
CHAPTER 3
CENTRAL CACHE CREEK TERRANE

SNOWBIRD DEPOSIT

INTRODUCTION

The central Cache Creek Terrane (Figure 3.1) or Stuart
Lake belt of Armstrong (1949) has no recorded gold produc-
tion from lode deposits. However, there are a number of sig-
nificant showings and some placer gold has been recovered
from small streams throughout the belt (Holland, 1950).
Most placer gold (about 7800 oz or 242 000 g) has been ob-
tained from the northern end of the central Cache Creek Ter-
race primarily from Vital and Tom creeks. Minor placer
production (330 oz; 10 265g) is also recorded from the
southwestern end of Stuart Lake on Sowchea and Dog
creeks.

The Snowbird prospect, located at the southwestern
end of Stuart Lake, is a shear-hosted gold-quartz vein occur-
rence with historic antimony production. As it is readily ac-
cessible and the only documented occurrence of its type in
the region, it was selected for investigation. The deposit was
mined for antimony over half a century ago, and has been
periodically evaluated for its gold potential. Although
gold-bearing intersections have been obtained in drill core
(Game and Sampson, 1987a), no mining for gold has taken
place.

Investigations in the region were conducted over two
2-week periods in 1989 and 1991. Mapping of a north-
west-trending belt to the southwest and northeast of Stuart
Lake to provide a database suitable for mineral potential
evaluation was conducted over a 3-week period in 1993
(Ash and Macdonald, 1993; Ash et al., 1993) and helped to
establish the regional setting of the deposit. This chapter de-
scribes the lithotectonic setting of the Snowbird deposit and
presents data on the age of mineralization and spatially asso-
ciated felsic intrusive rocks. Major element analyses of
these rocks are presented and used to characterize their com-
position.

PREVIOUS WORK

Earliest published geological maps of the region are
those of Armstrong (1942a, 1944), which focused on a
north-trending belt, 20 kilometres wide, centred on the
Pinchi fault zone. Armstrong (1949) also conducted the first
systematic mapping of the region. He subdivided the Cache
Creek rocks into two units: limestones, and a mixed sedi-
mentary suite of argillites and cherts with subordinate mafic
volcanics. Ultramafic rocks throughout the belt were re-
ferred to as the ‘Trembleur intrusions’, which he interpreted
to be later crosscutting plutons consistent with concepts
widely held before the development of plate tectonic mod-
els. Subsequently, Rice (1948) produced a 1:506 880-scale
geological compilation and mineral occurrence map for the
Smithers - Fort St. James area.

Paterson (1973, 1974, 1977) mapped and described the
geology of the Pinchi Lake area and determined that the
lithologies are consistent with those of a dismembered
ophiolite suite. He suggested that the Pinchi fault may repre-
sent a fossil oceanic transform, a view consistent with cur-
rent interpretations for the development of these units in
British Columbia as well as for regionally correlative rocks
along the Western Sierra Nevada metamorphic belt
(Saleeby, 1990, 1992).

Ross (1977) documents the detailed structural history
of ultramafic rocks underlying Murray Ridge, southeast of
Pinchi Lake. He defined three generations of deformation in
the residual harzburgite and concluded that the two earlier
fabrics were generated by mantle transport and the later fab-
ric by high-level structural emplacement (obduction).
Whittaker (1982a, b; 1983a, b) and Whittaker and
Watkinson (1981; 1983; 1984; 1986) present detailed petro-
logical and phase chemistry data for the majority of the
larger ultramafic bodies in the region which support the in-
terpretation that they are obducted fragments of oceanic up-
permost mantle material.

Ash et al. (1993) and Ash and Macdonald (1993) subdi-
vided the central Cache Creek into accretionary complex
and ophiolitic assemblage rocks on the basis of lithological
and tectono-stratigraphic relationships. They also demon-
strated petrochemically that mafic volcanic rocks associ-
ated with thick sequences of Paleozoic limestone along the
Pinchi Fault are of ocean island affinity and distinct from
MORB mafic volcanic rocks typically associated with other
ophiolitic assemblage rocks, a relationship consistent with
that previously described by Monger (1977a,b) for the
northern Cache Creek Terrane.

Subsequent to 1992 fieldwork in the area (Ash and
Macdonald, 1993; Ash et al., 1993) the region has been re-
mapped as part of the Nechako Plateau NATMAP Project
(Struik and MacIntyre, 1997, 1998, 1999). NATMAP re-
searchers in the immediate Stuart Lake area have adopted a
more traditional stratigraphic approach to these oceanic
rocks (Struik et al., 1996; Cordey and Struik, 1996; Orchard
and Struik, 1996; Orchard et al, 1997; Letwin and Stuick,
1997; Struik et al, 1997; Sano and Struick, 1997; Orchard et
al, 1997; Whalen and Stuick, 1997; Sano, 1998), for main-
taining use of the outdated term ‘Cache Creek Group’ for
this tectonically constructed package of oceanic rocks. For
reasons discussed in Chapter 1 it is advised that such usage
be discontinued, as a stratigraphic approach to these rocks is
misleading.

We maintain that the lithotectonic subdivisions in the
following text are valid as they adequately separate eco-
nomically significant oceanic crustal and upper mantle
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Figure 3.1. Regional geology of the central Cache Creek Terrane (modified after Wheeler and McFeely, 1991).



rocks from the largely accreted and tectonically disrupted,
sedimentary-dominant sequences. It also places units into a
distinctive lithotectonic framework, which addresses both
their origin and tectonic construction.

The geology of the Snowbird-Sowchea area has been
mapped and in part compiled at a 1:10 000-scale by Callan
(1991). The area of the main showing has been mapped in
greater detail (Heshka, 1971; Game and Sampson, 1987a,
b). Previously published descriptions of the deposit include
those of Armstrong (1949), Faulkner (1988) and Faulkner
and Madu (1990). Fluid inclusion and isotope data on min-
eralized quartz-carbonate veins have been presented by
Madu et al. (1990).

REGIONAL SETTING

The central Cache Creek Terrane forms a northwest-
trending belt, 450 kilometres long, that average 60 kilo-
metres wide (Figure 3.1). The belt is bounded by faults and
comprises a tectonically intercalated package of pelagic and
siliciclastic sediments with lesser limestones, subordinate
oceanic crustal volcanic-plutonic and mantle metamorphic
lithologies. Similar to the northern Cache Creek Terrane,
these rocks are divisible into two broad lithotectonic ele-
ments that include an accretionary complex and ophiolitic
assemblages. In accord with the former Stuart Lake desig-
nation of Armstrong (1949) for the belt, we use the terms
‘Stuart Lake accretionary complex’ and ‘Stuart Lake
ophiolitic assemblage’ to distinguish between the two.

In addition to these lithotectonic elements, as in the
northern Cache Creek, a third and distinct association of
thick, Late Carboniferous limestone sequences associated
with alkali basalts that characterize accreted remnant ocean
island(s) are also present along the western margin of the
belt. Recently documented facies changes within the Mount
Pope limestone sequences (Sano and Struik, 1997; Sano,
1998) support an ocean island origin as initially suggested
by Ash and Macdonald (1993), based on the petrochemial
character of associated volcanic rocks.

The topographically highest areas throughout the belt
are commonly underlain by relatively large ultramafic bod-
ies such as the Murray Ridge, Mount Sydney Williams and
Rubyrock ultramafites (Figure 3.1). These consist of resid-
ual harzburgite tectonite with subordinate dunite and
pyroxenite, or their serpentinized equivalents. The rocks are
interpreted to represent residual upper mantle material tec-
tonically emplaced into its present position. Most of these
rocks are associated with oceanic mafic plutonic gabbro and
basaltic volcanic units with characteristic MORB chemical
signatures that collectively comprise remnants of dismem-
bered oceanic crust and upper mantle (i.e. ophiolites). These
remnants commonly display characteristic inverted
ophiolite stratigraphies (Appendix 1) and are interpreted to
be structurally emplaced above the Stuart Lake accretionary
complex. The accretionary complex dominates the poorly
exposed lower-lying areas of the belt. It comprises variably
metamorphosed and deformed argillaceous and siliceous
sedimentary rocks with lesser pods and slivers of limestones
and mafic volcanics (Photo 3.1 and 3.2).

The age of the central Cache Creek Terrane is con-
strained almost entirely by paleontological data. A single
U-Pb ziron date of 257±5 Ma on gabbro underlying the
Mount Sidney Williams ultramafic body (P. Schiarizza, per-
sonal communication, 2000) provides a Permian age for
these ophiolitic rocks. Limestones throughout the belt con-
tain fusulinids that range in age from Pennsylvanian to Late
Permian (Armstrong, 1949; Thompson, 1965). Conodonts
from massive carbonate of the Mount Pope sequence near
Fort St. James are dominantly Late Carboniferous in age but
locally are as young as Early Permian (Orchard, 1991; Or-
chard and Struik, 1996; Orchard et al., 1997, 1998). Cherts
from Stuart Lake accretionary complex yield late Norian
conodonts (Orchard, 1991) and Middle to Late Triassic
radiolaria (Cordey, 1990a,b; Cordey and Struik, 1996). Fos-
sil evidence thus places the upper age limit of the central
Cache Creek at Latest Triassic which is notably older than
the northern Cache Creek Terrane from which Early Juras-
sic fossils are identified (Cordey et al., 1991).

Cache Creek oceanic rocks are intruded by Middle Ju-
rassic quartz diorite, tonalite and lesser granodiorite. Sev-
eral Early Cretaceous medium to coarse-grained granite to
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Photo 3.1 Limestone block in sheared fine grained siliciclastic and
pelagic sediments exposed along the northwest end of Battleship
Island in the south eastern end of Stuart Lake.

Photo 3.2. Accretionary complex siliciclastic sedimentary rocks
exposed on island in the center of Stuart Lake displaying irregular
planar fabric.



granodiorite intrusions also intrude the Stuart Lake com-
plex, but are restricted largely to the northern portion of the
belt (MacIntyre and Schiarizza, 1999).

Along its eastern margin, the belt is separated by the
Pinchi fault zone from the early Mesozoic Takla Group
rocks of the volcanic-plutonic arc terrane of Quesnellia .
Paterson (1977) described the zone in the Pinchi Lake area
as a series of elongate fault-bounded blocks of contrasting
lithology and metamorphic grade. The fault is interpreted to
be a high-angle transcurrent structure (Gabrielse, 1985) that
records a protracted history of displacement. Patterson
(1973 , 1977) descr ibes a be l t o f g laucophane-
lawsonite-bearing mafic metavolcanics and metasediments
within and parallel to the Pinchi fault zone with blueschist
grade metamorphism. Four K-Ar dates on muscovite from
these blueschists range from 212 to 218 ± 7 Ma, indicating a
Late Triassic metamorphic age (Paterson and Harakal,
1974). Armstrong (1966) referred to the Pinchi fault as the
Pinchi mercury belt, as it is a strongly carbonatized zone
with mercury mineralization occurring intermittently along
most of its exposed length (Armstrong, 1942a,b, 1949,
1966; Rice , 1948) . The Pinchi mine (MINFILE
No.039K049) is the only significant mercury producer; pro-
duction during two periods of operation (1940-44, 1968-75)
totalled 6.28 million kilograms (182 296 flasks) of mercury
from 2.03 million tonnes of ore milled (I.A. Paterson, per-
sonal communication, 1992).

Contact relationships along the western margin of the
central and southern parts of the belt are poorly defined, as
they are masked by Tertiary volcanic rocks and thick drift
cover. To the north, the western boundary of the belt is
marked by the Vital fault, an easterly-dipping thrust which
places Cache Creek rocks over the Sitlika assemblage (Pat-
erson, 1974; Monger et al., 1978; Childe and Schiarizza
1997; Childe et al., 1998; Schiarizza et al., 1998). The
Sitlika is an enigmatic sequence of Permian to Jurassic vol-
cano-sedimentary rocks, which shows similar lithologic
and tectonostratigraphic relationships to the Kutcho Forma-
tion along the southeast boundary of the Atlin Terrane
(Thorstad and Gabrielse, 1986). These rocks are tentatively
included with the Cache Creek Terrane (Gabrielse, 1991)
and are considered to be related to the destructive stage of
the Cache Creek ocean basin. The Sitlika assemblage is sep-
arated from arc-volcanic and plutonic rocks of Stikinia by
the Takla fault to the west.

LOCAL GEOLOGY

The area surrounding the Snowbird property is under-
lain by oceanic crustal and sedimentary rocks that are in-
truded by Middle Jurassic tonalitic to quartz dioritic plutons
(Figure 3.2). The area is dominated by pelagic sediments
with lesser limestone, metabasalt, ultramafic and gabbroic
units that form northwest-trending belts consistent with the
regional structural grain of the central Cache Creek Terrane.
The McKnab Lake pluton is exposed along the western
property boundary. A smaller, satellite intrusion of altered
quartz diorite to tonalite composition, the Snowbird Stock,
cuts Cache Creek sedimentary and metavolcanic rocks on
the peninsula near the west shore of Stuart Lake. There are

also dikes in the area of the main Snowbird showing. Both
the large intrusions are relatively undeformed elongate bod-
ies, oriented parallel to the regional structural grain.

ACCRETIONARY COMPLEX ROCKS

Sedimentary rocks in the central Cache Creek Terrane
are dominated by fine grained siliciclastic and pelagic sedi-
ments including siliceous argillite, mudstone, siltstone and
chert, with lesser greywacke. Siliciclastic sediments are
grey to black and vary from massive to well-cleaved. Cherts
are pale grey to buff-white and massive to locally banded.
The central low-lying area between the Snowbird deposit
and the ophiolitic assemblage rocks to the east was inter-
preted by Game and Sampson (1987) to be underlain by a
belt of continuous limestone. This interpretation is based on
selective exposure of resistant limestone blocks within the
recessive siliceous argillites in this area of poor bedrock
exposure. Similar resistant limestone blocks occur along a
northwest trending ridge to the east of the Snowbird main
showing, characterize this relationship (Photo 3.3). These
limestones are typically light to dark grey, buff weathering,
locally mottled and massive to laminated and commonly
contain crinoids. The origin of these small limestone blocks
within the deposit area is permissive. Large enclaves of pale
grey limestone are clearly visible on the northwest end of
Battleship Island roughly 5 kilometres to the northeast
(Photo 3.1) close to the thick Mount Pope limestone se-
quences along the eastern margin of the central Cache Creek
Terrane. It is likely that these limestone blocks throughout
the deposit area are also derived from this belt. It is unknown
whether the dispersal of the limestone was a primary oce-
anic olistormal feature or resulted from later tectonism. Iso-
lated occurrence of alkali volcanic basalt to the immediate
north of the Snowbird are considered to also be derived from
the belt to the east by a similar mechanism.

OPHIOLITIC ASSEMBLAGE ROCKS

Metabasalt forms several prominent hills to the north
and northwest of the main Snowbird showing and is also
poorly exposed in the lowland area to the west. Basalts crop
out in the area of the main Snowbird showing and are found
in drill core, above and below the Sowchea thrust fault.
These rocks are typically grey green, fine grained, aphanitic
and massive. Locally, however, brecciated and rare pil-
lowed structures are present. In some exposures the
fine-grained aphanitic metabasalt grades into a slightly
coarser grained, paler weathering diabasic phase of the unit.
Petrochemistry of these metavolcanic rocks indicates that
they are tholeiitic subalkaline basalts of normal mid-ocean
ridge (N-type MORB) character (Ash and Macdonald,
1993). Contacts between the metabasalts and the sedimen-
tary rocks are poorly exposed. They are inferred to be pri-
mary contacts, which have been subsequently tectonized.

Metagabbro forms an isolated, fault-bounded belt
along the western boundary of the property and cuts
metabasalt locally. The western belt of metagabbro appears
to form an isolated thrust slice with ultramafic rocks in the
hangingwall and a footwall of mixed metasedimentary and
metabasaltic rocks. These are equigranular, medium to
coarse-grained, to locally very coarse grained (i.e.
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Figure 3.2. Geological setting of the Snowbird gold-stibnite deposit.



varitextured, Photo 3.4). These rocks are typically retro-
gressively metamorphosed to greenschist mineral assem-
blages and are typically well fractured and locally veined.

Ultramafic rocks are best exposed near the southwest-
ern boundary of the property within a klippe at the higher el-
evations of a northwesterly trending ridge (Figure 3.2). The
summit of Mount Nielsp to the north is also interpreted as an
isolated klippe of ultramafic rocks. In this area the ultra-
mafic rocks are structurally underlain by a locally distinc-
tive bedded clastic sedimentary succession, which has been
interpreted to be Triassic and possibly Early Jurassic in age
(Struik et al., 1996).

Partially serpentinized, dunitic to wehrlitic ultramafic
cumulate rocks are the dominant lithologies in both outcrop
areas. The rocks vary from tan to dark brown (Photo 3.5)
and typically display a relict poikolitic texture with cumu-
late olivine, intercumulate pyroxene and minor cumulate
chromite. Olivine comprises from 80 to 95% of the unit and
individual 1 to 3-millimetre euhedral grains are 40 to 75%
serpentinized. Relict grains appear as isolated kernels sur-
rounded by mesh-textured antigorite, as serpentinization
has developed along pre-existing grain fractures. Associa-

tion of secondary magnetite with serpentinization is minor
to rare. Relict pyroxene was not identified in thin section, as
the intercumulate phase is completely replaced by fibrous
aggregates of talc. The relict cumulate poikolitic texture is,
however, well preserved. Chrome spinel is a minor acces-
sory phase, comprising less than 1% of the rock. Its habit is
highly variable, forming 0.3 to 2-millimetre, subhedral to
euhedral grains that are typically associated with the altered
intercumulate phase. Flat-lying, scaly serpentinite shear
fabrics are locally well developed throughout the unit
(Photo 3.5).

The most southwesterly klippe is closely associated
with the metagabbroic unit. Contact relationships between
the two are poorly exposed, however, the development of
incoherent serpentinite with local carbonatization along dis-
crete shear zones near the contact suggests it is faulted. The
transition downhill from ultramafic to mafic cumulate rocks
into mafic volcanics displays a characteristic inverted
ophiolite stratigraphy (Appendix I) and can be interpreted to
be the result of tectonic stacking. Ultramafic rocks also form
slivers or tectonic lenses within the Sowchea thrust fault.
These rocks range from completely serpentinized to com-
pletely carbonatized and lack any relict primary textures or
mineralogies that indicate the original protolith.
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Photo 3.3 Resistant limestone block in fissile siliceous argillite
exposed on ridge west of the main Snowbird showing.

Photo 3.4. Varitextured gabbro on ridge southeast of Mount
Nielsp..

Photo 3.5. Cumulate olivine and intercumulate pyroxene display
poikolitic texture in ultramafic cumulates rocks on Mount Nielsp.

Photo 3.6. Flat-lying serpentinite scaly fabric developed in
untramafic cumulate rocks on ridge southeast of Mount Nielsp.



INTRUSIVE ROCKS

McKnab Lake Pluton

The name Shass Mountain pluton was introduced by
Ash and Macdonald (1993) to describe the elongate north-
west-trending granitic body exposed between Stuart Lake
and the Sutherland River (Figure 3.1). This name was ap-
plied after mapping the western margin of the intrusion (Ash
et al., 1993) since the pluton was shown to underlie Shass
Mountain (Rice, 1948; Armstrong, 1949). Subsequently,
Letwin and Struik (1997) show that the Shass Mountain area
is not underlain by the intrusion but consists of ultramafic
and mafic plutonic to volcanic and sedimentary rocks of the
Cache Creek Terrane. Not surprisingly, these units on Shass
Mountain display comparable lithotectonic relationships to
those described above for ophiolitic rocks forming the high
ground to the west of the Snowbird prospect. As a result
these authors suggest that the intrusion be renamed after
McKnab Lake, situated within the outcrop area of the
pluton, roughly 13 kilometres southeast from the summit of
Shass Mountain. The name McKnab Lake pluton is hereby
adopted and replaces ‘Shass Mountain’ as used in previ-
ously by Ash et al. (1993) and Ash and Macdonald (1993).

The McKnab Lake intrusion is roughly 56 kilometres
long and up to 16 kilometres wide. It consists of medium to
coarse-grained, equigranular white to buff-white weather-
ing quartz diorite to tonalite (Photo 3.7). The pluton is
mostly massive and isotropic but locally displays well-de-
veloped flow fabrics near its intrusive contact margins. The
orientation of the fabric is consistently parallel to the intru-
sive contact and is characterized by a penetrative foliation
defined by alignment of mafic minerals. Mafic xenoliths are
common near the margins of the pluton and include
hornfelsed sedimentary country rocks and, more com-
monly, melanocratic, medium to coarse-grained amphi-
bole-rich cognate xenoliths. In less deformed parts of the
intrusion, xenoliths are angular and range from several
centimetres to several tens of centimetres across. In foliated
areas near the intrusive contact, mafic xenoliths are strongly
attenuated within foliation planes and visually emphasize
the fabric. Locally, they are strongly attenuated, giving the
unit a banded or striped appearance.

Primary minerals in the intrusion, in decreasing order
of abundance, are plagioclase, quartz, amphibole and bio-
tite. Both felsic and mafic minerals show little or no sign of
alteration in thin section. Plagioclase occurs as 1 to 3-milli-
metre, lath-shaped subhedral to euhedral grains which com-
prise from 40 to 60% of the rock. Quartz is typically
anhedral, comprising from 20 to 40% of the rock and occurs
as both individual 1 to 3-millimetre anhedral grains and as
larger 3 to 5-millimetre grains which poikilitically enclose
plagioclase, hornblende and biotite. Mafic mineral content
varies from 15 to 35%. Hornblende, which forms 0.5 to
5-millimetre euhedral to subhedral grains, is usually the
dominant mafic mineral, however, locally biotite occurs in
greater abundance.

Major element whole rock data for samples collected
along most of the eastern margin of the body are plotted
(Figures 3.3a and b) using the discernment diagrams of
Debon and Le Fort (1983). Figure 3.3a calculates relative
abundances of quartz, potassium feldspar and plagioclase.
A sample from the McElvery Lake pluton east of the North
Arm of Stuart Lake and a sample from the Snowbird stock
are also included. The Snowbird sample is distinct, due pri-
marily to the pervasive sericite-carbonate-pyrite alteration.
Collectively the data display a broad range in quartz with a
l imi ted var ia t ion in alkal i content indica t ing a
compositional range from diorite to tonalite with most being
quartz diorite to tonalite.

Figure 3.3b characterizes the aluminous character of
the pluton. An apparent cluster of the data into two separate
fields might reflect two distinct phases of the pluton, how-
ever, it is considered more likely that the gap in data is due to
an incomplete representative range in the current sample
population. The data, irrespective of the gap, displays a rela-
tively uniform evolutionary trend with a limited increase the
in the range of parameter A = Al-(K+Na+2Ca). This param-
eter is particularly sensitive to alteration and shows a limited
progressive increase which correlates with a corresponding
reduction in mafic mineral content suggesting that the trend
is primary. It also suggests that pluton has not been signifi-
cantly affected by post magmatic alteration.

Age of the McKnab Lake Pluton

The McKnab Lake pluton was grouped with the Topley
intrusions by Armstrong (1949). Based primarily on relative
age groupings, as defined by K-Ar isotopic data, Carter
(1981) subdivided the Topley intrusions into the Topley
(173 to 206Ma) and Francois Lake (133 to 155 Ma) intru-
sive suites. Based on an apparent K-Ar age of 144 Ma for a
sample collected from the northeast corner of Camsell Lake
near the centre of the Mcknab Lake pluton, Carter (1981) in-
cluded this body with the Francois Lake suite.

A sample of quartz diorite for U-Pb dating was col-
lected from the southeastern corner of the pluton roughly
4.5 kilometres south-southeast of the main Snowbird show-
ing (Figure 3.2). Sample processing, analysis and age deter-
minations were conducted at the Royal Ontario Museum
geochronology laboratory by Robert Tucker. Three differ-
ent morphological types of zircon were separated from the
sample; relatively large (ca. 75 micron) clear, colourless,
sharply faceted, short prismatic grains; clear, colourless,
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Photo 3.7. Medium-grained, equigranular tonalite characteristic of
the McKnab Lake pluton.



long prismatic (aspect ratio 4:1) needle-like grains; and gen-
erally small (50 um) clear, colourless, sharply faceted, short
prismatic grains. Three zircon fractions were analyzed, in-
cluding one of each type. All grains selected for isotopic
analysis were treated by air-abrasion polishing to minimize
the presence of secondary lead loss and surface-correlated
common lead. The two fractions of short prismatic zircons
(types 1 and 3 above) were analyzed for inherited lead. The
third fraction of long, needle-like zircons was analyzed to
eliminate potential sources of inheritance and also, to test
the overall reliability of the determination. No significant
component of inherited lead was detected in any fraction
(within a resolution of ±4 Ma), nor was there any detectable
component of secondary lead loss in these young, low-ura-
nium (84-43 ppm) grains. All analyses are concordant with
reproducible 206Pb/238U ages ranging between 165.07 Ma
and 165.5 Ma (Figure 3.4, Table 3.1), and the age of
granodiorite emplacement is taken as the mean 206Pb/238U
age of 165.7+2/-1 Ma. This age was calculated using the in-
ternationally accepted half-lives and isotopic abundance ra-
tios of uranium as cited in Steiger and Jäger (1977).

Snowbird Stock

The Snowbird stock is an oblong, altered tonalite body,
roughly 1 kilometre long and up to 200 metres wide, which
intrudes deformed pelagic sediments and metabasaltic
rocks between Stuart Lake and the main Snowbird showing
(Figure 3.5). This intrusion was referred to as the “granite
zone” by Faulkner and Madu (1990). This usage is discon-
tinued here as petrographic work and potassium feldspar
staining indicate that the intrusion is potassium deficient
and therefore not granite. Petrological examination of two
samples from the Snowbird stock suggests that its relict pri-
mary mineralogy is similar to that of the Mcknab Lake
pluton 5 kilometres to the west. A finer grain size and a dull
brown to flesh-tone weathering appearance clearly distin-
guish it from the larger intrusive body. Disseminated 2 to
4-millimetre pyrite cubes, varying in abundance from 1 to
3%, produce diagnostic, rusty brown weathering pits on ex-

posed surfaces (Photo 3.8). Thin sections of several samples
show that secondary sericite and carbonate are also present.
Primary quartz and feldspar occur in roughly equal propor-
tions varying from 40 to 45 modal percent. Mafic minerals,
which comprise from 10 to 20 modal % of the rock are per-
vasively carbonatized and weather orange brown.

Alteration Age

Sericite from the intrusion was dated using conven-
tional 40Ar-39Ar step-heating method (Appendix II) in order
to determine the timing of potassium metasomatism. The lo-
cation of the dated sample is designated Ar4 on Figure 3.5
and the apparent age spectrum is shown in Figure 3.6. The
data for this samples produce a plateau made up of steps 6
through 12 inclusive which indicate an age of 157±3Ma.
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This Middle Jurassic age alteration age for the stock is from
5 to 10 million years younger than the McKnab Lake pluton.
A U-Pb age for the Snowbird stock is needed to refine rela-
tive age relationships between hydrothermal alteration and
magmatism.

Lack of penetrative foliation within the Mcknab Lake
pluton or its satellite Snowbird stock indicates that the intru-
sion postdates regional penetrative deformation of the more
deformed rocks which it intrudes. The Middle Jurassic age

therefore provides an upper limit on the age of accretion of
the oceanic rocks in the central Cache Creek terrane.

SNOWBIRD DEPOSIT

The early history of the Snowbird deposit, as briefly re-
viewed below, is taken from Armstrong (1949). The prop-
erty was first staked in 1920 and initially referred to as the
McMullen group; it derives its current name from the
Snowbird claim block covering the main showing (Photo
3.8). It was mined for antimony between 1939 and 1940,
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TABLE 3.1
URANIUM-LEAD ANALYTICAL DATA FOR THE McKNAB LAKE PLUTON
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Figure 3.7

Basaltic volcanics
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Argill i te with pod of limestone,
volcanics and chert

Gold-quartz vein

Ankerite-fuchite altered
basalt , minor altered ultramafic
rocks

Ar2

Ar2

Ar1
Ar4Ar3

Figure 3.5. Local geology of the Snowbird gold-stibnite deposit (modified after Game and Sampson, 1987a and b).

Fraction Wt U Pb
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Isotopic ratios Apparent ages
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U
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Pb/
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U
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Pb/
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Pb
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Pb/
238

U
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Pb/
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U
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Pb/
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Pb

1 0.16 84.3 2.22 9849.88 2.24 0.0261 0.1775 0.049462 165.60 165.88 169.80

2 0.25 67.4 1.73 18370.33 1.50 0.026 0.1774 0.049462 165.52 165.80 169.79

3 0.1 43.1 1.12 3766.94 1.95 0.026 0.1777 0.049426 165.97 166.11 168.08

*Radiogenic Pb

**Measured ratio, corrected for spike and Pb fractionation (0.1 %/AMU)

***Total common Pb in analysis based on blank isotopic composition.



producing roughly 77 tonnes of handpicked ore grading
60% antimony. Mine development during that period in-
cluded the sinking of a 45-metre inclined shaft and an un-
known amount of drifting. The property was dormant from
1940 until 1963 when its gold potential was first explored.
This work is summarized in assessment reports filed with
the British Columbia Ministry of Energy and Mines
(Heshka, 1971; Poloni, 1974; Dewonck, 1980; Game and
Sampson, 1987a).

VEIN MINERALIZATION

Mineralized gold-quartz-carbonate veins on the
Snowbird property are hosted by the Sowchea shear zone
(Armstrong, 1949), a prominent northwest-trending thrust
fault zone which dips from 40o to 50o northeast. Armstrong
(1949) suggested that the fault zone was of regional extent
based on the presence along strike to the north and south of
the main Snowbird showing of similar styles of deformation
with associated pervasive carbonate alteration. These rocks,
as projected along strike from the Snowbird property crop
out 19 kilometres south on Tsah Creek and along Tachie and

Middle Rivers to the north. The inferred extent of the
Sowchea fault, as defined by Armstrong, is illustrated on
Figure 3.1.

The character and orientation of this structure on the
Snowbird property is well documented from both drill-hole
data and a semi-continuous surface exposure excavated by
stripping (Figure 3.7, Photo 3.8). Assessment reports indi-
cates that 57 diamond-drill holes, totalling roughly 5000
metres, have been drilled on the property. Most holes were
collared in the hangingwall of the Sowchea shear zone and
the vein system. The fault zone is up to several tens of
metres wide and is characterized by intense carbonatization,
brecciation and shearing. Armstrong interpreted the struc-
ture as: “a zone of faulting, shearing and brecciation that
provided channelways for later carbonatizing and mineral-
izing solutions”. Pervasively carbonatized ultramafic rocks
and mafic volcanic rocks occur as tectonic slivers within in-
tensely sheared graphitic and variably pyritized argillite.

Two cross-sections of the mineralized shear zone, de-
picting the Main and Pegleg veins (Figure 3.7), illustrate the
down dip extension of the shear-hosted vein system as well
as the lithologic variability of footwall and hangingwall
rocks. Rock types above and below the shear zone are
lithologically heterogeneous, dominated by siliciclastic and
pelagic sedimentary rocks and lesser volcanics, ultramafic
rocks and limestones. Siliciclastic sediments close to the
shear zone are characteristically intensely sheared, highly
fissile and easily desegregated. Orientation of the foliation
fabric in the sediments above the shear zone parallels the
dominant northwesterly structural grain in the area. Dips of
the foliation are variable and appear to reflect tight to open
folding. Axial planes of the inferred folds are parallel to the
Sowchea fault zone, suggesting that folding of the sedi-
ments was contemporaneous with fault movement.

Basalts and possibly ultramafic rocks within the fault
zone have been altered to aggregates of mainly ankerite and
magnesite, respectively. These are buff-cream coloured,
rusty orange-brown weathering rocks cut by a network of
white dolomite and quartz veinlets.

Mineralization at the Snowbird is hosted by three
quartz-carbonate veins, the Main, Pegleg and Argillite
veins. The Main and Pegleg veins are hosted within the
Sowchea shear zone. The Argillite vein follows a high-an-
gle cross-fault perpendicular to the main shear zone. Metal-
lic vein minerals include gold, stibnite, arsenopyrite,
chalcopyrite and pyrite (Armstrong, 1949). Stibnite is the
dominant sulphide, occurring as a massive, grey, frac-
ture-filling phase while other sulphide minerals are only
sporadically developed. The Argillite vein is reported
(Armstrong, 1949) to have included a body of massive
stibnite 10 metres long by 10 centimetres wide that was
mined out by the Consolidated Mining and Smelting Com-
pany of Canada, Limited.

Semi-continuous, sheeted veins of bull white quartz
from less than 1 to 5 centimetres in width occur within a
broad, strongly sheared and altered contact zone between
hanging wall basalt and footwall siliciclastic sediments at
the Main and Pegleg veins (Photo 3.8 and 3.9). Quartz veins
are usually contained within the ankerite altered basaltic
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rocks where they form semi-continuos stringer zones that
locally merge producing vein segments over 15 to 30 centi-
metres in width. A thicker vein segment of the Main vein
contains a lens of semi-massive stibnite up to 4 centimetres
wide. Veins are also developed in gouge-filled fissures
within the faulted contact zone between the sedimentary
and volcanic rocks (Photo 3.9).

Significant gold values occur in drill core vein inter-
cepts along the shear zone, either within, or adjacent to
quartz-carbonate-mariposite-altered ultramafic or volcanic
rocks. Gold values are highly erratic, with no definable con-
tinuity. Game and Sampson (1987a) reported that signifi-
cant gold intersections on the Main vein are all associated
with massive stibnite. One 10-centimetre intersection, in
contact with listwanite, contained visible gold with assay
values of 8500 g/t gold and 2900 g/t silver. Fluid inclusion
studies on the quartz-gold-stibnite veins (Madu et al., 1990)
suggest that they formed from low salinity, CO2-rich aque-
ous fluids at temperatures greater than 240o C and in excess
of 80 000 kilopascals (0.8 kilobar) pressure.

Age of Mineralization

Mariposite concentrates from three samples of
quartz-carbonate-mariposite listwanite were dated by the
conventional 40Ar-39Ar step-heating method (see Appendix
II for analytical techniques) in order to establish the timing

of alteration and gold mineralization. Two of the dated sam-
ples are from ankerite-mariposite listwanite marginal to the
Main vein (samples Ar1 and Ar2, Figure 3.5). A third sam-
ple was collected from ankerite mariposite altered and
quartz veined mafic volcanic rocks exposed east of the
Snowbird main showing (sample Ar3, Figure 3.5). The age
spectrum of the dated samples is shown in Figure 3.8.

All three spectra have similar shapes. Apparent ages in
each increase to relatively uniform value (~162-165 Ma) be-
fore decreasing towards the ends of the gas release. Because
these concentrates are fine-grained and only ~90% pure,
some spectral features may be cause by irradiation-induced
recoil (see earlier discussion). Consequently, total gas ages
(employing all but the low-age first steps) have been calcu-
lated to give the preferred ages indicated in Figure 3.8.
These range from 161 to 163 Ma, only slightly lower than
the above plateau values. These data suggest that hydrother-
mal alteration and associated gold mineralization at the
Snowbird deposit occurred during the Middle Jurassic, be-
tween 160 and 165 Ma. The isotopic age data indicate that,
alteration and mineralization at the Snowbird gold-anti-
mony property are within error, only slightly younger than
the magmatic age of the McKnab Lake pluton and the re-
gionally defined Middle Jurassic orogenic event (Figure
3.9).
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Photo 3.9a. Snowbird showing - view of the Main vein shaft looking north. b) Thicker quartz vein segment with massive stibnite
along the fracture vein core. c) Sheeted quartz veins in ankerite mariposite altered basalt, north face of the Main vein portal.
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SUMMARY

� The central Cache Creek Terrane, similar to the Atlin area
of the northern Cache Creek Terrane, is divisible into:

1. A tectonically intercalated package of oceanic upper
crust, pelagic sediments and limestones the ‘Stuart Lake
accretionary complex’ and,

2. Obducted fragments of oceanic crust and upper mantle
lithologies which form relatively coherent thrust sheets
that typically overlie the accretionary complex with
marked structural discordance. This assemblage of units
is referred to as the ‘Stuart Lake ophiolitic assemblage’.

3. A third and distinct component includes thick limestone
sequences that are spatially associated with alkali ba-
saltic volcanic rocks which are the interpreted to be rem-
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Figure 3.8. Apparent age spectra plots for mariposite/fuchsite
separated from listwanite samples discussed in text. Sample
locations for a, b and c designated as Ar1 to Ar3 respectively.
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Photo 3.10. Looking south at sheeted quartz veins in hanging wall
basalt in gouge zone along contact with footwall sediments at the
Pegleg vein.



nants of ancient ocean islands (Ash and Macdonald,
1993; Orchard et al., 1997, 1998).

� The Sowchea shear zone contains tectonic slivers of ultra-
mafic oceanic plutonic or metamorphic mantle rock. It is
interpreted to be a thrust fault, related to accretion of oce-
anic rocks, and is referred to as the ‘Sowchea thrust’. The
regional extent of the structure as previously advocated
by Armstrong (1949) is suggested by the presence of per-
vasive carbonatization with attendant gold vein mineral-
ization.

� The large northwest-trending felsic Intrusion west of Stu-
art Lake, the McKnab Lake pluton, is a Middle Jurassic
( 1 6 5 . 7 + 2 / - 1 M a ) p o s t c o l l i s i o n a l p l u t o n .
Compositionally, the quartz diorite to tonalite pluton dis-

plays a relatively broad range in quartz and mafic mineral
content but with a corresponding limited range in both al-
kali and aluminum contents.

� The northwest-trending tonalite stock on the peninsula
east of the main Snowbird showing is a satellite of the
McKnab Lake pluton, which was subject to pervasive
sericite alteration at roughly 157 Ma.

� Gold quartz vein mineralization at the Snowbird deposit
is hosted by the Sowchea thrust fault. Hydrothermal
Cr-mica associated with vein mineralization yield Ar-Ar
ages between 162 and 165 Ma and are contemporaneous
with, or immediately followed structurally controlled fel-
sic magmatism, shortly following Middle Jurssic
orogenic activity.
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