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INTRODUCTION

Min er al iza tion and al ter ation con sis tent with a dis tal,
Kuroko-type vol ca nic-hosted mas sive sul phide (VHMS)
sys tem were dis cov ered within a pack age of highly al tered,
Pa leo zoic vol ca nic rocks 23 km south east of Ter race, Brit -
ish Columbia (Fig 1).

The VHMS po ten tial of the area was in ves ti gated dur -
ing the 2007 field sea son in con junc tion with a re gional-
scale map ping pro ject (Fig 3; Nel son et al., 2008). The
2007 map ping pro ject cov ers NTS map 103I/08, ex pand ing 
on map ping car ried out in the Ter race area over the last two
years (Nel son et al., 2006 Nel son and Kennedy, 2007).

Key to this dis cov ery was the rec og ni tion of a group of
Palaeozoic, sub ma rine vol ca nic rocks, named the Mount
Attree volcanics, which had pre vi ously been mapped as
part of the Lower Ju ras sic Telkwa For ma tion (Woodsworth
et al., 1985). The Lower Telkwa vol ca nic rocks are not con -
sid ered pro spec tive for VHMS de pos its be cause they
formed in a subaerial, compressional en vi ron ment,
whereas the Pa leo zoic vol ca nic rocks formed in a sub ma -
rine set ting and an extensional tec tonic en vi ron ment fa -
vour able to VHMS for ma tion. Fur ther more, the Pa leo zoic
vol ca nic rocks are cor re la tive with the Stikine as sem blage
which is host to mul ti ple, significant VHMS deposits
within BC (Fig 2).

In or der to fully as sess the VHMS po ten tial of the pro -
spec tive area, known as the Ga zelle prop erty, 1:10 000
scale map ping de lim it ing al ter ation zones and min er al iza -
tion was con ducted, along with thin sec tion ex am i na tion,
geo chem i cal anal y sis and U-Pb dat ing. Re sults of sam ples
sent for whole-rock anal y sis are pend ing. The re sults of this 
in ves ti ga tion in di cate there is strong po ten tial for Kuroko-
type VHMS deposits in the area.

Min eral ex plo ra tion in the Ter race area has his tor i cally 
fo cused on cop per and gold vein, skarn and por phyry de -
pos its. The dis cov ery of Kuroko-type min er al iza tion

within the Pa leo zoic vol ca nic rocks is sig nif i cant as it
opens up a newly de fined ex po sure of the Stikine as sem -
blage to ex plo ra tion, in an area that was pre vi ously not con -
sid ered prospective for VHMS deposits.

Volcanic-Hosted Massive Sulphide
Deposits

Vol ca nic-hosted mas sive sul phide (VHMS) de pos its
are an im por tant source of cop per, zinc, lead and pre cious
met als in Can ada. A spe cific BC ex am ple is the cur rently-
pro duc ing Myra Falls mine on Van cou ver Is land. These de -
pos its are at trac tive ex plo ra tion tar gets since they are high-
grade, com monly con tain sig nif i cant amounts of pre cious
met als, and are polymetallic, which of fers pro tec tion
against fluctuating metal prices.

Vol ca nic-hosted mas sive sul phide de pos its form by fo -
cused dis charge of metal-rich hy dro ther mal flu ids on the
seafloor. This re sults in the for ma tion of sul phide lenses at,
or near, the seafloor, hosted in sub ma rine vol ca nic rocks
and deep basinal sed i men tary strata (Gal ley et al., 2007).
The de pos its vary con sid er ably in their metal con tents, al -
ter ation and min er al iza tion styles. There are, how ever, sev -
eral fea tures that char ac ter ize these de pos its: they gen er ally 
have con cor dant lenses of mas sive (>40%), polymetallic
sul phide min er als that stratigraphically over lie a cross cut -
ting dis cor dant zone of in tense al ter ation and min er al iza -
tion, of ten as stockwork vein ing.

Hoy (1991) pro vides a use ful sum mary of Kuroko-
type oc cur rences, which are the most com mon type of
VHMS oc cur rences in Brit ish Co lum bia. The polymetallic
lenses are rich in cop per, lead, zinc, sil ver and gold, and are
com monly com prised of mas sive py rite, sphalerite, ga lena
and chal co py rite. They are as so ci ated with bi modal, calc-
al ka line suites that typ i cally form dur ing a rift ing event dur -
ing con struc tive de vel op ment of an is land arc com plex.
The hostrocks are of ten fel sic vol ca nic rocks with well-de -
vel oped al ter ation zones be neath the sul phide lenses. The
stockwork zone and im me di ate de posit are char ac ter ized
by mag ne sium chlorite-seri cite al ter ation and lo cal sili ci fi -
ca tion. VHMS de pos its in BC are prin ci pally of Early Pa -
leo zoic, Devonian–Mississippian, Permian or Triassic ages 
(Massey, 1999).

VHMS Deposits within Stikinia

Stikinia, the larg est terrane of the Intermontane Belt,
(Fig 2) is com prised of is land arc vol ca nic, sed i men tary and 
plutonic rocks. Is land arc build ing be gan in Stikinia dur ing
the mid dle to late Pa leo zoic (Price and Mon ger, 2003). This 
fol lowed a shift from a pas sive an ces tral North Amer i can
mar gin to an extensional tec tonic en vi ron ment due to both
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the start of ac tive subduction dur ing the Late De vo nian (be -
tween 390 Ma and 360 Ma) and re treat of the arc away from
the west ern mar gin of the con ti nent (Price and Mon ger,
2003). Pa leo zoic arc and as so ci ated rocks, mainly ex posed
in north ern Stikinia, are re ferred to col lec tively as the
Stikine as sem blage. Youn ger over lap ping arc as sem blages
in clude the Tri as sic Takla Group and Ju ras sic Hazelton
Group. Stikinia is host to VHMS de pos its of mid-Pa leo -
zoic, Tri as sic and mid-Ju ras sic age (Hoy, 1991). The most
sig nif i cant VHMS de pos its in clude the Pa leo zoic
Tulsequah Chief de posit and Foremore pros pect as well as
the Mesozoic Granduc, Eskay, and Anyox mines (Fig 2;
Massey, 1999).

The Tulsequah Chief de posit, lo cated in far north west -
ern BC (Fig 2), is cur rently mov ing to wards pro duc tion
with in di cated re sources of 6 Mt grad ing 1.40% Cu, 1.24%
Pb, 6.41% Zn, 2.67 g/t Au and 99 g/t Ag (Arsenault et al.,
2007). The Tulsequah Chief and nearby Big Bull de posit
are hosted by a se quence of De vo nian to Mis sis sip pian fel -
sic and mafic volcaniclastic rocks and flows of the Stikine
as sem blage. The de pos its com prise sev eral lenses in which
the sulphides are mas sive and also banded to dis sem i nated
(Sebert et al., 1994). Quartz-seri cite al ter ation is well-de -
vel oped in footwall fel sic rock types, and cor di er ite is lo -
cally abun dant, prob a bly as a re sult of meta mor phic
recrystallization of hy dro ther mal clays (Sebert et al.,
1994). Rhy o lite in the im me di ate footwall of the Tulsequah
Chief de posit has been dated at ca. 327 Ma, Late Mis sis sip -
pian, by U-Pb meth ods on zir cons (Childe, 1997). The
mainly vol ca nic se quence that hosts it is over lain re gion ally 
by Pennsylvanian bioclastic limestone (Mihalynuk et al.,
1994).

The Foremore de posit (MINFILE 104G 148, 181, 182; 
MINFILE, 2007) is also hosted by the Stikine as sem blage
(Lo gan, 2003). It con sists of mul ti ple lenses of mas sive sul -
phide min er als that oc cur in at least two sep a rate strati -
graphic lev els, hosted in py ritic-quartz-seri cite phyllite and 

schist within a larger al ter ation zone of chloritic, hematitic
and car bo na ceous phyllite. The min eral ho ri zons oc cur
near the con tact be tween fel sic and over ly ing mafic vol ca -
nic rocks along a strike length of sev eral kilo metres. Grades 
and thick nesses vary con sid er ably, due in part to strong de -
for ma tion. In 2004, the best drill in ter sec tion was 3.1 m
with 14.6 g/t Au, 1114 g/t Ag, 0.2% Cu, 1.2% Pb and 6.6%
Zn (MINFILE 104G 148). One of the footwall rhy o lite
units has yielded a pre lim i nary De vo nian–Mis sis sip pian
U-Pb zircon date of ca. 359 Ma (J. Logan, pers comm,
2004).

The now-closed Granduc mine was de vel oped on a se -
ries of mas sive sul phide lenses as so ci ated with a banded
iron for ma tion. Granduc is hosted by an un usual Late Tri as -
sic se quence, com pared to the main Takla-Stuhini arc of
Stikinia. It is as so ci ated with very prim i tive tholeiitic ba salt 
that rep re sents ei ther a prim i tive arc or a back-arc set ting
(Childe, 1997). Ore re serves, be fore pro duc tion be gan in
1971, were nearly 40 Mt grad ing 1.73 % Cu (MINFILE
104B 021).

The Eskay Creek mine is now near ing clo sure af ter
pro duc tion of nearly a hun dred tonnes of gold be tween
1995 and 2008. It is hosted by a Lower to Mid dle Ju ras sic
se quence of bi modal ba salt and rhy o lite flows and
interbedded sed i men tary strata that were de pos ited within a 
north-trending rift graben af ter main Hazelton arc vol ca -
nism had ceased (Alldrick et al., 2005). The de pos its con -
sist of stratabound mas sive sul phide lay ers with un usu ally
high Ag-Au con tents (Hoy, 1991). The Anyox mine was
de vel oped on a cop per-rich mas sive sul phide de posit
hosted by prim i tive ba salt. It is thought to be the same age
as Eskay Creek, and to lie along the trend of the Eskay rift to 
the south (Fig 2; Evenchick and McNicoll, 2002).

The above ex am ples show that the most pro spec tive
hosts for VHMS min er al iza tion within Stikinia are the Pa -
leo zoic Stikine as sem blage, an un usual Tri as sic fa cies, and
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Fig ure 1. Lo ca tion map of the pro ject area south east of Ter race, Brit ish Co lum bia.



post-Hazelton rift fa cies. None of them are hosted by the
Lower Ju ras sic Telkwa For ma tion or its cor re la tives. This
is to be ex pected, be cause Telkwa vol ca nic se quences are
gen er ally de vel oped in shal low ma rine or subaerial set -
tings. In par tic u lar, the Howson fa cies be tween Ter race and
Smithers (see Tip per and Rich ards, 1976) formed in a
subaerial, compressional en vi ron ment that is not pro spec -
tive for VHMS de pos its. Thus, the rec og ni tion of Pa leo zoic 
volcanogenic strata in an area pre vi ously in cluded within
the Telkwa For ma tion is sig nif i cant as it opens up the po -
ten tial for the presence of deposits similar to, for instance,
Tulsequah Chief.

PREVIOUS WORK

Pre vi ous re gional geo log i cal map ping of the Ter race
area car ried out by Duffell and Souther (1964) and later by
Woodsworth et al. (1985) pro vides ex cel lent ground work
for later map ping. How ever, be cause so lit tle re gional map -
ping has been con ducted in the Ter race area, as for most of

north ern BC, many fas ci nat ing mys ter ies re main re gard ing
the com plex geo log i cal his tory of the area as well as its
mineral potential.

Min eral ex plo ra tion south of Wil liams Creek dates
back to at least 1922, with the dis cov ery of cop per, iron and
zinc show ings. Sev eral claims were staked in 1968; how -
ever, there are no as sess ment re ports on gov ern ment re cord
un til 1984, when the Ga zelle show ing was dis cov ered
(Hooper, 1984, 1985).The show ing con sists of mul ti ple
lenses of semi-mas sive to mas sive sulphides that were
iden ti fied by D. Hooper. He noted that the style of min er al -
iza tion and ex ten sive quartz-seri cite al ter ation of the
hostrocks are con sis tent with a VHMS sys tem. De spite the
po ten tial of the prop erty, there has been no follow-up to this 
work in over 20 years.

Stratigraphy

The re gional map area (NTS 103I/08) is un der lain by a
con form able se quence of pre-Perm ian to Perm ian sub ma -
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sul phide de pos its within it.



rine vol ca nic rocks and over ly ing lime stone of the Zymoetz 
Group. This in turn is un con form ably over lain by Lower
Ju ras sic, subaerial vol ca nic and clastic strata of the Telkwa
For ma tion. These units are in truded by the Early Ju ras sic
Kleanza pluton, un named Paleocene (?) plutons, and the
Eocene Wil liams Creek pluton. Struc tur ally, the Pa leo zoic
rocks oc cupy the core of a north east erly-trending, north-
plung ing, re gional anticline (Fig 3; Nelson et al., 2008).

The Zymoetz Group con sists of Mt Attree volcanics
over lain by lime stone of the Am bi tion For ma tion (Nel son
et al., 2008). The Mt Attree volcanics are a compositionally
vari able volcanogenic se quence that con sists largely of
dark green an de site flows, tuff and brec cia with lesser rhy o -
lite flows, tuff and brec cia. The unit con tains mi nor lime -
stone and bed ded calc-sil i cate. The Am bi tion For ma tion is
a thick unit of grey lime stone that is gen er ally well-bed ded,
with some highly fossiliferous beds. In some ar eas it con -
tains mi nor lay ers of green interbedded tuff and red si lici -
fied chert. The fos sil as sem blage in cludes horn and co lo -
nial cor als, bryo zoans, brachi o pods, gas tro pods, fusulinids
and sporifera. Brachi o pods are of Penn syl va nian–Perm ian
age, and fusulinids from one lo cal ity are spe cif i cally Early
to mid-Permian (Duffell and Souther, 1964).

The low est part of the Lower Ju ras sic Telkwa For ma -
tion is com posed pri mar ily of polymictic con glom er ate and 
brec cia. The basal Telkwa con glom er ate, where pres ent, is
dom i nated by lime stone and vol ca nic clasts. The con glom -
er ate passes upsection into an de site and dacite brec cia that
are over lain by co her ent and fragmental dacite and rhy o lite
of the lower fel sic marker (Nel son et al., 2008). Vent-prox i -
mal units are of ten brick-red and fea ture spectacular
pyroclastic textures.

Where the lime stone is not pres ent, hav ing been re -
moved by ero sion, Telkwa For ma tion con glom er ate, an de -
site tuff and brec cia di rectly over lie the an de site tuff of the
Mt Attree volcanics. Due to the compositional and tex tural
sim i lar i ties of the two units, past re gional maps have in -
cluded the Mt Attree volcanics within the Telkwa For ma -
tion (Woodsworth et al., 1985). An im por tant goal of this
pro ject was to dis tin guish be tween the two groups in or der
to de limit their bound aries within the map area. Pa leo zoic
age was established by referring to the fol low ing evidence:

• Strati graphic po si tion: The Pa leo zoic vol ca nic rocks
lie depositionally be low the Perm ian lime stone. This is 
ev i dent from:
– the sharp, unsheared con tacts be tween the high est

Mt Attree flow or tuff and the over ly ing lime stone
and

– the pres ence of fine, green tuff lay ers interbedded
with the lime stone unit in some ar eas, likely rep re -
sent ing the last throes of ex plo sive vol ca nism.

• Dis tinc tive vol ca nic se quences: The Pa leo zoic vol ca -
nic se quence is dis tin guished from the Telkwa For ma -
tion based on vol ca nic tex tures, com po si tions, meta -
mor phic grade and pres ence of fo li a tion. Pa leo zoic
an de site fea tures large, blocky augite, and smaller
anhedral plagioclase. Rhy o lite typ i cally con tains
large, embayed quartz pheno crysts. Lapilli tuff char ac -
ter is ti cally con tains abun dant un flat tened sco ria clasts. 
Rare mar ble-calcsilicate interbeds are im por tant in
that they in di cate sub ma rine de po si tion. Greenschist-
fa cies as sem blages and well-de vel oped fo li a tion also
dis tin guish these rocks. De fin ing char ac ter is tics of the
Telkwa an de site in clude abun dant, large, gen er ally ir -

reg u larly-shaped amygdules which in di cate subaerial
erup tion, and well-formed plagioclase pheno crysts
that range from 1 milli metre to over a centi metre in
length. Rhy o lite is best dis tin guished by the pres ence
of devitrification tex tures, in clud ing spheru lites and a
lav en der-col oured ma trix. They are plagioclase-
phyric and lack quartz pheno crysts, ex cept in rare
cases. Fo li a tion is never ob served in Lower Telkwa
rocks, and meta mor phic grades are mostly sub-
greenschist. In cip i ent actinolite de vel op ment un der
static con di tions is probably related to contact
metamorphism. Table 1 expands on the differences
between these two sequences.

GEOLOGY OF GAZELLE AREA

The Ga zelle prop erty is lo cated on a 1200 to 1500 m
high ridge be tween Wil liams Creek and Chist Creek, ap -
prox i mately 4.3 km east of Gunsight Peak (Fig 3). It is an
area of very strong al ter ation, with prom i nent gos sans, as
shown in Fig ure 4 and on the de tailed map (Fig 5).

All of the ground is cov ered by claims that are in good
stand ing, those in the south held by Paget Re sources and
those in the north, by J. Wang (claims 549673, 555399,
564134, 550358, 564181).

Stratigraphy

The cen tre of the map area is dom i nated by an ap par -
ently homoclinal se quence of lay ered Pa leo zoic fel sic to in -
ter me di ate volcaniclastic rocks with large zones of in tense
al ter ation. Perm ian lime stone of the Am bi tion For ma tion
un con form ably over lies the Mt Attree volcanics to the east.
It is in turn un con form ably over lain by Telkwa dacite brec -
cia at the east ern-most edge of the map sheet. There are
mul ti ple stages of in tru sions, in clud ing Tri as sic quartz-
feld spar-rhy o lite por phyry (Fig 5, 6, 7, Ta ble 2) and ex ten -
sive Eocene granodiorite of the Williams Creek pluton
(Fig 5).

Lithological Units

MOUNT ATTREE VOLCANICS

The vol ca nic rocks are well fo li ated, thor oughly al -
tered and recrystallized in greenschist fa cies; the re con -
struc tions of pri mary rock types, there fore, are based on
tex tural and min er al og i cal relicts. Rhy o lite protoliths are
dis tin guished by the pres ence of rel ict quartz pheno crysts
and lesser plagioclase and al kali feld spar, whereas an de site
protoliths con tain plagioclase pheno crysts and lack quartz
eyes. The vol ca nic se quence is dom i nated by dark green,
plagioclase-augite- phyric an de site tuff. Also abun dant are
white, quartz-phyric rhy o lite tuffs, brec cias and flows. The
rhy o lite crys tal-lapilli tuffs con tain heavily embayed quartz 
porphyroblasts and rare relict plagioclase.

An anom a lous 12 m wide zone of lime stone brec cia oc -
curs along East Creek, at the con tact be tween the quartz-
seri cite schist and an de site tuff units (Fig 5). The lime stone
clasts are en closed within a green, fine-grained,
plagioclase-phyric ma trix. The brec cia may have formed as 
a slump de posit. This lime stone unit was not seen at this
con tact anywhere else.
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Fig ure 3. Re gional geo log i cal map of the Chist Creek area (NTS 103I/08), based on 2007 map ping (Nel son et al., 2008). In set shows the lo ca tion of the de tailed Ga zelle geo -
log i cal map (Fig 5), fo cused on ex ten sive al ter ation zones within the Pa leo zoic Mt Attree volcanics.



AMBITION FORMATION

A white to grey lime stone unit con sist ing of well-bed -
ded, recrystallized mar ble with fossiliferous zones cor re -
lates with Am bi tion For ma tion lime stone in the head wa ters 
of Eight Mile Creek (Fig 3). In par tic u lar, it con tains red
chert lay ers and nod ules, si li ceous, net worked veins and si -
lici fied cri noid and brachi o pod fos sils. Interbedded, fine,
green tuffaceous laminae in di cate con ti nu ity with the Mt
Attree volcanics.

TRIASSIC INTRUSIONS

A small Late Tri as sic quartz-feld spar rhy o lite por -
phyry stock is ex posed in the cen tral map area, cut ting
actinolite schist of the Mt Attree volcanics. It is weakly fo li -
ated and rel a tively un al tered (Fig 5, 6c, d). U-Pb iso to pic
dat ing con ducted by R. Fried man of the Pa cific Cen tre for
Iso to pic and Geo chem i cal Re search at the Uni ver sity of
Brit ish Co lum bia, with as sis tance from H. Lin and Y. Feng,
has pro vided an age of 211.16 ±0.41 Ma (Fig 7, Ta ble 2).
Thin sec tion anal y sis re vealed embayed, euhedral quartz
pheno crysts and lesser plagioclase pheno crysts within a
ma trix dom i nated by fine-grained al kali feld spar,
recrysta l l ized  quar tz  and mi  nor  b i  o  t i te  in  f ine ,
discontinuous trains (Fig 6c, d).

LOWER JURASSIC TELKWA FORMATION
VOLCANIC ROCKS AND RELATED
INTRUSIONS

The Lower Telkwa For ma tion can be dis tin guished
from the Mt Attree volcanics by its lack of greenschist

meta mor phism and fo li a tion, as well as the pres ence of red
dacite clasts and crowded feld spar por phyry clasts. The
Telkwa For ma tion is lo cally dom i nated by a polymict
dacite brec cia interbedded with mi nor flows. The brec cia
con tains abun dant milli metre-scale anhedral plagioclase
clasts, lo cal con cen tra tions of lime stone clasts and rare,
subangular, red dacite clasts with fluidal bound aries, all
within an apha ni tic light grey to slightly ma roon ma trix.
To wards the south ern part of the map area there are lo cal -
ized zones con tain ing crowded feld spar por phyry clasts up
to 6 mm in di am e ter that con tain blocky mafic pheno crysts
and have a slight pur ple tinge, per haps due to hornfelsing.
These may have been de rived from the Mt Attree volcanics. 
There are also lo cal ized, patchy zones of glassy, flow-fo li -
ated dacite that contain carbonate veinlets.

EOCENE INTRUSION: WILLIAMS CREEK
PLUTON

The large in tru sive body dom i nates the north ern part of 
the map area. It en gulfs the north ern end of the Pa leo zoic
ex po sure and forms abun dant dykes and plugs through out
the prop erty. The in tru sion is a postkinematic, unfoliated,
white-weath er ing bi o tite-hornblende granodiorite.

Structure and Metamorphism

The pres ence of chlorite, actinolite and mi nor bi o tite in 
the meta vol can ic rocks in di cates meta mor phism in
greenschist fa cies. Meta mor phic grade in creases
downsection, to wards the south, where an abun dance of bi -
o tite and well-formed darker green am phi bole, as well as
calcic plagioclase show the rocks are in up per greenschist
to amphibolite facies.

The Mt Attree volcanics on the Ga zelle prop erty are
gen er ally well-fo li ated. There are two dom i nant foliations,
strik ing north erly and to the north east. The fel sic, al tered
rocks have a strong F1 schistosity par al lel to compositional
lay er ing. The fo li a tion is fairly con sis tent through out the
prop erty and the rocks show signs of mul ti ple iso cli nal
fold ing, per haps due to pro gres sive de for ma tion.  There is
small-scale fault ing with, how ever, very few documentable 
off sets. The shears are ori ented north east and north-north -
west erly. There is a ma jor shear ori ented north-north east
along East Creek and an other small-scale fault, ori ented
north-north west, ex posed along Nifty creek. A steeply-
plung ing fold oc curs along the ridge par al lel to Ice Bridge
Lake with a north-northeast fold axis plunging 45°.

The geo log i cal units of dif fer ent ages dis play vary ing
de grees of de for ma tion. The Pa leo zoic vol ca nic rocks have
un der gone in tense and likely mul ti ple stages of de for ma -
tion early in their his tory, while the Tri as sic stock is only
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Fig ure 4. Moun tain-scale gos san, quartz-seri cite schist, Ga zelle
area. View from the ridge look ing south east to wards Nifty creek
(Fig 5).

TABLE 1. COMPARISON OF DISTINGUISHING CHARACTERISTICS OF THE PALEOZOIC MT ATTREE VOLCANICS AND LOWER
JURASSIC TELKWA FORMATION VOLCANIC ROCKS.



slightly de formed (Fig 6c, d) and the Telkwa dacite does not 
ap pear de formed. Al though this likely in di cates mul ti ple
stages of de for ma tion, the vari able in ten sity of de for ma tion 
of the rock units may be in part a func tion of their po si tion
within the re gional-scale fold, with the highly de formed
Pa leo zoic vol ca nic rocks in the nose of the fold and the
undeformed Telkwa brec cia nearer the limb, and cer tainly a 
func tion of clastic versus coherent texture and intensity of
alteration.

Cross cut ting re la tion ships and the unfoliated, fresh
tex tures of the Eocene (?) Wil liams Creek pluton show that
it was in truded af ter all duc tile de for ma tion had ceased.
There is also ev i dence that the Pa leo zoic vol ca nic rocks
have un der gone ear lier de for ma tion, some likely shortly af -
ter de po si tion. On Mt Attree (Fig 3), clasts of fo li ated Pa -
leo zoic vol ca nic rocks oc cur as clasts within diorite as -
signed to the Ju ras sic Kleanza pluton (Nel son et al., 2008).
On the Ga zelle prop erty, the Pa leo zoic rocks have un der -
gone in tense prekinematic al ter ation whereas the Tri as sic
in tru sion is largely un al tered, which suggests two different
deformation events.

Alteration

The prop erty fea tures ex ten sive, in tense gos sans
(Fig 4, 5) that oc cur in the quartz-seri cite schist as well as in
the si lici fied, chlorite-py rite an de site tuff. In plan view,
they are prom i nent, lin ear al ter ation zones ori ented per pen -
dic u lar to each other in north east and north west directions
(Fig 5).

The two al ter ation types in the area are phyllic, con sist -
ing of quartz-seri cite-py rite (quartz-seri cite schist), and
propylitic, con sist ing of chlorite-epidote-actinolite±py rite. 
Feld spar pheno crysts in por phy ritic rocks have been com -
pletely al tered to seri cite, leav ing only quartz pheno crysts.
Propylitic al ter ation oc curs in the form of chlorite-al tered
ma trixes and quartz-epidote veins.

The an de site and rhy o lite vol ca nic rocks were likely
de pos ited at the same time (or the rhy o lite only slightly af -
ter) and have un der gone the same al ter ation and de for ma -
tion. The dif fer ence in al ter ation type is greatly in flu enced
by the com po si tion of the protolith. The feld spars in rhy o -
lite are pref er en tially al tered to seri cite, which in turn en -
ables de for ma tion. In an de site, pri mary phases such as the
clinopyroxene and hornblende are meta mor phosed to as -
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Fig ure 5. De tailed map of Ga zelle area. Field work done in 2007by M. McKeown and J. Nel son. Data also from Hooper (1984, 1985).
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TABLE 2. U-PB THERMAL IONIZATION MASS SPECTROMETRY ANALYTICAL DATA FOR ZIRCON.



sem blages of actinolite±epidote±chlorite. These rocks are
less prone to de for ma tion, since micas are not abun dant.
Clastic rocks of ei ther com po si tion are more readily al tered
than their coherent counterparts, due to increased
permeability.

Tex tural ev i dence shows that pri mary al ter ation
occured prior to de for ma tion. Seri cite and py rite are found
mostly along fo li a tion that, in turn, has been cut by quartz-
epidote veins show ing signs of fold ing and shear ing. Seri -
cite forms root less, iso cli nal folds and py rite is smeared
into the lineation in the most deformed rocks.

Mineralization

There are two un re lated types of min er al iza tion within
the Ga zelle prop erty: syngenetic, VHMS-re lated, and that
re lated to later in tru sions.

Vol ca nic-hosted mas sive sul phide – style min er -
al iza tion in cludes small lenses of semi-mas sive to
mas sive (>50%) chal co py rite and sphalerite that
were iden ti fied by pre vi ous as sess ment work in the
East Creek Fault Zone (Fig 5; Hooper, 1984, 1985).
Dur ing the 2007 field sea son, mi nor dis sem i nated
chal co py rite±ga lena was found within the sheared
quartz-seri cite schist, near the Ga zelle show ing along 
East Creek (Fig 5). More im por tantly, the Sub show -
ing, a new zone of sili ci fi ca tion with base-metal sul -
phide de pos its as well as bar ite, was dis cov ered dur -
ing 2007 map ping (see below).

Later min er al iza tion re lated to the Wil liams
Creek pluton in cludes small skarn and por phyry oc -
cur rences. There is a small skarn zone where Telkwa
dacite and Perm ian lime stone have been in truded by
granodiorite (Fig 5). It is marked by 0.5 metre-wide
zones of epidote al ter ation, mi nor dis sem i nated to
blebby mag ne tite and mal a chite stain ing. Quartz
veins con tain ing abun dant dis sem i nated py rite, chal -
co py rite and mi nor mo lyb de nite oc cur in the north ern 
map area (Fig 5). Three sets of the veins, up to 50 cm
in width, oc cur within bright or ange quartz-seri cite
schist in contact with granodiorite.

U-Pb Geochronology

All sam ple prep a ra tion and an a lyt i cal work for the U-
Pb ra dio met ric age pre sented here were con ducted us ing
the ther mal ion iza tion mass spec tros copy (TIMS) tech -
nique at the Pa cific Cen tre for Iso to pic and Geo chem i cal
Re search, lo cated in the De part ment of Earth and Ocean
Sci ences of the Uni ver sity of Brit ish Co lum bia. De tails of
an a lyt i cal tech niques are pre sented in Lo gan et al. (2007).
U-Pb re sults are plot ted on a stan dard con cordia diagram
(Fig 7) and listed in Table 2.

Ura nium-lead sin gle-grain anal y ses were per formed
on air-abraded zir cons (Ta ble 2). All of the an a lyzed grains
gave sta tis ti cally con cor dant re sults but three yielded
slightly youn ger ages, likely due to mi nor Pb loss (Fig 7).
An age es ti mate of 211.2 ±0.4 Ma is based on a two-point
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Fig ure 6. Pho to mi cro graphs from Ga zelle prop erty: a) hypa bys sal quartz-feld spar por phyry in cross-po lar ized and b) plane-po lar ized light
(Sam ple 07MM12-03) with large recrystallized and embayed quartz porphyroblast (right), a heavily embayed ash frag ment (left), and a ma -
trix dom i nated by recrystallized quartz and seri cite; c) Palaeozoic an de site lapilli-tuff in con tact with Tri as sic quartz-feld spar rhy o lite por -
phyry in cross-po lar ized and d) plane-po lar ized light (Sam ple 07MM10-03) with vis i ble chlorite and seri cite in the fo li a tion.

Fig ure 7. U-Pb con cordia di a gram for sam ple 07MM-10-03 with data plot -
ted at the 2σ con fi dence level. Con cordia curve is shown as a band that in -
cludes de cay-con stant er rors. De tails of the con cordia age in ter pre ta tion
are listed on the di a gram and dis cussed in the text.



con cordia in ter pre ta tion (Lud wig, 2003) for older, con cor -
dant, and over lap ping grains A and D. Al though these
grains were air abraded, we can not rule out that they did not
also un dergo very mi nor Pb loss; how ever, this is con sid -
ered un likely to sig nif i cantly af fect the crystallization age
estimate.

SUB SHOWING

Min er al iza tion in dic a tive of a VHMS de posit has been
dis cov ered in an in tensely-al tered body within the Mt
Attree volcanics. The body is ap prox i mately 250 by 50 m,
trending north-south (Fig 5, 8) and is par tially en closed by
the Wil liams Creek pluton.

Stratigraphy

The min er al ized unit is part of a strati graphic se quence
dom i nated by rhy o lite tuffs, brec cias and flows. In tensely
al tered quartz-seri cite schist (Fig 8a) is over lain by rhy o lite
flows (Fig 8b, c), which in turn are over lain by a
heterolithic, plagioclase-phyric, (an de site?) brec cia that
con tains clasts of the un der ly ing rhy o lite (Fig 8c). The
brec cia grades into thinly- lay ered, fine- grained tuff and
welded tuff (Fig 8b). The se quence youngs to the east, con -
sis tent with fac ing di rec tions from the sur round ing area
(Nelson et al., 2008).

Mineralization and Alteration

There are two types of min er al iza tion in the Sub show -
ing, both hosted in sericitized rhy o lite tuff with in tense sil -
ica flood ing and py ritic al ter ation:

• A small, lo cal ized zone, 1 metre thick and 4 metres
long, of mas sive bar ite oc curs in an in tensely-al tered
quartz-seri cite schist.  Thin sec tions re veal a
protomylonitic tex ture, with bar ite porphyroblasts
within a fo li ated ma trix of finer-grained bar ite
neoblasts (Fig 8, 9a, b). The predeformational, coarse
grain sizes in di cate bar ite veins, rather than exhalite
(Sam ples from sta tions 07MM13-13 01A and
07MM13-13 01B; see Table 3).

• Mas sive to semi-mas sive ga lena is hosted within in -
tensely-si lici fied, py ritic rhy o lite in a zone 2 metres
thick and 10 metres long (Fig 5; Sam ple 07MM13-13
01C; see Ta ble 3). The min er al iza tion oc curs in a zone
sit u ated stratigraphically be low the bar ite. Dis sem i -
nated ga lena also oc curs over a larger zone within the
quartz-seri cite schist in the north ern area of the
showing.

Interpretation

The styles of min er al iza tion and al ter ation at the Sub
show ing, as through out the Ga zelle area, most likely rep re -
sent a VHMS feeder zone be low the seafloor. The in tense
sericitization and sili ci fi ca tion, in zones both par al lel to
bed ding and cross cut ting bed ding at a high an gle, sug gest
that low pH flu ids were chan nelled both along struc tures
and along per me able, fragmental lay ers in the vol ca nic pile. 
The orig i nally coarse-grained bar ite is more likely to have
crys tal lized in a vein, rather than as part of a bed ded se -
quence. In ad di tion to py rite, lo cal show ings of ga lena,
sphalerite and chal co py rite in di cate that the flu ids trans -
ported base met als. High sil ver val ues ac com pany high

lead val ues in the bar ite sam ple at the Sub show ing (Ta -
ble 3). The low cop per val ues, as well as the mod er ate zinc
and high lead val ues, in di cate the show ing is part of a dis tal
VHMS sys tem. Higher cop per val ues would likely oc cur
more prox i mal to the sys tem. The slightly high gold val ues
rep re sent the enrichment of precious metals which is
common for a VHMS deposit.

EXPLORATION POTENTIAL

Al ter ation and min er al iza tion dis cov ered in the Ga -
zelle map area likely rep re sent that of a dis tal VHMS sys -
tem. The Mt Attree volcanics cor re late with the pre-Perm -
ian vol ca nic hostrocks of the Stikine As sem blage, which
host the Tulsequah Chief de posit and Foremore prospect.

The ex tent of the al ter ation iden ti fied thus far is ap -
prox i mately 18 kilo metres along strike and up to 10 kilo -
metres in width. How ever, it is likely that more could be
iden ti fied with fur ther map ping and ex plo ra tion (see Nel -
son et al., 2008, Fig 3). An im me di ate tar get for ex plo ra tion
are the in tense gos sans and mal a chite stain ing in the south -
west cor ner of the map sheet, spot ted from a he li cop ter in
the cliffs south of Chist Creek (Fig 3). Their north east erly
strikes are par al lel to the trans posed lay er ing of the Mt
Attree volcanics in that area.

At some dis tance from there, it is pos si ble that the
north east erly strik ing Mt Attree volcanics in lower Chist
Creek could pro ject south west across the Kitimat val ley,
into an area of fo li ated meta vol can ic rocks that are cur -
rently in cluded in the Telkwa For ma tion (Woodsworth
et al., 1985). Within the fo li ated ba saltic to rhyolitic flows
and tuff are three show ings of prob a ble or pos si ble
volcanogenic char ac ter. Two of the show ings oc cur within
a coarse pyroclastic belt ap prox i mately 8 kilo metres long
and at least 1.5 kilo metres wide (Belik, 1987). The
Bowbyes show ing (MINFILE 103I 104) com prises two
mas sive sul phide/mag ne tite lenses, each about 1 metre
thick and 3 to 4 metres long, in chloritic schist. Min er al iza -
tion con sists of mas sive, crudely-banded chal co py rite, py -
rite and mag ne tite. Quartz-eye rhy o lite over lies and un der -
lies the min er al ized ho ri zon. A se lected sam ple as sayed
11.4 % Cu and 124.8 g/t Ag (Belik, 1987). At the Bar ite
show ing (MINFILE 103I 217), white to grey, dense to
thinly-lam i nated semi-mas sive bar ite oc curs in fo li ated, si -
lici fied and pyritized brec cia and tuff, which are con cor -
dantly un der lain by a coarse quartz-eye rhy o lite. (Belik,
1987). Close to the show ing, sev eral lenses of mas sive bar -
ite up to 1.1 metres thick and 15 metres long oc cur in al tered 
and recrystallized, in ter me di ate to fel sic pyroclastic vol ca -
nic rocks, that may be fa vour able for VHMS de pos its
(Gun ning, 1988). Chip sam ples from this show ing were
anom a lous in sil ver, gold, cop per and zinc. Quartz-seri cite
schists oc cur 1.5 km to the north east of this show ing. The
seri cite has a dis tinct north east fo li a tion, sim i lar to the Ga -
zelle prop erty schist. The J show ing (MINFILE 103I 221)
is con sid ered to be of ei ther Kuroko or Besshi type. Min er -
al iza tion is ex posed along a CNR rail way cut on the south
side of the Wedeene River. Stratiform py rite and py rite-
chal co py rite min er al iza tion oc curs within bed ded tuff, with 
a maximum exposed width of about 0.5 m. A grab sample
assayed 0.265 g/t Au, 13.3 g/t Ag, 1.978 % Cu and
11.069 % Fe (Raynor, 1987).
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Fig ure 8. Photomosaic of the Sub show ing units: a) quartz-seri cite schist; b) se quence of quartz-seri cite schist, rhy o lite flows and an de site brec cia grad ing into a welded tuff; c) rhy o -
lite flows over lain by graded an de site brec cia; d) highly si lici fied quartz-seri cite schist with wispy ga lena and also a mag ne tite-clinopyroxene-am phi bole skarn.



CONCLUSIONS

Through re gional and lo cal map ping, the stra tig ra phy
of Pa leo zoic and Ju ras sic vol ca nic rocks in the area south -
east of Ter race has been clar i fied and a new unit that is pro -
spec tive for VHMS de pos its has been iden ti fied. The
hostrock age, li thol ogy, al ter ation and min er al iza tion styles 
iden ti fied on the Ga zelle prop erty are char ac ter is tic of
other pre-Perm ian VHMS de pos its within Stikinia. The re -
sults of U-Pb, as say and whole-rock sam ples that are pend -
ing will fur ther test this cor re la tion. Pos si ble ex ten sions of

the fa vour able belt to the south west re quire fur ther study to
eval u ate their strati graphic age and potential for hosting
significant VHMS deposits.
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TABLE 3. GEOCHEMICAL DATA FROM SAMPLES COLLECTED DURING THE 2007 FIELD SEASON IN THE GAZELLE AREA.

Fig ure 9.  Pho to mi cro graph of bar ite vein in a) cross-po lar ized and b) plane-po lar ized light. Large (pretectonic) bar ite porphyroblast within
finer-grain bar ite (Sam ple 07MM13-13 01A).



REFERENCES

Alldrick, D.J., Nel son, J.L. and Barresi, T. (2005): Ge ol ogy and
min eral de pos its of the up per Iskut River area: track ing the
Eskay rift through north ern Brit ish Co lum bia (104G/1,2;
104B/9,10,15,16); in Geo log i cal Field work 2004, BC Min -
is try of En ergy, Mines and Pe tro leum Re sources, Pa per
2005-1, pages 1–30.

Arseneault, G., De ter, K., Nichols, A., McVey, S., Bruce, I.,
Broughton, S., Dudson, E. and Eng, G. (2007): Tulsequah:
Fea si bil ity study; Wardrop En gi neer ing Inc., URL
< h t t p : / / w w w. r e d c o r p - v e n  t u r e s . c o m / m a i n /
?tFeasibilityStudy> [De cem ber 2007]

Belik, G.D. (1987): Geo log i cal and geo chem i cal re port on the
Billy prop erty, Skeena Min ing Dis trict, Brit ish Co lum bia;
BC Min is try of En ergy, Mines and Pe tro leum Re sources, As -
sess ment Re port 15528, 51 pages.

Childe, F.C. (1997): Tim ing and tec tonic set ting of volcanogenic
mas sive sul phide de pos its in Brit ish Co lum bia: con straints
from U-Pb geo chron ol ogy, ra dio genic iso topes and geo -
chem is try; PhD the sis, Uni ver sity of Brit ish Co lum bia, Van -
cou ver, BC, 298 pages.

Duffell, S. and Souther, J.G. (1964): Ge ol ogy of Ter race map-area,
Brit ish Co lum bia; Geo log i cal Sur vey of Can ada, Mem oir
329, 117 pages.

Evenchick, C.A. and McNicoll, V.J. (2002): Stra tig ra phy, struc -
ture and geo chron ol ogy of the Anyox pen dant, north west
Brit ish Co lum bia, and im pli ca tions for min eral ex plo ra tion;
Ca na dian Jour nal of Earth Sci ences, Vol ume 39, pages
1313–1332.

Gal ley, A. Hannington, M. and Jonasson, I. (2007): Volcanogenic
mas sive sul phide de pos its; in Min eral De pos its of Can ada,
A Syn the sis of Ma jor De posit Types, Dis trict Metallogeny,
the Evo lu tion of Geo log i cal Prov inces, and Ex plo ra tion
Meth ods, Goodfellow, W.D., Ed i tor, Geo log i cal As so ci a -
tion of Can ada, Spe cial Pub li ca tion 5, pages 141–162.

Gun ning, M.H. (1988): Kitimat pro ject; in Ex plo ra tion in Brit ish
Co lum bia 1987, BC Min is try of En ergy, Mines and Pe tro -
leum Re sources, pages B67–B70.

Hooper, D.G. (1984): Geo log i cal re port on the Ga zelle claim, re -
cord num ber 4229; BC Min is try of En ergy, Mines and Pe tro -
leum Re sources, As sess ment Re port 12717, 41 pages.

Hooper, D.G. (1985): Ga zelle claim geo log i cal re port; BC Min is -
try of En ergy, Mines and Pe tro leum Re sources, As sess ment
Re port 14076.

Hoy, T. (1991): Vol ca nic mas sive sul phide de pos its in Brit ish Co -
lum bia, in Ore De pos its, Tec ton ics and Metallogeny in the
Ca na dian Cor dil lera; BC Min is try of En ergy, Mines and Pe -
tro leum Re sources, Pa per 1991-4, pages 89–124.

Lo gan, J. (2003): Pre lim i nary lithogeochemistry and polymetallic
VHMS min er al iza tion in Early De vo nian and(?) Early Car -
bon if er ous vol ca nic rocks, Foremore prop erty; in Geo log i -
cal Field work 2002, BC Min is try of En ergy, Mines and
Pe tro leum Re sources, Pa per 2003-1, pages 105–124.

Lo gan, J.M., Mihalynuk, M.G., Ullrich, T. and Fried man, R.M.
(2007): U-Pb ages of in tru sive rocks and 40Ar/39Ar pla teau
ages of cop per-gold-sil ver min er al iza tion as so ci ated with

al ka line in tru sive cen tres at Mount Polley and the Iron Mask
Batholith, south ern and cen tral Brit ish Co lum bia; in Geo -
log i cal Field work 2006, BC Min is try of En ergy, Mines and
Pe tro leum Re sources, Paper 2007-1, pages 93–116.

Lud wig, K.R. (2003): User’s man ual for Isoplot 3.00: a geo chron -
ol ogi cal toolkit for Microsoft Ex cel; Berkeley Geo chron ol -
ogy Cen ter, Spe cial Pub li ca tion 4, 74 pages.

Massey, N.W.D. (1999) Volcanogenic mas sive sul phide de pos its
of Brit ish Co lum bia; BC Min is try of En ergy, Mines and Pe -
tro leum Re sources, Open File 1999-2.

Mihalynuk, M.G., Smith, M.T., Han cock, K.D. and Dudka, S.
(1994): Re gional and eco nomic ge ol ogy of the Tulsequah
River and Gla cier ar eas; 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 171–197.

MINFILE (2007): MINFILE BC min eral de pos its da ta base; BC
Min is try of En ergy, Mines and Pe tro leum Re sources, URL
<http://www.em.gov.bc.ca/Min ing/Geolsurv/Minfile/>
[No vem ber 2007].

Nel son, J.L., Barresi, T., Knight, E. and Boudreau, N. (2006): Ge -
ol ogy of the Usk map area (193I/09); BC Min is try of En ergy,
Mines and Pe tro leum Re sources, Open File 2006-3, scale
1:50 000.

Nel son, J. and Ken nedy, R. (2007): Ter race Re gional Map ping
Pro ject Year 2: new geo log i cal in sights and ex plo ra tion tar -
gets (NTS 103I/16S, 10W), west-cen tral Brit ish Co lum bia;
in Geo log i cal Field work 2006, BC Min is try of En ergy,
Mines and Pe tro leum Re sources, Pa per 2007-1, pages 149–
162.

Nel son, J., Kyba, J., McKeown, M. and Angen, J. (2008): Ter race
Re gional Map ping Pro ject, year 3: con tri bu tions to strati -
graphic, struc tural and ex plo ra tion con cepts, Zymoetz River 
to Kitimat River, east-cen tral Brit ish Co lum bia (NTS
103I/08); in Geo log i cal Field work 2007, BC Min is try of En -
ergy, Mines and Pe tro leum Re sources, Pa per 2008-1, pages
159–174.

Price, R.A. and Mon ger, J.W.H. (2003): A transect of the south ern
Ca na dian Cor dil lera from Cal gary to Van cou ver, field trip
guide book; Geo log i cal As so ci a tion of Can ada, Van cou ver
2003, pages 1–24.

Raynor, G.H. (1987): A geo log i cal re port on the J claim group; BC
Min is try of En ergy, Mines and Pe tro leum Re sources, As -
sess ment Re port 16860, 21 pages.

Sebert, C.F., Curtis, K.M., Barrett, T.J. and Sherlock, R.L. (1994):
Ge ol ogy of the Tulsequah Chief volcanogenic mas sive sul -
phide de posit, north west ern Brit ish Co lum bia (104K/12); in
Geo log i cal Field work 1994, BC Min is try of En ergy, Mines
and Pe tro leum Re sources, Pa per 1995-1, pages 529–539.

Stacey, J.S. and Kramer, J.D., 1975. Ap prox i ma tion of ter res trial
lead iso tope evo lu tion by a two-stage model; Earth and
Plan e tary Sci ence Let ters, Vol ume. 26, pages 207–221.

Tip per, H.W. and Rich ards, T.A. (1976): Ju ras sic stra tig ra phy and
his tory of north-cen tral Brit ish Co lum bia; Geo log i cal Sur -
vey of Can ada, Bul le tin 270, 73 pages.

Woodsworth, G., van der Heyden, P. and Hill, M.L. (1985): Ter race 
East map area; Geo log i cal Sur vey of Can ada, Open File
1136, scale 1:125 000.

Geo log i cal Field work 2007, Pa per 2008-1 115



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


