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Abstract: The Mazenod Lake region of the southern Great Bear Magmatic Zone (GBMZ) of the
Northwest Territories, Canada comprises the north-central portion of the Faber volcano-plutonic
belt. Mazenod geology is dominated by rhyodacite to basaltic-andesite ignimbrite sheets with
interlayered volcaniclastic sedimentary rocks dominated by fine-grained laminated tuff sequences.
Much of the intermediate to mafic nature of volcanic rocks is disguised by low-intensity but
pervasive metasomatism. The region is affected by a series of coalescing magmatic-hydrothermal
systems that host the Sue-Dianne magnetite-hematite IOCG deposit and several related showings
including magnetite, skarn, and IOA styles of alteration + mineralization. Exposed at surface are
dominantly mid to upper levels of these systems, with underlying batholith, pluton and stocks
exposed along the periphery, as well as locally within volcanic rocks associated with more intense
alteration and mineralization. Widespread alteration includes potassic and sodic metasomatism,
and silicification with structurally controlled giant quartz complexes. Localized tourmaline, skarn,
magnetite-actinolite, and iron-oxides occur within structural breccias, and where most intense
formed the Sue-Dianne Cu-Ag-Au diatreme-like breccia deposit. Magmatism, volcanism,
hydrothermal alteration and mineralization formed during a negative tectonic inversion within the
Wopmay Orogen. This generated a series of oblique offset rifted basins with continental style arc
magmatism and extensional structures unique to GBMZ rifting. All significant hydrothermal
centres in the Mazenod region occur along and at the intersections of crustal faults either unique to
or put under tension during the GBMZ inversion.

Keyowrds: IOCG; hydrothermal alteration; tecontonic inversion; metasomatism; geochemistry

1. Introduction

This investigation documents and discusses the evolution of magmatic-hydrothermal iron-oxide
copper-gold (IOCG) systems in the Mazenod Lake — Sue Dianne region of the southern Great Bear
Magmatic Zone (GBMZ) of the Northwest Territories, Canada. The study region covers the northern
part of the 1.87 Ga Faber volcanic belt and bordering plutons (Figure 1). The NICO Au-Co-Bi-Cu
magnetite-hosted IOCG deposit is located about 8 km southeast of the study area within a 1.88 Ga
metasedimentary basin at its unconformity with Faber belt volcanic rocks (Goad et al., 2000; Mumin
et al., 2010). The current understanding of the interrelationships among the regions magmatic,
volcanic and sedimentary rocks, hydrothermal alteration (metasomatism), mineralization, and
tectonic features is facilitated by good outcrop exposure along with detailed geological mapping,
geophysics, localized diamond drilling, and subsequent mineralogical and geochemical studies. In
this paper we use the term IOCG-systems to refer to sulphur-poor magmatic hydrothermal systems
that generate IOCG, IOA, and affiliated deposits (see Richards and Mumin 2013a, b). We follow the
general broad classification of IOCG and affiliated deposits given by Williams 2010.
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Figure 1. Geology of the Mazenod Lake Region.

Regional 1.87 Ga IOCG volcano-plutonic systems formed in the GBMZ during a short-lived
negative tectonic inversion coeval with the development of 1.87 Ga intra-arc sedimentary rift fill
basins, and underlying emplacement of pan GBMZ batholiths. Batholith emplacement along with
extensive ignimbrite cover continued through to the youngest recorded intrusions at ~1.85 Ga.
Magmatism along with extensive tectonic disruption led to wide-spread penetrative and intense
metasomatism and mineralization including iron oxide-apatite (IOA), iron oxide copper-gold
(IOCG), skarn, magnetite and hematite hosted IOCG, albitite hosted uranium, epithermal and
affiliated deposits and prospects (Hildebrand, 1986; Goad et al., 2000a; Mumin et al., 2007, 2010;
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Corriveau et al., 2010, 2016, 2022a-d; Acosta-Gongora et al., 2015a,b; Mumin, 2015; Montreuil et al.,
2016a-d; Potter et al., 2019, 2022).

This paper documents and discusses the greater Mazenod district IOCG systems, which host the
Sue Dianne magnetite-hematite IOCG deposit and several other mineral prospects. Reconnaissance
and detailed geological mapping was carried out in parts of the Mazenod and Sue-Dianne region by
the Geological Survey of Canada (Ghandhi, 2013; Ghandhi et al., 2001, 2014) and Fortune Minerals
Limited (Goad et al., 2000a,b; Camier, 2002; Neale and Goad, 2006; Mumin et al., 2010). Most
important to this study is detailed geological mapping that was carried out in the central and
southern Mazenod Lake regions during the summers of 2012 and 2013 by a team of geologists from
BFR Copper and Gold Inc. and Brandon University (Hamilton, 2017). Detailed mapping in the
northern Mazenod Region (Sue-Dianne area) was primarily conducted from 1995 to 1997 by a team
of Geologists from Fortune Minerals, Ltd., Brandon University, and Western University (Goad et al.,
2000a, b; Camier, 2002). Additional reconnaissance visits to the region were intermittently conducted
up to ~ 2019 by geologists from the Geological Survey of Canada and Fortune Minerals Ltd. (e.g.
Neale and Goad, 2006; Montreuil, 2016a, b). Magnetic and radiometric geophysical surveys and
satellite imagery referred to in this study were acquired by BFR Copper and Gold Inc. in 2012, and
by the Geological Survey of Canada (Hetu et al., 2004; Hayward and Tschirhart, 2022). This paper
combines the results of detailed geological field work with various follow-up mineralogical,
alteration, geochemical, and structural investigations carried out mostly since 2012. The current work
was supported primarily by BFR Copper and Gold Inc., with work in the Sue-Dianne area supported
mainly by Fortune Minerals Limited.

2. Great Bear Magmatic Zone

The Great Bear Magmatic Zone (GBMZ) lies along the northwest margin of the Canadian Shield
extending northwards from Great Slave Lake to the eastern shoreline of Great Bear Lake. The exposed
part of the GBMZ forms a triangular wedge extending approximately 450 km north-south and
reaching a maximum exposed east-west width of about 100 km. The GBMZ is unconformably
overlain by Paleoproterozoic siliciclastic and carbonate sedimentary rocks of the Hornby Bay basin
at its northern limits, and is known to continue southwest under Paleozoic cover rocks of the
Mackenzie Platform (Figure 1; Hildebrand et al., 1987; Ross and Kerans, 1990; Hildebrand and
Baragar, 1991; Hoffman and Hall, 1993; Rainbird et al., 1996; Cook and Erdmer, 2005; Corriveau et
al., 2016).

The GBMZ comprises the western segment of the Wopmay Orogen, an Andean style
accretionary orogenic belt that formed along the western boundary of the Archean Slave craton. From
east to west the Wopmay Orogen is now divided into the Coronation margin, the Metamorphic
Internal Zone, and the focus of this investigation the Great Bear Magmatic Zone (Jackson et al., 2013).
The western edge of the GBMZ is bounded by the older Hottah Terrane continental volcanic arc and
the eastern edge abuts the Metamorphic Internal Zone (Wopmay fault zone) to the east. The
Metamorphic Internal Zone is a significant belt of crustal deformation where syn to pre GBMZ rocks
have been folded and faulted along a northern axial trace (Jackson et al., 2013). The Wopmay Orogen
is the result of protracted eastward subduction and the acreation of the northward translated Hottah
Terrane under an accretionary wedge and the Slave craton prior to GBMZ formation (Hildebrand et
al., 1987, 2010; Bowring and Podosek, 1989; Housh et al., 1989; Bowring and Grotzinger, 1992; Gandhi
et al.,, 2011; Davis et al., 2015; Ootes et al., 2015, 2017). About 30% of the GBMZ is comprised of 1.87
Ga felsic to intermediate calc-alkaline to shoshonitic volcano-plutonic intra-arc basins that have been
extensively metasomatized and mineralized. Volcanic rocks include an extensive 1.86 Ga ignimbritic
cover over an underlying 1.88 Ga inverted sedimentary basin, also extensively metasomatized
(Bowring, 1985; Hildebrand et al., 1987, 2010; Gandhi et al., 2011, 2014; Gandhi and van Breemen,
2005; Bennett et al., 2012; Mumin, 2015; Montreuil et al., 2016a-c; Jackson and Ootes, 2012; Ootes et
al.,, 2017). The remaining 70% are granitoid batholiths and plutons ranging from syn-volcanic to
younger ages that postdate the magmatic hydrothermal activity (Montreuil et al., 2016a,c). A more
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detailed review of the geology and stratigraphic sequences of the GBMZ can be found in Hildebrand
et al. (2010), Mumin et al. (2010), Ootes et al., (2015, 2017) and Montreuil et al. (2016a).

Metamorphism and deformation in the GBMZ is limited. Rocks are at sub-greenschist facies
with no regional penetrative ductile deformation and metamorphic foliation except along the
Wopmay fault zone where it can occur (Jackson et al., 2013). Some localized fluid-induced zones of
ductile deformation are observed associated with early syn-tectonic 1.876 Ma magma emplacement
of granitic dykes and zones of high-temperature metasomatism (Bennett and Rivers, 2006a; Montreuil
et al., 2016a; Corriveau et al., 2022b-d). These tectonic movements are related to the development of
intra-arc 1.87 Ga rifted basins that are now highly segmented, interlinked by transverse fault zones,
and partially to largely obscured by the emplacement of batholiths (Mumin et al., 2014; this work).

The entire GBMZ is cut by a series of northeast trending crustal-scale transverse dextral faults
that systematically offset southeast trending supracrustal volcanic and sedimentary belts (Hayward
and Corriveau, 2014; Mumin et al., 2014; this work). These structures are oblique to the subduction
front of the GBMZ (see Ootes et al., 2017) and were active during and after formation of the GBMZ.
A second, in part older orthogonal set of belt parallel (north-south) structures occur in direct
association with the 1.87 Ga magmatism, hydrothermal alteration and mineralization. At least some
of the older structures are interpreted to have been active during Wopmay Orogen compression, and
were reactivated during formation of the GBMZ (Mumin et al., 2014). Great Bear magmatism is
interpreted as a continental arc superimposed on an older series of intra-arc sedimentary basins
interlinked by transverse faults, all of which formed in response to a negative tectonic inversion
during the Wopmay Orogen (Hildebrand et al., 1987, 2010; Gandhi and van Breemen, 2005; Mumin
et al., 2014; Ootes et al., 2015, 2017).

3. Geology of the Mazenod Lake Region

In compiling and interpreting the geology of the overall area, consideration is given to prior
reconnaissance and detailed geological mapping carried out in parts of the Mazenod and Sue-Dianne
region by the Geological Survey of Canada (Gandhi, 2001, 2013; Gandhi et al., 2011, 2014) and Fortune
Minerals Limited in collaborations with Brandon University and Western University (Goad et al.,
2000a,b; Camier, 2002; Neale and Goad, 2006; Mumin et al., 2010) . Additional research was
conducted by the Geological Survey of Canada and the Northwest Territories Geological Survey
across the GBMZ, including within the Mazenod region and Sue Dianne deposit (e.g. Montreuil et
al., 2016a,b; Ootes et al., 2017; Acosta-Géngora et al., 2018; Corriveau and Potter, in press).

The early work is superseded where appropriate by detailed geological mapping that was
carried out in the central and southern Mazenod Lake regions during the summers of 2012 and 2013
by a team of geologists from BFR Copper and Gold Inc and Brandon University (Hamilton, 2017).
Mapping presented herein is supported by ~906 field samples with geochemical analyses, as well as
satellite imagery, airborne geophysical surveys, geochemical discrimination, and regional
hydrothermal alteration and structural evaluations (e.g. Hamilton, 2017).

Faber Group volcanic rocks form an approximately 85 km long and 10 km wide belt that extends
northwards from the Ray Rock mine area to Faber Lake (Figure 1). The lithology ranges in
composition from rhyolite (with early andesite and dacite locally), predominant in the southern
portion to rhyodacite, andesite and basaltic andesites that are more common in the Mazenod region
(Goad et al., 2000b; Gandhi et al., 2011, 2014; Montreuil et al., 2016a). The Mazenod area encompasses
an ~23 km section of the northern part of the belt, comprised of six volcanic assemblages interlayered
with <50 m to ~ 1600 m thick beds of volcaniclastic rocks and tuffaceous sediments (Figures 1-5).
Sedimentary sequences, and a suite of Great Bear intrusive rocks complete the geology. The volcanic
rocks occur along the western boundary of the Marion River granite-to-granodiorite batholith, and
to the west are bounded by the Sarah Lake monzogranite. To the north, the belt is bounded by the
1.856 Ga Faber Lake rapakivi granite (Figure 1), which is ~ 10 Ma younger than the volcanic belt. The
volcanic belt is overlain in the central area by Paleozoic cover of the Mackenzie Platform.

doi:10.20944/preprints202308.0724.v1
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Ghandhi et al., 2011, reported a series of east-west and northwest trending rhyolite, rhyodacite
ignimbrite flows, dacite and plagioclase and quartz-feldspar porphyritic volcanic rocks, sills and sub-
volcanic intrusions of the Faber Group north of Mazenod Lake (Goad et al., 2000a, b; Camier, 2002;
Bennett and River, 2006a; Neale and Goad, 2006; Gandhi et al, 2011; Montreuil et al., 2016a).
Widespread areas of hydrothermally altered felsic volcanic and intrusive rocks occur throughout
most of the Mazenod region as discussed below. Coeval sub-volcanic intrusions and later intrusions
include quartz-feldspar and plagioclase porphyry, diorite, monzodiorite, monzonite and marginal
phases of the Marion River and Sarah Lake granitic batholiths. Remnants of an earlier suite of
Treasure Group metasedimentary rocks (= 1.885 Ga) that pre-date the volcanic assemblage are
exposed marginal to the Marion River Batholith north and south of the Dianne Lake fault. Volcanic
and igneous rocks associated with the Sue-Dianne deposit have been dated at 1.865 + 4 Ga (Gandhi
et al., 2011; Ootes et al., 2016).

Metamorphism and deformation in the Mazenod region is limited and consistent with the rest
of the GBMZ. Rocks are sub-greenschist facies with no penetrative metamorphic foliation except
along the Wopmay fault zone. Some localized fluid-induced zones of ductile deformation are
associated with high-temperature metasomatism that has recorded localized syn-metasomatic
deformation (Corriveau et al., 2022b-d). Despite the limited internal fabric, Faber Group rocks are
often intensely structurally disrupted, with typical examples of brittle and brittle-ductile behavior.
Widespread pervasive hydrothermal alteration has affected almost all rocks of the district, including
parts of the batholiths, most of the subvolcanic intrusions, nearly all volcanic rocks, and most
sedimentary sequences. Modification of the alkali metal, silica, calcium and ferro-magnesian content
(among other metals) has modified the nature of igneous rocks in the district, to the point where field
identification of protolith is often compromised. Geology and hydrothermal modifications are
discussed below.
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Figure 5. Geology of the Bea Lake region.

Paleozoic sediments (PC, Figures 1-3) cover a significant portion of the south-central project
area. The sedimentary rocks comprise a relatively thin veneer (< 100 m) of sub-horizontal shales,
argillaceous dolomite, polymictic conglomerates, quartzose sandstone and nodular and oolitic
dolomite of the Mackenzie platform. A brief description of these Cambrian aged Paleozoic rocks
can be found in Gandhi, 2013. The thin Paleozoic veneer and magnetic signature of underlying GBMZ
rocks enables projection of the volcanic belt under the Paleozoic cover as dextral northeast displaced
blocks.
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Treasure Lake sedimentary rocks (TL Figure 1) predate the Faber Group volcanic assemblage
and have been dated at <1885 Ma (Gandhi and van Breemen, 2005; Bennett and Rivers, 2006b; Bennett
et al., 2012). They are intruded by dikes and stocks emanating from the Marion River batholith, as
well as from other syn-volcanic intrusions. In the Mazenod area, TL rocks are preserved only as
relatively thin beds marginal to the batholith in the northern (Sue-Dianne) region. Here they comprise
several relatively thin sequences of meta-arenite, -siltstone and calcsilicate. To the south in the NICO
area, Treasure Lake rocks comprise a sequence of variably albitized, hornfelsed and indurated
laminated siltstone and wacke ~ 500 meters in thickness. Locally along a 3 km long corridor near the
contact with the Marion River Batholith they have evolved to albitite and brecciated albitite with
localized anomalous uranium mineralization. The upper ~300 m of the sequence was altered to a
biotite (annite), amphibole and magnetite rich assemblage that hosts the NICO deposit immediately
beneath a younger rhyodacite ignimbrite cap. Contact metamorphism of Treasure Lake rocks largely
predates alteration, and localized ductile deformation during high-temperature metasomatism has
led to additional foliation within the metasedimentary rocks. Contact metamorphism is believed to
be the direct result of proximity to, or direct contact with, the Marion River Batholith (Goad et al.,
2000a; Camier, 2002; Acosta-Gdngora et al., 2015b; Montreuil et al.,, 2015, 2016a; Hamilton, 2017;
Corriveau et al., 2016, 2022a-d). This has resulted in the hornfels and induration that has been used
herein to help distinguish older Treasure Lake sedimentary rocks from the 1.87 Ga volcaniclastic
sedimentary rocks (VS) located in the central and southern parts of the map area. Stratigraphy and
structural analyses are also used to help distinguish between Faber and Treasure Lake Group rocks.

Volcaniclastic sedimentary rocks of the Faber Group (VS, Figures 1-3 and 5) are a coeval suite
of epiclastic detrital and pyroclastic sedimentary rock strata. They are mostly homogenous fine-
grained tuff and mudstone beds laminated with cm-scale banding, with occasional conglomerate and
lapilli tuff interlayers (Figure 6a—f; Hamilton, 2017). These strata form linear northwest trending units
interlayered with volcanic rocks. They contain excellent structures from which to measure bedding
planes and obtain geopetal indicators (way-up structures, e.g. Figure 6d,e). Both subaerial and water
lain strata appear to be common in the region, suggesting the former presence of lakes, and cross-
bedding may indicate local fluvial activity (Figure 6a). The volcaniclastic sedimentary rocks range
from thin beds to multilayered sequences up to 1.6 km wide at surface. South of Mazenod Lake, the
volcaniclastic rocks appear overturned and dip ~75° southwest.
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Figure 6. Outcrop photographs of selected volcaniclastic rocks: (a) Cross bedding in arkosic siltstones
and cherty tuffs, (b) Interbedded tuffaceous unit of very fine grained ash and mud, (c) Right laterally
offset and deformed thin bedded sediment, (d) Well bedded, magnetic, matrix supported
conglomerate, (e) Volcaniclastic sediments with graded bedding, (f) well bedded volcanic ash
layering.

Great Bear Intrusions in the Mazenod region comprise a suite of plutonic and epizonal igneous
rocks that are contemporaneous and younger than the volcanic event. Plutonic rocks are medium to
coarse grained, texturally massive, dominantly calc-alkaline, spatially extensive, and intrude volcanic
rocks along the east, west and northern boundaries of the Faber volcanic belt (Figure 7). They
generally have a strong orange to pinkish color on weathered surfaces, which appears to result from
one or more of K-feldspar content, surface weathering and incipient hydrothermal alteration with
minor to significant additions of K and Fe (Figure 7a,c,d). The intrusions have a compositional range
that includes granite, granodiorite, monzogranite, and quartz monzonite (7a, f). Other epizonal and
hypabyssal plutons, stocks and dikes that are likely spatially and genetically linked to the regions
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volcanic rocks include diorite and monzodiorite (7b, ¢, d, e), and quartz-feldspar and feldspar
porphyritic intrusions (Figure 8c,d). Also present are the occasional mafic dike and very minor
lamprophyre (Figure 13e). Monzogranite, monzodiorite, monzonite, syenite, intrusive porphyry and
rapakivi granite all plot within the volcanic arc and syn-collisional to post-collision fields of the
granite discrimination diagrams of Pearce (1984) and Harris et al. (1986) (Camier, 2002; Hamilton,
2017). Spatially and temporally, Great Bear intrusions surround, underlie, intrude and bracket the
volcanic assemblages. (Figures 1-3 and 5; Gandhi et al., 2011; Goad et al., 2000a, b; Mumin et al.,
2010). In the Mazenod region, the Marion River batholith, sub-volcanic intrusions, and volcanic rocks
all have similar ages within the limits of analytical error of 1868 Ma to 1862 Ma (Gandhi et al., 2011;
Ootes et al., 2015).

Figure 7. Intrusive rocks from the Mazenod district: (a) Sarah granite near Mazenod Ridge with
phyllic overprint, (b) Diorite from Dan Island, weathered surface and fresh surface on broken rock,

(c) Monzodiorite porphyry with potassic overprint, (d) Sub-volcanic porphyritic monzodiorite with
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typical orange hue of many rocks at Mazenod, (e) Diorite dyke cutting fine grained ash tuff sediment
sequence, (f) Marion River Batholith monzogranite marginal phase. Marquis is 5 mm wide.

Figure 8. Rocks of the Sue-Dianne deposit area: (a) Surface rubble with potassic and hematite altered
rhyodacite ignimbrite fracture breccia with abundant malachite, (b) Typical magnetite-hematite-
chalcopyrite intergrowth of the central diatreme. Hematite (light grey) replacing magnetite (beige)
during retrograde mineralization. Chalcopyrite yellow, (c) Upper part of porphyry stock with
moderate potassic alteration, (d) Deeper section of the porphyry intrusion with albite alteration, (e
and f) Micropegmatitic enclaves in Marion River Batholith monzogranite. Shattered feldspar in
chlorite-epidote matrix with moderate hematite overprint. Marquis in ¢, d, e and f is 5 mm across.

High-level porphyry, diorite and monzodiorite intrusions are present in several areas as dikes
and irregular stocks that range from sub-meter to an ~160 m wide monzodiorite dike infilling the NE
oriented transverse Bea fault (Figures 5 and 7b-d). At surface monzodiorite mimics the appearance
of ignimbrite, but is texturally uniform, porphyritic, has more abundant ferromagnesian minerals


https://doi.org/10.20944/preprints202308.0724.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 August 2023 doi:10.20944/preprints202308.0724.v1

13

(mostly pyroxene), and lacks any evidence of volcanic clasts or textures. Monzodiorite grades into
diorite in a number of locations, and essentially loses its K-feldspar and moderate orangey-pinkish
hue. It is apparent that monzodiorite represents the shallower K-altered parts of diorite intrusions.
This is comparable to a similar phenomenon that is well documented in the northern GBMZ around
Echo Bay (Mumin et al., 2007, 2010), where magmatic-hydrothermal fluids associated with diorite
alter their upper parts such that their field name for mapping is monzodiorite. Diorite and
monzodiorite outcrop in the central Mazenod Lake area in a series of stocks and dikes that extend
from Dan island southwards for about 2.3 km (Figure 3). Collectively, they constitute the central
Mazenod pluton.

Quartz-feldspar porphyry intrusions outcrop east and south of Sue-Dianne as irregular stocks
and linear bodies, and are typically slightly to moderately potassic altered (Figure 1). However, the
most significant porphyry stock occurs ~ 300 meters below surface directly under the Sue-Dianne
deposit. The Sue-Dianne feldspar porphyry is sodic altered at depth, transitioning to potassic-altered
felsite in its highest levels immediately below the Sue-Dianne breccia complex and mineralization
(Figure 8c,d). Alteration to felsite of both the uppermost intrusion and overlying ignimbrite occurred
prior to explosive hydrothermal brecciation. This phenomenon is common also in other areas of the
GBMZ, including the Echo Bay region (Mumin et al., 2010; Corriveau et al., 2010, 2016, 2022b-d).

3.1. The Faber Lake Rapikivi Granite

The Faber Lake rapakivi granite (FLR, Figure 1) terminates the northern extent of the volcanic
belt in the study area and is the youngest identified major intrusive rock in the southern GBMZ. It is
dated at 1856 +2/-3 Ma, postdating crystallization of the Marian River batholith (Gandhi et al., 2011,
2013). It comprises a medium to course-grained granite with K-feldspar crystals often overgrown and
rimmed by plagioclase producing its rapakivi texture. It contains minor amounts of muscovite and
ferromagnesian minerals, and locally is fluorite-bearing.

3.2. The Marian River Batholith

The Marion River Batholith (MB, Figure 2) forms the eastern boundary of the entire Faber
volcanic belt and is present throughout most of the southern GBMZ between the Metamorphic
Internal Zone and volcanic rocks. Composition of the batholith ranges from granite to mostly
granodiorite characterized by euhedral feldspar crystals set in a medium to coarse-grained matrix of
feldspar, quartz, hornblende, biotite and accessory minerals (Gandhi et al., 2011). Along its western
margin in contact with volcanic assemblages the Marion River batholith grades into marginal phases
that include monzogranite (Figure 7f). East of the Sue-Dianne deposit near the south side of the
Dianne Lake fault it grades locally into unusual, shattered, K-feldspar-hematite-epidote-chlorite
altered pegamatoidal enclaves (Figure 8e,f) that may represent former fluidized magma associated
with formation of the Sue-Dianne complex.

3.3. The Sarah Lake Granite

The Sarah Lake granite (SM Figures 1-3 and 5) is compositionally a monzogranite within the
mapped area. It is mostly homogeneous and grades eastward from medium to coarse-grained quartz,
feldspars, and relatively minor amounts of hornblende + biotite (Gandhi, 2013). Locally near the
volcanic belt such as near the Mazenod giant quartz vein, it has a strong and distinct orange-pinkish
colour that appears to be the result of a pervasive sericite alteration of feldspars * trace hematite
(Figure 7a). The intrusion has a prominent right-lateral offset of ~1200 m along the Marian River fault,
as documented along Mazenod ridge (Figure 3). Aplitic dykes of similar composition to the Sarah
Lake granite intrude the adjoining volcanic rocks. South of Squirrel Lake, the Sarah Lake granite
grades to diorite and monzodiorite along its eastern boundary in contact with the volcanic belt
(Figure 5). It appears most probable that the Sarah Lake granite is the western extent of the Marian
River batholith, separated from each other by Faber group of supracrustal rocks.


https://doi.org/10.20944/preprints202308.0724.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 August 2023 doi:10.20944/preprints202308.0724.v1

14

3.4. Subvolcanic Intrusions

The northern part of the Faber Group volcanic belt transitions into a series of subvolcanic
intrusions (SV1 and SV2). They range in composition from plagioclase porphyry and plagioclase-K-
feldspar porphyry to feldspar-quartz porphyry (Figure 1). Subvolcanic intrusions also outcrop along
and near the southeastern portion of Dianne Lake. They are generally a homogenous sequence of
igneous rocks resembling least-altered ignimbrites with minor variations in feldspar and quartz
content. They are interpreted as synchronous with and compositionally analogous to the volcanic
rocks of the belt, and are distinguished by their homogeneity and lack of volcanic textures. These
intrusions often exhibit varying degrees of potassic alteration, usually minor to modest, but locally
grade to felsite + chlorite, amphibole, epidote and other accessory secondary minerals.

A separate and unique suite of sub-volcanic diorite and monzodiorite (MD) comprise the central
Mazenod pluton which outcrops in dikes and stocks on various islands within the east arm of
Mazenod Lake, near and extending south of Dan island for about 2.3 km (Figure 7b—d). This pluton
is apparently directly associated with hydrothermal alteration of the surrounding andesite and
rhyodacite. Monzodiorite is a potassic altered higher level (closer to surface) expression of the diorite
pluton; potassic alterationis likely caused by fluids emanating from the diorite itself. This is a similar
phenomenon to the monzodiorite and diorite plutons of the Echo Bay and Contact Lake regions of
the northern GBMZ, where the relationship between extensive hydrothermal alteration of andesite
and the transition from diorite to monzodiorite is well documented (Mumin et al., 2007, 2010; Mumin
2015).

3.5. Faber Group Volcanic Rocks

The Faber Group is comprised of volcanic and volcaniclastic rocks that form an approximately
85 km long and 10 km wide belt (Gandhi et al., 2011). The lithology ranges from predominantly
rhyolite to rthyodacite and local andesite in the southern portion (Goad et al., 2000a, b; Gandhi et al.,
2011, Montreuil et al., 2016a) to rhyodacite, andesite and basaltic andesites that are more common in
the Mazenod region (Figures 1-5). Volcanic rocks between Mazenod Lake and the Sue Dianne deposit
were previously mapped as a series of east-trending ignimbrite sheets, with clastic bases, welded tuff
central portions and crystal tuff upper layers (Figures 9a,b,d, 10b,f, 12c and 14b; Gandhi et al., 2001).
However, much of the ignimbrite layering appears to follow the regional northwest trend (Camier,
2002; Hamilton, 2017). North of the Dianne Lake fault, volcanic sequences are also northwest
trending. Volcanic and volcaniclastic sediments (Figure 6) extending from the northeast arm of
Mazenod Lake southwards to the Bea Lake area appear to form a synclinal series of inward dipping
and southeast trending strata. Throughout the Faber Group, the geology is displaced into orthogonal
blocks by a series of northeast trending transverse faults (Figures 1-3).
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Figure 9. Rocks of the Sue-Dianne deposit area: (a) Welded ignimbrite tuff with fiammé, (b) Basal
ignimbrite flow breccia with incipient potassic alteration of pyroclastic tuff-breccia, (c) Pitchblende
with secondary uranophanes and malachite in hematitic breccia, (d) Hematite cemented diatreme
breccia with angular to sub-rounded potassic altered ignimbrite clasts, (e) Copper-rich breccia with
potassic altered ignimbrite clasts in a matrix of magnetite, hematite, chlorite, epidote, fluorite, garnet,
chalcopyrite and pyrite, (f) Deep diatreme breccia with potassic altered ignimbrite clasts in a
magnetite matrix. Late stage quartz-epidote overprint. Marquis is 5mm across.
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Mazenod
Skarn

Figure 10. Rocks of the Nod Hill region: (a) South lobe of NOD Hill looking south. Example of part
of a crustal-scale fault showing an ~200 meter section of the Kemaz structural corridor with multiple
sub-parallel NE trending faulting and shearing. The exposed part of the Kemaz structural corridor at
NOD Hill is ~600 m wide, which is only a portion of the greater structure, (b) Ignimbrite felsite at Nod
Hill, (c and d) Magnetite-actinolite + quartz stockwork and breccia cutting albite (sodic) altered
ignimbrite, (e) Drill core from the Mazenod skarn showing: (i, ii and vi) actinolite-magnetite-
pyroxene-garnet-alkali feldspar + chalcopyrite + pyrite skarn, (iii, iv and v) Variations on
paleoweathering or hematite alteration of the Mazenod skarn, (f) Ignimbrite breccia with K-feldspar
altered clasts.
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Figure 11. Pearce (1966) volcanic rock discrimination diagram with all volcanic rock samples plotted
(n =711). The plot shows a continuum of compositions ranging from rhyodacite to basaltic andesite.
Rocks from the same formation are grouped together according to their dominant characteristics, and
divided into rhyodacite, dacite, andesite and basaltic andesite. Two distinct groupings of rhyodacite
are indicated. Blue = rhyodacite, Orange = dacite, Red = andesite, Green = Basaltic andesite.
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Figure 12. Rocks from the Dan Island region: (a) Dan Island, 1 = andesite crystal tuff, 2 = felsite cap, 3
= volcanic bomb breccia, 4 = tourmaline crackle breccia, 5 = hematite stockwork, 6 = large blocky
ignimbrite boulder or scree deposit similar to the blocky breccia that overlies part of the Sue-Dianne
deposit, (b) large volcanic bomb with cooling rings, (c) blocky ignimbrite boulder deposit, f.0.v. ~ 1.0
m, (d) orbicular breccia at fault junction with epidote overprinting potassic altered andesite
ignimbrite, (e) tourmaline crackle breccia in K-feldspar and albite altered rhyodacite, (f) tourmaline

cemented vein breccia (Bea area).
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Figure 13. (a) Mar magnetite cemented breccia with albite-rich clasts and late epidote-quartz veins,
(b) magnetite vein breccia cutting alkali feldspar altered ignimbrite at NOD Hill, (c) contact between
monzodiorite and crystal tuff, both with strong potassic alteration, (d) lapilli tuff altered to felsite with
hematite dusting and veining. Ghost lapilli visible at point of scribe, (e) lamprophyre dike, (f) sub-
parallel magnetite veining with albitic haloes around veins. Host is ash tuff.
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Figure 14. (a) porphyritic andesite, (b) rhyodacite crystal tuff with flammé, Mazenod Lake region, (c)
Jasper veins, (d) bleached albite alteration along veins in crystal tuff, (e) epidote stockwork as veins
and replacement of fine ash tuff sequence, (f) part of a large epidote stockwork in K-feldspar altered
andesite from the Mazenod peak area.
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Figure 15. Quartz complexes in the Mazenod region. (a) Mazenod Ridge and Crystal Mountain
(background) quartz complexes (whitish material). Both strike NE. North and NW structures cut
across the middle of Mazenod Ridge. Distance in photo between Mazenod Ridge and Crystal
Mountain is ~4.1 km, (b) the giant quartz complex at Mazenod Ridge with Dan Island in the
background, (c) pervasive silicification with an orthogonal quartz stockwork that mimics regional
structural patterns, (d) close up of quartz lattice-stockwork with possible boiling textures, (e) quartz
+ epidote stockwork that envelopes the Sue-Dianne deposit, (f) vent tube in massive quartz at Crystal
Mountain. Vent tube size ranges from cm-scale in diameter to the 2 meter tube shown here. Evidence
for near-surface formation.

Even though they are generally well exposed, many of the volcanic rocks at Mazenod are
difficult to properly field classify due to pervasive hydrothermal overprinting that varies from
incipient to extreme. The greatest difficulty in rock identification in the field results from a pervasive
moderate to intense potassic alteration + minor to moderate silicification of the rocks and localized
minor albite alteration. Consequently, systematic geochemical discrimination was carried out for
most of a large suite of 906 samples, of which 724 are volcanic rocks, 99 intrusive rocks, 52 from
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volcaniclastic sedimentary strata, 15 boulders, 3 quartz veins, and 13 drill core samples from the
Phelps Dodge 2005 drilling (Hamilton, 2017). Geochemical discrimination combined with field
observations are used to classify volcanic rocks into the following assemblages.

3.6. Mazenod Lake Assemblage

The Mazenod Lake assemblage (ML, Figures 1-3) extends from the northeast shore of Mazenod
Lake where it is dominantly andesitic to the Dianne Lake fault and Sue-Dianne deposit and where
the rocks are dominated by rhyodacite ignimbrite sheets (Gandhi et al., 2011; Camier, 2002). The
assemblage transitions to dacite porphyry in its northern most extent and is ultimately terminated by
the younger Faber Lake rapakivi granite. The stratigraphic placement is not clear; however, based on
structural observations and similar interpretations made by Camier (2002), the Mazenod Lake
assemblage appears to be older than the adjacent Dianne Lake assemblage, and is likely the oldest
volcanic assemblage exposed in the map area. ML rocks are dominantly crystal tuffs with common
ignimbritic textures. The andesite near Mazenod Lake contains ~10-15% of ~1-3 mm feldspar
phenocrysts within a light grey aphanitic matrix. Gandhi (2013) reported rather shallow bedding at
~25 - 30°NE. However, in the current mapping, rocks near the north shore of Mazenod Lake strike in
anortherly direction with steep dips varying from east to west. The variations in orientation are likely
reflecting the complex and dynamic nature of explosive volcanism in a tectonically active belt. The
fresh surface is variable in color, from a light grey to a pink/orange coloration. Gandhi (2013)
estimated the thickness of this unit to be more than 2 km, calling it a series of rhyodacite ignimbrites
or “cooling units”. Individual “cooling units” comprise a lapilli to breccia base, welded tuff central
portion with abundant fiamme, and a generally more extensive upper crystal and ash tuff sequence.

Potassic altered rhyodacite ignimbrite (felsite) of the Mazenod Lake assemblage host the Sue-
Dianne IOCG deposit at the intersection of the Dianne Lake and Kemaz (aka MAR) faults (Figure 1).

3.7. Lou Lake Assemblage

The Lou Lake assemblage comprises mostly rhyodacite ignimbrite sheets that locally grade to
andesitic rocks (LL, Figures 1-3 and 5). The assemblage extends from Mazenod Lake southwards to
Lou Lake and the NICO deposit region. The assemblage is dominantly rhyodacite with some rhyolite,
dacite and andesite in the Lou Lake region (Gandhi et al., 1996, 2001; Goad et al., 2000a; Montreuil et
al., 2016a), with an increased intermediate component towards Mazenod Lake where andesite
dominates. The lower most assemblage near Lou Lake is predominantly massive flow-banded
rhyolite lavas intercalated with rhyolitic volcaniclastic rocks. Near Mazenod, rocks strike ~324° and
dip steeply. Rocks comprise crystal, ash and lapilli tuff, with the distinction between andesite and
rhyodacite sometimes blurred by the hydrothermal alteration overprint, as may be the case in the
immediate vicinity of the NOD showing (Figure 10b,f; see also Montreuil et al., 2016a). Rocks
typically contain 5 to 30% feldspar phenocrysts and up to 4% quartz crystals. Locally stretched
fiammé and eutaxitic textures are visible in outcrop, and are used to determine bedding orientations
(Figures 9a and 14b). Southeast of Mazenod Lake the Lou Lake assemblage forms parts of the eastern
and western limbs of the apparent Faber Lake synclinal volcanic assemblage. The western limb dips
~75°NE and the eastern limb dips in the opposite direction at ~75°SW. The eastern Lou Lake
assemblage is unconformably overlain by a sequence of volcaniclastic tuffs and sediments, which
apparently may be overturned as they also dip to the southwest.

Rocks of the NOD Hill area are grouped with the Lou Lake assemblage in keeping with Gandhi
et al., 2011, 2013. The southern portion of NOD Hill contains the least altered version of these rocks,
and lithology descriptions are for the most part derived from this area. Regionally most of the area is
underlain by andesite. However, the main NOD Hill outcrops are rhyodacite crystal tuffs containing
1 -2 mm feldspar phenocrysts comprising 7 - 12% of the rock, as well as 2 - 3 mm quartz phenocrysts
comprising up to 3%. Phenocrysts are hosted within a grey aphanitic matrix. The rock is pinkish
orange to reddish on weathered surfaces but has a greyish hue when fresh cut. NOD Hill rocks are
unique in texture and chemical composition, and have a high Ti content suggesting that much of this
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area may only be rhyodacite in field appearance, whereas they may be potassic altered and/or
silicified andesite (Figure 10b).

Most of the NOD Hill area is strongly hydrothermally altered, making identification of the
precursor rock types difficult. Grade of alteration increases in intensity towards the northern portion
of the hill and proximal to faults. Alteration grades from sodic enrichment (albitization) to pervasive
K-feldspar alteration (felsite). Small-scale veining with tourmaline grades to hematite and magnetite
from the central to northern parts. At the northern extremity of the Nod Hill outcrop coarse grained
to megacrystic actinolite + magnetite + quartz cemented breccias and fracture stockworks invade the
rhyodacite (or altered andesite), with hydrothermally cemented breccia a common textural
observation locally (Figure 10b—d). Minor pyrite of up to a few percent occurs along with trace
chalcopyrite locally across the NOD Hill area.

A few hundred meters northeast of Nod Hill, a local magnetic high anomaly was drilled by
Phelps Dodge 2005, Moss Xemac 1997, and earlier by Noranda. They intersected a modest zone of
highly altered rocks comprising skarn-likeassemblages of pyroxene, garnet, amphibole, magnetite
and alkali feldspar, along with other more widespread alteration, particular silicification. The zone
contained minor pyrite and chalcopyrite (up to ~0.95 wt% Cu over 9.4 meters) and minor local REE-
rich allanite veining (Figure 10e). Immediately north of NOD Hill and the skarn and HT Ca-Fe
alteration are a series of diorite and monzodiorite intrusions described earlier as the Mazenod pluton,
that may also underlie NOD Hill, and be directly related to the hydrothermal alterations in this area.

Unconformably overlying the Lou Lake assemblage is an autochthonous sedimentary
assemblage that separates Lou Lake (LL) from the younger Squirrel Lake and Bea Lake assemblages.
The Lou Lake assemblage is in direct contact with the Dianne Lake assemblage (DL) to the north
(Gandhi et al., 2011; Gandhi, 2013), and may transition into DL rocks, or they may be the same
continuous sequence of felsic to intermediate volcanic rocks, with minor compositional variations.

3.8. Dianne Lake Assemblage

The Dianne Lake assemblage (DL, Figures 1-3) is a sequence of ignimbrite flows that include
ash, crystal and welded tuffs and volcanic breccia, with a few locations showing trachytic textures.
Rocks contain 10-40% feldspar and up to 4% quartz phenocrysts. Different formations within the
Dianne Lake assemblage all have similar mineralogy and textures, with the only recognizable
difference that more felsic rocks contain only minor biotite (1-3%). The Dianne Lake assemblage was
previously grouped with LL assemblage rocks and mapped as a series of rhyolites and rhyodacites
with a sub-volcanic component (Gandhi et al., 1996, 2001, 2013; Goad et al., 2000a,b; Camier, 2002).
However, lithogeochemistry reveals a compositional range with more intermediate compositions to
the west and felsic rocks dominating the eastern portion of the assemblage (see also Montreuil et al.,
2016). It is distinguished from the Lou Lake assemblage on the basis of its prominent andesitic
component. Bedding measurements are limited within the Dianne Lake assemblage, with little to
measure except for relatively thin layers of ash tuff. The few reliable measurements taken show an
average strike of ~340° dipping to the east at ~70°.

3.9. Moosehead Lake Assemblage

Moosehead Lake assemblage rocks (MH, Figures 1-3) are mapped as rhyodacite ignimbrite
sequences (Goad et al., 2000a; Camier, 2002). They are clearly distinguished from DL, LL and BL rocks
by their pervasive to very strong potassic alteration that has locally resulted in the formation of
felsites. MH rocks occur immediately north of the Dianne Lake fault, suggesting that rocks north of
the fault are up thrown as well as being dextrally displaced (Hamilton, 2002). This has resulted in a
distinct break in the regional lithology and stratigraphic sequencing. On the north side of the fault
apparently deeper levels of the stratigraphy are exposed at surface revealing more intense
hydrothermal alteration. Due to the degree of pervasive hydrothermal alteration, the possibility that
at least some of the altered rhyodacites were originally andesites cannot be ruled out as observed
throughout the southern GBMZ (Montreuil et al., 2016a). This assemblage may represent displaced
and more highly altered versions of the Mazenod, Lou Lake and Dianne Lake assemblages. Potassic
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altered rhyodacites occur also in narrow belts proximal to the Marion River batholith, and are
separated from it by thin sequences of Treasure Lake metasedimentary rocks.

3.10. Squirrel Lake Assemblage

The Squirrel Lake assemblage (SL, Figures 1-3 and 5) comprises a sequence of volcanic and
pyroclastic rocks previously mapped as a subvolcanic intrusion (Gandhi et al., 2011, 2014). The
stratigraphic placement of the SL assemblage is based on the previous work of Gandhi et al. (2001,
2014) and interpretation of local structures. Textures throughout much of the assemblage are
generally consistent with Gandhi’s interpretation of a subvolcanic intrusion; however, lapilli and
volcanic breccia and an amygdaloidal flow suggest that the assemblage may be largely volcanic rocks
with probable sub-volcanic facies. The Squirrel Lake assemblage is contiguous with the Lou Lake
assemblage and may be an extension thereof.

On the northeast arm of the interpreted syncline an autochthonous volcaniclastic tuff and
sediment layer (VS) a few meters wide unconformably overlies the Squirrel Lake sequence and
separates it from the Lou Lake assemblage near the northeast arm of Mazenod Lake. The bedding in
the sedimentary rocks appears overturned and has a younging direction towards the east. The
volcaniclastic sequence thickens to ~1.6 km width at surface along the southwest limb.

The Squirrel Lake assemblage consistently contains 15-30% plagioclase phenocrysts ranging
from 2-5 mm diameter. Often the rock contains up to 5% of 1-2 mm biotite. Andesite generally is
texturally massive, sometimes seriate and locally trachytic in outcrop. Abundant subhedral to
euhedral very fine-grained to microscopic magnetite occurs in examined samples from the Squirrel
Lake assemblage. The magnetite appears to be a hydrothermal alteration product associated with
sericite and/or actinolite, and imparts a fairly consistent weak to moderate magnetism to the unit.

A monomictic volcanic breccia occurs in the southwestern portion of the assemblage, containing
sub-angular clasts from 140 cm in size. It is mostly matrix supported but locally clast supported.
Dark grey-black clasts within the breccia are very strongly magnetic, which appears comparable to
selective magnetite alteration of clasts within volcaniclastic breccia (e.g. Figure 12H in Corriveau et
al., 2022b) as well as in albitite breccia (e.g. Figure 13 in Corriveau et al., 2022b) in the GBMZ. Feldspar
phenocrysts within the clasts are aligned sub-parallel to the same axial direction of the clasts they are
hosted in.

Gandhi (2013) identified fragments of the Squirrel Lake assemblage within the Dianne Lake
assemblage, indicating that it is an earlier deposition than Dianne Lake rocks.

3.11. Bea Lake Assemblage

The Bea Lake volcanic assemblage (BL, Figures 1, 2 and 5) is an extensive suite of mineralogically
uniform ash and lapilli tuff, and pyroclastic breccia that dominantly chemically classifies as andesite.
The assemblage occupies the approximate centre of the volcanic belt and extends from the southern
limits of the study area northeast to its termination near the Dianne Lake fault. The Bea Lake
assemblage generally resembles rhyodacite in field and hand specimen (Gandhi et al., 2011, 2014),
but is reclassified by Montreuil et al. (2016a) and here as andesite to reflect its geochemistry as plotted
in the chemical classification diagram of Pearce (1996) (Figure 11). As with some other parts of the
Mazenod district, it appears that in many areas widespread regional potassic + silica alteration
accompanied by removal of Ca, Fe and Mg have modified the original chemistry and mineralogy,
causing the present rocks to resemble rhyodacite. Bedding strikes NW in the southern and central
map areas, changing to a more westerly direction north of Mazenod Lake. Dips consistently vary
from ~ 70° NE to 70° SW on the southeast side of Mazenod Lake, whereas dips are ~70° in a more
northerly direction north of the lake.

North of Dan island course volcanic breccia with abundant concentrically zoned volcanic bombs
outcrop in several areas near the lakeshore (Figure 3, unit BLd; Figure 12a, unit 3; Figure 12b). A layer
of boulder-sized ignimbrite debris that may represent avalanche, scree or basal-like breccia (Figure
3, unit R2¢; Figure 12a, unit 6) is exposed on Dan island. These coarse breccia units may indicate
proximity to a former volcanic vent, consistent with the intensification of alteration in the Dan island
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and central Mazenod area. The volcanic bomb breccia grades northwards into lapilli tuff, and then
ash tuff, providing a vector towards a possible source near Dan island. On Dan island itself, the exact
contact between the Bea Lake andesite and the overlying rhyodacite ignimbrite of the Dianne Lake
assemblage is difficult to determine as the entire island is intensely and pervasively hydrothermally
altered, often to a felsite.

Typical andesite within the Bea Lake assemblage contains up to 30% 1-6 mm euhedral to
subhedral plagioclase phenocrysts. Andesite also contains around 5% (up to 25% locally) of similar
sized quartz phenocrysts of uncertain origin, possibly amygdules The presence of quartz makes field
identification difficult, as it is likely related to the regional silica metasomatism. Final classification is
based on geochemistry as discussed earlier. Phenocrysts are hosted within a light to dark gray
aphanitic matrix.

4. Hydrothermal Alteration

Igneous and sedimentary rocks of the Mazenod Lake region are pervasively affected by
hydrothermal alteration. This includes potassic, sodic, magnetite, hematite, actinolite, epidote,
chlorite, tourmaline, garnet, fluorite, quartz/silicification, phyllic, propylitic and skarn-like
assemblages (Table 1). These alteration types are commonly associated with sulphur-poor magmatic
hydrothermal systems that have potential to host IOCG, IOA and affiliated deposits (Richards and
Mumin, 2013a, b). In all cases mineral or chemical names for the different alteration types refers to a
net metal and/or mineral increase in the rock due to hydrothermal alteration, unless otherwise stated.
Details and mineral assemblages associated with each of the above mentioned alterations are
discussed individual in the following sections. The alteration types documented at Mazenod are
present elsewhere throughout the GBMZ (Mumin et al., 2007, 2010; Corriveau et al., 2010, 2016, 2022a-
e; Montreuil et al., 2013, 2015, 2016a—c; Mumin 2015), and in other IOCG systems globally (Hitzman
et al., 1992; Hitzman, 2000; Porter, 2000; Williams, 2010; Skirrow 2010, 2022a, b; Richards and Mumin,
2013a, b; Corriveau et al., 2016, 2022a—e; Blein et al., 2022, 2023). They have also been referred to as
IOAA (iron oxide and alkali-altered) systems, and more recently as MIAC (metasomatic iron oxide
and alkali-calcic) systems (e.g. Montreuil, 2016; Corriveau et al., 2016, 2022a-e). Alteration at Mazenod
is also herein classified chemically using the Grant (1986, 2005) graphical solution to Gresens (1967)
equations for chemical mass balance. In addition, relative intensity of alteration is plotted on regional
maps using the residual alteration index method of Mumin (1988). Mineralogy is based on field
observations, hand specimens, petrographic and SEM analysis (Camier, 2002; Hamilton, 2017). For
most types of alteration, both prograde and retrograde phases may occur, meaning that higher-
temperature phases will overprint low temperature phases during a prograde stage, and lower
temperature alteration will overprint higher-temperatures phases during retrograde stages of
alteration. Further, magmatic-hydrothermal IOCG systems are dynamic overtime, and may
experience many pulses of fluid influx and alteration, and hence several prograde-retrograde
sequences. The evidence in the Mazenod district indicates overlapping hydrothermal cells resulting
in regional-scale pervasive to intense alteration, similar to other districts in the GBMZ (Hildebrand,
1986; Mumin et al., 2007, 2010; Corriveau et al., 2010, 2016, 2022a-e; Montreuil et al., 2016a—c; Mumin,
2015). Centres of increased hydrothermal activity and alteration intensity include Sue-Dianne, Mar,
Dan island, PD Skarn, Nod Hill, the giant quartz vein/breccia complexes, and several regions in the
Bea (southern) area where alteration overall is not as intense as in the north. In addition, alteration
patterns indicate that there may be other centres of intense alteration and mineralization that are
hidden at depth, or under overburden and Paleozoic sedimentary cover (see also the modelling of
Hayward and Corriveau (2014) and Hayward and Tschirhart (2023).
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Table 1. General element mobility for hydrothermally altered rocks in the Mazenod Lake region.
Mobility can be variable and rocks are often overprinted by more than one stage of alteration. Element
mobility is based on mass balance calculations (Griesen 1967, Grant 1987, Rollinson 1993, see
Hamilton 2017). Pervasive and early potassic alteration may result in spurious K20 enrichment and/or
Na20 depletion.
Tvpical Mobile Elements
Alteration YP Immobile . . Minor and Trace
Mineral Major Element Oxides
Type Assemblages Elements Elements
8 Enriched Depleted Enriched Depleted
Albite + Bi, Rb, Z
_ biteL 1Oy, TiOy, Ta, KO,Ca0, %5 B Rb Zn Cs,
Sodic? Magnetite + 7e Hf Na20 MRO As Sr, Mo, Pb
Actinolite ! Au, Cu W, Sb
AlQOs, TiOs,
Magnetite = . Ay Then Na20 K20, MgO, Sn, As, Cr, Cs, Zn, Sr,
MA Actinolite SiC:, Zr, Hf, I, + FexO MnO Ce Cd, Be
Ta, HREEs R ’
Ba, Cr, Rb, Be, HREEs
P . K_f 1 + 4 7 7 4 7
otassic eldspar 1,0, Fex0, KO  Na:O,CaO, Te Th,U, Mo, Nb,
Mazenod Biotite + ) . .
Region Magnetite TiO2, SiO2, Zr +Fe20s  MgO, MnO W, Sn, Nd, Nj, Pb,
& & As, Au, Bi Sc, Sr, Zn
Potassic L, G, U,
Sue Siame ALOs;, TiO2 Zr,  Ki0,CaO, o o ZnPbV, CsSrTa,
Detosit halo Ce, Eu MgO, Fex0s ~~'" 7" La,Rb,Ba, REEs,Y
P TI, Ni
Ag, Au, A
Bi’ Biu’ Cos’ Be, Ce, Cu,
Tourmaline Tourmaline + ALQOs, TiOs, Zr, K20, Si02, Na20, CaO, Cr IH § Mc,) Pb, Cs,
Quartz U, Th, Se, Ta, Tl Fe2Os  MnO, MgO , 118 VO, REEs, Sr,
Rb, Sb, W,
/n
Sn
Hg, Cr, Ga,
. . Ge, Sn, Te,
Hematite Hematite + AlLOs, TiOo, Fe:0s3, MgO, Na:0, CaO, LW Cs, Pb, Sr,
Quartz SiOz, Th, Ta MnO, K20 P2Os o Th, Zn
REEs, Ni,
Co
Bpidote ) 0y, 5102 Ag, Bi, REES, _
. Chlorite + Au, Ni, Cs,
Propylitic Carbonate + Ga, Hf, Nb, Sc, MnO, P2:0s MgO, Na2O Cu, Sb, Sr, Co
~ Te, Th,TL Y, Zr Mo, Sn, W
Quartz
Magnetite, Cu, Co, U,
H tit Pb, Au, A
Diatreme C:;iilt:' ALO;, TiO;,  Fex0s, CaO, z: Vui: cgf
Sue-Dianne " SiOy, Th, Zr,Cr, MgO, K0, NaO 777777 Ta,Cs
Deposit ~ Carmeb Rb, Hf P:0s, MnO La, Ce, Eu,
P Fluorite, ! . Pr, W, Sr,

Sulphides Ba, Nb
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Ag, As, Au,
Silicification Quartz ?EOI_SI, I_VI\;, ;i’ 210 (C-10} INERO), Jgler, (G, Bk Eu, Sr
! RiEEs, ! + Fex0s TiOz, P2Os Mo, Nb, ’

Nd, Te

4.1. Chemical Characterization of Alteration

The large geochemical sample base of 875 volcanic, intrusive and volcaniclastic rocks covering
a significant portion of the central Mazenod and Bea Lake areas make it possible to chemically
characterize hydrothermal alteration type and relative intensity for these regions. Sample
distribution is shown in Figure 17b (see also Hamilton, 2017). The large central area with no sampling
is mainly because this area is covered by younger Paleozoic sedimentary rocks. Due to the presence
of chemically different host rocks residual alteration indices (RAI) are used to plot relative intensity
according to different styles of alteration (Mumin, 1988). The RAI used here is a refinement of the
concept of an alteration index (Al) first used by Ishikawa (1976) for VMS deposits. Alteration indices
combine the effects of elements added during alteration with those that are removed and/or
conserved. The RAI removes the unwanted effects caused by different original chemistries, and then
sets the range of alteration intensity from 0 to 100% for each different rock type present, and allows
a comparison of intensity even though different host rocks are used. Any spurious negative results
due to the analyses and calculations are set to 0%. In all cases there are corresponding mineralogical
changes in abundance and/or mineral phase, and/or mineral chemistry that reflect elemental
additions and depletions. However, the presence of any particular mineral does not necessarily
indicate a corresponding hydrothermal elemental enrichment or depletion in the rock, and may only
reflect a redistribution of the original chemistry into a new suite of hydrothermal minerals (i.e.
isochemical alteration).

The basic method for plotting RAI is described in detail in Mumin 1988 and summarized here
as follows:

Al = (sum of elements added during alteration + by sum of elements added and subtracted) X 100%
RAI= (Al — BI)/(100 — BI) x 100%

where

RAI = Residual alteration index

Al = Alteration index (see below)

BI = Base index (= Al of least altered rock type)

100-BI sets the range of intensity for each alteration and rock type from 0 to 100%

While RAI plots give a qualitative indication of intensity of alteration, they are most useful at
showing regional hydrothermal patterns. RAI plots require chemical classification of host rocks and
identification of least-altered versions of each rock type. This was carried out using chemical
discrimination diagrams of Pierce 1996 (Figure 11). Volcanic rocks classify as basaltic andesite,
andesite, dacite and rhyodacite, and intrusions include diorite, monzodiorite, and monzogranite.
Corresponding base indices (BI) for the original unaltered rocks are taken from the chemistry of least
altered versions of these rocks (Table 2). Results for RAI calculations are plotted and contoured in
Figures 1620 using ArcMap and simple kriging. Calculated and plotted results for the RAI carry a
certain bias imparted by the irregular distribution of outcrop and available samples. Although care
was taken in the selection of least altered samples, even these rocks may have been subjected to minor
amounts of K, Na and/or silica enrichment as explained below, which may result in a minor to
moderate decrease in the overall intensity of alteration reported. However, the data base is
sufficiently large to present a geochemical picture of general alteration distribution that highlights
several areas of interest and corroborates field observations. Aluminum is assumed conserved and
the best proxy for the most immobile major element in the Mazenod region. This is supported by the
high field strength metals Zr, Hf, Nb, Ta, Ti and Th, all of which behave similar to Al in the mass-
balance diagrams discussed below. The greatest difference is for Ta and Nb. Results of the RAI plots
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are discussed below along with the discussion of individual alteration types. Residual alteration
indices for the following alteration indices are plotted.

Potassic Index: Al = K20/(K20 + Na20 + CaO + MgO + MnO) x 100% (Figure 16).
Sodic Index: Al = Na20/(Na20 + Al203) x 100% (Figure 17)

Alkali Index: Al = K20/(K20 + Na20) x 100% (Figure 18)

Silica Index: AI = SiO2/(SiO2 + Al203) x 100% (Figure 19)

Fe Index: Al = Fe203/(Fe203 + AI203) x 100% (Figure 20)

Table 2. Chemistry of least altered rocks of the Mazenod region. Pervasive K-alteration is believed to
have affected most rocks of the region, resulting in higher than normal K2O values. 1Average of
samples 96259, 96423 and 96309, 2Average of samples 98138, 96372 and 96320, 3Average of samples
96443, 96444, 97055, 98151.

Least altered
Rock type selection Element concentrations
ALOs Ca0 Fex(s MgO MnO P20s K20 NaxO TiO2 Si02 LOI
wt.% wi% wi.% wt.% wt.% wt.% wt.% wt.% wL% wt.% wi.%
Andesite Average' 15.93 374 5.85 2.13 0.14 0.11 421 3.13 0.61 61.67 2.67
Basaltic
Andesite 98136 173 745 8.82 4.25 0.1 0.08 23 2.82 0.68 54.2 1.6
Dacite 98089 16.4 34 5.61 145 0.05 0.22 4.86 2.94 0.84 62.8 1.4
Rhyodacite Average? 16 2.49 3.51 1.15 0.07 0.07 511 3 0.43 66.7 1.5
Monzodiorite 97078 16.1 28 318 0.94 0.07 0.07 4.99 3.27 0.42 67.4 0.9
Monzogranite Average’ 123 0.19 12 0.21 0.02 0.01 748 1.65 0.1 76.25 0.55
Cd Cs Cu Dy
Agppm Asppm Auppb Bappm Beppm Bippm  ppm Ceppm Coppm Crppm  ppm ppm ppm
Andcsite Average! <0.1 6.8 3 820 2:1 03 <0.1 77 16.6 92 44 336 3098
Basaltic
Andesite 981356 <0.1 4.6 <2 248 2] 0.3 <0.1 43 20.9 175 1.4 5 2.87
Dacite 98089 0.2 3.5 <2 867 2.6 0.1 0.2 106 10.1 73 2.4 18.2 547
Rhyodacite Average? 0.35 6.67 4 975 o3 043 0.2 93 62 097 28 1823 399
Monzodiorite 97078 <0.1 48 <2 908 24 0.3 0.2 88 52 129 1.6 9.6 3.78
Monzogranite Average? 041 0.88 1 2355 2:7 023 <0.1 61 1.9 160.3 135 9.23 &)
Hg Mo Nb Nd
Erppm  Euppm Gappm Gdppm Geppm Hfppm  ppm Heppm Lappm Luppm  ppm ppm ppm
Andesite Average! 22 1.2 188 44 14 4.1 <0.1 0.99 39 03 1L 9 29.9
Basaltic
Andesite 98156 1.48 0.94 15.3 3.19 14 31 <0.1 0.66 21 02 1.3 5 19.2
Dacite 98089 2.66 1.76 19 6.17 15 76 <0.1 LT 50 04 23 10 41
Rhyodacite Average? 2,12 135 1733 453 1.33 5.60 0.23 0.95 49 0.37 I 897 3317
Monzodiorite 97078 207 125 15.5 435 1.2 59 <0.1 0.88 46 04 1.5 10 34
Monzogranite Average? 2.18 0.36 13.03 355 1.38 3.75 <0.1 0.91 2925 0.43 1 215 2198
Ta Tb Te
Nippm Pbppm Prppm Rbppm Sbppm Scppm Seppm Smppm Snppm Srppm  ppm ppm ppm
Andesite Average! 13 12.3 9.06 209 4 13 <1 528 <0.1 195 1.82 0.7 <0.1
Basaltic
Andesite 98156 39 3.7 5.13 146 1 23 <1 373 63 203 0.75 047 <0.1
Dacite 98089 10 17.2 12.1 176 5 11 <1 729 23 231 1.61 1 0.1
Rhyodacite Average? 19 2113 10.14 194 1.3 7 0.67 5.26 1.28 206 1.6 07 <0.1
Monzodiorite 97078 39 1.03 0.74 <0.1 9.44 184 9.89 173 1 i <1 5.26 93
Monzogranite Average’ T3 1033 6.92 298 0.75 1.25 0.5 4.19 0.86 3875 4.49 0.61 0.06
Thppm Tlppm Tmppm Uppm  Vppm Wppm  Yppm Ybppm Znppm  Zrppm
Andesite Average! 214 <0.01 0.38 713 92 5 237 23 17 153
Basaltic
Andesite 98156 9.48 <0.01 0.24 2.12 127 4 17.9 1.53 28 101
Dacite 98089 21.8 <0.01 0.51 6.69 57 6 29.7 28 42 257
Rhyodacite Average? 22,03 <0.01 0.39 5.98 383 24 23.1 233 46 195
Monzodiorite 97078 21.9 <0.01 0.36 6.22 34 7 219 228 49 167

Monzogranite Average’ 43.83 0.01 0.43 11.62 335 275 2328 2.84 10 67
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Table 3. Characteristics of magmatic-hydrothermal IOCG deposits. Modified from Richards and

Mumin (2013a, b).

Characteristics IOCG deposit type
Major metal association Fe, Cu, Au
Minor metal association U, REE, Co, Ag

Sulfur content

Common ore mineralogy
Ore fluid

Oxidation; pH

Source of magmas

Source of fluid

Source of metals
Alteration geochemistry

High-temperature alteration
mineralogy (>350°C)

Low-temperature alteration
mineralogy (< 350°C)

Diameter of high-temperature
alteration halo

Depth of formation
Geothermal gradient
Regional metamorphism

Magma composition

Tectonic setting

Kinematic setting

Common controls on deposit
formation

Age range

Low relative to porphyry copper deposits

Magnetite, hematite, chalcopyrite, bornite, chalcocite
H20-CO2-NaCl-KCl-CaCl2 (10-50 wt. % NaCl equivalent)
Oxidized; neutral to mildly acidic, rarely acidic
Subduction-modified lithosphere

Magmatic predominant + crustal (basin/surface) +
metamorphic derived

Evolved/subduction modified lithosphere and fluxing from
host rocks

Na-K-Fe-P-Ca-CO»-5i0:-B

Na-rich: Albite, scapolite, amphibole, pyroxene
Na-Ca-Fe-rich: Magnetite, actinolite, apatite, alkali feldspar
K-Fe-rich: K-feldspar, magnetite, biotite, amphibole
K-Fe-Ca-CO»-rich: Hematite, sericite, chlorite, epidote,
carbonate, quartz, phyllic and/or propylitic in some deposits
SiO2-Fe-COe-rich: Quartz, hematite + carbonate

1 to 27 km (and possibly greater)

Surface to >5 km

Elevated gradient

Low to high grade

Calc-alkaline to alkaline; oxidized; mafic to felsic; I or A-
type

Distal, back-arc, intra-arc or post-subduction

Extension to transtension

Regional structures, nearby intrusions

Dominant in Precambrian, but not restricted by age
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Figure 16. Potassic alteration intensity distribution map (Potassic RAI I) according to the Potassic
Residual Alteration Index. Alteration as shown is the minimum possible. Pervasive potassic alteration
is believed to have affected least altered rocks, thereby reducing the relative intensity of the alteration
shown. Potassic highs are centred around Dan Island, with less intense highs in the NOD area and in
the northern part of the Bea area (southern part of map).
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Figure 17. Sodium alteration intensity distribution map according to the Sodium Enrichment Residual
Alteration Index. Sodium enrichment occurs at the north end of and north of the NOD prospect, and
to a lesser degree in the southern most (Bea) map area. Sodium depletion occurs with the pervasive
potassic alteration of the region.
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Figure 18. Alkali metal Residual Alteration Index (Potassic RAI II) intensity distribution map. The
most intense alteration occurs around and north of Dan Island, and to a lesser extent in the northern
part of the Bea Lake area (southern map area).
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Figure 19. Silica enrichment intensity distribution map according to the Silica Residual Alteration
Index. Silica enrichment is plotted assuming aluminum is immobile. Patchy minor to moderate
enrichments are noted throughout the sampled area. The plot does not include the giant quartz
complexes at Mazenod Ridge (Net) and Crystal Mountain (Dianne Lake fault).
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Figure 20. Iron alteration intensity distribution map according to the Iron Enrichment Residual
Alteration Index. Fe enrichment is plotted assuming aluminum is immobile. Moderate iron
enrichment occurs sporadically throughout the sampled areas.

4.2. Mass Balance and Chemical Alteration

The Grant 1986 graphical solution for the presentation of mass balance using the equations of
Greisens 1967 is used here to quantify some of the major and minor elemental gains and losses during
hydrothermal alteration in the Mazenod district. Aluminum is used to plot the Isocon line on each
diagram (no elemental change) due to its relative immobility and abundance which helps avoid
analytical vagaries in the plot. Elements plotting above the isocon are hydrothermally enriched and
elements plotting below are depleted. The slope of the line from each element to the origin is directly
proportional to the degree of enrichment or depletion. Steeper slopes above the isocon line represent
increasing degrees of enrichment, and shallower slopes below the isocon line indicate increasing
degrees of depletion. Net change in mass during alteration is also calculated and stated on the plots,
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and for the Sue-Dianne plots net volume change is also calculated. Here we examine elemental gains
for selected samples of hydrothermally altered Mazenod rocks by comparing altered variants with
the chemistry of least-altered samples of the same rock type (Table 2). Chemical gains and losses for
potassic altered and sodic altered andesite from Dan island and NOD Hill, respectively, and
magnetite enriched rhyodacite ignimbrite from NOD Hill are shown in Figure 21a—c. The host-rocks
for the Sue-Dianne deposit are almost entirely rhyodacite ignimbrites. However, those ignimbrites
analyzed by Camier 2002, plot within the rhyolite field near the boundary with the rhyodacite/dacite
fields. These samples may have been affected by the regional minor alkali + silica alteration, which
could account for their plotting as rhyolite (c.f. Montreuil, 2016 Figure 4.8). Mass balance plots for
potassic altered ignimbrite near the Sue Dianne deposit and mineralized diatreme breccia from the
Sue-Dianne Deposit are shown in Figure 21d,e, respectively.
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Figure 21. Mass balance plots showing metal enrichments and depletions during hydrothermal
alteration of host rocks from the Mazenod region, using Grant’s 1986 graphical solution to Gresens’
1967 equations for mass balance. Plots assume aluminum is immobile. Slope of the line from each
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metal to the origin is directly proportional to the amount of enrichment or depletion for that element.
Elements enriched during alteration plot above the isocon line and elements depleted during
alteration plot below the isocon line (the isocon is the black solid line; equation of the isocon line is
shown). Changes in mass and volume of the altered rock that take place during alteration are
indicated on the diagram: Chemistry of least altered rocks is shown in Table 2.

a) Plot for potassic altered andesite. Potassium, Cu, Au, Co, As, Bi, W, Mo, Ni and Ba are strongly enriched.
CaO, Na20, MnO and Sr are depleted.

b) Plot for sodic altered andesite. Sodium, Cu, Au, Bi, Sn, As are enriched to strongly enriched. Most metals
including K20, CaO, MnO, Fex0s, Zn, Co, Ba, Cs, Rb, Sr, Pd, and Co are depleted.

c) Plot for moderately K-feldspar altered rhyodacite invaded by magnetite crackle breccia. Cu, Au, Co, W, Bi,
Ag, As, Sn and U show significant to strong enrichments. Major element enrichment occurs for Fe20s, K20
and possibly Na20. Sr, Cd, Nb, Cs, MgO, MnO, CaO, Pb and Zn are depleted.

d) Plot for K-feldspar altered rhyodacite from the Sue-Dianne deposit area. K20, CaO, Fe20s, MgO, Cu, Co,
Zn, Ba Sn, La, U, V, Rb and Tl show moderate to strong enrichment. Na2O, Cs, Sr and most REEs are
depleted (after Camier 2002).

e) Plot showing elemental gains and losses within the Sue-Dianne mineralized diatreme breccia hosted by
rhyodacite ignimbrite. Fe2Os, CaO, Cl, Co, Cu, F, U, La, Ce, Eu, Pr, Sr, Pb, MnO, Zn, P20s, W and Ba are
strongly enriched (along with Au and Ag that are not plotted). Most REEs are slightly to moderately
enriched. Na:O, Cs and Ta are depleted. Very large increases in mass and volume of 84% and 53.6%
accompanied the mineralizing event (after Camier 2002).

Potassic altered andesite (felsite, Figure 21a) with minor disseminated pyrite from the Mazenod
Lake area shows strong enrichment in K and Fe as well as for As, Rb, Sb, Ba and REEs. Very high
enrichments are shown for most metals of interest including Cu, Au, Co, Bi, Mo, Ni, W and Hg.
However, U, Ag and Pd are conserved or only slightly enriched. Also conserved are Si, Be, V, Zr, Th,
Ta, Se, Cs, Ti, Mg and P. Significant depletions are indicated for Na, Mn, Zn, Y and Sr. Ca is the most
strongly depleted element plotted.

Sodic altered andesite is plotted in Figure 21b. Field mapping recorded this sample as being
potassic altered, which emphasizes some of the difficulties experienced during field identification of
hydrothermally altered rocks, and why geochemistry, petrography, and/or spectrometry are needed.
Hydrothermal albite in IOCG systems are often pink in colour, and even reddish due to weathering
or the presence of minor Fe-oxides, which leads to confusion with K-feldspars (Corriveau et al., 2010,
2022b; Montreuil et al., 2015; Potter et al., 2019). Sodium along with Sn, As and Bi are significantly
enriched while Cu and Au are very strongly enriched. It is not known if the strong enrichments
(excepting Na) are due to a later vein or overprint on the sample analyzed. Depletions occur for Fe,
K, Ca, Zn, Co, Ba, La, V, Sb, Cs, Pb, W, Mn, Sr and Rb. Remaining metals are conserved or only
slightly modified. Many elements depleted during sodic alteration are the same elements enriched
during potassic alteration and mineralization. (c.f. Figure 21a,d,f), suggesting metal fluxing during
alteration as described by Richards and Mumin (2013a, b) and Corriveau et al. (20224, c).

Moderately potassic altered rhyodacite ignimbrite cut by a magnetite breccia from the south end
of NOD Hill is plotted in Figure 21c. Rocks are moderately enriched in Fe and K along with U, Ni,
Cr, Th, Mo and Ta, with possible minor Na enrichment. Rocks are depleted in Ca, Pb, Zn, Mn, Nb,
Cs Mg, Cd and Sr. Remaining elements are conserved or only slightly modified.

Potassic (K-feldspar) plus moderate hematite altered rhyodacite ignimbrite adjacent to the Sue-
Dianne deposit shows strong enrichments in Cu, Co, Ba, Zn and Sn, moderate enrichment in K0,
CaO, Fe, U, V, Mg, Rb, Nj, Pb, La (Figure 22). Na20O, and Cs are strongly depleted while REEs and
most other metals show moderate depletions or remain immobile. During this alteration, the
ignimbrite shows both mass and volume decreases of -3.6% and -1.7%, respectively. The volume
decrease is particularly important for the host rocks maintaining their permeability during
hydrothermal fluid migration, and helps explain why such extensive and pervasive potassic
alteration can occur in IOCG systems. In the transition from ignimbrite to mineralized diatreme
breccia (Figure 21e) very high enrichments occur for Cu, Co, F, Cl, CaO, U and Fe, with high to
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moderate enrichment of Zn, Pb, Ce, Nd, Pr, Eu, Gd, Mn, K20, P20s, W, V and Ba. Strong to moderate
depletions occur for Na20O, Cs and Ta. Other elements are preserved or slightly enriched. High
increases in both total mass and volume of 84% and 54%, respectively, occurred during the
mineralizing event. The high volume increase requires that some type of tectonic and/or
hydrothermal fracturing and brecciation must occur in order to maintain permeability in the system
and provide space for mineral deposition.

Mineral Paragenesis of the Sue-Dianne Breccia Complex

Pre-Mineralization Diatreme Event Post-Mineralization

Primary Early Early Late Late Paleo- Recent

Mineralogy Igneous Hydrothermal  Mineralization Mineralization | Hydrothermal | Weathering | Weathering

Pyrite

Chalcopyrite

Bornite

Chalcocite

Covellite

Malachite
Pitchblende
Secondary U-Oxides
Magnetite
Hematite

Goethite

Iddingsite

-----------

_____________

-------------

limenite

Rutile

Fluorite

Apatite

Garnet

Epidote

Chlorite ---

Muscovite

Quartz

Potassium Feldspar

Plagioclase

Biotite

Amphibole

Figure 22. Mineral paragenesis chart for the Sue-Dianne Breccia Complex. Seven distinct stages of
mineral formation from primary igneous rocks to recent weathering are distinguished based on
petrographic studies (modified from Camier 2002).

4.3. Potassic Alteration

Potassic alteration (hydrothermal K-feldspar + biotite + sericite) is ubiquitous throughout the
Mazenod Lake region as veins, stockwork and pervasive recrystallization of country rock. It occurs
mostly as an alteration of plagioclase and/or recrystallization of microcline/orthoclase, but also from
other minerals during intense alteration. Intensity varies from widespread incipient alteration to
conversion of host rocks to felsite (Figure 10b). The colour of the fresh surface of K-altered rocks
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varies from pinkish to orangey-brown or bright orange to a reddish-brown hue in response to
intensity, texture, style of alteration and presence of hematite. K-feldspar can be found in association
with all other types of alteration in the region, sometimes co-precipitating, but more often either
preceding or overprinting them. Paragenetic evidence from cross-cutting and overprinting features
indicates that pervasive K-feldspar alteration precedes many other types of alteration in the Mazenod
district (Figures 9e,f; 10b; 12d; 13c,d and 14f), with the exception of distal and low-temperature
retrograde effects, or during prograding alteration where it may overprint other assemblages
including some of the phyllic and propylitic alterations.

Intense felsites are located around and within the Sue-Dianne deposit (Figures 8 and 9), and
locally north of the Dianne Lake fault especially in proximity to the Kemaz structural corridor (not
included in the RAI plots). Southeast of the Sue-Dianne deposit potassic altered rhyodacites are found
in narrow belts proximal to the Marion River batholith, and are separated from it by thin sequences
of Treasure Lake hornfelsed sedimentary rocks. Residual alteration index (RAI) plots of both the
potassic and alkali indices show two additional areas of potassic alteration (Figures 16 and 18). It
intensifies along the east arm of Mazenod Lake within the Kemaz fault corridor centred on Dan
island, and in the central Bea Lake area. Most of Dan Island is strongly potassic altered with the
greatest intensity at the top of the hill and near the Kemaz fault where geochemical analyses returned
values up to 12.8 wt% K20, which is comparable to ~75 to 80 wt% K-feldspar in the rock (Hamilton,
2017).

4.4. Sodic Alteration

Sodic alteration in the form of albite is not well exposed nor obvious in the Mazenod region, and
remains somewhat cryptic to field observation due to the abundance of primary plagioclase in the
volcanic host rocks. Nevertheless, the RAI plot of the sodic alteration index reveals a weak to
moderate sodic enrichment from the north end of NOD Hill to the south shore of Mazenod Lake,
including the PD skarn area, and also locally in the Bea area (Figure 17). The RAI plots indicate an
antithetic relationship between sodium and potassium enrichment, with high sodium found only in
areas with no or minimal potassium enrichment. Sodic alteration is evident also in the porphyritic
intrusion immediately below the Sue-Dianne deposit. Here, albitized porphyry at depth transitions
upwards to potassic altered porphyry felsite, and then to mineralized rhyodacite ignimbrite felsite
breccia (Figures 8c,d and 23).
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Figure 23. Schematic cross-section through the Sue-Dianne deposit. Modified from Goad et al.
(2000b).

4.5. Magnetite and Magnetite-Actinolite

Hydrothermal magnetite + actinolite + garnet + epidote + fluorite + hematite + chlorite alteration
occurs in several different mineralogical combinations and textural forms in localized areas
throughout the Mazenod Lake region (Figures 9e,f; 10c—e and 13a,b,f). Minor magnetite as veinlets or
breccia cement commonly overprint potassic and sodic alteration, whereas intense magnetite
alteration is often overprinted by later retrograde epidote and quartz veinlets and disseminations.
Magnetite is found associated with veinlets of fine-grained dark green actinolite in the central
Mazenod and Bea areas, where it locally intensifies to more widespread veining and stock works of
megacrystic actinolite with or without magnetite. The best example of this occurs at the north end of
Nod Hill where veins and stockwork of actinolite + magnetite + quartz replace and cross-cut altered
rhyodacite (or altered andesite) host rocks. The most extreme cases of magnetite-actinolite alteration
are breccias, where megacrysts of actinolite + magnetite + quartz are found cementing fractured sodic-
altered host rock (Figure 10c,d). Locally, magnetite may be associated with minor amounts of pyrite
+ chalcopyrite + pyrrhotite as disseminations, fine veinlets and subhedral clots.
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Hydrothermal magnetite is an important component of the Sue-Dianne Cu-Ag-Au deposit. It
occurs in abundance (up to ~50%) in the deepest parts of the deposit as barren magnetite and in the
central mineralized section as one component of the matrix cement to the hydrothermal breccia
(Figure 9e,f). In the central part of the diatreme it is associated with chalcopyrite and other sulphides
(Camier 2002). Other significant magnetite deposits include the Mar Breccia along the Kemaz fault
north of Dianne Lake, where martite (massive magnetite with disseminated specular hematite; up to
~90% Fe-oxide) cements a polymictic hydrothermal breccia (Figure 13a). Hydrothermal magnetite
also occurs northeast of NOD Hill and south of Mazenod Lake in a skarn-like assemblage (Figure
10e, discussed below).

Aside from local areas of magnetite and/or hematite enrichment, the RAI plot of the Fe index
indicates moderate overall iron enrichment in the central Mazenod Lake area and in the central Bea
Lake area (Figure 20). The RAI plot does not distinguish if the Fe-enrichment occurs as hydrothermal
Fe-oxides, or as Fe-rich silicates, sulphides or carbonate minerals, all of which may be present locally.
Further, hydrothermal magnetite and/or hematite or other Fe-bearing minerals may be present in
significant amounts without being detected by the RAI plot. For example, significant hydrothermal
magnetite and/or hematite may be present in a rock due to hydrothermal recrystallization without
Fe-enrichment due to the presence of Fe as a component of the original rock composition. In this case
the RAI may remain at zero for the iron index while showing intense potassic or other alteration. For
example, an andesite could have as much as ~ 6 to 10 wt% hydrothermal magnetite or hematite
without any hydrothermal iron enrichment taking place. Iron in the primary host rock can account
for the hematite present in felsite which gives it the typical brick orangey to reddish brown colour.

4.6. Hematite Alteration

Hematite alteration occurs locally throughout the Mazenod region in any rock type as massive
replacements, fracture/vein fill, and/or as disseminated specularite (Figures 8a; 9c-e and 13d).
Significant occurrences include stockwork veining at Dan island where it transitions to tourmaline
cemented breccia, and at Nod Hill and other localized areas. It is common in minor to trace amounts
as microscopic pervasive disseminations associated with potassic alteration, imparting a brick red to
orange-brown color to potassic altered rocks. Hematite can also be found in association with quartz
veining, including at Sue-Dianne, and locally within the Crystal Mountain and Mazenod giant quartz
veins systems. Jasper occurs locally as small veins.

Hematite is a major component of the Sue-Dianne deposit, comprising the most important
hydrothermal cement in the upper part of the hydrothermal-structural breccia complex (Figure 23).
It occurs as a transition from magnetite found in the deeper parts of the system to hematite in the
upper, cooler and more oxidized section (Goad et al., 2000a, b; Camier 2002; Mumin et al., 2010;
Montreuil et al., 2016b). Within the deposit, it is host to bornite, chalcocite and covellite with minor
silver and gold, and U only occurs in the most distal hematitic breccias as pitchblende (Figure 9c—e).

4.7. Tourmaline Alteration

Tourmaline typically occurs as black sooty mm to cm scale veins and veinlets, with a few local
examples of thicker brecciated bands. The alteration is found locally throughout the study region in
all types of rocks, but is more widespread in the Bea area where it sometimes occurs in association
with pyrite and lesser chalcopyrite as minor clots and disseminations (Figure 29a,b). The two most
prominent occurrences are: 1) a tourmaline crackle breccia at the northeast end of Dan island within
alkali altered rhyodacite ignimbrite (Figure 12e,f), where it transitions northwestward to a stockwork
of hematite infilled veins that are most evident along the northwest slope of Dan island, and 2) as
part of a quartz-tourmaline fracture cement along a northwest-trending shear structure north of the
Dianne Lake fault, where it occurs in association with pyrite, chalcopyrite and other sulphide
minerals. Tourmaline also occurs as breccia cement in a small zone northeast of the Sue-Dianne
deposit along the shore line of Dianne Lake within the greater intersection of the Dianne Lake and
Kemaz fault corridors. Tourmaline veins are often monomineralic, but also co-precipitate with
quartz, hematite, magnetite and/or sulphides, is generally preceded by potassic alteration, and may
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be cut by later epidote and/or quartz. Several examples of quartz-tourmaline hematite and quartz-
tourmaline magnetite vein breccias occur in the Bea area.

4.8. Phyllic Alteration

Phyllic alteration (sericite + quartz + pyrite) occurs locally throughout the Mazenod Lake region,
typically as a more distal transition from potassic (K-feldspar) altered rocks to sericite-rich rocks. It
can occur as both an early prograding stage of alteration, or as a later overprinting phase (retrograde).
Quartz and sericite often occur together, but typically the alteration is devoid of notable sulphides,
which contrasts with phyllic alteration in porphyry copper systems, or the Echo Bay district of the
NWT, where it typically contains abundant pyrite. It often occurs at considerable distances of 100s of
meters to greater than 1 kilometer from source intrusions (Mumin et al., 2007, 2010, Richards and
Mumin 2013a, b; Kreiner and Barton, 2017). Phyllic alteration is fairly widespread north (and east) of
the Sue-Dianne deposit as well as north of and within the Dianne Lake fault corridor. Phyllic
alteration is often cryptic. Petrography from both intrusive and volcanic rocks show that microscopic
sericite + quartz is widespread as a pseudomorphic replacement of groundmass and feldspar
phenocrysts. This includes the Sarah Granite immediately northwest of Mazenod Ridge which has
abundant deep orange to reddish apparently euhedral feldspar phenocrysts. However, these
feldspars are largely pseudomorphed by sericite, which is not recognizable to the naked eye (Figure
7a).

4.9. Epidote Alteration

Epidote alteration (epidote + quartz + carbonate + chlorite + hematite) is widespread in the
Mazenod Lake region. It usually occurs as localized mm to cm-scale ‘pistachio’ green veins,
stockworks, disseminations and replacement, generally superimposed on other alteration types
indicating that it can be a late retrograde or distal phase of the hydrothermal system. However, locally
it can be fairly significant and widespread as observed in a stockwork of epidote veining covering
100s of meters extending up the east flank of Mazenod peak (Figures 3 and 14f). It also occurs locally
along with carbonate, chlorite + sericite as an early propylitic type alteration. Part of the Dianne Lake
fault corridor envelopes the Sue-Dianne deposit, where it forms a quartz and quartz-epidote
stockwork and breccia that extends from the highest levels through to the underlying porphyry stock.
The deep extent of the stockwork is due to the near surface emplacement of the Sue-Dianne deposit,
allowing late retrograde superposition of the epithermal quartz-epidote stockwork onto the deposit
and even into the uppermost part of underlying intrusions (Figures 9f and 23). A similar phenomenon
occurs at the MAR magnetite breccia (Figure 13a). In the central part of the Sue-Dianne deposit,
epidote is an abundant part of the breccia cement as disseminations and fine veinlets (Figure 9e).
Some of the unique occurrences of epidote include: 1) enclaves of shattered pegmatoidal feldspar in
a chlorite-epidiote matrix in the Marion River Batholith near Sue-Diane (Figure 8e,f), 2) replacement
of K-altered rocks and veining in a zone of orthogonal faulting on Dan island, resulting in orbicular
K-feldspar-epidote pseudo-clasts (Figure 12d), 3) epidote cemented crackle breccias, and 4) perhaps
the most unique and dramatic exposure of epidote alteration in the region which occurs in a
volcaniclastic tuff sequence (VS) south of Mazenod Lake. Here individual layers and orthogonal
fractures are selectively replaced to form an orthogonal network of stratabound and crosscutting
epidote veins (Figure 14e). The most intense zones of epidote alteration may reflect recapture of Ca
that appears to have been fluxed and mobilized from host rocks in higher temperature parts of the
system. This is supported by widespread and significant Ca depletion from altered rock as shown in
Figure 2la—c and discussed by Richards and Mumin 2013a for large IOCG systems). Such late
epidote-bearing calcic-iron alteration is documented in many settings of the GBMZ (Goad et al,,
2000a; Mumin et al., 2010; Mumin, 2015; Montreuil et al., 2016¢; Corriveau et al., 2022b-d), though
abundant epidote is not conspicuous or present in many IOCG deposits worldwide (Skirrow, 2022b).
Some of the epidote alteration in the Mazenod district may reflect an early phase of carbonate
alteration, similar to what is observed in the Mile Lake skarn deposit, Echo Bay, NWT (Mumin et al.,
2010; Mumin, 2015).


https://doi.org/10.20944/preprints202308.0724.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 August 2023 doi:10.20944/preprints202308.0724.v1

44

4.10. Silicification

Silicification and formation of giant quartz vein, stockwork and breccia complexes is a
widespread and integral part of IOCG systems throughout the Great Bear Magmatic Zone, although
the relationship between the giant quartz systems and mineralization has been controversial. Many
investigators consider it an integral part of the magmatic-hydrothermal system, as a combination of
early low temperature effects, main-stage distal alteration, and late-stage retrograde and protracted
low-temperature alteration, as is consistent with current observation in the Mazenod region (Goad et
al., 2000a; Gandhi et al., 2000; Mumin et al., 2007, 2010; Mumin 2015; Corriveau et al., 2016, 2022a, c).
However, others have suggested the quartz is mainly a late event, separate from the IOCG magmatic-
hydrothermal systems responsible for mineralization. In the Mazenod Lake area, the most prominent
silicification is associated with NE-SW oriented transverse faults, including Mazenod Ridge (Kemaz
Fault zone), and at Crystal Mountain and the Sue-Dianne deposit along the Sue-Dianne fault corridor
(Figure 15). Large parts of the structural corridors are silica flooded to form the giant quartz
complexes, comprised mostly of milky white and crystalline quartz as veins, breccia, stockwork,
replacement and pervasive silica flooding. Both Crystal Mountain and Mazenod ridge show local
evidence of near surface deposition, including brittle, vuggy, and coxcomb (boiling) textures, and at
Crystal Mountain vent tubes up to ~ 1.5 m in diameter are lined with large inward growing quartz
crystals (Figure 15c—f). Locally, quartz veining and major quartz complexes occur in association with
epidote, hematite, tourmaline, actinolite and pitchblende, and quartz veining may cut any of the other
alteration types as a late retrograde phase. Sulphides, hematite, carbonates and pitchblende occur
locally in intimate association with giant quartz complexes elsewhere in the GBMZ, including Port
Radium, Mariner, Sloan, Ray Rock and many other past mines and showings (Mumin et al., 2010).
Quartz and quartz-carbonate + hematite vein and breccia complexes may occur with varying
combinations of U, Cu, Co, Bi, Ag, Zn and Pb (Kissin 1992; Gandhi et al., 2000, 2018; Mumin, 2010:
Somarin and Mumin, 2012; Mumin, 2015; Trottier, 2019). In the Mazenod district a small pitchblende
showing occurs at the southwest end of Mazenod ridge, and the Sue-Dianne deposit is surrounded
and impregnated by quartz + epidote veining and stockwork (Figure 15d,e). Spatially, almost all
known mineralization in the GBMZ is located within, or proximal to large quartz complexes (Goad
et al., 2000a, b; Mumin et al., 2007, 2010; Montreuil et al., 2016b; Corriveau et al., 2022c).

The residual alteration index plot for silica enrichment (aluminum assumed immobile) in the
analyzed parts of the Mazenod and Bea lake areas indicates widespread low silica enrichment with
localized areas of stronger enrichment (Figure 19). Widespread weak to moderate silica and potassic
alteration is generally psuedomorphic and texture preserving, which are the main reasons for
alteration of significant areas of andesite to appear in the field as rhyolite, rhyodacite or dacite.
Consequently, proper identification of the igneous rocks requires chemical discrimination. Samples
from the giant quartz complexes are not included in the RAI analyses and plots. The type of
psuedomorphic, texture preserving alteration that is documented in the Mazenod district is also
documented in the northern GBMZ, where andesite host rocks are widely psuedomorphed by
propylitic and/or phyllic alteration (Mumin et al., 2007, 2010).

4.11. Calcic Alteration

Calcium is generally depleted from regional host rocks of the Mazenod district. This depletion
occurs during widespread potassic, sodic, silica and magnetite alterations (Figure 21a—c). Incidents
of calcium enrichment are noted to occur only in areas of intense epidote alteration (e.g., Figure 14e,f),
and within parts of the central Sue-Dianne deposit where Ca is recaptured as abundant epidote,
fluorite and andradite garnet. The evidence in the Mazenod district is that calcium is removed during
higher temperature alterations, and recaptured in near surface, moderate to low temperatures
alteration zones, including within the mineralized Sue-Diane diatreme. Unlike many IOCG systems
globally, carbonate minerals are not abundant in the Mazenod district, suggesting pH remained too
low to stabilize or preserve carbonate minerals.
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4.12. Skarn

The only example of skarn-like alteration in the Mazenod district is a magnetite-amphibole-
garnet-pyroxene-chlorite-K-feldspar-silica rich fractured and brecciated zone encountered in several
holes drilled by Moss Xemac and Phelps Dodge in 1997 and 2002 respectively (Figure 10e). It is
located south of Mazenod Lake and northeast of NOD Hill (Figure 3). This magnetite skarn is host to
minor pyrite and chalcopyrite mineralization, with assays reaching up to 0.95% Cu over 9.4 meters
(DDH M-97-02). Minor allanite (REE) veining also occurs in the showing. The magnetite skarn occurs
within a greater area of fracturing and brecciation with quartz, silicification, epidote, K-feldspar,
chlorite, hematite and pyrite alteration.

5. Structural Analysis of the Mazenod Lake Region

IOCG deposits globally are ubiquitously associated with major crustal structures as well as
second-order, third-order and subordinate features (Williams et al., 2005; Groves et al.,, 2010;
Hayward and Skirrow, 2010; Mumin et al., 2010, 2014; Mumin and Richards, 2012; Jebrak, M., 2010,
2022; Richards and Mumin 2013b, Hayward and Corriveau, 2014; Richards et al 2017; Skirrow, 2022a,
b). This relationship is well exposed in the GBMZ where all past-producing mines were hosted by
epithermal veins in crustal structures, and the two current IOCG deposits under development (NICO
Au-Co-Bi-Cu and Sue-Dianne Cu-Ag-Au) are associated with extension, transverse and
transpressional faults (Goad et al., 2000a; Mumin et al., 2010, Mumin et al., 2014; Montreuil et al.,
2015, 2016a, b; Corriveau et al.,, 2016; Hayward et al., 2016). The available geological mapping,
aeromagnetic data, and topographic lineament analysis of the Mazenod district, along with previous
work across the GBMZ provide an opportunity to examine the relationship of tectonic structures to
IOCG alteration and mineralization in a regional context, and with a measure of detail not available
to most IOCG systems. The GBMZ formed in response to a relatively short-lived negative tectonic
inversion resulting in development of an intra-arc volcanoplutonic basin (~1876-1869 Ma) within the
greater Wopmay Orogen (Hoffman, 1980; Hoffman and Bowring, 1984; Hildebrand et al., 1987, 2010;
Hildebrand and Bowring 1988; Mumin et al., 2014), in a similar manner to the Chilean Iron Belt which
formed during a negative tectonic inversion of the Andean orogeny (Sillitoe, 2003; Richards et al.,
2017; Seymour et al., 2020; Jarra et al., 2021; Tornos et al., 2021). In the GBMZ IOCG mineralization
formed within the continental magmatic arc during this extensional inversion in association with belt
parallel transpression and oblique to orthogonal transverse faults, as well as normal and other
extension related structures (Mumin et al., 2014). The relationship of mineralization to structure is
complex but intimate, as structure provides the plumbing pathways for both magma and fluid, as
well as depositional site preparation. During inversion, pre-existing orogenic transpression and
transverse structures appear to have been put under extension and hydrothermally plumbed along
with newly formed extension structures. Post inversion compression systematically segmented the
GBMZ into dextral offset blocks along northeast trending faults, each block comprising a northwest
trending sequence of volcanic and sedimentary rocks (Figures 24 and 25; Mumin et al., 2010, 2014;,
Hayward and Corriveau, 2014). These offsets are best revealed using aeromagnetic data and detailed
field mapping where available. (e.g. Hetu et al., 1994; Goad et al., 2000a; Hayward and Corriveau,
2014; Mumin, 2015; Hamilton, 2017). Alternatively, Mumin et al., 2014 suggest that the unusual
oblique configuration of southeast trending volcanic belts and northeast transverse faults might be
linked, at least in part, to an epicratonic extensional event, in response to a tectonic configuration
reminiscent of the present day Gulf of California. Interestingly, a series of offset fault-terminated pull-
apart basins that focused hydrothermal fluids along the main trough resembling a Gulf of California
style of extensional rifting has recently been suggested as a possible mechanism for development of
the Cretaceous Peruvian IOA-IOCG belt (Shatwell, 2023).
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Lineament Interpretation of
Measured Vertical Gradient
(MVG) Aeromagnetic Data

Compilation and Interpretation of lineaments
by Mark Hamilton

Aeromagnetic data acquired and compiled by
Goldak Airborne Surveys
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Figure 24. Magnetic lineaments in the Mazenod region based on the measured vertical magnetic
gradient. Seven distinct tectonic blocks are distinguished with several smaller blocks. Most blocks are
the result of right-lateral displacement along northeast trending faults. High magnetic susceptibility
in rocks is caused mainly by the presence of magnetite. Most magnetite alteration pre-dates the final
stages of northeast right-lateral displacement. The most prominent magnetitic low lineaments
correlate with northeast trending faults. The northern most, Dianne Lake northeast fault hosts the
Sue-Dianne deposit and Crystal Mountain quartz complex. Other northeast faults host the Dan
prospect and Mazenod Ridge quartz complex. Northwest trending lineaments largely correlate with
stratigraphic layering and former belt parallel structures.
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Figure 25. Topographic lineament analysis based on 0.5m resolution GeoEye 1 satellite imagery.
Topographic lineaments dominantly reflect geological structures, and to a lesser degree stratigraphic
bedding planes and hydrothermal alteration. Hydrothermal alteration patterns are themselves largely
controlled by structural and stratigraphic features. First order lineaments are largely northeast
trending, second order lineaments are mostly east-west to east of northeast trending, and third order
features dominantly reflect northeast to east-west trending structures. Magnetic lineaments,
topographic lineaments, and geological mapping corroborate each other and all show the same
geotectonic structural patterns throughout the Mazenod region.

Aeromagnetic data used in the present study was flown in 2012 along east-west oriented 50
meter spaced lines at 60 meters height by Goldak Airborne Surveys. Topographic lineament analysis
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was carried out using GeoEye 1 satellite imagery with a 0.5 meter resolution acquired in 2012. Both
the aeromagnetic data and satellite imagery were provided courtesy of BFR Copper and Gold inc.
Magnetic lineaments are taken from the first vertical derivative of the total magnetic intensity, which
is good at highlighting linear features such as faults and contrasting stratigraphy. Both high magnetic
gradient and low gradient lineaments are plotted, with separate rose diagrams presented for each
group (Figure 24).

Topographic lineaments in the dominantly volcanic and intrusive rock terrain of the GBMZ are
due to several factors including: 1) variations in rock competency due to chemistry and texture of the
original rock, 2) variations is rock competency due to subsequent widespread hydrothermal
alteration, 3) widespread tectonic disruption and weakening of rocks, 4) multiple episodes of
differential chemical weathering and erosion, and 5) multiple episodes of glacial erosion and scouring
(c.f. Mumin et al., 2014).

Good outcrop exposure in the Mazenod area (~ 30% of land area) allowed field examination of
many magnetic and satellite lineaments from across the region, revealing that the majority of
lineaments are related to structural features + associated hydrothermal alteration. A limited number
of lineaments can be associated solely with stratigraphy and primary rock competency differences.
Obvious examples in the Mazenod region include Crystal Mountain, a topographic high lineament
within the Dianne fault corridor caused by tectonic disruption and subsequent induration
(hardening) from intense silicification and quartz veining that cemented the structural breccia into a
weathering and erosion resistant topographic ridge. Elsewhere along the Dianne fault where
hydrothermal induration did not occur the fault line is generally marked by topographic lows. A
second and similar phenomenon located 4 km southeast of Crystal Mountain formed the Mazenod
ridge along a branch of the northeast-trending Marion River fault (Figures 1-3 and 15a,b).
Topographic lineaments interpreted from satellite images are shown in Figure 25 with a subjective
classification as 1t (most prominent), 2" or 34 order depending on visible strength of each lineament.
Rose diagrams for each classification are based on equal weighting to each lineament within the 3
categories.

The Mazenod region is tectonically disrupted and segmented into 7 significant tectonic blocks,
and could be further subdivided into a series of lesser blocks (Figures 1, 2 and 24). Excellent
preservation of the GBMZ with erosion to the approximate upper part of sub volcanic intrusions has
exposed some of the most tectonically disrupted parts of these volcano-plutonic-hydrothermal
complexes. The entire volcano-plutonic section of the belt can be seen as a mega breccia complex
similar to that documented by Mumin et al. (2014) and Mumin (2015) for the Echo District of the
GBMZ. The mega breccia is caused by proximity to explosive volcanic centres situated at the
confluence of intersecting repetitive crustal scale fault structures that formed during both
compressional and extensional phases of the Wopmay Orogen and GBMZ. This results in a
combination of inter-disruptive transpressional, transverse and extension related structures and their
associated widespread shearing, fracturing and brecciation that ranges from crustal scale to micro-
features. The result is segmenting the volcanic belt into a series of orthogonal to triangular blocks,
which in the Mazenod region range from multi-kilometer scale to meter-scale features. The extensive
structural disruption facilitated pervasive and widespread hydrothermal alteration to the extent that
it is very difficult, and in many areas not possible to find primary rocks that have not been
hydrothermally altered to at least some extent.

Magnetic low-gradient lineaments are dominantly northeast oriented, and delineate the major
northeast structures that segment the geology into a series of large blocks with systematic right lateral
offsets (Figure 24; c.f. Hayward and Corriveau, 2014). However, significant north trending lineaments
are also present, which correlate with mapped features such as the Kemaz fault, and may represent
belt-parallel transpressional faults that were active before, during and after tectonic inversion.
Conversely, magnetic high-gradient lineaments largely reflect the northwest oriented volcanic
stratigraphy of the belt, and suggest that magnetite metasomatism is partial to certain stratigraphic
sequences, such as is clearly the case at the NICO deposit (Goad et al., 2000a, b; Hayward et al., 2016),
and recognized here as a feature of the Squirrel Lake assemblage. However, significant east-west
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trending magnetic high-gradient lineaments also occur, with the most significant intersecting Dan
island. It is interesting that the major northeast- and north-trending structures form magnetic low-
gradient lineaments. They were corridors permeated by distal and/or late low-temperature
hydrothermal fluids characterized by silica flooding + minor phyllic, epidote, hematite and distal
potassic alteration, and as such are generally devoid of minerals with high magnetic susceptibility
such as magnetite, pyrrhotite and ferro-magnesian phases. Some north-trending faults (e.g. Kemaz
fault corridor) also show local evidence of albite alteration, which may also result in low magnetic
gradients. Most important, however, is that isolated exceptions occur. The Sue-Dianne deposit is a
distinct magnetic high within the confluence of two magnetic low-gradient structures due to
abundant magnetite at depth in the Sue-Dianne deposit (Figures 1 and 23). Dan island is also
associated with a magnetic high feature within regional low-gradient lineaments coincident with the
Marion River and Kemaz fault corridors. The cause of the magnetic high at Dan island remains
unknown, as it is hidden at depth.

First order topographic lineaments reflect prominent northeast trending structures, and
correlate well with magnetic low-gradient features and with prominent mapped structures (Figure
25). Second order structures are dominantly close to east-west trending and third order reflect a
myriad of subordinate features reflecting both east-west and northeast features. However, even 3
order lineaments can represent the exposed part of a much large structural corridor or complex
feature such as the multiple sets of parallel shearing that occur at end of NOD Hill (branch of the
Kemaz structure) and many other locations in the district (Figure 10a). The smaller abundance of
northwest trending lineaments reflect stratigraphy, but also are perpendicular to the principle
direction of regional extension that occurred during negative inversion, and also correlate with
normal faulting. The complexity of inter-disruptive structures generates the myriad of structural
features observed, but two prominent primary structural trends appear to be well preserved. They
are belt parallel (~north-trending) and transverse (east-trending) structures most likely related to
long-lived and protracted eastward subduction during the Wopmay orogen, and a second orthogonal
set of structural features that are unique to formation of the GBMZ, with intersecting northeast and
northwesterly trends. These two orthogonal structural trends are common to the GBMZ as a whole,
and are well documented in the Echo Bay and NICO districts (Hoffman, 1980; Hoffman and Bowring,
1984; Hoffman and Hall, 1993; Goad et al., 2000a, b; Hildebrand et al., 2010; Hayward and Corriveau,
2014; Mumin et al., 2014; Mumin, 2015).

The five most prominent hydrothermal centres in the Mazenod district occur at tectonically
disrupted intersections of major crustal breaks. This includes the NOD Hill area which is disrupted
by multiple sub-parallel faults and shearing associated with a branch of the Kemaz (Ketchison-
Mazenod Lake) fault zone where it is cut by northeast trending transverse faults (Figure 10a). This
creates local intense brecciation of host ignimbrites enabling fluid penetration and the most intense
alteration. The Kemaz fault continues northwards to Dan island, where it intersects and is offset by
northwest and west oriented structures (Figures 2, 3, 12, 24 and 25). Dan island Felsite and
tourmaline-hematite stockwork superimposed on alkali-altered breccias formed at this juncture.
Further north the Kemaz fault corridor intersects the ENE trending Dianne Lake Fault, forming the
tectonic-hydrothermal breccia that hosts and envelops the Sue-Dianne deposit (Figures 1 and 23).
Approximately 2 km north of Sue-Dianne the Kemaz structure hosts the MAR magnetite-martite
breccia associated with subtle NE trending topographic and magnetic lineaments (Figure 13a, Hetu
el al., 1994; Hayward and Tschirhart, 2022). The PD skarn (Figure 10e) occurs also along a branch of
the Kemaz fault northeast of NOD Hill. However, there is insufficient out crop and drilling in this
area to draw any definitive conclusions, but subtle lineaments and the extent of fracturing and
brecciation of drill core strongly indicates cross-cutting structures. The Kemaz fault is thought to be
a regional scale belt-parallel transpressional structure active during the Wopmay orogen. However,
putting the belt under extension during the GBMZ inversion and basin development, and subjecting
it to NE trending transverse faulting created the five centres of tectonic disruption that focussed the
magmatic-hydrothermal activity discussed above. In additional to lateral displacement, late
activation of the Kemaz fault indicates that the east side is up-thrown, and along the Dianne Lake
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fault, the northwest side is the up-thrown block. This is evidenced by the current exposures of
generally more intense and structurally deeper alteration exposed on the up-thrown side (Camier,
2002; Hamilton, 2017).

The five most prominent mineralized centres are associated with the Kemaz fault corridor,
where it is disrupted by northeast to east trending structures. The morphology of the Sue-Dianne
deposit is controlled by both the Dianne Lake and Kemaz faults, and they both offset each other. The
implication is that both were active before, during, and after the time of mineralization.

Evidence suggests that preservation of the Mazenod supracrustal sequence is likely the result of
collapse of the sub-volcanic portion of the underlying Marion River batholith + Sarah Lake granite
and associated stocks, plutons and/or cupolas, preventing erosion and complete removal of the
volcanic belt. The Mazenod volcanic complex appears folded into a synclinal sequence, most likely
resulting from a combination of progressive collapse and terminal eastward-directed compression
that ended the Great Bear extensional event. The approximate axial trace of the belt-scale collapse
trends northwesterly within the Bea Lake sequence (Figures 2 and 3). Its approximate location is
based on current bedding measurements taken from the volcaniclastic sediments and prior mapping
observations by Gandhi et al. (2001, 2014).

6. Sue-Dianne Deposit

Sue-Dianne is a structural and hydrothermal breccia complex with Cu-Ag and minor Au
mineralization hosted in a magnetite (deep) and hematite (shallow) cemented breccia along with
chlorite, epidote, garnet, fluorite, chalcopyrite and pyrite (Figures 7, 25 and 37; Goad et al., 2000a, b;
Camier, 2002; Mumin et al., 2010). Sue-Dianne contains an in-ground geological resource of 24.3
million tonnes, grading 0.56% copper and 2.2 g/t silver (Neale and Goad, 2006), with a smaller
indicated mining resource of 8.44 million tonnes, grading 0.80% copper, 0.07 g/t gold and 3.2 g/t silver
(Hennessey and Puritch, 2008). The deposit formed in structural breccias at the intersection of the
Dianne Lake and Kemaz fault corridors. It is hosted by rhyodacite ignimbrite sheets in a felsite +
hematite alteration halo, and is encased within a quartz and quartz-epidote stockwork and breccia.
Opverall, 21 minerals and seven stages of mineral paragenesis are recorded for the Sue-Dianne deposit,
which are: 1) primary igneous assemblage, 2) early hydrothermal alteration, 3) early mineralization,
4) late mineralization, 5) late hydrothermal alteration, 6) paleoweathering, and 7) recent weathering
(Figures 22 and 23; Camier 2002). The deposit transitions upwards from magnetite-hosted at depth
to magnetite with pyrite, and then magnetite becomes the main host to chalcopyrite mineralization
along with minor Ag and Au. In the central part of the deposit magnetite transitions to hematite as
temperatures cool and conditions become more oxidizing (Figure 23). Here the alteration mineral
assemblage is dominantly magnetite, hematite, chlorite, garnet, fluorite, epidote, pyrite and
chalcopyrite. In the upper parts of the system, hematite is the only Fe-oxide present as hydrothermal
cement in breccia and veins, and as pervasive disseminations in the host rock. Chalcopyrite at depth
transitions systematically upwards to bornite, chalcocite, djurleite and covellite with increasing
proximity to the paleosurface. Minor uranium occurs as pitchblende veins only near surface in the
most oxidized hematitic breccia and alteration. Host rock for the mineralization is rhyodacite felsite
porphyry. The deposit is underlain by a porphyry stock which is sodic (albite) rich in the deepest
drill holes. Albitized porphyry transitions to K-feldspar-rich felsite porphyry in its upper most levels,
at which point it appears to have undergone explosive brecciation to form the Sue-Dianne
hydrothermal breccia (Figures 8, 9 and 23). The presence of coarse angular breccia, rapid transition
from a high-temperature reduced assemblage to a low temperature oxidized mineral assemblage in
the breccia, a possible paleoregolith and paleoweathering, very course breccias at surface, and near
surface deposition of the Crystal Mountain quartz complex all suggest the deposit formed at a very
high structural level and may have breached surface. The Sue-Dianne deposit comprises an entire
IOCG deposit system preserved within less than 500 vertical meters, from its underlying magma
source to the paleosurface (Mumin et al., 2010).
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7. Discussion

The Faber Group volcanic belt stretches from south of the Ray Rock mine northwest to Faber
Lake, with the Mazenod district comprising the northcentral portion of the belt. The belt hosts the
NICO Au-Co-Bi-Cu deposit in the south, and the Sue-Dianne Cu-Au-Ag deposit in the Mazenod
district. It also contains the past-producing Ray Rock U-Cu mine in a giant epithermal quartz vein, a
distal and/or late stage of the IOCG systems in the belt (Goad et al., 2000a, b; Mumin et al., 2010).
Rocks in the Mazenod region are dominated by andesite and rhyodacite ignimbrite sequences, with
locally exposed underlying subvolcanic diorite, monzodiorite, dacitic and quartz-feldspar
porphyritic intrusions. Vestiges of older Treasure Lake Group sedimentary rocks are found marginal
to and structurally above some of the Marion River Batholith intrusions, and were easily interpreted
as distinct from synvolcanic sedimentary rocks by their contact metamorphism, hydrothermal
alteration, and lack of volcanic features. Several large sequences of volcaniclastic rocks are
interlayered with the ignimbrites. The belt is bounded to the west by the Sarah Lake granite and to
the east by the Marion River granite, which are thought to be phases of the same larger batholith.
Marginal phases of the batholith include diorite and monzogranite/monzonite, which apparently
grade into subvolcanic intrusions such as the central Mazenod diorite to monzodiorite pluton, and
Sue-Dianne porphyry stock. Fine bedded ash and volcaniclastic sequences locally show graded
bedding and cross-bedding features that indicate water lain facies in what may have been crater lakes,
and local fluvial redistribution of tuffs.

Igneous and sedimentary assemblages of the Mazenod district were affected by widespread
weak to moderate hydrothermal alteration that is consistent with IOCG magmatic-hydrothermal
systems. Within the district scale alteration, several distinct centres of intense alteration *
mineralization are documented. The dominant district-scale alteration types are K-feldspar and silica
flooding or pervasive minor silicification, and more localized minor to moderate albitization. Subtle
pervasive alteration often makes field recognition and distinction between andesite, dacite,
rhyodacite and rhyolite difficult, and a number of andesites have been field labelled as rhyodacite
due to the widespread bleaching, leaching, silicification, albitization and conversion of albite to K-
feldspar. Alteration intensifies locally to produce felsite and rarely albitite. These in turn may be
overprinted by any combination of magnetite, hematite, tourmaline, amphibole, chlorite, skarn,
quartz, epidote and sulphide mineralization. Pervasive phyllic alteration is largely the conversion of
primary feldspar + other minerals to sericite. Widespread minor silicification is common and
intensifies towards major structurally hosted quartz-complexes such as Mazenod Ridge and Crystal
Mountain. Hydrothermal Fe-oxide alteration can be locally widespread and pervasive as hematite
dusting and impregnation, however, much of this is due to formation of hematite during
recrystallization of existing Fe in the rock. This is a common phenomenon that often accompanies K-
feldspar alteration, and in some cases may accompany albitization (Putnis et al., 2007). Calcic
enrichment has not been observed as a pervasive alteration of any rock type in the Mazenod district,
but can occur as localized vein and/or breccia fill in the form of rare carbonate minerals and abundant
epidote. However, significant Ca enrichment does occur in the central parts of the Sue-Dianne deposit
as andradite garnet, epidote and fluorite, in veinlets and as part of the hydrothermal cement. Calcium
capture also occurs as actinolite in vein and breccia fill at the Nod Hill showing and in the PD skarn
area (see also Montreuil et al., 2016b). While the vein infill is Ca-Fe bearing, the immediate host rocks
are depleted. Significant to extreme iron enrichment occurs mostly as vein and breccia matrix fill, and
as a replacement of ferromagnesian minerals, to form magnetite and/or hematite. Fe-enrichment can
also occur in the form of Fe-rich silicates (chlorite, amphibole, epidote), and minor sulphides
(chalcopyrite, pyrite + pyrrhotite). Boron enrichment as tourmaline occurs as vein and breccia fill,
mostly superimposed on potassic altered or albitized rocks.

The most prominent hydrothermal centres are the Sue-Dianne magnetite to hematite group Cu-
Ag IOCG deposit, and the central part of the northeast arm of Mazenod Lake, approximately centred
around the Dan island felsite-tourmaline-hematite breccia. Other centres include the PD Cu-enriched
magnetite skarn showing, the NOD Hill amphibole-magnetite-quartz breccia, and the MAR
magnetite-martite cemented breccia. All of the known centres of alteration occur along branches of
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the Kemaz fault at intersections with transverse faults. In the southern Bea area, alteration is not as
strong, but intensification is noted in parts of both the southern and northern Bea regions. This might
be an indication of hydrothermal centres at depth. We interpret the widespread silica and potassic
alteration, with only minor to moderate albitization to indicate that the present erosional level for
most of the Mazenod district has exposed relatively high-level portions of the IOCG system (with
noted exceptions). It is reasonable to suggest that more intense alteration may be present at depth at
a number of locations discussed in the text.

The chemical signature of alteration is consistent throughout the district, and consistent with
other parts of the GBMZ (Goad et al., 2000a; Corriveau et al., 2010, 2015, 2016, 2022a, ¢; Mumin et al,
2007, 2010; Montreuil et al., 2013, 2015, 2016a-c; Mumin, 2015; Ootes et al., 2017; Blein et al., 2022).
Areas of sodic alteration are depleted in Fe, Ca, K, Mn, Zn, Co, W, Pd, V and other metals, while
being enriched primarily in Na and some typical intrusion derived metals including Cu and Au.
Potassic altered rocks, especially felsites, are enriched in Fe, K, rare earths, and a host of potentially
economic metals including Cu, Au, Bi, W, Mo, Co, As, Hg, Ni, Ba, all of which are consistent with
magmatic-hydrothermal sources + metal fluxing from areas of intense sodic alteration (Richards and
Mumin, 2013b). These rocks were simultaneously depleted in Ca, Na, Mn, Sr and Zn. The mineralized
breccia of the central Sue-Dianne deposit shows very high enrichments for Cu, Co, F, Cl, CaO, U and
Fe, with high to moderate enrichment of Zn, Pb, Ce, Nd, Pr, Eu, Gd, Mn, K20, P05, W, V and Ba. The
only significant depletion is for sodium. Minor volume loss or conservation of volume is indicated
during pervasive potassic alteration of ignimbrites, which is believed to be an important
consideration in maintaining permeability and facilitating regional pervasive alteration. The
indicated large increase of 54% in volume of material during mineralization at Sue-Dianne
necessitates tectonic open-space fracturing and brecciation in order to make room for the influx of
new material during mineralization. Open space brecciation is best facilitated by extensional tectonics
and explosive brecciation, which are common to virtually all IOCG deposits (Richards and Mumin,
13a ,b; Richards et al., 2017).

The Mazenod district is disrupted by three recognizable tectonic episodes which are dominated
by orthogonal fault sets. The first is pre-GBMZ compressional tectonics of the Wopmay Orogen which
resulted in belt-parallel and transverse faulting. This was followed by a short-lived extensional
inversion with intra-arc basin development that is unique to formation of the GBMZ and responsible
for its volcanism and short-lived province-scale magmatic-hydrothermal IOCG-related
mineralization. This intra-arc event is similarity to that responsible for the Chilean Iron Belt, and also
has similarities to the Cretaceous central Peruvian IOA-IOCG belt (Shatwell, 2023). In the GBMZ this
extensional inversion is responsible for southwest-northeast directed crustal extensional, and the
formation of southeast trending volcanic belts above a rifted axis. It also caused simultaneous
tensional opening and lateral displacement along northeast trending crustal transverse faults, and
mineralization within and proximal to these structures. The Mazenod district is now segmented into
atleast 7 dextral displaced tectonic blocks arranged in an approximate north-trending belt. However,
a dominant northwest trend to stratigraphy is preserved within individual blocks. The exception is
parts of the volcanic sequence north of Mazenod Lake and south of the Dianne Lake fault, which
appears tectonically deformed into a more complex series of west and north trending stratigraphy
and/or structures (Hoffman, 1980; Hoffman and Bowring, 1984; Sillitoe, 2003; Hildebrand et al., 2010;
Mumin et al., 2010, 2014; Hayward and Corriveau, 2014; Mumin 2015; Montreuil et al., 2016b; Ootes
et al., 2017; Richards et al., 2017; Seymour et al., 2020). The final tectonic episode to noticeably affect
the GBMZ was the return to compressional tectonics of the Wopmay Orogen. This terminal
compression may be responsible for much of the displacement along the northeast trending crustal
faults, and through systematic dextral displacement helped align the southeast-northwest trending
segmented volcanic stratigraphy into its overall north-south orientation. Hayward and Corriveau
(2014) suggest that the volcanic stratigraphy was originally aligned in a N-S basin, which was re-
aligned during dextral displacement into its current series of tectonic blocks with SE-NW trending
volcanic rocks. In the current investigation no evidence was found to suggest original N-S alignment
of the volcanic belts. NE-SW directed oblique extension with SE trending rift axes is consistent with
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the observed geology and tectonic features. An origin with oblique rifting and transverse dextral
faulting is the preferred interpretation for the Mazenod region and GBMZ as a whole, as discussed
by Mumin et al. (2014) for the GBMZ and Shatwell (2023) for the Cretaceous Peruvian IOA-IOCG
belt. In this scenario, the axes of rifting and SE-trending volcanic belts still conform to their original
orientation, and segmentation of the belts is synchronous with GBMZ volcano-plutonic activity.
However, some degree of further dextral displacement along NE faults may have occurred after
GBMZ volcanism. Fortunately, post GBMZ tectonic deformation of the supracrustal volcanic belts is
relatively minor, and for its age the Mazenod district remains very well preserved.

The present detailed mapping and analysis of the Mazenod region, along with previous studies
and similar findings in the southern part of the belt and NICO region, show that the Faber belt is a
coherent and genetically linked volcano-plutonic complex with regionally extensive magmatic-
hydrothermal IOCG systems (Goad et al., 2000a; Mumin et al., 2010; Richards and Mumin 2013a, b;
Corriveau et al., 2016; Montreuil et al., 2016b). The volcanic belt is sourced from the multiphase 1.87-
1.85 Ga Marion River batholith that intruded Treasure Lake Group sedimentary rocks. Rising
volatile-rich cupolas, plutons, stocks and dikes are the source for overlying volcanism that ranges
from rhyolite to basaltic andesite in composition, with extensive ignimbrite, tuff and ash deposits as
well as interlayered volcaniclastic sediments. The same plutonic activity is the source of magmatic-
hydrothermal fluids, which along with metal fluxing from the host rocks are responsible for
generation of widespread coalescing IOCG hydrothermal systems that generate a wide range of
deposit types. The overall belt configuration is that of a rift fill sequence, which according to current
mapping shows inward collapse of the volcanic stratigraphy, and along with terminal compressional
tectonics resulted in a synclinal sequence for the volcanic stratigraphy south of Mazenod Lake.
Collapse of subvolcanic intrusions and the underlying batholith are likely the main reason for
preservation of the supracrustal volcanic rocks, by preventing complete erosion of the volcanic belt.
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