m; b) propylitic over print weak potassic-al tered monzonite in hang ing wall at 19.0 m; c) potassic-al tered, brecciated, brown
calcsilicate over print of ma trix as so ci ated with chal co py rite and mag ne tite at 202.2 m; and d) fine-grained, propylitic meta vol can ic
footwall rocks, dis sem i nated py rite cut by cal cite and gyp sum veinlets.



char ac ter ized higher cop per grades, higher bornite con tent,
higher cop per:gold ra tios, higher sil ver con tent, and lower
mag ne tite con tent than other brec cias in the camp. Cop per
grades are con sis tent and up to three times higher than the
his tor i cal cop per grades from the Cariboo and Bell pits. In
ad di tion, the Northeast zone con tains sil ver, which is not
re cov er able else where. 

Abrupt ter mi na tion of North east zone min er al iza tion
and de crease in the in ten sity of al ter ation on its north east -
ern side cor re sponds with a brit tle fault zone in vaded by nu -
mer ous augite por phyry dikes. South west of the North east
zone, the tenor of min er al iza tion di min ishes, ex cept at the
Leak and Bound ary zones; which both have a min er al ogy
that dif fers slightly from that of the North east zone. The
Leak zone more closely re sem bles al ter ation (actinolite–K-
feldspar–magnetite) and metal grades (0.30% Cu) in the
Cariboo pit; and the Bound ary zone is an au rif er ous mag ne -
tite-rich brec cia. The north west ern con tact re la tion ships of
the North east zone are poorly ex posed and per va sive
potassic al ter ation makes it dif fi cult to dis tin guish be tween
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Fig ure 19.  Coarse intergrown clots of chal co py rite and bornite in
frac tures cut ting potassic al tered monzonite brec cia in the North -
east zone.

Fig ure 18. Post-min eral hy dro ther mal brec cia with an al bite-
clinozoisite al ter ation over print. Note clasts of min er al iza tion
within ma trix.



in tru sive brec cias and the Up per Tri as sic vol ca nic brec cias, 
lahar and con glom er ate units known to crop out in the area.
The min er al ized brec cia is heterolithic and clast sup ported.
Clast com po si tions in clude equigranular monzonite,
megacrystic K-feld spar por phyry syenite, and early
plagioclase por phyry. The ma trix is dark, fine grained and
in vari ably al tered and min er al ized. 

Bullion Lode (MINFILE 093A/041)

A north-trending body of equigranular, pink to grey
monzodiorite is ex posed in the placer work ings at the Bul -
lion pit, ap prox i mately 5 km north west of Likely. The
monzodiorite in trudes al ka line pyroxene-olivine–phyric
ba salt brec cias and volcaniclastic rocks cor re la tive with the 
basal vol ca nic ‘unit 2’ of Panteleyev et al. (1996). 

The Bul lion monzodiorite is a fine to me dium-grained,
melanocratic rock com posed of plagioclase, orthoclase and 
clinopyroxene with coarse poikilitic bi o tite crys tals and ac -
ces sory min er als that in clude mag ne tite, ap a tite and
sphene. The monzodiorite is cut by closely spaced frac tures 
and stockworks, and veined by peg ma titic syenite
segregations of orthoclase and al bite that co alesce to form
ir reg u lar in tru sive brec cias. In ad di tion, nar row (<1 m),
east-trending pink dikes of me dium-grained, equigranular
hornblende-bi o tite syenite in trude the monzodiorite. The
syenite is com posed of 3–5 mm equant salmon pink
orthoclase and white plagioclase phenocrysts, 1–2 mm
interstitial hornblende, bi o tite and mag ne tite. 

The syenite con tains dis sem i nated clots of 1–2% chal -
co py rite. Lo cally pyrite, chal co py rite and mo lyb de num
min er al iza tion is de vel oped along dike con tacts or late frac -
tures, which are cross cut by youn ger nar row veinlets of al -
bite with seri cite al ter ation en ve lopes.

Shiko Lake (Redgold; MINFILE 093A/058) 

A high-level multiphase alkalic com plex oc curs north -
east of Shiko Lake. At its west ern end, three sep a rate in tru -
sive phases are well ex posed within a (ca. 1994) quarry that
sup plied syenite to col our the ex te rior of the Van cou ver
Pub lic Li brary. From old est to youn gest, these in clude a
melanocratic, me dium-grained equigranular, bi o tite-
pyroxene monzodiorite; a pink, trachytic, me dium to
coarse-grained, K-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, 30o

north-dip ping trachytic fab r ic in the K-feld spar
megacrystic syenite, which veins and en gulfs the ear lier
diorite. All phases con tain mafic xenoliths of ol iv ine-
pyroxene–phyric ba salt, fine-grained metasedimentary
rocks and subvolcanic dioritic to monzonitic com po si tions
that in crease in abun dance as the con tact is ap proached. To -
ward the centre of the stock, the dom i nant phase is a white,
me dium to coarse-grained, equigranular monzonite con -
tain ing 0.7–1.0 mm grains of bi o tite and hornblende (bi o -
tite>hornblende) with trace amounts of mag ne tite, sphene
and py rite and abun dant rounded, par tially di gested
xenoliths of coun try rock. The monzonite is in truded by
dikes and veins of fine-grained pink quartz syenite that co -

alesce to form zones of in tru sive brec cia. Ro ta tion and in -
cor po ra tion of the monzonite blocks is ev i dent from their
ran dom trachytic tex tures. Matrix to the breccia contains
disseminated chalcopyrite and pyrite. 

Coun try rock ex posed ad ja cent to the stock in cludes
fine-grained, hornfelsed metasedimentary and thin-bed ded 
volcaniclastic rocks and a mixed vol ca nic pack age that in -
cludes stubby plagioclase, pyroxene-phyric mas sive ba salt
flows and crowded hornblende-plagioclase por phy ritic
dikes. Ap prox i mately 1 km south east of the con tact are
coarse brec cias and pil lowed flows of ol iv ine-pyroxene–
phyric ba salt with interclast lime stone, fine-grained chert
and limy lapilli tuff ho ri zons. Heterolithic plagioclase,
pyroxene-phyric brec cias and cha otic volcaniclastic de -
pos its are ex posed in trenches on the Redgold min eral oc -
cur rence, lo cated ap prox i mately 1.5 km east of the quarry.

Cop per (chal co py rite and bornite) and gold min er al -
iza tion oc curs as veins and dis sem i nated clots within all
three in tru sive phases, but ap pears to be as so ci ated with the
youn gest quartz syenite phase. Vein as sem blages cut ting
the in tru sive rocks in clude inter growths of actinolite, K-
feld spar, sphene, mag ne tite, py rite ± chal co py rite. Potassic
overgrowths on feld spars and re place ment of hornblende
by actinolite and bi o tite by chlorite are at trib uted to late
deuteric al ter ation. The leucocratic quartz syenite hosts the
ma jor ity of min er al iza tion ex posed in the quarry. It is char -
ac ter ized by quartz-filled miarolitic cav i ties and a low mag -
netic sus cep ti bil ity re sponse. A grab sam ple of the min er al -
ized syenite (MMI04-22-1b; see Ta ble 1) re turned low
cop per and gold val ues. Ad di tional min er al iza tion-al ter -
ation has been rec og nized out side the stock in the vol ca nic
cover rocks (Mor ton and Durfeld, 1998). Al ter ation and
min er al iza tion in the plagioclase-pyroxene–phyric
volcaniclastic rocks is char ac ter ized by frac ture-con -
trolled, lo cally per va sive po tas sium flood ing of the
groundmass ac com pa nied by epidote re plac ing ei ther
pyroxene±plagioclase or the ma trix, and in tro duc tion of
mag ne tite and dis sem i nated chal co py rite. Late-stage white
cal cite veinlets cross cut ear lier al ter ation min er als. Grab
sam ples of al ter ation-min er al iza tion from the trenches re -
turned low cop per (~0.2%) and gold (51 and 558 ppb) val -
ues (JLO04-21-90 and MMI04-22-6; see Ta ble 1).

Po tas sium-ar gon dat ing car ried out by J.E. Harakal at
the Uni ver sity of Brit ish Co lum bia on sam ples from the
monzonitic core zone gave ages of 192 ± 10 Ma and 182 ±
6 Ma and a slightly older age of 196 ± 7 Ma for a hornblende 
por phyry dike cut ting the stock (Panteleyev et al., 1996). 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 Pleinsbachian).
Panteleyev et al. (1996) de scribed vol ca nic and in tru sive
brec cias along the south ern con tact of the stock that they in -
ter preted to rep re sent the vent zone of an in tru sive cen tre.
Field ev i dence could nei ther re fute nor sub stan ti ate an age
for the min er al iza tion and em place ment of the Shiko stock
or its en clos ing rocks. A sam ple of leucocratic al kali feld -
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spar quartz syenite was col lected for U-Pb geo chron ol ogy;
re sults are pend ing.

CONCLUSIONS

The spa tial and tem po ral as so ci a tion of the Mount
Polley intrusives with the thick pile of heterolithic, in part
comagmatic vol ca nic brec cias sug gests that they were
emplaced at shal low depths and prox i mal to a vent (Fig. 20;
Bailey and Hodgson, 1979; Fra ser, 1994; ). Their north erly
trend and po si tion with re spect to the Polley fault may also
have ex erted a struc tural con trol on em place ment, brec cia
de vel op ment and hy dro ther mal flow of al ter ation and min -
er al iz ing flu ids. The gen eral evo lu tion of the arc from early
pyroxene- plagioclase- ol iv ine to pyrox ene-plagioclase±
analcime and plagioclase- dom i nated ba salt com po si tions
is con sis tent with the suc ces sive em place ment of comag -

matic pyroxene diorite, monzonite, plagioclase porphyry
and potassium megacrystic monzosyenites.

Ac cord ing to Fra ser (1994), alteration-min er al iza tion
paragenesis for the Cen tral zone (Cariboo-Bell pits) pro -
gresses out ward from a higher tem per a ture core of bi o tite to 
an in ter me di ate actinolite zone and an outer zone of K-feld -
spar and al bite. The de gree of min er al iza tion is di rectly re -
lated to sec ond ary per me abil ity de vel oped by frac ture and
brecciation, which in many ex am ples af fects intrusives that
have been per va sively po tas sium metasom at ized prior to
brecciation. The po tas sium-al bite brec cia zones that flank
the Cariboo pit (i.e., West zone and Mount Polley) ex hibit
this early per va sive, gen er  ally bar ren po tas sium
metasomatism, brecciation and what ap pears to be open
space de po si tion of al bite±bi o tite± actinolite and sulphides. 
In places, co alesc ing al bite frac tures pro duce pseudo -
breccia tex tures, but hy dro ther mal brec cia tex tures are rec -
og nized in the west ern zone. Al ter ation zonation is re lated
to a mi grat ing, cool ing hy dro ther mal fluid, which evolved
through a va ri ety of fluid-wallrock in ter ac tions as it moved
out ward from the hy dro ther mal centre.

The re la tion ship be tween the Polley and Bootjack
stocks is equiv o cal.

ACKNOWLEDGMENTS

Pat McAndless and the Mount Polley ge ol ogy team of
Chris Reese, Leif Bjornson, Lee Ferreira, Chris Tay lor,
Jacquelline Blackwell and Sheila Jonnes con trib uted
greatly to the suc cess of this pro ject through their ef forts at
in tro duc ing and ed u cat ing us to the sub tle re la tion ships of
al ter ation-min er al iza tion at each of the Cariboo-Bell,
Springer and North east min eral zones. We thank them all,
whole heartedly. A spe cial thanks to Pat McAndless for
sug gest ing the pro ject and to Im pe rial Met als Cor po ra tion
for pro vid ing the fi nan cial sup port to carry out fieldwork
and analyses.

 We thank con sult ing ge ol o gist Rudi Durfeld for tour -
ing us around the Redgold (Shiko Lake stock) prop erty to -
gether with BC Min is try of Mines Re gional Ge ol o gists,
Bob Lane (North east) and Mike Cathro (South Cen tral).

REFERENCES

Bailey, D.G. (1976): Ge ol ogy of the Morehead Lake Area, central
Brit ish Co lum bia; BC Min is try of En ergy, Mines and Pe tro -
leum Re sources, Pre lim i nary Map 20 with notes, scale
1:31 680.

Bailey, D.G. (1978): The geology of the Morehead Lake area; un -
pub lished Ph.D. the sis, Queen’s Uni ver sity, 198 pages.

Bailey, D.G. (1988a): Ge ol ogy of the Cen tral Quesnel Belt, Hy -
drau lic, south-cen tral Brit ish Co lum bia (93A/12); in Geo -
log i cal Field work 1987, BC Min is try of En ergy, Mines and
Pe tro leum Re sources, Pa per 1988-1, pages 147–153.

Bailey, D.G. (1988b): Ge ol ogy of the Hy drau lic map area, NTS
93A/12; BC Min is try of En ergy, Mines and Pe tro leum Re -
sources, Pre lim i nary Map 67, scale 1:50 000.

Bailey, D.G. (1989): Ge ol ogy of the Cen tral Quesnel Belt, Swift
River, south-cen tral Brit ish Co lum bia (93B/16, 93A/12,
93G/1); in Geo log i cal Field work 1988, BC Min is try of En -

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

Intrusive - Extrusive Equivalents

QFP dikes

Plag porphyry dikes

Kspr phyric
monz - syenite

Zenolith - rich monz

Px-Bi diorite

Orbicular Nepheline
syenite

Pyroxene gabbro

Dacite

Polylithic
conglomerate

Maroon volcaniclastics

Lloyd/Nordic 
breccia

-

Analcime-bearing px
bslt brcc flows

Olivine pyroxene bslt

Fig ure 20. Sche matic representation of Late Tri as sic vol ca nism
and in tru sion, show ing rel a tive age of events.



ergy, Mines and Pe tro leum Re sources, Pa per 1989-1, pages
167–172.

Bailey, D.G. (1990): Ge ol ogy of the Cen tral Quesnel Belt, Brit ish
Co lum bia; BC Min is try of En ergy, Mines and Pe tro leum Re -
sources, Open File 1990-31, 1:100 000-scale map with ac -
com pa ny ing notes.

Bailey, D.G. and Archibald, D.A. (1990): Age of the Bootjack
Stock, Quesnel Terrane, south-cen tral Brit ish Co lum bia
(93A); in Geo log i cal Field work 1989, BC Min is try of En -
ergy, Mines and Pe tro leum Re sources, Pa per 1990-1, pages
79–82.

Bailey, D.G. and Hodgson, C.J. (1979): Trans ported altered wall
rock in laharic breccias at the Cariboo-Bell Cu-Au porphyry
deposit, Brit ish Co lum bia; Eco nomic Ge ol ogy, Vol ume 74,
pages 125–128.

Barr, D.A., Fox, P.E., North cote, K.E. and Preto, V.A. (1976): The
alkaline suite porphyry de pos its: a summary; in Por phyry
De pos its of the Ca na dian Cor dil lera, Suther land Brown, A.,
Ed i tor, Ca na dian In sti tute of Min ing and Met al lurgy, Spe -
cial Vol ume 15, pages 359–367.

Barrie, C.T. (1993): Pet ro chem is try of shoshonitic rocks
associated with porphyry cop per-gold deposits of central
Quesnellia, Brit ish Co lum bia, Can ada; Jour nal of Geo -
chem i cal Ex plo ra tion, Vol ume 48, pages 225–258.

Bloodgood, M.A. (1990): Ge ol ogy of the Eu reka Peak and Span -
ish Lake map area, Brit ish Co lum bia; BC Min is try of En -
ergy, Mines and Pe tro leum Re sources, Pa per 1990-3,
36 pages. 

Camp bell, K.V. and Camp bell, R.B. (1970): Quesnel Lake map-
area, Brit ish Co lum bia (93A); in Re port of Ac tiv i ties, Part
A, Geo log i cal Sur vey of Can ada, Pa per 70-1A, pages 32–
35.

Camp bell, R.B. (1961): Ge ol ogy of Quesnel Lake, Sheet 93A
(West Half), Brit ish Co lum bia; Geo log i cal Sur vey of Can -
ada, Map 3-1961.

Camp bell, R.B. (1963): Ge ol ogy of Quesnel Lake, sheet 93A (east
half), Brit ish Co lum bia; Geo log i cal Sur vey of Can ada, Map
1-1963.

Fox, P.E. (1975): Al ka line rocks and re lated min eral de pos its of
the Quesnel Trough, Brit ish Co lum bia (ab stract); Geo log i -
cal As so ci a tion of Can ada, Sym po sium on In tru sive Rocks
and Re lated Min er al iza tion of the Ca na dian Cor dil lera, Pro -
gram and Ab stracts, page 12.

Fox, P.E. (1991): A model for al ka line cop per-gold por phyry de -
pos its; ab stract; Geo log i cal As so ci a tion of Can ada – Min er -
al og i cal As so ci a tion of Can ada, Joint An nual Meet ing,
Pro gram with Ab stracts, page A39.

Fra ser, T.M., (1993): Ge ol ogy and al ter ation of the Mount Polley
alkalic por phyry cop per-gold de posit, Brit ish Co lum bia
(93A/12); in Geo log i cal Field work 1992, BC Min is try of
En ergy, Mines and Pe tro leum Re sources, Pa per 1993-1,
pages 295–300.

Fra ser, T.M. (1994): Hy dro ther mal brec cias and as so ci ated al ter -
ation of the Mount Polley cop per-gold de posit; in Geo log i -
cal Field work 1993, BC Min is try of En ergy, Mines and
Pe tro leum Re sources, Pa per 1994-1, pages 259–267.

Fra ser, T.M. (1995): Ge ol ogy, al ter ation and the or i gin of hy dro -
ther mal brec cias at the Mount Polley alkalic por phyry cop -
per-gold de posit, south-cen tral  Brit ish Co lum bia;
un pub lished M.Sc. the sis, Uni ver sity of Brit ish Co lum bia,
259 pages.

Fra ser, T.M., Stan ley, C.R., Nikic, Z.T., Pesalj, R., and Gorc, D.
(1995): The Mount Polley cop per-gold alkalic por phyry de -
posit, south-cen tral Brit ish Co lum bia; in Por phyry De pos its
of the North ern Cor dil lera, Schroeter, T.G., Ed i tor, Ca na -
dian In sti tute of Min ing and Met al lurgy, Spe cial Vol ume 46,
pages 609–622.

Hodgson, C.J., Bailes, R.J. and Versoza, R.S. (1976): Cariboo-
Bell; in Por phyry De pos its of the Ca na dian Cor dil lera,
Suther land Brown, A., Ed i tor, Ca na dian In sti tute of Min ing
and Met al lurgy, Spe cial Vol ume 15, pages 388–396.

Karlsson, H.R. and Clay ton, R.N. (1991): Analcime pheno crysts
in ig ne ous rocks: pri mary or sec ond ary? Amer i can Min er al -
o gist, Vol ume 76, pages 189–199.

Mathews, W.H. (1989): Neo gene Chil cotin bas alts in south-cen -
tral Brit ish Co lum bia: ge ol ogy, ages, and geomorphic his -
tory; Ca na dian Jour nal of Earth Sci ences, Vol ume 26, pages 
969–982.

McMullin, D.W.A. (1990): Thermobarometry of pelitic rocks us -
ing equi lib ria be tween quartz-gar net-alu mi no sili cate-mus -
co vite-bi o tite, with ap pli ca tion to rocks of the Quesnel Lake
area, Brit ish Co lum bia; un pub lished Ph.D. the sis, Uni ver -
sity of Brit ish Co lum bia, 291 pages.

Mortensen, J.K., Ghosh, D.K. and Ferri, F. (1995): U-Pb geo -
chron ol ogy of in tru sive rocks as so ci ated with cop per-gold
por phyry de pos its in the Ca na dian Cor dil lera; in Por phyry
De pos its of the Northwestern Cor dil lera of North Amer ica,
T. G. Schroeter, Ed i tor, Ca na dian In sti tute of Min ing, Met al -
lurgy and Pe tro leum, Spe cial Vol ume 46, pages 142–158.

Mortimer, N. (1987): The Nicola Group: Late Tri as sic and Early
Ju ras sic subduction-re lated vol ca nism in Brit ish Co lum bia;
Ca na dian Jour nal of Earth Sci ences, Vol ume 24, pages
2521–2536.

Mor ton, J.W. and Durfeld, R.M. (1998): Sum mary re port on the
Redgold por phyry cop per gold pro ject; BC Min is try of En -
ergy, Mines and Pe tro leum Re sources, As sess ment Re port
25 867.

Mor ton, R.L. (1976): Alkalic vol ca nism and cop per de pos its of the 
Horse fly area, central Brit ish Co lum bia; un pub lished Ph.D.
the sis, Carleton Uni ver sity, 196 pages.

Nel son, J.L. and Mihalynuk, M. (1993): Cache Creek Ocean:
closure or en clo sure? Ge ol ogy, Vol ume 21, Num ber 2, pages 
173–176.

Nixon, G.T., Archibald, D.A. and Heaman, L.M. (1993): 40Ar-
39Ar and U-Pb geochronometry of the Po laris Alas kan-type
com plex, Brit ish Co lum bia; pre cise tim ing of Quesnellia –
North Amer ica in ter ac tion; Geo log i cal As so ci a tion of Can -
ada – Min er al og i cal As so ci a tion of Can ada – Ca na dian
Geo phys i cal Un ion, Joint An nual Meet ing, Program with
Abstracts, page 76.

Palfy, J., Smith, P.L. and Mortensen, J.K. (2000): A U-Pb and 40Ar-
39Ar time scale for the Ju ras sic; Ca na dian Jour nal of Earth
Sci ences, Vol ume 37, pages 923–944.

Panteleyev, A. (1987): Quesnel gold belt – alkalic vol ca nic terrane
be tween Horse fly and Quesnel Lakes (93A/6); in Geo log i -
cal Field work 1986, BC Min is try of En ergy, Mines and Pe -
tro leum Re sources, Pa per 1987-1, pages 125–133.

Panteleyev, A. (1988): Quesnel min eral belt – the cen tral vol ca nic
axis be tween Horse fly and Quesnel Lakes (93A/5E, 6W); in
Geo log i cal Field work 1987, BC Min is try of En ergy, Mines
and Pe tro leum Re sources, Pa per 1988-1, pages 131–137.

Panteleyev, A. and Han cock, K.D. (1989): Quesnel min eral belt:
sum mary of the ge ol ogy of the Bea ver Creek – Horse fly
River map area; in Geo log i cal Field work 1988, BC Min is try
of En ergy, Mines and Pe tro leum Re sources, Pa per 1989-1,
pages 159–166.

Panteleyev, A., Bailey, D.G., Bloodgood, M.A. and Han cock, K.D. 
(1996): Ge ol ogy and min eral de pos its of the Quesnel River
– Horse fly map area, cen tral Quesnel Trough, Brit ish Co -
lum bia (NTS 93A/5, 6, 7, 11, 12, 13; 93B/9, 16; 93G/1;
93H/4); BC Min is try of En ergy, Mines and Pe tro leum Re -
sources, Bul le tin 97, 156 pages.

Preto, V.A. (1977): The Nicola Group: Me so zoic vol ca nism re -
lated to the rift ing in south ern Brit ish Co lum bia; in Vol ca nic
Re gimes in Can ada, Baragar, W.R.A., Coleman, L.C. and

Geo log i cal Field work 2004, Pa per 2005-1 269



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

Hall, J.M., Ed i tors, Geo log i cal As so ci a tion of Can ada, Spe -
cial Pa per 16, pages 39–57.

Preto, V.A., Osatenko, M.J., McMillan, W.J. and Armstrong, R.L.
(1979): Iso to pic dates and stron tium iso to pic ra tios for
plutonic and vol ca nic rocks in the Quesnel Trough and
Nicola Belt, south-cen tral Brit ish Co lum bia; Ca na dian
Jour nal of Earth Sci ences, Vol ume 16, pages 1658–1672.

Rees, C.J. (1987): The Intermontane – Omineca Belt boundary in
the Quesnel Lake area, east-cen tral Brit ish Co lum bia: tec -
tonic im pli ca tions based on ge ol ogy, struc ture and
paleomagnetism; un pub lished Ph.D. the sis, Carleton Uni -
ver sity, 421 pages.

Ross, J.V., Fillipone, J.A., Mont gom ery, J.R., Elsby, D.C. and
Bloodgood, M.A. (1985): Ge om e try of a con ver gent zone,
cen tral Brit ish Co lum bia, Can ada; Tectonophysics, Vol ume
119, pages 285–297.

Ross, J.V., Garwin, S.L. and Lewis, P.D. (1989): Ge ol ogy of the
Quesnel Lake re gion, cen tral Brit ish Co lum bia: ge om e try
and im pli ca tions; in Pro ceed ings, 7th In ter na tional Con fer -
ence on Base ment Tec ton ics, D. Reidel, Dordecht, Neth er -
lands, pages 1–23.

Ross, K.V. (2004): Al ter ation study of the North east zone, Mount
Polley Mine, Brit ish Co lum bia; un pub lished re port, Im pe -
rial Met als Cor po ra tion, 84 pages.

Schink, A.E. (1974): Ge ol ogy of the Shiko Lake stock, near
Quesnel Lake, Brit ish Co lum bia, un pub lished B.Sc. the sis,
Uni ver sity of Brit ish Co lum bia, 64 pages.

Shives, R.B.K., Car son, J.M., Ford, K.L., Holman, P.B. and
Cathro, M. (2004): Im pe rial Met als Corp. Mt. Polley 2003
multisensor geo phys i cal sur vey; BC Min is try of 
En ergy and Mines, Open File 2004-10.

Souther, J.G. (1977): Vol ca nism and tec tonic en vi ron ments in the
Ca na dian Cor dil lera – a sec ond look; in Vol ca nic Re gimes in 
Can ada, Baragar, W.R.A., Coleman L.C. and Hall, J.M., Ed -
i tors, Geo log i cal As so ci a tion of Can ada, Spe cial Pa per 16,
pages 3–24.

Struik, L.C. (1986): Imbricated ter ranes of the Cariboo gold belt
with cor re la tions and im pli ca tions for tec ton ics in south east -
ern Brit ish Co lum bia; Ca na dian Jour nal of Earth Sci ences,
Vol ume 23, pages 1047–1061.

Struik, L.C. (1987): The an cient west ern North Amer i can mar gin:
an al pine rift model for the east-cen tral Ca na dian Cor dil lera; 
Geo log i cal Sur vey of Can ada, Pa per 87-15, 19 pages.

Struik, L.C. (1988a): Re gional imbrication within Quesnel
Terrane, central Brit ish Co lum bia, as sug gested by cono dont 
ages; Ca na dian Jour nal of Earth Sci ences, Vol ume 25,
pages 1608–1617.

Struik, L.C. (1988b): Struc tural geology of the Cariboo gold min -
ing dis trict, east-cen tral Brit ish Co lum bia; Geo log i cal Sur -
vey of Can ada, Mem oir 421, 100 pages.

Suther land Brown, A. (1976): Mor phol ogy and classification; in
Por phyry De pos its of the Ca na dian Cor dil lera, Suther land
Brown, A., Ed i tor, Ca na dian In sti tute of Min ing and Met al -
lurgy, Spe cial Vol ume 15, pages 44–51.

Ten nant, S.J. (1997): 1997 – diamond drill ing as sess ment re port
on the Lloyd prop erty; BC Min is try of En ergy, Mines and
Pe tro leum Re sources, As sess ment Re port 25 300.

Ten nant, S.J. (1998): Di a mond drill ing re port on the Lloyd and
Nordik claim; BC Min is try of En ergy, Mines and Pe tro leum
Re sources, As sess ment Re port 25 651.

Ten nant, S.J. (2000): 2000 drill ing on the Lloyd prop erty; BC Min -
is try of En ergy, Mines and Pe tro leum Re sources, As sess -
ment Re port 26 495.

Tip per, H.W. (1959): Quesnel, Brit ish Co lum bia; Geo log i cal Sur -
vey of Can ada, Map 12-1959.

Tip per, H.W. (1978): North east ern part of Quesnel (93B) map-
area, Brit ish Co lum bia; in Cur rent Re search, Part A, Geo -
log i cal Sur vey of Can ada, Pa per 78-1A, pages 67–68.

Travers, W.B. (1977): Over turned Nicola and Ashcroft strata and
their re la tions to the Cache Creek Group, south west ern
Intermontane Belt, Brit ish Co lum bia; Ca na dian Jour nal of
Earth Sci ences, Volume 15, pages 99–116.

Wheeler, J.O. and McFeely, P. (1991): Tec tonic as sem blage map
of the Ca na dian Cor dil lera and ad ja cent parts of the United
States of Amer ica; Geo log i cal Sur vey of Can ada, Map
1712A, scale 1:2 000 000.

Wild, C. J. (1999): Di a mond drill ing re port on the Mount Polley
pro ject; BC Min is try of En ergy, Mines and Pe tro leum Re -
sources, As sess ment Re port 25 906.




