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• Geochemical analysis (EPMA, LA-ICP-MS) on ore phases to further constrain their relationship, 
fluid conditions, and gold mineralization and remobilization processes

• Microstructural analysis (EBSD) of sulfides and quartz to constrain deformation mechanisms and 
their impact on gold tenor

• Isotope analysis (S, Fe, Pb) of sulfides to constrain metal and sulfur sources 

FUTURE WORK

CONCLUSIONS
These preliminary results suggest a multi-stage gold emplacement, possibly involving 
low-temperature polymetallic melts, in the LP deformation zone. Gold hosted by strongly deformed 
quartz ± carbonate veins in highly strained units indicates pre-deformational to early 
syn-deformational gold deposition. The observed variation in gold fineness suggests 
post-emplacement modification, potentially during gold remobilization. Lower-fineness native gold in 
association with Bi±Ag±Pb tellurides and galena may represent the initial gold composition. 
Higher-fineness native gold without this association may reflect refinement during subsequent gold 
remobilization. 
The association of gold with deformed quartz ± carbonate veins and recrystallized pyrite and 
foliation-parallel biotite, suggests gold emplacement pre-dating the dominant foliation. The 
alignment of elongated titanite and biotite-filled pressure shadows with the dominant foliation 
indicates fluid-assisted titanite growth during ductile deformation. The U-Pb age obtained from 
titanite therefore most likely reflects syn-deformational metamorphic titanite growth and suggests 
gold mineralization prior to 2704 ± 13 Ma. 

RESULTS
The ore assemblage of the LP deformation zone consists of disseminated pyrite, arsenopyrite, and 
pyrrhotite, minor chalcopyrite, sphalerite, galena, and magnetite, trace Bi±Ag±Pb tellurides, 
scheelite, and native gold. Native gold occurs disseminated in deformed quartz ± carbonate veins 
and surrounding host rock (Fig. 2). Locally, native gold occurs as recrystallized pyrite and 
foliation-parallel biotite.
Gold fineness varies significantly, ranging from 830 to 968 (Fig. 3). Lower-fineness gold (830 – 891) 
is associated with abundant galena and Bi±Ag±Pb tellurides and occurs as irregularly shaped 
intergrowths, partially to fully surrounded by galena and Bi±Ag±Pb tellurides (Fig. 3). Gold with a 
higher fineness (954 – 968) lacks this association (Fig. 3).
Titanite occurs as elongated to euqaint grains within quartz ± feldspar-phyric and aphyric felsic 
volcanic units, as well as mafic dikes. Elongated titanites are aligned parallel to the dominant 
foliation (Fig. 4A). Equant titanites commonly show biotite-filled pressure shadows aligned with the 
dominant foliation (Fig. 4B). Inclusions of pyrite were locally observed in titanite (Fig. 4C). Titanite 
from the gold-hosting quartz-feldspar porphyry yielded a U-Pb age of 2704 ± 13 Ma (Fig. 4D). 

GEOCHRONOLOGY

Figure 4: A) Transmitted light image of titanite hosted by quartz-feldpsar-phyric felsic volcanic unit showing 
alignment of elongated titanite with the dominant foliation. B) Transmitted light image showing subroutnd, 
equant titanite hosted by the quartz + feldspar-phyric felsic volcanic unit with biotite-filled pressure shadows 
aligned with foliation. C) Reflected light close-up image of the titanite shown in Fig. 4B, showing inclusions of 
rutile and pyrite in titanite. D) Tera-Wasserburg inverse concordia diagram for LA-ICP-MS analysis of titanite 
hosted by quartz-feldspar-phyric felsic volcanic rocks of the LP deformation zone. Age was calculated using 
IsoplotR discordia model 1 (Vermeesh, 2018), consisting of the maximum likelyhood algorithm by Ludwig 
(1988). Error ellipses represent the 95% confidence interval. Analyses with Th/U >0.1, indicative of potential 
hydrothermal alteration were rejected  from any calculations. Abbreviations: Bt - biotite, Py - pyrite, Rt - rutile, 
Ttn - titanite. 
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Figure 3: A) Box-Whisker plot Box-whisker plot showing the variation in Au fineness within the LP deformation zone of the Great Bear deposit and comparison to prolific gold camps in the Canadian Superior Province, as 
well as globally occuring gold-bearing deposit types. White and color-filled circles represent mean and outliers respectively. Data for the gold camps from the Superior Province from Hastie et al. (2020). Data for globally 
prevalent gold-bearing deposit types from Liu & Beaudoin (2021). B) Reflected light image of lower-fineness gold intergrown with galena, Bi±Ag±Pb tellurides, and arsenopyrite. C) Reflected light image of lower-fineness 
gold, Bi±Ag±Pb tellurides and galena, locally as inclusions in biotite. D) Transmitted light image of higher-fineness gold as inclusions in biotite. E) Reflected light image of higher-fineness gold as inclusion in coarse, 
recrystallized pyrite. Abbreviations: Apy - arsenopyrite, Au - native gold, BiTe - Bi±Ag±Pb telluride, Bt - biotite, Chl - chlorite, Gn - galena, Mt - magnetite, Py - pyrite. 
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Figure 2: A) Visible gold in deformed quartz vein hosted by quartz-feldspar-phyric felsic volcanic unit. B) Visible gold at contact 
between discontinuous quartz vein hosted by aphyric felsic volcanic unit. Au - native gold, Po - pyrrhotite, Py - pyrite, Qtz - quartz. 
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METHODS
Low-grade (<0.5 g/t Au) to high-grade (>5 g/t Au) intervals of drill core from the LP deformation zone 
have been logged and sampled. Transmitted and reflected light microscopy, together with SEM 
analysis was conducted on thin sections. Microprobe analysis was conducted on gold from selected 
thin sections. Gold fineness was calculated using the following equation:

Au fineness = Au
All elements

x 1000 (Hastie et al., 2020)

LA-ICP-MS U-Pb dating was conducted on titanites from barren and mineralized sampes. U-Pb 
dates were determined using IsoplotR (Vermeesch, 2018) assuming 238U/235U = 137.88 (Steiger and 
Jäger, 1977), λ235U = 9.8485 x 10-1 a-1, λ238U = 1.55125 x 10-10 a-1 (Jaffey et al., 1971).

GEOLOGIC SETTING

Figure 1: Geologic map of the Great Bear property showing the collars of the drill holes logged from the LP deformation zone.
LP Deformation Zone outlined with dashed, purple line. Coordinate System NAD1983, UTM zone 15 N. GIS data courtesy of 
Kinross Gold Corporation. Scale 1:85,000. Inset map of Superior Craton modified after Montsion et al. (2018).

Deformation and metamorphism in the Red Lake greenstone belt have been attributed to the Uchian 
phase (~2.72 Ga) of the Kenoran orogeny (Sanborn-Barrie et al., 2001). Gold mineralization in the 
Red Lake camp occured during the Uchian event, as well as to gold remobilization after 
2702 Ma (Sanborn-Barrie et al., 2002; Dubé et al., 2004). The Great Bear deposit consists of a 
southern mafic and a northern felsic domain - the latter predominantly hosting the LP deformation 
zone (Fig. 1). An age of 2710.2 ± 1.2 Ma has been determined for a gold-bearing quartz-feldspar 
porphyry of the LP deformation zone (Simmons et al., 2025). Metamorphism at the Great Bear 
deposit reached lower to middle amphibolite facies conditions. Deformation at the Great Bear 
deposit has been constrained to 2714 - 2692 Ma (Laverge et al., submitted). 
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INTRODUCTION
The Great Bear deposit is located approximately 25 km southeast of the historically important Red 
Lake mine camp. It has a combined (measured + indicated) resource estimate of 2.7 Moz Au at 
2.81 g/t Au and an additional inferred resource of 3.9 Moz Au at 4.71 g/t Au. The majority of this 
resource is hosted by the LP deformation zone, a <400 m wide deformation zone comprised of 
highly strained felsic volcanic to subvolcanic and metasedimentary rocks. This work aims to: 

1. Characterize host lithology, ore assemblage and textures, and gold composition

2. Determine mineralization timing relative to deformation and metamorphism

3. Constrain mineralization and potential remobilization processes
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