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INTRODUCTION

Orogenic gold de pos its are char ac ter ized by struc tur -
ally con trolled, low-sul phide quartz veins that formed
prox i mal to deep-crustal faults in greenschist-fa cies meta -
mor phic ter ranes. These de pos its, pre vi ously re ferred to as
mesothermal, greenstone-hosted, shear-hosted and
turbidite-hosted de pos its, have a wide range of as so ci ated
min er al iza tion styles and as so ci ated met als that are de -
pend ent upon the depth (pres sure) and tem per a ture at
which they formed in the crust, as well as the char ac ter of
the hostrocks. Whereas the ver ti cal ex tent of an orogenic
lode gold de posit is known to span sev eral kilo metres at an
in di vid ual mine, the range of pos si ble for ma tion depths for
these de pos its ex tends from the deep hypozonal (15–
20 km) to the shal low epizonal (2–5 km) en vi ron ments
(Groves et al., 1998). This rec og ni tion led to the de vel op -
ment of the con tin uum model (Colvine, 1989; Groves,
1993; Groves et al., 1998), whereby a di verse range of de -
pos its is ac com mo dated within a sin gle de posit model, with 
fea tures spe cific to their tem per a ture and depth of for ma -
tion. For ex am ple, a range of Alas kan orogenic gold de pos -
its with vari able min er al og i cal as sem blages and struc tural
styles (Goldfarb et al., 1997, 2005) would in clude those of
the  hypozonal  Alaska-Ju  neau  de pos i t  (15  km) ,
mesothermal Chugach Terrane de pos its (5–10 km) and
epizonal Donlin Creek de posit (2–3 km), all of which are
clas si fied by the orogenic de posit model.

The Bralorne – Bridge River min eral dis trict in south -
west ern Brit ish Co lum bia (Fig 1) hosts a va ri ety of min eral
de posit types and styles, with the Bralorne-Pi o neer
orogenic gold vein sys tems be ing his tor i cally the most sig -
nif i cant in eco nomic terms. These de pos its gen er ated more
than 128 t (4.1 mil lion oz) of gold from high-grade ores
(19.9 g/t; 0.58 oz/T), be tween 1897 and 1971 (Church,
1996), mak ing them the larg est lode gold pro duc ers in BC.

How ever, al though orogenic gold de pos its al most al ways
oc cur in dis tricts with nu mer ous sig nif i cant pro duc ers,
only a very small amount of gold (ap prox i mately 715 kg;
23,000 oz) was pro duced from other de pos its (Way side,
Con gress, Minto) in the dis trict, de spite al most 60 known
oc cur rences. Fur ther more, many of the min eral oc cur -
rences in the dis trict are char ac ter ized by an ti mony and
mer cury min er al iza tion, which his tor i cally led to their con -
sid er ation as less at trac tive gold ex plo ra tion tar gets.

The dis tri bu tion of gold-dom i nant, stibnite-dom i nant
and mer cury-dom i nant min eral oc cur rences in the Bralorne 
– Bridge River area has been rec og nized to form a gen eral
zonation from west to east (Pearson, 1975; Woodsworth et
al., 1977). Lim ited, and of ten im pre cise, iso to pic dat ing of
the min er al iza tion also in di cates a younging trend from
west to east (Schiarizza et al., 1997, Fig 35). These data and
ob ser va tions have re sulted in the de vel op ment of con tra -
dic tory re gional met al lo gen ic mod els that vari ably in volve: 
a sin gle pro tracted min er al iz ing event; three dif fer ent min -
er al iz ing events; three dif fer ent struc tural ep i sodes; zon ing
in flu enced by dis tance away from the Coast Plutonic Com -
plex; and min er al iza tion di rectly re lated to spe cific mag -
matic events, such as em place ment of the Bendor plutonic
suite or albitite dikes (e.g., McCann, 1922; Cairnes, 1937;
Woodsworth et al., 1977; Leitch et al., 1991; Church, 1996; 
Schiarizza et al., 1997; Church and Jones, 1999). Most sig -
nif i cantly, vein sys tems in the dis trict have at dif fer ent
times been clas si fied ac cord ing to dif fer ent de posit mod els, 
such as mesothermal (orogenic), in tru sion-re lated,
ophiolite-re lated and epi ther mal (e.g., Cairnes, 1937;
Woodsworth et al., 1977; Leitch et al., 1989; Ash, 2001).

We would ar gue that this am bi gu ity is largely the ef fect 
of 1) im pre cise and in ac cu rate dat ing of min er al iza tion at
Bralorne and other oc cur rences within this im por tant dis -
trict; and 2) lack of rec og ni tion that shal lower, mer cury and
an ti mony-rich epizonal ores may be the tops to im por tant
orogenic gold vein sys tems. This is sup ported by ox y gen
iso tope data from Maheux (1989), which sug gests metal
pre cip i ta tion from one main fluid type through out the dis -
trict rather than the pres ence of un re lated, shal low me te oric 
hy dro ther mal cells that may have been re spon si ble for rel a -
tively young epi ther mal de pos its. With out better age data,
it is dif fi cult to re late min er al iza tion to any sin gle spe cific
mag matic, struc tural or tec tonic event with con fi dence.
Con se quently, it pre vents es tab lish ment of a dis trict-scale
met al lo gen ic model, which is a key com po nent for better
ex plo ra tion tar get ing. As a re sult, a Geoscience BC pro ject
was es tab lished to pro vide im proved geo chron ol ogi cal and
met al lo gen ic mod els upon which to base ex plo ra tion pro -
grams. At this pre lim i nary stage of the pro ject, we pres ent
fur ther jus ti fi ca tion for the pro ject and an tic i pated out -
comes from sam ples col lected in the sum mer of 2006.
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LOCATION

The pro ject area is the re gion north of
Pem ber ton, mostly be tween the towns of Gold
Bridge and Lillooet in the Bridge River and
Yalakom River val leys in south west ern Brit ish 
Co lum bia (Fig 1). The pro ject area is mostly in 
the Taseko Lakes and Pem ber ton map ar eas,
which are cov ered by 1:50 000 NTS map
sheets 092O/01, 02, 03; 092J/09, 10, 11, 14,
15, 16; 092I/12, 13; and 092D/04. Map ar eas
092O and 092I have been iden ti fied as a pri or -
ity for Geoscience BC pro pos als be cause of
the moun tain pine bee tle in fes ta tion.

REGIONAL GEOLOGY

The pro ject area is within the south east ern 
Coas t  Be l t  nea r  i t s  t r an  s i  t i on  to  t h e
Intermontane Belt and is rec og nized as a re -
gion of struc tural com plex ity and in tense de -
for ma tion. Tec toni cally, the re gion is largely
un der lain by 1) the Mis sis sip pian to Mid dle
Ju ras sic accretionary com plexes of oce anic
rock as sem blages of the Bridge River Terrane
in the west; 2) the in ter ven ing Late Tri as sic to
Early Ju ras sic Cadwallader Terrane is land arc
vol ca nic rocks and mostly ma rine, clastic
strata of a mar ginal ba sin; and 3) the Shulaps
ultra mafic com plex in the east, which was
obducted over rocks of the Cadwallader
Terrane in the mid-Cre ta ceous (Schiarizza et
al., 1997). To gether, these as sem blages are
vari ably over lain by clastic, mostly nonmarine 
suc ces sions be long ing to the Ju ras sic-Cre ta -
ceous Tyaughton Ba sin.

The west ern mar gin of the area is de fined by the east -
ern limit of the Coast Plutonic Com plex, and its east ern
limit by the Yalokom fault. Magmatically, the re gion has
been in truded and over lain by a wide range of Cre ta ceous
and Ter tiary plutonic and vol ca nic rocks and their hypa bys -
sal equiv a lents. Sig nif i cant among these are the Late Cre ta -
ceous Bendor plutonic suite in the west and the Eocene
Rexmount por phyry bod ies in the east. Struc tur ally, the re -
gion has been af fected by the mid-Cre ta ceous contractional 
and oblique-sinistral Bralorne-Eldo rado fault sys tem and
the west erly-di rected Shulaps thrust belt (in the east). Early
Late Cre ta ceous sinistral move ments on the Eldo rado fault
and the Cas tle Pass fault sys tem are likely co eval with de -
po si tion of most of the Bralorne ores (Schiarizza et al.,
1997). Youn ger, north west-trending dextral dis place ments
re ac ti vated many of the older faults and were dom i nant in
the east, par tic u larly along the Mar shall Creek and
Yalakom faults, and are con sid ered to have con trolled min -
er al iza tion that is lo cated prox i mal to the faults in these ar -
eas.

PREVIOUS WORK

A con sid er able amount of ex cel lent re search has been
com pleted in the re gion, pro vid ing a broad un der stand ing
of the rel e vant de posit ge ol ogy and geo chem is try. A solid
geo log i cal foun da tion for the Bridge River area was pro -
vided by Schiarizza et al. (1997), build ing upon nu mer ous
stud ies in the re gion men tioned in the ref er ences. In ad di -

tion to the nu mer ous early stud ies on Bralorne-Pi o neer and
re lated min eral oc cur rences (McCann, 1922; Dolmage,
1934; Cairnes, 1937; Joubin, 1948), more re cent broad-
based con tri bu tions (Church, 1987, 1995; Church et al.,
1988; Church and Pettipas, 1989; Church and Jones, 1999)
have been par tic u larly im por tant. Con tem po rary iso tope
geo chem is try and geo chron ol ogy stud ies, al though solely
spe cific to Bralorne-Pi o neer de posit, have been com pleted
by Leitch (1990), Leitch et al. (1989, 1991) and Ash
(2001), and de tailed fluid in clu sion and sta ble iso tope geo -
chem is try stud ies were car ried out on many min eral oc cur -
rences in the dis trict by Maheux (1989).

METALLOGENIC MODELS

Through out the Bralorne – Bridge River dis trict, there
is a va ri ety of well-de scribed min eral oc cur rence types (Fig 
2). In ad di tion to low-sul phide (orogenic) gold-quartz
veins, there are nu mer ous small stibnite, mer cury, tung sten
and polymetallic vein oc cur rences that have been mainly
in ter preted as be ing re lated to prox i mal in tru sions or as be -
ing of epi ther mal or i gin. These min eral oc cur rences tend
not to be the fo cus of ag gres sive ex plo ra tion for as so ci ated
gold re sources. If gold en rich ments ex ist in these var i ous
oc cur rences, such anom a lies are typ i cally small in mag ni -
tude and er ratic in dis tri bu tion, and over all gold de po si tion
was likely re lated to boil ing zones of lim ited ver ti cal ex tent. 
This has dis cour aged ag gres sive gold ex plo ra tion over
much of the area, ex cept for those veins prox i mal to the
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Fig ure 1. Lo ca tion of pro ject area (Fig 2) in south west ern Brit ish Co lum bia. Lo ca -
tion of great est in fes ta tion of moun tain pine bee tle out lined in black.



Bralorne-Pi o neer gold sys tem in the south ern part of the
dis trict.

Build ing on the re gional metal trends rec og nized by
Pearson (1975), Woodsworth et al. (1977) em pha sized a re -
la tion ship be tween metal pre cip i ta tion and the em place -
ment and cool ing of the Coast Plutonic Com plex (CPC).
Sim i larly, an east erly de crease in K-Ar ages for min eral oc -
cur rences led Leitch et al. (1989) to sug gest a model em -
pha siz ing the im por tance of prox im ity and cool ing of ca.
80 to 59 Ma ig ne ous rocks that form the east ern mar gin of
the CPC. Fur ther dat ing mod i fied the model, whereby
pulses of heat from the CPC re sulted in sev eral gen er a tions
of min er al iza tion, which de crease in age and for ma tion P-T
out ward from the CPC (Leitch et al., 1991). Ad di tional
work at Bralorne fur ther em pha sized a re la tion ship with ca.
90 Ma al bite por phyry dikes (Leitch et al., 1991). In al most
all cases, how ever, ef forts have been to ward par ti tion ing
the de posit types through out the dis trict into un re lated de -
posit groups or ore-form ing events. For ex am ple,
Schiarizza et al. (1997) rec og nized that each metal zone is
as so ci ated with a dif fer ent fault sys tem; spe cif i cally, the
gold de pos its are as so ci ated with the Bralorne-Eldo rado
fault sys tem, the stibnite min er al iza tion is as so ci ated with
the Cas tle Pass fault sys tem, and the mer cury min er al iza -

tion is as so ci ated with the Mar shall Creek and Yalakom –
Re lay Creek fault sys tems. Each of these three struc tural
sys tems is con sid ered to have been ac tive at dif fer ent times,
thus fur ther par ti tion ing the dis trict based on poorly de -
fined geo chron ol ogy.

Sev eral in tru sion-re lated mod els have been put forth to 
ac count for the gen er a tion of me tal lic min er al iza tion in this
dis trict. Both the his toric and some of the most re cent mod -
els placed a large ge netic em pha sis on the role of mag matic
rocks. De pend ing on the study, the CPC, the Bendor
batholith, albitite dikes or the fel sic por phyry bod ies have
been con sid ered as po ten tial caus ative min er al iza tion
agents.

De spite dis trict-wide geo chron ol ogy, Maheux (1989)
was the one worker to sug gest, based on ox y gen and hy dro -
gen iso tope data, that all the dif fer ent de posit types may be
de fined by a sin gle model and that the clas sic epi ther mal
model was not ap pro pri ate. He used the iso tope data from
nu mer ous oc cur rences to de velop a model that re lied upon
the deep cir cu la tion of a “unique me te oric” fluid as be ing
re spon si ble for the var i ous ore sys tems through out the en -
tire dis trict. He sug gested that the vari abil ity of the ores in
the Bridge River camp was sug ges tive of pat terns seen in
world-class ore camps in the Jiagnan orogen of south east -
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Fig ure 2. Study area, fea tur ing the re gional dis tri bu tion of dif fer ing min eral de posit types in the Bralorne – Bridge River dis trict and the ma jor
struc tural fea tures. Shaded area in the north west is the Spruce Lake Pro tected Area.



ern China, the east ern Cor dil lera of South Amer ica, the
Lach lan fold belt of south east ern Aus tra lia, and the Otago
re gion of South Is land, New Zea land.

GEOCHRONOLOGY

The tim ing of min er al iza tion and the re la tion ships with 
var i ous mag matic units have of ten been based on age de ter -
mi na tions of host ing and cross cut ting rocks. The age of
min er al iza tion at Bralorne, for ex am ple, was con strained to 
be tween ca. 91 and 86 Ma by Leitch (1990), based on U-Pb
and K-Ar dates on pre and postmineral dikes. This over -
laps, within the range of an a lyt i cal er ror, an 85 Ma K-Ar
date on an al tered in tru sion near a min er al ized vein on the
Cos mo pol i tan prop erty at the Bralorne de posit (Church,
1995). In con trast, Pearson (1977) re ported a K-Ar white
mica al ter ation age from Bralorne as ca. 64 Ma. Leitch et al.
(1991) ar gued that it was likely a re set age due to the nearby
CPC stocks.

Dikes at the Minto and Con gress pros pects yielded K-
Ar dates of ca. 69 to 67 Ma (Harrop and Sinclair, 1986),
which of ten are as sumed to be the min er al iza tion ages. This 
has, there fore, sug gested to many work ers that a se ries of
min er al iz ing events over tens of mil lions of years may have
char ac ter ized the Bridge River dis trict. In the north ern part
to the dis trict, Leitch et al. (1991) re ported a K-Ar seri cite
date of ca. 58 Ma for the Lucky Gem de posit. A K-Ar date
on hy dro ther mal fuch site at Minto of ca. 45 Ma (Pearson,
1977) likely rep re sents post-ore re set ting.

In sum mary, most pre vi ous age de ter mi na tions in the
dis trict were made us ing the K-Ar method. The re li abil ity
of this method can not be in de pend ently as sessed, but is of -
ten ques tioned be cause of the high sus cep ti bil ity of a rock
or min eral to ar gon loss at some time af ter crys tal li za tion.
This is par tic u larly likely for this part of BC, which has a
com plex ther mal his tory. Uti li za tion of the better Ar/Ar
method would pro vide more in ter pret able data, if suit able
sam ples for such a dat ing pro ce dure can be found at many
of the Bridge River min eral oc cur rences. Ash (2001) at -
tempted to use this method for hy dro ther mal fuch site in
veined and al tered diabase from the Pi o neer mine dump.
Un for tu nately, prob lems as so ci ated with the eval u a tion of
ma te rial that was too fine grained (i.e., re coil) yielded a
poor anal y sis and a re sult equiv a lent to a con ven tional K-
Ar-type age at ca. 79 Ma. A cou ple of ad di tional chrome-
bear ing illite sam ples from the Bralorne sys tem gave Ar/Ar
dates of ca. 80 to 70 Ma, but, as pointed out by Ash (2001),
these dates may re late to ther mal over print ing of an early
fuch site gen er a tion. Thus, this ini tial Ar/Ar at tempt at dat -
ing Bralorne and Pi o neer still em pha sizes many prob lems
in the geo chron ol ogi cal pic ture and also con flicts with the
con straints stressed by Leitch and co-work ers. To the
north west, a ca. 70 ±5 Ma Ar/Ar age on the diorite that
hosts the Eliz a beth and Yalakom pros pects (Schiarizza et
al., 1997) places a rel a tively young max i mum age on these
gold sys tems and yielded a large (10 m.y.) er ror win dow.

PROJECT RATIONALE

Pre vi ous met al lo gen ic mod els for the re gion vari ably
in cluded 1) ore flu ids sourced from dif fer ent mag matic
suites or from the CPC, 2) ep i sodic pulses of heat from the
CPC, or 3) dif fer ent struc tural events. With out pre cise age
de ter mi na tions from the de pos its and mag matic rocks, such 
as ser tions are im pos si ble to make with con fi dence. Ini tial

in ter pre ta tions of gen er ally sim i lar sta ble iso to pic data
from veins through out the dis trict (Maheux, 1989), in com -
bi na tion with an un der stand ing of the con tin uum model for
orogenic gold de pos its, po ten tially in di cate that min er al -
iza tion at Bralorne-Pi o neer and through out most of the dis -
trict sim ply rep re sents dif fer ent struc tural lev els of a sin gle
hy dro ther mal event. For ex am ple, al though an ti mony and
mer cury de pos its are of ten in ter preted to be up per parts of
small epi ther mal sys tems, hot spring de pos its in Cal i for nia
have fluid, iso to pic and trace el e ment chem is tries sim i lar to 
typ i cal Mother Lode orogenic gold de pos its, both con sis -
tent with a deep-crustal fluid source. In ad di tion, the huge
Donlin Creek gold de posit, orig i nally a small stibnite pros -
pect, is now rec og nized as an epizonal or shal low-crustal
orogenic gold de posit (Goldfarb et al., 2004), with heavy
ox y gen and light sul phur data in di cat ing a fluid evolved
through meta mor phic devolatilization of the host flysch ba -
sin.

Within the di ver sity of min er al iza tion in the Bridge
River re gion, spe cific geo log i cal as pects, such as age,
struc tural set ting, crustal level and hy dro ther mal fluid
types, can be used to as sess prospectivity by as so ci at ing ap -
pro pri ate de posit mod els, thus en abling more ef fec tive ex -
plo ra tion tar get ing. In sim ple lan guage, “Which oc cur -
rences are wor thy of ag gres sive ex plo ra tion ef forts?”
Al though most in di ca tions of min er al iza tion ages in the
dis trict are broadly Late Cre ta ceous, the ex ist ing age
dataset is not suf fi ciently pre cise to al low dis trict-wide
com par i sons be tween de pos its, or with magmatism such as
the Bendor plutonic suite. Ad di tion ally, most pub lished
dates are by the K-Ar method and are likely vari ably re set
by youn ger ther mal events; this is clearly ev i dent from the
abun dance of con tra dic tory age re la tion ships in the lit er a -
ture on the dis trict. The ex ist ing dis trict geo log i cal data
them selves are good: map ping is thor ough, there is a wealth 
of de posit geo log i cal and min er al og i cal in for ma tion, and
ad e quate fluid and sta ble iso tope data ex ist. To date, how -
ever, these data are not well com piled in a com pre hen sive
man ner, typ i cally lack ing ap pro pri ate in ter pre ta tions and
ap pli ca tion to re gional ge ol ogy. This sit u a tion pro vides
part of the jus ti fi ca tion for this pro ject.

PROJECT OBJECTIVES

The main ob jec tive of this pro ject is to com pre hen -
sively as sess the na ture and tim ing of min er al iza tion in the
Bralorne – Bridge River dis trict, in or der to con struct a con -
tem po rary re gional-scale ex plo ra tion model.

The pro ject will
1) ob tain new and more pre cise geo chron ol ogi cal

con trol for both the world-class Bralorne-Pi o neer
de pos its and many other gold, stibnite and mer -
cury oc cur rences in the dis trict;

2) de ter mine the most ap pro pri ate de posit mod els for 
the var ied de posit types of the dis trict; and

3) pro vide a re gional met al lo gen ic model and sug -
ges tions for im proved ex plo ra tion tar get ing and
suc cess within the dis trict.

METHODS

We plan to uti lize two main meth ods for col lec tion of
new data to as sess the re gional metallogeny of the Bralorne
– Bridge River min eral dis trict: geo chron ol ogy and ore-
fluid geo chem is try.
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Three dif fer ent geo chron ol ogi cal dat ing meth ods will
be vari ably em ployed on al ter ation, gangue min er als and,
po ten tially, ore min er als, and these data will be com bined
with rec og nized cross cut ting re la tion ships. The Ar/Ar
method will be most com monly used to date the tim ing of
min er al iza tion from dif fer ent min eral oc cur rences across
the re gion in or der to as sess their tim ing of for ma tion. How -
ever, many of the lower tem per a ture oc cur rences may not
form min er als (i.e., micas) that are ap pro pri ate or eas ily
dated by this method. These will be con strained by dat ing
host ing or cross cut ting rock phases where pos si ble, by both 
Ar/Ar and SHRIMP U-Pb. In ad di tion, we will at tempt to
date the sul phide min er als them selves, par tic u larly ar seno -
py rite, us ing the in no va tive Re-Os dat ing method with the
par tic i pa tion of R. Creaser at the Uni ver sity of Al berta.
This last method as sumes that the host min er als con tain
enough Re, which is crit i cal when dat ing such young
events.

Ore geo chem is try is an ef fec tive method of in di cat ing
the na ture of the ore-form ing flu ids, their chem is try, or i gin
and the pro cesses in volved in gen er at ing ore de pos its. Most 
de pos its from the re gion have a rea son able amount of ex ist -
ing geo chem i cal data, such as fluid in clu sion P-T-X mea -
sure ments, and sta ble and lead iso tope anal y ses. How ever,
ex cept for those from Bralorne (Leitch et al., 1991), much
of the other data re main un pub lished. We in tend to com pile
the sa lient pub lished and un pub lished data, and col lect new
data that will be as sessed and in ter preted. From this, we
will pro vide a mod ern in ter pre ta tion of the re gional
metallogeny upon which to base ex plo ra tion mod els. Pre -
lim i nary work in di cates that quartz from the lower tem per -
a ture stibnite veins pre cip i tated from flu ids with ox y gen
iso to pic val ues sim i lar to those of higher tem per a ture gold-
only veins at Bralorne-Pi o neer. This ob ser va tion alone is
crit i cal, as it means that the low-tem per a ture veins are
likely the up per parts of orogenic lode gold sys tems, and
that they were not formed from shal low me te oric flu ids as -
so ci ated with un re lated epi ther mal de posit types.

ANTICIPATED OUTCOMES

As the re sult of this pro ject we will

1) de ter mine the tim ing of min er al iza tion at Bralorne 
and other de pos its and oc cur rences across the en -
tire dis trict;

2) de ter mine the tim ing of mag matic events, such as
the Bendor plutons;

3) as sess the na ture of the flu ids that formed de pos its
through out the dis trict; and

4) re-eval u ate and de ter mine the most ap pro pri ate
ore de posit mod els for the re gion’s MINFILE
(2006) oc cur rences.

Field work has been com pleted, sam ples and ob ser va -
tions have been ob tained from ap prox i mately 12 sig nif i -
cant oc cur rences and de pos its, and ma te ri als have been
sub mit ted for geo chron ol ogy, fluid in clu sion and sta ble
iso tope study.
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