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INTRODUCTION

Ex tend ing from Berriasian to Cenomanian time, the
Skeena Group is a 3.5 km thick suc ces sion of mixed clastic
sed i men tary rocks with mi nor in ter ca lated ba salt and rhy o -
lite flows that re cord 50 mil lion years (143–93 Ma) of Early 
to mid-Cre ta ceous sed i men ta tion and vol ca nism in cen tral
Brit ish Co lum bia (Fig 1). Vol ca nic strata are age-equiv a -
lent to the Spences Bridge and Crowsnest volcanics in
south ern BC and to the Mount Nansen and South Fork
volcanics in the Yu kon (Fig 8 in Bassett and Kleinspehn,
1996). Sed i men tary strata are age-equiv a lent with units of
the Bow ser Lake Group and over lap in time with the gen er -
ally youn ger suc ces sions of the Kasalka Group of cen tral
BC and the Nanaimo Group of Vancouver Island.

Previous Geological Work

Skeena Group strata are widely dis trib uted through
cen tral BC and have been stud ied for 125 years as part of re -
gional map ping pro jects. A com pre hen sive bib li og ra phy is
in cluded at the end of this report.

Ma jor steps in the evo lu tion of strati graphic no men cla -
ture of the Skeena Group are shown in Fig ure 2. Dawson
(1881) first in cluded the strata now rec og nized as Skeena
Group as a part of the larger ‘Porphyrite Group’. Leach
(1910) di vided the Porphyrite Group into two units, the
lower Hazelton Group and an up per Skeena se ries, and
Hanson (1924b) and Jones (1925) raised the lat ter unit to
for ma tion status.

The dif fer en ti a tion be tween Hazelton Group and
Skeena For ma tion strata was chal leng ing be cause both
units are char ac ter ized by clastic sed i men tary rocks near
their con tact. Con se quently, Armstrong (1944a, 1944b)
merged both of these units into a larger Hazelton Group,
which com bined the clastic sed i men tary rocks near the top
of the ear lier-de fined Hazelton Group and the clastic sed i -
men tary rocks of the Skeena For ma tion, into a sin gle unit
called the Up per Sed i men tary Di vi sion. Suther land Brown
(1960b) con tin ued with this sys tem, for mally nam ing

Armstrong’s ‘Up per Ju ras sic to Lower Cre ta ceous
Sedimentary Division’ the ‘Red Rose Formation’.

Fol low ing Roddick’s (1970) in for mal us age of the
term ‘Bow ser Group’ for a re gion ally ex ten sive clastic sed -
i men tary suc ces sion ex posed around Bow ser Lake, Duffell
and Souther (1964, p 27–33) pro posed the name Bow ser
Group for a thick sec tion of Late Ju ras sic to Early Cre ta -
ceous clastic sed i men tary rocks in the Ter race area. This
step cre ated a ma jor new unit in the midst of Armstrong’s
(1944a, 1944b) thick ened Early Ju ras sic to mid-Cre ta ceous 
Hazelton Group. Work ing far ther to the east where all rock
units are ex posed, Tip per and Rich ards (1976) ad dressed
this prob lem by re de fin ing the Hazelton Group as an Early
to Mid dle Ju ras sic se quence, the Bow ser Lake Group as a
Mid dle to Late Ju ras sic se quence and res ur rect ing the name 
Skeena Group for the Early to mid-Cre ta ceous suc ces sion
of sed i men tary and vol ca nic rocks. Tip per and Rich ards
(1976) also rec og nized the Late Cre ta ceous to Eocene
Sustut Group as the unit that im me di ately over lies the
north east part of the Skeena Group strata. In the south east
part of the Skeena Group area, Mac In tyre (1985) de fined
the Late Cre ta ceous Kasalka Group, which regionally
overlies the Skeena Group at an angular unconformity.

Fig ure 3 pres ents the evo lu tion of the in ter nal strati -
graphic sub di vi sions of Skeena Group. Leech (1909, p 62)
de scribed the Skeena se ries as a se quence of non-ma rine
shale, sand stone and coal. Armstrong (1944a, 1944b) sub -
di vided this rock se quence into a Sed i men tary Di vi sion and 
an over ly ing Vol ca nic Di vi sion at the top of his larger
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Fig ure 1. Dis tri bu tion of Skeena Group rocks in BC.
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Fig ure 3. De vel op ment of Skeena Group sub di vi sions and no men cla ture.



Hazelton Group suc ces sion. Suther land Brown (1960b)
for mal ized these same two strati graphic di vi sions as the
Red Rose and Brian Boru for ma tions, re spec tively. Rich -
ards (1980) in tro duced six sub di vi sions for the Skeena
Group and sep a rated the Brian Boru For ma tion as a youn -
ger unit. Fur ther re fine ment cre ated five for mal sub di vi -
sions for the Skeena Group (Rich ards, 1990). The first
study to fo cus en tirely on Skeena Group rocks was the PhD
re search pro gram of Bassett (1995), which is also avail able
as two pub li ca tions (Bassett and Kleinspehn, 1996, 1997).
They first in ter preted Skeena Group stra tig ra phy as four
for ma tions (Bassett and Kleinspehn, 1996), but mod i fied
the no men cla ture slightly in the sec ond pa per (Bassett and
Kleinspehn, 1997). Sub se quent tar geted stud ies have been
com pleted by Tackaberry (1998), Mac In tyre (2001b) and
Mac In tyre et al. (2004). In the lat ter re port, Skeena Group
stra tig ra phy is sim pli fied fur ther into three main for ma -
tions. In this re port, the Skeena Group is di vided into the
same four for ma tions and one mem ber used by Bassett and
Kleinspehn (1997), but the Kitsuns Creek Member is now
combined with the Rocky Ridge Formation.

Min eral de pos its hosted by Skeena Group rocks are
dis cussed by Fleet Rob in son (1911), Malloch (1914), Gal -
lo way (1914, 1916), O’Neill (1919), Jones (1925), Lang
(1929), Kerr (1936), Kin dle (1940, 1954), Stevenson
(1947), Suther land Brown (1960b), Wojdak and Sinclair
(1984), Cyr et al. (1984), Church (1984, 1986), Mac In tyre
(1985a, 1985b, 2001b, 2006), Church and Barakso (1990),
Leitch et al. (1990), Gaba et al. (1992), Church and Klein
(1998), Wojdak and Ethier (2000), Mac In tyre and
Villeneuve (2001a), Fingler (2004) and Mac In tyre et al.
(2004) in ad di tion to sum mary prop erty de scrip tions avail -
able from MINFILE and com pre hen sive data pro vided in
ex plo ra tion assessment reports.

Current Project

A new re search pro ject was launched to ex am ine the
wide spread ex po sures of Skeena Group vol ca nic units over 
the full ex tent of these rocks and to study all the me tal lic
min eral oc cur rences hosted by Skeena Group strata.

In ad di tion to doc u ment ing new min eral dis cov er ies,
ex ist ing min eral de pos its will be re as sessed and a se ries of
re cently pro posed met al lo gen ic mod els for the Skeena
Group will be eval u ated. The bi modal vol ca nic units of the
Skeena Group have re cently been in ter preted as ev i dence
for a cal dera set ting (Mac In tyre, 2001a), which is the op ti -
mal set ting for the for ma tion and pres er va tion of al ka line
epi ther mal min eral de pos its (Hedenquist and Sillitoe,
2003; Hedenquist and White, 2005). Pre vi ously, these
same vol ca nic rocks were iden ti fied as prod ucts of rift ing
(Barrett and Kleinspehn, 1996), which is the op ti mal set -
ting for the de vel op ment of subaerial Bo nanza-type epi -
ther mal de pos its and sub aque ous exhalitive min er al iza tion
(Hedenquist and White, 2005). Over all, the re gional
depositional en vi ron ment for the Skeena Group is in ter -
preted as a con ti nen tal mar gin or fore arc tec tonic set ting
(Barrett and Kleinspehn, 1997), sim i lar to the in ter preted
set ting for the world’s greatest VMS district, the Devonian-
Mississippian Iberian Pyrite Belt (White, 1999).

Only one geo log i cal set ting and met al lo gen ic in ter pre -
ta tion can be the best fit. The BC Geo log i cal Sur vey field
pro gram was de vel oped to eval u ate these con trast ing in ter -
pre ta tions through study of the vol ca nic strata and ex am i -
na tion of the min eral de pos its. Re sults will iden tify the

model with the best cor re la tion to field and lab o ra tory ev i -
dence and will help fo cus ex plo ra tion ef forts. Work in the
2006 field sea son con cen trated on readily ac ces si ble ex po -
sures in the Babine Lake, Rocky Ridge and Francois Lake
ar eas ad ja cent to the Smithers – Hous ton – Burns Lake
corridor (Fig 4).

REGIONAL GEOLOGICAL SETTING
AND SKEENA GROUP GEOLOGY

Over all, the re gional depositional en vi ron ment for the
Skeena Group is a con ti nen tal mar gin set ting along west ern 
North Amer ica. In de tail, Skeena Group strata re cord three
dis tinct paleogeographic stages, re flect ing con trast ing tec -
tonic phases. The sum mary be low is mod i fied from Bassett
and Kleinspehn (1997) and Ferri et al. (2005).

In the first paleogeographic stage, Berriasian to Aptian 
(143–115 Ma), Skeena strata is rep re sented as two con trast -
ing rock types that grade lat er ally (Fig 4, 5). Coal-bear ing
micaceous sand stone and siltstone of the lower Bulkley
Can yon For ma tion are in ter preted as sed i ment ac cu mu la -
tion in a se ries of coal-swamp del tas. The lower Bulkley
Can yon For ma tion hosts the im por tant Telkwa coal fields.
Ma rine black shale, and lesser siltstone and sand stone, of
the lower Laventie For ma tion are in ter preted as de pos its
ac cu mu lated in re stricted tidal bas ins ad ja cent to the del tas.
These Early Cre ta ceous rock types cor re late to the north
with the deep basinal de pos its of the McEvoy For ma tion of
the Bow ser Lake Group, which re cord the fi nal fill ing of
the Bow ser foredeep pro duced by Ju ras sic accretion of the
Intermontane Belt to North America. 

The sec ond paleogeographic stage is re corded by early 
Albian to early Cenomanian (115–95 Ma) deeper wa ter ma -
rine sed i men ta tion and co eval interbasinal vol ca nism.
South east ward ma rine trans gres sion is re corded as finer
grained sed i men tary rocks of the up per Laventie For ma -
tion. The up per Bulkley Can yon For ma tion is pre served at
the south ern limit of Skeena Group ex po sures as more
micaceous, fos sil-poor, coal-ab sent tidal sand stone–
siltstone se quences in ter preted as shal low-wa ter delta-
front or delta-plain de pos its. The con tem po ra ne ous Rocky
Ridge For ma tion in cludes sev eral widely scat tered erup -
tive cen tres of vol ca nic rocks that re cord a pe riod of mi nor
crustal ex ten sion in the sub sid ing ba sin. Ad ja cent to the
vol ca nic flows, vol ca nic de tri tus is in cor po rated in the sed i -
men tary stra tig ra phy. These dis tinc tive sed i men tary rocks
rich in vol ca nic clasts com prise the Kitsuns Creek Mem ber
of the Rocky Ridge For ma tion. In di vid ual vol ca nic cen tres
vary from subaerial to sub ma rine. The pe riph eral
volcaniclastic Kitsuns Creek Mem ber grades lat er ally out -
ward into ei ther up per Laventie For ma tion or up per
Bulkley Can yon For ma tion sed i men tary strata. These
Early to mid-Cre ta ceous rock types cor re late with the
magmatism in the Omineca Belt to the east, with on go ing
arc vol ca nism of the up per Gam bier group to the west and
con tin ued sed i men ta tion of the upper McEvoy Formation
of the Bowser Lake Group to the north. The upper McEvoy
Formation hosts minor distal volcanic ash.

The third paleogeographic stage re cords a brief ep i -
sode (early to mid-Cenomanian; 95–92 Ma) marked by the
ac cu mu la tion of subaerial flu vial and deltaic con glom er ate, 
sand stone and siltstone of the Rocher Deboule For ma tion.
Coarse clastic de bris is dom i nated by chert peb bles, with
lo cal vol ca nic clasts eroded from the un der ly ing Rocky
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Ridge For ma tion. The mid-Cre ta ceous con glom er ate cor -
re lates to the north with flu vial chert-peb ble con glom er ate
and sand stone of the Devil’s Claw For ma tion of the Bow ser 
Lake Group. These rocks re cord the fi nal fill ing of the
Bow ser foredeep pro duced by the Ju ras sic ac cre tion of the
Intermontane Belt to North Amer ica. Within the area of the
Rocher Deboule For ma tion, the flu vial con glom er ate is
con form ably over lain by flu vial chert-gran ite con glom er -
ate, sand stone and mudstone of the Tango Creek For ma tion
of the Sustut Group. To the south, Rocher Deboule strata
cor re late with the red basal con glom er ate of the Kasalka
Group, which un con form ably over lies lower Skeena
Group rocks in the Tahtsa Lake area (MacIntyre, 1985a).

The Devil’s Claw For ma tion (Bow ser Lake Group),
the lower mem ber of the Tango Creek For ma tion (Sustut
Group), the basal con glom er ate of the Kasalka Group and
the Rocher Deboule For ma tion (Skeena Group) are all
roughly co eval and are all com posed of flu vial chert-clast–
rich con glom er ate and sand stone. Bassett and Kleinspehn
(1997) con clude that all four for ma tions are lat er ally equiv -
a lent units of the same progradational chert-rich unit and
pre dict that these sim i lar, co eval units will ul ti mately be
con sol i dated into a single formation.

Geology of the Rocky Ridge Formation

The vol ca nic rocks of the Skeena Group were named
the Rocky Ridge volcanics by Rich ards (1980) and for mal -
ized as the Rocky Ridge For ma tion by Rich ards (1990).
These two maps also rec og nized the as  so ci  a ted
volcaniclastic sed i men tary strata as the Kitsuns Creek
Mem ber (Rich ards, 1980) and then the Kitsuns Creek For -
ma tion (Rich ards, 1990). All of these strata have been fur -
ther de scribed in a se ries of maps and re ports, in clud ing
Mac In tyre (1985a, 1998, 2001a, 2001b, 2006), Bassett
(1991, 1995), Bassett and Kleinspehn (1996, 1997), Rich -
ards et al. (1997), Tackaberry (1998), Mac In tyre et al.
(2001a, 2001b, 2004) and Mac In tyre and Villeneuve
(2007). The most com pre hen sive stud ies of this vol ca nic
strata are re ports by Bassett and Kleinspehn (1996) and
Tackaberry (1998) and the most re cent geo chron ol ogi cal
re sults for the Rocky Ridge volcanics are tabulated in
MacIntyre and Villeneuve (2007).

Rocky Ridge volcanics oc cur in iso lated geo -
graphic ar eas within the oth er wise con tin u ous
clastic sed i men tary de po si tion of the Skeena
Group (Fig 6; Bassett and Kleinspehn, 1996).
Prior to 1998, the Rocky Ridge For ma tion was de -
fined as a se quence of mafic vol ca nic flows, as so -
ci ated fragmental fa cies and mi nor in ter ca lated
volcaniclastic sed i men tary rocks. In all re ports
and maps com pleted from 1998 on wards, the
Rocky Ridge For ma tion is de scribed as a pack age
of bi modal vol ca nic rocks and re lated sed i men -
tary fa cies. New ra dio met ric dates (Mac In tyre and 
Villeneuve, 2007) es tab lish that the fel sic and
mafic vol ca nic units dif fer by 10 mil lion years in
age. New field work re veals that fel sic and mafic
vol  ca  n ic  rocks  of  the  Skeena  Group are
stratigraphically sep a rated by hun dreds of metres
of clastic sed i men tary rocks. Con se quently, these
con trast ing vol ca nic units are de scribed sep a -
rately in this re port, al though both rock types are
still included as parts of the Rocky Ridge
Formation.

FELSIC VOLCANIC ROCKS OF THE ROCKY 
RIDGE FORMATION

Rounded, equidimensional in tru sive ‘rhy o lite plugs’
are wide spread through out Skeena Group rocks. These
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bod ies were ini tially mapped as a se ries of Eocene stocks
(‘EBr’; Rich ards, 1980). Tex tures and field re la tion ships
ev i dent in sub se quent map ping by Mac In tyre in di cated that 
rhy o lite bod ies close to the Granisle and Bell mines in cen -
tral Babine Lake were ex tru sive rhy o lite domes or
cryptodomes (Mac In tyre, 1998). Sub se quent re as sess ment
of the field data (Tackaberry, 1998; Mac In tyre, 2001b) lead
to the con clu sion that the ring of 14 rhy o lite domes north
and west of Old Fort Moun tain were mid-Cre ta ceous, and
there fore also ex tru sive bod ies. New U-Pb dat ing (Mac In -
tyre and Villeneuve, 2007) shows that fel sic vol ca nic rock
ex posed along the walls of the main pit road at the Eq uity
Sil ver mine are also mid-Cre ta ceous, con firm ing that the
ore-host ing suc ces sion of sed i men tary and volcanic rocks
at the mine are Skeena Group rocks.

West Mor ri son Rhy o lite

Fel sic vol ca nic rocks within the Skeena Group are ex -
posed in out crop in a se ries of 14 small rhy o lite domes north 
and west of Old Fort Moun tain and ad ja cent to north-cen -
tral Babine Lake.

Eleven dis crete out crop ar eas of Skeena Group rhy o -
lite are ex posed along the West Mor ri son log ging road net -
work, north and west of Old Fort Moun tain, north ern
Babine Lake. These rocks are best de scribed in a BSc the sis
by Tackaberry (1998). The white to pale grey rhy o lite
domes are en vel oped in a black ma trix lapilli tuff con tain -
ing clasts of the rhy o lite and dacite (Fig 7). Also pre served
within this black ma trix lapilli tuff are small lenses of fine-

grained, dark grey orthoclase and plagioclase-por phy ritic
dacite. Due to the dark colour ing, these out crops were orig -
i nally mis iden ti fied as ba salt, giv ing rise to the iden ti fi ca -
tion of a ‘bi modal’ ba salt-rhy o lite suc ces sion for the Rocky
Ridge volcanics in this area.

Bell Mine Dacite

A sim i lar mas sive dacite rock col lected south east of
the Bell mine yielded a U-Pb age of 107.9 ±0.2 Ma (Mac In -
tyre and Villeneuve, 2001b). A cross cut ting ba salt dike
from this same out crop, dated by the 40Ar/39Ar method at
104.8 ±1.2 Ma, pro vides a min i mum age for the fel sic vol -
ca nic rock (Mac In tyre and Villeneuve, 2001b).

Kitseguecla Lake Rhy o lite

A 10 km long rhy o lite lens is well ex posed as a prom i -
nent re sis tant ridge along the north side of the Kitseguecla
Lake road and ad ja cent log ging roads to the north. Ini tially
mapped by Rich ards (1980) as an Eocene sill, Mac In tyre et
al. (2004) spec u lated that this rock unit might be an other
ex tru sive rhy o lite dome, cryptodome or subvolcanic sill,
sim i lar to the West Mor ri son rhy o lite domes. Sam ples from
this unit have not yielded enough zir cons for a ra dio met ric
date (Mac In tyre and Villeneuve, 2007).

Knoll Rhy o lite

This large min er al ized rhy o lite dome is cor re lated to
other rhy o lite domes that are part of the Rocky Ridge For -
ma tion (Mac In tyre, 2001b; Mac In tyre et al., 2004). This
unit has not yielded enough zir con for an age de ter mi na tion
(Mac In tyre and Villeneuve, 2007).

Eq uity Sil ver Mine Dacite

Fel sic lapilli tuff ex posed in the east ramp of the Main
Zone pit was col lected in 2003 by Mac In tyre and
Villeneuve as part of a Rocks to Riches–funded pro ject
(Mac In tyre et al., 2004; Villeneuve, 2004; Mac In tyre and
Villeneuve, 2007). The rock was col lected from a strati -
graphic pack age called the Pyroclastic Di vi sion, which is
de scribed as a se quence of welded to non-welded coarse-
grained lapilli tuff and ash tuff, vol ca nic brec cia and mi nor
in ter ca lated, very fine grained tuff or dust tuff (Cyr et al.,
1984). Rocks of the Pyroclastic Di vi sion are pri mar ily
dacite. This sam ple has yielded an age of 113.5 +4.5/–7.2
Ma, which firmly es tab lishes the hostrock suc ces sion of
interbedded vol ca nic and sed i men tary rocks at the Eq uity
Silver mine as Skeena Group strata.
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INTERMEDIATE VOLCANIC ROCKS OF THE 
ROCKY RIDGE FORMATION

Eq uity Sil ver Mine An de site

On the mine prop erty, the fragmental dacite de scribed
above is over lain by a suc ces sion of an de site and dacite
flows called the Vol ca nic Flow Di vi sion (unit 3a on Fig 8;
unit 4 of Cyr et al., 1984). This dem on strates that vol ca nic
rocks with in ter me di ate com po si tion are also pre served in
the Skeena Group. A K-Ar date of 58.5 ±2.0 Ma was ob -
tained from seri cite al ter ation su per im posed on these vol -
ca nic flow rocks (Wetherell, 1979; Cyr et al., 1984); how -
ever, this is in ter preted as a re set seri cite date re flect ing the
prox im ity of the multiphase Eocene monzonite-diorite-
gab bro in tru sion, which crops out a few tens of metres to
the east (Cyr et al., 1984).

Mount Ney Volcanics

Ex ten sive out crops of mid-Cre ta ceous Mount Ney
volcanics form scat tered mound-like ex po sures in the for -
est-cov ered re gion of the cen tral and north east Newcombe
Lake map area (NTS 093E/14), where this in for mal unit
was first in tro duced as unit lKv (Diakow and Drobe,
1989a). The cur rent name ap peared first in Geoscience
Map 2006-5 (Diakow, 2006). Mount Ney volcanics are pre -
dom i nantly lava flows that range in com po si tion from ba -
saltic an de site to an de site (Diakow and Drobe, 1989b, p
184, un der ‘Lower Cre ta ceous’). Flows ex hibit amyg da -
loid al and more com monly por phy ritic tex ture de fined by
felted fine-grained plagioclase laths and pyroxene grains.
Ex cept for one large ex po sure of pil low lava, in di cat ing
sub ma rine de po si tion, they generally form massive
unstructured outcrops.

MAFIC VOLCANIC ROCKS OF THE ROCKY
RIDGE FORMATION

The Rocky Ridge For ma tion was de fined by Rich ards
(1980, 1990) for the thick suc ces sion of por phy ritic ba salt
flows and in ter ca lated volcaniclastic sed i ments ex posed
along the length of Rocky Ridge, 25 km north west of
Smithers. Ad di tional ba salt units, now cor re lated with
Skeena Group, have been mapped by Woodsworth (1980)
in the Morice Lake – Tahtsa Lake – Whitesail Lake –
Eutsuk Lake re gion. North of Rocky Ridge, Rich ards
(1990) mapped small bands of Rocky Ridge ba salt within
the main Rocher Deboule range. Far ther north east, sim i lar
mafic vol ca nic rocks were mapped through a large re gion
25 km north west of Nilkitkwa Lake, and over a sim i larly
large area 25 km north-north west of Bulkley House at the
north end of Takla Lake (Richards, 1990).

All of these mafic vol ca nic rocks are al ka line and por -
phy ritic (Tackaberry, 1998), al though pheno crysts vary be -
tween pyroxene, plagioclase and hornblende. Most flows
are ve sic u lar, with in fill ings of cal cite or ze o lite. Ba salt ex -
po sures are mainly subaerially de pos ited; how ever, out -
crops near Tahtsa Lake show a thin ac cu mu la tion of pil -
lowed flows at the base of a se quence that grades up ward
into mas sive flows. Lava flows are interbedded with
pyroclastic flows, tuff brec cia, siltstone and peperite.

Fos sil suites col lected from sed i men tary units be low,
above and interbedded with these ba salt suc ces sions con -
strain the age of the flows to early Albian (110 Ma) in the
south and to mid-Albian to mid-Cenomanian (105–93 Ma)
in the north (Bassett and Kleinspehn, 1996). Dat ing by
40Ar/39Ar on hornblende crys tals from the up per most flows

ex posed on the Rocky Ridge gives an age of 95.6 ±1.6 Ma
(Bassett and Kleinspehn, 1996, p 731). A whole rock
40Ar/39Ar age of 93.0 ±2.3 Ma was ob tained from a ba salt
flow in the same area (Mac In tyre and Villeneuve, 2007). A
ba salt dike sam pled south of the Bell mine (Mac In tyre and
Villeneuve, 2001b) yields an 40Ar/39Ar whole rock age of
104.8 ±1.2 Ma. In sum mary, com bined fos sil and geo -
chron ol ogy stud ies con strain the age of the ba saltic units of
the Rocky Ridge For ma tion to 110 Ma in the south and from 
105 to 93 Ma in the north.

Rocky Ridge Ba salt

Bassett and Kleinspehn (1996, p 733) pro vide the most 
com pre hen sive de scrip tion of this unit at its type area 25 km 
north west of Smithers. Strata con sist of interbedded al ka -
line ba saltic lava flows and pyroclastic flows av er ag ing 10
to 20 m in thick ness. Flows dis play large (4–8 mm)
pyroxene pheno crysts with rare plagioclase or hornblende
pheno crysts. Most flows are highly ve sic u lar. The subaerial 
fea tures of the lava, pyroclastic flows and the pres ence of
ve sic u lar ba salt clasts in dis tal interbedded flu vial de pos its
in di cates that this vol ca nic com plex was emer gent, had
high re lief and was a source of sediment.

Black shale with interbedded sand stone crops out
around the co eval volcaniclastic de pos its, in di cat ing a tid -
ally dom i nated shal low-ma rine set ting around the vol ca nic
ed i fices (Bassett and Kleinspehn, 1996).

GEOLOGY OF THE KITSUNS CREEK
MEMBER

Rocks of the Kitsuns Creek Mem ber are fine-grained
or me dium-grained clastic sed i men tary rocks char ac ter ized 
by fine to coarse, mono lithic vol ca nic clasts. They rep re -
sent volcaniclastic de bris shed into me dium-grained sed i -
men tary rocks of the deltaic Bulkley Can yon For ma tion or
into black, fine-grained basinal sed i men tary rocks of the
Laventie For ma tion. These rocks can only form ad ja cent to
vol ca nic rock units of the Rocky Ridge For ma tion. Con se -
quently the Kitsuns Creek Mem ber is clas si fied here as a fa -
cies of the Rocky Ridge For ma tion rather than a fa cies of
the clastic sed i men tary formations of the Skeena Group.

There are four con trast ing ‘end-mem bers’ of Kitsuns
Creek rock types: mas sive black mudstone with rhy o lite
clasts, mas sive black mudstone with ba salt clasts, sand -
stone or grit with rhy o lite clasts and sand stone or grit with
ba salt clasts. Sed i men tary units host ing clasts of in ter me di -
ate vol ca nic com po si tion are also de scribed from the Eq -
uity mine suc ces sion (Cyr et al., 1984).

These rock types are im por tant be cause they may be
first field in di ca tors that vol ca nic units of the Rocky Ridge
For ma tion ex ist nearby. At the Knoll prop erty, min er al iza -
tion is hosted by the vol ca nic unit; but at the ESK prop erty,
the  sed i men tary rocks rich in vol ca nic clasts or re worked
lapilli tuff of the Kitsuns Creek Mem ber host the vein net -
work with el e vated base and precious metal values.

The black ma trix brec cia ex posed in many lo ca tions
along the West Mor ri son log ging road en ve lopes the ring of 
14 prom i nent rhy o lite domes that are ex posed in this area.
These black ma trix brec cia form both the im me di ate
footwall and hangingwall rocks to the rhy o lite bod ies. Ini -
tially mapped as ba salt con glom er ate (with rhy o lite clasts),
the pet ro chem i cal anal y sis of these rocks by Tackaberry
(1998) showed an over all com po si tion of dacite, lead ing to
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a clas si fi ca tion as dacitic lapilli tuff. An al ter na tive in ter -
pre ta tion, based on field tex tures, is that these rocks are
peperite gen er ated by the flow of rhy o lite lava, or by the
em place ment of a rhy o lite cryptodome, into un con sol i -
dated black silt and mud of the Laventie Formation.

GEOLOGICAL AND TECTONIC HISTORY

Skeena Group rocks ac cu mu lated on the west ern con -
ti nen tal mar gin of North Amer ica from Early to mid-Cre ta -
ceous time. These shal low-wa ter strata grade lat er ally to
the north and north west into deeper wa ter, basinal sed i men -
tary rocks of the Bow ser Lake Group; to the south and
south east, Skeena Group sed i men tary rocks pinch out
against the subaerially ex posed micaceous con ti nen tal
rocks that provided the sediment.

Bassett and Kleinspehn (1996, 1997) de scribe the evo -
lu tion of the geo log i cal set ting of these strata. In the Early
Cre ta ceous, the depositional set ting is a se ries of shal low-
wa ter to lo cally emer gent del tas (Bulkley Can yon For ma -
tion) ad ja cent to re stricted tidal bas ins where black shale
ac cu mu lated (Laventie Formation).

In the mid-Cre ta ceous, the sub si dence of the con ti nen -
tal mar gin was re corded by south east ward ma rine trans -
gres sion and more wide spread ac cu mu la tion of the basinal
black shale (Laventie For ma tion). This was ac com pa nied
by in ter mit tent vol ca nism (Rocky Ridge For ma tion) from
widely scat tered, subaerial and sub ma rine vol ca nic cen tres
that evolved over 10 to 15 mil lion years from calcalkaline
fel sic to al ka line mafic com po si tions. Bassett and
Kleinspehn (1996) con clude that Rocky Ridge vol ca nic
rocks may have ac cu mu lated along a rift. Mac In tyre
(2001a) con cluded that the fel sic volcanic centres represent 
caldera complexes.

To ward the end of mid-Cre ta ceous time, the seafloor
re bounded and redbed chert-peb ble con glom er ate found in
a shal low-wa ter to subaerial flu vial en vi ron ment (Rocher
Deboule For ma tion) prograded northwestward. North west
of this ad vanc ing shore line, the depositional en vi ron ments
were once again tidal deltas.

Over the 50-mil lion-year span of Skeena Group time,
these strata re cord the evo lu tion from mod er ately
extensional to mod er ately com pres sive tec ton ics af fect ing
the con ti nen tal margin.

Al though the paleotopographic set ting is clear, the tec -
tonic set ting for this part of the con ti nen tal mar gin of North
Amer ica in Early to mid-Cre ta ceous time is un cer tain. The
area of Skeena Group sed i men ta tion and vol ca nism and
Bow ser Ba sin sed i men ta tion im me di ately to the north west
has been iden ti fied by var i ous re search ers as a fore arc,
back arc, extensional ba sin or fore land set ting (Evenchick
and Thorkelson, 2005). The ex is tence of the Gam bier arc
off to the west through out the Early and mid-Cre ta ceous
(Souther, 1991) sug gests that Skeena Group vol ca nism
could re cord the on set of back arc ex ten sion. Mac In tyre et
al. (2004) in ter pret the scat tered vol ca nic cen tres of the
Rocky Ridge For ma tion as a na scent (or in cip i ent) vol ca nic 
arc, with the in di vid ual vol ca nic cen tres rep re sent ing cal -
dera com plexes. Bassett and Kleinspehn (1996, Fig 5) in -
ter pret the locus for the Rocky Ridge volcanic centres as a
north-north east-trending rift.

MINERAL DEPOSITS

All min eral oc cur rences hosted by Skeena Group
strata are listed in Ta ble 1, where in di vid ual oc cur rences are 
sorted into al pha bet i cal or der. In Ta ble 2, the ten coal de -
pos its are re moved from this ini tial list, three broad al ter -
ation zones that lack el e vated base and pre cious metal val -
ues are also re moved from the ini tial list and the Mount
Cronin mine is re moved from the list be cause a new ra dio -
met ric date (Mac In tyre and Villeneuve, 2007) re veals that
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Name Property MINFILE Status

1600 Zone Fireweed 093M 151 deposit
Anomalous Zone Equity Silver 093L 001 showing
Beamont station alteration
BQ prospect
Cabinet Creek past producer
Chisholm Lake 093L 159 showing
Denys Creek
East Zone Fireweed 093M 151 deposit
ESK Old Fort Mountain showing
Far East Zone Fireweed 093M 151 deposit
Far West Zone Fireweed 093M 151 deposit
Gaul Equity Silver 093L 001 prospect
Goathorn Creek 093L 156 past producer
Hematite French Peak 093M 015 past producer
Hope Equity Silver 093L 001 prospect
Jan Fireweed 093M 151 deposit
Kathlyn Lake deposit
Knoll 093M 100 prospect
Main Equity Silver 093L 001 past producer
MN Fireweed 093M 151 deposit
Mt. Cronin 093L 127 deposit
North Zone Equity Silver 093L 001 prospect
Owen Creek deposit
Rio French Peak 093M 015 past producer
Seeley Lake 093M 150
South Zone Fireweed 093M 151 deposit
Southern Tail Equity Silver 093L 001 past producer
Sphalerite Fireweed 093M 151 deposit
Superstition Equity Silver 093L 001 prospect
Tadinlay Old Fort Mountain alteration
Telkwa River 093L 156 past producer
Thautil River 093L 158 showing
Ute French Peak 093M 015 past producer
Waterline Equity Silver 093L 001 past producer
West Morrison Old Fort Mountain alteration
West Zone Fireweed 093M 151 deposit
Zest Equity Silver 093L 001 showing
Zymoetz River 093L 154

3200 Zone Fireweed 093M 151 deposit

TABLE 1. MINERAL OCCURRENCES HOSTED BY THE
SKEENA GROUP.

Map no. Property MINFILE Status

1 Equity Silver 093L 001 past producer
2 Old Fort Mountain showing
3 Fireweed 093M 151 deposit
4 Knoll 093M 100 prospect
5 BQ prospect

6 French Peak 093M 015 past producer

TABLE 2. METALLIC MINERAL OCCURRENCES
HOSTED BY THE SKEENA GROUP, SORTED BY



the Mount Cronin de posit is hosted by Kasalka Group
rocks. All the re main ing pros pects from Ta ble 1 were then
re sorted and grouped ac cord ing to their in di vid ual prop er -
ties in Ta ble 2, re veal ing that there are just six ar eas with
me tal lic min er al iza tion within Skeena Group rocks. Four
of these areas have been discovered within the last 20 years. 

Equity Silver Mine (MINFILE 093L 001)

The Eq uity Sil ver mine pro duced sil ver, cop per, gold,
an ti mony and ar senic from com plex sul phide ores be tween
1980 and 1994. Open pit and un der ground work ings at four
ad ja cent orebodies (Fig 8; North zone, Wa ter line, Main
zone and South ern Tail) yielded a to tal of 33.8 Mt of ore at
an av er age grade of 64.9 g/t Ag, 0.4% Cu and 0.46 g/t Au.
South of the South ern Tail orebody, the Hope, Su per sti tion
and Gaul min eral pros pects lie along the south-south west
ex ten sion of this same trend. Min er al ogy of the ore zones
and pe riph eral al ter ation zones are summarized in Table 3.

The mine prop erty is un der lain by a mixed sed i men -
tary-vol ca nic suc ces sion (Cyr et al., 1984). Basal con glom -
er ate and mi nor argillite (Clastic Di vi sion; units 1a and 1b
on Fig 8) is con form ably over lain by a se quence of in ter ca -
lated subaerial tuff brec cia and mi nor re worked pyroclastic
de bris (Pyroclastic Di vi sion; units 2a and 2b) that hosts the
orebodies. This pack age is con form ably over lain by bed -
ded an de site to dacite flows (Vol ca nic Flow Di vi sion; unit
3a) and an onlapping se quence of interbedded vol ca nic
con glom er ate, sand stone and tuff (Sedimentary-Volcanic
Division; unit 3b).

At dif fer ent times, these rocks have been cor re lated
with Hazelton Group, Skeena Group and Kasalka Group
strata. New U-Pb zir con geo chron ol ogy re sults (Mac In tyre
and Villeneuve, 2007) from a sam ple of fel sic lapilli tuff
col lected from the east ramp of the Main zone pit give an
age of 113.5 +4.5/–7.2 Ma. This con firms that the hostrock
vol ca nic suc ces sion (unit 2 on Fig 8) at Eq uity Sil ver mine
is mid-Cre ta ceous Skeena Group strata. Un der ly ing chert-
peb ble con glom er ate and car bo na ceous siltstone of unit 1
Coarse Clastic Di vi sion) may be part of the Bowser Lake
Group.

The ore de pos its are hosted within rocks of the
pyroclastic di vi sion and lie be tween two in tru sive stocks.
West of the mine, the 58 ±2 Ma quartz monzonite stock has
un al tered and al tered zones; the east ern ka olin-seri cite-
chlorite-py rite–al tered por tion hosts weak por phyry-style
cop per-mo lyb de num min er al iza tion. East of the mine, the
48 ±2 Ma gab bro-monzonite in tru sion has five mappable,
se quen tial phases (gab bro, in ter me di ate phase, diorite,
monzonite and hypa bys sal monzonite) all cut by late felsite
dikes termed ‘quartz latite’. Since the orebodies lie be -
tween these two in tru sions, pub lished ge netic mod els re late 
ore for ma tion at the Eq uity Sil ver Mine to these dis tinctly
dif fer ent in tru sions. Cyr et al. (1984) and Wojdak and
Sinclair (1984) con clude that the ore is epigenetic and epi -
ther mal in char ac ter and as so ci ated with the em place ment
of the older west ern stock that hosts the por phyry Cu-Mo–
style min er al iza tion. Church (1984) and Church and
Barakso (1990) con clude that the mul ti ple ore zones are
epigenetic and as so ci ated with intrusion of the younger
eastern polyphase intrusion (Fig 9).

In ad di tion to the two main ge netic mod els sum ma -
rized above, Wojdak and Sinclair (1984) dis cussed the pos -
si bil ity that the ore may have formed penecontem por an -

eously with its host vol ca nic rocks, as a late-stage epi ther -
mal vein sys tem (Fig 9). Panteleyev (1995) pro poses sim i -
lar tim ing for the for ma tion of the Eq uity Sil ver ores as a
‘tran si tional’ ore de posit, which form at mod er ate depths
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Fig ure 8. Ge ol ogy map of the Eq uity Sil ver mine area (mod i fied from
com pany plans). Ab bre vi a tion: C.R.S., cover rock se quence.
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Fig ure 9. Sche matic sum mary of five ge netic mod -
els for ore for ma tion at the Eq uity Sil ver mine.



(2–3 km), shal lower than the set ting for
con ven tional por phyry cop per de pos its,
but deeper than the set ting for epithermal 
ore deposits (Fig 9).

In con trast, Ney et al. (1972) ini -
tially re garded the de pos its as syngenetic 
volcanogenic mas sive sul phide de pos its
t h a t  w e r e  l a t e r  d e  f o r m e d  a n d
recrystallized by the gab bro-monzonite
in tru sion (Fig 9). As an evo lu tion from
this early ge netic model, Mac In tyre
(2001b) con sidered the larg est in di vid -
ual ore zone (Main zone, 22 Mt) as the re -
mains of an ini tially larger syngenetic,
exhalitive volcanogenic mas sive sul -
phide lens, which ac cu mu lated within
the 113.5 Ma dacitic pyroclastic vol ca nic 
fa cies (Fig 10a).  A por tion of the
syngenetic sul phide min er als of the
Main zone were in truded by the west ern
edge of the gab bro-monzonite in tru sive
com plex and the sul phide min er als were
remobilized and ex ten sively re dis trib -
uted both north ward and south ward
along a north-north east-trending fault
zone that is par al lel to the ori en ta tion of
the late, pla nar, hypa bys sal monzonite
in tru sive phase of the youn ger gab bro-
monzonite in tru sive complex (Fig 10b).

The fol low ing list re states all these
pro posed ge netic mod els in light of the
mid-Cre ta ceous age now es tab lished for
the hostrocks vol ca nics at the mine (see
also Fig 9):

• synvolcanic exhalitive min er al -
iza tion re lated to mid-Cre ta ceous
v o l  c a  n i s m ,  w i t h  l a t e r
r e c r y s t a l l i z a t i o n  a n d
remobilization caused by the in -
tru sion of the east ern Eocene
stock;

• penecontemporaneous epi ther -
mal min er al iza tion re lated to
mid-Cre ta ceous vol ca nism, with
la te r  r ec rys ta l l i za t io n  an d
remobilization caused by the in -
tru sion of the east ern Eocene
stock;

• penecontemporaneous tran si -
tional (por phyry-epi ther mal tran -
si tion) min er al iza tion re lated to
mid-Cre ta ceous vol ca nism, with
la te r  r ec rys ta l l i za t io n  an d
remobilization caused by the in -
tru sion of the east ern Eocene
stock;

• Eocene epigenetic min er al iza tion 
re lated to the em place ment of the
58 Ma west ern quartz monzonite
stock; and

• Eocene epigenetic min er al iza tion 
re lated to the em place ment of the
48 Ma east ern gab bro-monzonite
stock.
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Pyrite XXXXX XXXXX XXXXX XXXX XXXXX
Rutile X X X X
Ilmenite X X
Magnetite XXXX XXX XXX X XX
Pyrrhotite XXXX XX
Molybdenite X X XXX X
Specular hematite XXXX XX XXX X
Arsenopyrite XX XXXXX X
Sphalerite XXX XXX XXX XX
Chalcopyrite XXXXX XXXX XXXX XX XX
Tetrahedrite XXXX XXXXX XX X X
Gold XX X XX
Galena XX XX XX XX
Sulfosalts XX XX X
Marcasite XXX X
Chalcocite X X X
Covellite X X
Scheelite X
Wolframite X
Stibnite X
Corundum XX
Andalusite XX XX XX
Tourmaline XXXX X XX X XXXXX
Dumortierite XX X
Scorzalite XXX X XX
Spinel XX

Chlorite XXXX XXXX XXX XX XX

XXXXX, very abundant; XXXX, abundant; XXX, moderate; XX, minor; X, trace

1 listed in approximate order or paragenesis

Mineral1 Main
Southern 

Tail
Waterline

Cu-Mo 

Porphyry
Tourmaline

TABLE 3. MINERALOGY OF EQUITY SILVER ORE AND ALTERATION ZONES
(FROM CYR ET AL., 1984).
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Fig ure 10. Two-stage ge netic model for the for ma tion of the Eq uity Sil ver de pos its; a)
mid-Cre ta ceous VMS de posit formed at Main zone; b) Eocene pluton in trudes,
recrystallizes and remobilizes Main zone sul phide min er als along one of a se ries of frac -
ture zones; see leg end for Fig 8.



Ga lena Pb iso tope anal y ses of seven sam ples col lected
from dif fer ent ore zones at the Eq uity Sil ver mine show a
tight clus ter of lead iso tope ra tios from three sam ples
(Fig 11). This ‘Eq uity Sil ver’ clus ter rep re sents sig nif i -
cantly older lead than the well-es tab lished lead anal y ses
from sev eral types of Eocene ore de pos its (Fig 11; Alldrick, 
1993). It is also youn ger than the lead iso tope sig na tures
ob tained from many Early Ju ras sic ore de pos its hosted by
Hazelton Group is land arc rocks (Fig 11; Alldrick, 1993).
Since only Early Ju ras sic, mid-Cre ta ceous and Eocene
rocks are pres ent in the mine area, the data clus ter from the
three Eq uity Sil ver sam ples is in ter preted as a mid-Cre ta -
ceous age. This means the lead ini tially crys tal lized in ga -
lena that was syngenetic with, or penecontemporaneous
with, the mid-Cre ta ceous Skeena Group vol ca nic
hostrocks (ge netic mod els 1, 2 or 3 above). A sin gle data
point lies in the di rec tion of the youn ger Eocene-age data
clus ter (Fig 11). This re sult sug gests that, for this sam ple
only, the pri mary mid-Cre ta ceous min er al iza tion was
likely remobilized by a later mag matic, hy dro ther mal and
struc tural event that con trib uted some new lead to the mid-
Cre ta ceous ga lena crys tals in two of the anal y sis sam ples.
This later event was most likely the in tru sion of the large
multiphase gab bro-monzonite in tru sion that in trudes and
dis places the Main zone orebody along its north east ern
mar gin (Fig 10b). Remobilized sul phide min er als were dis -
placed into north-north east-trending frac tures and/or faults 
that accompanied the later hypabyssal monzonite stage of
emplacement of the multistage intrusion (Fig 10b).

Cyr et al. (1984) rec og nized that dif fer ent parts of the
Eq uity Sil ver ore zones and their dif fer ent as so ci ated al ter -
ation suites have chem is try, min er al ogy and tex tures that
are char ac ter is tic of ei ther epi ther mal or exhalitive styles of 
ore de pos its (Ta ble 3). This is a con se quence of sul phide
de po si tion in and around a shal low-wa ter vol ca nic ed i fice
con structed on sed i ments of a deltaic sed i men tary suc ces -
sion. His tor i cally, epi ther mal and exhalitive de posit types
have been re garded as mu tu ally ex clu sive min er al iz ing sys -
tems, but many years of de tailed stud ies at the Eskay Creek
gold mine (Roth, 2002) re veal that epi ther mal, exhalitive

and even clastic sed i men tary ore de pos its can be de pos ited
around the same long-lived hy dro ther mal sys tem as the
structural controls and the depositional environment
change with time.

Fireweed (MINFILE 093M 151)

Sul phide min er als were dis cov ered in out crop at the
Mn (man ga nese) and sphalerite (zinc) show ings in 1987.
On go ing ex plo ra tion work has de fined 10 min er al ized
zones (Ta ble 1) with a drill-in di cated re source at the West
Zone of 580 544 t grad ing 342 g/t sil ver, 2.22% zinc and
1.34% lead. The prop erty ge ol ogy is de scribed in a re cent
com pre hen sive report by Price (2006).

Bed rock ex po sures are lim ited on the prop erty. Ex ten -
sive drill ing re veals that the host strata is a suc ces sion of
mudstone, siltstone and fine to coarse sand stone. Con glom -
er ate and vol ca nic units are con spic u ously ab sent. In this
re port, these strata are cor re lated with the Bulkley Can yon
For ma tion of the Skeena Group.

Sed i men tary rocks are cut by dikes or sills of fel sic vol -
ca nic rock, var i ously termed ‘latite’, ‘quartz latite’ and
‘rhy o lite’ in ear lier re ports. The dikes are light grey, fine-
grained rhy o lite por phyry with fine plagioclase pheno -
crysts and quartz eyes (Howell, pers comm, 2006). These
in tru sive rocks have pre vi ously been cor re lated with
Eocene bi o tite-feld spar por phy ritic in tru sions and
andesitic vol ca nic rocks of the Mount Newman For ma tion
that crop out along the south ern edge of the prop erty (Price,
2006; Mac In tyre, 2001a). Mac In tyre et al. (2004) re in ter -
preted these fel sic dike rocks as pos si ble feed ers to the mid-
Cre ta ceous Rocky Ridge rhy o lite domes mapped to the
north. Three kilo metres north of the Fireweed prop erty, a
large dome of Rocky Ridge rhy o lite un der lies the east ern
half of McKendrick Is land. A new age de ter mi na tion from a 
rhy o lite dike col lected from drillcore at the Fireweed prop -
erty gives an age of 103.4 ±0.4 Ma, confirming this
correlation (MacIntyre and Villeneuve, 2007).

On the Fireweed prop erty, the pres ence of these mid-
Cre ta ceous subvolcanic rhy o lite feeder dikes, the ab sence
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of rhy o lite domes and flows of the Rocky Ridge For ma tion
and the ab sence of volcaniclastic con glom er ate of the
Kitsuns Creek Mem ber, all sup port the in ter pre ta tion that
the sed i men tary strata on the prop erty are a sec tion of the
B u l k l e y  C a n  y o n  F o r  ma  t i o n  l y  i n g  s o me  w h e r e
stratigraphically be low the time-ho ri zon of Rocky Ridge
volcanics and Kitsuns Creek Mem ber con glom er ate of the
upper Skeena Group.

Min er al iza tion is polymetallic with vari able amounts
of sil ver, lead, zinc, cop per and gold. The zones also have
anom a lous con cen tra tions of man ga nese, cad mium, ar -
senic, tung sten and an ti mony. In or der of abun dance, sul -
phide min er als iden ti fied on the prop erty are py rite,
pyrrhotite, sphalerite, chal co py rite, ga lena, marcasite and
tetrahedrite. The three main types of mineralization are

• brec cia zones: frac tured or brecciated sed i men tary
rock infilled with fine to coarse-grained mas sive py -
rite-pyrrhotite and lesser sphalerite, chal co py rite
and ga lena.

• dis sem i nated sul phide min er als: fine to very fine
grains of py rite, marcasite, sphalerite, ga lena and
mi nor tetrahedrite are in ter sti tial to sand grains in
coarser-grained sand stone.

• mas sive sul phide min er als: fine-grained, com -
monly banded, mas sive sul phide min er als con tain
rounded quartz grains and fine frag ments of sed i -
men tary rocks, and form dis tinct bands within fine-
grained sed i men tary rocks. Com posed of al ter nat -
ing bands of py rite and pyrrhotite, with mi nor chal -
co py rite, sphalerite and ga lena, these bands are typ i -
cally as so ci ated with the brec cia zones and are
com monly sandwiched be tween the al tered dikes.
The term ‘mas sive sul phide’ does not im ply any ge -
netic pro cess, i.e., this style of min er al iza tion does
not nec es sar ily in di cate syngenetic or exhalitive
volcanogenic mas sive sul phide min er al iza tion. 

Knoll (MINFILE 093M 100)

The Knoll pros pect is lo cated 60 km north of Smithers,
along the east bank of Har old Price Creek. Mas sive to flow-
banded rhy o lite crops out as a prom i nent dome (Wojdak
and Ethier, 2000; Mac In tyre, 2001b). This unit is lo cally
spherulitic and is in ter ca lated with rhy o lite brec cia and
volcaniclastic con glom er ate. Be yond this re sis tant dome,
the sur round ing strata is a se quence of feldspathic sand -
stone, car bo na ceous mudstone and siltstone and thinly bed -
ded fel sic ash tuff. All these units are in ter preted as part of
the Skeena Group; the rhy o lite is in ter preted as Rocky
Ridge For ma tion and is sim i lar to the rhy o lite domes ex -
posed along the West Mor ri son logging road, north of Old
Fort Mountain.

Dis cov ered in 1983, min er al iza tion con sists of dis sem -
i na tions and veinlets of py rite, sphalerite and ga lena hosted
by the mas sive rhy o lite, rhy o lite brec cia and lapilli tuff.
Dis sem i nated py rite is wide spread in the rocks of the rhy o -
lite dome. Grab sam ples col lected from out crop re turned
high as says for lead, zinc and ar senic, el e vated sil ver and
cad mium, and anom a lous lev els of gold and cop per. Seven
holes were drilled on in duced po lar iza tion tar gets in 1988.
The best in ter sec tion was 1 m grad ing 0.51% Pb, 1.32% Zn, 
9.58% As, 30 ppm Ag and 1610 ppb Au. In 2006, a soil
sam pling program was completed over the property.

ESK

ESK is a new sul phide dis cov ery hosted by the black
fel sic fragmental unit that en vel ops the se ries of prom i nent
rhy o lite domes near the West Mor ri son log ging road, north -
ern Babine Lake. At this show ing on the south side of the
rhy o lite ring, the dis tinc tive black-ma trix, white-rhy o lite-
clast vol ca nic brec cia stratigraphically over lies the mas sive 
white rhy o lite domes (Fig 7). The same brec cia tex ture is
also well ex posed, stratigraphically un der ly ing the same
rhy o lite domes, along the north side of the ring of rhy o lite
domes. Min er al iza tion con sists of 2 to 4% fine dis sem i -
nated sul phide min er als in clast-rich rhy o lite brec cia to
crackle brec cia of flow-banded rhy o lite. Best as says are
172 ppm Zn, 14 ppm Pb, 5 ppm Cu, 278 ppb Ag, 6 ppb Au,
77 ppm As and 1116 ppb Hg.

BQ

BQ was dis cov ered by pros pect ing in 1994, but saw lit -
tle work un til 2006 when trench ing, geo phys i cal sur vey ing
(in duced po lar iza tion) and two drill pro grams were com -
pleted. Sed i ment-hosted sul phide min er al iza tion is lo cal -
ized along steep frac tures ad ja cent to dikes of lo cally flow-
banded quartz-feld spar por phy ritic rhy o lite and apha ni tic
rhy o lite (Watkins, 2005). Sed i men tary strata ex posed in the 
lo cal area in clude micaceous sand stone and grit, black car -
bo na ceous siltstone and shale. Sul phide min er als form in -
di vid ual veins, vein net works, re place ment zones and scat -
tered blebs of py rite, ar seno py rite, pyrrhotite, sphalerite
and chal co py rite dis trib uted over a 400 m long zone of frac -
tur ing, ad ja cent to a prom i nent rhy o lite dike. A broad seri -
cite-quartz-car bon ate-clay al ter ation zone is over printed
on the frac tured to lo cally brecciated sed i men tary hostrock. 
Best as say in ter vals from 11 drillholes com pleted to date
include 7.31 g/t Au over 1.3 m, 0.776 g/t Au over 233.05 m
and 4.18% Zn over 1.0 m.

The age of this frac ture-hosted min er al iza tion and the
ad ja cent fel sic dike has not been de ter mined; a sam ple col -
lected by Mac In tyre and Villeneuve (2007) pro duced in suf -
fi cient zir cons for dat ing. The dike is tex tur ally sim i lar to a
10 km long rhy o lite sill that crops out as a prom i nent ridge
along the north side of the Kitseguecla Lake Road. The
north ern edge of this sill crops out just 500 m south of the
main road side show ing on the BQ pros pect. This large sill
lo cally dis plays tiny quartz eyes, hosts mi nor very fine dis -
sem i nated py rite, shows dis tinc tive flow-band ing along its
north ern mar gin that trends north (per pen dic u lar to the
east-west trend of the main sill) and closely re sem bles the
rhy o lite ex posed in the string of rhy o lite domes along the
West Morrison logging road. 

French Peak (MINFILE 093M 015)

The French Peak de pos its in clude the Ute, Rio, Mud
and He ma tite pros pects. Min er al iza tion con sists of quartz-
sid er ite veins and min er al ized shear zones host ing
tetrahedrite, ga lena, chal co py rite, sphalerite and py rite. A
re source of 2630 t grad ing 411 g/t Ag, 2.4 g/t Au, 14% Pb
and 5% Cu was cal cu lated for the prop erty. The 2006 ex plo -
ra tion pro gram com pleted 11 drillholes to tal ling 1445 m on
the Ute and Rio showings.

The rhy o lite, dacite, an de site and ba salt hostrocks,
termed ‘French Peak volcanics’, have pre vi ously been clas -
si fied as Kasalka Group rocks, but a new 40Ar/39Ar date of
99.3 ±2.3 Ma (Mac In tyre and Villeneuve, 2007) on augite-
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phyric ba salt shows that these rocks are volcanics of the
Rocky Ridge For ma tion, Skeena Group.

CURRENT EXPLORATION

Ex plo ra tion pro grams within Skeena Group vol ca nic
rocks dur ing 2006 in cluded ini tial drill ing on the BQ claims 
north east of Kitseguecla Lake, fol low-up drill ing on the
Fireweed prop erty south east of Smithers Land ing and on
the French Peak prop erty west-north west of Fort Babine, a
soil sam pling grid over the Knoll prop erty and pros pect ing
on the ESK claims north west of Old Fort Moun tain (Fig 4).
The Su per sti tion Creek pros pect, just south of the Eq uity
Sil ver mine (Fig 8), was drilled in 2004.

METALLOGENIC MODELS

The bi modal vol ca nic units of the Skeena Group have
re cently been in ter preted as ev i dence for a cal dera set ting
(Mac In tyre, 2001b), which is the op ti mal set ting for the for -
ma tion and pres er va tion of al ka line epi ther mal min eral de -
pos its (Fig 12; Hedenquist and White, 2005). Pre vi ously,
these same vol ca nic rocks were iden ti fied as prod ucts of
rift ing (Barrett and Kleinspehn, 1996), which is the op ti mal 
set ting for the de vel op ment of subaerial Bo nanza-type epi -
ther mal de pos its and sub aque ous exhalitive min er al iza tion
(Sillitoe, 2002; Sillitoe and Hedenquist, 2003; Hedenquist
and White, 2005). On a larger scale, the tec tonic set ting for
the Skeena Group was in ter preted as an ac tive con ti nen tal
mar gin (fore arc) tec tonic set ting (Barrett and Kleinspehn,
1997), sim i lar to the world’s great est VMS dis trict, the
Devonian-Mis sis sip pian Ibe rian Py rite Belt (White, 1999).
These contrasting metallogenic models are summarized in
Table 4.

DISCUSSION

A bi modal vol ca nic suc ces sion must dis play a sim ple
or com plex al ter nat ing se quence of ba salt and rhy o lite
flows in close as so ci a tion. An de site and dacite units should
be con spic u ously ab sent. There is no ex po sure of bi modal
vol ca nic rocks sensu stricto in any of the Rocky Ridge vol -
ca nic sec tions ex am ined in the field this sea son or pre -
sented in the lit er a ture. This term may have evolved when
the black, car bo na ceous dacitic lapilli tuff that en vel ops the
rhy o lite domes along West Mor ri son log ging road were
mis iden ti fied as ‘ba salt’ dur ing the ini tial map ping pro gram 
(unit lKvb in Mac In tyre et al., 1997a). A close spa tial as so -
ci a tion be tween rhy o lite and ba salt flows is ex posed in out -
crops south east of the pit at the Bell mine, but the rhy o lite
and ba salt units are jux ta posed across a ma jor fault break.
There are ba salt flows and tuff ex posed sev eral hun dred
metres stratigraphically above the rhy o lite ‘domes’ ex -
posed along the West Mor ri son (Fig 7) and Kitseguecla
Lake roads. How ever, the in ter ven ing strata are thick suc -
ces sions of fine to coarse clastic sed i men tary rocks of the

upper Skeena Group, indicating a substantial passage of
time between volcanic eruptions.

Vol ca nic rocks that ac cu mu late in cal dera set tings are
char ac ter is ti cally bi modal and al ka line, while the up per,
youn ger, ba salt units of the Rocky Ridge For ma tion are al -
ka line, un der ly ing rhy o lite, an de site and dacite units are
con sis tently calcalkaline (Tackaberry, 1998). Taken to -
gether, these points in di cate that none of Rocky Ridge vol -
ca nism erupted in a caldera setting.

Vol ca nic rocks that ac cu mu late in rift set tings are also
char ac ter is ti cally bi modal (Sillitoe, 2002) and are usu ally
pre served as thick suc ces sions of comp lexly interlayered
ba salt, rhy o lite and siltstone. There are no vol ca nic in ter -
vals any where within Skeena Group strata that re sem ble
typ i cal rift-fill suc ces sions or dis tri bu tion pat terns (thick,
lin ear, volcanic-filled troughs).

The points above in di cate that it is un likely that the
geo log i cal set ting for the de po si tion of the vol ca nic rocks
within the Skeena Group is ei ther a cal dera or rift structure.

Other pos si ble set tings are within a fore arc, in a back
arc rift (mar ginal ba sin) or within an intracratonic rift. Fore
arc vol ca nism is ex tremely rare and is char ac ter ized by lin -
ear ar rays of vol ca nic cen tres (Cees van Staal, pers comm,
2006). In ter con ti nen tal rifts are char ac ter ized by bi modal
vol ca nic rocks and of ten pro vide the set ting for abun dant
exhalitive (volcanogenic mas sive sul phide) min er al iza tion
(e.g., the Ibe rian Py rite Belt). Since these char ac ter is tic fea -
tures are not in ev i dence in the vol ca nic strata of the Rocky
Ridge For ma tion, these two tectonic settings are also
considered unlikely.

In con trast to the above mod els, the con cept of a na -
scent, con ti nen tal mar gin vol ca nic arc that does not fully
de velop (Mac In tyre et al., 2004) is a good fit with the doc u -
mented fea tures of Rocky Ridge vol ca nism. The early on set 
of dif fer en ti ated calcalkaline an de site, dacite and rhy o lite
vol ca nism from widely scat tered vol ca nic cen tres was fol -
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Tectonic model Proposed by Associated deposit types Reference

Caldera MacIntyre, 2001b Alkaline epithermal Hedenquist and White (2005)
Rift Bassett and Kleinspehn, 1996 Epitheral and VMS Sillitoe (2002)

Continental margin, fore arc Bassett and Kleinspehn, 1996 VMS White (1999)

TABLE 4. METALLOGENIC MODELS PROPOSED FOR THE SKEENA GROUP.

EPITHERMAL DEPOSIT TYPESEPITHERMAL DEPOSIT TYPES
TYPE 1

Low Sulphidation
TYPE 2

Intermediate Sulphidation
TYPE 3

High Sulphidation

SubSub--TypesTypes

1a.  Bonanza

1b.  Alkalic

2a.  Intrusion-centred

2b.  Mexican

3.  HS

2-3.  HS-IS zoned

SettingSetting
RIFT VOLCANIC ARC VOLCANIC ARC

Fig ure 12. Clas si fi ca tion sys tem for epi ther mal ore de pos its
(Hedenquist and White, 2005).



lowed by an ep i sode of al ka line ba saltic vol ca -
nism. Then, all vol ca nic ac tiv ity ter mi nated dur -
ing the pe riod of de po si tion of the Rocher
Deboule For ma tion. In the Late De vo nian vol ca -
nic suc ces sion of the Finlayson Lake dis trict of the 
Yu kon Ter ri tory, Piercey et al. (2002) at trib ute the
change from ini tial fel sic calcalkaline to youn ger
mafic al ka line vol ca nism to the in ter rup tion of an
ini tial pe riod of typ i cal subduction by subduction
hinge roll-back, which trig gered back arc rift ing.
Within the Skeena Group, the on set of al ka line ba -
salt vol ca nism near the end of Rocky Ridge For -
ma tion time may have marked the ini ti a tion of
back arc rifting, but further rifting and its
associated volcanism ceased abruptly about
93 Ma.

The other tec tonic and met al lo gen ic model
that may ap ply puts the en tire mid-Cre ta ceous
Rocky Ridge vol ca nic suc ces sion in an in cip i ent
back arc rift set ting, ly ing east of the Gam bier vol -
ca nic arc, which re mained ac tive through out the
Early and mid-Cretaceous.

CONCLUSIONS

To ward the end of Skeena Group sed i men ta tion, a 20-
mil lion-year pe riod (113–93 Ma) of in ter mit tent vol ca nism
evolved from in ter me di ate to fel sic to al ka line mafic com -
po si tion. Most vol ca nic piles were built on deltaic al lu vial
fans and were lo cally emer gent, with the base of each vol -
cano sub merged and the sur round ing volcaniclastic de bris
apron de pos ited in shal low ma rine set tings. The youn gest
(93 Ma) mafic vol ca nic units have no as so ci ated min er al -
iza tion (Fig 13). The in ter me di ate age (108–104 Ma) rhy o -
lite vol ca nic rocks have mi nor to sig nif i cant min er al iza tion
as so ci ated with subvolcanic feeder dikes, sills and
cryptodomes. The old est (113 Ma) andesitic to dacitic vol -
ca nic piles have associated economic concentrations of
silver, copper and gold.

The Eq uity Sil ver de posit is poorly ex posed in out crop. 
Its dis cov ery was the re sult of the fol low-up of multiphase
geo chem i cal sur veys and boul der trac ing (Ney et al.,
1972). Within the Skeena Group, the Mount Ney volcanics
are a broad ex panse of in ter me di ate com po si tion vol ca nic
se quences with sim i lar age as the Eq uity Sil ver mine
volcanics (Fig 14). A strat egy com mit ted to sys tem atic, se -
quen tial re con nais sance and fol low-up ex plo ra tion pro -
grams through this re gion would be necessary to zero in on
a similar target.
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