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ABSTRACT 
 

The Superior Province hosts several major types and styles of gold deposits. The controls on the 
formation of these various types of gold deposits are generally relatively well understood, although 
the exact timing of gold introduction remains unclear in many cases. Field relationships combined 
with precise geochronology remain the best elements in constraining the age of formation of a 
deposit, which allows to associate ore-forming activity with specific geological events, helping 
refine exploration and genetic models. This report presents U-Pb geochronological results from 
dating of igneous zircon from selected intrusive rocks of the Abitibi greenstone belt and La Grande 
subprovince that are associated with gold deposits. 
 
Intrusive rocks from the Bachelor (O’Brien intrusion: 2692.1 ± 2.0 Ma), Timmins West complex 
(HWY-144 - 144 GAP host syenite intrusion: 2679.7 ± 1.6 Ma), Black Fox (pre-ore "albitite" dyke: 
2702.3 ± 0.89 Ma), and Macassa (host syenite porphyry: 2676.6 ± 1.1 Ma) mines, and from the 
Upper Beaver (post-ore diorite “spotted porphyry” dyke: 2678.7 ± 0.7 Ma) and Cheechoo (host 
intrusion: 2612.3 ± 0.8 Ma) deposits were dated. Samples from the Francoeur, Thunder Creek 
deposit (Timmins West complex) and Macassa mines were analyzed as well but did not yield ages. 
The ages on intrusive rocks spatially associated with gold deposits presented in this report help 
clarify the relationship between major gold ore-forming events and specific magmatic and 
tectonometamorphic events related to the evolution of the Abitibi greenstone belt and La Grande 
subprovince.   
  



 

2 
 

INTRODUCTION 
 
This report presents U-Pb geochronological results from isotope dilution-thermal ionization mass 
spectrometry (ID-TIMS) dating of zircon from selected intrusive rocks of the Abitibi greenstone 
belt and La Grande subprovince. The dated intrusive rocks host and/or are associated with gold 
deposits and provide constraints, both maximum and minimum, on the timing of mineralization in 
selected areas. The work presented here was initiated by the Geological Survey of Canada through 
Targeted Geoscience Initiative (TGI) Abitibi (TGI-3), Lode Gold (TGI-4: Dubé and Mercier-
Langevin, 2015), and Gold (TGI-5: Mercier-Langevin et al., 2020) projects and as part of its 
review of gold metallogeny in the Abitibi greenstone belt (see Dubé and Mercier-Langevin, 2020). 
This work was done in collaboration with the Jack Satterly Geochronology Laboratory (University 
of Toronto), the provincial surveys (Ministère des Ressources naturelles et des Forêts and Ontario 
Geological Survey), and the industry. The objective of this study was to improve the current 
knowledge of such intrusion-associated deposits by adding critical age constraints on a variety of 
styles of gold mineralization and deposits in major Archean gold districts. Geochronology results 
and their implications are briefly reported and discussed here. Although previously reported in the 
literature, most of the U-Pb ages presented here were never formally published with precise 
information regarding the samples, locations and compositions, and complete analytical data (e.g. 
data tables, concordia diagrams. 
 

SAMPLE SELECTION AND DESCRIPTIONS 
 
Eight samples were selected to better constrain the timing of gold mineralization in the Abitibi 
greenstone belt as different types of deposits and different styles of mineralized zones occur at belt 
scale, in varied settings, with a significant spread in time, as documented in detail in Dubé and 
Mercier-Langevin (2020). The samples come from the Chibougamau district (Bachelor mine), 
Timmins-Porcupine district (Timmins West complex), Matheson camp (Black Fox), Rouyn-
Noranda district (Francoeur mine area), Kirkland Lake district (Macassa mine), and Larder Lake 
camp (Upper Beaver deposit) as shown in Figure 1. A nine sample was collected at the Cheechoo 
gold property in the Eeyou Istchee James Bay region, 15 km southeast of the Éléonore gold mine, 
near the contact between the La Grande and Opinaca subprovinces (Fig. 2). Following are detailed 
descriptions of each sample along with lithogeochemical characteristics (see Table 1 for whole-
rock major and trace element data). 
 
Sample BFBD-2016-001 is from an aphanitic, pre-ore dyke emplaced within highly-strained 
ultramafic rocks at the Black Fox mine, Matheson area (Fig. 1). Gold mineralization at the Black 
Fox Mine is hosted by orogenic quartz-carbonate fault-fill and extensional veins in sheared 
ultramafic and mafic volcanic rocks (Brisson, 2014; Kelly, 2021). The dated sample was taken at 
the 680 level (Deep Central zone: 10335E and 9775N in local mine grid: Fig. 3) by D. Rhys 
(Panterra Geoservices) and Primero Mining geologists. It consists of an altered (bleached) unit that 
contains a developed hydrothermal alteration-related assemblage including albite, sericite, Fe and 
Mg carbonate, pyrite, and quartz (Fig. 4A, B). Pyrite (5-10%) occurs as fine disseminations (<1 
mm) throughout as replacement-style mineralization within areas of Fe-Mg carbonate alteration. 
Traces of dark green chlorite ±amphibole aggregates and veinlets are locally present in the sample 
(Fig. 4A, B). The dyke is weakly to moderately strained and cut by mineralized quartz-carbonate 
veins (6.32 g/t Au: Table 1) oriented at a high-angle or subparallel to the main foliation (S3) (Fig. 
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4A). It is andesitic to dacitic in composition (Fig. 5A) and plots at the transition between the quartz-
monzonite, monzonite and syenite fields in figure 5B, although the dated sample is strongly 
altered. Its trace element signature is that of other evolved intrusive rocks with a negative Nb, Ta 
and Ti anomalies, and enrichment in high-field strength elements (HFSE), with a light rare earth 
(LREE) enriched [(La/Lu)N ≈ 10) but flat heavy rare-earth profile (Fig. 6A, B). This dyke is 
possibly equivalent to “albitite” dykes described elsewhere in the Abitibi belt along the Destor-
Porcupine and Larder Lake-Cadillac fault zones (Fig. 1; Dubé and Mercier-Langevin, 2020), 
which likely represent a series of different dyke compositions and ages that have been 
preferentially affected by albitic alteration in altered areas. Kelly (2021) presents detailed 
information about the various types of pre-ore dykes at the Black Fox Mine.  
 
Sample PLBD-2018-019 is from the O’Brien intrusion that is strongly porphyritic with large (up 
to 3-4 cm) feldspar phenocrysts (Fig. 4C, D). The O’Brien intrusion hosts a minor part of the gold-
bearing zones at the Bachelor mine located near the village of Desmaraisville in northeastern 
Abitibi greenstone belt (Buro, 1984; Fig. 1). The mineralization is mainly hosted in three planar 
replacement zones within the massive, brecciated and pillowed basaltic to andesitic flows and 
intermediate to felsic volcaniclastic rocks of the Obatogamau Formation, which are cut by the 
O'Brien stock (Buro, 1984; Lauzière, 1989; Fayol and Jébrak, 2017; Dubé and Mercier-Langevin, 
2020). The intrusion is pinkish to reddish in colour and locally cut by mineralized veins (Fig. 4C). 
The dated sample was taken underground at the Bachelor mine, in stope 14-03, along the “track-
drift”, near the intersection of the A and Main ore zones (Level 14, 14710E, 9610N in local mine 
grid: Fig. 7). Although the intrusion is locally cut by structurally controlled mineralized quartz 
veins and appears hematized (Fig. 4C, D), the dated sample is weakly altered with minor sericite 
and carbonate in a fine-grained matrix (Fig. 4D, E) and contains 100 ppb Au (Table 1). It has a 
felsic composition (Fig. 5A) and plots as a granite in Middlemost (1994) total alkali silica (TAS) 
diagram, with an alkaline affinity comparable to that of early- to syn-Timiskaming 
alkaline/shoshonitic to sub-alkaline intrusive rocks (Dubé and Mercier-Langevin, 2020; Fig. 5B). 
The normalized multi-element spider diagram (Pearce 2008) shows enrichment in less mobile high 
field strength elements (HFSE), and strong Nb, Ta, and Ti negative anomalies (Fig. 6B) in 
agreement with the analyses presented in Fayol and Jébrak (2017) and Dubé and Mercier-Langevin 
(2020) for the O’Brien intrusion. Detailed information about the Bachelor deposit and its geology 
are given in Buro (1984), Lauzière (1989), Fayol and Jébrak (2017), and Dubé and Mercier-
Langevin (2020). 
 
Sample PLDB-2018-039 is from a shear zone-hosted, foliated pre-mineralization “albitite” dyke 
exposed to surface in trench No. 8 along the Francoeur mine site access road (UTM NAD83 Zone 
15, 628 260 m E, 5 340 675 m N: Fig. 4F). The Francoeur deposit, a few kilometers west of the 
city of Rouyn-Noranda (Fig. 1), is described in detail in Couture and Pilote (1993). The sampled 
dyke is fine-grained with a strongly sericite, albite, and iron carbonate-altered groundmass and 
contains abundant fine-grained disseminated pyrite (Fig. 8A, B). The sample has almost 10% CO2 
and 5% total S, indicating it is strongly carbonatized and sulfidized (mainly pyrite) (Table 1). It is 
andesitic in composition and plots as a monzodiorite (Fig. 5A, B), although the sample is intensely 
altered. It has a relatively flat REE pattern and strong Nb, Ta, and Ti anomalies (Fig. 6A, B). The 
dyke is deformed and located in the “Main Shear” mineralized zone that is hosted in strongly 
foliated and iron carbonate-altered intermediate volcanic rocks (Fig. 4F). A grab sample of the 
dyke gave a value of 6.08 g/t Au (Table 1). 
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Sample PLDB-2018-052 is from a gold-bearing syenite porphyry intrusion with feldspar 
microphenocrysts at the Thunder Creek deposit, porphyry zone, Timmins West complex (Fig. 1). 
The geology of the Timmins West complex is detailed in Campbell (2014) and Kallio and Vaz 
(2016). The sample was taken on level 785, along access drift No. 4. The intrusion is hematite- 
(orangy to reddish) and sericite altered and cut by abundant shallowly dipping quartz ±pyrite gold-
bearing veins (Fig. 8C). Petrography (Fig. 8D) and whole rock lithogeochemistry (Table 1) 
indicate that the intrusion is moderately altered despite the coloration and abundant veining (Fig. 
8C). The dated sample is felsic (rhyodacitic in composition: Fig. 5A) and plots as a granite, at the 
transition between the alkaline and sub-alkaline fields in Middlemost (1994) TAS diagram (Fig. 
5B). More information about the Thunder Creek deposit is given in Campbell (2014), Kallio and 
Vaz (2016), van Kessel (2018), and Dubé and Mercier-Langevin (2020). 
 
Sample PLDB-2018-056 is from a syenite porphyry at the HWY-144 (144 GAP) deposit of the 
Timmins West complex (Fig. 1). The sampled syenite porphyry contains very abundant and large, 
zoned K-feldspar phenocrysts (Fig. 8E, F) and hosts the ore zone at the HWY-144 (144 GAP) 
deposit. It was sampled at the 890 level, W-POR#15 stope. Although barren and weakly altered 
on visual inspection (Figs. 8E, 9A), whole-rock lithogeochemistry suggests that carbonate-
alteration is significant in the sample (Table 1). It is intermediate to felsic in composition (Fig. 5A) 
and plots as a syenite in Middlemost (1994) TAS diagram (Fig. 5B), which agrees with the 
composition of least-altered samples analyzed in Dubé and Mercier-Langevin (2020). The 
normalized multi-element spider diagram, which uses elements that are considered less mobile, 
shows high light rare-earth elements relative to heavy rare-earths, strong Nb, Ta, and Ti negative 
anomalies, and the absence of an Eu anomaly, which are characteristic of syn-Timiskaming 
alkaline/shoshonitic to sub-alkaline intrusions (Fig. 6A, B). 
 
Sample BDPL-KL-2018-202 is from the syenite porphyry at the Macassa mine, immediately 
adjacent 04 Break in the Kirkland Lake camp (Fig. 1). This sample, from the 3338’ elevation on 

the 3423 incline, consists of moderately- to strongly-altered syenite porphyry, purple to reddish in 
colour (Fig. 9B). The sample was collected by S. Farrell (Kirkland Lake Gold) and D. Rhys 
(Paterra Geoservices). The syenite porphyry hosts ore at the Macassa mine and is the main host of 
the giant Kirkland Lake deposit (see Ispolatov et al., 2008 and references therein, for details about 
the geology of the Macassa deposit). Although barren, the sample is cut by traces of quartz veinlets 
and fracture-controlled iron carbonate alteration (Fig. 9B) as shown by its chemical composition 
(60.9 wt.% CO2: Table 1). The selected sample plots as a quartz-monzonite in Middlemost (1994) 
TAS diagram (Fig. 5B), with a subalkaline to slightly alkaline affinity, similar to least-altered 
analyses from the syenite porphyry reported in Ispolatov et al. (2008) and Dubé and Mercier-
Langevin (2020). According to Hicks (1990), the syenite porphyry has a composition that varies 
from quartz monzonite/quartz monzodiorite to granodiorite. The normalized multi-element spider 
diagram shows strong enrichment in HFSE elements, and strong Nb, Ta, and Ti negative 
anomalies. Such signature characterized syn-Timiskaming alkaline/shoshonitic to sub-alkaline 
intrusions (Fig. 6B). 
 
Sample BDPL-KL-2018-201 was collected from the 3000’ elevation on the 3422 incline, 

approximately 195 feet south of the 04 Break at the Macassa mine. The sample was collected by 
S. Farrell (Kirkland Lake Gold) and D. Rhys (Paterra Geoservices). It consists of massive to locally 
weakly foliated, dark grey, least-altered, feldspar-phyric syenite porphyry (Fig. 9C), and is host to 
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ore. The unit is characterized by 4–6% euhedral and feldspar phenocrysts (1–4 mm), with minor 
mafic clasts 1–2 cm in size (Fig. 9C). The sample is barren and is chemically less altered than 
sample BDPL-KL-2018-202 (Table 1). The dated sample plots as a quartz-monzonite in 
Middlemost (1994) diagram (Fig. 5B), with a subalkaline to slightly alkaline affinity, similar to 
least-altered analyses from the syenite porphyry in Ispolatov et al. (2008) and Dubé and Mercier-
Langevin (2020). As for sample BDPL-KL-2018-202, the normalized multi-element spider 
diagram shows patterns similar to the syn-Timiskaming alkaline/shoshonitic to sub-alkaline 
intrusions (Fig. 6B). 
 
Sample UB-07-157 was collected from drill core UB-07-98 (570 m depth: Fig. 10) from a thick 
intersection of feldspar “syenite”, locally referred to as the "spotted porphyry", that crosscuts all 
mineralized zones at the Upper Beaver Cu-Au deposit (Fig. 1) and is recognized as the latest pulse 
of the Upper Beaver intrusive magmatism in the area. Although often called a porphyry and/or 
syenite, this intrusive unit is a plagioclase- and amphibole-phyric diorite. The selected sample 
straddles the transition between the monzonite, quartz-monzonite, and diorite fields in Middlemost 
(1994) diagram (Fig. 5B). The "spotted porphyry" is an intrusive phase (Table 1) consisting of a 
large WNW-ESE-oriented dyke that cuts earlier intrusive phases such as the “mafic” and 

“crowded” porphyries (Fig. 10; Kontak et al., 2008; Feick, 2016). The sample is a fine-grained, 
red-brown intermediate rock with 5 to 7 vol %, equant, subhedral to euhedral feldspar grains (<5-
6 mm) and <1 vol % amphibole (<2-3 mm). It is strongly iron carbonate-altered as illustrated by 
the iron-carbonate in the matrix and as veinlets (Fig. 9D), and by its high CO2 content (7.37%) 
(Table 1). The normalized multi-element spider diagram shows characteristics similar to the syn-
Timiskaming alkaline/shoshonitic to sub-alkaline intrusions (Fig. 6B). A recent update to the 
petrology of the upper Beaver intrusive complex is provided by Cloutier et al. (2023) who define 
the names of the various phases of the Upper Beaver intrusion based on their mineralogy and 
complementary lithogeohemistry. 
 
Sample CH-919-14-DAT-01 was collected on the main mechanically stripped outcrop of the 
Cheechoo gold property, at the former helipad site, just above drill hole 1 (UTM NAD83 Zone 18, 
438 657 m E, 5 830 276 m N: Figs. 2, 11). The intrusion, locally cut by sheeted veinlets and/or a 
stockwork of quartz (±feldspar) veins, is deformed, recrystallized, and foliated, as shown by 
elongated biotite and chlorite. The Cheechoo intrusion is the main host to the auriferous zones. 
The associated hydrothermal alteration mainly consists of decametric to metric Na-rich zones 
(early Au), centimetric K-Mg-rich replacement zones/bands (syn-Au) along V2 vein selvages, a 
more restricted calc-silicate assemblage (actinolite, diopside, and grossular) and traces of 
disseminated fine-grained arsenopyrite and pyrrhotite (Fontaine et al., 2018). A detailed 
description of the Cheechoo intrusion and its various facies is given in Fontaine et al. (2015, 2017, 
2018). The sample is representative of the Cheechoo granodioritic-trondhjemitic dominant 
composition and consists of local feldspar phenocrysts in a homogeneous, very pale grey matrix 
of quartz, albite, microcline, biotite, and rare traces of diopside and actinolite (Fig. 9E, F). The 
selected sample is devoid of sulfides (<0.01 wt.% S) and paragneiss enclaves. It is siliceous, 
relatively fresh, and barren to very weakly anomalous with 25 ppb Au (Table 1). The selected 
sample plots in the rhyodacite field of Winchester and Floyd (1977) diagram (Fig. 5A) and in the 
granite field, close to the granodiorite field, in Middlemost (1994) TAS diagram (Fig. 5B). Its rare-
earth elements pattern is flat, although alteration may have influenced the signature of this sample 
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(e.g., Ta: Fig. 6A, B). Representative, least-altered whole-rock geochemical composition of the 
Cheechoo intrusion is given in Fontaine et al. (2018). 
 

ANALYTICAL WORK AND RESULTS 
 
ID-TIMS U-Pb Zircon Geochronology Analytical Methods 
 
Geochronology work presented here was done at the Jack Satterly Geochronology Laboratory 
(JSGL) at the University of Toronto for samples BFBD-2016-001, PLBD-2018-019, PLBD-2019-
039, PLBD-2018-052, PLBD-2018-056, BDPL-KL-2018-202, and BDPL-KL-2018-201, whereas 
geochronology work for samples UB-07-157 and CH-919-14-DAT-01 was done at the 
Geochronology Laboratory at the Geological Survey of Canada. 
 
Analytical Methods – Jack Satterly Geochronology Laboratory, University of Toronto 
 
Rocks were initially crushed using a conventional jaw crusher, followed by grinding to a coarse 
powder using a hardened steel disk mill. Initial separation of heavy minerals was carried out by 
passing the heavy concentrate over a shaking, riffled water (Wilfley) table multiple times. Further 
processing employed density separations with methylene iodide and paramagnetic separations 
with a Frantz isodynamic separator. Final sample selection was achieved by hand picking in 
alcohol under a binocular microscope, choosing the freshest, least cracked, core-and inclusion-free 
grains of zircon. Analytical methods involved ID-TIMS following chemical abrasion (CA, 
modified after Mattinson, 2005). Zircon grains were annealed in quartz crucibles at 900°C for 2 
days. This removes much, although not all, of the radiation damage induced by decay of U and Th 
contained in the mineral, rendering least altered zircon more inert to chemical attack. The annealed 
grains were subsequently leached in approximately 0.10 ml of concentrated hydrofluoric (HF) acid 
for up to several hours in Teflon vessels at 195°C. Altered parts of the crystals, which contain 
isotopically disturbed Pb, dissolve more rapidly than annealed, unaltered crystal domains for low 
to moderate levels of radiation damage. Attack is variable, depending on the uranium concentration 
of the grains and the consequent degree of radiation damage. Chemical abrasion has the advantage 
of penetrative removal of alteration domains where Pb-loss has occurred, and generally improves 
concordance. Weights of mineral fractions chosen for ID-TIMS analysis were estimated from 
scaled digital photomicrographs, using the density of zircon. Estimated weights should be accurate 
to about ±20%. This affects only U and Pb concentrations, not age information, which depends 
only on isotope ratio measurements (Table 2). Samples were washed briefly in 7N HNO3 prior to 
dissolution. A mixed 205Pb-235U isotopic spike was added to the dissolution capsules during sample 
loading. Zircon grains were dissolved using concentrated HF in Teflon bombs at 195°C for 3-4 
days, then dried and re-dissolved in 3N HCl overnight to promote total dissolution and full 
equilibration with the spike (Krogh, 1973). U and Pb were isolated using 50 microliter anion 
exchange columns using HCl elutions, dried down, and then loaded onto outgassed rhenium 
filaments with silica gel (Gerstenberger and Haase, 1997). Pb and UO2 were analyzed on a VG354 
mass spectrometer using a Daly collector in pulse counting mode. The mass discrimination 
correction for this detector was constant at 0.07%/AMU. Thermal mass discrimination corrections 
are 0.10%/AMU for Pb and U. Dead time of the Daly system was 18 ns for Pb during the analytical 
period, monitored using the SRM982 Pb standard. Mass spectrometer data was reduced using in-
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house software (UtilAge program) coded by D. Davis at the University of Toronto. Corrections 
for initial 230Th disequilibrium in zircon have been applied to the 206Pb/238U ages, assuming a Th/U 
ratio in the magma of 4.2. All common Pb was assigned to procedural blank. Initial Pb from 
geological sources above 1 picogram was corrected using the Pb evolution model of Stacey and 
Kramers (1975). Plotting of concordia curves and averaging of age results were carried out using 
the Isoplot 3.71 Add-In for MS Excel, of Ludwig (2009). The curve for Concordia is shown in 
some plots as a ‘band’, incorporating uncertainties in the 235U and 238U decay constants. Ages 
calculated are generally based on weighted averages of 207Pb/206Pb ages(ratios) or regressions 
using a modified version of the York (1969) algorithm, in which points are weighted proportional 
to the inverse of the square of the assigned errors, incorporating error correlations (see Ludwig, 
2009); in cases involving secondary Pb loss chords, lower and upper Concordia intercept ages are 
provided, but do not incorporate uncertainties in the U decay constants. Probabilities of fit would 
be expected to be 50% on average for random data with correctly chosen analytical errors. All age 
errors and error ellipses are given at the 2 sigma or 95% level of confidence. Total common Pb 
levels in the analyzed zircon grains are frequently below 0.4 pg, but for some fractions reaches up 
to almost 6 pg, almost certainly due the presence of unavoidable mineral, melt, and/or fluid 
inclusions (see descriptions below), possibly related to the local effects of mineralizing fluids 
associated with these deposits. Typical procedural blanks in the JSGL lab are at the 0.2-0.4 pg 
level for Pb. 
 
Analytical Methods – Geological Survey of Canada 
 
Heavy minerals were concentrated using standard crushing, grinding, and separation on a 
WilfleyTM table and by heavy liquid techniques. Mineral separates were sorted by magnetic 
susceptibility using a FrantzTM isodynamic separator and hand-picked using a binocular 
microscope. All ID ̶ TIMS analyses are of single zircon grains that were either air abraded (Krogh, 
1982) or chemically abraded following the techniques of Mattinson (2005). The latter were 
annealed for 48 h at 1000°C prior to leaching with HF at 180°C for varying lengths of time. Details 
of zircon morphology, quality, and physical or chemical abrasion times are summarized in Table 
3. ID-TIMS analytical methods, including addition of an in-house 205Pb-233U-235U spike, 
dissolution, column chemistry, and analysis on a Triton thermal ionization mass spectrometer, are 
modified after Parrish et al. (1987). Treatment of analytical errors follows Roddick (1987). Mass 
fractionation of Pb was corrected using repeat analyses of NBS981 standard and amounted to 0.11 
± 0.0004 (1 S.D.)/a.m.u. Procedural blank levels were generally on the order of 0.9 to 2.8 pg for 
Pb. The isotopic ratios were corrected for the presence of initial common Pb above the laboratory 
blank using the Pb composition predicted by the model of Cumming and Richards (1975) for the 
date of the zircon fraction. Age calculations were done using a present-day 238U/235U ratio of 
137.88 as recommended by Steiger and Jäger (1977) and decay constants of 1.55125x10-10 yr-1 
and 9.8485x10-10 yr-1 for 238U and 235U, respectively, from Jaffey et al. (1971). The program 
ISOPLOT v. 4.15 (Ludwig, 2012) was used to generate concordia plots and derive ages. Corrected 
ratios are reported with 1σ analytical errors (68% confidence) in the data table and all age 

uncertainties and error ellipses are at the 95% confidence level in the concordia diagrams and in 
the text. 
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U-Pb Analytical Results 
 
ID-TIMS results from the Jack Satterly Geochronology Laboratory and the Geochronology 
Laboratory at the Geological Survey of Canada are given in Tables 2 and 3, respectively. 
Transmitted light photomicrographs of representative best quality zircon grains, chosen for pre-
treatment and for analysis, are shown in Figures 12–18. Most individual zircon grain fractions 
comprise chemically abraded single grains, but in one instance consisted of two tiny, narrow, 
elongate prismatic grains. U-Pb isotopic data for all zircon fractions from each individual sample 
are presented on conventional Concordia diagrams in Figures 12–18. 
 
Sample BFBD-2016-001 (Black Fox): This sample yielded a relatively small number of zircons, 
but most grains present are of very good quality, dominantly colourless to very pale yellow, 
gemmy (well faceted and clear), short prismatic, or spindle forms. Best quality grains were <100 
microns in maximum dimension. The resulting U-Pb data are highly consistent/reproducible and 
concordant (Fig. 12). Five single grain fractions cluster tightly on Concordia. Model 207Pb/206Pb 
dates range narrowly between 2702.1 to 2702.6 Ma (Table 2). Figure 12 shows a “Concordia Age” 

calculation (after Ludwig) - yielding 2702.3 ± 0.89 Ma (n = 5; excludes decay constant errors). 
The age quoted is identical to a weighted average 207Pb/206Pb age, or a regression of the data 
through the origin. Uranium concentrations were uniformly low (<75 ppm) and Th/U ratios 
consistent, between about 0.56–0.85. Although older than expected, 2702.3 ± 0.89 Ma is 
considered the crystallization age of the dyke, which is coeval with the Blake River Group (2704-
2695 Ma: McNicoll et al., 2014) rocks hosting gold mineralization at the Black Fox mine. 
 
Sample PLBD-2018-019 (Bachelor): A modest amount of zircon was recovered from this sample 
of the O’Brien intrusion, consisting principally of short (2:1) to elongate (up to 4 or 5:1) prismatic, 
square or slightly flat grains, pale brown to medium reddish-brown in colour, commonly with 
mineral and/or melt inclusions. Maximum grain size reaches ~200 microns. Several best-quality 
zircon grains were selected for analysis following annealing and etching pre-treatment. The 
resulting U-Pb data for six single grains are provided in Table 2 and shown graphically in Figure 
13. Five of the fractions yield results that are highly colinear, ranging from 0.1-0.8% discordant, 
and give an upper intercept age of 2692.1 ± 2.0 Ma with excellent fit (97%) and is interpreted to 
represent the crystallization age of the O’Brien intrusion. A sixth fraction (Z4) is essentially 
concordant but has a slightly younger 207Pb/206Pb age of 2688.5 ± 1.4 Ma; the significance of this 
analysis is unclear – it could reflect minor ancient Pb-loss or reflect an analytical artefact, although 
the analysis, with only 0.29 pg total common Pb, is insensitive to uncertainties in a common Pb 
correction. The lower intercept of the regression, at 927 ± 460 Ma, defines a broadly Grenvillian 
isotopic disturbance. 
 
Sample PLDB-2018-039 (Francoeur): This sample yielded no U-Pb datable accessory phases. 
 
Sample PLDB-2018-052 (Thunder Creek – Timmins West complex): This sample yielded no U-Pb 
datable accessory phases. 
 
Sample PLDB-2018-056 (HWY-144 – GAP deposit Timmins West complex): This sample yielded 
only a very sparse recovery of fine-grained zircon, having somewhat diverse morphologies (Fig. 
14). Rounded forms occur, suggesting the presence of xenocrysts or inherited zircon from country 
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rocks. Most zircon grains are clouded, indicating significant post-emplacement alteration of 
radiation-damaged domains. Out of the best 18 grains picked from this syenite, only a few showed 
morphological characteristics suggestive of magmatic crystallization (e.g., “sharp” straight-edged 
short prismatic forms with local pyramidal terminations), but even these appear badly altered. 
Following annealing and short-duration etching in concentrated hydrofluoric acid (~2.5 h), most 
crystals had completely disintegrated. A few extremely small blocky, square fragments remained, 
and several were selected for complete digestion and U-Pb analysis. The isotopic result for one of 
these grains (Z1) was strongly discordant, furnished no useful information and is not reported here. 
However, Table 2 shows results for four subsequent fractions, which although characterized by a 
weak Pb signal intensity, yielded data that help constrain the age of the syenite porphyry. Fractions 
Z2, Z4, and Z5 have concordant or near-concordant 207Pb/206Pb ages between 2677.3 Ma and 
2679.8 Ma; a weighted average 207Pb/206Pb age for these three analyses is 2679.7 ± 1.6 Ma (MSWD 
= 0.14, probability of fit = 87%; Fig. 14) and is interpreted as the crystallization age of the syenite 
hosting the HWY-144 (144 GAP) gold deposit. The relative imprecision of fraction Z5 resulted 
from a very weak signal due to low U and radiogenic daughter Pb. A fourth fraction, Z3, overlaps 
concordia but has a slightly older 207Pb/206Pb age (2686.4 Ma) and likely reflects minor inheritance. 
 
Sample BDPL-KL-2018-202 (Macassa mine – Kirkland Lake deposit): A modest amount of zircon 
was recovered from this syenite porphyry sample. However, there is also a moderate degree of 
heterogeneity to the morphologies and sizes within the zircon population, suggesting that many 
grains may be in part xenocrystic (Fig. 15). A total of seven fractions, mostly single grains, have 
been chemically-abraded and analyzed from this sample, with results reported in Table 2. The 
concordia diagram in figure 15 illustrates how an older set of analyses (Z1, Z2) cluster 
concordantly at ca. 2699 Ma, though they are imprecise due to a combination of low U, resultingly 
low radiogenic Pb, and a high proportion of common Pb (exceeding the laboratory blank). 
Conceivably, alteration of these zircon grains has not been completely removed during the 
chemical abrasion pretreatment. Slightly younger analyses are represented by concordant fractions 
Z5 and Z7, having 207Pb/206Pb ages of 2692.3 ± 2.6 Ma and 2692.1 ± 4.0 Ma. The youngest 
identified zircon fractions in this "syenite" – Z3, a clear colourless tip; Z4, two elongate tiny 
prisms; and Z6, a clear, broken prism segment – yield consistent 207Pb/206Pb ages of 2686.6 ± 2.0 
Ma, 2686.1 ± 20.9 Ma, and 2686.6 ± 2.1 Ma, respectively (Fig. 15). Reversely discordant analysis 
Z4, with a weak radiogenic Pb* signal, was affected by poor counts and a high proportion of 
common Pb. A weighted average age for the three youngest fractions is controlled by the most 
precise result for fraction Z3 and could suggest a maximum emplacement age of 2686.6 ± 1.4 Ma. 
Moreover, the morphological diversity of zircons, and the demonstrable presence of xenocryst 
populations in this sample warrant caution that the syenite porphyry described here is dominated 
by inheritance. Such an interpretation is supported by the fact that the 2686.6 ± 1.4 Ma age is older 
than the maximum age of the host Timiskaming sedimentary rocks intruded by the syenite 
porphyry in the Kirkland Lake area (2680 ± 3 Ma, Corfu et al., 1991). A more robust estimate for 
the age of the syenitic ore zone host at the Macassa 04 Break is likely furnished by the results for 
BDPL-KL-2018-201 (see below).  
 
Sample BDPL-KL-2018-201 (Macassa mine – Kirkland Lake deposit): This least altered sample 
of the syenite porphyry yielded a modest recovery of zircon, characterized by somewhat diverse 
morphologies including larger, medium-brown (typically short) prisms, and at least one other 
subpopulation of smaller, more pale or colourless, straight-walled elongate prisms, in places 
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broken (Fig. 16). Analytical work was focused on the finer-grained population in the expectation 
of avoiding inherited components, though xenocrystic zircon was still found to be present: of seven 
total single grain fractions (all of which are ≤ 0.6% discordant), four initial analyses (Z1–Z4) 
proved to contain older Pb, with 207Pb/206Pb ages ranging from 2694.7 ± 2.6 Ma down to 2678.8 ± 
1.8 Ma (Table 2). The remaining three fractions, all small, cloudy-etched broken elongate prisms 
(Z5–Z7) yielded consistent, reproducible, and concordant 207Pb/206Pb ages of 2677.0 ± 1.8 Ma, 
2676.5 ± 1.6 Ma, and 2676.1 ± 2.9 Ma (Table 2, Fig. 16). A calculated weighted average 
207Pb/206Pb age for these three analyses is 2676.6 ± 1.1 Ma (MSWD = 0.18; probability of fit = 
84%). This new age is considered to be a robust estimate of the timing of emplacement and 
crystallization of the syenite porphyry hosting ore at the Macassa mine and the bulk of the gold in 
the giant Kirkland Lake deposit (Ispolatov et al., 2008; Dubé and Mercier-Langevin, 2020 and 
references therein). 
 
Sample UB-07-157 (Upper Beaver): This sample contained clear to mildly turbid, pale brown, 
euhedral, stubby prismatic to prismatic zircon crystals with well-defined growth zoning (Fig. 17). 
Thirteen single zircon grains analyzed yield a spread of concordant to discordant (up to 5.9 %) 
207Pb/206Pb dates between 2686 and 2674 Ma (Table 3; Fig. 17). Ten of the thirteen analyses lie on 
a regression line with an upper intercept at 2678.7 ± 0.7 Ma and a lower intercept at 175 ± 70 Ma 
(MSWD = 0.53; probability of fit = 0.83). Zircon grains A2, Z1B, and Z2A may have experienced 
a different Pb-loss pattern than the other analyses and (or), in the case of fractions A2 and Z2A, 
may contain a minor inherited component. The upper intercept age of 2678.7 ± 0.7 Ma is 
interpreted as the time of igneous crystallization of the post-ore "spotted porphyry" at Upper 
Beaver. 
 
Sample CH-919-14-DAT-01 (Cheechoo): This sample of the Cheechoo intrusion yielded mostly 
clear to rarely turbid, colourless or brown, stubby prismatic to prismatic zircon crystals as well as 
subequant or anhedral grains (Fig. 18). Four out of six single-grain fractions yield a cluster of sub-
concordant analyses (≤0.5% discordant) (Table 3; Fig. 18). Three of these analyses (A16-1, A16-
3, and A16-4), consisting of brown subequant to prismatic crystals, give consistent 207Pb/206Pb 
dates of 2612.1 ± 1.5 Ma, 2612.4 ± 1.4 Ma, and 2612.3 ± 1.6 Ma, respectively. A weighted average 
207Pb/206Pb age for these three analyses is 2612.3 ± 0.8 Ma (MSWD = 0.04; probability of fit = 
0.96), interpreted to represent the crystallization age of the Cheechoo intrusion (Fig. 18). The 
fourth analysis in this cluster (B16-1), a brown anhedral fragment, yields a slightly younger 
207Pb/206Pb date of 2610.0 ± 1.4 Ma. Inclusion of this analysis in a weighted mean age calculation 
gives a relatively high MSWD of 2.6, suggesting the presence of non-analytical scatter possibly 
owing to minor ancient Pb loss compared to the other three analyses. A colourless prism with 
rounded edges (A16-2) gives a distinctly older 207Pb/206Pb date of 2706.8 ± 1.8 Ma indicating 
inheritance. Zircon fraction A6-1, a turbid, brown stubby prism, yields a highly discordant (10.6%) 
207Pb/206Pb date of 2498.0 ± 1.5 Ma, likely owing to strong alteration and (or) short-duration 
chemical abrasion (6 hours compared to 16 hours for all other fractions).  
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GENERAL CONSIDERATIONS AND CONSTRAINTS ON THE TIMING OF GOLD 
MINERALIZATION 

 
The Superior Province hosts several major gold districts that share a number of common geological 
features, with recurring types and styles of gold deposits. The controls on the formation of these 
various types of gold deposits are generally relatively well understood, although the exact timing 
of gold introduction remains unclear in many cases. Field relationships combined with precise U-
Pb geochronology remain the best elements in constraining the age of formation of a deposit, which 
allows one to associate ore-forming activity with specific geological events or features, helping 
refine exploration and genetic models. The ages on intrusive rocks spatially associated with gold 
deposits presented in this report help better constrain the timing of mineralization by providing a 
maximum age (when the dated intrusive rock hosts the mineralized zones), or a minimum age 
(when the dated rock cuts the mineralized zones). Such information may be useful especially for 
intrusion-associated deposits where the role played by intrusion, active or passive, in the formation 
of such deposits remains controversial (e.g., Robert, 2001; Dubé and Mercier-Langevin, 2020; 
Mathieu, 2021; Goldfarb and Pitcairn, 2023).  
 
The 2702.3 ± 0.89 Ma deformed and mineralized intermediate dyke sampled at the Black Fox 
mine (sample BFBD-2016-001) is older than expected but may be an indication of early favourable 
structural ground preparation. The area east of Matheson is also characterized by the presence of 
pre- to syn-Timiskaming quartz-feldspar porphyries, alkaline to sub-alkaline intrusions and dykes 
of various compositions (e.g., the Garrison stock 2678 ± 2 Ma; Corfu et al., 1989), pervasive iron-
carbonate alteration, stockwork-disseminated-replacement gold mineralization, and orogenic 
quartz-carbonate vein networks, as illustrated by the ore at the Black Fox mine, within or proximal 
to the Destor-Porcupine fault zone  (Fig. 1). This, combined with the age of the dated dyke, 
indicates that this crustal-scale fault acted as major magmatic and hydrothermal conduits over a 
long period of time (Dubé and Mercier-Langevin, 2020 and references therein).  
 
The 2692.1 ± 2.0 Ma upper intercept age for the porphyry intrusion at the Bachelor mine in the 
northern Abitibi belt (sample PLBD-2018-019) is interpreted to represent the best estimate of the 
timing of emplacement and crystallization of the O’Brien intrusion and the maximum age of the 
bulk of gold mineralization. The age is similar to that reported for the Lac Shortt carbonatite (2691 
+5/-3 Ma; Joanisse, 1994), carbonatite from the lac Lacroix alkaline complex (2687.8 ± 2.8 Ma; 
Augland et al., 2015), as well as the Berthiaume syenite (2688 ± 1 Ma; Davis et al., 2005) in the 
northern Abitibi greenstone belt. A more accurate age for the lac Lacroix complex carbonatite is 
likely offered by its most concordant zircon fraction at 2693 ± 3 Ma (Augland et al., 2015, their 
Table 2). More recently, the Chevrillon pluton north of Chibougamau (Fig. 1) has been dated at 
2693.1 ± 1.7 Ma (Huguet et al., 2018). The age for the O’Brien intrusion is distinctly older than 
those determined for the Douay syenite (2676 +6/-5 Ma: Davis et al., 2000) in northern Abitibi, or 
the Beattie syenite (2682.9 ± 1.1 Ma: David et al., 2007; 2681.6 ± 1.0 Ma: Mueller et al., 1996), 
and the Clericy syenite (2682 ± 3 Ma: Mortensen, 1993), as well as younger syenite, monzonite, 
and monzodiorite of the southern Abitibi belt (e.g. Dubé and Mercier-Langevin, 2020 and 
references therein). At Bachelor, mutual cross-cutting relationships between quartz-syenite, 
monzodiorite to granodiorite dykes, and the main ore zones are compatible with a magmatic 
hydrothermal system centered on the O’Brien intrusion (Buro, 1984; Lauzière, 1989; Fayol and 
Jébrak, 2017). However, as indicated in Dubé and Mercier-Langevin (2020), some of the ore at 
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Bachelor is controlled by ENE-oriented brittle-ductile structures that locally crosscut the O’Brien 

intrusion, suggesting not only intrusion-driven fractures and replacement zones as the intrusion 
was emplaced, but also a contribution from a post-magmatic, syn-deformation mineralizing event 
(WAC zone; see figure 8H in Dubé and Mercier-Langevin, 2020). 
 
The 2679.7 ± 1.6 Ma crystallization age of the syenite hosting the HWY-144 (144 GAP) gold 
deposit (sample PLBD-2018-056) would be equivalent to the age of some of the older syn-
Timiskaming syenitic bodies in the southern Abitibi belt, notably those adjacent to or within the 
Larder Lake-Cadillac fault zone (Fig. 1), such as the Otto Stock (2679 ± 1 Ma: Corfu and Noble, 
1992), the Cairo stock (ca. 2676 Ma: Ayer et al., 2005; Berger, 2006), the Upper Beaver syenite 
(2679 ± 1 Ma: see below) and the Young-Davidson syenite (2679 ± 2 Ma: Zhang et al., 2011), or 
those nearer the Destor-Porcupine fault zone such as the alkaline Garrison stock (2678 ± 2 Ma: 
Corfu et al., 1989). More importantly the 2679.7 ± 1.6 Ma crystallization age represents the 
maximum age of gold mineralization at the HWY-144 (144 GAP) gold deposit and as such the 
Timmins West complex. At Timmins West, as well as the Young-Davidson and Matachewan gold 
deposits further to the south along the Larder Lake-Cadillac Fault zone, shallow to moderately 
dipping mm- to cm-thick gold-bearing quartz ±sulfides and/or quartz ±pyrite-carbonate veinlets-
vein arrays present within the ore zones (Fig. 8E) are at high-angle to the moderately to steeply 
plunging L3 stretching lineation indicating formation during the main phase of shortening (D3) 
(Derry et al., 1948; Martin, 2012; Zhang et al., 2014; Campbell, 2014; Kallio and Vaz, 2016; Dubé 
and Mercier-Langevin, 2020). The passive role of the syn-Timiskaming syenite host intrusions is 
further supported by the presence of ore in carbonatized D3 shear zones (e.g., Rusk and Holmer) 
at Timmins West, (Rhys, 2010; Kallio and Vaz, 2016, Dubé et al., 2020). The gold mineralization 
is arguably syn-D3 main phase of shortening (Dubé and Mercier-Langevin, 2020; Dubé et al., 
2020).  
 
A CA-ID-TIMS U-Pb zircon age of 2676.6 ± 1.1 Ma for the least-altered Macassa syenite porphyry 
(sample BDPL-KL-2018-201) represents a significant improvement over previous attempts to 
precisely date the main ore host of the giant Kirkland Lake deposit. A previous study by Ispolatov 
et al. (2008) included an air abrasion ID-TIMS study of zircons from the syenite porphyry at 
Discovery outcrop on the Main Break. The youngest grain identified had a 207Pb/206Pb date of 
2689.6 ± 4.7 Ma, which at the time was concluded to be an inherited component since the 
Timiskaming clastic rocks that host the syenite porphyry intrusion at Kirkland Lake were dated 
themselves to be younger than 2680 ± 3 Ma (youngest detrital zircon age: Corfu et al., 1991). A 
parallel SHRIMP ion probe dating study included in that work confirmed the dominance of 
inherited zircon in the syenite porphyry, though a single young spot analysis in the center of a 
heavily cracked zircon grain did reveal a 207Pb/206Pb age at 2674 ± 6 Ma (Ispolatov et al., 2008), 
within error of the age determined here. The vast majority of Abitibi "syenite" in the southern 
Abitibi belt have ages between 2683-2670 Ma, and one could conclude on this basis that even the 
youngest analyzed zircon (2686.6 ± 1.4 Ma) so far from the syenite porphyry BDPL-KL-2018-
202 are xenocrystic in origin (a recognized issue with many syenite bodies). Strictly speaking, 
therefore, the ca. 2686.6 ± 1.4 Ma age described above for sample BDPL-KL-2018-202 should 
conservatively be regarded as a maximum age for the Macassa syenite porphyry at this location, 
whereas the 2676.6 ± 1.1 Ma obtained from sample BDPL-KL-2018-201 is more likely to be the 
age of crystallization of the syenite porphyry. Although, there are many felsic Abitibi intrusive 
bodies with crystallization ages between ca. 2690-2680 Ma (e.g., the 2688 ± 1 Ma Berthiaume 
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syenite in the northern Abitibi: Davis et al., 2005), most are pre-main shortening though they have 
been classified based on fabrics as being either syntectonic or post-tectonic (Chown et al., 1992, 
2002; Mathieu, 2021). Additionally, while most of these ca. 2690-2690 Ma intrusions have TTG 
affinities and, are quartz-feldspar porphyries, fewer are truly alkaline or contain significant 
volumes of syenitic-shoshonitic rock compositions (Dubé and Mercier-Langevin, 2020). 
 
The study by Ispolatov et al. (2008) also included Re-Os analyses of molybdenite from auriferous 
quartz veins sampled from mining stopes in the Macassa mine. Four analyzed samples consisted 
of auriferous quartz veins, with very fine-grained molybdenite occurring largely as coatings on 
slip surfaces and fractures. Due to the very fine grain size of molybdenite, mineral separates 
obtained were not completely pure. As indicated in Ispolatov et al. (2008), Re-Os model ages range 
from 2977 ± 8 Ma to 2666 ± 8 Ma but two fractions from their sample 4744 yielded internally 
consistent ages of 2677 ± 8 Ma and 2666 ± 8 Ma. This sample was further examined by preparing 
a full mineral separate. Ages of two fractions of this bulk separate, 2679 ± 8 Ma and 2678 ± 7 Ma, 
agree with each other and with the ages of the drilled concentrate (Ispolatov et al., 2008). The four 
analyses of sample 4744 yield a weighted average Re-Os age of 2675 ± 6 Ma. Only ages of sample 
4744 are compatible with available geological constraints, i.e. are younger than the maximum 
depositional age of Timiskaming clastic rocks in the Kirkland Lake district area. All other results 
exceed the maximum age of Timiskaming rocks (2680 ± 3 Ma: Corfu et al., 1991; 2677.7 ± 3.1 
Ma: Ispolatov et al., 2008) and thus cannot have any geological significance. The weighted mean 
age of 2675 ± 6 Ma suggests that the timing of mineralization may have closely overlapped the 
age of emplacement and crystallization of the 2676.6 ± 1.1 Ma syenite porphyry. However, 
considering the unexplained complexity of the other Re-Os results and the occurrence of an 
internally consistent but inaccurate date (2696 ± 7 Ma and 2694 ± 7 Ma: Tegren-Gracie sample), 
Ispolatov et al. (2008) conclude that the Re-Os age of sample 4744 cannot be interpreted as 
conclusive. The only age that would be compatible with the geological setting and field 
relationships is the youngest result from sample 4744: 2666 ± 8 Ma. The Kirkland Lake deposit 
(including the South Zone Complex) is controlled by reverse oblique brittle to brittle-ductile fault 
zones known as the Main Break (~400–450 m vertical displacement: Thomson, 1950), the 04 
Break, and the Amalgamated Break to the south. The ore zones are structurally controlled by these 
faults and hosted by the syenite intrusive complex but also by the Timiskaming trachytic lava flow 
and more locally sedimentary rocks. The mineralization must thus be younger than: 1-the age of 
the syenite porphyry (2676.6 ± 1.1 Ma), 2-the maximum age of the Timiskaming sedimentary 
rocks in Kirkland Lake (2680 ± 3 Ma), and also the age of the trachyte (Timiskaming volcanic 
flow) from the Kirkland Lake district area dated at 2669.6 ± 1.4Ma (Ispolatov et al., 2008). 
Considering the strong structural control, the style of mineralization (quartz-carbonate veins, 
quartz-breccias veins, cataclasite and replacement ore), the age or maximum age of the host rocks 
and the inconclusive results of the Re-Os dating, gold mineralization within the Kirkland Lake 
deposit needs to be post-Timiskaming and most probably within the ca. 2660–2640 ± 10 Ma range 
as proposed by Dubé and Mercier-Langevin (2020). The epizonal nature of the deposit as 
illustrated by the host brittle to brittle-ductile structures may be explained by the shallower crustal 
level of the geological setting evidenced by the unusually thick succession (3–5 km) of 
Timiskaming conglomerate, sandstone and local sub-aerial alkaline volcanic and volcaniclastic 
rocks that extends for nearly 60 km in the Kirkland Lake area north of the Larder Lake-Cadillac 
fault zone (e.g., Dubé and Mercier-Langevin, 2020 and references therein).  
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The Kirkland Lake deposit shares strong analogies with epithermal deposits related to alkaline 
magmatism as defined by Jensen and Barton (2000), including  alkaline/sub-alkaline intrusive 
hosts, a strong correlation between Au and Te, and the overall style of high-grade (low base metal) 
mineralization, and alteration (Ispolatov et al., 2008). However, the hydrothermal fluids cannot be 
derived from the exposed alkaline-subalkaline intrusive complex which is crosscut and displaced 
by the gold-bearing Main Break, 04 Break, and Amalgamated Break faults network. Additionally, 
if the fluids originated from a deeper magmatic source, the parent magmatic phase(s) remains to 
be identified (Ispolatov et al., 2008). The gold- and telluride-bearing quartz veins and breccias in 
the Kirkland Lake deposit are hosted in structures that are more compatible with D3 reverse-
oblique faults (Dubé and Mercier-Langevin, 2020). Ispolatov et al. (2008) proposed that gold- and 
telluride-bearing quartz veins of the Kirkland Lake deposit were emplaced during D4, synchronous 
with reverse-dextral movement along the ore-controlling brittle Kirkland Lake fault. In this case, 
the mineralization could not be related to syn-Timiskaming magmatism as three generations of 
fabrics formed during post-Timiskaming regional deformation (D2, D3, and D4, local terminology) 
of the belt. 
 
The Upper Beaver Au-Cu (± Mo) deposit is in the southernmost part of the 2704‒2695 Ma (Ayer 
et al., 2002; McNicoll et al., 2014) western Blake River Group (formerly known as Kinojevis in 
that area; Roberts and Morris, 1982). The deposit is approximately 5‒6 km north of the Larder 

Lake-Cadillac fault zone (Fig. 1). It is spatially associated and partly hosted in dykes and apophyses 
of the Upper Beaver intrusive complex (Roberts and Morris, 1982). The Upper Beaver intrusive 
complex consists of a mixed suite of mafic and felsic rocks of sub-alkaline (calc-alkaline) to 
alkaline affinity that includes variably hornblende phyric dioritic, monzodioritic, and quartz-
monzodioritic rocks, plagioclase phyric rocks and rare quartz-feldspar phyric dykes (Kontak et al., 
2008; Feick, 2016; Dubé and Mercier-Langevin, 2020; Cloutier et al., 2023). Multiple phases of 
alteration and mineralization occur which includes an early Au(-Cu) event hosted in a stratabound 
skarnoid type alteration (i.e., sodic-calcic assemblages ± magnetite/hematite), and later crosscutting 
sheeted quartz-molybdenite veins (Mercier-Langevin et al., 2021; Sutton et al., 2023), but the main  
Au(-Cu) event is associated with  steeply dipping quartz-dominant veins, also characterized locally by 
abundant ± magnetite/hematite±chalcopyrite, that crosscut the aforementioned features and is instead 
spatially associated with a swarm of plagioclase phyric rocks (the ‘crowded porphyry unit). The 
“spotted porphyry” unit (plagioclase- and amphibole-bearing diorite) is the youngest intrusive 
phase, as shown by cross-cutting relationships (Roberts and Morris, 1982; Kontak et al., 2008, 
2013; Feick, 2016; Cloutier et al., 2023). That all units of the intrusive suite plus the altered and 
mineralized sections are variably foliated indicates that mineralization was formed prior to the main 
regional shortening and coeval with the emplacement of the intrusive complex (Kontak et al., 2011, 
2013). The crystallization age of the spotted porphyry presented here (sample UB-07-157: 2678.7 ± 
0.7 Ma) thus provides a minimum age for the mineralization, as previously indicated in Kontak et al. 
(2011, 2013), Dubé and Mercier-Langevin (2020), and Mercier-Langevin et al. (2021). This is in 
agreement with a molybdenite Re-Os age of ca. 2685 Ma that was obtained from a gold-rich sericite-
altered zone associated in the intrusive complex (Kontak et al., 2013) and a 2680.5 ± 5.9 Ma 
molybdenite Re-Os age from a quartz-carbonate vein that clearly shows the direct association 
between gold and molybdenite (Mercier-Langevin et al., 2021). These ages correspond to the timing 
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 (Dubé and Mercier-Langevin, 2020). 
The strong iron-carbonate alteration recorded by the post-ore “spotted porphyry” dyke (Table 1; Fig. 
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9D), in addition to the local presence of late crosscutting quartz-tourmaline-carbonate veins, is most 
probably the manifestation of the younger syn-orogenic style of alteration typical of many quartz-
carbonate (± tourmaline) orogenic deposits along the Larder Lake-Cadillac Fault zone to the south and 
illustrates the time gap between the early- to syn-Timiskaming intrusion-associated stockwork-
disseminated (ca. 2683–2670 Ma) and the orogenic gold systems in southern Abitibi (2660-2640 ±10 
Ma: Dubé and Mercier-Langevin, 2020). 
 
The Cheechoo intrusion is emplaced within the transitional zone between the Opinaca Subprovince 
to the north and the La Grande Subprovince to the south (Fig. 2). The area is characterized by a 
strong metamorphic gradient illustrated by paragneiss and migmatite, syn- to late-tectonic 
intrusions, leucogranitic pegmatite, conglomerate, local iron-rich formation, and amphibolite 
(Bandyayera et al., 2010; Morfin et al., 2013; Fontaine et al., 2017, 2018). The high-precision 
2612.3 ± 0.8 Ma Cheechoo intrusion (sample CH919-14-DAT-01) hosts the bulk of the gold 
mineralization at the Cheechoo prospect and was emplaced in paragneiss, including the <2714 Ma 
(basal conglomerate), <2697 Ma (middle turbiditic subdivision), and <2675 Ma (upper greywacke) 
Low Formation of the La Grande Subprovince (Ravenelle et al., 2010; Ravenelle, 2013; Fontaine 
et al., 2018), probably early during the main phase of deformation (D2) and amphibolite-facies 
metamorphism. This is supported by the presence of S2 and S3 metamorphic foliations and the 
saccharoidal texture of the Cheechoo intrusion matrix and gold-bearing veins. The strongly 
foliated domains near intrusion margins are associated with numerous leucogranitic pegmatite 
bodies. The intrusion is affected by late- to post-emplacement high-strain zones and folds related 
to the late-D2 to D3 deformation (Fontaine et al., 2018; Fontaine, 2019). 
 
The high-precision ID-TIMS crystallisation age of the Cheechoo intrusion clearly indicates that 
the maximum age of the bulk of gold mineralization of the Cheechoo gold property is 2612 Ma. 
This age is penecontemporaneous with the 2618 ± 2 Ma Vieux Comptoir suite consisting of syn- 
to late-tectonic intrusions present in the La Grande, Opinaca and Opatica subprovinces and 
characterized by a pegmatitic texture, a granitic composition and the presence of biotite, 
muscovite, tourmaline and garnet (David and Parent, 1997; Goutier et al., 1999; Goutier, 2017; 
Fontaine et al., 2018). Furthermore, a pegmatitic granite from the Vieux Comptoir suite yielded a 
U-Pb crystallisation age of 2613.61 ± 0.44 Ma at the Orfée gold prospect (Bogatu and Huot, 2016). 
The 2612.3 ± 0.8 Ma age of the Cheechoo intrusion also corresponds to the emplacement of syn- 
to late-tectonic intrusions and pegmatite dykes in the La Grande Subprovince along the contact 
with the Opinaca Subprovince, especially in the vicinity of the Éléonore gold mine where 
pegmatites (some of which are mineralized) have been dated at 2620-2603 Ma (Ravenelle et al., 
2010; Dubé et al., 2011; Dubé, 2017; Fontaine et al., 2015). The mapping and structural analysis 
of the two main "trenches" by Fontaine et al. (2018) indicates the auriferous vein network is pre-
peak metamorphism and developed late during D2, near the margins of the Cheechoo intrusion, in 
spatial association with pegmatite dykes. De Souza et al. (2023) similarly indicate that 
mineralization is pre-peak metamorphism, which they dated at 2609 Ma (LA-ICPMS U-Pb on 
monazite). However, de Souza et al. (2023) consider that mineralization at Cheechoo may be older 
and perhaps pre- to early-D2 based on a preliminary ca. 2640 Ma LA-ICP-MS U-Pb zircon age for 
the intrusion. They therefore bracket the hydrothermal and auriferous activity between 2640 and 
2609 Ma, a protractive period that coincides with pegmatite emplacement and prograde 
metamorphism in the region (Dubé et al., 2011, 2017, Fontaine et al., 2017). Fontaine et al. (2018) 
consider that the style and nature of auriferous mineralization and associated alteration, combined 
with the composition of the host reduced intrusion, share analogies with reduced intrusion-related 
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gold systems in which gold mineralization occurred during long-lived tectonometamorphic 
event(s) intimately associated with the emplacement of the Cheechoo reduced intrusion and a 
swarm of leucogranitic pegmatite dykes within metasedimentary rocks near a Subprovince 
boundary, which are common features of Archean gold mineralization in metamorphosed and 
deformed terranes (Goldfarb et al., 2005). More importantly, gold mineralization hosted by the 
2612 Ma Cheechoo intrusion is a new style of gold mineralization in the Éléonore gold mine area 
and elsewhere in the Eeyou Istchee James Bay region and the age and composition of the intrusion 
may represent a new regional metallotect (Fontaine et al., 2018). 
 

CONCLUDING REMARKS 
 
This report, which is purposefully brief, presents key, high-precision U-Pb zircon ages on a series 
of intrusive rocks bodies that are spatially associated with Neoarchean gold deposits of the 
Superior Province (Abitibi greenstone belt and La Grande subprovince). These ages, which have 
been previously reported in various reports and oral and poster presentations but were never 
formally published, provide further constraints on the timing of gold mineralization in both 
emerging and mature mining camps. More specifically, these ages help clarify the relationship 
between major gold ore-forming events and specific magmatic and tectonometamorphic events 
related to the evolution of the Abitibi greenstone belt and La Grande subprovince.   
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