GEOLOGY
Regional Geology
The Brucejack Property is located in the western Stikine terrane (Stikinia), the largest and westernmost
of several exotic terranes in the Intermontane Belt of the Canadian Cordillera (Figure 1). Stikinia is
interpreted as an intraoceanic island arc terrane, formed between mid-Palaeozoic to Middle Jurassic
time, when it was accreted to the North American continental margin (about 173 million years before
present; Ma). Western Stikina was subsequently strongly deformed during the Cretaceous accretion of
the outboard Insular Belt terranes (about 110 Ma).

Figure 1: Location and regional geological setting of the Brucejack Property.

Volcano-sedimentary rocks and related Early Jurassic plutons in the north-west part of Stikina represent
an exceptionally metals-rich tectonic assemblage in British Columbia (Figure 2). This area includes
volcanogenic massive sulphide deposits (e.g., Granduc, Dolly Varden-Torbrit, Anyox, and Eskay Creek),
alkaline porphyry Cu-Au deposits (e.g., Kerr, Sulphurets, Mitchell, Snowfield), and transitional
epithermal intrusion-related precious metal deposits (e.g., Brucejack, Silbak-Premier, Big Missouri, Red
Mountain, and Homestake Ridge).

Figure 2: Location of Brucejack and Snowfield deposits in (left) the northwest-trending structural culmination of
Lower Jurassic Rocks on the western side of the Bowser Basin, and (inset map to right) relative to other
metallogenic deposits of the region. Location of inset map shown as rectangle on regional map.

Local Area Geology
Cretaceous fold-and-thrust belt deformation resulted in, amongst other features, the formation of a
major north-northwest trending structural culmination (elongated dome) in the western part of Stikinia
(the ‘Stewart-Iskut’ culmination), thereby helping bring the older, mineralized volcano-sedimentary
rocks close to surface in this region. The Brucejack Property is located on the eastern limb of the
McTagg Anticlinorium, the northern closure of the Stewart-Iskut culmination (Figure 3). As a result,
rocks on the Brucejack Property are tilted, as well as folded, and generally display a progressive
younging towards the east.
Volcanic arc-related rocks of the Triassic Stuhini Group form the core of the anticlinorium, and are
successively replaced outwards by volcanic arc-related rocks of the Lower Jurassic Hazelton Group and
clastic basin-fill sedimentary rocks of the Middle to Upper Jurassic Bowser Lake Group. The distinctive
marine sedimentary rocks of the Iskut River Formation (upper Hazelton Group) clearly delineate the
outline of the anticlinorium on a regional-scale. A major angular unconformity characterizes the contact

between the Stuhini and Hazelton Group rocks. Bowser Lake Group rocks exhibit a conformable to
disconformable relationship to the underlying Hazelton Group rocks.
The McTagg Anticlinorium is cut by a series of thrusts (e.g., south-east directed Mitchell Thrust) of midCretaceous age, and late-stage brittle faults of probable Tertiary age, including the northerly trending
Brucejack Fault. The Brucejack Fault is interpreted as following a system of pre-existing syn-depositional
basin margin growth faults, which were initially active at the time of deposition of the Hazelton Group
rocks.

Figure 3: Local area geology showing location of the Brucejack Project on the eastern limb of the McTagg
Anticlinorium, in close proximity to the Kerr-Sulphurets-Mitchell intrusions, the unconformity between the Triassic
Stuhini and overlying Lower Jurassic Hazelton Group rocks, and the Brucejack Fault.

Plutonic rocks of the Mitchell Intrusions (Kerr, Sulphurets, Mitchell, Snowfield), which display a close
spatial and temporal relationship to porphyry-style Cu-Au-Mo mineralization, are located to the west
and north of the Brucejack Property. U-Pb zircon age dates from various pre-, inter-, and post-mineral
intrusive phases of these intrusions suggest an age of between 192-195 Ma for the porphyry style
mineralization in these rocks.
Large hydrothermal alteration haloes are developed around the intrusive complexes. Potassic alteration
is closely associated with copper and gold mineralization in the Mitchell Intrusions and adjacent Stuhini
Group Rocks, and is variably overprinted by propylitic and chlorite-sericite alteration. Quartz-sericitepyrite (sericitic) alteration is widely developed in the rocks of the Stuhini and Hazelton Groups to the
east of the Mitchell Intrusions, as well as occurring as a pervasive overprint to earlier alteration in and

around these bodies. The multiple stages of alteration indicate telescoping of the porphyry system.
Quartz-sericite-pyrite alteration is the predominant style of alteration on the Brucejack Property. The
relative position of the Brucejack and Snowfield deposits within the conceptual porphyry system model
of Sillitoe (2010) is shown in Figure 4.

Figure 4: Schematic showing relative position of the Brucejack deposit within a porphyry system (after Sillitoe,
2010)

Brucejack Property Geology
The Brucejack Property is largely underlain by volcano-sedimentary rocks of the Lower Jurassic Hazelton
Group. These rocks unconformably overlie volcanic arc sedimentary rocks of the Upper Triassic Stuhini
Group along the westernmost part of the property. Hazelton Group rocks on the property include
hornblende and/or feldspar-phyric volcanic (latite) flows, and pyroclastic fragmental rocks, locally
derived heterolithic volcanic pebble to boulder conglomerate, volcanic sandstone, siltstone and
mudstone.
The Hazelton Group volcano-sedimentary rocks are interpreted as having been deposited in an
extensional structural regime, proximal to a basin margin growth fault (or series of growth faults), owing
to the presence of complicated lateral facies variations within the volcanic pile and the diachronous and
immature nature of the rock units. The Brucejack fault, which forms a distinct topographical feature

across the property, is currently interpreted as being the reactivated expression of these basin margin
structures.
Alteration on the Brucejack Property is characterized by variable, but generally intensely quartz-sericitepyrite altered rocks that define a distinctive and continuous north-south arcuate (west-concave) band of
gossanous rocks that is up to several hundreds of metres wide, and approximately five kilometres in
strike (N-S) extent. Quartz-sericite-pyrite alteration is broadly spatially associated with the Brucejack
Fault and the unconformity between the Stuhini and Hazelton Group rocks, which suggests that these
structures (the palaeo-growth fault zone in the case of the Brucejack Fault) may have acted as important
fluid conduits during hydrothermal alteration and mineralization.
Gold (± silver) mineralization is hosted in predominantly sub-vertical vein stockwork and subordinate
vein breccia systems of variable intensity, throughout the alteration band. The stockwork systems are
relatively continuous along strike (several tens of metres to several hundreds of metres) and are
characterized by the presence of millimetre- to decimetre-scale transitional meso- to epithermal veins
of pyrite, quartz, quartz-carbonate, and quartz-adularia that form intense cross-cutting networks within
the stockworks. Mineralization recognized in different stockwork vein generations across the property
includes: pyrite, tetrahedrite, tennantite, chalcopyrite, galena, sphalerite, molybdenite, arsenopyrite,
pyrrhotite, pyrargyrite, polybasite, acanthite, native silver, native gold, and electrum. Alteration,
mineralization and vein texture variations across the property suggest down-temperature thermal
gradients towards the east (i.e., up stratigraphy) and north.
Several mineralization zones have been explored to varying degrees, including (from south to north):
Bridge Zone, Valley of the Kings, West Zone, Gossan Hill, Shore Zone, and SG Zone. There are numerous
relatively unexplored mineralization showings within the alteration band across the property that are
between the main mineralization zones, highlighting the exceptional exploration potential of the
Brucejack Property.
Hazelton Group rocks and mineralized vein stockworks on the Brucejack Property display significant
multi-phase post-mineralization deformation. A series of variably and locally doubly-plunging tight to
open map-scale folds, host tight south-vergent meso- and parasitic scale folds coincident with a regional
penetrative east-west trending foliation. The plunge of the minor folds varies and several lines of
evidence suggest that they may reflect refolding of northerly trending tight, upright “early” midCretaceous Skeena Fold Belt-age folds across roughly east-west axes. These later folds and the E-W
foliation are spatially associated with the area of the footwall (and immediate hangingwall) of the
regional-scale Mitchell thrust system, suggesting that they may have developed in the latter stages of
Skeena Fold Belt development. Late stage north-south trending brittle faults are indicated by
pronounced surface lineations.
High grade gold mineralization at the Valley of the Kings, the current focus of the Brucejack Project,
occurs in a series of west-northwest trending sub-vertical corridors of structurally reoriented vein
stockworks and subordinate vein breccias, hosted in a folded sequence of fine grained volcanic siltstone

and sandstone, variably silicified polylithic volcanic conglomerate, and latite fragmental rocks. Relatively
massive latite flows are present to the immediate north and south of this mineralization host rock
sequence. Gold is typically present as gold-rich electrum within deformed quartz-carbonate (±adularia?)
vein stockworks, veins, and subordinate vein breccias, with grades ranging up to 41,582 ppm Au and
27,725 ppm Ag over 0.5m. The Valley of the Kings deposit is currently defined over 1,200 m in east-west
extent, 600 m in north-south extent, and 650 m in depth.
Geochronology
Uranium-Lead (U-Pb) zircon and Rhenium-Osmium (Re-Os) molybdenite age dates have been obtained
from suitable geologically-constrained surface and drill core samples collected from across the Brucejack
Property (Figure 5). Zircon age dating was conducted at the Pacific Centre for Isotopic and Geochemical
Research (PCIGR) analytical facility, Department of Earth, Ocean, and Atmospheric Sciences (EOAS),
University of British Columbia. Molybdenite age dates were determined at the Radiogenic Isotope
Facility (RIF), Department of Earth and Atmospheric Sciences, University of Alberta, having been
contracted through ALS Minerals in North Vancouver.
Magmatic zircons constrain the volcano-sedimentary rock sequence underlying the Property to between
c.196 Ma and c.182 Ma, consistent with previous stratigraphic interpretations which placed these rocks
in the Lower Jurassic Lower Hazelton Group. Detrital zircons hosted in immature volcaniclastic
conglomeratic rocks display a range of Triassic and Jurassic ages (from c.222 Ma to c. 183 Ma), which are
interpreted as indicating uplift and erosion of an earlier island arc assemblage (Stuhini Group) during the
formation of the Lower Jurassic Hazelton Group. This is consistent with the presence of a regional-scale
angular unconformity between rocks of the Stuhini and Hazelton Groups, as well as the volcanosedimentary growth basin interpretation for the Lower Hazelton Group rocks on the Property. Both
magmatic and detrital zircons display a decrease in age towards the east across the Property, consistent
with the regional geological way up on this (the eastern) side of the McTagg Anticlinorium.
Re-Os ages obtained from two vein-hosted molybdenite samples yielded age dates of 191.5 ± 0.8 Ma
and 190.2 ± 0.8 Ma. These samples were collected from drill hole SU-151 in the Bridge Zone, which is
directly south of the Valley of the Kings, and represent the oldest mineralization age reported from the
Property. Re-Os age dates collected from Pretivm’s Snowfield porphyry Au-Cu deposit indicate an age of
191.1 ± 0.8 Ma for porphyry mineralization, which is statistically indistinguishable from the Brucejack
molybdenite age dates. This indicates that the hydrothermal system responsible for the Mo
mineralization in the porphyritic flows in the Bridge Zone was contemporaneous to the porphyry system
developed in the upper (i.e., Snowfield) parts of the Mitchell stock. This provides further evidence for
the suggested link between at least the onset of magmatic-hydrothermal mineralization on the
Brucejack Property and a subjacent porphyritic intrusive. The similarity in Re-Mo ratios in rocks from
the Bridge Zone to those in the Snowfield Deposit further supports this contention.
U-Pb zircon age date of 182.7 ± 1.0 Ma obtained for a deformed post-mineral mafic dyke provides a
minimum age for the mineralization, with the youngest altered and mineralized flows dated at
c.185 Ma. These data indicate that the mineralizing systems were relatively long-lived, spanning

approximately 8 million years, and coeval with island arc volcanism. Sillitoe (2010) notes that porphyry
deposit clusters, like those in the vicinity of the Brucejack Property, may remain active for 10 million
years or longer. The Brucejack geochronological data are consistent with field observations that the
volcanic basin formation and mineralization were pre-tectonic with respect to the pervasive Cretaceous
deformation, for which an age of c.110 Ma has been reported in the literature.
The host rock and mineralization ages from the Brucejack Property overlap with dates determined for
known alkaline porphyry Cu-Au deposits in the Intermontane Belt (see Figure 5), particularly those of
the nearby Kerr-Sulphurets-Mitchell (KSM) deposits. The spatial, stratigraphic, and geochronological
association between the Brucejack deposits and the KSM porphyry intrusive rocks suggest a genetic link
between the high grade gold mineralization at Brucejack and the KSM deposits. However, the age
constraints on the Brucejack hydrothermal system indicate it may have been driven, in part, by a
somewhat younger and relatively long-lived porphyritic stock, or a series of successive porphyritic
stocks, emanating from the same deep-seated arc-related magmatism that led to the formation of the
slightly older KSM deposits.
DEPOSIT MODEL
Mineralized zones on the Brucejack Property represent a deformed transitional meso- to epithermal
porphyry-associated, high-grade gold-silver vein stockwork and sub-ordinate vein breccia system that
formed between approximately 192-190 Ma and 185 Ma (Figure 6). Progressive development and
telescoping of a porphyry system in the volcanic pile resulted in a widespread zonation of porphyry-style
alteration and mineralization, and multiple stages of vein and alteration overprinting.
Gold concentration and subsequent deposition probably occurred as a result of complex interactions
between various physicochemical parameters (e.g., pressure, temperature, pH, activities of oxygen,
sulphur, and other volatiles, concentration of dissolved salts, differential permeability of the volcanic
pile) in the magmatic-heated seawater hydrothermal system developed above the pulsing porphyry
system. Metal deposition was likely triggered by a combination of structural preparation,
depressurization, cooling, phase separation, solution mixing, and fluid-host rock interactions.

Figure 5: Top: Property map showing location of samples taken for age dating with drill hole samples projected to
surface. Bottom left: Stratigraphic log comparing ages of nearby deposits to the age of mineralization at Brucejack
and ages obtained from the host rocks at Brucejack. Bottom right: Samples and corresponding U-Pb dates taken
from zircons.

Figure 6: Schematic showing geological evolution of the Brucejack property. Top left: Initial mineralization within
evolving intra-arc basin. Fluid flow is along basin normal faults and along permeable stratigraphic boundaries. Top
right: Telescoping of long-lived porphyry system and continued mineralization, coeval with basin development and
intrusion-associated deformation of the volcanic pile. Bottom left: Intrusion of mafic dykes, waning of porphyry
system and possible further arc-related deformation. Bottom right: Schematic of current deposit looking east. Red
highlights zones of high grade mineralization. Significant deformation of strata arises from the Cretaceous
accretion of the outboard Insular terrane, resulting in steepening up of competent silicified zones and stockworks.

