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ABSTRACT 

The Labrador Trough of northern Quebec is perhaps best known for its giant iron ore deposits, 
but shows exploration potential for several other deposits types, including orogenic-style gold. In 
the Caniapiscau-Koksoak area, gold showings are commonly associated with late structural 
features in mafic to intermediate intrusive rocks and their vicinity, but the timing of 
mineralization is unclear. In this study, we provide geochronology results on two 
samples. A gold-bearing arsenopyrite mineral separate from a vein in the Golden Tooth 
structure (Willbob property) was dated by Re-Os using negative thermal ionization mass 
spectrometry (N-TIMS). A weighted average model age of 1810.7 ± 4.6 Ma was obtained, 
representing the first direct dating of gold mineralization in the Labrador Trough. It is 
interpreted as the age of structurally controlled, Montagnais sill-hosted vein-style gold 
mineralization in the northern part of the Trough and fits within the known age of the Trans-
Hudson orogeny. At the Golden Tooth showing, the mineralized veins are interpreted to have 
formed during the last deformation episode in the region, D4. To provide additional 
geological context for the area a conglomerate from the Baby Formation (Koksoak Group) 
sampled on the Kan property was dated by U-Pb on zircons using a sensitive high-resolution 
ion microprobe (SHRIMP) and gives an estimate of the maximum age of deposition for 
the conglomerate at 2619 ± 11 Ma. This contrasts with regional geologic knowledge and clasts 
composition, which suggests that the Baby Formation is Paleoproterozoic in age rather than 
Archean. 

INTRODUCTION 

The Labrador Trough, which straddles the border between Quebec and the province of 
Newfoundland and Labrador, is a complex geological belt of Paleoproterozoic age. It is part of the 
New Quebec Orogen, which itself forms the eastern part of the Trans-Hudson Orogen that 
surrounds the Superior Province (Hoffman, 1988) (Fig. 1).  

) 
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The Paleoproterozoic Trans-Hudson Orogen is known for its significant mineral resources, 
including iron deposits, volcanogenic massive sulphide (VMS) copper, zinc, lead, gold, and 
silver deposits, komatiite-associated nickel-copper-cobalt-platinum group element 
(PGEorthomagmatic deposits, and gold deposits; it is also known to have potential for other 
deposit types such as stratiform copper and IOCG (iron oxides, copper, gold) type systems 
(Gross, 1993; Corrigan et al., 2007; Corriveau et al., 2007; Galley et al., 2007; Layton-
Matthews et al., 2007; Lesher, 2007). In the Labrador Trough, documented exploration activity 
began around 1860 and has continued intermittently until the present (Clark and Wares, 
2004), with significant iron production occurring in recent decades. Several mineralized 
occurrences of precious metals (e.g., Au and Ag), base metals (e.g., Pb, Zn, Cu and Ni) and 
strategic metals (e.g., PGEs, U and rare earth elements (REE)) have also been discovered and are 
still the focus of considerable exploration work.  

O3 Mining Inc’s Kan project (a property now owned by Les Ressources Tectonic) and Midland 
Exploration’s Willbob project, in the Caniapiscau-Koksoak sector within the northern part of 
the Labrador Trough, both contain several gold showings hosted in volcano-sedimentary 
and intermediate to mafic intrusive rocks of Proterozoic age (Trépanier and Dessureault, 
2000; Lafrance et al., 2012; Richard, 2019). The characteristics of the gold mineralization, 
of the associated hydrothermal alteration, and of the structural controls in these sectors vary 
depending on the nature of the host rocks and their location in the host sequence (Hébert and Lee, 
2018). The gold showings are commonly associated with well-defined structural features, 
suggesting a genetic relationship with regional deformation. However, several deformation 
events have occurred, and the role that these events played in the formation, location, 
subsequent modifications, and preservation of gold occurrences remains poorly 
understood. At the Kan property, gold mineralization is hosted in subvertical quartz veins 
with a predominantly E-NE and W-NW orientation (Hébert and Lee, 2018). These quartz 
veins seem to be contained in a system of conjugate fractures associated with a late-stage 
brittle deformation event. In contrast, the gold mineralizations on the Willbob property are 
hosted in shear zones, which appear to be late relative to the regional folding. The Kan and 
Willbob projects could therefore feature contemporary mineralization controlled by several 
distinct structural elements that are nonetheless part of the same tectonic event or the same 
regional deformation phase (Hébert and Lee, 2018).  

The uncertainty related to the relative chronology of the mineralizing events and their association 
with tectonic episodes limits the scope and predictive capacity of exploration models. The results 
presented herein, including the first direct dating of gold mineralization in the Labrador Trough 
(Re-Os dating of gold-bearing arsenopyrite), along with U-Pb zircon dating of a conglomerate 
from the host sequence, are used to help unravel the sequence of events controlling the nature and 
distribution of the gold mineralization in the Caniapiscau-Koksoak sector, and to establish 
regional chronological correlations. 

REGIONAL GEOLOGICAL CONTEXT 

The southeastern part of the Churchill Province, which formed during the Trans-Hudson orogeny, 
is linked to two distinct events, namely the New Quebec Orogen in the west and the 
Torngat Orogen in the east (Wardle et al., 2002). The New Quebec Orogen, active between 1.84 
and 1.77 Ga (e.g., Machado et al., 1997; Wardle et al., 2002; Godet et al., 2020 and 
references therein), comprises a sequence of supracrustal units, in the Labrador Trough, which 
extends about 850 km from the Ungava Bay in the north to the Grenville Province to the south 
(Fig. 1; Clark and Wares, 2004). 
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The Labrador Trough is a geological belt of Proterozoic age (2170–≤1870 Ma) composed 
primarily of sedimentary and volcanic rocks of the Kaniapiscau Supergroup (Figs. 1, 2) that were 
emplaced during three distinct cycles of deposition and volcanism, which are separated by 
erosional unconformities (Clark and Wares, 2004). The simplified stratigraphy of the three cycles 
is shown in figure 3 and summarized in the following paragraphs. 

According to Clark and Wares (2004), the first cycle is composed of an intracratonic rift basin 
sequence overlain by a passive margin sequence (Fig. 3), which resulted from rifting along the 
eastern margin of the Archean Superior craton (Figs. 1–3). The rocks of the first cycle are mainly 
located in the southern part of the belt. Following the deposition of the volcanic and early, 
immature sedimentary units (base of the first cycle; Seward Group), sandstone, mudstone, and 
carbonate units (dolomite) (Pistolet Group) were deposited on a passive margin platform. 
Interpreted to be time-equivalent to the Pistolet Group, the recently recognized Corrugated Hills 
Continental Flood Basalt records voluminous, plume-related mafic magmatism related to the 
breakup of the Superior craton at ca. 2171-2166 Ma (van Rooyen et al., 2023). The Pistolet Group 
is conformably overlain by the Swampy Bay and Attikamagen groups, with the Swampy Bay 
sequence dated at 2142 Ma (Fig. 3). 

An erosional unconformity, representing a period of about 175 million years, separates the rocks 
of the first and second cycles (Clark and Wares, 2004). The second cycle is characterized by a 
transgressive sequence (Ferriman Group to the west and Doublet, Koksoak, and LeMoyne groups 
to the east) composed of platform sedimentary rocks (sandstone and iron formation), including the 
Baby Formation, one of the main foci of this report, and alkaline volcanic rocks and intrusions 
(e.g., Nimish volcanic complex and Castignon Complex) (Figs. 2, 3). Towards the end of the 
second cycle, foundering of the platform was marked by deposition of turbidite and basaltic 
volcanism (e.g., >1874 ± 3 Ma Hellancourt Formation: Machado et al., 1997). 

The ca. 1884–1874 Ma Montagnais sills (Findlay et al., 1995; Machado et al., 1997) are intrusive 
into rocks of the first and second cycles of the Labrador Trough (Fig. 3) and form part of the 
Circum-Superior Large Igneous Province (CSLIP), a belt of 1884–1864 Ma mafic–ultramafic 
rocks that surround much of the Superior craton from the Labrador Trough in the east, the Cape 
Smith belt and eastern Hudson Bay in the north/northwest, and the Thompson and Fox River belts 
in the west (Fig. 1; e.g., Ciborowski et al., 2017). In the Labrador Trough, this major magmatic 
event is thought to also be responsible for 1.88 Ga magmatism of variable composition (felsic and 
mafic volcanic rocks and carbonatite), including the Nimish, Hellancourt, Willbob, and Douay 
formations, and the Castignon Lake carbonatite intrusion (e.g., Heaman et al., 2009; Ciborowski 
et al., 2017). A range of geodynamic settings have been proposed for the origin of the CSLIP, 
including a deep mantle plume with local evidence for contamination by continental crust 
(Ciborowski et al., 2017), development of pull-apart basins that formed in a pre-orogen dextral 
transtensional context (Skulski et al., 1993), formation of back-arc basins during convergence and 
subduction of Manikewan oceanic crust (e.g., Rohon et al., 1993; Corrigan et al., 2007, 2009), or 
large-scale passive upwelling of asthenosphere along the already thinned Superior craton margin 
(Heaman et al., 2009).  
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The third (and last) cycle of the Kaniapiscau Supergroup is composed of syn-orogenic molasse-
type deposits (metapelite, quartzite, calc-silicate rock, sulphide iron formation and silicate iron 
formation with amphibole), locally intercalated with metabasalt (Chioak and Tamarack River 
formations; Fig. 3). All units were deformed during the Trans-Hudson orogeny (1845–1783 Ma: 
Konstantinovskaya et al., 2019). These units now have a dominant NNW-SSE orientation (Fig. 2, 
Machado et al., 1988). 

The rocks of the Labrador Trough are strongly deformed with zones of intense folding and high-
strain corridors and major faults. Four deformation events or episodes have been documented (D1 
to D4: Goulet, 1987; Moorhead, 1989; Moorhead and Hynes, 1990; Wares and Goutier, 1990a; 
Machado et al., 1997; Konstantinovskaya et al., 2019). D1 mostly affected sedimentary rocks with 
a NNW-striking schistosity associated with recumbent, NW-verging folds and local sheath folds. 
Thrust faults and a decollement fault present at the base of the Hellancourt Formation is associated 
with D1, including the Robelin, Archaic, Hérodier, and Garigue faults that represent major fault 
zones (Fig. 2). D2 is not developed in the study area, but it is associated with frontal thrust 
propagation and upright E-NE-trending folds in the Rachel-Laporte and Kuujjuaq zones south-east 
of the study area (Figs. 2, 4). D3 is coaxial with D1 and is associated with the development of NW- 
to NNW-trending folds and continuation of the deformation front propagation, and with strike-slip 
shearing. The last episode, D4, is associated with NE-trending upright folds and normal faults 
related to exhumation. An axial planar cleavage related to D4 is locally present where F3 folds axial 
orientations are at angle with S4, which created 1-3 type interference patterns (cf. Ramsey, 1967) 
with F3 folds.  

Economic geology 

The Labrador Trough contains syngenetic and diagenetic deposits, including magmatic Cu-Ni-
PGE, volcanogenic massive sulphide (VMS), sedimentary exhalative (SEDEX), Mississippi 
Valley (MVT) Pb-Zn deposits, sedimentary uranium, iron formation, and rare earth elements in 
carbonatite, and other deposit types. In addition, several epigenetic deposits are related to the 
movement of hydrothermal fluids during tectonometamorphic events associated with the 
formation of the New Quebec Orogen.  

Clark and Wares (2004) identified a total of 19 different deposit types and more than 336 deposits 
and showings in the Labrador Trough, many of which consist of iron deposits in large iron 
formation units. The Koksoak Group, which includes the Baby Formation, hosts SEDEX-type base 
and precious metal showings and magmatic Cu-Ni-(PGE) and MVT deposits, along with gold vein 
systems and Ag-Pb-Zn vein deposits in Paleoproterozoic iron-rich units and intrusive rocks. 

LOCAL GEOLOGICAL CONTEXT (STUDY AREA) 

The earliest geological work in the Labrador Trough was carried out by Albert Peter Low of the 
Geological Survey of Canada as part of an expedition in 1893 and 1894 (e.g., Low 1896). Since 
the 1950s, geologists with the governments of Quebec and Canada have carried out geological 
mapping of the Trough at various scales. The mapping work in the study area was done by 
Bergeron (1952), Fahrig (1955, 1965), Ciesielski (1975) and Clark (1977, 1978, 1979, 1980). The 
mining industry also conducted studies during this period. The study area includes a section of the 
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Baby-Howse and Rachel-Laporte domains (Figs. 2, 4). The latter zone makes up the bulk of the 
Kan and Willbob properties and includes the Denault Formation (formerly the Abner Formation) 
of the Attikamagen Group, and the Baby and Hellancourt formations of the Koksoak Group (Fig. 
4), all of which are cut by the mafic sills of the Montagnais intrusive suite: Figs. 3, 4). 

The Denault Formation, located in the south-central portion of the study area (Fig. 4), consists 
mainly of dolomite originating from deposition on a regressive passive margin during the first 
cycle (Clark and Wares, 2004). Although undated, the Denault Formation must be younger than 
2142 +4/-2 Ma, the age of rhyolite in the underlying Bacchus Formation of the Swampy Bay Group 
(Clark, 1984). Farther east, the Robelin thrust fault marks the contact between the Denault 
Formation and the lower member of the Baby Formation (Fig. 4). Although this contact was 
documented and described as structural in nature by Dimroth (1970), other authors—including 
Goulet (1987), Clark (1987) and Wares et al. (1988)—described it as gradual (stratigraphic). 
Nonetheless, the Robelin fault is still present in the Clark and Wares’ (2004) synthesis. 

The Baby Formation is subdivided into three members (lower, middle and upper). The lower and 
upper member comprise mudstone, phyllite, conglomerate, and quartzite, whereas the middle 
member consists of iron formation and phyllite (Sauvé and Bergeron, 1965). The composition of 
the banded iron formation in the middle member varies from the base to the top, with oxide facies 
bands followed by carbonate bands, silicate-carbonate bands and sulphide facies (Clark, 1987). 
The Hellancourt Formation (Koksoak Group), which overlies the Baby Formation, is characterized 
by glomeroporphyritic massive and pillowed basalts (Wares and Goutier, 1990a, b; Clark and 
Wares, 2004). The ca. 1978-1874 Ma Montagnais sills, which are genetically related to the 
Hellancourt Formation (Wares et al., 1988) and part of the Gerido Intrusive Suite, cut across the 
rocks of the Baby Formation and are divided into two types: peridotite and massive to subophitic 
and ophitic gabbro.  

The tectonic fabric in the study area is oriented NNW-SSE (Fig. 4), and the axial planes of the 
folds plunge generally towards the SSE at an average angle of about 15°. Structures associated 
with the main shortening event (D1) include folds and various generations of thrust faults, several 
of which include a dextral strike-slip component (Goulet, 1995). Subsequent NE-SW compression 
(D3) produced NE-SW-trending folding and, finally, late NNE-SSW compression (D4) was 
associated with the development of a crenulation cleavage, open folds, and extension veins and 
fractures. 

Economic geology of the study area 

Early prospecting in the Kan region (Fig. 4) focused primarily on Zn-Cu-Pb massive sulphide-type 
base metal mineralization. The Koke deposit (1.06 Mt at 6.86% Zn, 1.03% Pb, 0.70% Cu, 54.5 g/t 
Ag, 1.03 g/t Au) (Armstrong, 1976), located 26 km north of the Kan property, is a typical example 
of exhalative massive sulphide mineralization. This polymetallic deposit is hosted in a cherty 
graphitic mudstone unit from the Baby Formation middle member and is likely transitional 
between Besshi-type volcanogenic deposits and SEDEX-type deposits (Wares et al., 1988).  

In the south-central portion of the study area, Pb-Zn veins were discovered in the dolomites of the 
Denault (Abner) Formation. These mineralized zones are hosted in platform sedimentary rocks 
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and have characteristics that are similar to those of MVT deposits (Clark and Wares, 2004). The 
Abner and Riv showings on the Kan property are characterized by centimetre- to decimetre-scale 
veins and veinlets of sphalerite and galena hosted in dolomitic rocks.  

In the late 1980s, exploration for base metals partly transitioned to exploration for precious metals 
in the Labrador Trough. In 1987, Noranda Exploration (“Noranda”) obtained anomalous gold 
values from a disseminated to massive pyrite-pyrrhotite±arsenopyrite mineralization hosted in 
carbonate to silicate facies iron formations of the Baby Formation, which became the Dessureault 
showing. Rio Silver Inc.’s subsequent discovery in 2011 of a major gold showing (Pump Pad 
Ridge) led to renewed interest in the area for gold exploration. The most distinctive feature of the 
Pump Pad Ridge showing is the stockwork of quartz-ankerite-chlorite-pyrrhotite veins containing 
free gold (Hébert and Lee, 2018). The work conducted by Noranda in the 1990s and the early 
2000s also confirmed the region’s gold potential (Hébert and Lee, 2018). Most of the gold found 
on O3 Mining Inc.’s Kan property is associated with carbonate facies iron formations in the middle 
member of the Baby Formation of the Koksoak Group (Figs. 3, 4). In contrast to the Kan property, 
most showings at the Willbob property consist of gold zones, which are commonly associated with 
shear zones cutting across mafic to intermediate intrusive rocks of the Montagnais suite such as 
gabbro, quartz-gabbro, diorite and quartz-diorite (Richard et al., 2018; Richard, 2019). Numerous 
gold showings have been discovered so far on the Willbob property, as well as some gabbro-hosted 
Cu-Ni and exhalative Cu-Zn-Co showings, with the earliest discoveries made in the 1950s. 
Exploration was focussed on base metals in the early years and switched to gold in the late 1980s 
and early 1990s. Most gold showings consist of shear zone-associated quartz ±ankerite-albite-
sulphide fault-fill and extensional-style veins and veinlets and zones of disseminated sulphides. 
Pyrrhotite is the most common sulphide, with pyrite and locally arsenopyrite. High gold values are 
commonly associated with arsenopyrite occurrences, although its presence does not systematically 
correspond to high gold values (Richard et al., 2018; Richard, 2019). The gold zones are generally 
associated with proximal ankerite, chlorite and albite alteration. One such example of gold 
mineralization is the Golden Tooth showing (Fig. 4), discovered by Midland Exploration in 2015. 
The Golden Tooth showing consists of cm- to dm-thick quartz-albite-ankerite veins containing or 
cut by multiple mm-thick massive arsenopyrite bands in altered (silica, albite, ankerite, and 
hematite) Montagnais intrusive rocks (Gerido Intrusive Suite; Fig. 4) with disseminated 
arsenopyrite and pyrite close to the veins (Richard et al., 2018; Richard, 2019). Selected (grab) 
samples yielded values up to 25 g/t Au, whereas channel sampling gave a value of 1.7 g/t over 3 
m. Drilling by Midland Exploration in 2016 intersected gold mineralization at shallow depth, with
intervals at 1.12 g/t Au over 3.65 m (including 4.98 g/t Au over 0.5 m), and 1.28 g/t Au over 6.35
m (including 3.81 g/t Au over 0.95 m) (Richard et al., 2018). Most of the vein-style gold
mineralized zones in the study area appear to be preferentially associated with folds and structures
such as high-strain zones developed in F4 fold axial planes (Hébert and Lee, 2018). Late D4 reverse
faults associated with back-thrusting control the veins (shear-hosted and fault-fill styles) at many
of the showings at the Kan and Willbob properties.

SAMPLE SELECTION AND DESCRIPTION 

A series of samples were collected at the Kan and Willbob properties to better characterize the 
nature of the host rocks, the alteration footprint, and the typology of mineralized zones. Among 
those samples, two were selected for zircon U-Pb and arsenopyrite Re-Os geochronology (Fig. 4) 
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to better constrain the age and setting of the gold mineralization in the study area. Although the 
focus of this report is on the ages obtained, sample description, location, and whole-rock 
lithogeochemical analyses are provided in Electronic Appendices 1 and 2 for reference. 
 
The Re-Os sample SH-21-32-D from the Willbob property was taken at a depth of 47 m from drill 
hole WB-16-06 and intersects the Golden Tooth mineralized structure at shallow depth. The 
sample is part of a mineralized diorite interval that assayed 5.6 g/t Au over 0.45 m, and part of a 
larger interval that graded 1.3 g/t Au over 6.35 m (Richard et al., 2018). The reported grade of SH-
21-32-D is 0.5 g/t Au (Electronic Appendix 2), however because much of the sulphide 
(arsenopyrite)-rich interval was preserved for Re-Os geochronology, this is considered a lower 
bound. The subsample used for Re-Os geochronology consists of a quartz-ankerite-feldspar vein 
containing mm- to cm-thick bands of massive, granoblastic arsenopyrite and finely disseminated 
arsenopyrite (Fig. 5A, B). The sampled vein is hosted in an ankerite-, chlorite- and albite-altered 
quartz-diorite (Fig. 5C) and the arsenopyrite crystals are weakly deformed with pressure shadows 
around granoblastic arsenopyrite (Fig. 5D). Traces of pyrrhotite, sphalerite and free gold are 
associated with the arsenopyrite, which has been partly recrystallized (Fig. 6A, B).  
 
A sample of polymictic conglomerate (SH-21-15-D) from the lower Baby Formation (Koksoak 
Group) was taken on the surface in the Noranda Ridge showing area of the Kan property (Fig. 4: 
sample 21-SH-15; Electronic Appendix 1) to determine the maximum age of deposition of this 
unit that is at the base of the Koksoak Group and constrain its provenance. The conglomerate is 
strongly foliated, matrix supported with heterogeneous clast sizes (unsorted to poorly sorted) 
dominated by rounded cherty clasts and irregular dolomitic clasts (Fig. 7A, B).  
 

ANALYTICAL METHODS AND RESULTS 
 
N-TIMS Re-Os Geochronology Analytical Methods 
 
Preparation of an arsenopyrite mineral separate from SH-21-32-D was made by metal-free 
crushing and milling coupled with magnetic and gravity mineral separation techniques. The 
mineral separate was initially analyzed for Re content by semi-quantitative methods to evaluate its 
viability for Re-Os dating. The 187Re and 187Os concentrations were determined using isotope 
dilution and negative thermal ionization mass spectrometry (N-TIMS) techniques at the University 
of Alberta. Preliminary Re-Os analysis established that Re concentrations were ~90 ppb and that 
the Os present in SH-21-32D was >99.5% radiogenic Os (i.e. 187Os*) and therefore effectively 
devoid of common Os. Therefore, Re-Os ages are more accurately determined using a mixed 
double-Os spike containing 185Re + 188Os + 190Os, which allows for accurate mass bias corrections 
on Os (Markey et al., 2003, 2007). Spiked samples were dissolved at 220˚C for 48 hours, followed 
by chemical separation and purification of Os and Re using procedures described in Shirey and 
Walker (1995), Cohen and Waters (1996), and Birck et al. (1997), and explained in detail in 
Morelli et al. (2005). Isotopic measurements were collected in static mode using faraday cups on 
a ThermoScientific Triton mass spectrometer. Total procedural blanks before these analyses were 
<3 picograms Re and ≤0.1 picograms Os (<0.01 picogram 187Os). 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 187Re decay constant 
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(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. Three analyses of SH-21-32-D yield a weighted average model age of 
1810.7 ± 4.6 Ma (Table 1, Fig. 8).  
 
SHRIMP U-Pb Zircon Geochronology Analytical Methods 
 
The Kan polymictic conglomerate sample SH-21-15-D was processed at the Geochronology 
facility of the Geological Survey of Canada (GSC; Ottawa, Ontario) using standard crushing, 
grinding, WilfleyTM table, and magnetic and heavy-liquid separation methods. Sensitive high-
resolution ion microprobe (SHRIMP) U-Pb geochronological analyses were conducted using the 
SHRIMP II instrument at the J.C. Roddick Ion Microprobe facility at the GSC (Ottawa, Ontario), 
following the analytical procedures of Stern (1997) and Stern and Amelin (2003). To ensure a 
robust detrital zircon age distribution, zircon grains were selected as randomly as possible to 
minimize any bias in the picking process. The grains were mounted in a 2.5 cm diameter epoxy 
mount together with reference materials. Zircon z6266 was used as the primary reference material 
(206Pb/238U age = 559 Ma; Stern and Amelin, 2003) and zircon z1242 as the secondary reference 
material (207Pb/206Pb age = 2679.7 Ma; Davis et al., 2019). Both reference materials were analysed 
on the same mount and under the same conditions as the unknowns. Using a spot size of ~16 µm 
and a 16O- primary current of 8 nA, each SHRIMP analysis involved a set of 6 scans over 11 
isotope masses of Zr+, U+, Pb+, Th+, Yb+, and Hf+. The data was processed offline using SQUID3 
software (Bodorkos et al., 2020). Analyses of the secondary reference material z1242 were 
interspersed between the sample analyses to monitor accuracy of the measured 207Pb/206Pb ratios 
and to correct for any instrumental mass bias. No fractionation was observed and no correction 
needed to be applied to the Pb-isotope data. The Pb composition of the surface blank was used to 
correct for 204Pb, following the methods of Stern (1997). The SHRIMP U-Pb results and further 
details of analytical conditions during the session (e.g., mount number, spot size, primary beam 
intensity etc.) are provided in Electronic Appendices 3 and 4, respectively. Errors reported in 
Electronic Appendix 3 are given at the 1σ confidence interval. 
 
ID-TIMS U-Pb Zircon Geochronology Analytical Methods 
 
Isotope dilution thermal ionization mass spectrometry (ID-TIMS) analyses were performed at the 
GSC on zircons separated from sample SH-21-15-D. Prior to ID-TIMS, all grains were chemically 
abraded (Mattinson, 2005) using concentrated hydrofluoric acid (HF) at 190°C for 15 hours after 
they were annealed at 900°C for 48 hours. The ID-TIMS analytical methods applied here follows 
the method of Parrish et al. (1987) but is modified through the addition of an in-house 205Pb–233U–
235U spike and analysis on a Triton thermal ionization mass spectrometer. All common Pb for the 
zircon analyses was attributed to the procedural blank (~0.3–0.7 pg) and assigned the long-term 
isotopic composition of the laboratory’s procedural blank. The U-blank was corrected using a 
value of ≤0.1 pg. Isotope measurements were processed using the TRIPOLI software package 
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(Bowring et al., 2011). Data reduction and error propagation were done using the program 
ET_Redux and related algorithms (McLean et al., 2011). U-Pb ID-TIMS analytical results are 
presented in Electronic Appendix 5 and data reduction parameters are given in Electronic 
Appendix 6. All uncertainties are reported at 2σ in Electronic Appendix 5. 

For both SHRIMP and TIMS results, Isoplot v. 4.15 (Ludwig, 2012) was used to generate 
concordia plots and calculate weighted means. Ages were calculated using the decay constants and 
natural 238U/235U ratio (137.88) recommended by Steiger and Jäger (1977). The error ellipses on 
the concordia diagram (Fig. 9) and the weighted mean errors in the text are reported at the 95% 
confidence level. The probability density diagram was generated using AgeDisplay (Sircombe 
2004). 

U-Pb Analytical Results

Zircon recovered from sample SH-21-15-D occurs as colourless to pale brown, subhedral or 
rounded prismatic to equant crystals, ~75–200 μm in length (Fig. 9A inset). CL images reveal 
variable zoning patterns in zircon interiors, including oscillatory, sector, fir-tree, or irregular 
zoning. Many crystals have outer, dark or less commonly bright rims of variable thickness that 
surround or transect the zoned interiors. The rims are either homogeneous or zoned.  

Ninety-one SHRIMP analyses were conducted across 83 zircon crystals, with 207Pb/206Pb dates 
ranging between ca. 2853 and 2545 Ma (Fig. 9; Electronic Appendix 3). Replicate analyses were 
made on 4 of the youngest grains, with grain 100 giving the best results with a weighted mean age 
of 2619 ± 11 Ma (n = 3; MSWD = 0.42). This age is considered as the best estimate for the 
maximum age of deposition for the conglomerate. The replicate analyses from the other 3 grains 
yielded non-reproducible results attributed to the effects of variable Pb loss. On a combined 
probability density distribution and histogram plot (Fig. 9B), the data display a dominant mode at 
2695 Ma, as well as smaller ones at 2850, 2795, 2640, and 2620 Ma.  

Four additional zircon grains, prismatic in shape, were analyzed by ID-TIMS, all of which are 
concordant to sub-concordant with 207Pb/206Pb dates ranging between 2738.0 ± 1.4 and 2705.1 ± 
1.5 Ma (Fig. 9C; Electronic Appendix 5). All these dates fall within the dominant age mode defined 
by the SHRIMP data. 

CONSTRAINTS ON THE TIMING OF GOLD MINERALIZATION 

The 1810.7 ± 4.6 Ma weighted mean Re-Os age obtained on gold-bearing arsenopyrite from a 
mineralized vein at the Golden Tooth prospect of the Willbob property is the first direct dating of 
gold mineralization in the Labrador Trough. It is interpreted as the age of structurally controlled, 
quartz-diorite-hosted vein-style gold mineralization in the northern part of the Trough. This 
indicates a mineralizing event approximately 60 to 75 million years after the emplacement of the 
Montagnais intrusive rocks, which have been dated at 1884.0 ± 1.6 Ma and at 1874 ± 3 Ma (Findlay 
et al., 1995; Machado et al., 1997) and are coeval with cycle 2 of the Labrador Trough stratigraphy. 
This dated phase of gold mineralization was roughly synchronous with regional metamorphism 
and subsequent cooling in the New Quebec Orogen dated between ca. 1840 and 1770 Ma (Godet 
et al., 2020 and references cited in their Table 1). At the Golden Tooth showing, the mineralized 
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veins are compatible with D4 deformation and the associated fabrics as the veins are preferentially 
developed in F4 axial planar zones at the intersection of folded S0 surfaces, suggesting that the 
veins are relatively late in the tectonic evolution of the area. Interestingly, the 1811 Ma 
arsenopyrite Re-Os age is similar to the age of an undeformed (late- to post-tectonic) monzonitic 
intrusion (1813 Ma) in the central sector of the orogen (Machado et al., 1997), suggesting a 
temporal association between orogenic auriferous hydrothermal activity and felsic magmatism at 
belt scale. At a larger scale, the Trans-Hudson Orogen represents an important metallotect for gold 
as shown in central and northern Canada (e.g., Lynn Lake, Manitoba: Lawley et al., 2020; Snow 
Lake, Manitoba: Rubingh et al., 2024; Meliadine, Nunavut: Carpenter et al., 2005; Lawley et al., 
2015; and Meadowbank: Janvier et al., 2015), and the new Re-Os age presented herein indicates 
that this orogen was also responsible for orogenic-style gold mineralization in the Labrador 
Trough. 

The youngest detrital zircon grain dated in this study for the Kan polymictic conglomerate provides 
a maximum age of deposition of ≤2619 ± 11 Ma for the lower member of the Baby Formation, 
whereas the ca. 1884–1874 Ma Montagnais sills, which crosscut units of cycles 1 and 2 (Fig. 3), 
provide a minimum age constraint on deposition. Although the absence of Paleoproterozoic detrital 
zircon makes it difficult to constrain its age more accurately, the presence of large, abundant, and 
irregular limestone clasts as well as abundant, rounded chert clasts in the conglomerate, both of 
which are most likely sourced from underlying units in the region such as the Denault (or Abner) 
Formation, suggests that it was deposited post-ca. 2142 Ma. The Archean detritus in the Kan 
conglomerate, of ca. 2850, 2795, 2738-2705, 2695, 2640, and 2620 Ma age based on the combined 
SHRIMP and ID-TIMS results, is consistent with derivation from the northeastern Superior 
Province, such as the ≤2.88 Ga Rivière-Arnaud terrane (e.g., Percival et al., 2012). Alternatively, 
or in addition, the Archean detritus could reflect recycling of cycle 1 sedimentary rocks. Thus, the 
detrital age data, combined with the nature and composition of clasts in the conglomerate, indicate 
that the source of sediments in the Baby Formation conglomerate comprises mixed Archean zircon 
material and Proterozoic chemical sedimentary rocks. Henrique-Pinto et al. (2017b) dated three 
sandstone samples from the Baby Formation, which also contain detrital zircon exclusively of 
Archean age (3.06, 2.94–2.80, 2.72, 2.70 Ga), and identified the Superior craton as the main source 
of sediments. The absence of ca. 1.88 Ga detritus in the dated conglomerate suggests that it was 
deposited early during cycle 2 sedimentation, prior to ca. <1874 Ma mafic volcanism (Hellancourt 
Formation), in a divergent setting (e.g., Henrique-Pinto et al., 2017b). More work would be 
necessary to better constrain the depositional age of sedimentary units in the Kan property, and by 
extension the timing of gold introduction, such as dating turbidite deposited contemporaneously 
with Hellancourt basalt. 
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