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Introduction

Re cent re gional map ping by the Brit ish Co lum bia Geo log i -
cal Sur vey (BCGS) has in di cated that a pack age of Pa leo -
zoic volcanogenic strata, the Mount Attree vol ca nic com -
plex, may host po ten tial vol ca nic-hosted mas sive sul phide
(VHMS) min er al iza tion (McKeown et al., 2008; Nel son et
al., 2008a). These Pa leo zoic strata are sit u ated along the
wes tern most mar gin of Stikinia and in truded by Ju ras sic–
Eocene plutons of the east ern Coast Plutonic Com plex
(CPC; Fig ure 1). Along strike to the north, Pa leo zoic and
Me so zoic vol ca nic rocks sim i lar to the Mount Attree
volcanic-com plex pack age host sig nif i cant VHMS de pos -
its, such as the Tulsequah Chief, Foremore, Eskay Creek,
Granduc and Anyox de pos its (Fig ure 1; Höy, 1991;
McKeown et al., 2008). The rec og ni tion of this eco nomic
po ten tial com bined with new re gional map ping, geo phys i -
cal data from the re cently com pleted QUEST-West sur vey
and newly re leased BC re gional geo chem i cal sur vey (RGS) 
stream-sed i ment data from the Ter race–Kitimat area
provides a solid foundation for additional studies of the
area’s economic potential.

This work fo cuses on the struc tural anal y sis, geo chem i cal
char ac ter iza tion, geo chron ol ogy, and eco nomic-min eral
as sess ment of six tar geted ex po sures of po ten tial Pa leo zoic
volcanogenic and ma rine sed i men tary strata in the Ter race–
Kitimat area. Dur ing the sum mer of 2009, de tailed map -
ping and sam ple col lec tion was com pleted in the six tar get
ar eas out lined on Fig ure 2. Petrographic, struc tural, geo -
chem i cal and geo chron ol ogi cal anal y ses are in prog ress.
These anal y ses will con strain the na ture and tim ing of eco -
nomic min er al iza tion and de for ma tion, es tab lish a geo -
chem i cal frame work for vol ca nic and plutonic rocks in the

area and assess the regional economic potential of these
Paleozoic strata.

Geological Setting

Eco nomic min er al iza tion in the Ter race–Kitimat area is
con cen trated along the in tru sive bound ary be tween the
east ern mar gin of the CPC and supracrustal rocks of
Stikinia (Fig ure 1). De vo nian–Perm ian arc-vol ca nic rocks
and plat form car bon ate rocks form the base ment to Stikinia
in the Ter race–Kitimat area, and are over lain by Tri as sic
and Lower Ju ras sic ma rine sed i men tary and vol ca nic-arc
rocks. These supracrustal as sem blages are in truded by Ju -
ras sic, Late Cre ta ceous and Eocene plutonic rocks of the
CPC (Fig ure 2; Woodsworth et al., 1985; Gareau et al.,
1997a, b).

Strat i fied units in the Ter race–Kitimat area in clude

· the newly de fined Pa leo zoic Zymoetz Group con sist ing
of a lower unit of andesitic and lesser rhyolitic flows,
tuff and brec cia named the Mount Attree vol ca nic com -
plex (pre vi ously mapped as Ju ras sic Telkwa For ma tion) 
over lain by Lower Perm ian lime stone of the Am bi tion
For ma tion;

· Tri as sic (?), thinly bed ded, radiolarian chert; and

· vol ca nic and volcaniclastic rocks of the lower Ju ras sic
Telkwa For ma tion of the Hazelton Group (Nel son et al.,
2006a; Nel son and Ken nedy, 2007; Nel son et al.,
2008a).

Plutonic rocks in the re gion are rel a tively poorly dated, and
pluton ages are in ferred from re la t ion ships with
supracrustal rocks and pet ro log i cal sim i lar i ties to dated
bod ies north east of Ter race (Nel son et al., 2008a). Early Ju -
ras sic in tru sions, typ i fied by the ca. 200 Ma Kleanza
pluton, range from gab bro to gran ite and are compo sition -
ally and tex tur ally het er o ge neous and vari ably fo li ated
(Fig ure 2; Gareau et al., 1997b; Nel son et al., 2008a). Cre -
ta ceous in tru sions, which con sist of ductilely de formed
granodiorite and gran ite, are less vo lu mi nous (Nel son et al., 
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2008a). Eocene in tru sions, such as the Car pen ter Creek and 
Wil liams Creek plutons, con sist of large, bul bous,
nonfoliated gran ite and granodiorite units (Figure 2;
Gareau et al., 1997b; Nelson et al., 2008a).

Pa leo zoic strata, such as the Zymoetz Group, are vari ably
de formed but typ i cally have a mod er ate to strong fo li a tion
par al lel to bed ding, par tic u larly in the Mount Attree vol ca -
nic com plex (Nel son et al., 2008a). The pres ence of over ly -
ing nonfoliated Ju ras sic strata in di cates that a po ten tially
im por tant Late Pa leo zoic–Early Me so zoic deformational
event in volved strata with VHMS po ten tial. Zymoetz
Group and Telkwa For ma tion strata are folded on a re gional 
scale into a north east erly trending anticline that is oblique

to the main struc tural grain in the re gion (Nel son et al.,
2008b). The en tire re gion has been af fected by Cre ta ceous–
Eocene extensional fault ing, and prob a bly oc cu pies the
hangingwall of a ma jor low-an gle struc ture as so ci ated with
unroofing of the Cen tral Gneiss Com plex to the west
(Heah, 1991; Nel son and Kennedy, 2007; Nelson et al.,
2007; Nelson et al., 2008a, b).

Previous Work

Duffell and Souther (1964), Woodsworth et al. (1985) and
Gareau et al. (1997a, b) pro duced re gional geo log i cal maps
and U-Pb geo chron ol ogy re sults for the Ter race map area.
The lack of re gional maps at 1:50 000 scale for NTS 103I
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Fig ure 1. Terrane map of Brit ish Co lum bia, show ing lo ca tion of ma jor vol ca nic-hosted mas sive sul phide
(VHMS) de pos its of Stikinia, lo ca tion of study area (Fig ure 2 out line) and over lap of pro posed pro ject with
QUEST-West Pro ject (area out lined in white; mod i fied from McKeown et al., 2008).



Geoscience BC Re port 2010-1 107

Fig ure 2. Ge ol ogy of the Ter race–Kitimat area de rived from BC MapPlace (Brit ish Co lum bia Geo log i cal Sur vey, 2008).
New geo log i cal map ping by Nel son et al. (2008c) falls within the box with the heavy black out line; boxes with white out line
high light tar geted ex po sures of Pa leo zoic Mount Attree vol ca nic rocks. Ab bre vi a tions: Jkp, Ju ras sic Kleanza pluton;
Ewc, Eocene Wil liams Creek pluton.



and re newed in ter est in min eral ex plo ra tion prompted the
BCGS to ini ti ate the Ter race Geo log i cal Map ping and Min -
eral As sess ment Pro ject, which was ac tive from 2005–
2008 un der the di rec tion of J.L. Nel son (Nel son et al.,
2006a). This BCGS pro ject has pro duced a se ries of re ports
and maps (Fig ure 2 out lines new map ping) that pro vide a
mod ern geo log i cal frame work for min eral ex plo ra tion in -
ter est in the Ter race–Kitimat area (Nel son et al., 2006a, b;
Nel son and Ken nedy, 2007; Nel son el al., 2007; McKeown
et al., 2008; Nel son et al., 2008a–c; Nel son, 2009).

Newly dis cov ered VHMS-style min er al iza tion in the Pa -
leo zoic Mount Attree vol ca nic com plex, dis cov ered dur ing
the re gional map ping pro ject, is be lieved to be anal o gous to
that of other VHMS de pos its found in Stikinia, such as the
Tulsequah Chief de posit (Fig ure 1; McKeown et al., 2008)
This min er al iza tion is char ac ter ized by mas sive sul phide
lenses, dis sem i nated sul phide min er als and syngenetic al -
ter ation of fel sic vol ca nic rocks to quartz-seri cite schist
(Höy, 1991; McKeown et al., 2008). De formed and meta -
mor phosed Mount Attree vol ca nic-com plex rocks and their 
min eral po ten tial were pre vi ously de scribed by Hooper
(1984, 1985) when he dis cov ered the Ga zelle show ing.
Mount Attree vol ca nic-com plex rocks in and around the
Ga zelle show ing ex hibit in tense sericitization and sili ci fi -
ca tion, lenses of chal co py rite and sphalerite par al lel to bed -
ding, dis sem i nated chal co py rite±ga lena and mas sive bar ite 
(Fig ure 2; Hooper, 1984, 1985; McKeown et al., 2008).
McKeown et al. (2008) sug gested other known and
suspected Zymoetz Group exposures may have VHMS
potential (shown in boxes on Figure 2).

In ad di tion, map ping iden ti fied Mo±Cu±Au–por phyry de -
pos its, polymetallic veins (Ag, Pb, Zn, Au), vari ably min er -
al ized skarns and shear-zone–hosted polymetallic veins
(Ag, Pb, Zn, Au) as so ci ated with CPC in tru sions, in clud ing
the Ju ras sic Kleanza pluton and Eocene Car pen ter Creek
and Wil liams Creek plutons (Fig ure 2; Nel son et al.,
2008a). Tim ing of min er al iza tion with re spect to vol ca -
nism, magmatism and de for ma tion re mains poorly con -
strained for these de pos its (J. Nelson, pers. comm., 2008).

Summary of Targeted Areas

Tar geted ar eas con sist pri mar ily of ex po sures of the Mount
Attree vol ca nic com plex and were se lected based on pre vi -
ous work that iden ti fied or sug gested VHMS po ten tial.
Anal y sis of RGS stream sed i ment data iden ti fied an ad di -
tional tar get of op por tu nity near Mount Bolton (Fig ure 2).
Rock types, vol ca nic fa cies, al ter ation, de for ma tion and
min er al iza tion vary con sid er ably be tween the tar geted ar -
eas, which are de scribed sep a rately. Within each area, sam -
ples were col lected for geo chem i cal, as say, petrographic
and microstructural anal y ses, and geo chron ol ogy to help
fully char ac ter ize the re la tion ships be tween vol ca nism, de -
for ma tion and min er al iza tion. Sam ples of other rep re sen ta -

tive units as so ci ated with or in trud ing the tar geted Mount
Attree vol ca nic com plex were also col lected. These sam -
ples are be ing used to as sist in tim ing of de for ma tion and
min er al iza tion stud ies and to pro vide a ba sic geo chem i cal
frame work for fu ture and on go ing study in the Ter race–
Kitimat area, in clud ing the re cent QUEST-West geo phys i -
cal sur vey and RGS stream-sed i ment sur vey reanalysis (de -
scribed in Kowalczyk [2009] and Jackaman [2009], re spec -
tively). The na ture of the rock types, deformation,
alteration and mineralization observed in the six targeted
areas during summer 2009 fieldwork is summarized below.

Copper River

The Cop per (Zymoetz) River area has sev eral large ex po -
sures of Mount Attree vol ca nic rocks (Fig ure 2). The ex po -
sures north of the Cop per River are strongly dom i nated by
me dium- to coarse-grained nonwelded tuff and up right,
gen er ally north west-strik ing and mod er ately north-dip ping 
epiclastic vol ca nic rocks. There is a gen eral trend of in -
creas ing clast size in the volcaniclastic rocks from south to
north. North ern ex po sures con sist of coarse-grained
fragmental andesitic vol ca nic rocks and very coarse
grained epiclastic units con sist ing pri mar ily of rounded
andesitic vol ca nic clasts (Fig ure 3). North ern ex po sures
also con tain lesser litharenite to feldspathic litharenite and
siltstone interbeds, apha ni tic an de site flows and/or sills and 
con glom er ate. In a few lo cal i ties, chan nels cut epiclastic
vol ca nic rocks, which con sist of fin ing-up ward se quences
of polymictic peb ble con glom er ate to feldspathic
litharenite. Sam ples of these volcanogenic sed i men tary se -
quences were col lected for de tri tal zir con anal y ses to con -
strain the age of the Mount Attree vol ca nic com plex. Apha -
ni tic to porphyritic andesite dikes (hornblende) are
observed throughout the area.

The Mount Attree vol ca nic rocks in the Cop per River area
typ i cally show per va sive chlorite-epidote al ter ation. Mi nor 
quartz vein ing is ob served lo cally but veins are bar ren and
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Fig ure 3. Coarse-grained epiclastic volcanogenic rocks from the
Cop per River area, Brit ish Co lum bia. Clasts are pre dom i nantly
por phy ritic an de site and dacite.



typ i cally undeformed, and do not show a pre ferred ori en ta -
tion. In ten sity and ori en ta tion of fo li a tion in this pack age of 
vol ca nic rocks var ies spa tially. Fo li a tion is of ten as so ci ated 
with thrust faults, which im bri cate the Pa leo zoic Mount
Attree vol ca nic com plex atop a se quence of thin-bed ded
chert, silt and sand units in ter preted to be Tri as sic (Nel son
et al., 2006a, b). Thrusts and sub sid iary shear zones in the
area strike south west, dip to the north and give con sis tent
top-to-the-south sense of shear. Slightly folded apha ni tic
an de site dikes cut the Mount Attree vol ca nic rocks and Tri -
as sic sed i men tary units, which sug gests that de for ma tion of 
the se quence is post-Tri as sic. Eco nomic-min eral po ten tial
in the Mount Attree vol ca nic rocks in this area is lim ited.
Most min er al iza tion noted in the area is as so ci ated with the
Ju ras sic Kleanza pluton, which in trudes the vol ca nic rocks
(Fig ure 2), and is lo cal ized around xe no liths of vol ca nic
rocks near the pluton mar gin, where it consists of
disseminated pyrite, chalcopyrite, and rarely disseminated
and vein malachite.

Mount Attree

The Mount Attree area is the type lo cal ity for the Mount
Attree vol ca nic com plex. Vol ca nic rocks in this area in -
clude a west ern unit that is dom i nated by apha ni tic andes -
itic flows, sills and small stocks and cross cut ting por phy -
ritic an de site dikes. This tran si tions abruptly to an east ern
unit char ac ter ized by fine- to me dium-grained fragmental
volcaniclastic an de site with mi nor apha ni tic an de site flows
and sills, and por phy ritic an de site dikes. A struc tural con -
tact be tween Mount Attree vol ca nic units and Am bi tion
For ma tion lime stone is ex posed in sev eral lo cal i ties in the
Mt. Attree area. Nel son et al. (2006a, b) ar gued that the
Mount Attree vol ca nic com plex and Am bi tion For ma tion
lime stone are con form able, based on interfingering of the
vol ca nic units and lime stone. East ern ex po sures of vol ca -
nic rocks in the Mount Attree area con tain lenses of coarse
crys tal line mar ble whose protolith is pos si bly Am bi tion
For ma tion lime stone. Thus, ob served struc tural con tacts
could be sheared depositional con tacts. In other lo cal i ties in 
the Ter race–Kitimat area, ex po sure was poor and it remains 
unclear whether contact is everywhere a structural contact.

In trud ing the pack age of vol ca nic rocks in the west is a
medium-grained, fo li ated hornblende-bi o tite granodiorite,
in ter preted by Nel son et al. (2008a, b) to be part of the Ju -
ras sic Kleanza pluton. Sam ples of this body were col lected
for geo chem i cal anal y sis and com par i son to other Kleanza
sam ples. Small stocks of granodiorite and quartz
monzonite in trude east ern vol ca nic and mar ble units; these
smaller in tru sions are in ter preted to be part of the same
Kleanza sys tem and the bod ies re spon si ble for meta mor -
phism of the mar ble ob served in the area. Granodiorite
dikes that in trude mar bles are char ac ter ized by slight fold -
ing, which likely oc curred dur ing the em place ment of the
Kleanza pluton and deformation of the marble units.

Fo li a tion in the Mount Attree vol ca nic pack age var ies spa -
tially in ori en ta tion and in ten sity and of ten oc curs near
small shear zones in the pack age. Where ob served, fo li a -
tion is typ i cally north east strik ing and steeply dip ping. The
Kleanza pluton is vari ably de formed and ex hib its a
subsolidus fo li a tion de fined by aligned hornblende and
elon gate plagioclase that strikes gen er ally east- and dips
mod er ately to the north. Al ter ation of the vol ca nic pack age
is char ac ter ized by a per va sive chlorite-epidote over print
and lo cally by chlorite-epidote vein ing. Un like most ex po -
sures of Mount Attree vol ca nic rocks, chlorite-epidote
vein ing in this area has a con sis tent, roughly north-strik ing
and steeply dip ping ori en ta tion. Min eral po ten tial in the
type lo cal ity is lim ited. The only min er al iza tion ob served
con sists of a few small (10–50 m) gos sans sev eral
kilometres east of Mount Attree along the con tact be tween
the Kleanza pluton and fine-grained andesitic fragmental
units con tain ing dis sem i nated py rite and mi nor chal co py -
rite. These gossans are interpreted to be related to the
intrusion of the Kleanza pluton.

Gazelle

The Ga zelle area is a pri mary tar get be cause of pre vi ously
rec og nized po ten tial for eco nomic min er al iza tion (e.g.,
MINFILE 103I  185; MINFILE, 2009) and the in ter pre ta -
tion of VHMS-style min er al iza tion in the area (Hooper,
1984, 1985; McKeown et al., 2008). Nu mer ous geo chem i -
cal, as say and geo chron ol ogi cal sam ples were col lected
from this area to help as sess min eral po ten tial and de ter -
mine ge netic and tim ing re la tion ships. Most min er al iza tion
in the Ga zelle area oc curs in its cen tral re gion, where the
pre dom i nantly fel sic vol ca nic rocks are more in tensely de -
formed and meta mor phosed, and con tain more gos sans
than sur round ing vol ca nic rocks in the Ga zelle area and all
exposures of Mount Attree volcanic rocks east of Terrace
(Figure 4a).

West ern and south ern ex po sures of Mount Attree vol ca nic
rocks are dom i nated by andesitic fragmental units that
grade into dacitic to rhyolitic tuff to the east. Andesitic units 
are typ i cally fine- to coarse-grained nonwelded lapilli tuff
with mi nor apha ni tic an de site flows and/or sills. These
units are meta mor phosed to greenschist fa cies and cut by
nu mer ous apha ni tic and por phy ritic an de site dikes, some of 
which are folded (Fig ure 5). Fo li a tion within the andesitic
units is con sis tent, strikes north-north west and dips mod er -
ately to steeply east. The cen tral re gion of the Ga zelle area
is char ac ter ized by dacitic to rhyolitic tuff protoliths, which
have been meta mor phosed to up per-greenschist fa cies or
higher and ex hibit much more in tense de for ma tion (i.e.,
well-de vel oped fo li a tion ev ery where) than ob served else -
where in both the Ga zelle and other tar geted ar eas. There is
a mix of quartz-seri cite schist, bi o tite schist and fine-
grained, quartz-dominated schist found in the central
region.
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In the west ern re gion an un dated granodiorite pluton in -
trudes the west ern mar gin of the Mount Attree vol ca nic
rocks. This coarse-grained bi o tite-granodiorite pluton is
tex tur ally iden ti cal to the gran ite found in the Nash Ridge
area (de scribed be low) and con tains 40–45% quartz in
large (~1 cm), slightly elon gate blebs. The fo li a tion in this
Cre ta ceous (?) gran ite is par al lel to that ob served con sis -
tently in the rest of the Ga zelle area. This pluton is in ter -
preted to con strain the max i mum age of the de for ma tion
that re sulted in the area’s fo li a tion, which is likely re lated to 
the oc cur rence of a re gional east-west con trac tion dur ing,
and shortly af ter, crys tal li za tion of the granodiorite pluton.
The Eocene Wil liams Creek pluton (or equiv a lent) to the
west shows no ev i dence of magmatic or subsolidus
foliation development.

The Ga zelle area is also char ac ter ized by nu mer ous large
gos sans hosted in the cen tral re gion (Fig ure 4a). Min er al -
iza tion ob served in the cen tral do main is typ i cally dis sem i -
nated and undeformed py rite, ar seno py rite and lo cally
chal co py rite and chalcocite. In sev eral lo cal i ties vein py -
rite, chal co py rite, ga lena and chalcocite string ers are
undeformed and cross cut fo li a tion in quartz-seri cite schist,

which sug gests that de vel op ment of at least some of the
min er al iza tion in the Ga zelle area is a post-fo li a tion event,
pos si bly as so ci ated with nearby CPC in tru sions. A new dis -
cov ery of sphalerite±mag ne tite pods up to 1 m in size was
made in a lay ered Ju ras sic (?) in tru sion west of the main ex -
po sure of Mount Attree vol ca nic rocks. Large xe no liths of
dacitic to rhyolitic tuff oc cur near sphalerite pods. One pod
showed ev i dence for pre vi ous pros pect ac tiv ity but this oc -
cur rence is not in the MINFILE da ta base. Sam ples were
col lected from the sphalerite pod for as say and from the
plutonic units for geo chem is try. Ad di tional min er al iza tion
in the Ga zelle area, typ i cally mag ne tite skarn, was ob -
served along the west ern con tact of volcanic units with the
Eocene Williams Creek pluton and other undated
(Cretaceous?) plutons (Figure 4b).

Mount Bolton

The Mount Bolton area was not mapped dur ing the most re -
cent BCGS re gional map ping cam paign in the Ter race–
Kitimat area. It was se lected as a tar get be cause it is along
and across strike of other mapped ex po sures of Mount
Attree vol ca nic rocks and con tains prox i mal RGS Cu, Mo
and Au anom a lies (Nel son, 2009). This north-trending,
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Fig ure 4. a) Gos san rich in dis sem i nated py rite, chal co py rite, ar -
seno py rite and small undeformed veinlets or string ers of
chalcocite from the cen tral re gion of the Ga zelle area, Brit ish Co -
lum bia. b) Mag ne tite skarn found along con tact be tween Mount
Attree vol ca nic rocks and an Eocene (?) in tru sion.

Fig ure 5. Folded an de site dike cut ting nonwelded andesitic
fragmental vol ca nic rocks in the south ern part of the Ga zelle
area, Brit ish Co lum bia.



elon gate body of vol ca nic rock was pre vi ously mapped as
pos si ble Lower Ju ras sic Telkwa For ma tion by Woodsworth 
et al. (1985). The north ern half of the tar get area was
mapped and sam pled for petrographic, geo chem i cal and
geochronological analyses.

The north ern tip is an in tru sive com plex char ac ter ized by a
50:50 mix of volcaniclastic units in truded by dikes and
stocks. Volcaniclastic rocks con sist of dacitic to rhyolitic
welded and nonwelded tuffs with round quartz eyes,
plagioclase pheno crysts (<1 cm) and mi nor euhedral bi o -
tite. Mi nor oc cur rences of volcanogenic siltstone and sand -
stone, hypa bys sal rhy o lite sills and cross cut ting an de site
dikes were also ob served. These are in truded by Eocene (?)
fine- to me dium-grained hornblende-bi o tite granodiorite,
which con tains ubiq ui tous euhedral honey-brown ti tan ite.
Of ten, vol ca nic units are found as decametre-scale xe no -
liths and/or rafts within the plutonic rocks near con tacts
with larger plutons to the north and east. South of the in tru -
sive com plex, dacitic to rhyolitic crys tal-lithic welded and
nonwelded tuffs dom i nate (Fig ure 6). Bed ding gen er ally
strikes west-north west and dips mod er ately to the north.
Plagioclase and hornblende-phyric an de site dikes, lo cally
folded, cut the package of volcaniclastic rocks.

Over all, the volcaniclastic units ob served in the Mount
Bolton area ap pear sig nif i cantly less meta mor phosed and
al tered than those found in the other tar get ar eas. Meta mor -
phic grade ap pears to be lower-greenschist fa cies at most,
with lo cal ex cep tions in the in tru sive com plex. The per va -
sive chlorite-epidote al ter ation ob served else where in the
Mount Attree vol ca nic com plex is ab sent in this area (Fig -
ure 6), ex cept for some lo cal epidote vein ing and re place -
ment. Epidote re place ment ap pears to be the re sult of hy -
dro ther mal fluid flow in chan nels or pipes through the
vol ca nic rocks, prob a bly dur ing pluton em place ment. The
vol ca nic units in this area likely be long to the Ju ras sic
Telkwa For ma tion based on their lower grade of meta mor -
phism and lack of al ter ation. A sam ple of quartz-phyric

rhyolitic welded tuff was col lected for dat ing. Min er al iza -
tion is lack ing in this area, with one ex cep tion con sist ing of
minor disseminated pyrite and vein pyrite observed in one
rhyolite tuff.

Nash Ridge

Dis tinctly dif fer ent vol ca nic lithofacies are ob served in the
Nash Ridge area (and Mount Clague be low), which is lo -
cated ~10 km due west of type ex po sures of Mount Attree
vol ca nic rocks (Fig ure 2). The area con sists of a south ern
re gion dom i nated by mixed vol ca nic units and a north ern
re gion (north of the Skeena River) that con sists pri mar ily of 
de formed plutonic rocks. Unique to vol ca nic units found in
the Nash Ridge and Mount Clague ar eas are spec tac u lar
lav en der quartz eyes, which dis tin guish them from all other
units to the east (Figure 7).

The south ern re gion con sists of rhyolitic to dacitic crys tal-
lithic tuff, por phy ritic dacite flows, apha ni tic and por phy -
ritic (plagioclase) an de site flows and/or sills, dacitic to
andesitic flows con tain ing rhy o lite clasts and me dium- to
coarse-grained nonwelded andesitic fragmental tuff.
Rhyolitic to dacitic units typ i cally con tain abun dant lav en -
der quartz eyes, but all rock types and most ex po sures con -
tained some lav en der quartz eyes (Figure7). In ter ca lated
within the vol ca nic rocks are lenses of coarse-grained,
strongly fo li ated bi o tite schist. The en tire pack age of vol ca -
nic rocks is meta mor phosed to up per-greenschist fa cies.
Fo li a tion strikes con sis tently east-north east and dips
steeply. Apha ni tic an de site dikes (vari ably por phy ritic with 
plagioclase and hornblende pheno crysts) are pres ent
through out the vol ca nic pack age and are typ i cally
undeformed. A small stock of nonfoliated me dium-grained
gab bro in trudes the vol ca nic units. A high-tem per a ture
duc tile shear zone (<1 m wide), with plas tic ally de formed
feld spar and oriented parallel to foliation in the volcanic
rocks, cuts the gabbro.
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Fig ure 6. Welded rhy o lite tuff with flat tened fiamme found in the
Mount Bolton area, Brit ish Co lum bia.

Fig ure 7. Rhy o lite tuff with dis tinc tive lav en der quartz eyes char ac -
ter is tic of most units found in the Nash Ridge area and some units
in the Mount Clague area, Brit ish Co lum bia.



A Cre ta ceous (?) coarse-grained bi o tite granodiorite in -
trudes the vol ca nic pack age to the south. It con tains 40–
45% quartz, which oc curs as large, slightly elon gate blebs.
This pluton is de formed in the solid state and has a con sis -
tent fo li a tion de fined by the elon gate quartz, which is par al -
lel to the fo li a tion found in the vol ca nic rocks. A sam ple of
the de formed pluton has been col lected for dat ing, which
should pro vide a max i mum on the age of de for ma tion in the 
Nash Ridge area. Late, steep, brit tle faults dis sect the area
and show con sis tently subhorizontal slick en sides in di cat -
ing strike-slip move ment. Undeformed chlorite-epidote
veins are noted in fre quently in this area and their lack of
spe cific ori en ta tion is ev i dence of late- or post- defor mat -
ional em place ment Mi nor min eral oc cur rences were found
through out the en tire area and typ i cally oc cur in dacitic to
rhyolitic rock types but were also ob served in nonwelded
andesitic tuff, schist lenses, cross cut ting an de site dikes and
gab bro. Min er al iza tion con sists of py rite, chal co py rite,
pyrrhotite, ar seno py rite and mi nor bornite. It is ex pected
that microstructural anal y ses car ried out in the Nash Ridge
area will help con firm that min er al iza tion was a syn- or
postdeformation event be cause dis sem i nated pyrite and
arsenopyrite crystals are euhedral and appear to overprint
foliation.

The north ern do main con sists pri mar ily of vari ably fo li ated 
and lineated diorite to quartz diorite, mi nor tonalite and
nonwelded andesitic fragmental tuff. Plutonic units here
are het er o ge neous, con tain ing abun dant (50–60%) vol ca -
nic, schist, diorite and hornfels xe no liths. In ad di tion, there
is strong tex tural vari abil ity in the in tru sive units from very
fine to coarse-grained, in par tic u lar in the road side out -
crops ob served along High way 16, west of Ter race. Fine-
grained bi o tite granodiorite dikes, typ i cally <1 m wide, in -
trude the diorite pack age. Andesitic fragmental vol ca nic
rocks, ob served lo cally, show per va sive chlorite-epidote
al ter ation and are in ter preted to be xe no liths in the in tru sive 
pack age. The vari able fo li a tion in ten sity and ori en ta tion
ob served in north ern do main in tru sions can also be in ter -
preted to be a re sult of lo cal de for ma tion con cen trated
around the vol ca nic xe no liths. Very lit tle min er al iza tion
was ob served in this north ern do main com pared to the
south, with infrequent occurrences of minor disseminated
pyrite hosted by diorite.

Mount Clague

The ex po sures of Mount Attree vol ca nic rocks in the Mount 
Clague area are some what sim i lar in char ac ter to those
found in the Nash Ridge area. Par tic u larly in ter est ing is the
pres ence of lav en der quartz eyes in both vol ca nic and
plutonic units found in this area. Vol ca nic rocks are ex -
posed in the cen tral por tion of the out lined tar get area in
Fig ure 2 and are nearly com pletely sur rounded by a het er o -
ge neous in ter me di ate to mafic in tru sive com plex. Dom i -
nant vol ca nic rock types in clude quartz-phyric rhyolitic to

dacitic tuff, where quartz pheno crysts are both of the lav en -
der and clear va ri ety, with the pres ence of mi nor
oc cur rences of lithic dacitic tuff and andesitic nonwelded
tuff with lav en der quartz eyes (xeno crysts?) also noted in
the ma trix. Most of the Mount Clague area con sists of
tonalite, diorite and microdiorite in tru sions with mi nor oc -
cur rences of gran ite and gab bro. Fel sic plutonic units, in
par tic u lar gra nitic intrusions, often contain lavender quartz
phenocrysts/xenocrysts (?).

Fo li a tion, typ i cally found in plutonic rocks, is vari able in
ori en ta tion and in ten sity. A some what con sis tent south west 
strike and mod er ate dip to the north char ac ter ize the
plutons. Al ter ation ob served in the vol ca nic units and many 
of the plutonic units is typ i cally per va sive chlorite-epidote
al ter ation with lo cal chlorite-epidote vein ing. Veins of ra di -
at ing actinolite were also ob served lo cally in dacitic tuff;
vein ori en ta tions are in con sis tent through out the area. The
VHMS-style min er al iza tion re ported by Nel son (2009)
was not ob served dur ing sum mer 2009 field work; how -
ever, the pres ence of dis sem i nated and vein pyrite was
noted in rhyolitic volcanic rocks.

Summary

De tailed map ping within the six tar geted ex po sures of Pa -
leo zoic Mount Attree vol ca nic rocks has shown that there
are ob serv able volcanogenic lithofacies trends that can
help fo cus ex plo ra tion stud ies. One sig nif i cant trend within 
the Mount Attree vol ca nic se quence is the dis tinct dif fer -
ence be tween vol ca nic lithofacies in the ar eas west of Ter -
race com pared to the east ern ar eas. In gen eral, west ern ar -
eas are more fel sic, con tain more in tru sive ma te rial, are
gen er ally higher meta mor phic grade and con tain ubiq ui -
tous lav en der quartz eyes, which are com pletely ab sent in
the east ern Mount Attree vol ca nic com plex ex po sures, in
both vol ca nic and plutonic rocks. Lithofacies trends have
also been noted within the in di vid ual tar geted ex po sures
and are be ing examined further through petrographic and
geochemical analyses.

The Ga zelle area has shown the most eco nomic-min eral
po ten tial. Pre vi ous work around the Ga zelle show ing has
de scribed the min er al iza tion as VHMS in or i gin (Hooper,
1984, 1985; McKeown et al., 2008); how ever, at least some
of the min er al iza tion ob served in the Ga zelle area oc curred
dur ing or af ter fo li a tion de vel op ment, as in di cated by
cross cut ting vein py rite, chal co py rite, ga lena and
chalcocite. Fur ther more, much of the dis sem i nated min er -
al iza tion ap pears to be postdeformational be cause py rite is
typ i cally euhedral and over prints fo li a tion. This min er al -
iza tion could be a re sult of in tru sion of CPC plutons or have
been remobilized by them. Fo li a tion pat terns in Mount
Attree vol ca nic com plex ex po sures in the Ga zelle and Nash 
Ridge ar eas are par al lel to foliations de vel oped in un dated
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(Cre ta ceous?) plutons. Geo chron ol ogi cal sample prep a r a -
tion is in progress and will help evaluate this possibility.

On go ing petrographic, geo chem i cal and geo chron ol ogi cal
work will help con strain the ages of the vol ca nic pack ages,
their gen e sis and the tim ing of min er al iza tion with re spect
to de po si tion and de for ma tion. These data, when com bined
with the re sults of tar geted map ping com pleted dur ing sum -
mer 2009, re cent re gional map ping, QUEST-West geo -
phys i cal data and reanalyzed RGS stream data, will pro vide 
a more com plete geo log i cal and min eral po ten tial
framework for the Terrace–Kitimat area.

Acknowledgments

Fund ing was pro vided pri mar ily by Geoscience BC Grant
2008-027, with ad di tional fi nan cial sup port from the Uni -
ver sity of Wis con sin-Eau Claire to G. Pignotta and J.B. Ma -
honey. Thanks also to J.L. Nel son (BCGS) for geo log i cal
ex per tise and lo gis ti cal sup port and L. McKeown of the
Ter race Eco nomic De vel op ment Au thor ity. Spe cial thanks
to C. Kend all and staff at Ca na dian He li cop ters in Ter race
for out stand ing helicopter support and salmon dinners.

References

BC Geo log i cal Sur vey (2008): MapPlace GIS internet map ping
sys tem; BC Min is try of En ergy, Mines and Pe tro leum Re -
s o u r c e s ,  M a p P l a c e  w e b s i t e ,  U R L  < h t t p : / /
www.MapPlace.ca> [No vem ber 2008].

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 p.

Gareau, S.A., Woodsworth, G.J. and Rickli, M. (1997a): Re gional
ge ol ogy of the north east ern quad rant of Ter race map area,
west-cen tral Brit ish Co lum bia; in Cur rent Re search 1997-
A/B, Geo log i cal Sur vey of Can ada, p. 47–56.

Gareau, S.A., Fried man, R.M., Woodsworth, G.J. and Childe, F.
(1997b): U-Pb ages from the north east ern quad rant of Ter -
race map area, west-cen tral Brit ish Co lum bia; in Cur rent
Re search 1997-A/B, Geo log i cal Sur vey of Can ada, p. 31–
40.

Heah, T.S.T. (1991): Me so zoic duc tile shear and Paleogene ex ten -
sion along the east ern mar gin of the Cen tral Gneiss Com -
plex, Coast Belt, Shames River area, near Ter race, Brit ish
Co lum bia; M.Sc. the sis, Uni ver sity of Brit ish Co lum bia,
155 p.

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 12 717, 41 p.

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 14 076, 25 p.

Höy, T. (1991): Volcanogenic 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, p. 89–124.

Jackaman, W. (2009): Stream geo chem i cal sur vey sam ple
reanalysis, Ter race and Prince Rupert map ar eas, west ern

Brit ish Co lum bia (NTS 103I, part of 103J); in Geoscience
BC Sum mary of Ac tiv i ties 2008, Geoscience BC, Re port
2009-1, p. 15–18.

Kowalczyk, P.K. (2009): QUEST-West geo phys ics in cen tral Brit -
ish Co lum bia (NTS 093E, F, G, K, L, M,N, 103I): new re -
gional grav ity and he li cop ter time-do main elec tro mag netic
data; in Geoscience BC Sum mary of Ac tiv i ties 2008,
Geoscience BC, Re port 2009-1, p. 1–6.

McKeown, M., Nel son, J.L. and Fried man, R. (2008): Newly dis -
cov ered vol ca nic-hosted mas sive sul phide po ten tial within
Pa leo zoic vol ca nic rocks of the Stikine as sem blage, Ter race
area, north west ern Brit ish Co lum bia; 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, p. 103–116.

MINFILE (2009): 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://minfile.ca> [No vem ber 2009].

Nel son, J.L. (2009): Ter race Re gional Map ping Pro ject Year 4: ex -
ten sion of Pa leo zoic vol ca nic belt and in di ca tors of
volcanogenic mas sive sul phide-style min er al iza tion near
Kitimat, Brit ish Co lum bia (NTS 103I/02, 07); in Geo log i cal
Field work 2008, BC Min is try of En ergy, Mines and Pe tro -
leum Re sources, Pa per 2009-1, p. 7–20.

Nel son, J.L. 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 and
Geoscience BC, Re port 2007-1, p. 149–162.

Nel son, J.L., Barresi, T., Knight, E. and Boudreau, N. (2006a): Ge -
ol ogy and min eral po ten tial of the Usk map area (NTS
103I/09) near Ter race, Brit ish Co lum bia; in Geo log i cal
Field work 2005, BC Min is try of En ergy, Mines and Pe tro -
leum Re sources, Pa per 2006-1 and Geoscience BC, Re port
2006-1, p. 117–134.

Nel son, J.L., Barresi, T., Knight, E. and Boudreau, N. (2006b): Ge -
ol ogy of the Usk map area (NTS 103I/09); BC Min is try of
En ergy, Mines and Pe tro leum Re sources, Open File 2006-3,
1:50 000 scale.

Nel son, J.L., Ken nedy, R., Angen, J. and Newman, S. (2007): Ge -
ol ogy of the Ter race map area (NTS 103I/09, 10, 15, 16); BC 
Min is try of En ergy, Mines and Pe tro leum Re sources, Open
File 2007-4, 1:70 000 scale.

Nel son, J.L., Kyba, J., McKeown, M. and Angen, J. (2008a): Ge ol -
ogy of the Chist Creek map area (NTS 103I/08); BC Min is -
try of En ergy, Mines and Pe tro leum Re sources, 1:50 000
scale.

Nel son, J.L., Kyba, J., McKeown, M. and Angen, J. (2008b): 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, (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, p. 159–174.

Nel son, J.L., McKeown, M., Cui, Y., Desjardins, P., Nakanishi, T.
and Shirvani, F. (2008c): Ter race pre lim i nary geodata re -
lease (103I east half); BC Min is try of En ergy, Mines and Pe -
tro leum Re sources, GeoFile 2008-11.

Woodsworth, G.J., Hill, M.L. and van der Heyden, P. (1985): Pre -
lim i nary ge ol ogy map of Ter race (NTS 103I, east half) map
area, BC; Geo log i cal Sur vey of Can ada, Open File 1136,
1:125 000 scale.

Geoscience BC Re port 2010-1 113

http://www.MapPlace.ca
http://www.MapPlace.ca
http://minfile.ca


114 Geoscience BC Sum mary of Ac tiv i ties 2009


