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ABSTRACT 
 

This report presents Re-Os dating of molybdenite from the Don Rouyn deposit and St. Jude breccia 
prospect in the Rouyn-Noranda mining district in the southern Abitibi greenstone belt, Quebec. 
Both have been described as porphyry-style, magmatic-hydrothermal Cu-(Au-Mo) deposits 
associated with the Flavrian and Powell subvolcanic plutons based on the nature of the mineralized 
zones, their setting and available U-Pb age constraints. To further constrain the timing of 
mineralization, molybdenite was sampled at both sites for Re-Os geochronology. Although the 
analyzed sample from the St. Jude prospect did not yield a realistic age, a molybdenite mineral 
separate sample from the Don Rouyn deposit yielded a reliable age of 2689 ± 11 Ma. Interestingly, 
the Don Rouyn molybdenite is distinguished by extremely high Re content (>5200 ppm Re) that 
compares with that of the world’s richest porphyry deposits. 
 
Based on the Re-Os age obtained in this study and limited descriptions of the deposit available in 
the literature, the Don Rouyn deposit is most likely associated with the emplacement of the 
Flavrian-Powell intrusive complex at ~2700 Ma, as suggested in previous studies. However, a 
younger timing of emplacement, comparable to other ca. 2682-2680 sub-alkaline to alkaline 
magmatic-hydrothermal Cu-(Au-Mo) deposits in the southern part of Blake River Group, although 
less likely, cannot be entirely ruled out based on the available constraints and the molybdenite Re-
Os age presented here. 

 
INTRODUCTION 

 
The Abitibi greenstone belt is host to various types and styles of ore deposits. Gold is the main 
metal of the belt, though Cu, Zn, Ni and Ag are also very important from an economic standpoint. 
Other significant metals and substances have been or are being extracted (for example platinum 
group elements, Pb, Li, Fe, Mo, Se and Bi). Gold deposits of the belt are predominantly of the 
orogenic type (Dubé and Mercier-Langevin, 2020) whereas base metals are dominantly from 
volcanogenic massive sulphide deposits, with several other types of precious, base and trace metal 
deposits. Although not very common, Archean porphyry-style deposits have been described in the 
Superior Province and Abitibi belt (e.g., Côté Gold deposit: Katz et al., 2017, 2021; Chibougamau 
camp: Côté-Mantha et al., 2012; Leclerc et al., 2012; Troïlus Au(-Cu) deposit: Fraser, 1993). It 
also includes the Don Rouyn Cu(-Au-Mo) deposit in the Rouyn-Noranda district, which has been 
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explored as a gold prospect in the early years (Wilson, 1941; Dresser and Denis, 1949) and later 
considered an Archean porphyry-type deposit (Kirkham, 1972; Goldie et al., 1979; Jébrak et al., 
1996; Sinclair et al., 2016). It also includes a nearby Cu-Mo-Au prospect (St. Jude) that is also 
considered to be the product of a magmatic-hydrothermal system (Kennedy, 1981, 1985; Carrier, 
1992; Pelletier and Couture, 1996; Galley and van Breemen, 2002). Understanding the timing and 
style of mineralization is key to recognizing such deposits and suggesting a possible affiliation 
with intrusive rocks and porphyry-style, magmatic-hydrothermal systems. 
 
This report presents Re-Os geochronological results from negative-thermal ionization mass 
spectrometry (N-TIMS) dating of molybdenite from the Don Rouyn deposit and St. Jude breccia 
prospect in the Rouyn-Noranda mining district, southern Abitibi greenstone belt, Superior 
Province, Québec. The dated samples are associated with Cu-Mo-Au mineralization and, in one 
case (Don Rouyn), provide constraints on the timing of porphyry-style mineralization. The work 
presented here was initiated by the Geological Survey of Canada through the Targeted Geoscience 
Initiative (TGI) Lode Gold (TGI-4: Dubé and Mercier-Langevin, 2015) and Gold (TGI-5: Mercier-
Langevin et al., 2020) projects using archive material from the Geological Survey of Canada and 
Géologie Québec, and with the available information from literature as mining at Don Rouyn 
stopped in 1980 and the open pit mine has since been flooded. This work was done in collaboration 
with the Ministère des Ressources naturelles et des Forêts and the University of Alberta. The 
objective of this study was to improve the current knowledge of intrusion-associated deposits by 
adding critical age constraints and help improve our understanding of the metallogenic evolution 
of the southern Abitibi greenstone belt. Geochronology results and their implications are reported 
and briefly discussed here. 
 
Regional Geological Setting 
 
The Superior Province consists of Mesoarchean to Neoarchean subprovinces of east-west and 
north-south dominant orientations assembled in the Neoarchean, forming the largest Archean 
craton of the planet (Simard et al., 2010; Percival et al., 2012). The Abitibi greenstone belt, located 
in the Southern part of the Superior Province, has a surface area of approximately 100 000 km2 
(maximal dimensions of about 720 km ENE-WSW by 200 to 260 km N-S: Fig. 1), and represents 
the largest extent of Neoarchean supracrustal rocks of the planet.  
 
The Abitibi greenstone belt comprises several sequences of volcanic and sedimentary rocks 
generally oriented east-west, folded and intersected by several faults and intrusive bodies (Fig. 1). 
The primary characteristics of rocks are generally well preserved despite the deformation and the 
low to moderate metamorphism affecting the entire belt (Monecke et al., 2017a). Significant 
corridors of ductile to brittle faults intersect the belt from east to west (Poulsen, 2017). The 
principal elements of the Abitibi greenstone belt are described in detail in numerous publications 
and readers are referred to Dubé and Mercier-Langevin et al. (2020) for more information and a 
list of key references. 
 
Over half of the surface of the Abitibi greenstone belt consists of intrusive rocks (Monecke et al., 
2017a; Mercier-Langevin et al., 2022). These intrusive bodies, which are commonly polyphased, 
are present all over the belt (Fig. 1) and their age varies from about 2750 to 2640 Ma (Goutier and 
Melançon, 2010; Dubé and Mercier-Langevin, 2020). Their composition varies from ultramafic to 
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felsic and from subalkaline to alkaline (Dubé and Mercier-Langevin, 2020). Due to the association 
between intrusive rocks and the tectonic evolution of the belt, these are commonly grouped relative 
to their formation setting. A significant part of these intrusive rocks is “syn-volcanic” and grouped 
according to their main composition, either as ultramafic to mafic or intermediate to felsic. Post-
volcanic intrusive rocks are grouped according to their age with respect to large sedimentary 
assemblages: syn-turbidites, and syn-fluvial-alluvial sedimentation (syn-Timiskaming in the 
southern Abitibi) while the more recent intrusive rocks are “post-Timiskaming” (Dubé and 
Mercier-Langevin, 2020). Syn-volcanic intrusive bodies represent a significant part of the exposed 
rocks of the Abitibi belt, while the post-Timiskaming ones represent slightly less than 10% (Dubé 
and Mercier-Langevin, 2020). Syn-volcanic intrusive rocks are sometimes associated with 
volcanogenic massive sulphide mineralization, with Cu-(Au-Mo) magmatic-hydrothermal 
mineralization and with Ni-Cu-(PGE)-Cr-V mineralization. Mathieu et al. (2020) further divided 
the large intrusive bodies of the Abitibi greenstone belt into tonalite-trondhjemite-granodiorite 
(TTG) and tonalite-trondhjemite-diorite (TTD) suites based on the main rock types present 
(granodiorite versus diorite) and petrogenesis, suggesting that magmatic-hydrothermal systems of 
the belt are preferentially associated with TTD suites that come from magmas with a stronger 
mantle component than TTG suites, whereas Meng et al. (2021) conclude that Archean magmas, 
whether oxidized or reduced, are amenable to porphyry-style deposits. 
 
Local Geological Setting 
 
Blake River Group 
 
The Blake River Group is the youngest and richest volcanic sequence of the Abitibi greenstone 
belt and is known for its major endowment in VMS deposits (Mercier-Langevin et al., 2011). The 
Blake River Group consists of several submarine volcanic and volcaniclastic sequences. The 
volcanic rocks are predominantly bimodal in composition (basalt, basaltic andesite and andesite, 
and rhyodacite and rhyolite). The Blake River Group is locally unconformably overlain by the 
polymictic conglomerates and alkalic volcanic rocks of the Timiskaming Group, and by the 
Paleoproterozoic conglomerates of the Cobalt Group. Some Archean syn-volcanic (gabbro, 
diorite, tonalite, e.g.: Flavrian and Powell plutons: Fig. 2) and syn-tectonic intrusions (syenite, 
diorite, granodiorite, granite) cut the Blake River Group volcanic rocks. In Québec, the Blake 
River Group is bounded by two major fault zones: the Porcupine-Destor fault zone to the north, 
and the Cadillac fault zone to the south (Fig. 1). Rocks of the Blake River Group were subjected 
to major north-south shortening events. However, the deformation is heterogeneously distributed 
within the Blake River Group; the central part is characterized by tilting of the strata and by the 
presence of major folds, whereas the northern and southern margins are characterized by the 
presence of laterally extensive shears and tight folds. The Blake River Group rocks are affected by 
lower greenschist (north) to lower amphibolite (south) grade metamorphism (Jolly, 1978; Dimroth 
et al., 1983; Powell et al., 1995). 
 
Flavrian and Powell plutons 
 
The Flavrian and Powell plutons were emplaced within the central part of the Blake River Group 
and underly most of the Noranda central camp VMS deposits (Fig. 2). These subvolcanic plutons 
are comagmatic with the host volcanic succession (Goldie, 1976; Kennedy, 1984; Paradis et al., 
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1988). It is also coeval with the host volcanic rocks with U-Pb zircon ages of 2700.8 +2.6/-1.0 Ma 
(Mortensen, 1993), 2700 +3/-2 Ma (youngest trondhjemite intrusion in central part of the complex) 
and 2697 ± 2 Ma (aplite: Galley and van Breemen, 2002). The latter two ages were refined by 
McNicoll et al. (2014) who obtained an age of 2700.7 ± 0.6 Ma for the trondhjemite and an age of 
2696.6 ± 0.9 Ma for the aplite. McNicoll et al. (2014) also dated the Powell pluton (main 
trondhjemite phase) a few hundred meters south-west of the former Don Rouyn mine and obtained 
an age of 2700.1 ± 1.0 Ma. 
 
The Flavrian pluton consists of an early quartz-diorite phase cut by tonalite sills that were in turn 
intruded by trondhjemite sills (Kennedy, 1984; Richard, 1999). These early tonalite and 
trondhjemite phases, which represent about a third of the pluton, were intruded by diorite 
(“Eldrich” phase) and a younger trondhjemite stock in the central part of the intrusion (late 
trondhjemite core). Aphyric to porphyritic trondhjemitic dyke swarms cut the pluton in its southern 
part and a felsic porphyry dyke swarm intruded the western margin of the complex. Late diorite 
dykes cut all previous phases (Galley and van Breemen, 2002). The early phases (tonalite and early 
trondhjemite) of the Flavrian pluton predate the volcanogenic massive sulphide deposits of the 
Noranda central camp and show evidence of high-temperature hydrothermal alteration (Cathles, 
1993; Kennedy, 1984; Galley and van Breemen, 2002; Taylor et al., 2014), whereas the later 
phases such as the late trondhjemite core is devoid of such hydrothermal alteration, although 
associated with metasomatic devolatilization as shown by the biotite-amphibole-apatite-sulphide 
reaction halo around it (Galley and van Breemen, 2002), which may have been favourable for the 
development of porphyry-style mineralization at ≤2700 Ma. 
 
Don Rouyn deposit 
 
The Don Rouyn deposit, primarily mined in an open pit operation as Cu-rich siliceous flux for the 
Horne smelter between 1957 and 1980, is located a few kilometers east of downtown Rouyn-
Noranda (Fig. 2). Goldie (1976) mentioned that reserves were about 36 Mt at an estimated grade 
of 0.15 % Cu. The deposit has not been systematically mapped in detail although metal distribution 
and ore envelopes are shown in Goldie et al. (1979) and Jébrak et al. (1996). The deposit is hosted 
in the Powell pluton (Figs. 2, 3), which is massive to weakly foliated and contains medium-grained 
anhedral quartz and plagioclase with interstitial chlorite and epidote, with minor amounts of 
sericite and calcite (Fig. 4A). The Powell pluton is bounded to the north and south by the 
Beauchatel and Horne Creek faults, respectively. The unit has been described as a peraluminous, 
tholeiitic tonalite (e.g., Jébrak et al., 1996), whereas one sample analyzed for this project is strongly 
altered and plots as an alkaline rock (Fig. 5A; Table 2). This sample, however, has a rare earth 
elements pattern typical of the Flavrian and Powell rocks excepts for the Eu anomaly that is not 
present in the analyzed samples, perhaps because of the alteration that affects the feldspars (Fig. 
5B). The geochemical signature of the Powell pluton sample dated in McNicoll et al. (2014) was 
plotted in figure 5B as well for comparison, which has much higher rare earth-elements 
concentrations. Unaltered and altered samples from the Don Rouyn mine host intrusive rocks 
(Jébrak and Harnois, unpublished data) dominantly plot in the granite field (Fig. 5A). The tonalite-
trondhjemite at the mine is cut by numerous altered but barren WSW-ENE mafic dykes (Figs. 3B, 
4B) and the mineralized zones are bounded to the south by a large diorite dyke. 
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The mineralized zones consist of a few tens of meters wide bornite-, chalcopyrite-, pyrite- and 
molybdenite-bearing core zone surrounded by a somewhat WSW-ENE-oriented 50 to 100 m-wide 
elongated chalcopyrite, pyrite ± molybdenite halo, and a poorly defined external pyrite ± 
chalcopyrite zone (Fig. 3). Hydrothermal alteration consists of chlorite, albite, epidote, carbonate 
and sericite (Fig. 6) primarily developed at the expense of primary feldspar and ferro-magnesian 
minerals (biotite and/or amphibole). Primary textures are generally well to partly preserved (Fig. 
7A), except where chlorite alteration is more intense, and where foliation is well developed and 
overprints alteration and mineralization (Fig. 7B). The mineralized zones are also cut by late, syn-
main deformation white quartz veins (Fig. 8A). The chlorite-epidote-albite-calcite alteration is 
locally associated with disseminated hematite (Fig. 8B), especially in the pyrite ± chalcopyrite 
zone (Jébrak et al., 1996). In mineralized samples, quartz, albite, chlorite, sericite and calcite are 
the main minerals (Table 3), although a long list of trace minerals is also present as detailed in 
Table 3. 
 
The sulphides are generally finely disseminated (≤5 vol. %) in the matrix and closely associated 
with chlorite (Figs. 6B, 7A, 8A, and 9A). Bornite, which is only present in the core zone (Fig. 3), 
is irregular and generally very fine-grained, in association with chalcopyrite (Fig. 9B). Trace 
amounts of digenite and covellite are locally associated with the bornite (Table 3). Molybdenite 
more commonly forms thin veins in the core zone (Fig. 10A, B), or is associated with chalcopyrite-
rich bands where it forms coarse-grained flakes (Fig. 11A, B). Gold is present in traces as tiny 
electrum inclusions in pyrite in the Cu-rich zones (Table 3). Anomalous gold grades spatially 
coincide with elevated Cu and Mo grades (Jébrak et al., 1996). 
 
St. Jude breccia 
 
The St. Jude breccia and the Sylvie showing have been described and mapped in detail in Kennedy 
(1981, 1984), Carrier (1992), Pelletier and Couture (1996) and Galley and van Breemen (2002). 
Mineralized zones consist of pyrite-chalcopyrite-bornite-molybdenite-mineralized areas hosted in 
an intrusive breccia body located in the western margin of the Flavrian pluton (Fig. 2). The breccia 
is polyphased and hosted in the early trondhjemite but is associated with a trondhjemitic core that 
strongly resemble the late trondhjemite in the central part of the Flavrian and Powell plutons. 
Pyrite, sphalerite and galena are present outward from the Cu-Mo-Au core of the breccia pipe. The 
central part of the mineralized area (Sylvie showing) is biotite-altered (potassic alteration) and 
transitions in a sericite-dominated (phyllic alteration) assemblage outward. The breccia units are 
cut by a molybdenite-bearing quartz vein that is in turn cut by an aphyric aplitic dyke. 
Mineralization is ≤2700 Ma and ≥2697 Ma based on the ages of the host trondhjemite and 
crosscutting aplite dyke (Galley and van Breemen, 2002; McNicoll et al., 2014).  
 

Re-Os GEOCHRONOLOGY 
 
Sample Selection 
 
Two samples were selected to better constrain the timing of porphyry-style mineralization in the 
Flavrian and Powell plutons. The first sample (JH-98-DR) comes from the former Don Rouyn 
mine and its central, Cu-rich zone (Figs. 2, 3: UTM NAD83, zone 17: 643 460 m E, 5 345 990 m 
N (±20 m)). Sample JH-98-DR, which is from the GSC archives in Ottawa, is cut by a 1–2.5 cm-
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wide sulphide vein containing abundant, relatively coarse-grained molybdenite (Fig. 11), 
chalcopyrite, pyrite and traces of bornite in an albite-sericite-chlorite-calcite-altered tonalite, 
although the dated sample is from a disseminated molybdenite-bearing part of the sample (Fig. 
11A inset). 
 
The second sample (“St Jude”) was taken at surface at the Sylvie Cu-Mo-Au prospect (UTM NAD 
83, zone 17: 631 700 m E, 5 352 151 m N) and represents a molybdenite-coated fracture (Fig. 12) 
cutting across nested breccia intrusive units and syn-volcanic porphyry and granophyric dykes (see 
figure 4 in Galley and van Breemen, 2002). Although relatively fresh overall, the sample was taken 
on surface is a slightly oxidized area. 
 
Re-Os Analytical Methods 
 
Metal-free crushing followed by gravity and magnetic concentration was used to obtain 
molybdenite mineral separates. Methods used for molybdenite analysis are described in detail in 
Selby and Creaser (2004) and Markey et al. (2007). The 187Re and 187Os 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 185Re, 190Os, and 188Os 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 Chinese molybdenite powder HLP-5 (Markey et al., 1998) is routinely analyzed 
as a standard, and during the 2 years preceding the analyses of the sample from Don Rouyn, 
returned an average Re-Os date of 221.56 ± 0.40 Ma (1σ uncertainty, n = 10), identical to that 
reported in Markey et al. (1998) of 221.0 ± 1.0 Ma. The 187Re decay constant (λ187Re) used for age 
calculation is 1.666 ± 0.005 x10-11 a-1 (Smoliar et al., 1996), a value which is cross-calibrated to 
the U-Pb system (238U and 235U) 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 2σ level, and includes all known analytical uncertainty, including a ~0.31% uncertainty in the 
decay constant of 187Re. Age uncertainties are listed both to include the 187Re decay constant 
uncertainty, for when comparison to isotopic dates using other isotope systems is required (such 
as U-Pb), and without the decay constant uncertainty, for use only when comparing Re-Os dates 
to Re-Os dates. 
 
Sample JH-98-DR (Don Rouyn) yielded enough molybdenite mineral separate for a single analysis 
(5 mg) with an age of 2689 ± 7 (±11 Ma if available U-Pb constraints considered), which is 
considered a reliable analysis. Interestingly, the sample is distinguished by extremely high Re 
content (>5000 ppm Re). 
 
The St. Jude sample produced a large mineral separate, but the Re content of molybdenite was 
found to be very low (<1.5 ppm). An initial analysis yielded an age of 2789 ± 12 Ma (±7 Ma if 
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comparing with Re-Os ages only) and a replicate at 2771 ± 12 Ma. This level of reproducibility 
from a molybdenite mineral separate is not ideal, and likely indicates the sample has suffered 
significant “decoupling” of radiogenic 187Os from Re inside the crystal (see Selby and Creaser, 
2004). This effect can lead to inaccurate and irreproducible ages from the same mineral separate, 
if the amounts of sample are analyzed are not enough to overcome the sample heterogeneity. 
Typically, molybdenite sample aliquots weights of >5 mg overcome this effect, but with the St. 
Jude sample, replicates of ~35 mg did not reproduce their age (2789 and 2771 Ma, both ±7 Ma 
when comparing Re-Os ages to Re-Os ages). As such, a third replicate with half the sample weight 
was undertaken and yielded a much younger age of 2648 ± 7/12 Ma, clearly indicating very strong 
age heterogeneity (Re-Os decoupling) for this sample (Table 1). A fourth analysis was made using 
all remaining molybdenite (107 mg), which yielded an age of 2720 ± 7/11 Ma. Given the age 
heterogeneity effect generally decreases with sample aliquot size, the fourth replicate age of 2720 
± 7/11 Ma is likely closest to the true formation age of the molybdenite, but given the large 
heterogeneity for this sample, extreme caution has to be used for geological interpretation of this 
age. Moreover, as discussed below, a 2720 Ma age for the mineralization is geologically not 
realistic given the much younger age of the host rocks. 
 

DISCUSSION 
 
The Re-Os molybdenite age from the Don Rouyn deposit (2689 ± 7/11 Ma) is in agreement, within 
error, with previous interpretations indicating that the Cu(-Mo-Au) mineralization in the 2700 Ma 
Powell intrusion might be syn-magmatic (e.g., Kirkham, 1972; Goldie et al., 1979), which would 
confirm the magmatic-hydrothermal, and porphyry-like nature of the deposit. 
 
However, although plausibly as old as ~2700 Ma, the deposit could also be as young as ~2678 Ma 
as per the 11 Ma Re-Os molybdenite age uncertainty (Table 1). In the southern Abitibi the 2700–
2678 Ma period marks the transition from major volcanism to thick turbiditic sedimentation and 
early regional thin-skin deformation, and a transition from sub-alkaline, tholeiitic and calk-alkaline 
magmatism to more alkaline/shoshonitic magmatism at belt scale (Dubé and Mercier-Langevin, 
2020). Syn-magmatic, or magmatic-hydrothermal Au-Cu-(±Mo) deposits associated with sub-
alkaline to alkaline intrusions are known in the region, including: the Upper Beaver deposit, dated 
at 2680 Ma (Re-Os on molybdenite: Kontak et al., 2013; Mercier-Langevin et al., 2021; Dubé et 
al., in preparation); the Croxall Cu-Mo-Au porphyry-style prospect in the Clifford stock, dated at 
2682.4 ± 7.8 Ma (Re-Os on molybdenite: Piercey et al., 2008); and the Baie Renault Au-Cu-Mo-
Ag ±Pb prospect, dated at ≤2682 Ma (U-Pb age of host syenite: David et al., 2011). In each case, 
the polymetallic mineralized zones are considered to be of magmatic-hydrothermal origin and 
associated with the magmatic rocks that host or are spatially associated with the sulphides. The 
presence of numerous such ca. 2682–2680 Ma Cu-Mo-Au deposits and prospects in the southern 
Blake River Group could suggest that the Don Rouyn deposit is part of that metallogenic event 
and, therefore, perhaps significantly younger (10–20 m.y.) than its host rocks (Powell pluton at 
2700 Ma). However, despite the common occurrence of alkaline rocks in the southern Abitibi and 
southern Blake River Group, no alkaline/shoshonitic rocks are present at the Don Rouyn deposit 
or in its immediate vicinity, which does not preclude the possibility of such intrusive rocks being 
present at depth, but so far, no evidence would suggest so. Also, the concentric sulphide 
assemblages and metal zonation at Don Rouyn is compatible with an early origin for the Cu(-Au-
Mo) mineralization. Moreover, the mineralized zones are cut by a series of mafic dykes that are 
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altered and locally mineralized and, although not dated, considered to be syn-volcanic and feeders 
of the basaltic and andesitic volcanic units in the area (Goldie et al., 1979), which would also 
indicate an early origin for the mineralization. Therefore, the Don Rouyn deposit is most likely 
associated with the emplacement of the Flavrian and Powell plutons at ~2700 Ma as previously 
suggested, but a younger timing of emplacement, comparable to other ~2682–2680 magmatic-
hydrothermal Cu(-Au-Mo) in the southern Blake River Group, cannot be entirely ruled out based 
on the available constraints and the molybdenite Re-Os age presented here.  
 
Interestingly, the Re content in the dated molybdenite (5228 ppm: Table 1) is very high. Compared 
with other molybdenite-bearing porphyry-type deposits of the world, the Don Rouyn molybdenite 
sample plots amongst the richest molybdenites (Fig. 13). Although more analyses would be 
necessary to complete a rigorous comparison, the results obtained in this study indicate that Don 
Rouyn molybdenite compares with that present in the richest Cu-Au porphyry systems, which 
appear to be slightly richer than Cu and Cu-Mo porphyry systems based on Sinclair et al. (2016) 
data (Fig. 13). It would be interesting to confirm those results and study the reasons why Don 
Rouyn is, perhaps, enriched in Re compared to other porphyry systems, and other Archean 
molybdenite-bearing deposits (e.g., Upper Beaver deposit molybdenite with 155–166 ppm Re: 
Mercier-Langevin et al., 2021; Côté Gold deposit molybdenite with 334–342 ppm Re: Katz et al., 
2021; Kirkland Lake molybdenite with 0.5–1 ppm Re: Ispolatov et al., 2008). 
  
The sample from the St. Jude prospect unfortunately did not yield reliable results. Replicate 
analyses indicate strong heterogeneity in the dated molybdenite, and the dates that were obtained 
are geologically impossible as they are much older that the host rocks that are ~2700 Ma. The age 
of the Cu-Mo-Au mineralization at St. Jude has however been constrained at 2700–2697 Ma by 
crosscutting relationships and U-Pb zircon geochronology (Galley and van Breemen, 2002; 
McNicoll et al., 2014). 
 

CONCLUSION 
 
The formation (and/or preservation) of porphyry-type mineralization in the Archean is a topic of 
debate (e.g., Meng et al., 2021), but there is mounting evidence that magmatic-hydrothermal 
deposits of different ages and contexts are present in Archean settings such as the southern Abitibi 
greenstone belt, with numerous examples exhibiting porphyry-style features (e.g., Mercier-
Langevin et al., 2012 and references therein). Although this may seem a philosophical discussion, 
implications for exploration and the understanding of metallogenic processes are very important 
as over half of the Abitibi belt consists of intrusive rocks, and other areas of the Superior Province 
have an even higher proportion of intrusive rocks. 
 
The timing and style of mineralization are key to recognizing the possible affiliation with 
porphyry-style or magmatic-hydrothermal type deposits. This report presents Re-Os 
geochronological results from N-TIMS dating of molybdenite from the Don Rouyn deposit and 
St. Jude breccia prospect in the Rouyn-Noranda mining district, southern Abitibi greenstone belt, 
Superior Province, Québec, which were both interpreted as porphyry-style mineralization 
associated with the ~2700–2697 Ma Flavrian and Powell subvolcanic plutons. The St. Jude 
prospect sample did not yield a geologically realistic age. However, the Don Rouyn deposit sample 
yielded a reliable age of 2689 ± 7/11 Ma. Interestingly, the Don Rouyn molybdenite is 
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distinguished by extremely high Re content (>5200 ppm Re) that compares with that of the richest 
porphyry deposits. 
 
Based on the Re-Os age obtained in this study, the Don Rouyn deposit is most likely associated 
with the emplacement of the Flavrian and Powell plutons at ~2700 Ma, as suggested in previous 
studies. However, a younger timing of emplacement, comparable to other ~2682–2680 sub-
alkaline to alkaline intrusion-associated magmatic-hydrothermal Au-Cu-(±Mo) deposits in the 
southern part of Blake River Group such as Upper Beaver, Croxall (Clifford) and Baie Renault, 
although less likely, cannot be entirely ruled out based on the available constraints and the 
molybdenite Re-Os age presented here. Further work would be necessary to fully understand the 
nature of the Don Rouyn deposit, and to confirm and explain the very high-Re content of the 
analyzed molybdenite. 
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