
INTRODUCTION 

The Archean Abitibi greenstone belt is known for its 
mineral wealth, including volcanogenic massive sul-
phide (VMS) deposits and other pre-main regional 
deformation (synvolcanic) polymetallic deposits (e.g. 
Monecke et al., 2017 and references therein). A unique 
concentration of Archean precious metal-rich VMS 
deposits is found in the Abitibi, and such provinciality 
suggests specific underlying genetic relationships (e.g. 
Mercier-Langevin et al., 2015).  

Although VMS deposits are present throughout the 
Abitibi belt, the overall endowment varies greatly 
among the different volcanic assemblages. The 2734–
2724 Ma Deloro assemblage (Ayer et al., 2002) con-
tains numerous VMS deposits, including those of the 
Matagami, Joutel, and Chibougamau districts. It also 
includes the Selbaie deposit in the Brouillan volcanic 

complex (part of the Harricana-Turgeon belt), which 
hosts the Cu-Zn-Ag-Au mineralized zones of the B26 
mining property (Fig. 1). The past-producing Selbaie 
mine (56.9 Mt at 1.85% Zn, 0.87% Cu, 39 g/t Ag, and 
0.55 g/t Au: Adam, 2004) has been interpreted as an 
epithermal system characterized by base and precious 
metal veins that overprint a mostly barren massive 
pyrite lens (Deptuck et al., 1982; Larson, 1987; Faure 
et al., 1990, 1996; Larson and Hutchinson, 1993; Taner, 
2000). It represents the only example of this type of ore 
system in the Abitibi greenstone belt. A shallow sub-
aqueous to subaerial caldera environment of formation 
is inferred (Deptuck et al., 1982; Larson and 
Hutchinson, 1993) and the age of the epithermal-like 
mineralization is constrained by a crosscutting synvol-
canic felsic dyke (2726 ± 3 Ma: Barrie and Krogh, 
1996). The 2729 ± 4 Ma Brouillan synvolcanic pluton 
(Barrie and Krogh, 1996), which underlies the mineral-
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ized host succession at Selbaie, is considered as a 
potential driver for the hydrothermal activity associ-
ated with the base and precious metal-rich zones in the 
surrounding Brouillan volcanic complex (Larson and 
Hutchinson, 1993). One key characteristic of the 
Selbaie deposit is the presence of very high-grade Ag 
zones (i.e. up to 1–2 kg/t Ag: Taner, 2000). Such high-
grade Ag intersections are also common at B26, as well 
as in other prospects of the area. This suggests the pres-
ence of regional controls on the precious metal-budget 
of some base metal deposits. 

The age of the host succession at the B26 project 
and its potential relationship with the Selbaie deposit 
host rocks remain to be established. Copper-Au occur-
rences were discovered on the B26 property by Billiton 
Metals in 1997. The property was optioned in 1998 and 
then acquired by SOQUEM in 2009. Several drilling 
campaigns have been completed on the property in the 
last 20 years, providing a good understanding of the 
geological context and documentation of the B26 
deposit host units (Adam, 1997; Beaudin, 2017). The 
“atypical” metallogenic characteristics of the Brouillan 
volcanic complex and the presence of locally very high 
Ag and Au grades (100–2000 ppm Ag, 0.5–50 ppm Au) 
at B26 and elsewhere in the area constitute a good 
opportunity to improve our understanding of precious 
metal enrichment processes in Archean base metal 
deposits. 

This study is part of an M.Sc. thesis (Fayard, in 
prep) that aims at identifying the controls on the pre-
cious metal enrichment at B26, and this paper summa-
rizes the geology, physical volcanology, geochemistry, 
and geochronology of the host volcanic succession of 
the B26 project. The description of the alteration and 
mineralized zones are presented in a companion paper 
(Fayard et al., 2020).  

REGIONAL GEOLOGY 

The Harricana-Turgeon belt in northwestern Quebec 
and northeastern Ontario is part of the northern Abitibi 
greenstone belt and extends for approximately 200 km 
from the Detour mine area to the Matagami district 
(Fig. 1). It is a volcano-sedimentary and plutonic belt 
mainly affected by regional greenschist-facies meta-
morphism, reaching the amphibolite-facies near the 
contact with the Opatica subprovince to the north 
(Lacroix, 1994). According to Lacroix et al. (1989) and 
Daigneault et al. (2004), the Harricana-Turgeon belt is 
affected by major phases of deformation, including a 
significant north-south shortening event (post-2710 
Ma) that was responsible for the regional northwest-
southeast- to east-west-trending subvertical foliation 
(generally referred to as S2 at regional scale, but 
referred to as Sp in this study). The Sp foliation is asso-
ciated with east-west-trending regional-scale folds, 

such as the Enjalran syncline and the Brouillan anti-
cline. Major longitudinal faults and deformation corri-
dors initiated during the north-south shortening were 
later accentuated or reactivated as dextral shears. A 
number of gold deposits (e.g. Detour Lake and Casa 
Berardi) and volcanogenic massive sulphide deposits 
(e.g. Matagami and Joutel districts) are present in the 
area (Fig. 1). 

The Brouillan volcanic complex, located in the cen-
tral portion of the Harricana-Turgeon belt, comprises 
the Brouillan Group and the Brouillan pluton. It is sur-
rounded by the basaltic units of the Brouillan Nord-
Fénélon Group to the north and Enjalran-Bapst Group 
to the south (Fig. 1). The Brouillan pluton is a 
polyphase intrusive complex composed of felsic 
(tonalite and granite) and intermediate (diorite) transi-
tional to calc-alkaline phases and a mafic (gabbro) 
tholeiitic phase (Faure, 2012). The Brouillan Group is 
dominated by intermediate to felsic lapilli tuff, tuff 
breccia, and crystal-rich coarse tuff, intercalated with 
calc-alkaline to transitional andesitic flows and sills, 
and rhyolitic domes (Lacroix, 1994; Faure, 2012). All 
units dip moderately to steeply to the south (40–85º) 
and generally face south (Faure et al., 1996; Faure, 
2012; Beaudin, 2017). 

According to Lacroix (1994), Taner (2000), Beaudin 
(2017), and Fayard et al. (2018), strain intensity is 
moderate over the entire complex, except for narrow 
east-west-trending high-strain zones, especially in the 
vicinity of the Brouillan and Enjalran-Bapst contact.  

The Brouillan tonalite and the Selbaie mine rhyolite 
have been dated at 2729 ± 4 Ma and 2729 +3/-2 Ma, 
respectively (Barrie and Krogh, 1996), and are consid-
ered coeval and co-magmatic. These ages were the 
only time constraints for the Brouillan volcanic com-
plex prior to this study, and no age data are available 
for the Enjalran-Bapst Group. 

MINERALIZED ZONES AT  
THE B26 PROJECT 

The B26 mineralized system consists of stacked sul-
phide zones with a (transposed) discordant stringer-
type Cu-rich zone at the base (Copper zone) overlain 
by Zn-(Pb)- and Ag-rich, concordant to stratabound, 
semi-massive to massive sulphide lens associated with 
peripheral disseminated and vein sulphides (Main and 
Upper Zinc zones; Fig. 2: Fayard et al., 2018). The 
Copper zone (indicated and inferred resources of 8.61 
Mt at 1.94% Cu, 0.07% Zn, 0.97 g/t Au, and 6.84 g/t 
Ag: SOQUEM Inc., 2018; Camus and Valdnais-
LeBlanc, 2018) consists of transposed millimetre- to 
decimetre-thick chalcopyrite stringers and veins that 
can locally contain up to 50 g/t Au. The chalcopyrite 
veins are associated with a large sub-concordant 
sericite-chlorite alteration halo and a proximal chlorite-
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dominated halo along the vein selvages developed in 
rhyolite A (see below). The Main and Upper Zinc zones 
are located in the upper part of rhyolite A (Fig. 2) and 
have total indicated and inferred resources of 2.77 Mt 
at 0.21% Cu, 4.66% Zn, 0.21 g/t Au, and 102.2 g/t Ag 
(SOQUEM Inc., 2018; Camus and Valdnais-LeBlanc, 
2018). The Main Zinc zone consists mainly of a Zn-
(Pb)-Ag semi-massive to massive sulphide lens and 
veins, whereas the Upper Zinc zone comprises Zn 
(sphalerite) disseminations, Zn-(Pb) veins, and Ag-rich 
(up to 2 kg/t) veins and veinlets. Mineralized zones 
have been metamorphosed, deformed, and transposed 
into the east-west-trending foliation and stretched par-
allel to a lineation that plunges 65°W. 

VOLCANIC STRATIGRAPHY 

The northwestern part of the Abitibi greenstone belt is 
known for its lack of outcrops, including the B26 area, 
which has up to a few 10s of metres of overburden. 
Consequently, the only available rock samples and 
direct observations come from drill core. In addition, 
most rock units are altered, deformed, and metamor-
phosed, which commonly hamper the recognition of 
protoliths and primary facies. Therefore, whole-rock 
lithogeochemistry was used extensively, together with 
the geological and petrographic drill core descriptions, 
to differentiate and map units at the deposit scale. From 
2111 core rock samples collected from 85 drillholes, a 
subset of 49 least altered samples was selected to best 
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characterize the initial composition of the different 
units present at B26. Readers are referred to Fayard (in 
prep) for more information about the criteria used in 
selecting the least altered samples. 

Exploration work by Billiton Metals and SOQUEM 
documented six principal lithologies of the Brouillan 
Group at B26 (Adam, 1997; Beaudin, 2017); these 
lithologies have been further documented in this study: 
an intermediate lapilli tuff with lesser tuff breccia 
(V2TL), a massive andesite (V2J), a dacitic unit 
(V1D), an aphyric rhyolite (rhyolite A; Rhy A), a 
quartz- and feldspar-porphyritic rhyolite (rhyolite B; 
Rhy B), and a quartz±feldspar porphyritic rhyolite 
(rhyolite C; Rhy C; Fig. 2). The principal characteris-
tics of these units are summarized in Table 1. 
Sedimentary rocks were also mapped but were not 
studied in detail.  

The base of the host stratigraphy has only been 
locally intersected by drilling. It consists of a ≥500 m 
thick succession of andesitic to dacitic massive and 
volcaniclastic rocks that comprise the aforementioned 
intermediate lapilli tuff ± tuff breccia (V2TL), massive 
andesite (V2J), and dacitic unit (V1D), which are here 

collectively and informally referred to as the interme-
diate member. The mineralized zones are hosted higher 
in the stratigraphy in what is here informally referred to 
as the felsic member, which comprises rhyolite units A, 
B, and C. The felsic member has an approximate thick-
ness of 400 m near the deposit (Fig. 2); the rhyolite 
units are intercalated with andesitic sills and dykes and 
minor sedimentary rocks, especially in the uppermost 
part. The lower intermediate member is not as well 
exposed as the upper felsic member because of the 
drilling pattern. Only a brief description of the units of 
the intermediate member is given here, but the rhyolite 
units of the felsic member are described in detail below 
as they host the mineralized zones and have been 
strongly affected by the associated hydrothermal alter-
ation. 

Intermediate Member Units 

Intermediate lapilli tuff ± tuff breccia (V2TL) 
This unit mostly consists of lapilli tuff with local occur-
rences of tuff breccia. It appears at several stratigraphic 
positions between the Brouillan pluton north of B26 
(Fig. 1) to the base of the felsic member (Fig. 2). This 

Lithology Lithofacies Composition and 
magmatic affinity

Inferred volcanic setting Additional informations

Intermediate tuff 
(V2TL)

Lapilli tuff ±tuff breccia; 2–30% aphyric 
fragments; kilometric extent

Andesite, calc-
alkaline

Autoclastic ? Pyroclastic ?

Andesite (V2J) Massive aphyric to locally amygdaloidal; 

variable thickness; kilometric extent

Andesite, calc-

alkaline

Effusive (subaqueous 

flows), and intrusive 

(sills, dykes)

Dacite (V1D) Massive and aphyric (rare Qtz), to lapilli 

tuff facies; 30–120 m thick; limited extent

Dacite, calc-alkaline Effusive, subaqueous

flows and probably domes 

with peripheral autoclastic 

breccia

Rhyolite A 

(Rhy A)

Massive aphyric, <3 vol.% 0.5–1.5 mm 

Qtz, locally relict spherulitic and flow 

banding textures, and lapilli tuff portions; 

300 m thick; kilometric extent

Rhyolite calc-

alkaline

Effusive, subaqueous 

flows, domes and lobes, 

autoclastic/talus breccia, 

and dykes in intermediate 
basement

FW: 2728.5 ± 0.8 Ma; 

HW: 2727.9 ± 0.8 Ma; Hosts

Zn-Ag-(Pb) VMS lens and 

Cu-Au stringers; fragmental 
proportion probably under-

estimated due to alteration/ 

deformation 

Rhyolite B

(Rhy B)

Dominant massive porphyritic facies with 

10–15 vol.% of 0.5–5 mm bluish Qtz and 

5–10 vol.% 0.5–5 mm Fsp (only preserved 

in hanging wall) in a microcrystalline 

matrix; minor peripheral volcaniclastic 

facies (Qtz-Fsp crystal-rich coarse tuff, 

and lapilli tuff to tuff breccia); maximum 

thickness 200 m in footwall and 70 m in 

hanging wall; kilometric extent

Rhyolite, calc-

alkaline

Intrusive shallow 

subvolcanic sills
FW: 2728.2 ± 0.7 Ma; The 

upper part of the footwall unit 

hosts the lower part of the Cu-

Au stringers and the Qtz-Fsp 

crystal-rich tuff hosts the 

satellite barren semi-massive 

pyrite lens

Rhyolite C

(Rhy C)

Massive porphyritic facies with 10–20 

vol.% 0.5–4 mm Qtz with variable (2–

10 vol.%) Fsp (usually altered); minor 

peripheral lapilli tuff facies; 10–50 m 

thick; kilometric extent

Rhyodacite/rhyolite, 

calc-alkaline

Intrusive as shallow 

subvolcanic sills and 

dykes (in part in the 

footwall), and partly 

effusive as flows/domes

at the top of the B26 

felsic member

Hosts a satellite barren 

massive pyrite-pyrrhotite 

(<1 m) lens; alternates with 

thin sedimentary rocks 

(thinly bedded argillite, 

siltstone, chert) and andesitic 

sills

Abbreviations: Fsp = feldspar, FW = footwall, HW = hanging wall, Qtz = quartz, VMS = volcanogenic massive sulphides.

Table 1. Summary of the main features of the B26 deposit host volcanic rocks. 
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unit has a basaltic-andesite to andesitic composition 
(Fig. 3a,b) and a calc-alkaline magmatic affinity (Fig. 
3c). It is considered a fragmental facies of the andesite 
(V2J) unit (see below). 

Andesite (V2J) 
The andesite unit, which occurs as massive flows and 
sills, is a significant part of the intermediate member in 
the lowermost part of the stratigraphy at B26. It is also 
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present in the felsic member as narrow sills and thin 
flows in the uppermost part of the Brouillan Group 
stratigraphy (Fig. 2). The andesite is aphyric and has no 
distinctive characteristics except for some amygdales 
in some of the sills and uppermost flow. The composi-
tion of the andesite is andesitic with a calc-alkaline 
magmatic affinity (Fig. 3a,b,c). The Zr/TiO2 and 
Al2O3/TiO2 ratios are low at 200.9 and 24.9, respec-
tively (Fig. 3d). The primitive mantle normalized rare 
earth element (REE) profile shows a moderate negative 
slope for the light REE ([La/Sm]n = 2.65) and an 
almost flat heavy REE pattern (Fig. 4a). The multi-ele-
ment plot shows moderate negative Nb-(Ta) and posi-
tive Zr-Hf anomalies (Fig. 4b), typical of arc-style 
calc-alkaline rocks. 

Dacite (V1D) 
The dacite, which varies in thickness from 30 to 120 m, 
forms several domes with a massive core and periph-
eral volcaniclastic rocks (lapilli tuff and tuff breccia). 
The massive part is largely aphyric with a vitreous 
aspect but can very locally contain quartz phenocrysts 
(Fig. 5a). The least altered samples (n = 4) are andesitic 
to dacitic (Fig. 3a,b) and calc-alkaline (Fig. 3c), with 

relatively low Zr/TiO2 and Al2O3/TiO2 ratios at 400.8 
and 22.6, respectively (Fig. 3d). The REE profile has a 
moderate slope for the light REEs (Fig. 4a). This unit 
is also characterized by moderate negative Nb-Ta and 
positive Zr-Hf anomalies (Fig. 4b).  

Felsic Member Units 

Rhyolite A (Rhy A) 
Rhyolite A has a maximum thickness of 300 m in the 
deposit area. It hosts the Zn-mineralized zones and 
most of the Copper zone (Fig. 2). Although alteration 
and deformation hamper the recognition of primary 
textures in some parts of the succession, the lowermost 
two-thirds of the unit is dominated by massive and 
aphyric rocks (~70 vol.%), with local evidence of flow 
banding and spherulites (Fig. 5b,c). The upper third of 
the unit is mainly dominated by lapilli tuff (Fig. 2, 
5d,e). The microcrystalline matrix of the aphyric rhyo-
lite can locally contain 1–3 vol.% quartz phenocrysts 
(0.5–1.5 mm). The unit is strongly altered and 
deformed in the footwall of the Main and Upper Zinc 
zones (Fig. 5f,g). In the hanging wall, it has a slightly 
different, vitreous appearance (Fig. 5h). Dykes of rhy-
olite A are common in the intermediate member (Fig. 
2).  

Least altered samples (n = 13) indicate a rhyolitic 
composition (Fig. 3a,b). Rhyolite A is characterized by 
distinctly high Zr/TiO2 and Al2O3/TiO2 ratios (~3300 
and ~125, respectively; Fig. 3d) due to its very low 
TiO2 content (~0.08 wt%). The magmatic affinity is 
calc-alkaline to slightly transitional (Fig. 3c). Rhyolite 
A has an FII-type signature, which is typical of slightly 
transitional to calc-alkaline Archean rhyolite (cf. 
Lesher et al., 1986; Fig. 3e). The primitive mantle nor-
malized REE profile (Fig. 4a) is characterized by a 
moderately negative light REE slope ([La/Sm]n = 2.74) 
and a flat heavy REE pattern ([Gd/Lu]n = 1.34). The 
entire REE pattern has a moderately negative slope 
([La/Yb]n = 5.13) with a negative Eu anomaly 
([Eu/Eu*]n = 0.49). Rhyolite A is also characterized by 
a moderately negative Nb-Ta anomaly, a strongly neg-
ative Ti anomaly, and a very weakly positive Zr-Hf 
anomaly on the multi-element plot shown in Figure 4b. 

Rhyolite B (Rhy B) 
Rhyolite B occurs in both the footwall and hanging 
wall of the Main and Upper Zinc zones (Fig. 2). It 
forms two main masses, one at the base of rhyolite A 
(≤200 m thick), and the other in the uppermost part of 
rhyolite A (≤70 m thick; Fig. 2). Dykes and thin sills of 
rhyolite B also intrude the intermediate member. 
Rhyolite B is quartz- and feldspar-porphyritic with 10–
15 vol.%, 0.5–5 mm, round to angular and commonly 
recrystallized (in subgrains) quartz phenocrysts in a 
microcrystalline quartz-feldspar matrix (Fig. 6a). 
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ment patterns for the B26 host rocks. A rhyolite from Selbaie 
is shown for comparison. All elements are normalized to 
primitive mantle values of McDonough and Sun (1995). 
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Feldspar phenocrysts are locally preserved in the less 
altered hanging-wall rocks (Fig. 6b). The unit is mas-
sive for the most part (≥90 vol.%) with a minor propor-
tion of volcaniclastic rocks including coarse tuff, lapilli 
tuff, and rare tuff breccia. The coarse, 2 to 4 m thick 
tuff bed is present in the lowermost part of the rhyolite 
B in the hanging wall of the Zinc zones. It contains up 
to 40 vol.% quartz and feldspar crystal fragments and 
locally some aphyric lapilli clasts (Fig. 6c,d). This tuff 

locally hosts a barren semi-massive pyrite lens (satel-
lite lens 1; Fig. 2). The lapilli tuff and rare tuff breccia 
(Fig. 6e) are present along the margins of rhyolite B 
masses and can be up to a few metres thick. 

Least altered samples (n = 7) indicate that rhyolite B 
is rhyodacitic to rhyolitic (Fig. 3a,b) and calc-alkaline 
(Fig. 3c) with an FII-type signature (Fig. 3e). There are 
some variations in the Zr/TiO2 and Al2O3/TiO2 ratios 
(Fig. 3d). Moderate negative slope of light REEs 

3 cm

3 cm 4 cm

5 mmSpherule2 cm

Lapilli

3 cm2 cm

Qtz

A

1.4 cm

B C

D E F

G H

Figure 5. a) Massive dacite. b) Flow-banded massive aphyric rhyolite A. c) Spherulitic massive aphyric rhyolite A. d-e) Vol-

caniclastic facies of rhyolite A. f) Footwall sericite and chlorite-altered (massive) rhyolite A. g) Strongly foliated footwall sericite-

quartz-(pyrite) altered rhyolite A. h) Hanging-wall aphyric and coherent rhyolite A with typical vitreous aspect. Abbreviation: Qtz 

= quartz. 
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([La/Sm]n = 3.37), an almost flat heavy REE ([Gd/Lu]n 
= 1.42) pattern, and a strong negative Eu anomaly 
([Eu/Eu*]n = 0.36) characterize this unit (Fig. 4a). 
Rhyolite B is also characterized by negative anomalies 
in Nb-Ta and Ti (Fig. 4b).  

Rhyolite C (Rhy C) 
Rhyolite C is a 10 to 50 m thick, mostly massive unit 
that occurs in the uppermost part of the B26 host 
sequence (Fig. 2). It is spatially associated with 
andesitic sills. The unit stratigraphically overlies rhyo-
lite A and the contact is locally brecciated. It is very 
locally associated with ankerite-altered sandstone and 
argillite hosting a 0.5 to 1 m thick barren pyrite-
pyrrhotite semi-massive lens (satellite lens 2; Fig. 2). 

Rhyolite C comprises 10–20 vol.% subangular to 
subrounded quartz phenocrysts (0.5–4 mm; Fig. 6f). 
The phenocrysts are commonly recrystallized in sub-
grains and have a bluish colour. Feldspar is rarely pre-
served and has undergone selective sericite alteration 
and stretching. 

Least altered samples (n = 3) indicate a rhyodacitic 
to rhyolitic composition (Fig. 3a,b). Rhyolite C is geo-

chemically distinguished from the other B26 rhyolites 
by its lower SiO2 content and its relatively higher Zr, 
TiO2, Al2O3, and Hf contents (Fayard, in prep). It is 
calc-alkaline (Fig. 3c) and shows a similar, but slightly 
more enriched heavy REE pattern compared to rhyolite 
B (Fig. 4a). Rhyolite C is differentiated from rhyolite 
units A and B by its positive Zr-Hf anomaly and a less 
developed negative anomaly in Ti (Fig. 4b).  

Sedimentary Rocks 

Sedimentary rocks gradually evolve, up-stratigraphy, 
from thinly bedded ±cherty siltstone to argillite. They 
overlie rhyolite A and are interlayered with rhyolite C 
and andesitic rocks at the top of the felsic member, 
close to the contact with the Enjalran-Bapst Group 
(Fig. 2).  

Enjalran-Bapst Group Mafic Rocks 

The Enjalran-Bapst Group is separated from the 
Brouillan Group (felsic member) by a thin graphitic 
argillite layer. The Enjalran-Bapst Group is composed 
of aphyric basalt and fine- to coarse-grained gabbro. 
These rocks have a basaltic composition (Fig. 3a,b) and 
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Figure 6. a) Footwall sericite and chlorite-altered quartz porphyritic rhyolite B. b) Hanging-wall quartz- and feldspar-phyric rhy-
olite B. c) Quartz and feldspar crystal-bearing coarse tuff facies of the hanging-wall rhyolite B. d) Lapilli tuff facies of the hang-
ing-wall rhyolite B. e) Fragmental facies (lapilli tuff) of rhyolite B. f) Quartz-(feldspar) porphyritic rhyolite C. Abbreviations: Fsp 
= feldspar, Py = pyrite, Qtz = quartz. 
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a tholeiitic affinity (Fig. 3c) that strongly contrasts with 
the calc-alkaline affinity of the Brouillan Group rocks. 
In the B26 project area, the regional deformation does 
not affect the Enjalran-Bapst rocks as much as the 
underlying Brouillan Group rocks. Fayard (in prep) 
provides more information about the relationship 
between the Enjalran-Bapst and Brouillan groups. 

U-Pb ZIRCON GEOCHRONOLOGY 

To better constrain the timing of formation of the B26 
mineralized zones and to establish correlations with 
other ore deposits of the region, a series of three drill 
core samples from the felsic member was selected for 
U-Pb zircon geochronology. Two of the samples ana-
lyzed were from the Main Zinc zone footwall succes-
sion (samples B26PL-2017-003 and B26PL-2017-004 
from rhyolite units A and B, respectively) and one from 
the hanging wall (B26PL-2017-005 from rhyolite A). 
Analysis was completed at the Geochronology 
Laboratory of the Geological Survey of Canada in 
Ottawa. Heavy minerals were concentrated from the 
samples using standard crushing, grinding, and separa-
tion on a Wilfley table and by heavy liquid techniques. 
Mineral separates were sorted by magnetic susceptibil-
ity using a FrantzTM isodynamic separator and hand-
picked using a binocular microscope. Single zircon 
grains were chemically abraded following the tech-
niques of Mattinson (2005), including annealing for 48 
hours at 1000°C prior to leaching with hydrofluoric 
acid (HF) at 180°C for 12 hours. Details of zircon mor-
phology, quality, and HF leaching times are summa-
rized in Table 2. U-Pb isotope dilution-thermal ioniza-
tion mass spectrometry (ID-TIMS) techniques utilized 
in this study—including the addition of a 205Pb-233U-
235U spike—dissolution, column chemistry, and analy-
sis on a Triton thermal ionization mass spectrometer, 
are modified after Parrish et al. (1987). The treatment 
of analytical errors follows Roddick (1987), with 
regression analysis modified after York (1969). 
Procedural blank levels were generally less than 1.0 pg 
for Pb. U-Pb ID-TIMS analytical results are presented 
in Table 2 and displayed in concordia plots in Figure 
7). All age uncertainties and error ellipses are presented 
at the 2σ level. The zircon grains that were analyzed 
were mostly euhedral to subhedral, equant to prismatic, 
and ranged in length from 50 to 150 µm. The three rhy-
olite samples, B26PL-003, -004, and -005, yielded con-
cordant to slightly discordant analyses with similar 
weighted average 207Pb/206Pb ages of 2728.5 ± 0.8 
Ma, 2728.2 ± 0.7 Ma, and 2727.9 ± 0.8 Ma, respec-
tively, which are interpreted as the crystallization ages 
of the rhyolite units (Fig. 7).  

data-point error ellipses are 2σ
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DISCUSSION 

Stratigraphy of the B26 Host Volcanic Succession 

The inferred primary volcanic architecture of the B26 
project area is schematized in Figure 8. The interpreted 
relative and absolute timing of the emplacement of the 
different units is detailed below following four phases 
of an evolving volcanic centre. The focus of this paper 
is the timing of the events and the potential architecture 
in the study area. Petrogenetic considerations will be 
presented and discussed in detail elsewhere (Fayard, in 
prep). 

First phase: Intermediate member volcanism 
The intercalated andesite and intermediate lapilli tuff ± 
tuff breccia deposit have the same geochemical signa-
ture, which suggests a cogenetic relationship. The rela-
tive proportion of flows versus sills is, however, diffi-
cult to estimate as both facies are texturally similar 
(Fig. 8). The dacite was probably coeval with the 
andesite as it is located at different stratigraphic posi-
tions in the andesitic strata (Fig. 8). The textures and 
distribution of the dacite are in agreement with an 
emplacement as isolated domes. These domes may 
have been extrusive, but they could also have been 
partly emplaced in a sub-seafloor setting (i.e. 
cryptodomes). Dacitic volcanism probably marks the 
gradual transition towards more felsic volcanism in the 
upper part of the stratigraphy. The nature of the 
andesite and dacite (e.g. massive with surrounding 
unsorted, monogenic volcaniclastic deposits) does not 
confirm that they were emplaced in a subaqueous set-
ting. However, the general context strongly suggests it, 
although the water depth at the time of emplacement 
remains unconstrained. 

Second phase: Early volcanism of the  
felsic member 
The onset of calc-alkaline felsic volcanism is estab-
lished at about 2728 Ma, as indicated by the two ages 
(2727.9 ± 0.8 and 2728.5 ± 0.8 Ma) obtained from rhy-
olite A. The rhyolite A was most likely emplaced as 
coalescing flow-dome complexes at, or very near, the 
seafloor, forming isolated massive, flow-foliated 
aphyric rhyolites in a thick pile of associated fragmen-
tal deposits (Fig. 8). Dome growth might have been in 
part endogenous, as suggested by the vertical continu-
ity of some of the massive rhyolites that seem to match 
the dome’s lateral extension. Although the age and 
chemistry are identical to the underlying strata, the 
upper third of the unit may represent a secondary pulse 
of rhyolite A volcanism as it has a slightly different 
aspect (vitreous) with more abundant volcaniclastic 
rocks. 

Third phase: Rhyolite B  
Volcanism related to rhyolite B is contemporaneous 
with that of rhyolite A as indicated by similar U-Pb 
crystallization ages (Fig. 7). However, both rhyolite 
units are distinct as indicated by their contrasting tex-
ture and slightly different chemistry. The facies and 
distribution of rhyolite B indicate that it was emplaced 
as shallow subvolcanic domes or sills at the interface 
between the intermediate and felsic members, and 
higher up in rhyolite A (Fig. 8). Such an interpretation 
is in agreement with the presence of common dykes 
and sills of rhyolite B intruding the volcanic succes-
sion.  

Fourth phase: Waning volcanism and  
sedimentation 
The age of rhyolite C is unconstrained, but its distribu-
tion and chemistry indicate that it is part of the same 
felsic magmatic system as the other intermediate to fel-
sic volcanic rocks at B26. It was emplaced as a series 
of sills in the uppermost part of rhyolite A and extruded 
as flows and/or as domes on the paleo-seafloor, form-
ing the top of the felsic member. Rhyolite C probably 
represents the waning stages of felsic volcanic activity 

V2J

V1D

Rhy B

Rhy A
Rhy A

Rhy B

Rhy C

Inferred synvolcanic fault
Hanging wall / footwall contact 

Upper Zinc zone 
Main Zinc zone 

Copper zone Satellite (pyrite) lens 

Unknown water depth

Figure 8. Schematic representation of the inferred primary 
architecture of the B26 host volcanic succession and the 
mineralized zones. Legend for the units is shown in Figure 2. 
Note that the colours of the volcaniclastic facies patterns 
have been slightly attenuated to highlight the mineralized 
zones.  



in the study area, which was succeeded by clastic sed-
imentation. Calc-alkaline andesitic volcanism covered 
the top of the volcanic edifice, forming amygdaloidal 
flows interlayered with rhyolite C and sediments. 
Finally, a thin layer of graphitic argillite covers the 
entire volcanic sequence. 

Geological Controls on the Style and 
Geometry of Mineralized Zones 

The volcanic architecture in the B26 project area com-
prises permeable volcaniclastic strata that were more 
favourable to hydrothermal fluid upflow and thus influ-
enced the metal distribution. The transposed and 
slightly discordant Copper zone extends over at least 
150 to 200 m of flattened stratigraphy, indicating that it 
was certainly significantly thicker prior to flattening. 
This suggests a significant vertical extension of the Cu 
mineralization that may have been accentuated by the 
permeable nature of the volcaniclastic strata. Though 
the Main and Upper Zinc zones are concordant, they 
are considered to have been formed largely by sub-
seafloor replacement processes (see Fayard et al., 
2020). More “diffuse-style” mineralization formed 
within the hanging-wall fragmental facies of rhyolite 
A.  

The alteration is widespread and extends in the 
hanging-wall rocks, further supporting a sub-seafloor 
deposition. Although there are no constraints on the 
water depth at the time of volcanism, the extensive 
Copper zone suggests a deep setting that would have 
prevented fluid boiling, whereas the comparatively 
smaller, Pb-bearing, Ag-rich Zinc zones suggest a 
much lower temperature, and perhaps a shallower set-
ting allowing fluids to boil (cf. Hannington et al., 
1999). It is possible that the apparent lack of a signifi-
cant hiatus (e.g. interlayered sedimentary strata) in the 
felsic volcanism associated with rhyolite A in the 
immediate B26 area could have hampered the develop-
ment of a large sulphide lens. Such a hiatus seems to 
have only occurred during the emplacement of rhyolite 
C, much higher in the stratigraphy, perhaps during the 
waning stage or after the hydrothermal activity. This 
does not preclude the possibility that favourable local 
hiatuses in rhyolite A volcanism may have developed 
elsewhere in the Brouillan Group. 

The volcanic succession in the Selbaie area, which 
occurs less than 10 km to the northwest, has the same 
age as that at B26. It has been interpreted as a shallow 
submarine to subaerial volcanic centre comprising 
epithermal polymetallic mineralization (e.g. Larson 
and Hutchinson, 1993). Thus, the B26 zones may rep-
resent an intermediate mineralization style between 
typical Archean Zn-Cu systems and epithermal sys-
tems. The presence of distinct intermediate to felsic 
units as coalescing domes and laterally restricted 

flows, dykes, and sills indicates that the area was 
undergoing extension. It also means that the area was 
the location of focused volcanic activity with a well 
developed thermal corridor (cf. Galley, 2003) in prox-
imity to the Brouillan synvolcanic intrusion, explaining 
the presence of the B26 mineralized zones in that area.  

Analogies between the Host Rocks of the  
B26 Zones and the Selbaie Deposit  

The Selbaie and B26 rhyolite units are geochemically 
largely similar. They both have a strongly calc-alkaline 
magmatic affinity (Fig. 3c) and comparable extended 
primitive mantle-normalized trace element patterns 
(Fig. 4b). They have the same age (ca. 2729–2728 Ma) 
and are coeval with the 2729 ± 4 Ma Brouillan synvol-
canic intrusion. Dissimilarities include the presence of 
shallow water to subaerial pyroclastic units at Selbaie, 
which are absent (or not preserved) at B26, perhaps 
explaining differences in ore styles (see Fayard et al., 
2020 for further discussion). More work is underway to 
fully compare the B26 area with the Selbaie deposit.  

IMPLICATIONS FOR EXPLORATION 

This study presents preliminary volcanogenic, textural, 
geochemical, and geochronological information about 
the B26 Cu-Zn-Ag-Au project, which provides a better 
understanding of the key stratigraphic relationships 
between the volcanic units and the mineralization, and 
how these relate to the large past-producing Selbaie 
polymetallic deposit. B26 is a base metal (Zn-Cu) 
polymetallic mineralized system that contains signifi-
cant Ag-rich zones. It is hosted in a ≥400 m thick 
sequence of predominantly felsic flows, domes, and 
sills that have a calc-alkaline magmatic affinity. It is 
also located very proximal to a large synvolcanic felsic 
calc-alkaline intrusion (Brouillan pluton), which is 
interpreted to have been the hydrothermal driver in the 
area (e.g. Selbaie deposit and Wagosic prospect). 
Archean calc-alkaline volcanic centres have tradition-
ally been considered less prospective than tholeiitic 
successions. However, B26, Selbaie, and the Ag-rich 
mineralized zones of the Brouillan volcanic complex 
are similar to many of the Archean Au-rich VMS sys-
tems of the Superior province (e.g. Mercier-Langevin 
et al., 2015). They are associated with calc-alkaline 
rocks, indicating that such rocks (typical of very well 
metal-endowed younger arc settings) should not be 
neglected in exploring for Archean synvolcanic ore 
systems.  
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