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INTRODUCTION

The 2006 field sea son was a con tin u a tion of re gional
geo log i cal map ping and min eral de posit stud ies in the area
north of Ter race, ex tend ing north and west of the Usk map
area, which was com pleted in 2005 (Fig 1; Nel son et al.,
2006a, b).

The area cov ered was the south half of the Doreen map
sheet, NTS 103I/16, and the east half of the Ter race map
sheet, NTS 103I/10.

The most im por tant geo log i cal ob ser va tions in clude

• the rec og ni tion and def i ni tion of a strati graphic
marker se quence at the top of the Hazelton Group,
which cor re sponds in po si tion, and pos si bly in age,
to the rocks that host the Eskay Creek mine; and

• the es tab lish ment of strati graphic off sets that con -
strain both nor mal mo tion and pre cur sor thrust mo -
tion on the low-an gle fault or faults that bor der the
up lifted Kitselas meta mor phic com plex.

Key eco nomic find ings in clude

• a new zone of cop per min er al iza tion that was dis -
cov ered over a sig nif i cant area near the Borden Gla -
cier on the north side of Mt Sir Rob ert; prob a bly re -
lated to, but dis tinct from, pre vi ously known
show ings; and

• the dis cov ery that the south ern slopes of Mt Knauss
have been af fected by a large al ter ation sys tem
cored by a zone of por phyry-style mo lyb de num-
cop  per  min  e r  a l  iza  t ion  (Womo,  MINFILE
103I 122); this in ter est ing area is cur rently staked
but has had no re cent ex plo ra tion activity.

GEOLOGY

The Ter race, Usk and Doreen map ar eas are con tig u -
ous and the same geo log i cal is sues arise through out. There -
fore, this treat ment, al though fo cused on geo log i cal units
ex am ined dur ing 2006, also re fers to the ge ol ogy in cluded
in last year’s map cov er age (Nel son et al., 2006a) for com -
plete ness. It should also be noted that our de tailed map ping

suc ceeds re gional work by G. Woodsworth and col leagues
(Woodsworth et al., 1985; Gareau et al., 1997a, b; G.
Woodsworth, 1:100 000 map ping, pers comm), which has
pro vided an in valu able framework for subsequent study.

Tec toni cally, the area is di vided into two dis tinct struc -
tural pan els by gently to steeply east-dip ping faults in the
val ley of the Skeena River, termed here the Skeena River
fault zone. In the hangingwall of these faults, east of the
Skeena River, is a strati graphic se quence that ranges in age
from Early Perm ian to Late Ju ras sic (Fig 2, 3).

From base to top, it in cludes the Perm ian Zymoetz
Group (Nel son et al., 2006a), over lain by ex ten sive ex po -
sures of the mainly subaerial vol ca nic Howson fa cies of the
Telkwa For ma tion, which is a thin but con tin u ous marker
unit of Mid dle (?) Ju ras sic clastic Smithers For ma tion, and
chert – si li ceous argillite – fel sic tuff com pa ra ble to the ‘py -
jama beds’ of the up per Hazelton Group in the Iskut area,
and the Bow ser Lake Group. This se quence is typ i cal of
much of Stikinia. The Telkwa and Smithers for ma tions and
the py jama beds be long to the Early to Mid dle Ju ras sic
Hazelton Group. Early Ju ras sic and older strat i fied rocks
are in truded by the Early Ju ras sic Kleanza pluton. Be tween
the Skeena River and the Kitsumkalum River val ley, the
footwall of the fault sys tem com prises a some what dif fer ent 
strati graphic se quence of fel sic and mi nor ba saltic strata of
the Early Ju ras sic Kitselas fa cies, over lain by a thin in ter val 
of more typ i cal Telkwa var ied vol ca nic units, the Smithers
For ma tion, py jama beds and the Bow ser Lake Group. This
panel is in truded by a strongly de formed granitoid suite of
Paleocene age (the Kitsumkalum suite of Gareau et al.,
1997a, b). Undeformed Eocene gran ite, such as the Car pen -
ter Creek and New town Creek plutons, cut the hangingwall
and the footwall, as well as the faults that sep a rate them.
Meta mor phic grades in the hangingwall panel range from
ze o lite fa cies to a nar row zone of greenschist along its base,
whereas grades in the footwall panel increase from lower to 
upper greenschist toward the west.

The Kitsumkalum val ley is part of a north-trending
graben struc ture ex tend ing from Kitimat to the Nass val ley.
Within it, there are weakly meta mor phosed strat i fied rocks
of the Hazelton, Bow ser Lake and Skeena groups, jux ta -
posed along steep faults against the Kitselas fa cies and de -
formed granitoid rocks in the moun tains north of Terrace.

Stratified Units

TELKWA FORMATION EAST OF THE
SKEENA RIVER

The up per part of the Early Ju ras sic Telkwa For ma tion
ex tends north from ex po sures mapped in Le gate Creek in
2005 (Fig 4; Nel son et al., 2006a, b), into the area of Mt Sir
Rob ert, Mt Quinlan and the up per reaches of Big Ol i ver
Creek.
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Far ther south, it com prises flows and lesser tuff. Mt Sir 
Rob ert is com posed mainly of andesitic rocks, while ridges
to the south and west are un der lain by more si li ceous dacite. 
There is very lit tle interbedding of in ter me di ate and fel sic
com po si tions, per haps be cause they were erupted from
sep a rate cen tres. The an de site on Mt Sir Rob ert is ma roon
to pur ple in col our and is gen er ally apha ni tic and of ten
amyg da loid al. Amygdules in these flows are filled with cal -
cite and sub-greenschist min er als such as prehnite±
pumpellyite. Over all, the an de site is thickly bed ded; bed -
ding ori en ta tions can be de ter mined by the oc cur rence of a
mi nor, thinly bed ded fel sic strata as well as from the flat ten -
ing of ves i cles par al lel to bed ori en ta tions. Dacitic rocks on
the low ridge im me di ately north of Le gate Creek are ma -
roon to red and apha ni tic to por phy ritic. Most are co her ent
and prob a bly make up a dome com plex. Sub sid iary welded
tuff beds with strong eutaxitic fab rics pro vide lo cal bed -
ding con trol. Thickly bed ded dacite flows and tuff also un -
der lie the west ern slopes of Mt Quinlan and up per Big Ol i -
ver Creek.

The up per most units of the Telkwa For ma tion, north
and west of Mt Sir Rob ert, are brick red to ma roon, rarely
bright green, finely comminuted and, in part, lam i nated tuff 
that is at least par tially of ignimbritic or i gin. Lo cally, thin
lime stone lay ers are in ter ca lated with the tuff over an in ter -
val of 10 to 20 m. This tuffaceous se quence could be part of
the red tuff mem ber of the Smithers For ma tion (Tip per and
Rich ards, 1976); how ever, it ap pears to be con tin u ous with
and re lated to dacite of the un der ly ing Telkwa For ma tion
rather than to the over ly ing, very dif fer ent, clastic Smithers
For ma tion. The stratigraphically high est unit in the Telkwa
For ma tion is a dis tinc tive, thickly bed ded, very fine grained 
ma roon tuff unit. Char ac ter is ti cally, it con tains crudely pla -
nar con cen tra tions of fist to can ta loupe-sized, ovoid to ir -
reg u lar, con cen tri cally zoned clasts (Fig 5). It forms a con -
tin u ous layer from the pla teau north of Mt Sir Rob ert, to the
west side of Mt Quinlan, a total of 10 km of strike length.

Strat i fied rocks around the lower por tions of Lit tle and
Big Ol i ver Creek, and the north west ern part of the low

ridge north of Le gate Creek, are sep a rated from the Mt Sir
Rob ert – Mt Quinlan sec tion by a set of steep faults. In this
area, the Hazelton Group is dom i nated by light grey dacite
and/or rhy o lite, pre dom i nantly co her ent and mo not o nous,
but with some lapilli and welded lapilli tuff. Dark green
apha ni tic ba salt is also pres ent. As dis cussed by Gareau et
al. (1997a, b), the af fin ity of these rocks is un cer tain. In
terms of lithological com po si tion — the pre dom i nance of
very fel sic com po si tions with mi nor mafic units — they are
sim i lar to the Kitselas fa cies far ther south. How ever, they
are only spo rad i cally fo li ated, and greenschist-fa cies min -
eral de vel op ment is very sub tle. Also, they oc cupy a dis -
tinct struc tural panel from the Kitselas fa cies, which
merges struc tur ally into the up per Hazelton Group near Le -
gate Creek (Fig 2). For these rea sons, we con sider them part 
of the main Hazelton Group, as sug gested by Gareau et al.
(1997b). If they are, then the sug gested tie be tween the ca.
195 Ma Kitselas fa cies and the Telkwa For ma tion (Gareau
et al., 1997a, b) is considerably strengthened.

KITSELAS FACIES AND TELKWA
FORMATION WEST OF THE SKEENA RIVER

Pre dom i nantly fel sic vol ca nic rocks of the Kitselas fa -
cies oc cupy a broad re gion north of Ter race, span ning
Kitselas Moun tain, Mt Vanarsdoll, Lean-to Moun tain and
the high ridges in the head wa ters of Hardscrabble Creek.
On Kitselas Moun tain, as pre vi ously de scribed (Nel son et
al., 2006a), they are well-bed ded pale grey to white rhy o lite 
volcaniclastic units with some co her ent flows or domes.
Welded tuff with strong eutaxitic fab rics is lo cally well de -
vel oped. Two prom i nent bands of dark green metabasalt
strike east-north east on the south ern slope of Mt
Vanarsdoll. They are the faulted equiv a lent of sim i lar in ter -
vals on Kitselas Moun tain, across a set of north-strik ing
dextral faults with 500 to 1000 m off sets (Fig 2). The wider
one is ap prox i mately 200 m thick. Al though these rocks ex -
hibit greenschist-fa cies al ter ation, orig i nal tex tures are
well pre served.  These in clude amyg da loid al and
scoriaceous tex tures in flows, and fragmental tex tures in
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Fig ure 1. Lo ca tion of the Ter race area in north west BC, with cur rent and 2005 map ping high lighted (shown in de tail in Fig 2).
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Fig ure 2. Ge ol ogy of the Usk (NTS 103I/09), south ern Doreen (NTS 103I/16) and east ern Ter race (NTS 103I/10) map ar eas, from field map ping in 2005 and 2006, com pi la tion from
1:100 000 maps of G. Woodsworth (pers comm) and ex trap o la tion of some faults and con tacts.



ba salt and mixed ba salt-rhy o lite tuff. One very small en -
clave on the east ern ridge of Lean-to Moun tain con sists of
highly plagioclase-phyric, in part amyg da loid al, an de site.
It is iden ti cal in tex ture to an de site in the up per Telkwa For -
ma tion near Mt O’Brien, even to the com mon clump ing of
tab u lar plagioclase into ag gre gates with rag ged ter mi na -
tions. This pro vides fur ther ev i dence of a link age be tween
the coeval, but for the most part compositionally distinct,
Kitselas and Telkwa formations.

Over all, the Kitselas fa cies rep re sents a very large fel -
sic cen tre, mea sur ing at least 15 km in the north-south di -
men sion and 20 km east-west, which takes the place of the
up per Telkwa an de site and dacite flows east of the Skeena
River. It is un usual within the Telkwa for its size, uni for -
mity and pre dom i nance of very fel sic rocks; how ever, other 
smaller rhyolitic cen tres oc cur within the Telkwa For ma -
tion in the Usk area (Nel son et al., 2006a, b).

Near the north ern ex posed limit of the Kitselas fa cies
in the Hardscrabble Creek head wa ters, where it is cut off by 
Eocene gran ite, lay er ing dips pri mar ily to the north, pro -
ject ing be low a sec tion of vari ably meta mor phosed Telkwa
vol ca nic units that is, in turn, over lain by the Smithers For -
ma tion and the py jama beds. The Telkwa rocks out crop
from near Car pen ter Creek through Mt Knauss and the
head wa ters of Ma roon Creek north of Fid dler Lake, and as
far west as the east ern shore of Kitsumkalum Lake. Re -
gional meta mor phic grades in crease from sub-greenschist
in the east to up per greenschist near Kitsumkalum Lake, but 
pri mary com po si tions and tex tures are dis cern ible through -
out. Near Car pen ter Creek, a very lim ited Telkwa sec tion is
trun cated by Eocene gran ite. It con sists of ma roon to brick
red, in part finely lam i nated tuff. These strata were as signed 
to the red tuff mem ber of the Smithers For ma tion by Nel son 

et al. (2006a, b), but based on ob ser va tions near Mt Sir
Rob ert, we now con sider them to be the uppermost unit of
the Telkwa Formation.

On east ern Mt Knauss, grey rhy o lite with tiny, sparse
feld spar pheno crysts is over lain by well-fo li ated dacite tuff
and lesser ba salt, a sec tion that ex hib its a de gree of sim i lar -
ity to the Kitselas fa cies. The up per most unit is a red tuff
that con tains pla nar con cen tra tions of large, con cen tri cally
zoned clasts and is equiv a lent to the up per most tuff unit east 
of the Skeena River. A more meta mor phosed ver sion of this 
unit oc curs at the top of the Telkwa For ma tion in the head -
wa ters of Ma roon Creek. There, the clasts are re placed by
c o n  c e n  t r i  c a l l y  z o n e d  e p i d o t e - g a r  n e t - q u a r t z -
piedmontite(?) metadomains (Fig 6). Al to gether, this unit
has been rec og nized over a to tal of nearly 30 km of strike,
not tak ing into ac count structural repetition across the
Skeena River.

Far thest west, near Ma roon Creek and along the high -
way east of Kitsumkalum Lake, the up per Telkwa For ma -
tion con sists of green metabasalt and metadacite, gen er ally
co her ent with lesser volcaniclastic textures.

SMITHERS FORMATION

The Smithers For ma tion lies stratigraphically be tween 
the Telkwa For ma tion and the py jama beds in both the
hangingwall and footwall of the fault sys tem along the
Skeena River. In the hangingwall, it is well ex posed from
north of Mt Sir Rob ert, south and west of Mt Quinlan, and
in the low hills north of Big Ol i ver Creek. Its basal con tact
is sharp and paraconformable on ma roon Telkwa tuff. The
Smithers For ma tion is a uni form, well-bed ded unit of light
green tuffaceous vol ca nic-de rived greywacke, with thin
interbeds of tuffaceous siltstone. A high con tent of rhyolitic 
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Fig ure 3. Cross-sec tion of units in the Ter race area; A-A’-A’’ on Fig 2; leg end is the same as Fig 2.

Fig ure 4. Look ing south across Le gate Creek at the north face of
Mt O’Brien, a spec tac u lar ex po sure of the steeply south west-dip -
ping an de site of the Telkwa For ma tion.

Fig ure 5. Con cen tri cally zoned clasts in up per most tuff unit of the
Telkwa For ma tion. Made of fine clastic lay ers, they may be can ni -
bal ized from un con sol i dated ash de pos its.



ash tuff gives a white cast to the weath ered al pine ex po -
sures. Tiny feld spar grains are dis persed in the sand and lo -
cally white, subangular to subrounded rhyolitic peb bles oc -
cur. Cu ri ously, no red dish dacitic or andesitic de bris
at trib ut able to the un der ly ing Telkwa For ma tion is pres ent;
this prob a bly in di cates a low re lief en vi ron ment.
Fossiliferous beds and co quina, bur rows and bioturbation
are com mon. Black, pet ri fied tree trunks, up to 30 cm in di -
am e ter, are also pres ent in the area. Macrofossil spe cies in -
clude large, smooth-shelled clams, trigoniids, small ribbed
bi valves, gas tro pods and rare ammonites. Some large
clams are pre served open with their shells still at tached.
They sup ported col o nies of small cor als, gas tro pods and
bryo zoans, the open shell pro vid ing both shel ter and a food
source. The thor ough ness of the bioturbation sug gests that
the Smithers For ma tion ac cu mu lated on a shal low seafloor
(P. Mus tard, pers comm, July 2006). The rhyolitic ash and
sparse small vol ca nic lithic clasts were prob a bly de rived
from ac tive con tem po rary fel sic cen tres far ther to the
south, for in stance, in the Whitesail and Nechako regions of 
south-central Stikinia (L. Diakow, pers comm, August
2006; Diakow and Levson, 1997).

The age of the Smithers For ma tion, east of the Skeena
River, is con strained at pres ent by a sin gle macrofossil col -
lec tion of Aalenian age (G. Woodsworth and H.W. Tip per,
un pub lished data, 1985). Our col lec tions made in 2006
have not yet been iden ti fied.

In the footwall se quence west of the Skeena River, the
Smithers For ma tion lies paraconformably above the
Telkwa For ma tion and be low the py jama beds from Car -
pen ter Creek to Kitsumkalum Lake (Fig 2). A col lec tion of
bi valves from sand stone near Car pen ter Creek was iden ti -
fied as of prob a ble Early Bajocian age, sim i lar to fau nas in
the Smithers For ma tion on Hud son’s Bay Moun tain and in
the Whitesail area (T. Poulton in Nel son et al., 2006a). Sim -
i lar fossiliferous sand stone con tin ues to the west across Mt
Knauss. On the west ern side of Fid dler Creek, the meta -
mor phic grade in creases; fos sils be come streaks of coarse
cal cite, and bioturbation is rec og nized in un even tex tures
within the metasandstone. In its far thest west ern ex po sure
where the high way cuts along Kalum Lake, the Smithers
For ma tion is a glossy, pale green seri cite-chlorite schist
with epidote laminae re plac ing limy lay ers and spotty cor -

di er ite per haps nu cle at ing in bur rows. Its thick, reg u larly
bed ded char ac ter persists within the outcrops of these
metamorphic rocks.

PYJAMA BEDS (TROY RIDGE FACIES)

This thin but dis tinc tive for ma tion lies be tween the
Smithers For ma tion and the base of the Bow ser Lake
Group in the hangingwall and footwall pan els both east and
west of the Skeena River. It con sists of black, rusty-weath -
er ing, rib bon-bed ded chert and black si li ceous argillite
(Fig 7a). Its si li ceous na ture serves to sep a rate it from the
un der ly ing greywacke of the Smithers For ma tion, al though 
there is a tran si tional con tact in which the up per most
Smithers For ma tion be comes more thinly bed ded and more
si li ceous tens of metres be low its up per con tact. The py -
jama beds are also dis tinct from the over ly ing, non-si li -
ceous, fine-grained to coarse-grained clastic strata of the
Bow ser Lake Group. Most dis tinc tive of this unit, al though
not ob served ev ery where within it, are pale pink to white,
very thin fel sic tuff lami na tions (Fig 7b). The black and
white strip ing is com pa ra ble to the so-called ‘py jama beds’
that lie at the top of the Hazelton Group in the Iskut re gion,
for in stance, at Troy Ridge (cf. An der son and Thorkelsen,
1990). The Troy Ridge fa cies has been dated as Bajocian
(ca. 175 Ma; K. Simpson and V. McNicoll, pers comm,
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Fig ure 6. Epidote metadomains in greenschist-fa cies dacite, in the
up per most Telkwa For ma tion north east of Fid dler Lake. These are
in ter preted as meta mor phosed equiv a lents of con cen tri cally
zoned bombs (see Fig ure 5).

Fig ure 7. a) Ridge-top ex po sure of py jama beds north east of Fid -
dler Lake; b) close-up of py jama beds in the sad dle south of Ma -
roon Moun tain, show ing their dis tinct and char ac ter is tic pale strip -
ing on milli metre to centi metre scales.



2005). It rep re sents qui es cent con di tions at the end of the
Hazelton arc cy cle and is contemporaneous with the
development of the Eskay Rift to the west.

The pre cise age of the py jama beds in the Ter race area
is not known. The unit is un der lain by the Aalenian to
Bajocian Smithers For ma tion and is over lain by the Bow ser 
Lake Group, which lo cally con tains fos sil col lec tions as old 
as Callovian (G. Woodsworth and H.W. Tip per, un pub -
lished data, 1985). Thus it may be en tirely co eval with the
Troy Ridge fa cies, but could con ceiv ably be as young as
Early Callovian. A 2006 macrofossil col lec tion made near
the top of this unit will be a use ful in di ca tor to con firm or
weaken its cor re la tion with the Troy Ridge facies.

In any event, geo log i cal map ping in the Ter race area
dur ing 2006 traced out a unit iden ti cal in char ac ter and
strati graphic po si tion to the Troy Ridge fa cies, which out -
crops over a 30 km strike length from the pla teau north of
Mt Sir Rob ert to the east side of Kalum Lake. It in di cates
that the same deep-wa ter, qui es cent en vi ron ment ex isted in
this re gion at the end of the Hazelton arc vol ca nism sim i lar
to the Iskut area, some 200 km north of Ter race. So far, no
rem nant of an Eskay-like rift fa cies with coarse clastic and
bi modal vol ca nic de pos its has been ob served in this area;
how ever, the rift to off-rift tran si tion in the Iskut area is
abrupt and sim i lar rocks could be situated farther west.

BOWSER LAKE GROUP

The Ter race area lies along the south ern mar gin of the
Bow ser Ba sin, the depocentre in which Late Ju ras sic to
Early Cre ta ceous clastic strata of the Bow ser Lake Group
ac cu mu lated (Tip per and Rich ards, 1976). We rec og nize a
va ri ety of lithological sub units within the Bow ser Lake
Group, but struc tural com pli ca tions and a lack of
biostratigraphic con trol pre vent an ac cu rate time-strati -
graphic subdivision.

The base of the Bow ser Lake Group is well-de fined
and ap par ently con form able above the py jama beds. Basal
units vary from se quences of black car bo na ceous siltstone
to coarse sand stone and even con glom er ate. This con tact
was the lo cus of strong struc tural dis rup tion, and it is not
clear to what de gree the vari abil ity in the low er most Bow -
ser Lake Group re flects orig i nal fa cies, as op posed to dif -
fer ent strati graphic lev els jux ta posed above a planar basal
décollement.

In this area, most of the Bow ser Lake Group con sists of 
interbedded grey to black sand stone, siltstone and shale
with mi nor limy clastic beds and dirty calcarenite.
Macrofossils — bi valves, bel em nites and ammonites —
oc cur in un com mon but rich beds. Within the map area,
Late Ju ras sic, Callovian and Oxfordian fauna have been
iden ti fied (G. Woodsworth and H. Tip per, un pub lished
data, 1985). Coarser in ter vals of sand stone, grit and con -
glom er ate are dom i nated by fel sic vol ca nic sources.
Rounded clasts of apha ni tic, holocrystalline and por phy -
ritic vol ca nic rocks, as well as sand-sized plagioclase
grains, are the main rea son the rocks weather pale green to
white. The dom i nant vol ca nic source terrane in this area
stands in strong con trast to the Bow ser Lake Group in the
Iskut area, and also far ther upsection lo cally, in which
north east erly de rived chert clasts from the Cache Creek
Terrane are by far the most abun dant. Tip per and Rich ards
(1976) as cribe the early vol ca nic prov e nance to the up lift of 
the Skeena arch, a per sis tent east-trending structural high
south of the Bowser Basin.

In one lo cal ity, east of Mt Quinlan, im ma ture fel sic
vol ca nic brec cia oc curs within the Bow ser Lake Group in
sev eral hun dred metres of ridge ex po sures. They vary from
jig saw, puz zle-fit brec cia to lapilli tuff com pris ing peb ble
to cob ble-sized an gu lar vol ca nic clasts in a clastic-
volcaniclastic ma trix. We in ter pret these as hyaloclastic de -
pos its with lo cal de vel op ment of peperite. Vol ca nic de pos -
its are known within the south ern ex tent of the Bow ser
Lake Group in the Nechako area of cen tral BC (Diakow and 
Levson, 1997). They rep re sent a Late Ju ras sic re newal of
vol ca nism to the south, af ter the mid-Jurassic demise of the
Hazelton arc.

SKEENA GROUP

Clastic strata of the mid-Cre ta ceous Skeena Group
only oc cur in the far west ern part of the Ter race map area,
west of the Kitsumkalum River val ley. These rocks are dis -
tin guish able from the Bow ser Lake Group by the dom i -
nance of ar kose as op posed to vol ca nic sand stone. They
tend to be cream and buff-col oured, as op posed to the
darker greys, greens and browns of the Bow ser Lake
Group. Crossbeds are com mon and coal is noted at sev eral
lo cal i ties. In places, de tri tal white mica oc curs within the
Skeena Group sandstone.

Intrusive Units

EARLY JURASSIC KLEANZA SUITE

In tru sive bod ies in the Ter race area be long to three
suites of dis tinct age and struc tural set ting. The old est is the
Early Ju ras sic Kleanza pluton, which oc curs in the
hangingwall of the Skeena River fault zone. This body has
been dated at ca. 200 Ma (Gareau et al., 1997a). It out crops
ex ten sively along the Zymoetz River and Kleanza Creek in
the Usk map area (Nel son et al., 2006a, b). In the Ter race
map area, it ex tends west across the Skeena River at the ‘old 
bridge’ north east of Ter race and onto the lower slopes of
Ter race Moun tain (Fig 2). Over all, the Kleanza pluton
shows a high de gree of tex tural and compositional het er o -
ge ne ity, with vari ants from gab bro to gran ite and fine-
grained microdiorite to hornblende-plagioclase peg ma tite.
Its most west erly ex po sures, from the cliff at the base of
Cop per Moun tain to Ter race Moun tain, con sist en tirely of
coarse-grained white to pink gran ite, with po tas sium feld -
spar megacrysts that range in size from a half centi metre to
sev eral centi metres. These pink megacrysts dis tin guish it
from oth er wise sim i lar gran ite of the Car pen ter Creek suite. 
The Kleanza gran ite does not ex hibit pen e tra tive
deformation, although it is cut by discrete shear zones.

PALEOCENE KITSUMKALUM SUITE

Vari ably to strongly fo li ated, inhomogeneous
granitoid oc curs interlayered with Kitselas and Telkwa
meta vol can ic rocks be tween Ma roon Creek on the east side
of Kalum Lake, and Ter race Moun tain on the north ern out -
skirts of Ter race. This body has been dated at ca. 59 Ma
(Gareau et al., 1997a). Gran ite is the dom i nant rock type,
but granodiorite and diorite are also pres ent, the lat ter com -
monly as lenses and lay ers. Well-formed ti tan ite crys tals
are one dis tin guish ing fea ture of this suite of in tru sive
phases. Prin ci pally, how ever, the Kitsumkalum suite is
iden ti fied based on the prev a lence of duc tile de for ma tion
fab rics within it. Un for tu nately, the other plutons are cut by
spaced shear zones; parts of the Kitsumkalum suite lack a
ho mo ge neous fo li a tion. Thus, the dis tinc tion be tween this
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and the other suites is not clear ev ery where. Com pared to
Gareau et al. (1997a, b), we have con sid er ably re duced its
mapped ex tent (Fig 2). In par tic u lar, ar eas as signed to the
Kitsumkalum suite near the town of Ter race and around
Gla cier Peak are un der lain by undeformed gran ite that we
as sign to the youn ger Car pen ter Creek suite (see below).

Mi nor oc cur rences of fo li ated gran ite oc cur within the
struc tural base of the Telkwa For ma tion along the Skeena
River in Kitselas Can yon and near Lit tle Ol i ver Creek.
Their fo li ated, greenschist-fa cies vol ca nic hosts are con -
sid ered to have been af fected by the same deformational
event as the Kitselas com plex in the footwall of the Skeena
River fault zone.

EOCENE CARPENTER CREEK SUITE

Plutons of the post-ki ne matic Car pen ter Creek suite
are large, lobate bod ies that cross cut the Kitselas fa cies, the
Paleocene Kitsumkalum suite, the Skeena River fault zone
and the Telkwa For ma tion in its hangingwall. The Car pen -
ter Creek pluton has been dated as ca. 53 Ma (Gareau et al.,
1997a). The Car pen ter Creek and Hardscrabble plutons oc -
cupy a large area be tween the Skeena River and Gla cier
Peak. They are ac tu ally two con nected lobes of a sin gle in -
tru sion (Fig 2). A third body, the New town Creek pluton,
out crops in the hills north of Ter race. Like the oth ers, it is
coarse-grained, undeformed and in trudes rocks of the
Kitselas com plex that have been de formed in a duc tile man -
ner.  Gran i te dom i nates these bod ies,  with lesser
granodiorite; finer-grained por phy ritic phases form local
dike swarms.

Structure and Metamorphism

FRAMEWORK

The Ter race area is di vided into three struc tural pan els,
de fined by ma jor faults along the east side of the
Kitsumkalum val ley and along the Skeena River (Fig 2).
The Skeena River fault zone (SRFZ) is poorly ex posed and
largely ob scured by Eocene plutons and later high-an gle
faults. The Usk fault (Nel son et al., 2006a, b) is part of this
sys tem. The Usk fault dips gently to mod er ately to the east.
Geo log i cal re la tion ships across the SRFZ are sug ges tive of
both early thrust move ment and later top-to-the-east de -
tach ment. Faults along the east side of the Kitsumkalum
val ley are steep, with down-to-the-west nor mal and also
dextral dis place ment. They post date the gently dip ping
faults of the SRFZ and they cut the Eocene gran ite, as well
as all older units.

The Kitsumkalum val ley is a graben, bounded to the
east by high-an gle faults. It is mostly un der lain by the
unmetamorphosed Bow ser Lake Group; Kitsumkalum
Moun tain west of Ter race is a small horst of Telkwa For ma -
tion. The height of land be tween Ter race, Kitsumkalum
Lake and the Skeena River is an up lifted Paleocene meta -
mor phic com plex, the Kitselas com plex, which com prises
the Kitselas fel sic vol ca nic fa cies of the Telkwa For ma tion,
over ly ing up per Telkwa meta vol can ic rocks, the Smithers
For ma tion and py jama beds, and the low est part of the
Bow ser Lake Group near Ma roon Creek. The hangingwall
of the Skeena River fault zone east of the Skeena River is a
sin gle north-north east erly dip ping panel of gen er ally
unmetamorphosed Perm ian to Ju ras sic supracrustal rocks.
This  geo  log  i  ca l  sce nar io  was  rec  og  n ized  by  G.
Woodsworth and his co work ers (Woodsworth et al., 1985;
Gareau et al., 1997a, b; G. Woodsworth, pers comm, 2005,

2006). Here we cor rob o rate and am plify the struc tural his -
tory of the area, fo cus ing on the multistage development of
the Kitselas complex.

EARLY DEVELOPMENT OF THE SKEENA
RIVER FAULT ZONE

Cor re la tion of the mainly fel sic vol ca nic strata of the
Kitselas fa cies within the Telkwa For ma tion east of the
Skeena River raises the ques tion of why the Kitselas fa cies
to the west is at a dis tinctly higher meta mor phic grade and
state of duc tile de for ma tion than its cor re la tive Telkwa fa -
cies to the east. In our map ping, we have shown that the
much of the Telkwa and Smithers strata above the Kitselas
fa cies, in the footwall of the SRFZ, have also at tained
greenschist grades and are char ac ter ized by layer-par al lel
foliations. Thus, the meta mor phic and struc tural his tory of
the en tire panel west of the Skeena River dif fers from that to 
the east. Gareau et al. (1997a, b) de scribe the Kitselas meta -
mor phic com plex as a Paleocene core com plex, bounded
above by a low-an gle de tach ment fault along the Skeena
River. This is in ac cord with its com par a tively high meta -
mor phic grade com pared to the panel struc tur ally above it,
as well as the pres ence within it of deformed Paleocene
granitoid rocks.

Strati graphic re la tion ships across the Skeena River
are, how ever, more sug ges tive of thrust mo tion than of nor -
mal rel a tive mo tion. This can be seen in a gross sense, in
that strati graphic units as old as Perm ian,  in the
hangingwall, lie above the Early Ju ras sic and youn ger
rocks in the footwall west of the Skeena River (Fig 2, 3). In
de tail, the pro jec tion of the Skeena River fault zone to ward
Doreen re peats Hazelton and Bow ser Lake Group rocks:
up per Telkwa rhy o lite east of the river near Big and Lit tle
Ol i ver creeks lie struc tur ally above east-dip ping Bow ser
Lake strata to the west. The im plied strati graphic throw is
about 3500 m, tak ing into ac count lo cal ver ti cal mo tion
across high-angle faults (Fig 3, 8).

The hangingwall panel east of the Skeena River dips
and youngs over all to the north-north east. If the Skeena
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Fig ure 8. View north east and downdip along Bow ser Lake Group
strata on the east ern flank of Mt. Knauss, across the Skeena River
and into struc tur ally higher Telkwa For ma tion and over ly ing units
near Big Ol i ver Creek. This view cor re sponds to the north ern end
of the cross-sec tion in Fig ure 3. The base of the Bow ser Lake
Group on Mt. Quinlan is about 3500 m struc tur ally higher than it is
west of the Skeena River. A thrust fault is in ferred un der the
Skeena River val ley (Fig 2, 3).



River fault zone is mod elled as a fron tal hangingwall ramp,
then early thrust mo tion on it was prob a bly to the north-
north east, per pen dic u lar to the strike of the main units
(Fig 2). Ap par ent hor i zon tal dis place ment of the Smithers – 
py jama bed marker is about 12 km (Fig 2).

Such a pre cur sor thrust ing event would ex plain the
deeper crustal lev els ev i denced within the footwall, com -
pared to the hangingwall of the SRFZ: rocks west of the
Skeena River were bur ied be neath rocks to the east. The
tim ing of this thrust imbrication is broadly con strained be -
tween Late Ju ras sic, the age of the af fected Bow ser Lake
Group strata, and Paleocene, the age of the de formed gran -
ite of the core com plex. In terms of re gional events,
Evenchick (2001) de scribes north-north east short en ing of
the Bow ser Ba sin in Mid dle to Late Cre ta ceous time. This is 
con sid ered the most prob a ble age for ini tial thrusting
across the SRFZ.

LOW-ANGLE FAULTING AND RELATED
FOLDING IN THE BOWSER LAKE GROUP

Com pared to the Telkwa and Smithers For ma tions,
which form a sim ple homoclinal pack age, strata of the
Bow ser Lake Group (BLG) are ex ten sively imbricated
along gently dip ping pla nar faults. Struc tures of this type
are par tic u larly prom i nent around Mt Quinlan. There, the
basal de tach ment is within the thinly bed ded chert of the
py jama beds, which is, in places, re peated along with pan -
els of the over ly ing BLG (Fig 2). A va ri ety of fea tures doc u -
ment the sense of mo tion. Folds within pan els are over -
turned to the south west; mi nor struc tures within fault zones
show top-to-the-south west sense of shear (220–240°) and
steeply-dip ping por phy ritic gran ite dikes are con sis tently
dis placed to wards the south west (Fig 9). Far ther to the
west, Mihalynuk and Fried man (2005) de scribe top-to-the-
south thrust faults within the BLG near Kalum Lake.

The sense of dis place ment in the BLG cor re sponds
nei ther to the north-north east thrust sense in ferred for the
SRFZ, nor to Paleocene-Eocene tops-to-the-east de nu da -
tion of the Kitselas com plex dis cussed be low. Very strong
south west-vergent crustal com pres sion af fected the Coast
Moun tains west of Ter race in Late Cre ta ceous time
(Andronicos et al., 1999; Crawford et al., 2000). The struc -
tures that we see in the BLG east of the Skeena River may
rep re sent the most east erly edge of this crustal-scale

deformational belt. In any event, the struc tural his tory of
this area on the east ern flank of the Coast Moun tains has
been com plex and is not yet well un der stood or constrained
in time.

METAMORPHISM AND STRUCTURES
WITHIN THE KITSELAS COMPLEX

With the ex cep tion of Smithers sand stone near Car -
pen ter Creek, all strat i fied rocks be low the py jama beds be -
tween the Skeena River and the Kitsumkalum val ley are re -
gion ally meta mor phosed to greenschist fa cies. Di ag nos tic
min er als in the pre dom i nant fel sic meta vol can ic rocks are
lack ing, but all of the mafic units con tain actinolite-
epidote-chlorite±gar net as sem blages. Synkinematic cor di -
er ite is pres ent in the Smithers For ma tion near Kalum Lake
and an da lu site is seen in the low er most Bow ser Lake Group 
near Ma roon Creek. Some of the an da lu site may be of
contact metamorphic origin.

Two types of synmetamorphic pla nar fab rics were ob -
served in Kitselas meta vol can ic rocks. In the cen tre of the
com plex, fo li a tion is ax ial pla nar to ma jor north east erly,
up right, open folds. Nearer to the east ern and north ern mar -
gins of the com plex, lay er ing is trans posed into the fo li a -
tion, dip ping mod er ately to the north east near the Skeena
River and to the north east and north west along its north ern
side from the head wa ters of Hardscrabble Creek to north of
Ma roon Creek. Lineations plunge north east erly. Al though
it is tempt ing to re late them to top-to-the-north east mo tion
dur ing de nu da tion of the Kitselas com plex, in the course of
our work we have not lo cated many shear-sense in di ca tors
in this area; it is equally pos si ble that the lineations de vel -
oped dur ing earlier top-to-the-northeast thrust motion on
the SRFZ.

The meta mor phosed Telkwa and Smithers rocks in
high way out crops be tween Ma roon Creek and the north ern
end of Kalum Lake show north west-vergent re cum bent
folds (Fig 10a), and top-to-the-north west shears are de vel -
oped in the north ern edge of the Kitsumkalum gran ite
where it in trudes the Telkwa For ma tion near Ma roon Creek 
(Fig 10b).

These struc tures may be re lated to de nu da tion of the
north ern Kitselas com plex on a sep a rate, north west erly-
vergent fault lo cated within the Bow ser Lake Group. Low-
an gle de tach ments are ap par ent within it on the south face
of Ma roon Moun tain and G. Woodsworth (pers comm,
2005) has lo cated a pos si ble de tach ment fault near the sum -
mit of this east-trending ridge. Such a fault would ex plain
the rapid de cline in meta mor phic grade from the glossy,
cor di er ite-bear ing chlorite-seri cite schist in the Smithers
For ma tion to low-grade Bow ser Lake Group strata north of
Kalum Lake. On Fig ure 2, we also have lo cated an in ferred,
top-to-the-north de tach ment fault from north of Ma roon
Moun tain, through the lower Fid dler Creek drain age and
across the Skeena River north of Big Ol i ver Creek, to ac -
count for dis con ti nu ities in structural trends as well as the
decrease in grade.

LATE FAULTS

North to north-north west-strik ing, steeply dip ping to
ver ti cal faults oc cur through out the area. The most prom i -
nent are those that de fine the west ern mar gin of the Kitselas
com plex. Fault strands ex posed along the high way near
Kalum Lake are thin zones of ret ro grade chlorite with
downdip, or in some cases gently plung ing, lineations. De -
flec tion of foliations and shear bands in di cate down-to-the-
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Fig ure 9. Steeply north east-dip ping plagioclase-por phy ritic dike
dis placed on top-to-the-south west shears, south of Mt Quinlan.



west mo tion (Fig 11). Some slick en sides re flect a dextral
com po nent of mo tion. Prom i nent linears in the hills north
of Ter race prob a bly cor re spond to sub sid iary faults
belonging to this set.

There are at least three prom i nent north-north west
faults that cut the Kitselas com plex and the Hardscrabble
pluton. The dis place ment of fold ax ial traces on two of
these in di cates dextral dis place ments on the or der of 500 m
to 1 km. The east-side-down Tum bling Creek fault ex tends
north from the Usk map area (Nel son et al., 2006a, b) into
the hills near Car pen ter Creek.

SUMMARY OF STRUCTURAL HISTORY

The Cre ta ceous to Eocene struc tural his tory of the Ter -
race area is com plex, re flect ing the ma jor tec tonic events
that af fected all of north west ern BC. The ear li est event that
we in fer was the north-north east erly imbrication of the
Stikinian strati graphic sec tion, from Perm ian through to
Late Ju ras sic, within the west erly hin ter land of the Bow ser
fold and thrust belt. This was the ear li est ex pres sion of the
Skeena River fault zone. Al though rel a tive age con straints
are not avail able, we ten ta tively re late south and south west -

erly-vergent thrust ing and fold ing in the Bow ser Lake
Group to the south west-vergent thick-skinned de for ma tion
near Prince Rupert, de scribed by Crawford et al. (2000).
This event was com plete by Paleocene time and built the
tec tonic welt that would col lapse dur ing core com plex for -
ma tion in the Eocene (Rusmore et al., 2005). The Shames
River shear zone and Shames River fault west of Ter race
(Heah, 1991) rep re sent east erly di rected tec tonic de nu da -
tion at lower crustal lev els dur ing this time, while top-to-
the-east de tach ment fault ing on the SRFZ and top-to-the-
north west shears north east of Kitsumkalum Lake ex humed
the Kitselas com plex from mid to up per crustal lev els. Near
the end of  this  event ,  s teeper faults  created the
Kitsumkalum graben and displaced the SRFZ.

MINERALIZATION

Com pared to the Usk map area, with its over 80
MINFILE oc cur rences, the south ern Doreen and east ern
Ter race map ar eas con tain less-known min eral pros pects.
Our field study sug gests that this may be in part due to a less
thor ough in ves ti ga tion, and we would like to high light two
par tic u lar ar eas that of fer sig nif i cant ex plo ra tion pos si bil i -
ties. The first pro spec tive area is on the north ern slopes of
Mt Sir Rob ert, where 2006 re gional map ping has lo cated a
num ber of new cop per show ings in the up per part of the
Telkwa For ma tion (Fig 2; Ta ble 1, #27–#33; see also Nel -
son and Ken nedy, in prep). This area dis plays a spec tac u lar
ex po sure of gla cially scoured brick-red Telkwa vol ca nic
rocks, cut by at least a dozen large (2–3 m wide) dikes,
which are gen er ally ori ented in a lin ear east-west di rec tion.
The dikes range from fel sic to in ter me di ate in composition,
suggesting multiple intrusive events.

These cop per show ings are nu mer ous (Nel son and
Ken nedy, in prep) and ex tend over sev eral kilo metres to the
north west of the min er al iza tion de scribed by Carter (1996)
on the north east ern side of the moun tain, where sim i lar
cop per min er al iza tion was also en coun tered in 2006 (Ta -
ble 1, #25, 26). Most of them are quartz-car bon ate veins
that con tain mal a chite, chal co py rite, az ur ite, py rite and
tetrahedrite (Fig 12). Al though the in di vid ual veins are
only a few centi metres thick, in places min er al iza tion can
be fol lowed for tens of metres. Cop per val ues in grab sam -

Geo log i cal Field work 2006, Pa per 2007-1 157

Fig ure 11. High way ex po sure, east of Kitsumkalum Lake, of down-
to-the-west shear bands along the west ern mar gin of the
Kitsumkalum in tru sion.

Fig ure 10. a) North west-vergent re cum bent folds in meta mor -
phosed Smithers For ma tion strata on the Nisga’a High way near
the north end of Kitsumkalum Lake. Mi nor fold axes trend north -
east erly; b) gently-dip ping shear band dis places a metre-thick
apophysis of the Paleocene Kitsumkalum in tru sion in a down-to-
the-north west sense; ex po sure north of Ma roon Creek on the
Nisga’a High way.
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Element: Mo Cu Pb Zn Ag Mn Fe As Au Cd Sb Bi W Hg Se Te
Units: (ppm) (ppm) (ppm) (ppm) (ppb) (ppm) (%) (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (ppb) (ppm) (ppm)

Method: ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS

Lab: ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM

Detection limit: 0.01 0.01 0.01 0.1 2 1 0.01 0.1 0.1 0.01 0.02 0.02 0.2 5 0.1 0.02

Easting Northing

1 06JA01-02 528707 6041963 rusty shear with minor 
sulphides, malachite 
stain

6.88 143.18 12.89 145.7 310 943 5.59 0.5 5.7 0.24 0.09 0.23 3.6 <5 0.2 0.2

2 06JN04-04 516364 6047583 qtz veins with spotty 
cpy, tetr, py, gn, bo

3.03 3848.72 230.56 770 57915 43 1.57 3.2 207 20.49 69.35 3.69 0.4 46 1.2 0.56

3 06JN06-02 539900 6076158 Brentford 
103I 188

ore stockpile sulphide 
rich qtz vein adit Fiddler 
Cr

0.55 2240.4 >10000 >10000 >100000 96 4.7 >10000 841.8 73.18 75.61 13.44 <.1 1623 12.5 0.05

4 06JN07-01 547238 6072981 py-mt bearing deformed 
felsic intrusive

3.81 12.3 12.45 12.4 228 113 2.75 4.2 0.9 0.07 0.47 0.32 0.6 <5 2.1 0.13

5 06JN07-02 547183 6073053 py-mt bearing deformed 
felsic intrusive

0.46 11.45 78.76 56.8 633 131 2.98 16.8 1.2 0.19 0.38 0.54 3.2 7 2 0.17

6 06JN07-03 548111 6073576 py-mt bearing deformed 
felsic intrusive

0.23 27.18 5.84 9.9 108 170 1.45 0.2 0.2 0.05 0.14 0.16 0.1 <5 <.1 0.02

7 06JN14-03 551628 6069008 dissem pyrite parallel to 
bedding in grey tuff

0.88 9.62 12.19 27.5 211 167 2 7.7 0.6 0.09 0.26 0.46 <.1 <5 0.5 0.27

8 06JN14-05 551638 6069373 dissem pyrite parallel to 
bedding in grey tuff

5.38 1978.96 5.21 135.7 3791 331 7.2 5.5 28.6 0.36 0.54 1.52 <.1 45 10.9 0.58

9 06JN14-08 551414 6069295 dissem pyrite parallel to 
bedding in grey tuff

1.2 222.45 3.96 55.9 895 566 5.04 18.3 14.6 0.08 0.33 1.66 0.9 5 3.9 0.6

10 06JN15-05 550609 6069775 zones of strong silica 
and py along foliation

1.14 11.2 10.2 59.9 452 670 5.34 28.3 1.7 0.06 0.31 1.06 <.1 16 1.6 1.36

11 06JN19-04 556428 6077474 pyritic pyjamas 8.73 33.52 11.87 65.8 181 223 4.5 31.6 <.2 0.15 3.02 0.54 1.6 60 3 0.19
12 06JN21-01 555167 6078438 pyrite in blk arg 2.12 20.21 7.45 50.9 106 232 1.77 10.8 <.2 0.25 1 0.08 1.1 30 1.4 0.03
13 06JN24-06 552309 6076538 malachite and 

chalcocite - narrow 
zones in limestone

2.38 >10000 3.07 83.2 >100000 605 4.28 <.1 362.7 0.13 0.03 0.06 <.1 55 1.2 0.15

14 06JN26-05 551492 6078782 pyritic pyjamas 4.06 56.97 8.57 70.3 125 604 4.21 25 <.2 0.12 1.05 0.12 0.2 5 2 0.04
15 06JN31-04a 539692 6071524 Womo 

103I 122
cpy-py 2 m trench grab 25.46 >10000 24 90.8 55110 222 3.93 23.7 878.5 3.95 2.52 62.72 0.6 35 19.6 30.7

16 06JN31-04b 539692 6071524 Womo 
103I 122

1 m qtz vein no visible 
sulphides

4.98 101.7 6.35 9.6 446 192 0.59 2.2 8.4 0.04 9.2 0.55 0.1 22 0.2 0.14

17 06JN32-06 540903 6070637 Womo 
103I 122

moly-cpy in qz vns, 
0.5% of outcrop

424.83 614.57 16.83 36.3 5899 203 2.2 9.8 5.2 <.01 0.41 1.06 35.2 <5 2.3 0.78

18 06JN32-08 540500 6070893 Womo 
103I 122

moly-cpy in qtz veins, 
5% of local float 

451.35 996.88 14.81 14.1 3690 74 0.84 2.2 12.2 0.13 3.8 2.61 0.3 <5 2 0.43

19 06JN35-06 528571 6067239 rusty pyritic zone �  large 
�  hill slope

1.59 34.48 4.87 42.2 116 245 2.89 1 0.3 0.11 0.13 0.14 <.1 <5 0.2 0.02

20 06JN39-04 539692 6071524 silica-pyrite alteration at 
edge of large gossan, 
head of Hankin Cr.

7.64 29.28 6.2 6.8 279 32 2 14.4 1.7 <.01 0.44 0.41 0.1 <5 0.2 0.25

21 06RK03-03 515928 6059562 visible pyrite, sericite 
alteration

6.13 7.32 40.05 8.2 814 93 0.89 0.6 3.6 0.05 0.3 1.75 <.1 <5 0.6 0.29

22 06RK14-02 544076 6076819 Cu-stained granite + py, 
cpy, mt 2 m oc?

0.9 1172.72 1.9 89.5 1031 699 2.16 <.1 1.8 0.14 0.05 5.4 <.1 <5 0.3 2.28

Description
UTM

#
Station 

number
MINFILE

TABLE 1. GEOCHEMICAL DATA FROM PROSPECTING SAMPLES COLLECTED IN 2006; ABBREVIATIONS: ARG, ARGILLITE; BO, BIOTITE; CPY, CHALCOPYRITE; DISSEM,
DISSEMINATED; FRACS, FRACTURES; GN, GARNET; MOLY, MOLYBDENITE; MT, MAGNETITE; OC, OUTCROP; PY, PYRITE; QTZ, QUARTZ; RHY, RHYOLITE; SPEC,

SPECULAR; TETR, TETRAHEDRITE.



G
eo log i cal F

ield w
ork 2006, P

a per 2007-1
159

Element: Mo Cu Pb Zn Ag Mn Fe As Au Cd Sb Bi W Hg Se Te
Units: (ppm) (ppm) (ppm) (ppm) (ppb) (ppm) (%) (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (ppb) (ppm) (ppm)

Method: ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS ARMS

Lab: ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM ACM

Detection limit: 0.01 0.01 0.01 0.1 2 1 0.01 0.1 0.1 0.01 0.02 0.02 0.2 5 0.1 0.02

Easting Northing

23 06RK15-02a 517239 6067596 1 m qz vein with mal, py, 
cpy �  part of larger set

10.81 725.47 1.93 53.6 1963 542 2.12 <.1 4.5 0.16 0.04 0.5 8 <5 0.2 0.08

24 06RK15-02b 517239 6067596 another vein in set �  
could continue 20 m 
under cover

9.52 952.28 3.02 90.5 1329 610 2.28 <.1 5 0.59 0.09 0.47 0.1 <5 0.2 0.19

25 06RK18-02 559991 6070420 Rob  (no 
number)

cpy, azurite, malachite 
from 2 veins

0.4 >10000 114.38 171.9 >100000 424 3.68 24.6 868.4 4.14 333.45 17.34 0.3 1295 63 0.52

26 06RK19-05 561547 6068373 Rob  (no 
number)

ROB vein (AR 24544) 0.85 3509.05 9.55 40.1 >100000 65 0.65 21.6 1.1 0.38 25.29 0.08 <.1 671 0.2 0.02

27 06RK21-02 557786 6073276 Borden Gl. 
(new)

Cu staining in fracs and 
spec hematite

0.28 1393.31 1.52 76.9 3290 1513 1.74 <.1 1 0.15 0.4 0.05 <.1 12 0.1 0.02

28 06RK21-06a 558253 6074260 Borden Gl. 
(new)

A: vein of massive 
sulphides

6.89 352.3 11.33 19.3 2086 292 31.46 >10000 37 0.45 31.94 0.05 <.1 26802 6.2 0.05

29 06RK21-06b 558253 6074260 Borden Gl. 
(new)

B: dissem through rhy 248.68 47.94 5.24 46.9 455 904 5.96 2552.6 0.7 0.28 10.31 0.05 0.2 4368 0.3 <.02

30 06RK22-01 556792 6073665 Borden Gl. 
(new)

sulphides in veinlets and 
dissem

49.88 394.83 814.9 70.7 20013 746 1.83 19.2 121.8 1.13 0.4 6.46 <.1 58 1.4 0.41

31 06RK22-03 556574 6073928 Borden Gl. 
(new)

Cu staining in 'blue' 
alteration zone

0.89 4525.88 3 70 12966 1386 1.72 4.3 222.6 0.65 0.16 0.07 <.1 30 0.2 0.5

32 06RK22-09 556173 6073890 Borden Gl. 
(new)

very heavy sample of 
malachite tetrahedrite

0.18 >10000 11.03 57.4 >100000 1174 1.22 0.8 166.5 20.01 0.18 0.48 <.1 272 3.6 0.2

33 06RK23-01 556854 6073358 Borden Gl. 
(new)

dissem sulphides and 
malachite in brecciated 
vein

5.21 5257.86 10.35 6.2 4375 334 0.74 6.3 21.1 36.62 0.62 0.47 <.1 114 1 0.81

34 06RK24-03 558439 6073261 Borden Gl. 
(new)

cpy, malachite, bornite 
in veins

18.82 >10000 676.32 538.7 >100000 50 5.24 68.1 65 10.49 76.59 23.21 <.1 1660 1.9 0.51

35 06RK30-01a 538545 6069759 A; from GPS location 5.4 59.05 217.02 25.4 35312 19 5.12 3.4 278.2 1.78 0.37 66.08 0.2 15 4.1 5.73
36 06RK30-01b 538545 6069759 vein with cpy-galena 167.86 831.44 9976.23 44.3 28219 22 0.82 0.4 1258.7 2.32 10.88 15.39 76.3 29 5 0.98
37 06RK31-04 538444 6070359 Gold Dome 

103I 047
from adit 3.51 17.43 57.55 17.3 636 335 0.69 2.6 380 1.75 0.61 1.25 >100 9 0.1 0.14

38 06RK31-07a 538139 6069997 Gold Dome 
103I 047

float sample �  galena, 
cpy in quartz vein

78.66 2276.77 2195.22 266.9 60680 185 1.04 2.5 663.7 15.74 62.15 43.52 1.5 38 4.9 0.8

39 06RK31-07b 538139 6069997 Gold Dome 
103I 047

float sample �  galena, 
cpy in quartz vein

8.38 36.02 >10000 >10000 >100000 39 2.63 0.1 8084.2 >2000 126.89 20.79 11.8 9439 7.5 7.04

40 06RK31-08 538243 6069974 Gold Dome 
103I 047

float sample 59.02 4815.6 >10000 569.3 47171 23 1.35 0.4 1117.9 35.56 25.45 22.08 >100 128 6.5 1.13

41 06RK31-09 538345 6069780 Gold Dome 
103I 047

qtz vein in creek, shows 
cpy, malachite, and py

29.77 7895.49 2536.26 851.1 28728 585 2.42 0.9 4558.7 32.39 3.84 8.11 44.1 123 1.8 0.46

42 06RK32-01 538421 6069573 Gold Dome 
103I 047

vuggy qtz vein in granite 
with galena

215.07 29.05 4914.19 11.9 53877 30 1.02 0.1 9253 0.67 1.05 84.19 >100 23 5.6 2.13

43 06RK32-02 538386 6069663 Gold Dome 
103I 047

from felsic py bearing 
dike

1.61 33.57 63.32 73.6 281 555 1.74 0.4 6 2.34 0.24 0.22 1.2 <5 <.1 <.02

44 06RK34-04 526184 6061166 qtz vein 4.66 32.98 28.47 49.3 414 408 3.78 0.9 11.5 0.15 0.1 1.27 2.3 7 1.2 0.22
45 06RK36-05 530445 6056174 mix of rusty qtz vein and 

rusty country rock from 
gossan

16.15 12.55 86.41 26.1 1205 47 1.34 31.7 <.2 1.9 0.32 0.44 0.3 5 2.2 1.67

#
Station 

number

UTM
MINFILE Description

TABLE 1 (CONTINUED)



ples range up to 5300 ppm (Ta ble 1, #33), and Ag to
>10 000 ppb (Ta ble 1, #25, 26, 32). One sam ple from the
Rob claims area con tains 868 ppb Au (Ta ble 1, #25). Mal a -
chite stain ing and dis sem i nated chal co py rite also oc cur in
por phy ritic dikes, with no ap par ent as so ci a tion with lo cal
vein ing. Min er al ized veins are as so ci ated with mi nor
brecciation and blu ish (chlorite?) al ter ation in the sur -
round ing Telkwa vol ca nic rocks. Two se ries of events are
rec og nized to have fa cil i tated the move ment of min er al iz -
ing flu ids. The first is the oc cur rence of dikes and brec cia-
form ing vein sys tems. The in tru sions both hosted the min -
er al iza tion and pro vided heat and flu ids to mo bi lize it into
the coun try rocks. The sec ond ep i sode of min er al iza tion
oc curred af ter the em place ment of the dikes and much of
the vein ing in this area; it is ex pressed as frac ture-hosted
cop per sul phide min er als as so ci ated with north-south
dextral fault ing. Min er al iza tion of the sec ond type is found
in nar row val leys where the Telkwa is strongly al tered to
yel low or or ange clay. These faults were never found to be
more than 3 m wide. The con cen tra tion of min er al iza tion
de creases with dis tance from the in di vid ual fault planes.
Where late frac tures oc cur in dikes, there is an in crease in
min er al iza tion. This may sug gest that the high est con cen -
tra tion of min er al iza tion occurs where intrusion and fault-
related fluids intersect. The steep north-south faults on Mt
Sir Robert are assumed to be related to the regional late
faulting.

The sec ond tar get of in ter est is a min er al ized sys tem on 
the south ern slopes of Mt Knauss, north of Car pen ter
Creek. It is cen tred by the Womo Mo-por phyry show ings
(MINFILE 103I 122). This area was mapped and sam pled
in 1966 (Murphy and Rich ard son, 1966) and was the sub -
ject of a lim ited geo chem i cal sam pling pro gram in 1981
(Livingston, 1980; Livingston and Carter, 1981). The re -
cent in crease in mo lyb de num prices pro vides an in cen tive
to re visit this oc cur rence. In our brief tra verses across it, we
en coun tered a clas sic por phyry sys tem lo cated at the mar -
gin of the Car pen ter Creek pluton. There is ev i dence of lo -
cal shear ing that in volves late por phy ritic phases of the
gran ite, as well as the coun try rocks of the Bow ser Lake
Group. Con ceiv ably, this struc ture could ex tend far ther
north to the area around the Doreen Mine and south to the
high-grade veins at Paddy Mac and Gold Dome: they

would rep re sent the pe riph eral Au–Ag–base metal
en rich ments to the main por phyry sys tem. In the core of the
sys tem along Ro sette Creek (see Murphy and Rich ard son,
1966), we en coun tered a zone 200 by 1100 m of in tense
clay-seri cite al ter ation with chal co py rite and mo lyb de nite
in quartz vein stockworks (Fig 13a, b, c). Two vein grab
sam ples from rub ble in the stockwork zone con tain 600 to

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

Fig ure 12. Mal a chite-stained, cop per-rich quartz-car bon ate vein
north of Borden Gla cier, one of many show ings in this re cently
deglaciated area.

Fig ure 13. a) View of the Womo por phyry sys tem along Ro sette
Creek, with py ritic hornfels in the fore ground; b) ex am ple of
stockwork quartz vein ing; c) mo lyb de nite-chal co py rite-bear ing
quartz vein.



1000 ppm Cu and 400 to 500 ppm Mo (Ta ble 1, #17, 18).
This sys tem is open downslope in the steep, tim bered gul -
lies to the south. The core of the al tered and min er al ized
sys tem is par tially sur rounded to the north east by a strong
py ritic halo in the Bow ser Lake clastic strata that mea sures
300 by 2000 m. This prop erty is cur rently held by Knauss
Creek Mines, who have been focusing their exploration
efforts on the veins in Knauss Creek.

In ad di tion to these groups of show ings, there are some 
large py ritic gos sans in the area that con trast with min er al -
iza tion styles in the Usk map area. One is on the low ridge
im me di ately north of Le gate Creek. It is as so ci ated with
steep north-strik ing faults (Fig 14a). Large patches of fel sic 
vol ca nic rock are re placed by sil ica with up to 15% py rite.
Some of these were pros pected, but oth ers on cliffs and be -
low the treeline re main un ex am ined. Two of four sam ples
in this area (Ta ble 1, #7–#10) con tain anom a lous Cu (to
1980 ppm) and Ag (to 3791 ppb). There is also a large,
prom i nent, rusty py ritic gos san that lies across the height of
land be tween Hankin and Lean-to creeks (Fig 14b). There
is no re cord of as sess ment work on it; it re mains an in trigu -
ing and un ex plained pos si bil ity. Our sin gle sam ple of it (Ta -
ble 1, #20) is geochemically un dis tin guished; how ever, it in 
no way represents the potential of this large altered area.

CONCLUSIONS

The ge ol ogy, struc ture and min er al iza tion de scribed
for the Ter race area re sult from the con junc tion of two fun -
da  men  t a l  p r ov  inces  wi th in  th e  BC Cor  d i l  l e ra .
Stratigraphically, and in terms of its older (Early Ju ras sic)
plutons, the area is part of the Stikine terrane. Struc tur ally,
it shows a strong in flu ence of the east ern Coast Belt orogen. 
The Eocene, mo lyb de nite-bear ing plutons are re lated both
to the east ern Coast Belt and to sim i lar plutons of the
Skeena arch.

In the 2006 map ping, we have traced out a con tin u ous
belt of up per most Hazelton Group rocks, Smithers For ma -
tion and py jama beds, for over 30 km of strike length. The
py jama beds are at least in part, time equiv a lent with the
Eskay Rift fa cies in north west ern BC. We have also re fined
the def i ni tion and his tory of the Kitselas com plex, an up -
lifted belt of meta mor phosed Early Ju ras sic and youn ger
strata that out crops be tween the Skeena and Kitsumkalum
rivers, north of Ter race. We pro pose that it was shaped by
Cre ta ceous thrust imbrication fol lowed by Paleocene to
Eocene exhumation.

New cop per min er al iza tion dis cov ered north of Mt Sir
Rob ert marks a north ern con tin u a tion of a cop per-rich belt
in the Telkwa For ma tion that ex tends north from Trea sure
Moun tain through the Le gate Creek area (see Nel son et al.,
2006 a, b). A sig nif i cant zone of por phyry-style mo lyb de -
nite and chal co py rite min er al iza tion on the Womo claims is
part of a zone of mo lyb de nite oc cur rences as so ci ated with
the east ern side of the Car pen ter Creek pluton. It in cludes
the Shan prop erty (MINFILE 103I 114), which was be ing
drill tested by BCM Re sources at time of writing (P.
Wojdak, pers comm, 2006).
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