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a b s t r a c t
The Archean Blake River Group of the southern Abitibi greenstone belt is deﬁned as a subaqueous megacaldera. Compelling evidence include: (1) a radial and concentric organization of synvolcanic maﬁc to
intermediate dykes, (2) an overall dome geometry deﬁned by the volcanic strata, (3) a peripheral distribution of subaqueous volcaniclastic units, (4) a zonal distribution of carbonate alteration, and (5) a
distinct annular synvolcanic inner and outer ring fault pattern. Three caldera-forming events have been
identiﬁed: (1) the early Misema caldera, (2) the New Senator caldera, and (3) the well-known Noranda
caldera. The multi-vent BRG maﬁc volcanic complex, developed on a monotonous sequence of tholeiitic
basalts, forming a submarine plain, and experienced a ﬁrst major collapse that created the giant Misema
Caldera (80 km in diameter). An endogenic dyke swarm intruded the synvolcanic fractures and an underlying magma chamber developed. Major volcaniclastic units were generated by local volcanic centers and
summit calderas formed along the outer and inner ring faults. This fault system was used as a conduit for
CO2 -rich hydrothermal activity. Renewed volcanic activity was associated with a resurgent central dome
inside the Misema Caldera. This second collapse event created the 35 km by 14 km NW-trending New Senator Caldera. This caldera was produced by multi-step sagging after the underlying magmatic chamber
migrated to the SE and formed the Flavrian-Powel Plutons. The ﬁnal collapse resulted in the formation
of the Noranda Caldera that generated a well-developed 070◦ -trending fracture pattern associated with
several VMS deposits. The multiple-caldera setting provides an effective model to explain the presence
of VMS mineralization along the synvolcanic fractures associated with the three collapse episodes. However, the importance of the New Senator Caldera fracture pattern is emphasized because of its role in the
positioning of the giant Horne Mine deposit.
© 2008 Elsevier B.V. All rights reserved.

1. Introduction
Calderas are subcircular collapse structures related to overpressure or underpressure conditions of the underlying magma chamber (Lipman, 1997; Gudmundsson, 1998a). Recognition in modern
subaerial settings, such as the Toba (Chesner et al., 1991), Taupo
(Charlier et al., 2005) and Valles calderas (Self et al., 1996), is facilitated by their 3D geomorphology and preserved volcanic deposits.
In contrast, submarine calderas are problematic because of limited
access. Topographic and geophysical surveys are used in subaerial
settings, whereas bathymetric maps reveal the geometry of their
subaqueous counterparts (Fiske et al., 1998, 2001). Subaqueous
silicic calderas are recognized as ﬁrst order sites for volcanogenic
massive sulphides (VMS; Ohmoto, 1978, 1996; Stix et al., 2003;
Franklin et al., 2005), and hence their importance for exploration.
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Archean greenstone belts are dominated by submarine
sequences and numerous subaqueous calderas have been identiﬁed
based on lithofacies distribution and regional mapping (Morton et
al., 1991; Gibson et al., 1999; Mueller et al., 2004, 2008). Although
regional ductile deformation events manifested by folds, faults and
shear zones make it difﬁcult to reconstruct the geometry of the
volcanic architecture, steeply dipping units in plan view can be
interpreted as a section across a caldera (Mueller and Mortensen,
2002; Hudak et al., 2003; Lafrance et al., 2003).
The initial model for the Blake River Group (BRG) in the Archean
Abitibi greenstone belt was of a maﬁc, basalt-dominated base
(Goodwin, 1977) upon which a felsic complex developed (de RosenSpence, 1976; Dimroth and Lichtblau, 1979). This study presents
a fundamental re-interpretation of the Blake River Group based
on the pattern of maﬁc to intermediate dykes and sills, the synvolcanic fracture systems, and the distribution of volcaniclastic
deposits. The Blake River megacaldera complex (BRMCC) with
a diameter of 80–90 km is equivalent to the dimension of the
Olympus Mons summit caldera on Mars. Despite some deforma-
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tion, the BRMCC has preserved a geometry and features typical
of both overlapping (Las Cañadas Caldera, Tenerife; Carracedo
et al., 2007) and nested calderas (Campi Flegrei ﬁeld, Naples;
Mueller et al., 2008). This new interpretation has signiﬁcant implications for understanding Archean tectonic evolution and deﬁning
new exploration targets for volcanogenic massive sulphides in the
BRG.
2. Geological setting

67

(Fig. 2). The climax around 2698 Ma corresponds to the median age
for the synvolcanic felsic intrusive rocks. Felsic volcanism of Misema and Noranda subgroups is considered coeval as radiometric
determinations do not show a spatial distribution pattern.
2.3. Deformation
Archean terranes are generally affected by several deformational
events so that folding and faulting need to be carefully addressed to
make paleogeographic reconstructions (see Daigneault et al., 2004).
The present surface geometry of the BRG deﬁnes a lens-shaped unit
extending 125 km by 40 km with a relatively low-strain domain
in the central part, in which subhorizontal units are recognized.
The strain level increases progressively towards the margins of the
BRG, as expressed by a subvertical dip of the volcanic units and
the appearance of ductile planar fabrics. The ductile deformation
becomes more developed near the two major fault zones limiting
the BRG, the Destor-Porcupine-Manneville Fault Zone (DPMFZ) to
the north and the Cadillac-Larder Lake Fault Zone (CLLFZ) to the
south (Fig. 2). The SE-trending Parfouru Fault Zone (PFZ) is also
recognized at the eastern margin of the BRG. Although the effects
of ductile deformation can be discerned within the BRG, internal primary characteristics within the overall architecture were
nonetheless preserved.

The 3000-km2 BRG is characterized by a 2706(?)–2696 Ma volcanic sequence (Corfu, 1993; Mortensen, 1993a,b; Mueller et al.,
2007) belonging to the southern volcanic zone of the Abitibi Subprovince (SVZ; Chown et al., 1992; Fig. 1). The 4–7 km-thick BRG
succession is composed of maﬁc volcanic rocks with several felsic
volcanic centers (Baragar, 1968; Jolly, 1980; Dimroth et al., 1982;
Jensen, 1981; Hannington et al., 2003). This well-preserved, lowgrade metamorphic, volcanic succession (Jolly, 1978; Gélinas et
al., 1984) hosts 33 volcanogenic massive sulphide (VMS) deposits
totalling 125 Mt with the 54 Mt (150 total) giant Horne Mine deposit
as the major producer (Fig. 2).
The BRG was subdivided into Misema and Noranda subgroups
(Goodwin, 1977; Péloquin, 2000, Fig. 2). The basal Misema Subgroup is dominated by tholeiitic and calc-alkaline maﬁc volcanic
rocks with local maﬁc and felsic centers (Fig. 2) such as Clifford and
Ben Nevis (Gélinas et al., 1977; Jensen, 1981; Ayer et al., 2005). A
maﬁc variolitic volcanic unit along the margin of the BRG is a marker
unit at the base of the group (Dimroth et al., 1982). The tholeiitic
to calc-alkaline overlying Noranda Subgroup is distinctly bimodal,
with felsic volcanic rocks accounting for up to 40% of the subgroup
by volume (Gélinas et al., 1977, 1984).
The Misema Subgroup is interpreted to be derived from the
partial melting of a mantle-source, fractionating garnet and amphibole (Baragar, 1968; Goodwin and Smith, 1980). The source of the
Noranda Subgroup is recognized to be a garnet-free high level
magma with different degrees of assimilation and fractional crystallization, implying ensialic to ensimatic components (Ludden et
al., 1982; Capdevilla et al., 1982; Hart et al., 2004).

The Blake River Megacaldera Complex (BRMCC) is deﬁned as a
multi-stage collapse structure that occupies most of the present
BRG surface. Several arguments support a megacaldera complex and include: (1) the maﬁc-intermediate dyke swarm pattern
(Figs. 3 and 4), (2) the overall domal geometry (Fig. 5), (3) the fault
pattern (Fig. 6), (4) the distribution of volcaniclastic rocks (Fig. 7),
and (5) the distribution pattern of carbonate-rich hydrothermal
alteration (Fig. 8). These components collectively support the deﬁnition of the giant Misema Caldera (MC) as well as the subsequent
New Senator (NSC) and Noranda (NC) calderas.

2.1. The Noranda Caldera

3.1. Ring and radial dyke patterns

The Noranda Caldera (NC) was recognized by de Rosen-Spence
(1976) and Lichtblau and Dimroth (1980) and studied in detail by
Gibson (1989), who referred to it as the Noranda cauldron. The NC
is oval-shaped, measures 15 km by 20 km, and lies between synvolcanic faults: the Hunter Creek Fault (HuCF) to the north, the Horne
Creek Fault (HoCF) to the south and the Dufresnoy Fault (DF) to
the east (Fig. 2). Subsidence reached a maximum of 1200 m along
the southern margin (Gibson, 1989), which suggests an asymmetric
trapdoor structure (e.g. Lipman, 1997). Numerous felsic units of the
Noranda Subgroup are associated with the caldera (unit 3 in Fig. 2,
de Rosen-Spence, 1976; Gibson, 1989), whereas other units are
interpreted to be pre- or post-caldera (Gibson, 1989). Spatially associated with these collapse structures is the 2700 ± 2 Ma composite
tonalitic to trondhjemitic synvolcanic Flavrian Pluton (Mortensen,
1993a,b; Galley and van Breemen, 2002). Within the caldera,
numerous ENE-trending synvolcanic faults served as hydrothermal
ﬂuid conduits to generate VMS deposits (Gibson, 1989). The volcanic architecture of the substratum around and underneath the
Noranda Caldera remains unknown.

The distribution of the BRG maﬁc to intermediate dyke swarms
was determined by detailed mapping and integrating the company
databases (e.g. Dimroth et al., 1985; Gibson, 1989; MRNFP, 2005)
(Fig. 3). The gabbroic and dioritic dykes have chemical compositions
and magnetic susceptibilities similar to those of their host volcanic
rocks (Jensen, 1981). Few radiometric determinations have been
done on the maﬁc dykes, but the 2707 Ma Aldermac quartz- and
feldspar-phyric gabbro (Vaillancourt, 1996) and the recently dated
2703 Ma gabbro in the Clericy area (Mueller et al., 2007) indicate a
synvolcanic nature.
The general dyke pattern for the whole BRG displays a consistent
concentric and radial organization (Fig. 3). The concentric pattern
mainly follows the shape of the BRG with a virtual center point
occupied by the Flavrian Pluton, a pattern followed also by the distribution of the felsic rocks units (Figs. 2 and 3). The overall shape
becomes ﬂattened near the major Cadillac-Larder Lake Fault Zone
that marks the southern BRG boundary.

2.2. Geochronology
Available geochronological data indicate that the BRG felsic
volcanic activity is bracketed between 2694 ± 2 and 2701 ± 1 Ma

3. The Blake River Megacaldera Complex and Misema
Caldera

3.1.1. Ovoid dyke patterns
Careful examination of dyke distribution reveals the presence
of km-scale concentric and radial dyke patterns, particularly in the
northern part of the BRG (Fig. 3). Ovoid patterns are commonly
elongated (1:2 ratio), have a restricted extent (5–10 km in the long
axis), and in several cases occur around a felsic pluton. These ovoid
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Fig. 1. Location of the Blake River Group in the Abitibi Subprovince (modiﬁed from Daigneault et al., 2004). DPMFZ = Destor Porcupine Manneville Fault Zone, CLLFZ = Cadillac
Larder Lake Fault Zone.

Fig. 2. Map showing the relevant features of the Blake River Group and the distribution of the two subgroups (Misema and Noranda) and felsic volcanism. Roman numbers
refer to felsic units of the Noranda Subgroup (Gibson and Watkinson, 1990). The Hunter Creek Fault (HuCF), Horne Creek Fault (HoCF) and Dufresnoy Fault (DuF) are boundary
faults around the Noranda Caldera (de Rosen-Spence, 1976; Gibson and Watkinson, 1990). DPMFZ = Destor-Porcupine-Manneville Fault Zone, CLLFZ = Cadillac-Larder Lake
Fault Zone, PFZ = Parfouru Fault Zone, BCF = Beauchastel Creek Fault.
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Fig. 3. Distribution of the maﬁc dyke swarms in the Blake River Group. Dashed lines highlight the main features discussed in the text. The external domain display ring and
radial dykes punctuated by local ovoid dyke swarms. The internal domain is mostly characterized by crescent-shaped dykes around the Flavrian Pluton. The Horseshoe dyke
is indicated in reference to the text.

dyke patterns are interpreted by Mueller et al. (2007) as outlining the volcanic centers, which are possibly the roots of summit
calderas.
3.1.2. Internal and external dyke distribution
A density grid map of dykes shows a concentration at the
periphery of the BRG (Fig. 4A). Without considering the ovoid dyke
patterns, the BRG area can be subdivided into two main domains:
(1) an internal and (2) an external dyke zone (Figs. 3 and 4). The
internal dyke domain represents a NW-trending elongated zone,
the boundaries of which are deﬁned by abrupt changes in dyke
directions. Dykes are generally thinner (median value = 172 m) and
collectively trace an arc around the Flavrian Pluton, with NE and
NW being the two dominant trends (Fig. 4C and E). The external
dyke domain corresponds to a 10–20-km-thick envelope around
the internal domain in which a concentric pattern is well established. Dykes measure 100–500-m thick (median = 212 m) with
thicker and more continuous dykes by comparison with the internal domain (Fig. 4D and E). They collectively form an arc around the
internal domain forming a radial pattern (Fig. 4B and D). The two
dyke domains suggest two independent caldera-formation events.
3.1.3. Horseshoe dyke
A distinct triple junction dyke pattern stands out in the BRG,
referred to here as the horseshoe dyke system. Locally exceeding
1-km thick and extending for more than 25 km, the Horseshoe dyke
has two NE- and E-NE branches that curve toward each other and
merge into one NE-trending segment. The dyke represents a composite intrusion of gabbros, diorites and quartz diorites. A peculiar
phenomenon is observed around the southern branch where the
volcanic assemblage displays south-facing younging directions on
the west side, but north-facing directions on the east (Figs. 3 and 5).
Hawaii rift zones with summit calderas display such a geometric

pattern and are characteristic of shield-building phases (Fiske and
Jackson, 1972).
3.1.4. Interpretation of the dyke pattern
Most dykes are interpreted as endogenic growth intimately
related to volcanic ediﬁce construction, but others could be lateor post-volcanic. In such a scenario, dyke emplacement and conﬁguration are likely to follow a fracture pattern (Anderson, 1937;
Ernst et al., 1995), probably in response to a regional stress ﬁeld
and/or more local stress ﬁeld related to the gravitational regime
associated with the growth of a volcanic ediﬁce. As long as the
dykes have a subvertical dip, their surface traces provide a good estimation of the paleo-minimum compressive stress (3) (Anderson,
1937; Gudmundsson, 2002). The deduced paleostress ﬁeld highlights points of convergence that correspond to the Flavrian pluton
and the local volcanic centers deﬁned by ovoid dyke pattern. It is
signiﬁcant that two of these convergent points A and B in Fig. 5
represent the only areas where strata are subhorizontal (20–40◦ ).
Some major dykes, e.g. the Horseshoe (south branch) and N-S
dykes are not coherent with the stress ﬁeld estimation (see Section 5), but the overall coherence and compatibility in the stress
ﬁeld trajectories deduced from the dyke patterns (coupled with age
determinations) support the synvolcanic origin for the majority of
the dykes.
3.2. Dome geometry
The integration of the bedding attitude into trajectories combined with younging directions enables a division of the BRG
into two distinct areas (Fig. 6). The peripheral area deﬁnes an
overall circular pattern characterized by steep strata with generally inward-younging directions, except for the western part.
Local inversions of younging directions are observed mostly in the

Fig. 4. (A) Density grid map of dyke distribution for the Blake River Group showing an annular zone of higher dyke abundance within the External dyke domain, supporting
the caldera interpretation. The binary diagrams in (B) and (C) compare dykes thickness and orientation. Distribution histogram and rose diagram in (D) and (E) display a
similar relationship. They show thicker dykes occupying all directions in the external domain and two dominant dyke directions in the internal domain.
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Fig. 5. Minimum stress trajectories deduced from dyke patterns in the Blake River Group. Note that the points of convergence correspond to the locations of the ovoid dyke
swarms and to the Flavrian pluton. (A) and (B) convergent points are areas where strata dip gently (20–40◦ ).

northern part of the peripheral area and are associated with discontinuous axial traces of doubly plunging folds. The central area
deﬁnes a complex structural dome-shaped geometry with moderate to shallow-dipping units. The volcanic Duprat dome is the
culmination of this central area. The ﬂanks of the Duprat dome were
steepened by late-stage shortening and can be interpreted as the
locus of a regional antiformal axial trace that was already identiﬁed
and interpreted by Goodwin (1965). The eastern side of the dome
structure is homoclinal with gentle dip (30–45◦ ) to the east (Gibson,
1989), and contains the Noranda Caldera. The Flavrian Pluton repre-

sents a window into the underlying high-level subvolcanic magma
chamber (Goldie, 1979; Kennedy, 1984; Paradis et al., 1988). The
western side of the volcanic Duprat dome structure is west-facing,
homoclinal and extending to the Ben Nevis area (Pearson, 1994a,
Figs. 2 and 6).
3.3. Faults
The BRG fault pattern (Fig. 7) is based on detailed ﬁeld observations and data compilations combined with topographic and

Fig. 6. Trajectories of bedding attitudes in the Blake River Group. The general architecture depicts an inner dome (Duprat) with gently to moderately outward-dipping strata.
At the periphery, strata dip steeply, are typically inward-facing, and are locally affected by folding. Discontinuities in bedding trajectories are along synvolcanic faults and
dykes, and along late faults.
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Fig. 7. Fault patterns in the Blake River Group (BRG) showing the dominant 070◦ -trending faults. The high fault density in the east-central part of the BRG is related to the
Noranda Caldera. Thick lines represent earlier faults that are commonly curved, discontinuous and used, in combination with the dyke pattern, to deﬁne a double ring fault
structure; see the inset map. HuCF: Hunter Creek Fault, BCF: Beauchastel Creek Fault, HoCF: Horne Creek Fault, DuF = Dufresnoy Fault, MoF = Mobrun Fault, WHF = Workman
Hill Fault.

geophysical lineaments. Excluding the two well-known E-trending
major fault zones (DPMFZ and CLLFZ) that limit the BRG, several
fault sets were recognized on the basis of their orientation but
most of them are generally interpreted to be late in the structural
evolution (Daigneault and Archambault, 1990).
The 070◦ -trending faults set is more developed and affects the
whole BRG with a mean spacing of 4 km. Although most faults have
experienced a late component of movement as indicated by the
presence of mylonites or cataclasites (indicative of brittle-ductile
deformation), others such as the Hunter Creek, Beauchastel and
Horne Creek faults are synvolcanic based on the control exerted

on the lithofacies distribution, the presence of hydrothermal
alteration, and the intrusion of synvolcanic dykes (see Gibson et
al., 1999).
Some fault segments, locally curvilinear and with dominant
NNW and SE trends, are crosscut by late faults, especially by the
070◦ sets (Fig. 7). Among them is the NNW-trending Workman Hill
fault (Hogg, 1964) and the SE-trending Mobrun and Dufrenoy fault
which, in this latter case, lies along a synvolcanic intrusion (Goutier
and Melançon, 2007). The extrapolation of early fault segments,
combined with the traces of interpreted fractures as deduced from
the dyke distribution, argues favourably for a BRG-wide annular

Fig. 8. Distribution of major volcaniclastic units in the Blake River Group with respect to the Inner and Outer Ring Faults of the Misema Caldera.
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fault pattern. Two major annular faults are inferred. The Outer Ring
Fault has a diameter of 65 km and is located at the periphery of
the BRG. The Inner Ring Fault has a diameter of 45 km (Fig. 7) and
is best documented by the SE-trending Dufresnoy Fault. Both ring
faults are truncated by the CLLDZ in the south.
3.4. Distribution of volcaniclastic units
The Noranda Subgroup of the NC area is characterized by
effusive volcanism with minor (less than 5%) pyroclastic deposits
(de Rosen-Spence, 1976; Dimroth et al., 1982; Paradis et al., 1988;
Gibson, 1989). On the other hand, abundant volcaniclastic units
are distributed in a concentric fashion between the Inner- and
Outer-ring faults of the BRG (Fig. 7). These major volcaniclastic
units can be of pyroclastic (Tassé et al., 1978; Pilote et al., 2007)
and possibly of autoclastic origin that may or may not be reworked
to varying degrees.
The volcaniclastic units have an intermediate to maﬁc chemical
composition and correspond to km-scale units, 1–3 km in thickness
and traceable for 10–20 km along strike. Using the classiﬁcation of
Mueller and White (1992) for subaqueous pyroclastic deposits, they
are variably represented by tuff, tuff breccias and lapill tuff breccias
containing crystals, lithic, vitric, scoria and pumice and exhibiting
massive or chaotic structure, graded and cross-bedded and channelled structures. The prominent volcaniclastic units of probable
pyroclastic origin are those of Tannahill, Montsabrais, d’Alembert
and Mobrun which are located along the northern periphery of
the BRG (Fig. 8). They have been inferred to erupt from submarine and possibly emerging vents (Jensen, 1978, 1981; Tassé et al.,
1978; Dimroth and Desmarke, 1978; Dimroth and Rocheleau, 1979;
Dimroth et al., 1982; Desgagné, 1995; Gagnon et al., 1995; Goutier,
1997), but all deposits are in a subaqueous setting, as indicated by
bounding facies (Mueller et al., 2004).
The distribution of volcaniclastic units between the Inner and
Outer Fault Rings (Fig. 8) may represent either a single chronological event or a multi-stage event, but the latter seems more probable
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as these units occupied different stratigraphic levels. Furthermore
distinct geochemical afﬁnities from tholeiitic to transitional and
calk-alkaline were recognized for several of these units (Ross et al.,
2007).
This volcanism is strikingly different from the volcanism of the
inner Noranda and New Senator part of the BRG. The presence of
extensive mass ﬂow deposits and their distribution between the
Outer and the Inner Ring Faults require signiﬁcant topographic
relief and major collapse. The presence of a caldera wall associated with the Misema caldera event can accommodate all these
attributes.
3.5. Carbonate-rich hydrothermal alteration
Archean hydrothermal conduits are identiﬁed by an alteration
pattern, which include chloritization, sericitization, epidotization,
and siliciﬁcation at low metamorphic grades and is commonly
associated with VMS mineralization. For the NC (Knuckey et al.,
1982; Gibson, 1989; Cathles, 1993; Santaguida, 1999) this alteration pattern is constrained to the plumbing system and mimics
the synvolcanic fault pattern. Hydrothermal carbonate alteration is
associated with the Mattabi type deposits and occurs mostly as a
large semi-conformable zone but may be present in more discrete
disconformable zones (Morton and Franklin, 1987). Synvolcanic
fractures are used as discharge zones for the hydrothermal ﬂuids
(e.g. Lafrance et al., 2000 and Lafrance, 2003), and display proximal
Fe-rich carbonate varieties whereas Ca-rich carbonate varieties are
prominent at distal locations (Mueller et al., 2008). Mueller et al.
(2008) have shown that such hydrothermal patterns are inherent
to Archean subaqueous calderas.
Fig. 9 displays the distribution of carbonate alteration deﬁned
from ﬁeld observations combined with numerous geochemical
analyses in the BRG (unpublished databases CONSOREM and
related companies). Numerous zones of pervasive carbonate-rich
hydrothermal alteration (ankerite and locally siderite) are not
related to late deformation zones and quartz veining (Fig. 9). The

Fig. 9. Carbonatization pattern in the Blake River Group as established by the carbonate saturation index CO2 /(CaO + FeO + MgO)mol (Nabil, 2007) calculated from lithogeochemical analysis from rock sample (CONSOREM’s companies databases). The index determines the level of carbonatization independently of rock composition. Calculated
index values were combined with the modal carbonatization observed in the ﬁeld, revealing that the inner part of the BRG is virtually unaffected by carbonatization although
strong and pervasive areas of ankerite + calcite (±siderite) occur along the Inner and Outer Ring Faults of the Misema Caldera. A carbonate-rich envelope is also found along
the Destor-Porcupine-Manneville Fault Zone (DPMFZ) and the Cadillac-Larder Lake Fault Zone (CLLFZ).
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Fig. 10. Misema Caldera major fault system and delineation of the New Senator Caldera. The distribution of VMS mineralization is shown with respect to synvolcanic
structures. Deposits in the Noranda camp are intimately associated with the Noranda Caldera faults. The Yvanex-Aldermac group is closely related to the western limit of the
New Senator Caldera faults. Finally, peripheral mineralizations are associated with the Misema Caldera fault system.

Ben Nevis area displays a zone of intense carbonatization related
to VMS alteration (Grunsky, 1986; Pearson, 1994a; Hannington
et al., 2003, Fig. 9) and the large pervasive carbonatized zone
in the Delbridge area (Fig. 9) is not associated with any ductile deformation (Barrett et al., 1992). Carbonatization is also
common to gold deposits, and could be produced by orogenic
gold-bearing vein systems associated with the DPMFZ, CCLFZ and
related fault splays (Daigneault et al., 2002). However in this
case, the carbonate distribution in the BRG follows a pattern constrained by the Outer and Inner Ring Faults. This distinct pattern
is not associated with late shear zones but rather with synvolcanic
faults.

4. The New Senator Caldera
The New Senator Caldera (NSC) requires special attention for its
particular link to VMS mineralization in the BRG. The NSC is a 35 by
14 km elongated NW-trending structure lying in the center of the
BRG (Fig. 10). It is deﬁned by two major bounding NW-trending
fault zones that delineate the internal dyke swarm. The NSC is
overprinted by the Noranda Caldera event since fractures associated with the NSC are crosscut by 070◦ -trending Noranda Caldera
fractures. The NSC is described below according to three sectors
(Fig. 10).
(1) The sector south of the Horne Creek Fault (Fig. 10) displays
a north-facing homoclinal sequence and presents two different families of synvolcanic fractures. The 340◦ McPhee fault
(Fig. 10) is synvolcanic based on the presence of the intruding McPhee gabbroic dyke that separates two different volcanic
sequences and a signiﬁcant volcanic facies change. To the west
of the fault, the Evain felsic volcanic complex (EFVC) is composed of coalesced subaqueous rhyolitic domes. To the east of
the fault, a maﬁc-dominated complex interpreted as a lava lake
or high effusion ﬂows is present (Pearson, 1994b). Voluminous
cogenetic dykes cut the sequence.

East of the McPhee fault, the strata change from NW-trending
proximal to the fault to E-trending farther away (Figs. 6 and 10).
After rotation of the subvertical strata to their original subhorizontal position, this change in bedding attitude can be
interpreted as a drag fold associated with a synvolcanic normal fault, and supports the collapse associated with the NSC.
The McPhee fault is crosscut by the 070◦ -trending Horne Creek
Fault of the Noranda Caldera, which infers that sector collapse
along the McPhee fault and maﬁc lava lake formation predate
Noranda Caldera formation.
(2) The central sector between the Hunter Creek Fault and Horne
Creek Fault of the Noranda Caldera is occupied by the Flavrian
and Powell plutons (Fig. 10). The southwestern boundary corresponds to a series of NW-trending synvolcanic faults (Fig. 10),
including the “ABC” fault (Pearson, 1986), the TS and Pink faults
(Falconbridge Copper, unpubl. Open ﬁle assessment reports), as
well as the intrusions occupying the synvolcanic faults (Dion
and Legault, 2005). The northeastern part is partly obscured
by the 070◦ fractures associated with the Noranda Caldera, but
the 320◦ -trending McDougall–Despina fault (e.g. Setterﬁeld,
1987) is considered the northeastern limit of the NSC. This fault
displays a dip-slip collapse of more than 750 m for the southwestern block (Setterﬁeld et al., 1995) and is crosscut by the
070◦ faults of the NC.
(3) The sector north of the Hunter Creek Fault is dominated by volcanic rocks. Several felsic domes such as Inmont and Duprat
(Fig. 2) are recognized. Discrete chert horizons are found around
felsic domes. The distribution of maﬁc dykes and felsic volcanic
centers, combined with lineaments interpreted from aeromagnetic surveys, led to the deﬁnition of arc- or crescent-shaped
areas that mimic the shape of the Flavrian Pluton.
5. Discussion
The volcanic architecture of the BRG has been interpreted as
a volcanic complex (Goodwin and Ridler, 1970; Goodwin, 1977,
1979, 1982). The proposed litho- and chemo-stratigraphic subdivi-
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sions were explained as a large synclinorium with a central dome
in which structural elements reﬂect the combined inﬂuence of
volcanic construction, subjacent intrusions and late tectonic deformation (Goodwin, 1965; Jensen, 1981; Dimroth et al., 1982). Based
on this study previous geological observations are re-interpreted
below following new concepts of modern subaqueous volcanic ediﬁces and calderas, as well as rheological models.
5.1. Dyke and fault patterns
Recent advances in the structural analysis of volcanic ediﬁces
have highlighted the importance of dykes, of which only a small
proportion ever reach the surface (Gudmundsson et al., 1999;
Takada, 1999; Gudmundsson, 2002). Typically, endogenous growth
accounts for a signiﬁcant part of the long-term history of an ediﬁce (Annen et al., 2001) and helps modify internal stresses (Walter
and Troll, 2003; McGuire and Pullen, 1989). The primary control on
a dyke’s orientation follows Andersonian faulting rules (Anderson,
1937), where the initial setting of the stress ellipsoid is provided by
the regional tectonic regime (Nakamura, 1977; Ernst et al., 1995;
Walker, 1999). Importantly, with the growth of the ediﬁce, the
gravitational stress regime can supersede the regional regime and
modify the structural evolution path (McGuire and Pullen, 1989).
For example, the Iceland volcanic ﬁeld is characterized by two dyke
systems: a regional vertical dyke system and a ring sheet dyke
system, both of which reﬂect the regional and proximal subvolcanic stress ﬁeld (Gudmundsson, 2002). In Tenerife (Marinoni and
Gudmundsson, 2000), the preferential orientation of dykes was
used to deﬁne a regional minimum stress. In the Taupo volcanic
ﬁeld, the multi-caldera setting is emphasized by a regional subparallel fault system associated with the tectonic regime (Kissling and
Weir, 2005).
In the BRG, the ring geometry exhibited by the maﬁc dyke and
fault systems is strikingly different from systems elsewhere that are
related to the horizontal ﬁeld stress characteristic of convergent or
divergent plate settings (see Ernst et al., 1995). Experimental (Gray
and Monaghan, 2004), analog (Acocella et al., 2000; Roche et al.,
2000; Walter and Troll, 2001), and natural examples (Cole et al.,
2005) of ring structures suggest a withdrawal of material leading
to surface depressions, such downsagging and caldera formation.
Extension is expressed by ring fractures.
The geometry of the Horseshoe gabbro/diorite dyke (Fig. 2)
shares numerous geometric features of radial structures that deﬁne
a paleo-stress ﬁeld in which magmatic pressure surpasses lithostatic pressure (Smith, 1987; Ryan, 1988). This geometry, called
“rift” structure, is well documented for the oceanic volcanic islands
of Hawaii (Dieterich, 1988) and Tenerife (Carracedo, 1994), as well
as from analog models (Walter and Troll, 2003). These structures
are considered by Walker (1999) as intrinsic evolutionary features
of oceanic island volcanoes and are ubiquitous for volcanic ediﬁces taller than 3 km (Walter and Troll, 2003). The expression of
the stress distribution in rifts are linear, en echelon, or curved. The
presence of a ternary point in the Horseshoe rift is indicative of
speciﬁc conditions where internal stresses exceed regional stresses
(McGuire and Pullen, 1989; Walter and Troll, 2003). Furthermore,
an inversion of younging directions across the rift arms supports the
idea of a long-lived accommodation structure and sector collapse
(e.g. Carracedo, 1994; Tibaldi, 2003). Such structures represent
the fundamental elements of a volcanic complex underlain by its
magmatic source. They experience and register multiple magmatic
pulses as indicated by the variety of rock types. Periods of magmatic inﬂation promote the creation of complex “Horseshoe”-type
rift zones and sector collapses. Periods of magmatic retreats permit
downsagging with extensional ring fractures that are eventually
invaded by subsequent magmatic pulses. Similarly, the N-trending
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dykes that crosscut the general ring dyke pattern, are an expression
of such magmato-tectonic events.
Stratigraphic evidence was used to demonstrate the collapse
along Noranda caldera (Gibson, 1989). Similar arguments were
used for the McDougall–Despina fault (Setterﬁeld, 1987), which
represents the eastern limit of the New Senator Caldera. These
stratigraphic analyses were performed in an area characterized by
low-dipping strata (20–30◦ ). For the Misema caldera no such stratigraphic evidence can be used because of the near vertical position
of both the Outer Ring Fault and the volcanic units (Fig. 6). However, the presence of the abundant volcanic debris between the
Outer and Inner Ring Faults strongly support a major collapse event
for the Misema caldera, as signiﬁcant topographic relief is required
(Mueller and Mortensen, 2002).
In addition, the peculiar geometry of the New Senator Caldera
crescent-shaped faults requires attention (Fig. 10). These structures
deﬁne the physical limits of the ovoid dyke complexes (rare dykes
crosscut the structures) and they circumscribe the felsic extrusive complexes. The fault geometry suggests that the New Senator
Caldera was the result of sequential collapses, partly coeval with the
construction of volcanic centers and collectively accounting for the
complex architecture. The New Senator Caldera displays the characteristics of an overlapping collapse caldera and is best explained
by southeastward migration of an underlying magmatic chamber.
As has been proposed for the Las Cañadas caldera in Tenerife (Marti
and Gudmundsson, 2000), each collapse step imposes a change to
the local ﬁeld stress and promotes the rejuvenation of the magmatic chamber along one side of the chamber. The various collapse
steps culminated with the formation of the Noranda Caldera in
the southeast. In this segment the Flavrian-Powell intrusive complex developed. The eastward migration of volcanic activity and
related collapses are in good accordance with previous interpretations (Goodwin, 1965, 1977, 1979; de Rosen-Spence, 1976; Dimroth
et al., 1982).
5.2. A giant magma chamber
The caldera model has implications for the architecture of the
BRG. Recent developments in the understanding of caldera collapse (Roche et al., 2000; Walter and Troll, 2001, 2003; Acocella,
2007) show that outer and inner ring faults are ubiquitous features in rheologic models. The inner ring faults of the Misema
caldera (Figs. 7 and 10) are interpreted to represent a reverse extensional and outward-dipping fault. All experimental models show
that gravitational instability in the overlying wedge triggers collapse with the development of an outer ring fault, which is likely to
be normal and inward-dipping.
An important point recently highlighted in rheologic models
is the relationship between the diameter of the outer ring fault
and the underlying magma chamber. This relationship implies that
a plutonic mass having approximately the diameter of the outer
ring fault must exist under the BRG (i.e. Gudmundsson, 1998a,b;
Walter and Troll, 2001; Gudmundsson et al., 1997). Although the
presence of such a plutonic mass is speculative, indirect support
is provided by the presence of subhorizontal reﬂectors detected in
seismic proﬁles (LITHOPROBE) at around 1.5–3 s travel time, which
have been interpreted as intra-plate tonalites (Jackson et al., 1990;
Green et al., 1990; Clowes et al., 1992; Ludden et al., 1993). The
approximate dimensions of this intrusive mass (informally called
the Misema Pluton) would be around 40 km × 75 km, representing
an aerial extent of 3000 km2 . This is not exceptional in the geological record. By comparison, caldera-forming events of Yellowstone
produced more than 4800 km3 of ash ﬂows over a period of 2 Ma
(Christiansen, 1984, 1994) and a giant magma chamber probably of
the same order to the BRMCC.
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In Taupo, the study of seismic velocity and CO2 saturation in
melt inclusions suggest a 2–4 km-thick zone of partial melting
at a depth of 4–8 km under the 10 km × 20 km Oruanui caldera
(Wilson et al., 2006). This proposal has implications for the 3D
architecture of the BRG as it implies at least two levels of magma
generation/accumulation (e.g. Misema Pluton and the high level
Flavrian-Powell system). The reservoirs were fed from a deeper
source and deﬁne a three-step architecture similar to the Taupo rift
zone (Charlier et al., 2005; Wilson et al., 2006) and the San Juan volcanic ﬁeld (Bachmann et al., 2002). Despite the different tectonic
settings of Taupo and BRMCC, the crustal architecture and distribution of melt products can be compared. This multi-level setting
explains in an efﬁcient manner the distinct geochemical signatures.
The Misema Subgroup was generated from a primary deep magmatic source (Baragar, 1968; Goodwin, 1982), whereas the Noranda
Subgroup is interpreted as a product a high-level magma chambers
(Gélinas and Ludden, 1984; Ujike and Goodwin, 1987; Hart et al.,
2004).
5.3. Late intrusions
The volcanic history of the BRG terminated with the ﬁnal
emplacement of plutons and stocks, the largest being the Dufault
Pluton (2696 Ma). Most of these intrusions do not have extrusive
counterparts recognized in the stratigraphic record. The location
of synvolcanic and late intrusions is in close relationship with the
volcanic architecture and pre-existing structure. The emplacement
of these plutons is interpreted to be inﬂuenced by synvolcanic
anisotropies, such as volcanic centers and faults. Collectively, intrusions concentrate along the fractures related to the Misema, New
Senator and Noranda Calderas.
5.4. Evolutionary model for the megacaldera complex
5.4.1. Stage 1—multi-vent shield volcano
The development history of the BRG (Fig. 11) began with the progressive build-up of a multi-vent maﬁc shield volcanic complex (i.e.
Baragar, 1968; Goodwin, 1979; Jensen, 1981; Dimroth et al., 1982;
Fowler and Jensen, 1989) as the result of deep-source magmatism
(garnet-in stability ﬁeld), represented by the Misema Subgroup.
This superstructure formed above the submarine tholeiitic basalt
plain of the Garrison Subgroup (Goodwin, 1977; equivalent to Kinojevis of Jensen, 1981 and Lower Blake River of Ayer et al., 2005).
Progressive growth of the ediﬁce modiﬁed the internal stress
ﬁeld, and relaxation is partially accommodated via down-warping
and rift development. The Horseshoe structure represents an
important component of the rift system. Inversion of younging
directions from side to side along the Horseshoe dyke supports its
interpretation as a collapse sector in the ediﬁce. Magmatic activity
and subsidence of the incipient megavolcano caused a thermal rise
that triggered the partial melting of the crust and was subsequently
responsible for the genesis and growth of an underlying plutonic
mass at an approximate depth of 3–5 km (Fig. 11a).
5.4.2. Stage 2—ﬁrst collapse event: the Misema caldera
The second stage features the underlying magma chamber
developing coevally with growth of the volcanic ediﬁce and associated dyke swarm. The ﬁrst caldera collapse event represented by
the Misema Caldera, was characterized by the formation of Outer
and Inner Ring Faults and the emplacement of major subaqueous pyroclastic and autoclastic debris (Fig. 11B). This catastrophic
event(s) had a profound inﬂuence on the evolution of the BRG,
as it represents a change from effusive- to explosive-dominated
volcanism and a chronostratigraphic shift from the maﬁc Misema
Subgroup to the bimodal maﬁc-felsic Noranda Subgroup. The exact

nature of the collapse remains a subject for further work and a
multi-step process in space and time can be envisaged. Furthermore, the collapse need not have been homogeneous, and could
have varied from discrete faults to local warping.
The caldera collapse efﬁciently promoted a net of interconnected faults that increased secondary structural porosity and
enhanced hydrothermal activity. The restricted distribution of carbonate alteration along the ring fault system strongly supports a
hydrothermal CO2 -rich period. Carbonatization in the inner part
of the caldera cannot be ruled out, but if present, was probably
obscured by the Noranda Caldera volcanism.
5.4.3. Stage 3—central resurgence
Renewed volcanism of the Noranda Subgroup was derived from
a garnet/amphibole-free source, although local effusion from a
deep depleted source, including magma mixing and contamination (Laﬂèche et al., 1992; Péloquin, 2000), occurred. This volcanism
produced a bimodal multi-vent volcanic structure with major felsic effusion centers. A source for the Noranda Subgroup is the
unexposed, postulated Misema Pluton. A resurgent central dome
(20 km × 30 km with a NW long axis) inside the Misema caldera
(Fig. 11c) developed, and obscured evidence of pyroclastic deposition and moat sedimentation. The Fishroe-type rhyolites with a
chemically distinct composition are an important effusive event in
the history of the resurgent dome (Ludden and Péloquin, 1996),
as they intrude the dome periphery. A high level magma chamber
developed coevally, and this chamber is considered the incipient
stage of Flavrian-Powell intrusive complex, because a sustained
history of volcanic activity is inherent to volcanic ediﬁces (Goldie,
1979; Paradis et al., 1988). Based on the spilitization and epidotization affecting such intrusions (Kennedy, 1984; Galley and van
Breemen, 2002), it is reasonable to assume hydrothermal ﬁelds
around the dome.
5.4.4. Stage 4—second collapse event, the New Senator Caldera
(NSC)
The NSC represents a multi-step collapse stage. As suggested
by the synvolcanic fault geometry, the ﬁrst collapse event occurred
along the northwestern limit of the NSC (Fig. 11D). Crescent-shaped
structures developed sequentially from NW to SE, with a parallel
migration of effusion centers. Effusion and collapse events were
interspersed by short periods of quiescence as indicated by discrete
chert horizons around the felsic domes. Caldera development is
controlled by a southeastward migration of the underlying pluton.
Most of the NSC events point to an incremental collapse punctuated
by ﬂows and domes. The closing event of the multi-step NSC stage
occurred at the SE margin where the felsic pyroclastic activity, the
inferred Horne pyroclastics, followed the development of voluminous lava lakes. The eastward migration of the thermal source is in
good agreement with the conclusions of earlier studies (Goodwin,
1977, 1982; Capdevilla et al., 1982; Péloquin, 1999).
The synvolcanic structure of the NSC is among the most
important fracture systems associated with hydrothermal activity.
Alteration and mineralization occurred along the SW and NE limits of the caldera and appear to have increased in abundance and
intensity from NW to SE. This pattern mimics the migration of the
underlying pluton and likely reﬂects the intensity and longevity
of the thermal source which stabilized toward the SE. The Horne
deposit located at the SE corner of the NSC is interpreted to be
associated with fractures related to the NSC formation.
5.4.5. Stage 5—third collapse event, the Noranda caldera
A third collapse event forming the Noranda Caldera, occurred
where high level magmatic chambers had stabilized, e.g. the
Flavrian-Powell Plutons. This caldera overlaps the NSC and extends
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Fig. 11. Schematic diagrams illustrating the proposed evolution of the Blake River Megacaldera Complex.
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eastward along ENE-trending Hunter Creek, Beauchastel Creek and
Horne Creek faults (Gibson, 1989; Fig. 11e). The Noranda Caldera is
interpreted as an incremental collapse event, as suggested by the
distribution of inﬁlling volcanic rocks and the absence of associated
pyroclastic deposits (de Rosen-Spence, 1976; Gibson, 1989). The
collapse generated a well-developed fracture pattern with a mean
070◦ trend, locally intruded by maﬁc and felsic dykes (Waite dyke
complex, Gibson, 1989) that formed the central Noranda camp.
Quiescent periods are indicated by the C and Main contact chert
horizons. Some pre-existing structures related to the NSC were
re-activated and are now recognized by their crosscutting relationships (e.g. McDougall–Despina faults). Along this fracture system
VMS deposits continued to develop.
5.4.6. Concurrent events—stages 1–5
Coeval with the development of this megavolcanic structure is
the emplacement of dykes. They inﬂated the ediﬁce at least 15% and
possibly as much as 30% by volume, based on calculations of the
actual surface occupied by dykes with respect to the overall Blake
River surface. The distribution of the maﬁc dykes (Fig. 3) suggests
a homogeneous system characterized by ﬁne- to coarse-grained
hornblende gabbros, diorites and quartz diorites. The dykes were
emplaced over a protracted period, encompassing all the volcanic
activity.
At each caldera stage, renewed volcanism commenced along
zones of initial weakness, including the peripheral margin of the
Misema caldera. This precludes any simple relationship between
collapse and magmatic events. Magmatism exploits any zone of
weakness, irrespective of place, and therefore diachronous dome
ages would be common (e.g. Valles Caldera, Goff et al., 1989; Self et
al., 1996).
5.5. Impact on volcanic stratigraphy
The interpretation of the BRG as a megacaldera complex provides not only a sensible explanation for the faults, dykes and
subaqueous pyroclastic rocks, but also effectively explains the distribution of lithological units in the Misema and the Noranda
subgroups. The latter represents a resurgent bimodal dome over
which New Senator and Noranda calderas developed.
The proposed model suggests that the BRG stratigraphy must
be addressed from a volcanological standpoint by considering individual effusion centers over time and space and distributed over a
minimum area of 2500 km2 . Therefore volcanic activity occurred
in different locations contemporaneously, as indicated by coeval
volcanism in the Ben Nevis, Montbrun and Millenbach areas. Late
structural complexities are not required to explain volcanic center
distributions.
The major change in the volcanic style from effusive ﬂows and
domes, to volcaniclastic-pyroclastic deposits is indicative of a major
collapse event along the Outer Ring Fault with multiple events
that deﬁned ultimately the Misema Caldera. These deposits are
thick accumulations near caldera margin faults, but elsewhere were
eroded or covered by subsequent caldera-forming phases.
5.6. Effect of deformation
The volcanic architecture of the BRG represents a highly
anisotropic medium, expressed by local volcanic centers with different rock types, collapse features with various orientations, and
intrusive masses with different shapes and volumes. The proposed
concealed Misema Pluton provides a good explanation for the relative low-strain domain that characterizes the BRG. This can be
viewed as the result of stress distribution around the pluton, which
acted as a buttress preserving the overlying volcanic rocks. This

process was already invoked for the Noranda dome (Dimroth et al.,
1983; Goutier, 1997). Deformation was concentrated in the periphery of the BRG where lithological units, sills, and sheet dykes are
folded and foliated. Conversely, subvertical features like feeder
dykes and caldera faults can only be ﬂattened, reactivated and
overprinted by ductile deformation. The primary geometrical relationships are preserved, even after deformation. This last point
is important because it enables the volcanic interpretation to be
resolved despite the occurrence of a shortening component related
to regional deformation.
Previously recognized axial traces of folds along the NE limit of
the BRG are considered to partially express primary anisotropies
in the architecture of the volcanic rocks. Paleogeographic reconstructions for this area (Tassé et al., 1978; Jensen, 1981; Dimroth
et al., 1982, 1983; Fowler and Jensen, 1989) identiﬁed individual
volcanic centers, including Montsabrais, D’Alembert, Montbrun,
Clifford, Clarice, Tannahill, and McDiarmid Lake. They represent
peripheral volcanic centers distributed along the Misema Caldera
ring faults.
Even though local ductile deformation can be identiﬁed, the
proposed model can explain the characteristics of the BRG on a
regional scale. The local structural response can be used to reveal
and emphasize primary volcanic features. Primary anisotropies act
as loci for deformation nucleation. For example, subvertical dips
may in part be caused by shortening of previously tilted panels
along synvolcanic faults, ductile fabrics (e.g. schistosity and stretching lineations) may be enhanced by volcanogenic hydrothermal
alteration zones, and local antiforms may reﬂect volcanic domes.
Domal structures explain the discontinuous fold axial traces and
local doubly plunging structural anticlines or synclines. However,
local fold axial traces could also be the result of the shortening
component affecting originally N-trending strata.
Synvolcanic faults were re-activated, and depending on their
orientation and dip relative to the principal compressive stress,
they developed “shear” characteristics, or were dismembered and
obscured. Volcanic complexes, with their broad dome architecture,
were ﬂattened with steepened ﬂanks and produced local plunging
folds. Planar elements in the ediﬁces, such as synvolcanic dykes and
faults that share a subvertical primary attitude, were only translated keeping the original geometry.
5.7. VMS distribution and alteration pattern
The current interpretation of VMS distribution in the BRG is
based on the historical Noranda camp with its 13 deposits (Gibson
and Watkinson, 1990). Convincing arguments based on 3D-GIS
models (Martin and Masson, 2005; Masson, 2005) have clearly
emphasized relationships between synvolcanic faults, hydrothermal alteration, stringer zones, speciﬁc chert horizons and deposit
locations. A linear distribution for massive sulphide lenses was recognized at the deposit scale (Knuckey et al., 1982), but also at
the mining camp scale. Scott (1980) proposed a 330 lineament
from Horne to Ansil; another 330 lineament was informally proposed from Aldermac to New-Insco. Although of great interest, it
was difﬁcult to take the next step in terms of predictive exploration strategies, particularly with respect to other unexplained
VMS deposits. The overlapping or nested caldera model provides
an effective way to explain the other VMS deposits. Three groups of
deposits, including showings, prospects and mines, with distinctive
characteristics are proposed.
The ﬁrst group, recognized as the historical Noranda camp hosting 13 mines (Gibson and Watkinson, 1990), is associated with the
070◦ synvolcanic faults of the Noranda Caldera (Figs. 2 and 10).
The nested caldera model allows an additional link. The Noranda
Caldera most certainly inherited structures from the New Sena-
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tor Caldera, especially the McDougall–Despina faults. These two
are interpreted as reactivated older structures associated with the
paleo-hydrothermal ﬁeld of the New Senator Caldera.
The second group of deposits along the southwestern limit of
the New Senator Caldera and associated with local volcanic centers
in this area, includes old and recent VMS discoveries (Martin and
Masson, 2005). Because the giant Horne deposit is associated with
a N-trending synvolcanic structure (Kerr and Mason, 1990; Price,
1948), it is considered to be related to the New Senator Caldera
rather than the Noranda Caldera.
The third group is linked to the BRG peripheral ring faults and
includes a series of deposits such as the Bouchard-Hébert Mine
and possibly the Bousquet-Laronde deposits (outside the eastern limit in Fig. 10). This group is related to the annular faults
of the Misema Caldera event, but associated with the Noranda
Caldera event, in which 070◦ intersect the ring faults (Mueller et
al., 2007). Numerous deposits are associated with carbonatization, such as the Bouchard-Hébert mine (Fig. 10). The Misema-New
Senator-Noranda collapse calderas triggered the development of an
interconnected fault pattern. Once initiated, this plumbing system
could have driven hydrothermal ﬂuids at various times, and peripheral Misema-related mineralization could thus be of different ages.
The megacaldera model provides an entirely new paradigm for
exploration strategies. In this context, what was previously seen as
loosely distributed and unrelated mineralizations become a tightly
linked group related to synvolcanic fractures of the Misema collapse. Secondly, structures of the New Senator Caldera probably
represent the main control on localizing mineralization, including
the Horne deposit, six deposits in the immediate periphery of the
McDougall–Despina fault system, and major showings and alteration zones on its southwest margin (e.g. Four-Corners, Yvanex and
Inmont showing).
Current interpretations of carbonatization in the Archean
Abitibi context preferentially point to a post-volcanic hydrothermal
event intimately associated with “orogenic” gold mineralization.
Although this is the case for structurally associated gold mineralization, Fig. 9 clearly indicates that carbonatization extends outside
the classic structural corridors (i.e. Cadillac-Larder Lake and DestorPorcupine). Altogether, carbonate distribution visibly mimics the
ring fault pattern much more than the late structural corridors. This
alteration is therefore interpreted as a Misema-related hydrothermal event.

volcanic centers spread out along the outer and inner ring faults
that were used as conduits for CO2 -rich hydrothermal activity.
Stage 3 represents renewed volcanic activity associated with a
resurgent central dome inside the Misema Caldera. Stage 4 is the
second collapse event that gave rise to the 35 km by 14 km NWtrending New Senator Caldera. This caldera was produced during
a multi-step collapse following the SE migration of the underlying
magmatic chamber, which later became the Flavrian-Powell Plutons. Stage 5 corresponds to the ﬁnal collapse episode with the
formation of the E-NE-trending Noranda Caldera that generated
a well-developed 070◦ -trending fracture pattern associated with
several VMS deposits.
Multiple caldera events provide an effective way to explain the
presence of VMS mineralization along the synvolcanic fractures
associated with the three collapse events, but the importance of
the New Senator Caldera fracture pattern is emphasized for its role
in the control of the giant Horne deposit. The geometry of the
subaqueous BRG megacaldera compare favourably with modern
subaerial counterparts such as the island-arc Taupo, the intracontinental Yellowstone, and the oceanic Hawaii and Canary Island
calderas. The Blake River Caldera Complex is among the largest
calderas on Earth and in this respect brings some new insights into
Archean processes.

6. Conclusions
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