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INTRODUCTION

The Upper Beaver Au-Cu (+Mo) deposit, located midway between the Kirkland Lake and Larder Lake
gold camps, was intermittently exploited between 1913 and 1972 (Argonaut and then Upper Beaver
mines) and produced a total of 0.53 Mt at 8.31 g/t Au and 1.03 wt.% Cu (140,708 troy ounces, or 4.38
metric tonnes of Au, and 11.9 M lbs Cu: Puritch et al., 2012). Probable mineral reserves are estimated
(at the end of 2019) at 8 Mt at 5.43 g/t Au and 0.25 wt.% Cu (1.4 Moz, or 43.4 t Au), with an extra 0.4
Moz Au (~12.5 t) in indicated resources and 1.42 Moz Au (~44.1 t) in inferred resources (Agnico Eagle
Mines Ltd., 2021). Contrary to most major quartz-carbonate vein-style orogenic gold deposits of the
Larder Lake and Kirkland camps, Upper Beaver is located farther north relative to the Larder Lake-
Cadillac fault zone and therefore sits in a different geological setting than other gold deposits of the area.
It is also characterized by distinct alteration assemblages (e.g., magnetite, feldspar, epidote). Because of
this, the origin and timing of the gold mineralization at the Upper Beaver deposit have remained key
issues in the understanding of its genesis, which therefore impacts on exploration models.

The Geological Survey of Canada, as part of its review of gold metallogeny in the Abitibi (see Dubé
and Mercier-Langevin, 2020, and Mercier-Langevin et al., 2020) had the opportunity to visit the Upper
Beaver site with Agnico Eagle Mines limited Upper Beaver exploration team in early June 2019. This
visit, and the observation of recent core from the mineralized zones exposing Au-rich quartz-carbonate
veins containing molybdenite, led Agnico Eagle Mines limited and the Geological Survey of Canada to
sample the Au-Mo veins for Re-Os geochronology on molybdenite. These Au-rich quartz-carbonate-
molybdenite (+ chalcopyrite-pyrite) veins represent a style of mineralization that differs from the bulk
of the ore at Upper Beaver (Kontak et al., 2013). The objective of this study was therefore to improve
the current knowledge of the deposit by providing age constraints on a style of gold mineralization that
is distinct from the magnetite-chalcopyrite Au-rich and quartz-calcite + chalcopyrite-magnetite-
molybdenite-Au styles of mineralization. Analyses were undertaken in collaboration with the University
of Alberta. The results are briefly reported and discussed here.

Geological Setting

Only a brief overview of the geological setting of the Upper Beaver deposit is provided here and readers
are referred to Morris (1974), Roberts and Morris (1982), Kontak et al. (2008, 2011, 2013), Feick (2016),
Monecke et al. (2017), Poulsen (2017), Dubé and Mercier-Langevin (2020) for more information about
the deposit geology.



The Upper Beaver Au-Cu (+ Mo) deposit is located in the southernmost part of the 2704-2695 Ma
(McNicoll et al., 2014) western Blake River Group (formerly known as Kinojevis in that area; Roberts
and Morris, 1982), approximately 5—6 km north of the Larder Lake-Cadillac fault zone and its panels of
Timiskaming conglomerate and Larder Lake Group mafic-ultramafic rocks (Fig. 1). It is spatially
associated and partly hosted in dykes and apophyses part of a small intrusive complex (the “Upper
Beaver intrusive complex”) in dominantly tholeiitic mafic volcanic rocks (Ayer et al., 2005) close to
surface and volcaniclastic units at depth close to, or at the contact with the 2710-2704 Ma transitional
to calc-alkaline, intermediate to felsic volcanic and volcaniclastic rocks of the Gauthier Group (Tisdale
Group: Ayer et al., 2002; Fig. 1). The contact between the Blake River (north) and Gauthier Group
(south) is marked by volcaniclastic rocks and locally identified as a deformation zone called the Victoria
Creek deformation zone, even though deformation along that contact is locally very weak to absent. The
currently known Upper Beaver mineralized zones are restricted to the hanging wall (north) of the
contact.

The Upper Beaver intrusive complex hosting part of the mineralized zones consists of a sub-alkaline
(calc-alkaline) to alkaline suite of monzodioritic, quartz-monzodioritic and granodioritic plugs and
dykes (Kontak et al., 2008; Feick, 2016; Dubé and Mercier-Langevin, 2020). Numerous intrusive rock
types have been defined (based on mineralogical, textural, geochemical, and cross-cutting criteria) by
exploration teams to decipher the evolution of the intrusive complex and better understand controls on
the mineralized zones. Three units are shown on figures 2 and 3: the “mafic syenite”; the “crowded
porphyry”; and the “spotted porphyry”. The crowded and spotted porphyry are part of what is sometimes
referred to as the “felsic syenite”. The mafic syenite (amphibolite-bearing diorite to monzodiorite) is the
oldest and most voluminous phase of the complex. The crowded porphyry forms a large mass in the
center of the mafic syenite and occurs as a series of SW-trending dykes and apophyses, especially on
the SW side of the intrusive complex (Figs. 2, 3). The crowded porphyry dykes cut across the mafic
syenite and are spatially closely associated with the mineralized replacement-style zones and veins in
the volcanic rocks SW of the intrusive complex (Figs. 2, 3). Both the mafic syenite and crowded
porphyry are mineralized and altered. The spotted porphyry consists of a WNW-ESE-oriented dyke that
cuts the older intrusive phases and the mineralized zones and is therefore considered to be an intrusive
phase younger than mineralization (Fig. 3). There is significant overlap between the mafic and felsic
syenite phases in terms of composition (e.g., Dubé and Mercier-Langevin, 2020 and references therein).

Different styles of Au (= Cu-Mo) mineralization are present in the various ore zones (e.g., Porphyry,
North Contact, South Contact, and Q-zone) of the Upper Beaver (Roberts and Morris, 1982; Kontak et
al., 2008, 2013; Feick, 2016), including vein-style mineralization (e.g., quartz-carbonate-magnetite;
chalcopyrite + pyrite-molybdenite-free gold; calcite £ quartz with chalcopyrite-pyrite-free gold; quartz-
calcite-molybdenite with free gold; Magnetite-hematite-chalcopyrite; and carbonate-anhydrite veins) and
replacement, disseminated and fracture controlled-style mineralization (magnetite-epidote-feldspar-
hematite-pyrite-chalcopyrite). Hydrothermal alteration associated with these different styles of
mineralization is complex and heterogeneously distributed through the deposit; it also varies depending on
host rocks (Kontak et al., 2008; Feick, 2016). The principal alteration assemblages consist of varying
abundance of epidote, sericite, albite, K-feldspar, magnetite, carbonates, actinolite, tourmaline, magnetite,
and hematite (Kontak et al., 2008, 2013).

Although strain intensity is relatively low in the Upper Beaver area, a foliation overprints the alteration
and mineralized veins (Roberts and Morris, 1982; Kontak et al., 2008). This foliation is interpreted as the
main regional foliation. This, plus the fact that alteration and mineralization overprint some of the early
intrusive phases but are cut by the later phases indicates that mineralization was formed prior to the main
regional deformation and coeval with the emplacement of the intrusive complex (Kontak et al., 2011, 2013).
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The spotted porphyry, which is post-ore, has been dated at ca. 2679 Ma (Kontak et al., 2011, 2013; Dubé
and Mercier-Langevin, 2020), which thus provides a minimum age for the mineralization, whereas a
molybdenite Re-Os age of ca. 2685 Ma was obtained from a Au-rich sericite-altered zone associated in the
intrusive complex (Kontak et al., 2013). These ages correspond to the age of the early- to syn-Timiskaming
intrusive rocks that are common along the major E-W fault zones of the southern Abitibi and makes the
deposit part of the syn-Timiskaming intrusion-associated stockwork-disseminated, veinlet and replacement-
style deposits according to the new classification of Dubé and Mercier-Langevin (2020). Because of its
distinct styles of mineralization and alteration, and a very close association with the different intrusive phases
of the host complex, the Upper Beaver deposit is interpreted as a magmatic-hydrothermal system that shares
analogies with the magnetite subgroup of iron-oxide copper-gold (IOCG) systems and also with skarn and
alkalic copper-gold systems (Kontak et al., 2008, 2011, 2013; Dubé and Mercier-Langevin, 2020).

RESULTS
Samples Selection

Three 10 cm-long NQ-sized (47.6 mm diameter) half drill core samples were collected from drill holes
KLUB19-496 and KLUB19-489. The drill holes intersect mafic volcanic rocks, porphyry dyke rocks,
and numerous Au- (£ Mo-Cu)-bearing intervals of the shallow, mafic volcanic-hosted North Contact,
Porphyry, and South Contact zones of the deposit (Fig. 3). The sampled mineralized intervals of the
Porphyry zone consist of zones of disseminated sulfides (pyrite + molybdenite-chalcopyrite) and quartz-
calcite veins and veinlets containing variable amounts of chalcopyrite, molybdenite, pyrite and a few
occurrences of visible gold. The mineralized intervals are associated with pervasive to heterogeneous
(patchy) calcite, epidote, chlorite, magnetite and hematite + K-feldspar alteration of moderate intensity
that is mostly developed in the basalts, in some cases in proximity to mafic syenite intervals and

porphyry dykes.

Two samples (PLBD-2019-001 and -002) were taken between 120 and 122 m-depth along drill hole
KLUB19-496 (Figs. 2, 3). A third sample (PLBD-2019-003) was taken in drill hole KLUB19-489 at a
downhole depth of 227 m. These three samples were selected based on the presence of well-mineralized
molybdenite-rich quartz-calcite veins, high grade Mo and S values (determined on site using a portable
x-ray fluorescence analyzer), and the presence of visible gold with traces of chalcopyrite in Au-rich
intervals.

Sample PLBD-2019-001 (ddh KLUB19-496, 120 m): This sample is from a 1-3 cm-thick quartz-
calcite vein (Fig. 4A) with abundant molybdenite forming mm-thick slivers (Fig. 4B, C). The vein is in
sharp contact with strongly calcite-chlorite-magnetite + epidote-altered basalt. The sample comes from
a 13.7 g/t Au over 0.5 m interval and contain traces of free gold directly associated with the fine-grained
molybdenite (Fig. 4D).

Sample PLBD-2019-002 (ddh KLUB19-496, 121.8 m): This sample, taken less than 2 m farther
downhole from samples PLBD-2019-001 consists of a 4-5 cm-thick, laminated quartz + carbonate vein
(Fig. 5A, B) containing heterogeneously distributed, fine-grained molybdenite with traces of pyrite (Fig.
5C, D). The vein is hosted in calcite-chlorite-magnetite + epidote-altered and foliated basalt. The
contacts are irregular. The sample comes from a 22.3 g/t Au over 0.5 m interval and contain minute
traces of gold directly associated with the fine-grained molybdenite (Fig. 5D).

Sample PLBD-2019-003 (ddh KLUB19-489, 227 m): This sample comes from a very rich interval
grading at 22.9 g/t Au and 720 ppm Cu over 1.1 m. The sample consist of a <l cm-thick quartz +
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carbonate vein with very fine-grained molybdenite and chalcopyrite that cuts calcite, chlorite and
magnetite-altered basalts (Fig. 6A—C). The vein contains fine-grained visible Au (Fig. 6D) that is
associated with the molybdenite.

Re-Os Analytical Methods

Sample PLBD-2019-002 was prioritized for Re-Os analyses because of its slightly coarser-grained
molybdenite and lesser abundance of other sulfides. The other two samples (PLBD-2019-001 and -003)
were kept as backup samples. Methods used for molybdenite analysis are described in detail in Selby
and Creaser (2004). Areas of the sample PLBD-2019-002 with visible molybdenite were removed, and
preparation of a molybdenite mineral separate was made by metal-free crushing and sieving followed
by magnetic and gravity concentration methods. The '¥’Re and *’Os concentrations in molybdenite
were determined by isotope dilution mass spectrometry using Carius-tube, solvent extraction, anion
chromatography and negative thermal ionization mass spectrometry (N-TIMS) techniques at the
University of Alberta. For this work, a mixed double spike containing known amounts of isotopically
enriched '%°Re, 1°°Os, and '%80s analysis was used (Markey et al., 2007). Isotopic measurements used a
ThermoScientific Triton mass spectrometer with static faraday collectors. Total procedural blanks for
Re and Os are less than <3 picograms and 2 picograms, respectively, which are insignificant in
comparison to the Re and Os concentrations in molybdenite. The Reference Material 8599 Henderson
molybdenite (Markey et al., 2007) is routinely analyzed as a standard, and during the past 5 years
returned an average Re-Os date of 27.78 + 0.06 Ma (n= 18), indistinguishable from the Reference Age
Value of 27.66 = 0.1 Ma (Wise and Watters, 2011). The '¥’Re decay constant (A'*'Re) used for age
calculation is 1.666 + 0.005 x10'! a! (Smoliar et al, 1996), a value which is cross-calibrated to the U-
Pb system (>**U and 2*3U) to better than ~ + 0.31% (Selby et al., 2007).

Re-Os Analytical Results

The results of the Re-Os age determinations are presented in Table 1. The age uncertainty is quoted at
20 level, and includes all known analytical uncertainty, including a ~0.31% uncertainty in the decay
constant of '¥’Re. The initial analysis (9 mg) yielded an age of 2688.7 + 5.9 (11.9) Ma after re-analysis
of weak Re and Os mass spectrometer runs. Two replicates of the same molybdenite mineral separate
of double the sample size (19 mg) yielded ages of 2680.4 = 5.9 (11.9) Ma and 2680.5 +£ 5.9 (11.9) Ma,
which are regarded as the most reliable analyses.

CONSTRAINTS ON THE TIMING OF GOLD MINERALIZATION AT UPPER BEAVER

The sample dated in this study, taken from a representative drill hole in the Porphyry zone of the Upper
Beaver deposit and in very Au-rich intervals, consist of quartz-carbonate vein that clearly shows the
direct association between gold and molybdenite (Figs. 4—6). The age obtained, 2680.5 + 5.9 Ma on two
replicate analyses is interpreted as dating the time of the Au mineralization.

This age is in agreement with the minimum age provided by the ca. 2679 Ma post-ore phase (spotted
porphyry) of the multiphase intrusive monzodioritic to granodioritic (“syenite”) complex that hosts part
of the mineralized zones at Upper Beaver (Kontak et al., 2011, 2013; Dubé and Mercier-Langevin,
2020). It is also in agreement with a previously reported 2685 Ma Re-Os ages obtained from molybdenite
from a phyllic alteration zone proximal to the Au zones (Kontak et al., 2013).



The 2680.5 + 5.9 Ma age for the Au mineralization of the Porphyry zone reported herein, which is
associated with the crowded porphyry dykes, confirms that Au, or at least part of the Au mineralization
at Upper Beaver, is synmagmatic as indicated by cross-cutting relationships between the various phases
of the host multiphase intrusive monzodioritic to granodioritic (“syenite””) complex and the ore zones
(e.g., Figs. 2, 3), as discussed in Kontak et al. (2008, 2011, 2013) and in Dub¢ and Mercier-Langevin
(2020). It also confirms that the Upper Beaver magmatic-hydrothermal deposit is part of the early- to
syn-Timiskaming group of deposits, which are common in the southern part of the Abitibi and associated
with sub-alkaline to alkaline intrusive centers close to major deformation zones (Dubé and Mercier-
Langevin, 2020).
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Table 1. Re-Os isotopic results, mixed double ""Re+ "Os+ "Os spike

Model
Sample Fraction Weight Re ""Re 05 age
ppm 26 ppm 26 ppb 26 M3) 25 26 witha

PLBD-2019-002 runl 9 mg 155 0.5 972 03 4455 3.4 2689 5.9 11.9
repeat 1 19 mg 166 0.5 1043 0.3 4762 3.8 2680 5.9 11.9
repeat 2 19 mg 161 0.5 101.3 0.3 4628 45 2681 6.0 12.0

ppb = parts per billion
ppm = parts per million
All uncertainties quoted at 20

Age uncertainty includes ""Re decay constant uncertainty
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molybdenite-bearing Au-rich veins, and the trace of the section shown in figure 3 are also shown. From Agnico Eagle Mines
limited.
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Figure 3. Simplified geologic section looking northeast of the central northeastern part of the Upper Beaver deposit showing
the trace of drillhole KLUB19-496 and the location of the sampled molybdenite-bearing Au-rich veins. The section also
shows the distribution of the veins systems within the different mineralized zones. From Agnico Eagle Mines limited.
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Figure 4. Photographs of sample PLBD-2019-001, located at a depth of 120 m along drillhole KLUB19-496. The sample
comes from an interval at 13.7 g/t Au over 0.5 m. a) Sample PLBD-2019-001 consisting of a 1-3 cm-thick quartz and
carbonate vein with molybdenite crosscutting calcite, chlorite and magnetite-altered basalts. Photograph by P. Mercier-
Langevin, NRCan photo 2021-015. b) Closer view of the sampled vein and altered selvages. Photograph by P. Mercier-
Langevin, NRCan photo 2021-016. c) Millimeter-thick molybdenite slivers and disseminated molybdenite in a narrow
quartz-carbonate vein cut by later calcite veinlets. Photograph by P. Mercier-Langevin, NRCan photo 2021-017. d) Close-
up view of a molybdenite sliver with abundant native gold in the quartz-carbonate vein, showing the close association
between gold and molybdenite. Photograph by P. Mercier-Langevin, NRCan photo 2021-018.

-
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Figure 5. Photographs of sample PLBD-2019-002, located at a depth of 121.8 m along drillhole KLUB19-496. The sample
comes from an interval at 22.3 g/t Au over 0.5 m. a) Sample PLBD-2019-002 consisting of a 4-5 cm-thick laminated quartz
+ carbonate vein with molybdenite and trace pyrite crosscutting calcite, chlorite, epidote and magnetite-altered and foliated
basalts. Photograph by P. Mercier-Langevin, NRCan photo 2021-019. b) Closer view of the sampled vein and altered
selvages. Photograph by P. Mercier-Langevin, NRCan photo 2021-020. ¢) Millimeter-thick molybdenite slivers, bands and
patches cut by later calcite-filled fractures. Photograph by P. Mercier-Langevin, NRCan photo 2021-021. d) Close-up view
of a molybdenite patch with traces of native gold in the quartz + carbonate vein, showing the close association between gold
and molybdenite. Photograph by P. Mercier-Langevin, NRCan photo 2021-022.
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Figure 6. Photographs of sample PLBD-2019-003, located at a depth of 227 m along drillhole KLUB19-489. The sample
comes from an interval at 22.9 g/t Au and 720 ppm Cu over 1.1 m. a) Sample PLBD-2019-003 consisting of a <1 cm-thick
quartz-carbonate vein with abundant fine-grained molybdenite and chalcopyrite crosscutting calcite, chlorite and magnetite-
altered and foliated basalts in proximity to a hematite-altered dyke ("mafic syenite"). Photograph by P. Mercier-Langevin,
NRCan photo 2021-023. b) Closer view of the sampled vein and altered selvages. Photograph by P. Mercier-Langevin,
NRCan photo 2021-024. ¢) Millimeter-thick molybdenite- and chalcopyrite-rich vein with native gold, cut by later calcite
veinlets. Photograph by P. Mercier-Langevin, NRCan photo 2021-025. d) Close-up view of finely disseminated molybdenite
and native gold in the quartz-carbonate vein. Photograph by P. Mercier-Langevin, NRCan photo 2021-026.
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