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Introduction

Hy dro ther mal and mag matic-hy dro ther mal brec cias are
com mon in por phyry Cu de pos its. De pend ing on their tim -
ing rel a tive to min er al iza tion and the na ture and gen e sis of
the brec cias, they can pro vide ei ther pref er en tial sites for
sul phide min eral de po si tion, lead ing to high-grade ore
zones, or they can pro vide fluid bar ri ers that re tard fluid
move ment, caus ing the ponding of min er al iz ing flu ids ad -
ja cent to low-grade or bar ren zones (Burnham, 1985;
Sillitoe, 1985; Zweng and Clark, 1985; Bushnell, 1988;
Serrano et al., 1996). Late brec cia for ma tion can also di lute
ore by mix ing frag ments of vari ably min er al ized rock, or by 
erupt ing, thereby vent ing po ten tially min er al iz ing flu ids to
the at mo sphere and di lut ing the grade of the rock mass
(e.g., Zweng and Clark, 1985; Cannell et al., 2005). Es tab -
lish ing those re la tions is there fore im por tant, as brec cias
can have strong influences on distribution of metals and the
economics of the deposit.

Lang et al. (1995b) noted that hy dro ther mal brec cia is pres -
ent in the sil ica-sat u rated and sil ica-undersaturated alkalic

por phyry de pos its of Brit ish Co lum bia. In the sil ica-sat u -
rated de pos its, the brec cia formed dur ing the main-stage
min er al iza tion, whereas, in the sil ica undersaturated de pos -
its, it is in ter preted to have formed pre–, syn–, and post–
main stage min er al iza tion. At Mount Polley, the brec cia is a 
ma jor host to ore grade Cu and Au (Fra ser et al., 1995; Lang 
et al., 1995b).

Mount Polley is one of a se ries of sil ica-undersaturated
alkalic Cu-Au por phyry de pos its in Brit ish Co lum bia that
formed in the Tri as sic to Early Ju ras sic Quesnel and Stikine 
ter ranes (Fig ure 1; Barr et al., 1976; Lang et al., 1995a; Lo -
gan and Mihalynuk, 2005). The Mount Polley de posit,
owned and op er ated by Im pe rial Met als Cor po ra tion, is
com posed of sev eral por phyry Cu-Au(-Ag) cen tres (Fig -
ure 2), most of which are brec cia hosted (Hodgson et al.,
1976; Fra ser, 1994a, b; Fra ser et al., 1995; Rees et al., 2005,
2006; Lo gan and Mihalynuk, 2005). The Cariboo, Bell and
Springer de pos its (Core zone) are hosted in part by hy dro -
ther mally brecciated in tru sive rocks, with veins ex tend ing
into sur round ing monzonite and diorite (Fra ser, 1994a, b;
Fra ser et al., 1995; Im pe rial Met als Cor po ra tion, 2007). In
con trast, the North east zone, cur rently be ing mined in the
Wight pit, is pre dom i nantly hosted by a polylithic hy dro -
ther mal brec cia body (Deyell, 2005; Deyell and Tosdal,
2005; Jack son et al., 2007; Pass et al., 2007; Imperial
Metals Corporation, 2007).
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Geological Framework of the Mount Polley
District

The Mount Polley alkalic por phyry Cu-Au de posit lies
along the east ern mar gin of the Intermontane Belt, close to
the bound ary with the Omineca Belt. Up per Pa leo zoic to
Lower Me so zoic vol ca nic, plutonic and sed i men tary rocks
of the Quesnel Terrane are the prin ci pal rocks un der ly ing
the re gion (Panteleyev et al., 1996; Lo gan and Mihalynuk,

2005). The Quesnel Terrane con sists pri mar ily of Late Tri -
as sic to Early Ju ras sic mag matic-arc com plexes formed
above an east-dip ping subduction zone (Mortimer, 1987).
Mount Polley is one of a chain of alkalic in tru sion–re lated
por phyry Cu-Au de pos its that de vel oped at in ter vals along
the arc (Barr et al., 1976; Lang et al., 1995a).

The Mount Polley de posit is hosted by a multiphase alkalic
in tru sive com plex (Fig ure 2). The in tru sive com plex is a
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Fig ure 1. Lo ca tion of alkalic por phyry Cu de pos its in Brit ish Co lum bia, show ing lo ca tion of Mount Polley with re spect to
the other de pos its and to the Tri as sic and Early Ju ras sic Quesnel and Stikine ter ranes.



north- to north west-trending body com posed pri mar ily of
equigranular to por phy ritic diorite, monzodiorite and
monzonite in truded by syenite dikes. Ura nium-lead and
40Ar-39Ar ages from sev eral of the in tru sive phases in the
com plex give dates be tween 201 and 205 Ma, in di cat ing a
Late Tri as sic age (Bailey and Archibald, 1990; Mortensen
et al., 1995; Logan et al., 2007).

Diorite and monzodiorite are the old est in tru sive rocks in
the com plex (Lo gan and Mihalynuk, 2005; Rees et al.,
2005, 2006) and con sist largely of augite and plagioclase
with mi nor K-feld spar in the monzodiorite. Monzonite, the
most abun dant rock type, con sists of augite and lesser bi o -
tite, and subequal amounts of plagioclase and K-feld spar.
Monzonite can be equigranular or por phy ritic and is com -
monly red dish due to per va sive fine-grained he ma tite
along grain bound aries. The he ma tite forms a halo around
the orebody, and is an al ter ation com mon to many alkalic

por phyry sys tems (e.g., Wil son et al., 2003; Holliday and
Cooke, 2007). Equigranular monzonite is the prin ci pal
hostrock to brec cia in the North east zone and is the most
com mon clast type in that brec cia. A dis tinc tive,
megacrystic, K-feld spar–phyric monzonite is pres ent as
clasts within brec cia and also forms dikes or small elon gate
in tru sive bod ies out side the brec cia bod ies where they are
spa tially as so ci ated with most of the min er al ized cen tres
(Fra ser, 1994b; Fra ser et al., 1995; Lo gan and Mihalynuk,
2005; Lo gan et al., 2007). The megacrystic K-feld spar–
phyric monzonite in tru sions are thought to be associated
with the hydrothermal system (Logan et al., 2007).

Core Zone (Springer-Bell-Cariboo Deposits)

The Mount Polley mine opened in 1997, with ini tial min ing
in the Cariboo and Bell orebodies (Fra ser, 1994b; Fra ser et
al., 1995; Im pe rial Met als Cor po ra tion, 2007). Early work
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Fig ure 2. Gen er al ized ge ol ogy of the Mount Polley re gion, show ing lo ca tion of min er al ized cen tres in the de posit (adapted from Lo gan and
Mihalynuk, 2005; Rees et al., 2005).



on these min er al ized zones iden ti fied con cen tri cally zoned
al ter ation as sem blages, a cen tral potassic zone, sur rounded
suc ces sively by gar net-epidote and a dis tal propylitic
fringe (Hodgson et al., 1976; Bailey and Hodgson, 1979).
Fra ser et al. (1995) sub se quently showed that the gar net-
epidote was spa tially re stricted and did not form a con cen -
tric zone. Within the potassic zone, Cu-Fe sulphides are
hosted in hy dro ther mal brec cia and lesser veins (Fra ser,
1994a, b; Fra ser et al., 1995). Diorite, monzodiorite, and
monzonite of the Mount Polley com plex are the coun try
rock to the brec cia (Fig ure 3). Megacrystic K-feld spar–
por phyry dikes and small el lip ti cal stocks are pres ent in the
area (Fraser et al., 1995; Rees et al., 2005).

The Cariboo de posit (Cen tral zone in Fra ser, 1994a, b) is
de vel oped in pink, potassically al tered, frac tured or
brecciated diorite. Cal cite, epidote, actinolite and
microcline oc cur as brec cia ce ment, within mi nor veins and 
as a re place ment style of al ter ation. This al ter ation as sem -
blage is more in tense in more strongly min er al ized rock.
Mag ne tite as a brec cia ce ment and veins is spa tially highly
vari able (Fra ser et al., 1995) but cor re lates with Cu and Au
grade (Im pe rial Met als Cor po ra tion, 2007). Chal co py rite is 
pre dom i nantly dis sem i nated as a ce ment to the brec cia, and
less com monly as dis sem i na tions or in veinlets that cut the
country rock and breccia.

The Bell de posit (Cen tral zone in Fra ser, 1994a, b), es sen -
tially a north ward ex ten sion of the Cariboo de posit (Fig -
ures 2 and 3), is de vel oped in K-feld spar–al tered,
brecciated monzodiorite and monzonite. Chal co py rite is
pres ent as brec cia ce ment, as well as dis sem i nated and infill 
to veins. Hypogene bornite, chalcocite, covel lite and
digenite are also pres ent, in di cat ing that the hy dro ther mal
fluid evolved to ward high-sulphidization min eral as sem -
blages (Einaudi et al., 2003). The Cariboo is char ac ter ized
by a greater abun dance of py rite than the ad join ing Cariboo
(Imperial Metals Corporation, 2007).

The Springer de posit (West zone in Fra ser, 1994a, b) is de -
vel oped in strongly K-feld spar– and al bite-al tered brec cias
(Fra ser et al., 1995; Im pe rial Met als Cor po ra tion, 2007).
Rocks are fre quently red dish due to the ubiq ui tous fine-
grained he ma tite. Chal co py rite is pres ent as brec cia ce -
ment, as well as dis sem i nated and infill to veins. Mi nor
bornite and trace quan ti ties of covel lite, chalcocite and
digenite are also pres ent. Al bite veins pres ent out side the
brec cia cut older K-feld spar and actinolite veins, indicating 
a late alteration stage.

Hy dro ther mal brec cia in each zone is heterolithic, com -
posed of clasts of diorite and monzonite with mi nor al tered
mafic rocks (Fra ser, 1994a, b; Fra ser et al., 1995). Us ing the 
ter mi nol ogy of Davies (2002; Davies et al., 2003), clast or -
ga ni za tion in the brec cias ranges from jig saw fit with an gu -
lar clasts (in dic a tive of in situ frag men ta tion and lit tle to no

trans port) to a cha otic or ga ni za tion with rounded clasts (in -
ter preted to in di cate sig nif i cant trans port and mill ing of
clasts). Clast mar gins lo cally are par tially re placed by
actinolite, bi o tite or al bite. Sil i cate al ter ation min er als and
Cu-Fe sul phide min er als ce ment the clasts. Actinolite with
minor chalcopyrite veins cut the breccia (Fraser, 1994b).

Fra ser (1994a, b; Fra ser et al., 1995) di vided the hy dro ther -
mal brec cias in the Cariboo-Bell and Springer de pos its into
four types, based on dom i nant sil i cate ce ment min er al ogy:
bi o tite, actinolite, al bite and mag ne tite. Al bite-ce mented
brec cia in the Springer is char ac ter ized by the pres ence of
tab u lar al bite and lesser bi o tite, mag ne tite and sulphides as
brec cia ce ment. Clast bound aries are dif fuse and al bite has
ex ten sively re placed the clasts. Bi o tite- and actinolite-ce -
mented brec cia char ac ter ize the Cariboo and Bell. The
actinolite-ce mented brec cia dom i nates the Bell, whereas
the bi o tite-ce mented brec cia dom i nates the Cariboo (Fig -
ure 3). Fra ser et al. (1995) re ported that the tran si tion be -
tween the two brec cia ce ments is gradational. Actinolite or
bi o tite forms the dom i nant brec cia ce ment and con tains Cu-
Fe sul phide min er als in vary ing amounts. In the actinolite
brec cia, K-feld spar re places brec cia clast mar gins and also
forms al ter ation selvages around actinolite-sul phide veins
that cut the coun try rock and brec cia. In the bi o tite-ce -
mented brec cia, the clasts are mod er ately to com pletely re -
placed by K-feld spar (Fra ser, 1994b). Al bite-ce mented
breccia overprints actinolite-cemented breccia in the
northern part of the Bell pit.

Mag ne tite-ce mented brec cias are un com mon (Fra ser,
1994b). Where pres ent, how ever, they are com monly as so -
ci ated with el e vated Cu con cen tra tions (Im pe rial Met als
Cor po ra tion, 2007). Clasts in these brec cias are also par -
tially re placed by K-feld spar. Sul phide and sparse
pyroxene are also present as breccia cement.

Northeast Zone (Wight Pit)

The North east zone (Wight pit) is dis tinctly higher grade
than other Mount Polley de pos its and con sists of coarser
grained Cu-Fe sulphides than the Cariboo, Bell or Springer
ores. The av er age Cu grade in this zone is 0.8–1.0%, which
is ap prox i mately three times higher than the other zones
(Im pe rial Met als Cor po ra tion, 2007).

Cop per-iron sulphides in the Wight pit are con fined to a
dom i nantly polylithic brec cia body (Fig ure 4) hosted in a
dis tinctly he ma tite-dusted monzonite (Jack son et al., 2007;
Lo gan et al., 2007; Pass et al., 2007; Im pe rial Met als Cor -
po ra tion, 2007). The brec cia body is ir reg u lar in shape and
in truded by mul ti ple gen er a tions of post-min eral, pet ro log -
i cally re lated dikes and cut by post-min eral faults. The
brec cia ap pears to be di vis i ble into two seg ments (Fig -
ure 4). A north ern seg ment ap pears to nar row with depth
(Pass et al., 2007), where it is ex ten sively in truded by post-
brec cia bar ren dikes. A south ern seg ment is fault bounded,
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form ing a dis cor dant wedge be tween the Green Gi ant fault,
the Brown Wall fault and po ten tially a fault that cuts the
brec cia obliquely, sep a rat ing the south ern from the north -
ern end (Fig ure 4). The brec cia con sists of jig saw-fit, ro -
tated and cha otic fa cies, which re flect in creas ing de grees of 
trans port dur ing brecciation. Ap prox i mately 90% of brec -
cia clasts are equigranular, augite-bear ing, monzonite

coun try rock. The breccia also contains clasts of mafic rock
and strongly altered material.

Lo cally, a sig nif i cant per cent age (up to 10% over all but lo -
cally greater than 50%) of the brec cia is com posed of K-
feld spar megacrystic monzonite por phyry clasts, many of
which have fine-grained mar gins and glob u lar shapes, im -
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Fig ure 3. Pre-min ing sur face geo log i cal map of the ‘Cen tral and West’ zones, now re ferred to as the Core
zone (mod i fied from Fra ser et al., 1995).



ply ing they were still hot and able to plas tic ally de form at
the time of brecciation (Rees et al., 2006; Jack son et al.,
2007). Equigranular to plagioclase-phyric monzonite is the 
most vol u met ri cally sig nif i cant in tru sive phase of the
Mount Polley com plex, and is the dom i nant clast type in the 
breccia.

Al ter ation is char ac ter ized by red dish K-feld spar, cal cite
and a mar ginal zone marked by fine-grained andraditic gar -
net. Sig nif i cant hy dro ther mal mag ne tite is not pres ent, in
con trast to the Cariboo-Bell and Springer zones (Im pe rial
Met als Cor po ra tion, 2007). Chal co py rite oc curs as a ce -
ment in both jig saw-fit brec cia and in ma trix-poor, clast-
sup ported, polylithic cha otic brec cia. Bornite ac com pa nies
chal co py rite in the high-grade core of the orebody (Deyell,
2005; Deyell and Tosdal, 2005; Pass et al., 2007), where it
com monly rims and lo cally re places chal co py rite, be com -
ing the dom i nant Cu-Fe sul phide. Py rite is sparse to ab sent
in the high-grade core but in creases to wards the outer parts

(Im pe rial Met als Cor po ra tion, 2007). A sec ond gen er a tion
of vol u met ri cally mi nor Cu-Fe sul phide–bear ing veinlets
fol lowed intrusion of post-breccia, equigranular, augite-
bearing monzonite dikes.

The bulk of sul phide min eral de po si tion is ac com pa nied by
bi o tite ce ment and al ter ation of clasts, with the high est Cu
grades found near the con tact be tween bi o tite-dom i nant
and K-feld spar–dom i nant as sem blages (Jack son et al.,
2007; Pass et al., 2007). Mag ne tite is pres ent at depth be -
neath the Cu-Fe sul phide min er als but is not as so ci ated
with higher Cu grades, in con trast to the sit u a tion in the
Cariboo and Bell pits (Im pe rial Met als Cor po ra tion, 2007).
The mag ne tite at depth is over printed by a late al bite-
epidote as sem blage. He ma tite dust ing and car bon ate blebs
are ubiq ui tous through out and around the ore zone. Late
quartz-seri cite-py rite and car bon ate-py rite as sem blages
are localized along fractures, faults and veins (Pass et al.,
2007).
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Fig ure 4. Sur face map of North east Zone brec cia be ing de vel oped in the Wight pit.



Most of the brec cia mar gins are trun cated by post-brec cia
faults or are ex ploited by post-brec cia dikes, lead ing to a
highly ir reg u lar map pat tern (Fig ure 4). Where brec cia
mar gins are pre served, there is a gra da tion from co her ent
coun try rock to jig saw-fit brec cia to ro tated and cha otic
brec cias. Pre served brec cia mar gins are rare, so the orig i nal 
vol ume and ge om e try of the brec cia body is poorly
constrained.

Hydrothermal Breccia in Alkalic Porphyry
Systems

It is ev i dent that, in the orebodies that have been mined or
are be ing mined at Mount Polley, there is a close re la tion -
ship be tween hy dro ther mal brec cia and eco nomic Cu-Fe
sul phide min er als (Lang et al., 1995b; Im pe rial Met als Cor -
po ra tion, 2007). Fur ther more, there is also an as so ci a tion
be tween Cu grade and the ap par ent in ten sity of brecciation, 
as the Core zone (Cariboo-Bell-Springer) con tains both
brec cia- and vein-hosted Cu, whereas the higher grade
North east zone is en tirely hosted in brec cia (Fra ser et al.,
1995; Lang et al., 1995; Imperial Metals Corporation,
2007).

De spite the dif fer ences in grade and brecciation style, there
are sim i lar i ties be tween the orebodies at Mount Polley.
They all have a high-tem per a ture core con sist ing of
potassic al ter ation min er als (K-feld spar and bi o tite) that
are typ i cal of most por phyry Cu de pos its re gard less of com -
po si tion (Seedorff et al., 2005). Actinolite as so ci ated with
Cu-Fe sul phide min er als is also com mon in all the Core
zone de pos its, al though it is rare in the North east zone. The
pres ence of actinolite in di cates a calcpotassic as sem blage
in the high-tem per a ture por tions of the de pos its, a char ac -
ter is tic found in most alkalic por phyry sys tems world wide
(Lang et al., 1995b; Wilson et al., 2003; Holliday and
Cooke, 2007).

The wide spread pres ence of hy dro ther mal brec cia in the
ore zones of Mount Polley dis tin guish this alkalic sys tem
from many of the other alkalic por phyry sys tems in Brit ish
Co lum bia. Hy dro ther mal brec cias are re ported to be com -
mon at Ga lore Creek (Enns et al., 1995), where they in part
host Cu-Au ore but can also lack any sig nif i cant Cu and Au
val ues (Lang et al., 1995b). Of the many de pos its around
the Iron Mask batholith, only the DM and Cres cent de pos its 
are hosted in sig nif i cant hy dro ther mal brec cia (Lang et al.,
1995b). Hy dro ther mal brec cias are pres ent but re port edly
in sig nif i cant at Cop per Moun tain and Mount Milligan
(Lang et al., 1995b; Sketchley et al., 1995). It is in ter est ing
that, al though the ton nage of the var i ous de pos its var ies
con sid er ably, grade cor re lates with the pres ence of sig nif i -
cant brec cia, with Mount Polley and Ga lore Creek both
hav ing gen er ally higher grades than do sys tems lack ing sig -
nif i cant brec cia (see Ta ble 1 in Lang et al., 1995b).

Hy dro ther mal brec cia forms where the am bi ent fluid pres -
sure ex ceeds the lithostatic load of the over ly ing rock col -
umn cou pled with the ten sile strength of the sur round ing
rock (Burnham, 1985). Thus, brec cia should form more
eas ily in shal low up per-crustal en vi ron ments. As such, it is
tempt ing to sug gest that Mount Polley rep re sents one of the
shal lower alkalic por phyry de pos its in BC. As an anal ogy,
Zweng and Clark (1995) used fluid in clu sions from the
brec cia-hosted Toquepala por phyry Cu-Mo sys tem
(>800 mil lion tonnes) in south ern Peru to sug gest that it
formed at much shal lower depths than the nearby vein-
dom i nated Cuajone por phyry Cu-Mo de posit (>1200 mil -
lion tonnes). Un for tu nately, most alkalic por phyry sys tems
in Brit ish Co lum bia lack the ap pro pri ate min er als from
which depth of for ma tion can be de ter mined, and geo log i -
cal con straints on the scale of post-min eral ero sion and de -
for ma tion of the Tri as sic and Early Ju ras sic de pos its are
lim ited. These two fac tors have, to date, pre cluded the es -
tab lish ment of any in de pend ent constraints on the depth of
formation of these systems (Lang et al., 1995b).
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