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From Microstructures to Mountain Belts: Linking Ore-Forming Processes at Brucejack GoldïSilver Deposit to Tectonic Evolution in the 

Sulphurets Mining Camp, Northern British Columbia, Canada 

3. Geology and Mineralisation  

The Brucejack epithermal Au-Ag deposit contains probable mineral resources of 8.6 Mt grading 6.95 g/t Au and 34.3 g/t 

Ag. Locally, gold grades reach values as high as 41000 g/t over 0.5m drill core assay intervals (Newmont, 2024).  

The Valley of the Kings zone, which has been the focus of most of the current mine activity, is located ~1 km southwest of 

Brucejack Lake. The mine stratigraphy is hosted by a complexly deformed basal sequence of marine volcano-sedimentary 

rocks (195ï194 Ma; Nelson et al., 2022), overlain by predominantly andesitic pyroclastic rocks and a blanketing andesitic 

crystal tuff unit (182.6 Ñ 1.1 Ma; McLeish, 2022), all of which host bonanza-style gold mineralisation. 

The high-grade auriferous epithermal veins are mainly E- to ENE-trending, deformed and have an age of ~183 Ma (Board 

et al., 2020). Gold (as electrum aggregates) is associated with three vein stages: Stage III, quartz-calcite; Stage IV, quartz-

base metal sulphide; and Stage V, calcite-dominant.  

1. Research Motivation & Objectives  

At Brucejack, a major challenge in constraining the physicochemical conditions of mineralisation 

arises from the post-mineral deformations, which have  overprinted primary hydrothermal features 

and limited the applicability of conventional genetic models derived from well-preserved epithermal 

systems. Hence, a robust framework is required to establish a comprehensive genetic model for the 

exploration of more Brucejack-like deposits in deformed terranes.  

Here, we integrate petrographic, microstructural, cathodoluminescence (CL), fluid inclusion, and 

isotope geochemical analyses to (1) establish a detailed paragenesis of the bonanza-grade gold veins; 

(2) identify fluid sources and ore-forming processes responsible for gold mineralisation; (3) investi-

gate the physico-chemical conditions during mineral deposition; and (4) evaluate the deformation 

mechanisms of quartz and calcite and their controls on electrum remobilisation. 

Brucejack: A Structurally Modified Epithermal 

Gold-Silver Deposit in NW British Columbia 

Figure 1. a) Regional geological setting of western Stikinia (after McLeish, 2013), with lithotectonic boundaries from Johnston 
(2008); and b) geological map of the StewartïEskay Creek district showing major deposits (after McLeish et al., 2018).  
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Gold mineralisation at 

Brucejack is hosted by 

the Early Jurassic  

Hazelton Group,   

comprising complexly 

deformed island-arc 

volcanic and volcano-

sedimentary rocks of 

the Stikine terrane. 

The deposit is located 

along the Eskay Creek

-Stewart trend of the 

Golden     Triangle,  

together with Late  

Triassic and Early   

Jurassic sub-alkalic to   

alkalic Cu-Au 

porphyry and VMS 

deposits (Nelson et al., 

2018). 

Figure 2. Mine faces and drill core illustrating the three types of mineralised veins: a) a bonanza-grade electrum-bearing quartz-

calciteÑsericite sheeted vein (Stage III); b, c) sub-planar quartzÑcalcite veins containing base metal sulphides, Ag-sulfosalts, and Ag-

rich electrum (Stage IV); d, e) strongly deformed (e.g., cuspate-lobate, undulatory to disarticulated) calciteÑquartz veins with local 

electrum (Stage V). The calcite in Stage III and Stage V veins varies from white to grey to orange in colour. 

Fluid inclusion petrography, microthermometry and Raman spectroscopy were used to determine the types of fluid inclusions, their 

compositions (including salinity) and minimum entrapment temperatures. Three types of fluid inclusions occur in ore-stage quartz 

and carbonate minerals: liquid-dominated (L-V); vapour only (V); and vapour-rich (V-L). Raman spectroscopy indicates that vola-

tile components, other than water, were below the detection limit in both vapour and liquid. Liquid-dominated two-phase inclusions 

with 15-25 vol% vapour comprise the vast majority (> 99%) of the fluid inclusion population and occur in all generations of quartz 

and carbonate. The inclusions range from <1 to 15 ɛm in diameter (mostly <5 ɛm), and morphologies are irregular to oval-shaped. 

Figure 3. a) A mineralised, comb-textured Stage III quartz-calcite vein. Electrum occurs along the centre plane of the sutured quartz on the right side of the image (yellow box). To the left, the vein was reopened 

and infilled by calcite which ñoverflowsò to form a separate calcite veinlet. b) A SEM-CL image of the area in the yellow box in 3a, showing relatively undeformed comb-textured quartz crystals with CL-

homogeneous cores (Qz1; red outline) and concentrically zoned overgrowths (Qz1.2; yellow outline). Qz1.2 appears to have been replaced by CL-unresponsive Qz2 quartz in the electrum zones (white dashes).  
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Abbreviations: ank = ankerite, CalX = Phase X calcite, elec = electrum, QzX = Phase X 
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Figure 9a. A summary of the salinities and homogenisation temperatures for primary fluid inclusion assemblages hosted in Qz1.1 (purple-blue), Qz1.2 (light blue) and 

calcite (pink) in bonanza-grade Stage III and Stage V veins. The range of homogenisation temperatures and salinities for primary inclusions associated with electrum is 

illustrated by the yellow shaded area. 9b. data for pseudosecondary and secondary assemblages in mineralised Qz2 in Stage III veins (orange). Also shown are data for 

fluid inclusions in quartz in barren, post-mineral tectonic veins (green), and in quartz hosted by pressure shadows of wall rock pyrite (grey). 

LA-ICP-MS analyses of primary LV1 inclusions 

detected Au, Ag, As, Sb, Sr, Cu and Pb, and the 

concentrations average 2, 15, 538, 2238, 2866, 8 

and 1 ppm, respectively, with an average Au:Ag of 

13:84. In secondary LV inclusions, As, Sb, Sr, Cu 

and Pb concentrations average 14, 7, 350, 483, 

61023, 728 and 38 ppm. Spikes Isolated Au and Ag 

spikes record the presence of nanoparticles in the 

fluid inclusions, indicating mechanical remobilisa-

tion of electrum during deformation.   
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Paragenesis ð Key Findings 

(1) Epithermal phase: Bonanza gold at 
Brucejack was introduced into Stage III 
(and Stage V) veins in direct association 
with Phase 1.2 microcrystalline quartz 
and Phase 1 calcite.  

(2) Structural modification: Subsequent 
deformation locally rotated and stretched 
the epithermal veins. Penetrative grain 
size reduction fabrics, accompanied by 
localised recrystallisation of quartz and 
calcite, occurred preferentially occur 
along planes of competency contrast, was 
associated with mobilisation of electrum 
and into the active domains. 

Carbon and oxygen isotope analyses were conducted on forty-four samples of calcite from Stage III and V veins. Calcite grains characterising specific growth phases were drilled in

-situ and the corresponding 
13
C/
12
C and 

18
O/
16
O ratios were determined using a Nu Instruments Perspectiveisotope ratio mass spectrometer at McGill University. Secondary ion 

mass spectrometry (SIMS) analyses were used to determine the 
18
O/
16
O ratios of quartz in mineralised Stage III and Stage V veins using a CAMECA IMS1280 ion microprobe at 

University of Alberta. Radiogenic and stable Sr isotope analyses were conducted using a Nu Instruments NuPlasma II MC ICPMS at UQêM.  

Representative LA-

ICP-MS  analyses of 

primary LV1 and sec-

ondary LV inclusions 

from bonanza-grade 

Stage III veins.  

Photomicrographs 

(Figs. 10 R and S) 

showing the locations 

of the analyses, the 

mode of occurrence of 

the inclusions, and 

their textural relation-

ships with electrum. 

Electron backscatter diffraction (EBSD) was conducted on oriented Stage III to V vein samples to quantify microstructural and crystallographic records of post-

mineral deformation. Analyses focused on recrystallised grain-size distributions, crystallographic preferred orientations, and intragranular misorientations in quartz 

hosting bonanza-grade gold.  

A 

Figure 11. (A) ŭ13CCO2 vs. ŭ18OH2O data for ore stage (Stage III to V) veins, barren late cal-

cite veins, and post-mineral tectonic veins (Vn 4). Fluid temperatures (145 ÁC for ore stage 

epithermal veins, and 200 ÁC for late tectonic veins) for were calculated based on the aver-

age microthermometry data from each vein stages; error bars representing a possible shift in 

ŭ13CCO2 and ŭ
18OH2O values are given for Ñ 15 ÁC. (B) 

87Sr/86Sr isotope data for calcite from 

all vein stages at Brucejack (coloured squares and  circles). (Ci-ii) Plots of ŭ18Oquartz vs. ana-

lytical increments and calculated ŭ18OH2O vs. analytical increments for SIMS transects 1ï9 

and 1ï7, respectively. ŭ18OH2O values were calculated using Th from the closest fluid inclu-

sion assemblage. (Di-ii) SEM-CL images showing the location of SIMS ŭ18O analytical 

transects 1ï9 and 1ï7. The higher ŭ18Oquartz values in the cores correspond to a higher contri-

bution of magmatic-hydrothermal fluid, the low values in the mantle reflect an influx of me-

teoric water and the high values at the rims record either cooling of the hydrothermal system 

or renewed input of magmatic-hydrothermal fluid.  
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9. Summary ð The Genetic Model for Brucejack 

Epithermal Mineralisation (Phase 1) Structural Modification (Phase 2) 
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Origin & evolution of ore-forming fluids 

(1) Stage III & IV veins: Both ŭ13C and 
87Sr/86Sr values indicate a strong magmatic 
signature, with potential ties to a (sub-)
alkalic magma source. Both the microthermo-
metric, ŭ13C and ŭ18O data suggest mixing of 
magmatic and heated meteoric waters, 
which consequently caused the deposition of 
bonanza grade electrum.  

(2) Stage V and Late Calcite veins: As the 
system evolved, magmatic water was further 
diluted by additional circulating groundwater 
equilibrated with carbonate host rock, as sug-
gested by the 87Sr/86Sr, ŭ13C and ŭ18O signa-
tures. 

2. Geological Setting  

4. Petrography and Microstructures  

Figure 4. Photomicrograph of an auriferous Stage 

III vein with well-preserved epithermal textures 

(cross-polarised light, with an overlain reflected 

light image showing electrum). Note the comb-

textured, medium- to coarse-grained Phase 1 quartz 

crystals which grew and became finer towards the 

vein centre, and enclose both electrum and micro-

crystalline quartz as open-space infill. 

Primary epithermal textures Deformed electrum microtextures 

Figure 5. a) A photomicrograph of a strongly 

sheared Stage III vein. Two shear orientations of fi-

ne-grained calcite (white dashes) enclose trends of 

quartz-electrum (yellow dashed lines). Figures b) is 

photomicrograph in CPL/RL of the area in orange 

box in 7a, and illustrate a trend of secondary elec-

trum grains (yellow dashes) intergrown with Phase 2 

quartz (Qz2) that is subparallel to foliation (pink 

dashes). Figures c) PPL photomicrographs with 

overlain RL image showing secondary electrum oc-

curs along twin planes in Cal2.  
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5. Electron Backscatter Diffraction Analysis 

6. Fluid Inclusion Microthermometry  

Figure 8. Sketch summarising textural relation-

ships between fluid inclusions and mineral      

paragenesis in bonanza grade veins, showing   

fluid inclusion assemblages (highlighted in black) 

of primary epithermal quartz (Qz1), recrystallised 

quartz (Qz2) associated with electrum mineralisa-

tion, and calcite infills. 

The primary assemblages (P1 and P2) comprise 

inclusions that occur in the cores of Qz1 crystals 

and their overgrowths (Qz2), respectively. The 

pseudosecondary assemblage (PS) is common, 

but is limited to healed fractures in Qz1 and Qz2. 

These inclusions have a close spatial association 

with electrum. The secondary liquid-vapour      

assemblage (SLV) occurs as secondary trails in all 

mineral phases, and crosscuts most of the other 

inclusion types. Inclusion assemblages that are of 

unknown origin (ULV liquid-vapour, and UL   

liquid) occur in clusters in calcite and sphalerite, 

respectively. 

7. Fluid Inclusion Laser Ablation ICP-MS 

8. Stable and Radiometric Isotope Geochemistry  

a �5�H�F�U�\�V�W�D�O�O�L�V�H�G 

b    �5�H�O�L�F�W 

Figure 7. Misorientation inverse pole figures (M-IPF) and corresponding pole figures illustrating 

the misorientation axes and crystallographic preferred orientation (CPO), respectively, of (a) recrys-

tallised grains and (b) relict grains. M-IPFs are plotted relative to the sample reference frame, with 

indexed quartz crystallographic planes indicated, whereas pole figures for the (0001), (11←20), and 

(01←10) planes of quartz plotted relative to sample space are shown to the right. 

Discussion & Key Takeaways 

�x�� Microstructures within these veins are dominated by bulging recrystallisation of quartz grains, indicative of deformation 

temperatures of ~250 to >300 ÁC and trapping pressures of approximately 90ï140 MPa, based on microthermomet-

ric data (Th å 190 ÁC; salinity å 3 wt% NaCl equiv.) 

�x�� CPO in relict grains, particularly those larger than 1 mm, is predominantly controlled by primary growth fabrics (e.g., 

comb structures), with only weak distortion or recrystallisation. The influence of deformation becomes increasingly sig-

nificant with decreasing grain size, locally showing weak indications of prism <c> slip. 
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Figure 6. a) Photomicrograph in CPL showing 

scanned EBSD area; b) map showing relict (red) and 

recrystallised (blue) quartz grains (see Cross et al., 

2017) ; (c) log-transformed grain size distribution dia-

gram showing the relative frequencies of relict 

(primary) and recrystallised quartz grains with stress at 

the time of deformation calculated (see Stipp et al., 

2010); d) Misorientation to mean (M2M) map showing 

intragranular misorientations in quartz (i.e., the angular 

difference between individual pixels and the mean 

crystallographic orientation of their host grain).  

Flow stress (ů) from = 52.9 MPa 

recrystallized grains  

(95.5% CI = 76.4ï36.6 MPa) 

c 

�x�� Grain boundary sliding is interpreted to be the domi-

nant deformation mechanism in recrystallised grains 

and is internally accommodated by prism <a> slip. 

Such process promotes the development of transient 

microporosity, providing an effective focusing mech-

anism for the accumulation of remobilised electrum.  

�x�� This interpretation provides a robust mechanism to ex-

plain the spatial association between electrum and Qz2 

within high-strain domains, and the tendency for high-

er grades to be preferentially developed in these zones.  


