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Introduction

Por phyry cop per de pos its are one of the world’s pri mary
sources of Cu, Mo and, to a lesser de gree, Au (Lowell and
Guilbert, 1970; Sillitoe, 1979). They are typ i fied by large
re gions of hy dro ther mally al tered rock that ex tend out ward
from a caus ative in tru sion (Lowell and Guilbert, 1970;
Dilles et al., 2000; Seedorf et al., 2005; Cannell et al.,
2005). Al ter ation zone pat terns are com monly com plex
ow ing to mul ti ple pulses of hy dro ther mal flow that re sult in 
mul ti ple, over print ing, al ter ation events and/or com plex
fluid flow paths. Be ing able to rec og nize the dis tal hy dro -
ther mal foot print of a por phyry sys tem and un der stand its
spa tial and tem po ral re la tion ships to the min er al ized core is 
fun da men tal to un der stand ing the development of, and
exploring for, such systems.

The Taseko Lakes area of Brit ish Co lum bia is lo cated near
the east ern limit of the Coast Plutonic Com plex, and it is
along this bound ary that many im por tant subalkaline Cu-
(Mo-Au) por phyry de pos its are lo cated. Ex am ples of por -
phyry de pos its in clude the Pros per ity de posit, for merly
known as Fish Lake, and the Taseko Em press and Chita
show ings (Fig ure 1). This study fo cuses on a por phy ritic in -
tru sion, in for mally named the Hub, ex posed along the
Tchaikazan River near Fishem Lake (Fig ure 2). The moun -
tains im me di ately north of this ex po sure are char ac ter ized
by large ex panses of largely propylitically al tered Cre ta -
ceous andesitic and ma rine sed i men tary rocks. Small cop -
per min eral show ings are known within this ex panse of al -
tered rock. Three of these show ings — the Hub, Char lie and 
North west Cop per — have been ex am ined as part of this
study. The Char lie and North west Cop per show ings were

named by In ter na tional Jaguar Equities Inc. (MINFILE
092O 043; MINFILE, 2007).

The main ob jec tives of this study, which has been un der -
taken as an M.Sc. pro ject by the se nior au thor, are to de -
velop a frame work for the evo lu tion and de vel op ment of
the show ings and as sess their re la tion ships to con cep tual
mod els of por phyry min er al iza tion within a mag matic-hy -
dro ther mal sys tem. To at tain these ob jec tives, de tailed
maps of ge ol ogy, al ter ation and min er al iza tion of se lected
ar eas will be pro duced. Petrographic anal y sis is key in or -
der to rec og nize sub tle vari a tions in min eral as sem blages
and tex tures. Fluid in clu sions will be used to de ter mine the
phys i cal con di tions of min er al iza tion. Geo chron ol ogy will
be used as a tool to de ter mine the age of min er al iza tion by
iso to pic dat ing of in tru sions, coun try rocks and al ter ation
assemblages. The current paper is a summary of the second
season of field work.

In te gra tion of de tailed geo log i cal and al ter ation map ping,
geo chron ol ogi cal and geo chem i cal in for ma tion is es sen tial 
to fully un der stand the mag matic-hy dro ther mal sys tem
within the Taseko Lakes region.

Regional Geological Setting

The Taseko Lakes area of Brit ish Co lum bia is lo cated near
the east ern limit of the Coast Plutonic Com plex, and it is
along this bound ary that many im por tant subalkaline Cu-
(Mo-Au) por phyry de pos its are lo cated, in clud ing the Pros -
per ity and Taseko Em press de pos its and the Chita showing.

The study area strad dles the bound ary be tween the south -
west and south east Coast Belt. The south west Coast Belt
con sists of Mid dle Ju ras sic to mid-Cre ta ceous plutonic
rocks and Early Cre ta ceous vol ca nic rocks (Mc Laren,
1990). The south east Coast Belt in cludes rocks of the
Bridge River accretionary com plex, the Cadwallader arc
terrane and over ly ing clastic rocks of the Tyaughton-
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Methow Ba sin (Schiarizza et al., 1997; Mon ger and
Journeay, 1994).

The field area was mapped by Tip per (1969) at a scale of
1:1 000 000 as part of a re gional map ping pro ject. More re -
cently, Mc Laren (1990) and Is rael (2001) have mapped
parts of the area. A short study of al ter ation as sem blages in
the vi cin ity of the North west Cop per show ing was done as
part of an un der grad u ate hon ours the sis at the Uni ver sity of
Brit ish Co lum bia (Bruce, 2000). The study area is lo cated
ap prox i mately 10 km south of the well-de fined Pros per ity
Cu-Mo por phyry de posit and 50 km south of Wil liams Lake 
(Fig ure 1). Sev eral past-pro duc ing de pos its, in clud ing the
Pellaire (Au) and Taseko Em press (Cu-Au) mines, are lo -
cated within the dis trict, in a zone that has been ex plored for 
po ten tial eco nomic tar gets for over a cen tury.

Geological Setting of the Study Area

Introduction

The study area is un der lain by sev eral rock units of Cre ta -
ceous age. These in clude vol ca nic and vol cano-sed i men -
tary rocks of the Early Cre ta ceous Tchaikazan River suc -
ces sion and Late Cre ta ceous Powell Creek For ma tion
(Mc Laren, 1990; Is rael, 2001). The three min eral show ings 
that are the fo cus of this study are hosted by these Cre ta -
ceous rocks. In this re port, the Char lie and North west Cop -

per min eral pros pects are de scribed to gether, sep a rately
from the de scrip tion of the Hub show ing. This sep a ra tion is
based upon dif fer ences in rock types, min er al iza tion and al -
ter ation ob served at the three show ings. Hub is the in for mal 
name given to a se ries of geo log i cal trenches that par al lel
the Tchaikazan River (Fig ure 2). Rocks pres ent in these
trenches are an al tered por phy ritic granodiorite, a diorite, a
mag ne tite±bi o tite–ce mented ig ne ous brec cia, and a late-
stage, al tered quartz-feld spar (QF) por phyry dike that cuts
the granodiorite and the brec cia. Cop per-mo lyb de num
min er al iza tion at the Hub show ing is dis sem i nated within
all three of these rock types. The Char lie and North west
Cop per pros pects are lo cated ap prox i mately 300 m top o -
graph i cally above the Hub show ing. Cop per-mo lyb de num
min er al iza tion at these show ings oc curs in veins that are
typically within the volcanic facies of both the Tchaikazan
River succession and the Powell Creek Formation.

Hostrocks

Powell Creek Formation

The Powell Creek For ma tion was pre vi ously de scribed by
Hollis et al. (2007). Sim ply, it is an ex ten sive pack age of
interbedded, nonmarine vol ca nic and volcaniclastic rocks
of Late Cre ta ceous age (Schiarizza et al., 1997). Hostrocks
to the North west Cop per pros pect are mas sive, ma roon an -
de site flows; vol ca nic brec cias; and resedimented vol ca nic

56 Geoscience BC Sum mary of Ac tiv i ties 2007

Fig ure 1. Lo ca tions of ma jor al ka line and calcalkaline por phyry cop per de pos its in Brit ish Co lum bia. The in set map shows the lo ca tion of
ma jor de pos its within the Taseko Lakes study area.



flow units. The mas sive fa cies con sists of large pack ages of
vol ca nic rocks char ac ter ized by por phy ritic or aphyric tex -
tures. An de site is the dom i nant rock type in the mas sive fa -
cies. Plagioclase and hornblende are the dom i nant
phenocryst com po nents in the an de site and are typ i cally al -
tered to chlorite. The age of the Powell Creek For ma tion is
in ter preted to be Cenomanian (Schiarizza et al., 1997). In -
tru sive rocks are pres ent through out North west Cop per
pros pect; these are typ i cally feld spar-hornblende por phyry
dikes and diorite in tru sions. The age of the in tru sive rocks
is as yet un known but they may be as young as Eocene. The
base of the Powell Creek For ma tion is in truded by the
92 Ma Dick son-McClure batholith and Schiarizza et al.
(1997) noted that the for ma tion over lies Albian–
Cenomanian rocks. The base of the Powell River For ma -

tion must there fore be Turonian (93.5 ±0.8 to 89.3 ±1 Ma)
in age.

Volcanic Facies of the Tchaikazan River Succession

The vol ca nic fa cies of the Tchaikazan River suc ces sion is
dom i nated by the in ter ca la tion of sub aque ous to subaerial
vol ca nic rocks, typ i cally an de site in com po si tion (Is rael,
2001), with mi nor, shal low ma rine, clastic sed i men tary
rocks. The vol ca nic fa cies stratigraphically over lies the
sed i men tary rocks of the Tchaikazan River suc ces sion.
Mas sive an de site flows, some greater than 50 m thick, dom -
i nate the up per part of the vol ca nic fa cies (Fig ure 3a).
Peperitic con tacts (Fig ure 3e) with the sed i men tary rocks
are also pres ent at higher el e va tions, par tic u larly near the
Char lie show ing. Since peperite tex tures form as a re sult of
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Fig ure 2. Ge ol ogy of the Taseko Lakes study area.
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Fig ure 3. Pho to graphs of the Char lie show ing: a) view of the Char lie show ing, taken from the Hub show ing; the rusty red out crops are phyllic 
al tered rocks, con trast ing with the propylitic al tered an de site; b) comb tooth quartz vein in an de site hostrock; c) comb tooth quartz vein with
cen tre fill of coarse, dis sem i nated chal co py rite cen tre fill; d) epidote and quartz-car bon ate stock work vein ing; e) peperite con tact be tween
sed i ments and an an de site; and f) area of per va sive car bon ate al ter ation in propylitic al tered an de site of the Tchaikazan River Suc ces sion.



the in tru sion and sub se quent min gling of magma with un -
con sol i dated or poorly con sol i dated, typ i cally wet, sed i -
ments (White et al., 2000), their oc cur rence in the study
area in di cates the close re la tion ship between subaqueous
and volcanic environments in the Early Cretaceous rocks.

Sedimentary Facies of the Tchaikazan River
Succession

The sed i men tary fa cies of the Tchaikazan River suc ces sion
is highly vari able in grain size, bed thick ness, sed i men tary
struc ture and rock type. Com mon rock types in clude me -
dium- to coarse-grained, well-sorted sand stone, con glom -
er ate, siltstone and mudstone. Soft sed i ment de for ma tion is
com mon, par tic u larly in interbedded se quences of
mudstone and me dium- to coarse-grained sand stone. Bed -
ding is of ten pla nar and some times un du lat ing, but con tacts
are gen er ally sharp. Black mudstone dom i nates and is of ten 
found in as so ci a tion with lenses of fine sand stone. Rocks of 
the sed i men tary fa cies are of ten in ter ca lated with mi nor
vol ca nic rocks of the Tchaikazan River suc ces sion, es pe -
cially toward the inferred upper parts of the sedimentary
facies.

Many parts of this sed i men tary se quence have been in ter -
preted in this study as parts of a Bouma Se quence. In the ory, 
a Bouma Se quence com prises clastic sed i ments de pos ited
in re sponse to a wan ing turbidite flow. A com plete Bouma
Se quence, from base to top, con sists of lam i nated siltstone
and fine pe lagic mudstone, crosslaminated sand stone with
rip ple mark, par al lel-lam i nated sand stone, mas sive sand -
s tone and a  h ighly ero  s ive base wi th  tool  mark
(Shanmugam, 1997). The sed i men tary fa cies of the
Tchaikazan Suc ces sion con sists of coarse, cha otic clastic
sed i men tary rocks, of ten over lain by suc ces sively finer
grained, well-bed ded sand stone and mudstone. The B, C
and E fa cies of a Bouma Se quence were fre quently ob -
served in the sed i men tary fa cies of the Tchaikazan River
suc ces sion. The B fa cies was the most com mon, form ing
well-bed ded, par al lel-lam i nated sand stone. Fos sil ma te rial
was ob served within the sed i men tary rocks, typ i cally con -
sist ing of cri noids, bi valves and brachi o pods, to gether with
abundant trace fossils. Bioturbation occurs in finer grained
units.

Areally ex ten sive pack ages of sed i ment-dom i nated fa cies
and a vol ca nic-dom i nated fa cies of the Tchaikazan River
suc ces sion dom i nate the Char lie and North west Cop per
show ings, form ing the hostrocks to por phyry-style min er -
al iza tion and al ter ation. Fos sil ev i dence from these units
sug gests an age as old as 140 Ma (Berrasian), whereas U-Pb 
dates from abraded zir con frac tions from a cross cut ting in -
tru sion (Mc Laren, 1990; Is rael et al., 2006)) sug gest an age
older than 102 ±2 Ma, which is consistent with fossil
evidence.

Showings Studied

Hub Showing

The Hub min eral show ing is a pros pect that is ex posed in
geo log i cal trenches along the Tchaikazan River. Sev eral ig -
ne ous rock types, in clud ing a por phy ritic granodiorite (Fig -
ure 4), a diorite, and a quartz-feld spar por phyry dike
(QF por phyry) ac count for greater than 90 % of all
exposure.

Intrusive Rocks

The in tru sive rocks ex posed at the Hub show ing are
granodiorite to diorite in com po si tion. Sev eral in tru sive
phases have been rec og nized:

1) The main phase is coarsely crys tal line granodiorite with
a strong por phy ritic tex ture. The granodiorite is com -
posed of zoned plagioclase (~50%), quartz (~20%), bi o -
tite (10–25%) and hornblende (5%) pheno crysts in an
apha ni tic, plagioclase-quartz–dom i nated groundmass
(Fig ure 4a).

2) A diorite in tru sion ap pears to cross cut the main phase
granodiorite. The diorite is iden ti fi able by changes in
min er al ogy that are in con trast to the granodiorite. The
rock is darker than the granodiorite and ap pears to con -
tain a greater per cent age of bi o tite and hornblende.

3) Quartz-feld spar (QF) por phyry dif fers from other in tru -
sive rocks in that it is clearly a lin ear in tru sion, likely a
dike, that trends ap prox i mately north west and is ap -
prox i mately 3 m thick. The dike is highly al tered. It has a 
strongly por phy ritic tex ture with plagioclase (~35%)
and hornblende pheno crysts (15–20%), with chlorite re -
plac ing pri mary hornblende. The groundmass is apha ni -
tic and ap pears to be largely dom i nated by al tered feld -
spar. The QF por phyry is youn ger than the other
in tru sive phases as it cuts across them and dis plays

chilled mar gins.

The Hub granodiorite has a cool ing age (Ar-Ar, bi o tite) of
80.53 ±0.42 Ma. The diorite yielded a cool ing age (Ar-Ar,
bi o tite) of 79.56 ±0.42 Ma (T. Ullrich, pers. comm., 2006).
The late QF por phyry dike is unmineralized and cross cuts
both these ig ne ous phases, and is there fore youn ger and
post-min er al iza tion. A whole rock age of 77.2 ±2.8 Ma (T.
Ullrich, pers. comm., 2006) was ob tained for the Pros per ity 
de posit by J.E. Harakal at the Uni ver sity of Brit ish Co lum -
bia. This is con sid ered to be the age of min er al iza tion at the
Pros per ity de posit and is sim i lar to that in ferred for
mineralization at the Hub showing.

Hydrothermal Alteration

The granodiorite at the Hub show ing is mod er ately to
strongly al tered. Pri mary plagioclase is typ i cally si lici fied
and may be re placed by sec ond ary seri cite (Fig ure 4b) and
quartz–mag ne tite±K-feld spar al ter ation is ex ten sive. This
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Fig ure 4. Pho to graphs from the Hub show ing: a) al tered mag ne tite-bi o tite granodiorite in con tact with mag ne tite-bi o tite–ce mented ig ne ous 
brec cia; b) si lici fied re ac tion front with highly al tered granodiorite and mag ne tite-bi o tite–ce mented brec cia; c) an gu lar mag ne tite-al tered
clast in par tially al tered granodiorite; d) coarse dis sem i nated chal co py rite in cen tre of quartz-mag ne tite vein; and e) cross cut ting quartz
veins with sec ond ary Fe-stain ing, prob a bly a re sult of supergene weath er ing of py rite.



al ter ation grades into hy dro ther mal bi o tite, K-feld spar, and
mag ne tite al ter ation (Fig ure 4c) which ex ten sively de vel -
oped in the granodiorite, diorite and brec cia with clasts
show ing per va sive quartz-bi o tite. K-feld spar crys tals in
this zone ex hibit reg u lar con cen tric zon ing. Subeconomic
quartz–py rite±chal co py rite±mo lyb de nite veins with
chlorite selvages are pres ent in this al tered zone (Fig -
ure 4d, e). Mag ne tite flood ing ap pears to have af fected the
granodiorite along most of the trench ex po sures. The mag -
ne tite ap pears to be paragenetically as so ci ated with the K-
feld spar, quartz, py rite, chal co py rite and mo lyb de nite. The
granodiorite shows mod er ate to weak potassic al ter ation
con tain ing the growth of secondary K-feldspar and biotite
in the groundmass (Figure 3a).

The al tered QF por phyry cuts the granodiorite, diorite, and
mag ne tite±bi o tite–ce mented brec cia. The granodiorite,
diorite and brec cia are as so ci ated with por phyry style,
stock work quartz vein ing, potassic al ter ation, sili ci fi ca tion 
and dis sem i nated Cu-Au mineralization.

Hydrothermal Breccia

A mag ne tite±bi o tite–ce mented brec cia is vol u met ri cally
the most abun dant al ter ation fa cies. It is, how ever, poorly
ex posed and its geo log i cal ar chi tec ture and ex tent are
there fore am big u ous. The brec cia is poorly sorted, con tain -
ing up to 30% clasts (whose com po si tion ap pears to be
mostly in tensely mag ne tite-flooded granodiorite) and is
ma trix-sup ported. Clasts are gen er ally an gu lar to
subangular (Fig ure 4c) and ap pear to be highly al tered
(mag ne tite-bi o tite) granodiorite. The hy dro ther mal ce ment 
con sists of fine-grained mag ne tite, bi o tite, quartz and
sulphides. The mag ne tite±bi o tite–ce mented brec cia is
char ac ter ized by a some times in tensely brecciated or
clastic tex ture. Parts of the granodiorite ap pear to be var i -
ously al tered with in fill ing of bi o tite±mag ne tite in the
groundmass. The orig i  nal ig ne ous tex ture of the
granodiorite is still vis i ble, al though in places it has been
ob scured by per va sive and tex tur ally-de struc tive bi o tite-
mag ne tite-quartz alteration. The hydrothermal breccia cuts
across the granodiorite and diorite.

Mag ne tite is abun dant in both clasts and ce ment. The ce -
ment con tains up to 40% crys tal line quartz. In these zones,
strong sili ci fi ca tion and sec ond ary mag ne tite are ob served
in the ce ment at what ap pear to be in tru sive con tacts with
the granodiorite (Figure 4b).

Charlie and Northwest Copper Showings

Hostrocks to min er al iza tion and al ter ation in the area of the
Char lie and North west Cop per show ings are typ i cally mas -
sive an de site, form ing ei ther part of the vol ca nic fa cies of
the Tchaikazan River suc ces sion or the mas sive an de site of
the Powell Creek For ma tion. These rocks over lie the
granodiorite and other in tru sive rock types ob served at the
Hub show ing. Resedimented vol ca nic rocks, which form a

large part of the Powell Creek For ma tion, have also been
hy dro ther mally al tered and host sul phide-bear ing veins.
Rocks of the sed i men tary fa cies of the Tchaikazan River
suc ces sion are char ac ter ized by pack ages of well-bed ded,
often fining upwards, clastic sedimentary rocks.

Intrusive Rocks

An in tru sion, named here the North west Cop per in tru sion,
crops out on the west ern fringe of the North west Cop per
show ing (Fig ure 5a, b). It is gra nitic in com po si tion, con -
tain ing ap prox i mately 40% quartz, 30% plagioclase and
30% other min er als, in clud ing bi o tite and hornblende. The
in tru sion is com plex with sev eral compositional vari a tions. 
The gran ite in trudes rocks of the Powell Creek For ma tion
and there fore must be youn ger. The gran ite con tains nu -
mer ous round xe no liths of the Powell Creek Formation
(Figure 5d).

Diorite dikes em a nate from the main in tru sion and in trude
into the over ly ing rocks of the Powell Creek For ma tion
(Fig ure 5c, e). These dikes ap pear to be un al tered and are
com posed of 25–30% plagioclase feld spar, 10–15%
hornblende, and mi nor bi o tite, quartz and pyroxene
(Figure 5c). 

Aplite dikes are abun dant and cross cut the gran ite and the
diorite. These dikes are very fine grained and white, with
quartz and feld spar be ing the ma jor min er als. They are
likely to have some af fin ity to the main in tru sive body and
to be the last part of the magma to crys tal lize.

A syenite first iden ti fied in the 2006 field sea son (S.K.
Blevings, pers. comm., 2006) was also found in the vi cin ity
of the North west Cop per show ings. It is a pink to grey,
coarsely crys tal line, and K-feld spar-rich with ac ces sory
phenocrystic hornblende. It is only ex posed in a lim ited
area at the sur face (Fig ure 2) on the cen tral ridge of the
North west Cop per show ing. The con tact re la tion ship with
sur round ing rocks of the Powell Creek For ma tion is un -
clear. The syenite has yet to be dated, but is unmineralized,
and there fore may be a pre- or post-min er al iza tion
intrusion.

Mineralization

Min er al iza tion and al ter ation are sim i lar at the Char lie and
North west Cop per show ings and will be de scribed to -
gether. Min er al iza tion is typ i cally vein hosted. Veinlets of
na tive cop per are hosted by quartz and car bon ate com pos ite 
veins. Cop per typ i cally forms veinlets less than 2 mm thick
that are iden ti fied in the field as a re sult of the close as so ci a -
tion of the na tive cop per with bright green malachite
(Figure 6e).

Min er al iza tion con sists of chal co py rite-bear ing quartz
veins. Chal co py rite, py rite and ga lena are the readily iden -
ti fied sulphides in comb-tex tured quartz veins. Sulphides
are char ac ter is ti cally as so ci ated with mag ne tite and bi o tite. 
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Fig ure 5. Pho to graphs of the North west Cop per show ing: a) view fac ing north of the North west Cop per in tru sion and as so ci ated diorite
dikes, b) view of the south ern part of the in tru sion, c) pla nar in tru sive con tact of diorite dike within host granodiorite in tru sion, d) round xe no -
liths of wallrock within the in tru sion, e) diorite dikes in trud ing the over ly ing resedimented vol ca nic rocks of the Powell Creek  For ma tion, and
f) syenite dike at the North west Cop per show ing.
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Fig ure 6. Fea tures of min er al iza tion and al ter ation at the Char lie and North west Cop per show ings: a) late-stage quartz vein off set ting mas -
sive epidote vein, b) well-de vel oped al ter ation selvages as so ci ated with sul phide-bear ing epidote veins, c) large clast within vein, d) hy dro -
ther mal quartz infill be tween tuffaceous clastic rocks, and e) quartz-car bon ate vein with sec ond ary mal a chite.



Py rite oc curs as a sec ond ary min eral dis sem i nated in most
of the in tru sive phases as well as an al ter ation prod uct in
some of  the  Fe-bear  ing  sed  i  men  ta ry  rocks  and
propylitically al tered an de site. Veins are typ i cally up to
10 cm thick and are usu ally con tin u ous for sev eral metres.
Sev eral are lat er ally con tin u ous for up to 30 m, but these are 
bar ren quartz veins, typ i cally as so ci ated with large fault
zones. Vein com po si tions in clude quartz-only and quartz-
car bon ate (Fig ure 4b). Quartz-car bon ate is a late stage
infill, fill ing voids be tween comb quartz crys tals. Quartz
veins with chlorite selvages (usually millimetre scale) are
common.

Hydrothermal Alteration

The al ter ation min eral as sem blages of the Char lie and
Nor th  wes t  Cop  pe r  show ings  a re  dom i  na ted  by
propylitically al tered an de site of both the Tchaikazan River 
suc ces sion and the Powell Creek For ma tion. Phyllic al ter -
ation, sili ci fi ca tion and ad vanced argillic al ter ation are also
present.

Chlorite-Epidote±Cal cite (Propylitic)

Vol ca nic rocks are per va sively al tered to propylitic min eral
as sem blages of chlorite-epidote-py rite, cal cite, seri cite and 
mag ne tite. Hy dro ther mal min er als such as chlorite,
epidote, actinolite, seri cite and quartz com monly re place
pri mary phases such as hornblende, bi o tite and plagioclase. 
An abun dance of chlorite gives the an de site a dis tinc tive
dark green col our. Plagioclase crys tals are re placed by ag -
gre gates of seri cite, chlorite and cal cite. Chlorite ap pears to
be wide spread as a dom i nant min eral phase but is typ i cally
ex ten sively de vel oped in the ex te rior parts of veins and as
zones be tween veins. Ar eas ad ja cent to veins are of ten
propylitically al tered, in par tic u lar show ing the de vel op -
ment of chlorite vein ha loes, pre dom i nantly as so ci ated
with quartz-only veins. Epidote is com monly as so ci ated
with chlorite-al tered rocks, par tic u larly along frac tures
(Fig ure 4d) and of ten re lated to quartz vein ing. Cal cite al -
ter ation ac com pa nies the propylitic min eral as sem blage
and ar eas of per va sive cal cite al ter ation are found at high
elevations at the Charlie and Northwest Copper showings
(Figure 4g).

Quartz-Seri cite-Py rite (Phyllic)

The al ter ation as sem blage of quartz-seri cite-py rite is man i -
fest in rusty red out crops of the lower parts of the vol ca nic
fa cies of the Tchaikazan River suc ces sion (Fig ure 5), where 
it is per va sive. The por phy ritic tex ture of the rock is of ten
still vis i ble, al though seri cite-quartz-py rite min eral as sem -
blages re place the pri mary com po nents of the groundmass.
The al ter ation is char ac ter ized by the sub sti tu tion of
plagioclase by seri cite and the mafic components by quartz.

Veins

The north west ern por tion of the area of the Char lie and
North west Cop per show ings ex hib its the high est den sity of

veins in the study area. It also ex hib its the wid est va ri ety of
vein com po si tions, tex tures and forms. There are three
main vein types: 1) quartz-only, 2) quartz-car bon ate and
3) epidote veins. All three vein types may con tain
sulphides.

1) Quartz-only veins are rare at the North west Cop per
show ing. The quartz is of ten mas sive (Fig ure 6a), and
there are typ i cally sev eral cross cut ting vein gen er a -
tions, with wallrock trapped be tween gen er a tions (Fig -
ure 6c). Quartz-only veins are lo cally com mon in ar eas
of sili ci fi ca tion and are typ i cally as so ci ated with sec -
ond ary mal a chite and, less com monly, az ur ite. These
veins are al tered along their mar gins, with chlorite
selvages that some times ex tend sev eral centi metres into
the sur round ing hostrocks. Quartz gen er ally forms an
hy dro ther mal fill to brecciated vol ca nic ma te rial.
Quartz infill be tween clasts of a tuff (Fig ure 6 d) is wide -
spread near the North west Cop per show ing, in di cat ing
fluid flow through out the area.

2) Quartz-car bon ate veins are com mon in the area of the
Char lie and North west Cop per show ings. They are sev -
eral centi metres thick, con tinue for no more than a few
metres and are hosted within the vol ca nic fa cies of both
the Powell Creek For ma tion and the Tchaikazan River
suc ces sion. They typ i cally are not min er al ized.

3) Epidote veins are lo cally abun dant, par tic u larly in the
al tered an de site sur round ing the North west Cop per in -
tru sion (Fig ure 6b). The epidote is fine-grained and
mas sive and is of ten as so ci ated with mi nor quartz and
dis sem i nated chal co py rite and py rite. These veins ex -
hibit well-de vel oped al ter ation ha loes, giv ing the sur -
round ing, mag ne tite-rich an de site a bleached ap pear -
ance that is pos si bly a re sult of the introduction of
secondary sericite.

Interpretation and Discussion

The Taseko Lakes area is en dowed with nu mer ous me tal lic
min eral show ings that have yet to be fully de scribed The
ob jec tive of this study is to clas sify three of these showings.

The Hub show ing is in tru sion-re lated, por phyry Cu±Mo–
style min er al iza tion in a granodiorite stock and a stockwork 
of quartz+chal co py rite±py rite veins. The Hub granodiorite 
has a cool ing age (Ar-Ar, bi o tite) of 80.53 ±0.42 Ma (T.
Ullrich, pers. comm., 2006). The Hub diorite yielded a
cool ing age (Ar-Ar, bi o tite) of 79.56 ±0.42 Ma (T. Ullrich,
p e r s .  co mm. ,  2 0 0 6 ) .  T h e  Q F  p o r  p h y r y  d i k e  i s
unmineralized and cross cuts both the granodiorite and the
diorite and is there fore youn ger and post-min er al iza tion. A
whole rock age of 77.2 ±2.8 Ma was ob tained for the Pros -
per ity de posit by J.E. Harakal at the Uni ver sity of Brit ish
Co lum bia (MINFILE 092O 041; MINFILE, 2007), who
con sid ered this ra dio met ric age to be the age of min er al iza -
tion at the Pros per ity de posit, and is sim i lar to that de ter -
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mined for min er al iza tion at the Hub show ing. The min er al -
iza tion and al ter ation style ex hib ited by the Hub show ing
shows sev eral char ac ter is tics of clas sic por phyry-style
min er al iza tion. These in clude cop per min er als dis sem i -
nated through out the in tru sion and as so ci ated Cu-bear ing
quartz stockwork veins and the hy dro ther mal mag ne -
t i te±bi o t i te–ce mented brec cia that  cross cuts the
granodiorite and diorite. Sul phide min er al iza tion, in par tic -
u lar chal co py rite and mo lyb de nite, is dis sem i nated in the
granodiorite and mag ne tite±bi o tite brec cia and in quartz
veins in these rocks. The mag ne tite±bi o tite brec cia is ex -
posed at the sur face at the Hub show ing, in di cat ing that
brec cia em place ment may have been rel a tively shal low

(<3 km). The diorite intrusion can be interpreted as a
compositional variation of the granodiorite as a result of
differentiation.

The Char lie and North west Cop per show ings are vein-
hosted, with typ i cal me tal lic min er als, in clud ing chal co py -
rite, py rite, ga lena and na tive cop per. Al ter ation as sem -
blages are dif fer ent from those at the Hub show ing.
Propylitic min eral as sem blages dom i nant in the Char lie
and North west show ings, with dis crete ar eas of sili ci fi ca -
tion and phyllic al ter ation also ob served. This is in con trast
to the potassic al ter ation and sili ci fi ca tion ob served at the
Hub show ing. These al ter ation as sem blages are in ter preted
to be early al ter ation in the cen tral parts of the min er al iza -
tion at the Hub show ing. An in tru sion in the area of the
Char lie and North west Cop per show ings has yet to be
dated, but must be youn ger than the Powell Creek
Formation since it intrudes these upper Cretaceous rocks.

The ques tion re mains whether the study area dis plays ev i -
dence for a sin gle hy dro ther mal event or mul ti ple events.
Based on the al ter ation se quences, cross cut ting veins and
geo chron ol ogy, al ter ation and min er al iza tion ap pear to
have formed as over lap ping ep i sodes dur ing the evo lu tion
of an hy dro ther mal sys tem. Min er al iza tion is hosted by the
main Hub granodiorite and the mag ne tite±bi o tite–ce -
mented brec cia, and vein-hosted sulphides are pres ent in
over ly ing an de site and ba saltic an de site rocks of the
Tchaikazan River Suc ces sion and Powell Creek For ma tion
at the Char lie and North west Cop per show ings. The hy dro -
ther mal min er al iza tion and al ter ation events con sist of two
spa tially over lap ping and over print ing stages: 1) potassic,
propylitic and phyllic al ter ation with as so ci ated Cu-Mo
min er al iza tion, and 2) quartz-sul phide veins with as so ci -
ated mag ne tite al ter ation. Potassic al ter ation is rep re sented
by relicts of K-feld spar, mag ne tite and bi o tite, and ap pears
to pass out wards into propylitic min eral as sem blages of
chlorite-epidote-cal cite. Most of the cop per min er al iza tion
oc curs as dis sem i nated chalcopyrite, accompanied by
pyrite and magnetite, replacing mafic minerals in potassic-
altered hostrock.

In con clu sion, the rock types and al ter ation as sem blages
pres ent at the Hub, Char lie and North west Cop per pros -
pects show ev i dence of por phyry-re lated min er al iza tion
and hy dro ther mal al ter ation. The ques tion re mains whether 
these show ings are re lated to the same hy dro ther mal sys -
tem at depth or whether they rep re sent part of a prox i mal to
dis tal fa cies of a large-scale, wide spread por phyry sys tem
in which the rocks in the vi cin ity of the Char lie and North -
west Cop per show ings were al tered in response to a large-
scale system at depth.

Future Work

Much of what is known about the phys i cal-chem i cal evo lu -
tion of mag matic hy dro ther mal flu ids be tween the plutonic
re gime of por phy ritic granitoid bod ies and the me te oric re -
gime is based upon fluid in clu sions in veins from por phyry-
hosted ore de pos its (Dilles et al., 2000). Fol low ing de tailed
petrographic study of fluid in clu sions us ing trans mit ted
light, fur ther work in this study will be fo cused upon an in-
depth study of the fluid in clu sions them selves and what
they can re veal about the con di tions of for ma tion of the
veins in the re gion. De fin ing the hy dro ther mal fea tures and
re lated al tered rock types of these show ings will be of value 
for ex plo ra tion in the Taseko Lakes re gion, es pe cially
given re cent work on the ad vanced Prosperity deposit.

The fur ther ap pli ca tion of geo chron ol ogi cal meth ods to
date the North west Cop per in tru sion is of im por tance in re -
lat ing this in tru sion to those al ready iden ti fied in the study
area and to those within the broader por phyry en vi ron ment
of south west ern British Columbia.
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