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Introduction

Metal Earth is the only geoscience project funded by the Canada First Research Excellence
Fund, a federal government initiative, designed to make world leaders of Canadian academic
research teams. The premise of the project is to explain why some Archean greenstone terranes
are rich in mineral deposits while other, similar terranes are much less endowed in spite of
broadly similar geology at surface. Given the geological similarities at surface, the contrasting
endowment must a function of processes in the lower crust or the upper mantle. To understand
why the differences in metal endowment, Metal Earth will combine an updated overview of the
geology at surface with imaging techniques to better understand the mid to lower crust and upper
mantle. The project will use the reflection seismic technique to image major structures and rock
units through the crust, magnetotellurics to measure the electrical conductivity of major crustal
units and gravity surveys. The geophysical surveys will be done on so-called “transects” or linear
zones 1-2 km wide. We have mapped the transects in order to have up-to-date, robust geological
overviews to aid us in interpretation of the geophysical data. This year we have completed mapping
of four transects: Malartic, Rouyn-Noranda, Larder Lake, and Swayze, all in the Abitibi
subprovince. We started the following transects: Chibougamau in the Abitibi subprovince, the
Geraldton transect extending from the Quetico, through the eastern Wabigoon into the Winnipeg
River terrane, and the Dryden-Stormy transect in the western Wabigoon subprovince. Next year
we will begin work in the Atikokan and Sturgeon Lake areas of the western Wabigoon
subprovince.
In this field trip guidebook, we will provide an overview of the major results of our mapping of
the six transects done in 2018. The one day field trips for each transect will provide a sketch of
the major new tectonic relationships uncovered and their relationship to mineral deposits.
Note that all GPS data is in North American Datum 1983.
Superior Craton

The Superior Craton is the world’s largest Archean craton, extending from the Trans-Hudson
orogen on the Manitoba-Saskatchewan boundary eastward to the Labrador Trough of
northeastern Quebec and from the northernmost tip of Quebec at Ungava Bay to the Minnesota
River Valley Terrane in Minnesota. It consists of east-striking metavolcanic-granitoid
subprovinces (e.g. Abitibi, Uchi) separated by subprovinces (e.g., Pontiac, English River)
dominated by metasedimentary and gneissic rocks (Robert et al., 2005). These province-scale
faults exert key controls on the formation of deposits since they act as conduits for the flow and
migration of ore-forming fluids. Most ore systems lie along trans-lithospheric structures such
as the Porcupine Destor fault in the Abitibi. In addition, post-mineralization deformation can
subsequently modify geometry and metal grade of ore deposits. Numerous world-class gold,
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volcanogenic massive sulfide, and less-known magmatic nickel-copper deposits are spatially
associated with east-striking subvertical crustal-scale fault zones along the subprovince
boundaries (e.g., Cadillac- Larder Lake Fault Zone), or along the contact zones (PorcupineDestor-Manneville Fault Zone) between metavolcanic and metasedimentary rocks within
subprovinces (Robert and Poulsen, 1997; Hannington et al, 1999). Rocks of the Superior
Province range in age from ~3.8 Ga greenstones along the east shore of Hudson Bay to
Neoarchean rocks at 2.5 Ga. The conventional view of the architecture of the craton is based
upon a plate tectonic interpretation in which micro-continental fragments about 3 Ga in age are
separated by younger oceanic crust (granite-greenstone terranes) and zones of orogenic flysch
(sedimentary rocks deposited early in a continental collision event) or sedimentary
subprovinces. The principal evidence for the plate tectonic model is the long, linear form of the
various subprovinces and the younging of the ages of volcanism, plutonism and subprovincebounding shear zones southward fromthe 3 Ga North Caribou terrane. It is important to note that
this pattern is also explicable by an old micro- continent having a series of terranes accreted
against it .At the level of the Superior craton as a whole, the Abitibi-Wawa terrane is the
southern-most and youngest granite-greenstone terrane and is isotopically juvenile. It is
bounded to the south by the Pontiac subprovince, a metasedimentary terrane.

2|Page

METAL EARTH - 2018 FIELD TRIP GUIDE

Fig. I-1: Overview of Superior Province Geology (after Percival 2007)
Abitibi-Wawa Terrane

The Abitibi-Wawa terrane consists of the Abitibi greenstone belt which extends from the
Grenville Front in the Chibougamau area westward to the Kapuskasing Structural Zone, a west
dipping thrust which has brought mid-crustal units to surface. To the west of the Kapuskasing
zone, the terrane continues to the western limit of the Superior craton and includes several
isolated greenstone belts including the Wawa or Michipicoten belt. The Abitibi greenstone belt
is divided into seven volcanic stratigraphic episodes (seeThurston et al., 2008, and references
therein) based on similarity of age intervals, stratigraphy and geochemistry (Figure 1; Table 1).
Table 1
Time Interval
Pre 2750 Ma
2750-2735 Ma

Selected Stratigraphic Units
(Quebec)
Fecteau Fm, des Vents Fm
Gemini-Turgeon

Assemblage Names
Not named
Pacaud
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2734-2724 Ma
2723-2720 Ma
2719-2711 Ma
2710-2704 Ma
2704-2697 Ma

Lac Watson Grp (S); Mine
Hunter Grp.; Joutel Fm
Lac Watson Grp. (N);
Dussieux Fm.
Malartic Grp.; LamotteVassan Fm.;
Piché Grp.; Val d’Or Fm.;
Blake River Grp. Louvicourt
Grp.

Deloro
Stoughton-Roquemaure
Kidd-Munro
Tisdale
Blake River

Fig. I-2: Overview of Abitibi greenstone belt with volcanic episodes displayed by age (Thurston et
al., (2008).
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Pontiac Subprovince
There are four metasedimentary terranes withi the Superior craton, the English River, Quetico,
Opinaca and Pontiac subprovinces. The Pontiac subprovince is about 2500 km2 and is bounded
to the north by the Abitibi subprovince and to the south by the Proterozoic Grenville Province
and to the southeast by the Paleoproterozoic Huronian Supergroup. The major rock types are
metamorphosed greywacke, siltstone, mudstone (± carbonaceous units) and minor
conglomerate all interpreted as turbidite sequences. Metamorphic grade increases to the south
with kyanite and sillimanite taking over from white mica and chlorite typical of greenschist grade
conditions. The provenance of the detritus is based in part on the presence of clasts of igneous
and metasedimentary rocks typical of the Abitibi-Wawa subprovince to the north. This is
reinforced by the observations of detrital and magmatic zircons with U-Pb ages (2750- 2685 Ma)
typical of the Abitibi-Wawa subprovince, however, Davis (2002) reports some detrital grains
>2750 Ma. The Pontiac is cut by the 2682 ± 1 Ma Lac Fournière pluton (Davis, 2002; Frieman
et al., 2017).

Fig. I-3 The Pontiac subprovince from Perrouty et al., (2017).

Thus, the Pontiac sedimentary rocks were deposited after the Porcupine assemblage, but before
the Timiskaming assemblage in the Abitibi subprovince (Mortensen and Card, 1993; Davis,
2002). Depending on the preferred tectonic model, the sedimentary rocks of the Pontiac
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Subprovince likely formed as a foreland basin or accretionary prism in response to subduction
or subduction-like processes (e.g., White et al., 2003; Percival et al., 2012; Frieman et al., 2017),
or in basins formed as a result of
transient uplift and erosion during subcretion, followed by post-orogenic collapse (e.g., Calvert
et al., 2004, Bedard and Harris, 2017). However, Card (1990) and Feng et al., (1992) postulate
that the Pontiac subprovince and the Abitibi-Wawa terranes are unrelated blocks which were later
tectonically juxtaposed. This model is supported by the presence of ca. 2.9 Ga zircons, a lower
εHf in zircon and a lower Lu/Hf ratio in zircon compared with Wawa-Abitibi rocks. Camiré et
al., (1993) indicate that the composition of the Pontiac metasediments is not consistent with the
composition of major Abitibi-Wawa terrane units. The youngest detrital zircon yields a U-Pb
age of 2685.3±3.0 Ma (Davis 2002) and 2682.7±1.9 Ma Mortensen and Card (1993). The
supracrustal rocks are intruded by several felsic plutons: the aforementioned Lac Fournière
pluton, the 2679-2676 Ma Sladen intrusion (Helt et al., 2014; De Souza et al., 2015, 2016), and
the 2668-2663 Ma Décelles Batholith (Mortensen and Card, 1993).
Desrochers and Hubert (1996) and Fallara et al., (2000) report the presence of iron formation
and Perrouty et al., (2017) found iron-rich amphibolite and iron-rich garnetite in the Pontiac.
Metasedimentary terranes through the Superior craton contain metavolcanic units (e.g., English
River (Breaks 1991) Quetico (Williams 1991) and the Pontiac Subprovince Piché Group
(Simard, Gaboury et al. 2013). Within the Pontiac subprovince the volcanic units are maficultramafic flows which are parallel to the bedding in the metasedimentary rocks.
The deformation history of the northern part of the Pontiac Subprovince includes three main
deformation events. The D1 event produced isoclinal folding and an S 1 pressure-solution
cleavage, mainly subparallel to bedding (Derry, 1939; Camiré and Burg, 1993; Perrouty et al.,
2017). D2 resulted in open to tight F2 folds, locally accompanied by a penetrative S 2 biotite
foliation on average trending E-W to NW-SE (Camiré and Burg, 1993; Benn et al., 1993;
Perrouty et al., 2017). D 3 is characterized by a non- penetrative S3 crenulation cleavage and
conjugate kinks (Benn et al., 1993; Perrouty et al., 2017).
The 18.6 Moz Canadian Malartic gold deposit (measured, indicated, inferred and past
production), located 30 km west of Val d’Or is the only known world-class gold deposit in the
Pontiac Subprovince (Gervais et al., 2014). The gold mineralizing events consist of an early
magmatic-hydrothermal episode and a main hydrothermal synkinematic episode during D2 with
a molybdenite Re-Os age of 2664 ± 11 (De Souza et al., 2016). The rheological contrast between
Pontiac metasedimentary rocks and structurally controlled felsic-intermediate intrusive bodies
facilitated the propagation of the local Sladen Fault Zone and allowed for connectivity with the
regional Cadillac Lader Lake Deformation Zone, resulting in an increased gold endowment of
the Canadian Malartic deposit (Perrouty et al., 2017).
The Pontiac Subprovince is also host to a number of other types of economic mineral
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occurrences, including greywacke hosted Qtz-Py-Gn-Ag veins, Qtz-Ccp-Bn veins southwest of
the Lac Fournière, and beryl associated with Qtz-Bi-Tur-Mo veins in a pegmatite dike at the
margin of the Dècelles Batholith (Perrouty et al., 2017 and references therein).

Wabigoon Subprovince
Historically, the Wabigoon subprovince has been regarded as a normal granite-greensstone
subprovince (e.g., Percival 2007). Because the metal endowment of the Wabigoon is less than the
Abitibi, it was chosen as the preferred area to test the notion that the lesser endowment is a function
of mid to lower crust and/or mantle processes.
The Wabigoon subprovince consists of 2.77Ga tholeiitic to calc-alkaline metavolcanic rocks,
2715-2710 Ma Porcupine-like turbidites and 2703-2696 Ma Timiskaming-like units (Beakhouse
2000; Dostal et al., 2004; Davis et al., 2005; Corcoran and Mueller 2007). In contrast to the Abitibi
subprovince, there are no komatiites, but a minor occurrence of komatiitic basalt (Morrice 2007).
The subprovince has been intruded by granodioritic to tonalitic rocks ranging in age from 2750 to
2680 Ma. The supracrustal rocks are at greenschist to amphibolite facies. The subprovince is cut
by numerous late strike-slip deformation zones which are oriented parallel to stratigraphy
occurring deep within the greenstone belts or along the margins of the belts.
The subprovince as a whole contains one major VMS deposit at Sturgeon Lake and some similar
deposits at Marshall Lake within the Geraldton transect. There are a few lode gold deposits such
as the historic Lake of the Woods district, the Shoal Lake area and continuing exploration at
Cameron Lake. There are a number of producing and past producing deposits in the Geraldton area
(Toth and Lafrance in press).
Bedard and Harris (2014) propose a non-plate tectonic scenario in which a mantle overturn event
that started at 2780 Ma disaggregated the Superior craton, creating a series of ribbon continents
separated by oceanic tracts such as the Wabigoon subprovince. Such a scenario may possibly
explain the lack of major, crust penetrating major structures within the Wabigoon subprovince
with associated major gold deposits.

Winnipeg River Terrane

Recent isotopic work (Tomlinson et al., 2004) has drawn attention to the Winnipeg River Terrrane
a unit consisting of 2.8-3 Ga granitoids and greenstones. The terrane lies immediately south of the
English River terrane and includes several greenstone belts formerly considered part of the
Western Wabigoon subprovince (Blackburn et al., 1991). The Winnipeg River terrane thus forms
the northern part of the Geraldton transect, explaining the presence of 2.9 Ga units on that transect.
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Figure I-4: generalized geological map of the Wabigoon subprovince with the tectonic subdivisions of
Tomlinson et al., (2004) with the subdivisions based upon whole rock Sm-Nd data.
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2018 Rouyn-Noranda
Field Trip Guide

ROUYN-NORANDA – A LOOK AT OLD AND NEW STYLES OF MINERALIZATION
Authors: Marina D. Schofield1, Adrian Rehm1, Jonathan C. Sutton1, Andrew M. Bradley1, Aidan
Paleczny2, Taus R. C. Jørgensen1, and Harold L. Gibson1
1

Mineral Exploration Research Centre, Harquail School of Earth Sciences, Laurentian University,
Sudbury ON, Canada P3E 2C6
2
Department of Geological Sciences and Geological Engineering, Queens University, Kingston
ON, Canada K7L 3N6
Excursion leaders: Marina D. Schofield, Adrian Rehm, and Taus R. C. Jørgensen
Meeting place: Entrance of Parc Botanique À Fleur d'eau, 325, rue Principale, Rouyn-Noranda,
Directions from Walmart in Rouyn-Noranda:
 Head southeast on Route Transcanadienne/QC-117 S toward Avenue Richelieu (1.1 km)
 Turn right onto Avenue Québec/QC-391 S (500 m)
 Turn left onto Rue Monseigneur Latulipe O (700 m)
 Turn right onto Avenue Dallaire (170 m)
 Turn left at the 2nd cross street onto Rue Montréal O (170 m – destination will be on the
right)
Meeting time: 8:00 AM, September 13th, 2018
Ending: 16:30 PM at the meeting place
Other information: Bring a lunch and plenty of water; sturdy field boots are mandatory because
hiking is required for a few of the field stops
INTRODUCTION
The Noranda mining district is embedded in Canadian history as one of the nation builders
responsible for launching economic growth and regional development in northern Quebec. Since
copper was discovered in 1917, the district now accounts for 20 economic volcanogenic massive
sulfide deposits, 19 orogenic Au deposits, and several intrusion-hosted Cu-Mo deposits and
occurrences (Gibson and Galley, 2007). As such, the Rouyn-Noranda transect (Fig. 1) is viewed
as a base and precious metal endowed transect through the Abitibi Greenstone belt. The RouynNoranda transect extends south to include the Pontiac Subprovince, which is host to the worldclass Canadian Malartic gold deposit 30 km west of Val d’Or. However, there are no significant
mineral occurrences along the Rouyn-Noranda transect within the Pontiac metasedimentary rocks.
Different styles of mineralization along the Rouyn-Noranda transect are the main theme of Metal
Earth’s 2018 Rouyn-Noranda field trip. Individual stops will highlight the progress made by
students working on specific problems on the transect, with an emphasis on a regional context.
MERC-ME-2018-043_A
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The first part of the field trip (Stops 1-3) introduces the participants to the metallogeny of the
Powell Block (PB). The PB is a ~32 km2 wedge-shaped fault block and one of several structural
blocks that comprise the Rouyn-Noranda mineral district. The PB is bounded by the Beauchastel
fault to the north and the Horne Creek fault (HCF) to the south, which are inferred to represent
second order splays off the Cadillac-Larder Lake fault zone (CLLFZ). The CLLFZ is an overall
east trending transcrustal feature within the Abitibi greenstone belt, which coincides with intense
carbonate alteration, Temiskaming
sediments, deformation, and orogenic-style quartz-carbonate-Au vein mineralization. Note that
here, the veins and rhyolite feeder dikes are cutting the Powell Tonalite, which has historically
been interpreted to be the faulted equivalent of the Flavrian intrusion (Goldie, 1976; Kennedy,
1985; Mortensen, 1993) and the heat source for the VMS mineralization (Cathles, 1993;
Hannington et al., 2003)."
The PB hosts the Au-rich Quemont VMS deposit (14 Mt at 5.5 g/t Au, 331 g/t Ag 1.32% Cu, and
2.44% Zn) and separates the Horne deposit, a world class Au-rich VMS deposit (54 Mt at 6.1 g/t
Au, 13 g/t Ag, and 2.2% Cu), from conventional VMS deposits (≤ 1 g/t Au) north of the
Beauchastel fault. In addition, the PB contains several internal faults and shear zones, which lack
proper documentation. Several faults are locally intruded by felsic dikes and contain quartzchalcopyrite-pyrite vein mineralization, and are inferred to represent early synvolcanic structures
that were later overprinted by syn-orogenic deformation. In addition, orogenic style quartzcarbonate-Au vein mineralization is found along the HCF and cross-cutting the Powell intrusion
(e.g., Powell-Rouyn, Powell E, Anglo-Rouyn, Silidor, and New Marlon veins).
Marina Schofield’s PhD project aims to establish the metallogeny of the Powell Block. The goal
is to refine the structural, stratigraphic and geological framework of the Powell Block and establish
the spatial distribution of the synvolcanic and syntectonic mineralization and alteration within that
framework. Ultimately, this research aims to define the hydrothermal fluid source(s) and
conditions that led to mineralization. This field trip illustrates three aspects of mineralization and
alteration in a portion of the Powell Block (Fig. 1 and 2): Au-quartz veins; quartz-pyritechalcopyrite veins; and spotted alteration.
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Fig. 1: Generalized map of the Rouyn-Noranda transect.
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Fig. 2: Regional geological map of the Rouyn-Noranda mining camp, showing the distribution and type of
deposits. The Powell Block is the area between the Beauchastel and Horne Creek Faults, with the location
of field stops marked by black squares.

The Powell-Rouyn Au-quartz vein was discovered in 1922 by Tom Powell and this was the key
event that triggered the Rouyn-Noranda gold rush in 1923. The deposit was in production from
1937-1956, with a total production of 2.7 Mt of ore at an average grade of 4.4 g/t. This vein is one
of numerous late orogenic, Au-bearing, quartz-carbonate vein deposits that occur mainly within
the Flavrian and Powell intrusions of the Rouyn-Noranda mining camp (Carrier et al., 2000). The
majority of these veins strike NNW and dip moderately to the NE, ranging in strike length from
200-1000 m with widths of approximately 2-3 m. Locally, the veins cross the overlying volcanic
units, however these sections of vein are barren. This vein system is relatively understudied, and
MERC-ME-2018-043_A
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their timing and genesis relative to the deformation history of the Noranda Mining Camp is
uncertain. Carrier et al., (2000) interpreted the Silidor vein to have been emplaced during D3
sinistral reactivation of the bounding Beachastel and Horne Creek Faults. This was based on the
observation that the Silidor vein and shear cut the S1 foliation (ENE trending). It was noted that
S-C fabrics within the shear zone, cross-cut the S1 foliation, indicate dextral reverse movement,
and in turn are overprinted by quartz-carbonate veinlets, which are folded and boudinaged. Future
work will include documenting the deformation history of all deposits of this type within the
Powell Intrusion (i.e. Powell E, Anglo-Rouyn, Silidor, New Marlon), in order to place them into
a unifying structural framework.
During World War I there was a shortage of Cu in Canada, and the discovery of the Horne and
Amulet orebodies led to Cu-exploration in the Rouyn-Noranda mining camp ca. 1926-1927. This
exploration led to the discovery of the McDougall Despina Cu-veins in the central camp and the
Powell and Anglo veins in the Powell Block. At the time of discovery, besides metal content, there
was no distinction between the Au-veins and Cu-veins genetically, early researchers saw no
difference. Both vein systems were interpreted to have formed by magmatic hydrothermal fluids,
originating from granite intrusions, which were channeled along fractures. However, early
prospectors made an important observation, Au occurs along NNW oriented structures and Cu
along ENE oriented structures, and where the Cu-veins intersect rhyolite, massive sulfide
deposits occur.
Spotted alteration is widely distributed in the study area and most commonly consists of ovoid to
spherical clusters of fine-grained sericite and quartz, first noted by Wilson (1941) as “peculiar
protuberances.” They were subsequently described by Lichtblau and Dimroth (1980) and
interpreted to be altered alkali feldspar-quartz spherulites. However, the structurally controlled
distribution of the spots proximal to quartz-chalcopyrite-pyrite veins and the lack of spherulites
outside of the alteration halo implies a hydrothermal origin. The most compelling evidence for a
relationship to alteration is their occurrence in altered rocks regardless of rock type and their
fracture control. The spots are interpreted to represent retrograded metamorphic porphyroblasts
that preferentially formed in areas that experienced pre-metamorphic hydrothermal alteration. This
is equivalent to the formation of dalmatianite found in the central Noranda camp. Alternatively,
the spots are a product of a different, but related manifestation of metamorphosed alteration.
The second part of the field trip (Stop 4) investigates the CLLFZ. The ~250 km long corridor
juxtaposes the Pontiac subprovince and Timiskaming Group against the Abitibi subprovince, and
is widely recognized as a gold-bearing translithospheric structure, accounting for more than 25%
of the gold production in Canada (Dubé and Gosselin, 2007). Many of the gold deposits (e.g., Kerr
Addison, Lapa, O’Brien, Canadian Malartic “Barnat zone”) are spatially associated with
ultramafic and Fe-tholeiitic mafic rocks of the Piché (or Larder Lake Group) structural complex
(PSC; Bedeaux et al., 2018). The PSC forms a discontinuous band of volcanic rocks within the
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Page 5 of 29

METAL EARTH - 2018 ROUYN-NORANDA FIELD TRIP GUIDE

CLLFZ and is often considered to be the physical expression of the fault. In the Rouyn-Noranda
area, the CLLFZ is E-W striking and dips 65° to 70° to the north; the PSC comprises >85%
ultramafic volcanic rocks as opposed to Larder Lake area where significant Fe-tholeiitic mafic
volcanics are present. The deformation history of the CLLFZ recorded in the Rouyn-Noranda area,
is summarized by the following events: 1) D1 the main N-S shortening event expressed by a
generally strong, E-trending, moderately N-dipping schistosity, and a down-dip stretching
lineation; 2) D2 an extensional event expressed by a horizontal cleavage, open folding, and sigmoid
and bookshelf objects indicating N-over-S dip-slip movement; 3) D3 a NE-SW shortening event
expressed by NW-trending, steeply dipping cleavage and NW-trending, asymmetric S-folds; 4) D4
a NW-SE shortening event expressed by NE-trending vertical cleavage, NE-trending asymmetric
Z-folds, and C-S fabrics, shear bands, and sigmoid objects indicating dextral strike-slip movement
(Daigneault et al., 2002; Bedeaux et al., 2018). The consensus is that a major gold mineralization
event in the CLLFZ occurred between ca. 2670 Ma to 2660 Ma, and many agree that the majority
of gold mineralization is associated with the main shortening event and the late strike-slip event
(e.g., Lafrance, 2015; Bedeaux et al., 2018).
The Metal Earth Rouyn-Noranda transect extends across the Bouzan segment of the CLLFZ, east
of the Augmitto-Astoria segment (Fig. 1). Structurally, the two segments appear to be similar but
the ~5 km Bouzan segment does not have Timiskaming sedimentary rocks along the northern
contact of the PSC, and the PSC is a very thin (≤ 5-10 m), with limited carbonate alteration, no
potassic alteration, limited vein paragenesis, and relatively weak Au mineralization. Thus, the
Bouzan segment potentially offers insights into variables that may control the location of Au
mineralization along structurally similar parts of the CCLLFZ. The field trip will stop at one of
the best exposed parts of the CLLFZ located at the Astoria trench on the Augmitto-Astoria segment
(courtesy of Les Ressources Yorbeau Inc.; Fig. 1) and will examine many of the characteristics
that are missing in the Bouzan segment.
The third part of the field trip (Stop 5-6) will illustrate the emplacement history of ultramafic and
mafic volcanic rocks in the Pontiac Subprovince, and a new zinc occurrence associated with these
rocks. The Pontiac Subprovince is a metasedimentary domain situated at the southern margin of
the Superior Province (Fig. 1). The Pontiac sedimentary rocks were deposited after the
lithologically similar Porcupine assemblage, but before the Timiskaming assemblage of the Abitibi
subprovince (Mortensen and Card, 1993; Davis, 2002). Sedimentary rocks of the Pontiac
Subprovince are interpreted to have formed as a foreland basin or accretionary prism in response
to subduction or subduction-like processes (e.g., White et al., 2003; Percival et al., 2012; Frieman
et al., 2017), or within basins formed as a result of transient uplift and erosion during subcretion,
followed by post-orogenic collapse (e.g., Calvert et al., 2004, Bedard and Harris, 2017). The
Pontiac Subprovince also includes discontinuous bodies of mafic to ultramafic volcanic rocks that
historically have been interpreted to represent structurally emplaced assemblages that have similar
chemical characteristics to those of early volcanic rocks in the southern Abitibi Subprovince
MERC-ME-2018-043_A
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(Camiré et al., 1993). The supracrustal rocks are intruded by several felsic plutons: the
aforementioned Lac Fournière pluton, the 2679-2676 Ma Sladen intrusion (Helt et al., 2014; De
Souza et al., 2015, 2016), and the 2668-2663 Ma Décelles Batholith (Mortensen and Card, 1993).
Adrian Rehm’s MSc project is in the Lac Bellecombe area, located ~15 km south of RouynNoranda (Fig. 1). The local geology is characterized by a mafic-ultramafic volcanic complex
within metagreywackes of the Pontiac Group. Regionally, the relationship between the
metasedimentary rocks of the Pontiac Group and the volcanic rocks is not fully understood mainly
due to the lack of mapping. The focus of this project is on the volcanic rocks in order to explain
the nature and timing of their emplacement within sedimentary rocks of the Pontiac Group. The
main question is whether the volcanic rocks formed contemporaneously with the sedimentary
rocks or were emplaced during a later thrusting event. New observations suggest that, at least in
part, the contact between the volcanic rocks and the Pontiac metasedimentary rocks is primary and
conformable and not structural. These new observations have implications for the evolution of the
Pontiac Subprovince. Metal Earth’s field work in the area has also led to the new discovery of a
metalliferous, carbonaceous sedimentary unit with anomalously high concentrations of Zn and Cu.
Aidan Paleczny has undertaken a BSc thesis project on this unit to characterize the mineralization
and its extent. The field trip will examine outcrops illustrating the contact relationship between the
ultramafic-mafic volcanic rocks and the Pontiac metasedimentary rocks, and the Zn-Cu
sedimentary unit.
It is impossible to show all the results of Metal Earth’s field work along the Rouyn-Noranda
transect in the span of a one-day. In the following paragraph, field work and results not highlighted
in this field trip are briefly described. Additional field stops to examine results of this field work
are included at the end of the Rouyn-Noranda field trip guide as “Supplementary Stops” (note:
access to some of these stops will require permission from the land owners; detailed directions to
these stops can be obtained upon request).
Jonathan Sutton’s MSc project area is located in the northwest segment of the Duprat-Montbray
formation (DMF), of the lower Blake River group (BRG; Fig. 1). In the study area, the stratigraphy
is ca. 2701 Ma and characterized by alternating basalt-andesite pillowed and massive flows and
dacite-rhyolite coherent and volcaniclastic units. The 2701.9 ±0.9 Ma upper rhyolite hosts two
VMS deposits, the Magusi deposit that produced 3.73 Mt of ore at an average grade of 1.2 wt.%
Cu, 3.55 wt.% Zn, 1.10 g/t Au and 31.20 g/t Ag, and the adjacent Fabie deposit that produced 0.89
Mt of ore at an average grade of 2.59 wt.% Cu, 0.9 g/t Au and 20.57 g/t Ag. Both deposits are
located proximal to the 2700.6 ±1.0 Ma, synvolcanic Fabie pluton, a quartz-feldspar porphyritic
tonalite. Other intrusions in the area include diorites, which intrude volcanic stratigraphy
throughout the BRG. Jonathan’s research aims to further define the volcanic stratigraphy of the
DMF; determine the relationship between the subvolcanic Fabie pluton and the two VMS deposits
using whole-rock δ18O-isotopes integrated with petrography and lithogeochemistry in order to
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understand the hydrothermal system and constrain the magnitude of fluid-rock interactions;
construct a geological model for the formation of the Fabie and Magusi deposits; and compare the
results to more prolific VMS mineralized stratigraphy in the Noranda camp. The stops proposed
highlight geological features that characterize the DMF stratigraphy and provide examples of the
alteration styles associated with VMS related hydrothermal activity. This includes a newly
discovered volcaniclastic unit, with well preserved primary volcanic textures, and intrusivevolcanic contact relationships.
Andrew M. Bradley’s BSc project area is 300 m south of the CLLFZ in the Granada Formation,
Timiskaming Group (Fig. 1). The focus of the study is to characterize, delimit, and determine the
origin of an unusual occurrence of a high Cr-Mg unit within the Granada Formation that is
otherwise dominated by metamorphosed greywacke, pebbly sandstone, and polymict
conglomerate. Contact relationships between the high Cr-Mg unit and surrounding sedimentary
rocks are obscured by intense deformation illustrated by the presence of a well-developed
crenulation cleavage in the contact zone. The occurrence of mafic sedimentary rocks in the contact
environment that show primary bedding suggests that the entire high Cr-Mg unit may be of
sedimentary origin. However, less deformed exposures toward the central parts of the high Cr-Mg
unit are massive and contain large amphibole and/or biotite crystals in a finer grained matrix, with
no clear evidence for primary sedimentary structures. Thus, part of the unit could represent a mafic
intrusion. Determining the origin of this unit has implications for the evolution of the Granada
basin and/or the CLLFZ. The stops proposed to illustrate the nature of the high Cr-Mg unit include
a structurally complex exposure of the contact zone and an outcrop in the central part of the unit.
STOP 1: MT. POWELL
Directions from Parc Botanique À Fleur d'eau












Head west on Rue Montréal O toward Avenue Dallaire (170 m)
Turn right at the 1st cross street onto Avenue Dallaire (1.1 km)
Turn left onto 10e Rue (230 m)
Turn right onto Avenue Québec (450 m)
Turn left onto Avenue Murdoch (250 m)
Turn right onto Rue Saguenay (1.0 km)
Turn left onto Chemin Bradley/QC-101 S (100 m – note the cemetery)
Turn right onto Chemin Powell (1.9 km)
Head straight where Chemin Powell turns right and continue until a fork in the road (300
m)
Turn right at the fork (120 m)
Take the first right to reach the destination (30 m – note radio tower and parking lot)

Stop 1a – (E0644661 / N5347296)
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This outcrop shows the three aspects of mineralization and alteration within the Powell Block that
will be viewed in more detail at subsequent stops, Au-quartz veins, Cu-veins and spotted alteration.
The fenced area to the west of this outcrop shows the historically mined portion of the PowellRouyn Au-vein, where it cross-cuts the Powell tonalite. At this outcrop, the tonalite is also crosscut by a quartz-phyric felsic dike with quartz-chalcopyrite-pyrite vein mineralization along the
margin (Fig. 3). Importantly, the tonalite exhibits a spotted texture in proximity to this dike. This
is the introduction to the ENE striking quartz-chalcopyrite-pyrite vein mineralization found
throughout the Powell Block, which cross-cuts every lithology mapped and is typically found
associated with an unusual type of spotted alteration. Note that here, the veins and rhyolite feeder
dikes are cutting the Powell Tonalite, which has historically been interpreted to be the faulted
equivalent of the Flavrian intrusion (Goldie, 1976; Kennedy, 1985; Mortensen, 1993) and the heat
source for the VMS mineralization (Cathles, 1993; Hannington et al., 2003)."
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Fig. 3: Outcrop sketch of stop 1a. Powell tonalite is shown as light pink, cross-cutting quartz-phyric rhyolite
dike is shown in dark pink and quartz-sulfide veins are shown in red. Area affected by spotted alteration is
shown as dotted.

Stop 1b – (E0644550 / N5347363)
Powell-Rouyn vein cross-cutting the Brownlee rhyolite, the lowermost stratigraphic unit within
the Powell Block. The vein strikes 330° and dips 55°-75° to the NE. Note, this is an open space
filling quartz vein, and is interpreted to have formed in a near surface environment. The vein is in
part a breccia vein, which includes fragments of sericitized Brownlee rhyolite. It exhibits
undulations in strike that may represent original bends and jogs or later deformation. In addition,
flat lying quartz veins in the footwall indicate that at one point σ3 was vertical.
STOP 2: POWELL F-ZONE
Directions from Parc Botanique À Fleur d'eau












Head west on Rue Montréal O toward Avenue Dallaire (170 m)
Turn right at the 1st cross street onto Avenue Dallaire (1.1 km)
Turn left onto 10e Rue (230 m)
Turn right onto Avenue Québec (450 m)
Turn left onto Avenue Murdoch (250 m)
Turn right onto Rue Saguenay (1.0 km)
Turn left onto Chemin Bradley/QC-101 S (100 m – note the cemetery)
Turn right onto Chemin Powell (1.7 km)
Turn right unto unnamed gravel road (30 m – the right turn is made where a radio tower is
on the left.
Turn left at fork (100 m)
Turn right at T-junction (60 m – destinations are on the left (Stops 2a and 2b) and right
(Stop 2c)

Stop 2a – Aphyric felsic dike in contact with Powell Andesite (E0645186 / N5347774)
This contact is relatively undeformed and demonstrates the primary nature of the dike contact with
the adjacent volcanic stratigraphy. The dike strikes NE, discordant to stratigraphy, which in the
area strikes NNW (332/78). The contact between the aphyric rhyolite dike and Powell andesite is
quite convolute, folded, and flow banded (Fig. 4). Note, the Powell andesite overlies the Brownlee
rhyolite, so here we are stratigraphically above stop 1. The andesite is strongly altered, it is
fragmented, contains abundant hyaloclastite, and lacks bedding consistent with a flow top breccia.
The dike contains a diamond shaped fracture pattern, which is sericitized and may represent a
primary cooling feature. This fracture pattern is overprinted by the main ENE foliation. There is a
1 m wide heterolithic breccia at the dike contact, which is characterized by angular cuspate lapilli
sized fragments that are recessively weathered within a silicified matrix and aphyric rhyolite
MERC-ME-2018-043_A
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fragments. This heterolithic breccia proximal to the dike margin, grades, over a distance of 1 m,
into a monomictic andesitic volcaniclastic rock that lacks rhyolite fragments, which suggest that
the heterolithic breccia is a peperite that developed at the margin of the rhyolite dike

Fig. 4: Convolute flow banded contact between aphyric rhyolite dike and heterolithic breccia.

Stop 2b – F-zone Cu Vein (E0645199 / N5347752)
The Powell F-zone is characterized by a quartz-chalcopyrite-pyrite vein located along the margin
of a spotted, aphyric rhyolite dyke. The rhyolite dike marks an offset in stratigraphy, with
predominantly felsic volcaniclastic rocks to the north and andesite flows to the south. The F-vein
is approximately 1 m wide and can be traced 92 m along strike at 056°/80°. It is offset by a series
of minor E-W trending faults. The F-Zone vein was discovered in 1929 (Lichtblau, 1976), and was
reported to average 10.09% Cu, 0.02 oz/ton Au, and 2.92 oz/ton Ag (Wilson, 1941). The vein is
overprinted by the main ENE cleavage. In addition, oblique secondary quartz-sulfide veins appear
offset with foliation folded around the vein segments implying vein formation and offset occurred
prior to the formation of the regional foliation (Fig. 5).
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Fig. 5: Secondary quartz-sulfide veins at Powell F-zone, with overprinting deformation.

Stop 2c – Spotted Alteration (E0645321 / N5347741)
This stop shows unequivocal evidence that the spotted alteration is associated with the quartzsulfide vein mineralization (Fig. 6), as the spotted alteration is confined to selvedges surrounding
quartz-sulfide veins. Quartz amygdules within the vein selvages are distinct from the spots. The
foliation clearly overprints the vein and associated spotted halo, marked by flattening of the
alteration spots. These veins are subparallel to the Powell F-vein.
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Fig. 6: Structural control on spotted alteration at Stop 2c.

STOP 3: ANGLO-A Cu-ZONE (E0645731 / N5348183)
Directions from Parc Botanique À Fleur d'eau











Head west on Rue Montréal O toward Avenue Dallaire (170 m)
Turn right at the 1st cross street onto Avenue Dallaire (1.1 km)
Turn left onto 10e Rue (230 m)
Turn right onto Avenue Québec (450 m)
Turn left onto Avenue Murdoch (250 m)
Turn right onto Rue Saguenay (1.0 km)
Turn left onto Chemin Bradley/QC-101 S (100 m – note the cemetery)
Turn right onto Chemin Powell (1.7 km)
Turn right unto unnamed gravel road (30 m – the right turn is made where a radio tower is
on the left.
Turn left at fork (100 m)
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Turn right at T-junction (450 m – destination is on the left just before crossing a power
line)

The Anglo-A Cu-showing resembles the Powell F-zone. The mineralization occurs as a quartzchalcopyrite-pyrite vein with a similar strike and dip to the Powell F-zone vein. Here, the
mineralization is hosted within QP rhyolite and overlying bedded mafic tuff, near the contact with
a quartz-phyric rhyolite dike, which marks an offset in volcanic stratigraphy. This quartz-phyric
dike is parallel to an aphyric rhyolite dike. This location is characterized by intense spotted
alteration, similar to that observed at the Powell F-zone, with one notable difference, the presence
of coarse euhedral porphyroblasts (Fig. 7), which resemble the cordierite porphyroblasts observed
at Millenbach in the Central Noranda camp. In places, these euhedral crystals appear to be
overgrowing the ovoid alteration spots. Samples were collected for petrographic verification, and
future work will involve characterizing these two generations of “spots”, identifying potential heat
sources, and comparing spot intensity with alteration geochemistry. NO HAMMERS PLEASE!
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Fig. 7: Spotted alteration at Stop 3.

STOP 4: THE CADILLAC-LARDER LAKE DEFORMATION ZONE AT ASTORIA
(E0646090 / N5339755)
Directions from Parc Botanique À Fleur d'eau
 Head west on Rue Montréal O toward Avenue Dallaire (170 m)
 Turn left at the 1st cross street onto Avenue Dallaire (900 m)
 Turn left onto Avenue Québec (750 m)
 Slight right onto Avenue Granada (3.1 km – destination is through the red gate on the left)
 Turn right onto unnamed gravel road (480 m – park safely in the open area)
 Walk SE to the trench outcrop (30 m from the edge of the bush in the open area)
The Astoria trench exposes the CLLFZ near the old abandoned Astoria mine. The PSC is ~60 m
wide (plan view) and composed of predominantly ultramafic rocks. The stripped outcrop shows
the northern and southern contact between the PSC and Timiskaming group sedimentary rocks
(Fig. 8). The sedimentary rocks on the north side of the PSC belongs to the Labruère Formation
and those on the south side of the PSC to the Granada Formation. Observable rock types across
the fault include, from north to south, intermediate to mafic conglomerate with a high proportion
of porphyry clasts; ultramafic schist showing variable degrees of carbonate ± potassic alteration;
and sedimentary rocks consisting of argillite, conglomeratic sandstone, and granule to pebble
conglomerate (Fig. 9). The rocks are strongly deformed with a principal schistosity defined by
phyllosilicates, which is best developed in the ultramafic schists. The principal schistosity and the
oldest observed at the stripping (S1), is parallel to bedding in the sedimentary rocks and overall
oriented approximately East-West and dipping steeply to the North. An approximately down-dip
stretching lineation associated with the principal schistosity is best observed in the southern
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sedimentary rocks. A narrow (~40 cm) sandy bed or intermediate to mafic sill within the northern
conglomerate exhibits two crenulation cleavages that are difficult to interpret but likely represent
an S2 and S3 foliations. This area is spatially associated with a subhorizontal lineation. Several
kinematic indicators are present on the stripping, most of which are compatible with a dextral
movement, e.g., sigmoidal porphyry clasts in the northern conglomerate and locally, welldeveloped shear bands in the ultramafic schist oriented at approximately 280° where the principal
schistosity is E-W trending. Locally, the principal schistosity appears to undergo back-rotation
between individual shear bands, a relationship also reflected on the scale of the stripping with a
few wider high strain zones which are parallel to the shear bands in the ultramafic schist.
Mineralization occurs as free gold with minor sulfides (arsenopyrite + pyrite) associated with
quartz-tourmaline veining and stockwork hosted by ultramafic schist with pervasive carbonate ±
fuchsite alteration. This type of mineralization is commonly known as “green carbonate ore” at the
Kerr Addison mine located on CLLFZ near Larder Lake. Gold is also observed with arsenopyrite
± pyrite ± pyrrhotite ± loellingite associated with grey quartz-tourmaline ± biotite veins hosted in
the Timiskaming sediments on the southern contact with the PSC.

Fig. 8: Aerial view of the Astoria trench with the upper and lower contact of the PSC indicated by dotted
yellow line. Faint dotted white line is the approximate outline of the geological map in Fig. 9
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Fig. 9: Geological map of the Astoria trench. Foot- and hangingwall contacts between carbonatized
ultramafic rocks and Timiskaming Group sedimentary rocks (modified from Bedeaux, 2018)

STOP 5: LAC BELLECOMBE AREA IN THE PONTIAC SUBPROVINCE
Directions from Parc Botanique À Fleur d'eau
 Head west on Rue Montréal O toward Avenue Dallaire (170 m)
 Turn left at the 1st cross street onto Avenue Dallaire (280 m)
 Turn left onto Rue Iberville O (600 m)
 Turn right onto Route Transcanadienne/QC-117 S (900 m)
MERC-ME-2018-043_A
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Turn right onto Avenue Chaussé (90 m)
Turn left onto Rue Lapointe (850 m)
Continue onto Rue des Coteaux (1.7 km)
Turn right onto Route des Pionniers (16.0 km)
Turn right onto Rang de Bellecombe (3.8 km)
Turn left onto Chemin du Lac-Bellecombe (1.7 km – trail head is flagged on the left)
Walk trail to get to Stops 5a and 5b.

Stop 5a – Ultramafic fluidal peperite in volcano-sedimentary package (E0649403 / N5327840)
This outcrop is located within the Pontiac mafic-ultramafic volcanic belt. It represents a small
window of sediments that are intercalated with thick basaltic sills and pillowed flows.
Stratigraphically, the basaltic rocks lie above and within greywackes and graphitic argillite. The
outcrop has a rusty appearance because of the presence of disseminated sulfides in the sediments.
The main feature is the presence of an ultramafic unit that has exceptionally wispy intrusive
margins and juvenile clasts isolated in the sedimentary matrix (Fig. 10). This rock is interpreted to
be a fluidal peperite, which suggests a syn-sedimentary origin for ultramafic magmatism in the
Lac Bellecombe area.
A

B

Fig. 10: A) fluidal peperite in mineralized turbiditic sediments; B) pillowed flows occurring above the
mineralized sedimentary unit.
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Stop 5b – Exhalite - Sphalerite occurrence (E0649409 / N5327903)
Located a few paces north of Stop 5a, this outcrop highlights a previously unmapped metalliferous
exhalite unit (Fig. 11). A fresh surface shows dark, fine-grained graphite with rusty sulfide beds
comprised of pyrite, chalcopyrite and sphalerite. Preliminary whole-rock geochemistry of the
metalliferous horizon has returned concentrations of up to 1900 ppm Zn and 200 ppm Cu. The
mineralized sedimentary unit appears to be a marker horizon in the mafic-ultramafic volcanic
package and can be traced laterally for several hundred meters. It is bound above by turbiditic
greywackes and below by ultramafic volcanic rocks (not seen at this stop).
STOP 6: ULTRAMAFIC BRECCIA WITH SPINIFEX CLASTS (E0649533 / N5327953)
B
A
Directions from Parc Botanique À Fleur d'eau
 Head west on Rue Montréal O toward Avenue Dallaire (170 m)
 Turn left at the 1st cross street onto Avenue Dallaire (280 m)
 Turn left onto Rue Iberville O (600 m)
 Turn right onto Route Transcanadienne/QC-117 S (900 m)
 Turn right onto Avenue Chaussé (90 m)
 Turn left onto Rue Lapointe (850 m)
 Continue onto Rue des Coteaux (1.7 km)
 Turn right onto Route des Pionniers (16.0 km)
 Turn right onto Rang de Bellecombe (3.8 km)
 Turn left onto Chemin du Lac-Bellecombe (1.7 km – trail head is flagged on the left)
 Walk trail to get to Stop 6 (same trail that leads to Stops 5a and 5b).
Fig. 11: A) Outcrop exposing 2m-thick metalliferous horizon; B) bedding in metalliferous sediments.

This stop is located at the center of the Pontiac volcanic belt, where ultramafic volcanic rocks are
exposed. This particular outcrop shows randomly oriented spinifex needles and elephant-hide
alteration texture (Fig. 12). A komatiitic flow is overlain unconformably by an ultramafic
volcaniclastic rock that contains rounded spinifex-bearing clasts.
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A

B

C

Fig. 12: A) elephant hide alteration texture; B) Randome spinifex in clasts; C) Alteration of clasts.

SUPPLEMENTARY STOP 1: MAFIC TO INTERMEDIATE VOLCANICLASTIC UNIT
IN THE DUPRAT-MONTBRAY FM (E0614975, N5363986)
This station marks the first appearance of a layered volcaniclastic unit in the DMF. It consists of
alternating tuff-breccia, lapillistone, lapilli-tuff and tuff that are overlain by a 2 m thick bedded
tuff unit (Fig. 13). Clasts are monomictic and are composed of mafic/intermediate volcanic rocks
with a high vesicle content (35% - >50%), classifying them as scoria and pumice (Fig. 14a).
Vesicles range in size from 0.1 – 3 cm and are often filled with quartz (minor epidote) (Fig. 14b).
Other important textures documented in this unit include fluidal bombs (Fig. 14c) and hyaloclastite
in the volcaniclastic matrix (Fig. 14d). In the upper segment of the unit alternating lapilli-tuff and
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tuff (Fig. 14e, f) show graded bedding indicating a younging towards the west (272°). The high
vesicle content of the clasts, fluidal bombs and hyaloclastite in the matrix suggests that mode of
emplacement is from a primary pyroclastic event that occurred in a shallower marine environment.

Fig. 13: Stratigraphic column of the DMF volcaniclastic unit.
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Fig. 14: Lithological units and textures observed on the mafic/intermediate volcaniclastic outcrop. A)
Pumice block with vesicles up to 1 cm in diameter. B) Pumice clast with quartz amygdales as big as 3 cm
in diameter. C) Fluidal bomb. D) Hyaloclastites located in the groundmass and preserved from pervasive
silicification. E) Alternating granular lapilli-tuffs and tuffs units. F) Finely bedded tuffs.

SUPPLEMENTARY STOP 2: AMOEBOID BRECCIAS HOSTED IN A VOLCANIC
FLOW (E0617557, N5363136)
This unit consists of a monomictic amoeboid breccia hosted in a volcanic mafic/intermediate flow
(Fig. 15). Both the clasts and host rock are similar in composition and contain plagioclase
phenocrysts. The clasts are rounded – very rounded and can be either elongated or equant in form.
MERC-ME-2018-043_A
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Elongated clasts are often folded or irregular whereas the equant clasts are more spherical to
ellipsoid. The shape of the clasts and their similar composition with the host rock suggests they
are from the same volcanic event.

Fig. 15: Photographs of amoeboid clasts hosted in a mafic/intermediate volcanic flow.

SUPPLEMENTARY STOP 3: VESICULAR PORPHYRITIC PILLOWED MAFIC TO
INTERMEDIATE VOLCANICS (E0616542, N5364414)
This mafic to intermediate volcanic flow is located west of the Fabie pluton. It hosts plagioclase
phenocrysts and has a high concentration of vesicles some of which are large (Fig. 16a). The larger
vesicles are interpreted have formed through coalescence of smaller vesicles. This unit has
undergone strong silicification observed around amygdales and as pervasive groundmass
alteration, and saussuritization of the plagioclase phenocrysts (Fig. 16b).

Fig. 16: Textures observed in the vesicular porphyritic mafic/intermediate flow. A) Weathered
amalgamated quartz amygdales. B) Silicification observed in quartz amygdales and pervasive alteration
(pasty groundmass), and saussuritization of plagioclase phenocrysts

SUPPLEMENTARY STOP 4: PILLOWED MAFIC VOLCANICS AND SYNVOLCANIC
DIORITE INTRUSIONS (E0621975, N5363251)
Pillowed mafic/intermediate volcanics in the DMF are often intruded by the diorites (Fig. 17a). At
this locality, the pillowed flow displays well preserved hyaloclastite in pillow selvages and
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spherulites at the margin of the pillows (Fig.17b). The diorite is in sharp-irregular contact with the
pillowed flow and displays flow banding and finer chilled margins adjacent to the contact; clasts
of volcanic rock occur in the diorite (Fig. 17c, d).

Fig. 17: Various textures observed on volcanic and intrusive units. A) Contact between pillowed volcanics
and a chilled diorite dyke. B) Hyaloclastites hosted in pillow selvages and spherulites at the edge of the
pillow margins. C) Flow banding at the diorite contact. D) Volcanic clast incorporated in the diorite dyke.

SUPPLEMENTARY STOP 5: CONTACT ZONE BETWEEN HIGH Cr-Mg UNIT AND
METASEDIMENTARY ROCKS IN GRANADA FORMATION (E0650248, N5339943)
The field trip stop is on the northern contact of the high Cr-Mg unit where it is in contact with
mafic to intermediate greywacke and magnetite-bearing conglomerate of the Granada Formation.
The stop highlights the complex deformation history of the unit, which is accentuated in the contact
zone (Fig. 18a). Refolded folds are observed locally (Fig. 18b) and a strong crenulation cleavage
is developed in many places (Fig. 18c), which makes the contact relationships particularly difficult
to unravel at this location. Observed crosscutting relationships (Fig. 18d) could be explained by
apophyses originating from a main intrusive body or fragments of the unit that have been thrust
into the sediment during emplacement. Alternatively, if the high Cr-Mg unit is of sedimentary
origin, some of the contact relationships have to be explained by injectite-like processes (e.g.,
Sherry et al., 2012).
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Fig. 18: A) Aerial view of strongly deformed outcrop in the contact zone between the high Cr-Mg unit and
Granada Formation sedimentary rocks. Insets of B) strongly developed crenulation cleavage; C) refolded
fold; and D) bedding truncated by the high Cr-Mg unit. Inset letters in A) provides the approximate
perspective.

SUPPLEMENTARY STOP 6: CENTRAL PART OF HIGH Cr-Mg UNIT IN THE
GRANADA FORMATION (E0650082, N5339879)
This exposure shows a less deformed part of the high Cr-Mg unit where the groundmass is finegrained and contains medium- to coarse-grained amphibole ± biotite grains.

ACKNOWLEDGMENTS
We are exceptionally grateful to our industry partners Falco Resources (Claude Bernier, Claude
Pilote, Nathalie Landry, and Serge N’da), Globex Mining Enterprises Inc. (Pierre Riopel, Barbara
Guimont, and Jack Stoch), and Yorbeau Resources (Gérald Riverin, Baptiste Chapon, Jules
Tremblay, Sylvain Lépine, and Patrick) for providing property access and logistically support, and
MERC-ME-2018-043_A

Page 25 of 29

METAL EARTH - 2018 ROUYN-NORANDA FIELD TRIP GUIDE

for engaging in constructive geological discussions helpful to the goals of Metal Earth. The RouynNoranda field season could not have been successfully completed without the tireless efforts of
the senior field assistants Andrew Bradley and Brandon Smith, and junior field assistants Dave
Dickson, Aidan Paleczny, and Spencer Pierce. A special thank you to Brandon Smith for taking
on additional responsibility in the second half of the field season.
REFERENCES
Bedard, J. H. and Harris, L. B. 2014. Neoarchean disaggregation and reassembly of the Superior
craton. Geology, v. 42, p. 951-954.
Bedaux, P., 2018. Évolution structurale, modélisation des paléocontraintes et implications sur les
minéralisations aurifères orogéniques le long de failles majeures: application à la Faille de
Cadillac, Abitibi, Canada. L’Université du Québec à Chicoutimi. PhD Thesis, pp. 409.
Bedeaux, P., Mathieu, L., Pilote, P., Rafini, S., and Daigneault, R., 2018. Origin of the Piché
Structural Complex and implications for the early evolution of the Archean crustal-scale
Cadillac–Larder
Lake Fault Zone, Canada., Canadian Journal of Earth Sciences, v.
55, p. 905-922.
Calvert, A. J., Cruden, A. R., and Hynes, A., 2004. Seismic evidence for preservation of the
Archean Uchi granite-greenstone belt by crustal-scale extension. Tectonophysics v. 388, p.
135-143.
Camiré, G. E., Laflèche, M. R., and Ludden, J. N., 1993. Archaean metasedimentary rocks from
the northwestern Pontiac Subprovince of the Canadian Shield; chemical characterization,
weathering and modelling of the source areas. Precambrian Research v. 62, p. 285-305.
Carrier, A., Jébrak, M., Angelier, J., and Holyland, P., 2000. The Silidor deposit, Rouyn-Noranda
District, Abitibi belt: Geology, structural evolution, and Paleostress modelling of an Au
quartz vein-type deposit in an Archean Trondjhemite, Economic Geology, v. 95, p. 10491065.
Cathles, L. M., 1993. Oxygen isotope alteration in the Noranda mining district, Abitibi greenstone
belt, Quebec, Economic geology, v. 88, p. 1483-1511.
Daigneault, R., Mueller, W. U., and Chown, E. H., 2002. Oblique Archean subduction:
accretion and exhumation of an oceanic arc during dextral transpression, Southern
Volcanic Zone, Abitibi Subprovince Canada. Precambrian Research, v. 115, p. 261-290.
Davis, D. W., 2002. U-Pb geochronology of Archean metasediments in the Pontiac and Abitibi
subprovinces, Québec, constraints on timing, provenance and regional tectonics.
Precambrian Research, v. 115, 97-117.
De Souza, S., Dubé, B., McNicoll, V. J., Dupuis, C., Mercier-Langevin, P., Creaser, R. A., and
Kjarsgaard, I. M., 2015. Geology, hydrothermal alteration, and genesis of the world-class
Canadian Malartic stockwork-disseminated Archean gold deposit, Abitibi, Quebec. In:
Dubé, B., Mercier-Langevin, P. (Eds.), Geological Survey of Canada, pp. 113–126. Open
File 7852. Targeted Geoscience Initiative 4: Contributions to the Understanding of
Precambrian Lode Gold Deposits and Implications for Exploration.
MERC-ME-2018-043_A

Page 26 of 29

METAL EARTH - 2018 ROUYN-NORANDA FIELD TRIP GUIDE

De Souza, S., Dubé, B., McNicoll, V. J., Dupuis, C., Mercier-Langevin, P., Creaser, R. A., and
Kjarsgaard, I. M., 2017. Geology and hydrothermal alteration of the world-class Canadian
Malartic gold deposit: genesis of an Archean stockwork-disseminated gold deposit in the
Abitibi Greenstone Belt. Economic Geology Reviews, v. 19, p. 263-291.
Dubé, B., and Gosselin, P., 2007. Mineral Deposits of Canada: A Synthesis of Major
Deposit-Types, District Metallogeny, the Evolution of Geological Provinces, and
Exploration Methods. Geological Association of Canada, Mineral Deposits Division,
Special Publication 5, p. 49-73.
Frieman, B. M., Kuiper, Y. D., Kelly, N. M., Monecke, T., and Kylander-Clark, A., 2017.
Constraints on the geodynamic evolution of the southern Superior Province; U/Pb LA-ICPMS analysis of detrital zircon in successor basins of the Archean Abitibi and Pontiac
subprovinces of Ontario and Quebec, Canada. Precambrian Research, v. 292, p. 398-416.
Gibson, H. L. and Galley, A. G., 2007. Volcanogenic massive sulphide deposits of the Archean,
Noranda District, Quebec. in Goodfellow, W. D., ed., Mineral Deposits of Canada: A
Synthesis of Major Deposit-types, District Metallogeny, the Evolution of Geological
Provinces, and Exploration Methods, Special Publication No. 5, Mineral Deposits
Division, Geological Association of Canada, p. 533-552.
Goldie, R. J., 1976. The Flavrian and Powell plutons, Noranda area, Quebec, PhD thesis, Queens
University, Kingston, Ontario, 356 p.
Hannington, M. D., Santaguida, F., Kjarsgaard, I. M., and Cathles, L. M., 2003. Regional scale
hydrothermal alteration in the Central Blake River Group, western Abitibi subprovince,
Canada: implications for VMS prospectivity, v. 38, p. 393-42
Helt, K. M., Williams-Jones, A. E., Clark, J. R., Wing B. A., and Wares, R. P., 2014. Constraints
on the genesis of the Archean oxidized, intrusion-related Canadian Malartic gold deposit,
Quebec, Canada; reply. Economic Geology v. 109, p. 2069-2071.
Kennedy, L. P., 1985. The geology and geochemistry of the Archean Flavrian pluton, Noranda,
Quebec, PhD thesis, University of Western Ontario, London, Ontario.
Lafrance, B., 2015. Geology of the orogenic Cheminis gold deposit along the Larder Lake
Cadillac deformation zone, Ontario. Canadian Journal of Earth Sciences, v. 52, p. 10931108.
Lichtblau, A. P., 1976. Property Acquisition proposal, Powell-Rouyn Gold Mines, 17 p.
Lichtblau, A. P. and Dimroth, E., 1980. Stratigraphy and facies at the south margin of the
Archean Noranda Caldera, Noranda, Quebec, in Current research, Part A, Geological
Survey of Canada, Paper 80-1A, p. 68-76.
Mortensen, J.K., 1993. U-Pb geochronology of the eastern Abitibi subprovince, Part 2: NorandaKirkland lake area, Canadian Journal of Earth Sciences, v. 30, p. 29-41.
Mortensen, J. K. and Card, K. D., 1993. U-Pb age constraints for the magmatic and tectonic
evolution of the Pontiac Subprovince, Quebec. Canadian Journal of Earth Sciences, v. 30,
p. 1970-1980.

MERC-ME-2018-043_A

Page 27 of 29

METAL EARTH - 2018 ROUYN-NORANDA FIELD TRIP GUIDE

Percival, J.A., Skulski, T., Sanborn-Barrie, M., Stott, G. M., Leclair, A. D., Corkery, M. T., and
Boily, M. 2012. Geology and tectonic evolution of the Superior Province, Canada. Chapter
6 In Tectonic Styles in Canada: The LITHOPROBE Perspective. Edited by J. A. Percival,
F. A. Cook, and R. M. Clowes. Geological Association of Canada, Special Paper 49, p.
321–378.
Sherry, T. J., Rowe, C. D., Kirkpatrick, J. D., and Brodsky, E. E., 2012. Emplacement and
dewatering of the world's largest exposed sand injectite complex. Geochemistry,
Geophysics, Geosystems, v. 13.
White, D. J., Musacchio, G., Helmstaedt, H. H., Harrap, R. M., Thurston, P. C., van der Velden,
A., and Hall, K., 2003. Images of a lower-crustal oceanic slab: Direct evidence for tectonic
accretion in the Archean Western Superior Province. Geology, v. 31, p. 997-1000.
Wilson, M. E., 1941. Geological Survey of Canada Memoir 229, 162 p.
FIGURE CAPTIONS
Figure 1: Map showing the Rouyn-Noranda transect and the location of the field trip stops.
Figure 2: Regional geology map of the Rouyn-Noranda mining camp, showing the distribution
and type of deposits. The Powell Block is shown as the area between the Beauchastel and Horne
Creek Faults, with the location of field stops marked by black squares.
Figure 3: Outcrop sketch of stop 1a. Powell tonalite is shown as light pink, cross-cutting quartzphyric rhyolite dike is shown in dark pink and quartz-sulfide veins are shown in red. Area affected
by spotted alteration is shown as dotted.
Figure 4: Convolute flow banded contact between aphyric rhyolite dike and heterolithic breccia.
Figure 5: Secondary quartz-sulfide veins at Powell F-zone, with overprinting deformation.
Figure 6: Structural control on spotted alteration at Stop 2c.
Figure 7: Spotted alteration at Stop 3.
Figure 8: Aerial view of the Astoria trench with the upper and lower contact of the PSC indicated
by dotted yellow line. Faint dotted white line is the approximate outline of the geological map in
Fig. 9
Figure 9: Geological map of the Astoria trench (modified from Bedeaux, 2018).
Figure 10: A) fluidal peperite in mineralized turbiditic sediments; B) pillowed flows occurring
above the mineralized sedimentary unit.
Figure 11: A) Outcrop exposing 2 m thick metalliferous horizon; B) bedding in metalliferous
sediments.
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Figure 12: A) Ultramafic flow overlain unconformably by a bedded ultramafic volcaniclastic
rock; B) spinifex and elephant-hide textures in komatiite; C) rounded spinifex-bearing clasts in a
volcaniclastic/sedimentary matrix.
Figure S1: Stratigraphic column of the DMF volcaniclastic unit.
Figure S2: Lithological units and textures observed on the mafic/intermediate volcaniclastic
outcrop. A) Pumice block with vesicles up to 1 cm in diameter; B) pumice clast with quartz
amygdales as big as 3 cm in diameter; C) fluidal bomb; D) hyaloclastites located in the groundmass
and preserved from pervasive silicification; E) alternating granular lapilli-tuffs and tuffs units; and
F) finely bedded tuffs.
Figure S3: Photographs of amoeboid clasts hosted in a mafic/intermediate volcanic flow.
Figure S4: Textures observed in the vesicular porphyritic mafic/intermediate flow. A) Weathered
amalgamated quartz amygdales. B) Silicification observed in quartz amygdales and pervasive
alteration (pasty groundmass), and sausseritization of plagioclase phenocrysts.
Figure S5: Various textures observed on volcanic and intrusive units. A) Contact between
pillowed volcanics and a chilled diorite dyke. B) Hyaloclastites hosted in pillow selvages and
spherulites at the edge of the pillow margins. C) Flow banding at the diorite contact. D) Volcanic
clast incorporated in the diorite dyke.
Figure S6: A) Strongly deformed outcrop in the contact zone between the high Cr-Mg unit and
Granada Formation sedimentary rocks. Insets of B) strongly developed crenulation cleavage; C)
refolded fold; and D) bedding truncated by the high Cr-Mg unit. Inset letters in A) provides the
approximate perspective.
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2018 Larder Lake
Field Trip Guide

The field trip will start at 08.30 am on September 14th. Please make your own way
to the Visitor centre car park in Larder Lake, located at the ‘big fish’.
Ben Nevis – Larder Lake field trip guide
S. Brace1, N. St-Jean1, and K.E. Rubingh1
1,

Metal Earth, Mineral Exploration Research Centre, Laurentian University, Sudbury, Ontario, P3E 2C6

The Ben-Nevis Larder Lake transect (Figure 1), within the Abitibi Subprovince of the Superior
Province, is approximately 45km in length. The Metal Earth research areas are focused on the
northern, central and southern domains of the transect, that were chosen respectively to investigate:
- i) the low metal endowment associated with the Ben Nevis volcanic complex (2696.6 +/- 1.3 Ma)
of the Blake River Group (2701+/-3 – 2698.5+/-2 Ma) (Peloquin et al., 2008), which is otherwise
a volcanic centre comparable to the Noranda camp, that is associated with significant VMS
deposits; ii) understand the nature of the early deformational history of the Larder Lake Cadillac
Deformation Zone (LLCDZ), which is host to several significant gold mines; including the KerrAddison deposit, and iii) a series of alkaline composite intrusive rocks along the Lincoln-Nipissing
shear zone (LNSZ), that host low grade gold mineralization; further study will compare the
alteration and structure of the LNSZ with the LLCDZ.

Part 2 LLCDZ

Part 1 – Skead
volcanic rocks
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Figure 1: Regional Geological map to illustrate the Ben Nevis - Larder Lake transect with the location of
the field trip highlighted in the yellow rectangle (modified after Thomson, 1941).

The transect comprises research by two Metal Earth MSc students (Sean Brace and Nadia St. Jean),
a PhD student (Joshua Grattage) and the transect RA (Kate Rubingh). This field trip guide will
focus on the central and southern portion of the transect and is divided into two parts. The field
trip will start at the southern end in Skead Township (Figure 1), and will review the Master’s
research by Sean Brace; i.e., investigation of the nature of the Timiskaming age alkaline
magmatism, through characterization of geochemistry and field relationships on a series of weakly
mineralized syenite intrusions emplaced along the Lincoln Nipissing Shear Zone (LNSZ). The
second part of the field trip (Figure 1) will focus along the LLCDZ and will be led by Nadia St.
Jean. The northern part of the transect in the Ben Nevis volcanic complex, which is not covered in
this field guide will be investigated by the PhD student, Joshua Grattage, who has recently joined
the research team.
Part 1 – Skead Township
Regional mapping within Skead Township of the Ben-Nevis Larder Lake transect (Figure 2) was
conducted over the past two years by Sean Brace, with additional contributions by Nadia St. Jean;
under the direction of Kate Rubingh. Regional field work together with new geophysical data from
the Metal Earth aeromagnetic surveys in 2017 will assist in understanding the regional geology of
the area and nature of the LNSZ. Metal Earth has focused their work on the succession of rocks
north of the Lincoln-Nipissing shear zone, due to their complex geometries and uncertain
correlations.
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Access Point
597553E 5318417N

Access Point
596455E 5317293N

Stop 4: Webster Stock
597624E 5316884N

Stop 3: Unconformity
598724E 5316963N

Stop 1: Larder Lake Group
Volcanics
599632E 5316867N

Stop 2: MacGregor Stock
599126E 5316560N
Peridotite

1:25000

Figure 2: Regional map (modified from Hewitt, 1949) inset box in yellow for stops 1-3 shown in figure 3.

The geology of Skead Township was mapped by Hewitt (1949) and Jackson, (1994 & 1995). To
the west and south in Catharine Township, the greenstone stratigraphy is conformable. The
southern-most unit is the Pacaud assemblage (circa 2750 Ma; 2750–2735 Ma volcanic episode),
which consists of strained ultramafic to felsic rocks, mainly comprising metabasalts and gabbro.
An intercalated intermediate volcanic unit has an age of ca. 2750Ma. To the northeast of the Pacaud
assemblage, is the Catharine assemblage a continuous northwest trending, northeast younging
succession of mafic pillowed basalts and komatiitic volcanic rocks. These form the stratigraphic
basement to the overlying Skead assemblage and have an age of circa 2720Ma based on the U-Pb
zircon age of a gabbro. The Skead assemblage (ca. 2700Ma) (Ayer et al., 2005) is dominated by
the Skead pyroclastic rocks, which consist of felsic to intermediate massive to fragmental rocks.
Overlying the Skead assemblage, is the McElroy assemblage, which is a mafic to felsic succession
of volcanic and intrusive rocks, which is not dated but appears conformable with the underlying
Skead assemblage (Figure 2) (Ayer et al., 2005).
Historically, the main regional crustal scale fault associated with major gold deposits is the
LLCDZ. The significance and association with the LNSZ is currently not fully understood and this
will be further addressed through subsequent research in the area. The Lincoln-Nipissing shear
zone truncates the peridotite and overlying volcanic strata of the Larder Lake group (circa 2705
Ma; 2710–2704 Ma) (Ayer et al., 2005). North of the Lincoln-Nipissing shear zone, the geology
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changes in complexity with folded felsic and mafic volcanic rocks, komatiites, heterolithic felsic
and mafic volcaniclastic rocks and clastic sedimentary rocks; which are considered by Jackson
(1995) to be the Hearst assemblage (>2700 Ma) (Ayer et al., 2005). Intruded into these units are
mafic diorite, gabbro and a suite of felsic intrusive rocks, which range from syenite to granodiorite.
Previous exploration in the area has identified weak gold mineralization associated with quartz
and quartz–carbonate veins and veinlets potentially associated with fine grained pyrite within the
intrusive rocks. The Wisconsin-Skead stock which contains the historic Lafond showing has been
dated at 2670Ma +/- 0.7Ma. This age is coincident with the timing of the youngest Timiskaming
sedimentation and is consistent with alkaline magmatism documented in the Kirkland Lake area
(Hamilton, 2018).
Further work on the transect will examine the relationship of the intrusive bodies to gold
mineralization and the structural development of the Lincoln-Nipissing shear zone. In addition,
the intrusive stocks are composite, and further work will examine the nature of this variation and
geochronology samples will be analyzed to determine the timing of the various intrusions along
the Lincoln-Nipissing shear zone.
Stop 1 : Heterolithic Rhyolite Lapilli Tuff (599632, 5316867 ; UTM Zone 17N, NAD83)
From Larder Lake town head west on 5th avenue and take Highway 624 southwest for approximately
11km. Then turn left onto an unnamed dirt road at (597553E 5318417N) (figure 2) and travel for another
6km to reach Stop 1. Park in the large sand pit next to the outcrop.

Legend
N

Komatiite (Larder Lake Gp)
Felsic flows and volcaniclastic rocks
(Larder Lake Gp)
Heterolithic felsic lapilli tuff to
lapillistone (Larder Lake Gp)
Diorite, gabbroic intrusives and
massive mafic flows (Larder Lake Gp)

Stop 3
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Figure 3: Regional map showing the location of stops 1 – 3. At stop 1 the extent of heterolithic felsic
volcaniclastic units are illustrated along a trend from stop 1. At stop 3 the extent of komatiites is shown in
proximity to the unconformity between the Larder Lake and the Hearst assemblages (modified from
Hewitt, 1949).

The felsic volcaniclastic unit of the Larder Lake group observed here at stop 1 (Figure 3) is a
monolithic to heterolithic plagioclase felsic lapilli tuff to lapillistone (Figure 4) with a composition
comprising; i) tuff (<2mm), ii) aphyric felsic fragments, ii) minor aphyric mafic fragments;
plagioclase and quartz porphyritic felsic fragments. This locality represents the diversity in rock
types that can be found within the Larder Lake group (Figure 5) and it displays a raft of komatiite
(Figure 4) with well preserved spinifex texture (Figure 6) that has a sharp, irregular contact with
the heterolithic felsic tuff to lapillistone (Figure 4).
The other key contact which can be observed at this stop is an unconformable contact between the
heterolithic rhyolite lapilli tuff of the Larder Lake assemblage and thinly laminated mud to silt
sized layers within the Hearst assemblage. Unconformable relationships between preTemiskaming assemblages in all Superior Province greenstone belts are quite rare. Note the lack
of disturbance in the laminated layers at the contact with the rhyolite lapilli tuff (Figure 7). Within
the laminated unit various distinct textures can be observed and facing directions were
indeterminate as younging to the north was determined from normally graded beds and younging
to the south was determined from scoured beds.
Evidence of soft sediment deformation can be observed in some of the beds due to the laminated
layers being folded. In addition, discontinuous coarse grained chaotic layers can be seen along
bedding planes due to re-sedimented material along bedding planes. It has been interpreted as a
re-sedimented unit, which extends to the north (150m) and south (75m) as well as laterally (Figure
3).
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Felsic lapilli tuff to lapillistone

Komatiite

Figure 4: Raft of komatiite (right) with rhyolite lapilli tuff (left) looking southeast with hammer for scale.
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17N 599590 5316866

Figure 5: Monomict portion of the felsic lapilli tuff (yellow) with Quartz feldspar porphyry clasts (red);
looking southeast, with one-dollar coin for scale.

Spinifex Texture

Figure 6: Photograph of well developed spinifex texture within a komatiite raft, as shown in Figure 4;
Brunton compass for scale.
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Lapilli Tuff

17N 599590 5316866

17N 599590 5316866

Laminated
sediment

Figure 7: Contact between felsic lapilli tuff and laminated sediment (left) and a close up photograph
(yellow inset) of the laminated beds within the sedimentary unit (right) looking south; Brunton compass
for scale.

Stop 2: MacGregor (North) (599126E 5316560N; UTM Zone 17N, NAD83)
From Stop 1 travel back along the unnamed road for approximately 1km to reach Stop 2 on your left hand
side. Park in the grass area on the left.

The MacGregor trench is within a composite stock of gabbroic to felsic intrusives and is the most
mineralized intrusive locality along the Lincoln-Nipissing trend found thus far.
There are 5 main compositional suites within the MacGregor composite stock: 1) Hornblende-rich gabbro
2) Quartz carbonate veined leucosyenite
3) Coarse-grained, red (hematite stained) syenite
4) Pegmatitic gabbro with large hornblende phenocrysts
5) Volatile-rich gabbroic intrusive with autoliths and localized finer-grained gabbroic phases
Figure 8 shows the northern section of the trench which corresponds with the 5th suite of rocks
listed above while Figure 9 shows the southern section of the MacGregor trench and includes suites
1-4 (Figures 9A and 9B).
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Northern Section of the MacGregor trench:

A

17N 599141 5316633
Figure 8: Grid map of the north section of the MacGregor trench
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A

Plagioclase-amphibole-calcite phase
B

Autolith

Finergrained
Gabbro

Coarse-grained gabbro

Figure 8A: Coarse-grained Gabbro with finer-grained phase (blue) with autoliths (red) and plagioclaseamphibole-calcite rich phases (yellow) including detailed location of figure 8B.
B

Autolith

Plagioclase-amphibole-calcite phase

Coarse-grained gabbro

17N 599141 5316633
Figure 8B: Photograph of the coarse-grained gabbro with plagioclase-amphibole-biotite; due to the
volatile rich nature of the magma, the texture of the gabbro is almost pegmatitic. Autoliths (red) and
plagioclase-amphibole-calcite rich residual melt (yellow).
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A

A

17N 599120 5316561
Figure 9A: Quartz carbonate veining within the leucosyenite unit
B

B

17N 599135 5316591
Figure 9B: Diapir-like structure along contact between leucosyenite
and coarse-grained gabbro. This is evidence of the close timing
relationship of these magmas, which are immiscible due to the
compositional contrast.
Figure 9: Grid Map of the southern section of the MacGregor Trench
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Stop 3: Unconformity (599126E 5316560N; UTM Zone 17N, NAD83)
From Stop 2 travel back along the unnamed road for approximately 2km to reach Stop 3 on your left
hand side. Parking vehicles along the road where space permits; outcrop is on your left hand side.

Targeted mapping of the sedimentary rocks has discovered a basal conglomerate between the
Hearst and the Larder Lake assemblages (Figure 10). This is a low strain outcrop with a lower
komatiite volcanic unit that exhibits serpentinized polyhedral jointing. This progresses upward
into a coarse conglomerate with cobbles of spinifex textured ultramafic volcanic rocks and
boulders of granitoids of variable composition; which grades upwards over several meters from
the contact into a polymict conglomerate.

New occurrences of komatiites

Komatiite with conglomerate
younging to east (overturned)

Figure 10: Location of the basal unconformity with previously unmapped komatiite outcrop locations in
magenta.
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Figure 11: Sketch of the Hearst Assemblage Basal Unconformity (St. Jean and Hunt, 2017)
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Komatiite (serpentinized
cooling joints and spinifex)

Undeformed, conformable
contact

Syenite conglomerate with
komatiite matrix (Monomict,
matrix supported, unsorted,
angular clasts of veined
Syenite clasts)

Komatiite angular clast (local
spinifex texture matrix)
supported, unsorted, angular
clasts of veined Syenite
clasts)

Figure 12: Plan view photograph of the unconformity. Dashed line marks the contact between the basal
conglomerate and the komatiite. Note the truncation of the komatiite unit at the contact.

Along a northerly trend (250m), (Figure 10) additional komatiite outcrops can be found with well
developed spinifex texture. These outcrops display the transition from polygonal joints to a rubble
zone of komatiite, within <1m from the contact with strongly flattened conglomerates, however
the contact relationship with the basal conglomerate and komatiite is not exposed again. Recent
work to determine the age using TIMS on the granitoid boulders within the Hearst basal
conglomerate has been completed. The previous interpretation was that the Hearst assemblage was
>2700 Ma and this latest analysis, shows that the Hearst assemblage deposition is set within a <10
Myr interval between 2709.5-2700 Ma (Hamilton, 2018). At this contact between the komattite
and the basal conglomerate (Figures 11 and 12) no specific units within the Komatiite are cut off
and there is no distinct regolith observed. Note that unconformities within the volcanic strata of
Archean greenstones of the Superior craton are very rare.
Stop 4: Webster trench (597552, 5316884; UTM Zone 17N, NAD83)
Continue along the unnamed road from Stop 3 back towards highway 624. Turn left and head southwest
along highway 624 for approximately 1.5 km to reach access location (596455E 5317293N) (Figure 2). Turn
left onto the Bailey-Skead road, and take the first road on your left into the Webster trench area – Stop 4.
Park on the side road which accesses the trench.

The Webster trench (Figure 13) is located directly on the Lincoln-Nipissing shear zone. The
intrusive rocks are hosted in an altered pillowed basalt and gabbro (Figure 13A). Pillowed basalts
can be seen along the southern margin of the intrusion while volcaniclastic and gabbroic rocks are
observed to the north and northeast respectively. The intrusive complex itself is polyphase and
consists of gabbroic and feldspar porphyry phases (Figure 13B), that are cut by lamprophyre dikes.
The later lamprophyre dikes show textural evidence for multiple injections into previous
generations of injections throughout the intrusive complex.
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The Lincoln-Nipissing shear zone can also be seen at this trench and is a rare opportunity to see
the expression of an otherwise poorly exposed regional structure. The shear zone has been defined
by a moderate to strong flattening fabric parallel to the shear zone margins and a steep downdip
mineral lineation defined by chlorite. The shear zone is discrete and is associated with a strong
NNW-SSE fabric, which is cross-cut by an NE-SW fabric interpreted as being related to the
regional D3 event. which is then overprinted by a late N-S fabric. At this locality, the latest
movement on the shear zone is a dextral strike slip motion, as evidenced by a shallowly plunging
horizontal lineation defined by chlorite, and dextral shear sense indicators on the horizontal
surface. The dominant alteration observed here is iron carbonate and chlorite alteration (Figure
13C and 13D) however regionally, along the trend of the shear zone, chlorite, ankerite, fuchsite
and sericite alteration are observed, which is similar to the alteration observed along the main
LLCDZ.
Figure 13: Drone image of Webster trench (Transition Metals Ltd., 2018)
17N 597552 5316884
B

A
D
C

MERC-ME-2018-043_B

Page 15 of 28

METAL EARTH - 2018 LARDER LAKE FIELD TRIP GUIDE

A

B

17N 597576 5316898

C

17N 597547 5316916

D

17N 597538 5316896

17N 597538 5316896
Figure 14: Photographs A-D to illustrate features at the Webster trench outcrop (Figure 13). (A) Gabbro
with coarse biotite booklets. (B) Feldspar porphyritic texture. (C) Mafic dyke illustrating the expression of
the LNSZ, highlighted by yellow dashed lines in Figure 13. (D) Detailed image of Figure 14C, with coin for
scale to illustrate iron carbonate alteration and quartz veins.
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Part 2 – The Larder Lake Cadillac Deformation Zone
The second part of the field trip, led by Nadia St. Jean (Metal Earth MSc student) will examine the
relationship at the contact between the Larder Lake Group, mafic – ultramafic volcanic rocks
(equivalent to the Piché group in Quebec) (2710–2704 Ma, Ayer et al., 2005) and the Timiskaming
sediments, a fluvial-alluvial marine sedimentary facies (2681-2672 Ma, Frarey and Krogh 1986;
Corfu et al. 1989; Corfu and Noble 1992; Ayer et al. 2005). This contact is defined as the LLCDZ;
an east –west trending 250km long regional crustal scale fault, host to several significant gold
mines; the Kerr-Addison and several smaller deposits, of which the Cheminis property will be
visited on this field trip.
The main objective of the research project is to determine the early architecture of the contact, and
ascertain whether this contact was initially an unconformable relationship or primarily a structural
break. Additional goals of the project are to develop an understanding of the volcanic stratigraphy
of the Larder Lake Group, and relate the stratigraphy and structural geology to gold mineralization
along the LLCDZ.
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Figure 15: Regional geology map of the Larder Lake area from Kerr Addison to Cheminis mine site. Modified after Thomson, 1941.

598270E, 5328431N

Stop 5

Cheminis mine site

Stop 6 + 7

608057E, 5333900N

METAL EARTH - 2018 LARDER LAKE FIELD TRIP GUIDE

Page 18 of 28

METAL EARTH - 2018 LARDER LAKE FIELD TRIP GUIDE

Stop 5: Cheminis mine site, Contact between Larder Lake Group and Timiskaming
sediments. (599305, 5330169; UTM Zone 17N, NAD83)
Drive approximately 5 km east of Larder Lake along Highway 66. Park on the shoulder and follow the
path to the first outcrop.

This stop is an excellent location to observe the contact relationship between the older Larder Lake
Group volcanic rocks and the younger Timiskaming marine turbidites (Figure 16). The north
contact between the two assemblages marks the location of the (LLCDZ).

Outcrop 3

Outcrop 2

Outcrop 1

Figure 16: Detailed map on the Cheminis mine site of the northern and southern contact between the
Larder Lake Group volcanic rocks and the Timiskaming sediments.

The first outcrop stop illustrates the type of mafic and ultramafic volcanic rocks that characterize
the Larder Lake assemblage. Highly strained pillowed basalts show the degree of deformation and
flattening of these units and indicate that these mafic volcanic rocks were effusive flows erupting
in a submarine environment.
Further down the path, four new trenches have been exposed showing the southern contact between
ultramafic and mafic volcanic flows and the Timiskaming sediments. All lithologies are present
and comprise ultramafic volcanic flows, pillowed and autobrecciated mafic volcanic rocks and
MERC-ME-2018-043_B
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greywacke to siltstone sedimentary rocks. Normal graded bedding in the sediments is consistently
south younging; locally younging into the mafic volcanic units (Figure 17). Bedding is oblique to
the contact which is subparallel to an S2 foliation. The contact between these units is sharp with
no obvious fault observed, although there is an increase from moderate to high strain in both
lithologies proximal to the contact. S2 is the dominant, pervasive fabric and occurs as a sericite or
chlorite foliation, whereas S3 is a weaker spaced chlorite to sericite foliation. S2 is rotated by S3
in a sinistral shear sense (Figure 18). S2 is clockwise with respect to bedding, whereas S3 is anticlockwise with respect to bedding, consistent with the structural relationships mapped north of the
LLCDZ (Lafrance, 2015).

Figure 17: Detailed mapping of southern contact between Larder Lake Group volcanic rocks and the
Timiskaming sediments. The outcrop shows that the sediments are consistently south younging, towards
the older mafic volcanic rocks of the Larder Lake Group.
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Figure 18: Outcrop 2 of field trip stop 5. Detailed mapping of southern contact between Larder Lake
Group volcanic rocks and the Timiskaming sediments. There is evidence of a sinistral rotation of S2 by S3
fabric and the contact between the mafic volcanic rocks and the greywacke is moderately strained.
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The third outcrop stop is the north contact between the Larder Lake Group and the Timiskaming
sediments, which has historically marked the LLCDZ. At this stop, the Timiskaming marine
turbidites are in contact with the ultramafic volcanic rocks. The contact is gradational with a
fragmental unit containing rounded felsic and carbonatized clasts between them (Figure 19). Both
units have undergone potassic and carbonate alteration with moderate strain proximal to the
contact. Approximately ten meters north of this contact, normal graded bedding is younging to the
south, consistent with the younging at the last outcrop. Possible implications of this relationship
could be a discrete fault zone imbricating the Larder Lake Group into the Timiskaming sediments
or a conformable contact between the two.

Figure 19: Outcrop 3 of field trip stop 5. Carbonatized fragments/clasts within Timiskaming sediment,
proximal to the contact with the ultramafic flow (north contact). Flattening fabric observed is S2. Hand
lens for scale. Looking north.
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Stop 6 (OPTIONAL FIELD TRIP STOP): Roadcut outcrop, Contact between Larder Lake
Group and Timiskaming sediments. (604776, 5331950; UTM Zone 17N, NAD83)
Drive approximately 10 km east of Larder Lake along Highway 66, turn right into Virginiatown South on
old Highway 66 and park at the Visitor’s Centre. Walk back towards Highway 66.

This outcrop is a recently created roadcut which has exposed the LLCDZ, marked by the north
contact between the Larder Lake Group volcanic rocks and the Timiskaming sediments. This
roadcut is a unique opportunity to study the structure and stratigraphy of both units and the
relationship between the two.
The Larder Lake Group volcanic rocks comprise intercalated komatiite flows with variolitic,
perlitic and pillowed to massive mafic volcanic flows as well as interflow graphitic mudstones
(Figure 20 a, b). Although these units are intercalated, in general the contacts between the mafic
and ultramafic flows have been later faulted. Locally mafic dykes intrude the mafic volcanics and
show evidence for argillic alteration of the host mafic units. The Timiskaming sediments at this
location are comprised of sandstone to mudstone of the marine turbidite facies. The normal graded
bedding is consistently younging to the south, towards the Larder Lake Group.

12

1

11
2
10

3

4
Figure 20a: Detailed lithological and structural map of the LLCDZ5in Virginiatown, with key locations
labelled (1-10).
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6
7
8
9

Figure 20b: Detailed lithological and structural map of the LLCDZ in Virginiatown, with key outcrop
locations labelled (1-10)

Towards the contact between the two assemblages, there is an increase in strain, potassic and
carbonate alteration and transposed quartz veining. Rotation and dragging of S2 at the contact also
indicates D3 dextral oblique movement with the north block moving down towards the east.
Approximately 3-4 m of the Timiskaming sediments immediately north of the contact appear to
contain ultramafic to mafic material in the form of thin lenses and compositional mixing. In thin
section, this is observed as thin seams/lenses of chlorite and FeMg-carbonates and locally fuchsite
within the sedimentary layers (Figure 21). This compositional transition is similar to what is
observed at the north contact at Cheminis, however the degree of strain is higher. Pulp samples
were analyzed with the portable XRF at 10 cm intervals from the ultramafic flow into the
Timiskaming sediments and results showed sporadic higher Cr concentrations within the
sediments, gradually decreasing away from the contact; Cr content is indicative of primary
ultramafic composition.
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Figure 21: Thin section of Kerr Addison site drill core from the transition zone within the Timiskaming
sediments; proximal to the contact with ultramafic flows. Figure 21, shows chlorite and carbonate
lenses/layers within Timiskaming sediment. The sedimentary unit has been significantly deformed and
the layers show the degree of flattening.

The structural paragenesis shows a pervasive S2 foliation/fracture cleavage striking ENE and a
spaced S3 foliation/fracture cleavage striking NE. The S3 fabric increases locally and particularly
towards the contact between the two assemblages. Locally, S2 is rotated by S3 in a dextral shear
sense. A series of faults crosscut stratigraphy. The earliest faults are pre-syn D2 and are
characterized by cataclasite and en-echelon quartz veins, typically occurring at lithological
contacts. These faults generally strike ENE and are overprinted by the S2 fabric, which is later
dragged and rotated during D3 in a dextral shear sense. A later series of NW-SE striking graphitic
faults crosscut all units and are infilled with quartz-calcite. The latest fault is a large scale sinistral,
NE-striking fault which offsets all units and the LLCDZ. It is parallel to a larger sinistral fault
mapped by Thomson (Thomson, 1941), with approximately 300 m sinistral offset of the LLCDZ.
An interesting feature of this outcrop is also the inversion in stretching lineations south of the
LLCDZ. The L2 stretching lineation is plunging to the SW which is opposite from the NE plunging
MERC-ME-2018-043_B
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L2 lineation typically observed north of the LLCDZ and within the Timiskaming sediments,
indicating that the L2 lineation has been folded or re-oriented during D3.
Stop 7: School yard outcrop. Folded ultramafic flow within Timiskaming sediments
(604959, 5332159; UTM Zone 17N, NAD83)
Walk back to old Highway 66, outcrop is in school yard on the left.

The final field trip stop showcases the structural complexity of the contact between the Larder
Lake Group and the Timiskaming sediments. At this outcrop, the ultramafic flows are in sharp
contact with the Timiskaming sediments and the contact has been folded twice (Figure 22).
The key relationship observed at this outcrop is the continuous contact between the Timiskaming
mudstone and Larder Lake Group ultramafic volcanics in which bedding is parallel to the contact,
with no evidence for faulting. Tension veins occur perpendicular to this contact, within the
Timiskaming sediments and do not continue into the ultramafics, caused by the competency
difference between the two lithologies. F2 folds are generally ENE striking with an axial planar
S2 fracture cleavage to chlorite/sericite foliation. F2 folds have folded and transposed bedding in
the sediments; a primary foliation in the ultramafics, and the tension veins following the contact.
Therefore, the contact between the two assemblages was in place prior to D2. F3 folds have
refolded the two units with an axial planar S3 chlorite to sericite foliation. At a smaller scale,
rotation of S2 into the S3 fabric indicates a sinistral shear sense, which is inverse to the regional
shear sense of D3 structures.
This relationship likely indicates that the orientation of the LLCDZ, pre-D3, at this locality, was
NE, which would result in a sinistral movement from NW-SE directed compression. The
significant findings from this outcrop are the lack of an obvious fault at the contact, bedding
parallel to the contact and pre-D2 brittle quartz veins. This suggests either a conformable contact,
or a pre-D2 brittle structure, which would have emplaced the Larder Lake Group into the
Timiskaming sediments.
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Figure 22: Detailed map of folded Timiskaming-Larder Lake Group contact. The contact between the two assemblages is sharp with no
evidence for faulting. Bedding in the sediment is parallel to the contact, which has been folded by both F2 and F3 folds.
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2018 Malartic
Field Trip Guide

MALARTIC - STRATIGRAPHIC AND STRUCTURAL SETTING OF GOLD AND
NICKEL DEPOSITS IN THE SOUTHERN ABITIBI AND PONTIAC SUBPROVINCE

Malartic mapping crew Brendon, Naomi and Luc are investigating the Marbenite shear zone, east
Malartic, Quebec

Authors and Excursion Leaders: Xiaohui Zhou, Bruno Lafrance, Brendon Samson and Danielle
Shirriff
Mineral Exploration Research Centre, Harquail School of Earth Sciences, Laurentian University,
935 Ramsey Lake Road, Sudbury, Ontario, P3E 2C6
Introduction of the Malartic Transect
The Malartic transect area is a roughly 100 km-long, highly metal-endowed district which covers
Neoarchean volcano-sedimentary and plutonic rocks in the southern Abitibi and Pontiac
Subprovince (Figure 1 and 2). Major scientific topics include stratigraphic and structural setting
of nickel (e.g. Cubric showing) and gold deposits (e.g., lode gold occurrences near Canadian
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Malartic gold deposit), Provenance and age of sedimentary succession basins (Timiskaming,
Cadillac, Kewagama and Chicobi Group), fault kinematics and timing of generally westnorthwest–striking regional shear zones (Parfouru, La Pause, Norbenite and Marbenite shear zones)
subparallel to Cadillac-Larder Lake break, and evolution of La Motte pluton and Northern and
Southern

Manneville

faults.

Multi-disciplinary

(stratigraphy,

structure,

geochemistry,

geochronology and geophysics) research on these topics will further our understanding of the early
evolution of greenstone belts and place formation of mineral deposits in complete crustal-scale
geological processes. The transect results will help to identify the relationship between features
identified on the Metal Earth reflection seismic profiles and the controls on mineral deposits,
particularly lode gold and Cu-Ni deposits.

Figure 1 Tectonic framework of the Abitibi greenstone belt, modified from Thurston et al. (2008). The
geology of the southern Abitibi greenstone belt is based on Ayer et al. (2005) and the Québec portion on
Goutier and Melançon (2007). Abbreviations and acronyms used on the map are listed. The Malartic
transect is indicated by a red solid line.
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Figure 2 Regional geological map of the Malartic transect, modified from SIGEOM 2017. Major groups
and formations as well as regional faults are listed. The Canadian Malartic mine is indicated by a yellow
star. Each lithological unit can be found on the SIGEOM interactive map
(http://sigeom.mines.gouv.qc.ca/signet/classes/I1108_afchCarteIntr).
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This field trip guide highlights preliminary results from the 2017 and 2018 field seasons along the
Malartic transect (Figure 1 and 2). During this field trip, we will examine the stratigraphic and
structural setting of vein-type gold deposits hosted in metasedimentary and metavolcanic rocks
(Pontiac, Cadillac, Timiskaming and Piché Group) within or near the Cadillac-Larder Lake
Deformation Zone, as well as little-known nickel-copper mineralization (Cubric Showing) in
metavolcano-sedimentary rocks (Malartic Group) in the Southern Manneville Fault Zone, which
is interpreted as a splay of the Porcupine-Destor-Manneville Fault Zone.
Regional Geological Setting of the Malartic Transect Area
The Abitibi greenstone belt is divided into seven volcanic stratigraphic episodes (see Thurston et
al., 2008, and references therein) based on similarity of age intervals, stratigraphy and
geochemistry (Figure 1): pre- 2750 Ma, 2750-2735 Ma (Pacaud assemblage), 2734-2724 Ma
(Deloro assemblage), 2723-2720 Ma (Stoughton-Roquemaure assemblage), 2719-2711 Ma (KiddMunro assemblage), 2710-2704 Ma (Tisdale assemblage), 2704-2695 Ma (Blake River
assemblage). In the La Motte-Malartic area (Figure 2, 3, 4), the ca. 2714-2706 Ma (Pilote et al.,
1999) La Motte-Vassan Formation of the Malartic Group composed predominantly of komatiites
and basalts corresponds to the upper Kidd-Munro assemblage. The ~ 2706 Ma (Pilote et al., 2014)
Piché Group, constituted largely of ultramafic to mafic intrusions and schists with minor felsic
volcanic rocks and sediments, is equivalent to the lower Tisdale assemblage. The 2704-2702 Ma
(Pilote et al., 1998) Louvicourt Group, composed of mafic to intermediate volcanic rocks and
minor intermediate to felsic volcaniclastic rocks, is equivalent to the lower Blake River assemblage.
Three metasedimentary packages are recognized in the Abitibi Subprovince in this area: < 26912685 Ma Kewagama Group (Feng and Kerrich, 1991; Davis, 2002), composed chiefly of mudstone
and wacke typical of a turbidite sequence; < 2685 Ma Cadillac Group (Davis, 2002), constituted
largely of turbiditic siltstone and wacke, with minor biotite-chlorite-actinolite schist and felsic
volcaniclastic rocks; and < 2677-2672 Ma Timiskaming Group (Davis, 2002; Pilote et al., 2015),
composed of crossbedded siltstone and sandstone and polymictic conglomerate, which is typical
of a fluvial-alluvial depositional environment. These metavolcanic-metasedimentary rocks are
intruded by several felsic plutonic suites: the 2681-2660 Ma Preissac Batholith (Ducharme et al.,
1997), the 2680-2640 Ma La Corne Batholith (Machado et al., 1991), and the 2647-2642 Ma La
Motte Batholith (Ducharme et al, 1997; Machado et al., 1991).
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Figure 3 Simplified geological map of the Abitibi and Pontiac Subprovinces in the La Motte-Malartic area.
Field trip stops are indicated. Modified from Mueller et al. (2008).

MERC-ME-2018-043_C

Page 5 of 23

METAL EARTH - 2018 MALARTIC FIELD TRIP GUIDE

Figure 4 Lithostratigraphic column and related U-Pb geochronology data, modified from Bedeaux et al.
(2017) and Pilote et al. (2015). Source: 1. Davis (2002), 2. Pilote et al. (2015), 3. Mortensen (1993), 4.
Corfu et al. (1989), 5. Pilote et al. (1999), 6. Zhou, unpublished data.

The < 2697-2685 Ma Pontiac Subprovince (Davis, 2002) to the south of the Abitibi Subprovince
is predominantly composed of turbiditic mudstone and wacke, rare conglomerate, with minor ironrich amphibolite and garnetite and mafic and ultramafic flows (e.g., Perrouty et al., 2017). The
supracrustal rocks are intruded by several felsic plutons: the 2682 Ma Lac Fournière Pluton (Davis,
2002), the 2679-2676 Ma Sladen intrusion (Helt et al., 2014; De Souza et al., 2015, 2016), and the
2668-2663 Ma Décelles Batholith (Mortensen and Card, 1993).
Although supracrustal rocks in the Abitibi and Pontiac Subprovince are metamorphosed to
greenschist or amphibolite facies, primary volcanic and sedimentary structures are still preserved
(Mueller et al., 2008). Rocks in the area are variably deformed. Multiple phases of ductile
deformation are commonly present in east-to-southeast–striking crustal scale fault zones, namely
the Destor-Porcupine-Manneville Fault Zone and Cadillac-Larder Lake Fault Zone (Figure 2). The
Destor-Porcupine-Manneville Fault Zone has two splays in the La Motte area: the Northern and
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Southern Manneville Fault. The Northern Manneville Fault separates the volcanic rocks of the
Kinojévis Group from the metasedimentary rocks of the Lac Caste Formation of the Kewagama
Group, whereas the Southern Manneville Fault separates metasediments of the Lac Caste
Formation from mafic and ultramafic flows of the La Motte-Vassan Formation (Malartic Group).
The Cadillac-Larder Lake Fault Zone defines the boundary between Abitibi and Pontiac
Subprovince.
Malartic Field Trip Road Logs and Stop Descriptions
Stop 1 Pontiac sandstone and conglomerate, south of Cadillac-Larder Lake Fault (712511,
5331613; UTM Zone 17, NAD 83)
Follow Highway QC-117 in Malartic and turn west onto Rue Lasalle (270 m), turn left onto
Chemin du Lac Mourier (5.5 km), turn right onto a gravel road (300 m). Stop 1 is on the west side
of the gravel road.
We discovered a ten-metre thick polymictic clast-supported conglomerate unit that has not been
reported in the Malartic area within the Pontiac Subprovince. At this newly-exposed outcrop,
southern coarse-grained sandstone shows west-striking subvertical (S0 268°/82°, right hand rule,
hereinafter) thinly (10-30 cm) normal graded bedding, indicating younging direction is towards
the north (Figure 5A). A gradual contact is present between a southern sandstone unit and the
conglomerate (Figure 5B). The southern portion of the conglomerate is dominated by subrounded
large sandstone clasts with minor small granitoid clasts and a matrix of coarse-grained sandy
material (Figure 5B). The granitoid clasts appear to decrease towards the north. A west-striking
subvertical sharp curviplanar contact separates the southern conglomerate and northern
conglomerate. The northern conglomerate is dominated by subangular sandstone clasts (Figure
5C). The contact between the northern conglomerate and the sandstone is not well exposed and is
obscured by a thin layer of schist. Two deformation phases have been identified at this outcrop.
The principal cleavage is defined by aligned biotite, quartz and feldspar in sandstone and flattened
clasts in conglomerate (Figure 5B). This west-striking subvertical closely-spaced continuous
cleavage (295°/81°) is clockwise to north-younging bedding, which is consistent with regional
scale S-folds in the Pontiac: the cleavage is clockwise to north-younging beds on the long limb of
a regional S-fold and anticlockwise to south-younging beds on the short limb. This cleavage is
bent clockwise locally and Z-folded, producing a southwest-striking subvertical late reverse kink
MERC-ME-2018-043_C
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band cleavage (220°/78°; Figure 5D). The sandstone at this outcrop contains abundant staurolite
and garnet porphyroblasts (Figure 5A). A metamorphic study by Piette-Lauzière (2017) suggests
that peak amphibolite facies metamorphism occurred at 2657 ± 7 Ma, which is an isochron Lu-Hf
age for three garnets in sandstone of the Pontiac Subprovince.
This polymictic conglomerate in Pontiac is significantly different from Timiskaming-type
conglomerate. The Pontiac conglomerate is dominant by sandstone clasts with minor small
granitoid clasts, whereas Timiskaming conglomerate has pebble-cobble–size clasts of granitoids,
sandstone, chert, felsic volcanics and mafic volcanics. Further detrital zircon work will help
understand the provenance and maximum depositional age of this conglomerate.

Figure 5 Pontiac sandstone and conglomerate. All plan view. Compass and pen point to the north. See
text for details.

Stop 2 Timing of hydrothermal activity within turbiditic sedimentary rocks and associated
vein generations (Stripping TR16-10; 708141, 5341183; UTM Zone 17, NAD 83)
Head north on Highway QC-17 from Malartic, turn south onto Chemin de la Gravière. Continue
for 2 km turn left on new logging road and park. Walk along a cut line for ~50 m until stripping.
This large, recently-stripped outcrop exhibits primary sedimentary features, multi-phase brittle and
ductile deformation structures and complex auriferous vein systems within the central section of
MERC-ME-2018-043_C

Page 8 of 23

METAL EARTH - 2018 MALARTIC FIELD TRIP GUIDE

the sedimentary basin of the Cadillac and Timiskaming groups north of the Larder Lake-Cadillac
Deformation Zone (LLCDZ). The bedrock consists of normal graded sandstone to mudstone
interlayered with laminated mudstone, as well as, coarse-grained, massive or normal graded
bedded sandstone. Primary bedding is younging to the north and has a strike of 290˚, steeply
dipping towards the north. The main cleavage is a spaced disjunctive cleavage defined by biotite
porphyroblasts, striking 280˚ and dipping steeply to the north. The cleavage is oriented
anticlockwise to bedding. Younging reversals and tight fold hinges are locally observed on this
outcrop where their axial planes are parallel to the main cleavage of this outcrop. The fold axes
are plunging moderately towards 105˚ which is parallel to the main stretching lineation defined
also by the biotite porphyroblasts. The cleavage, lineation and tight folds are interpreted as the
earliest generation of deformation structures which formed during N-S shortening.
Four generations of quartz veining (V1 to V4) defined by their mineralogy, geometry and crosscutting relationships are present (Figure 6E, F, G).
V1 veins (Figure 6A) occur in more competent sandstone layers and are oriented subparallel to the
refracted main cleavage. These veins are comprised of dark quartz and are formed in en echelon
arrays throughout the sandstone layers. They range in width from ~2 mm to 3 cm and their length
extends either partly or for the entire width of the layer. Gold mineralization has not been
previously documented in these veins.
V2 veins (Figure 6B) are 2 to 5 cm think, ~10 cm long, quartz-albite-Fe-carbonite-biotite tension
gashes oriented sub-perpendicular to the mineral stretching lineation, suggesting that they formed
during the development of the lineation. Gold mineralization has not been previously documented
in these veins.
V3 veins (Figure 6C) are composed of smoky to white quartz and range in width from 2 to 10 cm
and their length usually extends for the entire width of the sandstone layer. These veins occurs as
S-shaped sigmoidal en echelon veins emplaced during sinistral shearing parallel to bedding. Gold
mineralization has not been previously documented in these veins.
V4 veins (Figure 6D) are extensional veins composed of black smoky to white quartz. They have
a 100˚ strike and are dipping steeply to the south. They are oriented anticlockwise to bedding and
are typically tightly s-shaped, folded similar to V3 veins, suggesting that they formed during the
MERC-ME-2018-043_C
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same deformation, albeit later, than the V3 veins. V4 veins have widths of ~1 mm to 25 cm and
are surrounded by a 5-10cm wide alteration halo consisting of chlorite and arsenopyrite (visible in
outcrop), as well as, carbonate, tourmaline, and biotite (indicated by petrographic analysis). Gold
mineralization is associated with these veins.
Late dextral bedding-parallel shearing affected all vein generations as indicated by (1) the
clockwise rotation of the tips of V1 veins (Figure 6A), (2) Z-shaped folding of V2, (Figure 6B),
(4) extension (boudinage) and overprinting of V4 veins by dextral shear bands (Figure 6D), and
(5) by the presence of Z-shaped flanking folds adjacent to V4 veins.
Brittle deformation structures, such as conjugate sets of northwest-striking subvertical “S”-shaped
and north-to-northeast–striking subvertical “Z”-shaped kind bands, and northeast-striking
subvertical sinistral Riedel-shear fault, overprint all other structures.
Field relations at this stop reveal that these gold-bearing extension veins were emplaced late during
or after regional folding of the Cadillac basin, and were Z-folded and displaced during late dextral
shearing. Gold mineralization at the Canadian Malartic gold deposit, which is located south of the
Cadillac-Larder Lake fault, is interpreted to have been emplaced during regional folding in Pontiac
sedimentary rocks (De Souza et al., 2016). Therefore, gold mineralization in the Cadillac basin
could be structurally coeval or slightly later than that of the Canadian Malartic mine in the Pontiac
Subprovince.
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Figure 6 Cadillac basin sedimentary rocks and veins. A) Dark quartz, en echelon V1 veins; B) Quartz, albite,
Fe-carbonate, and biotite Z-shaped sigmoidal V2 tension gashes; C) Smoky to white quartz, s-shaped
sigmoidal en echelon V3 veins; D) Black smoky to white quartz, extensional V4 veins; E) V1 veins cut by V2
veins; F) V1 veins cut by V3 veins; G) V2 veins cut by V4 veins.

Stop 3 Timiskaming-style conglomerate and sandstone with V2 and V4 veins (Stripping
TR16-02; 706373, 5341667; UTM Zone 17, NAD 83)
Return to main logging road and continue south. Turn right (west) at next intersection and drive
west along the logging road for ~1.5 km until we reach the next stripping.
This outcrop is an excellent example of Timiskaming conglomerate interlayered with massive and
normal graded sandstone (Figure 7A) within the Cadillac sedimentary basin. It shows similar
structural features as the previous outcrop, i.e. early V2 tension gashes oriented perpendicular to
the stretching lineation (Figure 7B), S-shaped V4 veins oriented anticlockwise of bedding, and late
Z-shaped folds and dextral shear bands (Figure 7C). However, the cleavage, which is defined by
flattened clasts in conglomerate, is oriented clockwise of south-younging bedding (Figure 7A),
suggesting that this outcrop and the previous outcrop (Stop 2) are located on opposite limbs of a
regional fold. As the auriferous V4 veins retain their anticlockwise orientation to bedding on both
outcrops and fold limbs, this suggests that gold mineralization was emplaced either after or late
during regional folding of the Cadillac basin.
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Figure 7 Timiskaming-style conglomerate and veins. A) Timiskaming polymictic conglomerate
interlayered with massive and normal graded sandstone. Cleavage defined by stretched clasts within the
conglomerate are oriented clockwise to south-facing beds. B) V2 quartz, albite, Fe-carbonate, and biotite
tension gash oriented roughly perpendicular to the stretching lineation. C) V4 smoky quartz extension
vein oriented anticlockwise to bedding has been boudinaged and cut by dextral shear bands.

Stop 4 Contact relationships between quartz-feldspar porphyry, Timiskaming-style
conglomerate and the mafic volcanics of the Piché Group (704944, 5341789; UTM Zone 17,
NAD 83)
Drive back to main access road and continue south. Drive along the logging road until the next
intersection (~1km, ME-104.00 Sign) and turn west (right). Continue along this logging road for
~3km until we reach the outcrops.
Recent logging in the area has exposed the contact between the Piché Group and rocks of the
Cadillac basin. The contact is folded around a regional syncline and is exposed on two outcrops
located on the northern south-younging limb (this stop) and on the southern north-younging limb
(Stop 5) of the syncline.
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Three lithologies are observed: (1) aphanitic mafic volcanic rocks (including tuff breccia) of
the Piché Group, (2) turbiditic wacke and conglomerate of the Cadillac group, and (3) quartz
feldspar porphyry. The porphyry occurs at the contact between rocks of the Piché and Cadillac
groups. All these rocks are tightly folded by parasitic folds to the larger map-scale syncline and
overprinted by a regional cleavage (285˚/88˚; Figure 8A) axial planar to those folds (Figure 8B).
This cleavage is anticlockwise to north-facing beds and clockwise to south-facing beds. The
mineral lineation plunges moderately to the east (trend and plunge: 58˚107˚, hereinafter). The
decrease in abundance of mafic volcanic clasts in the conglomerate (Figure 8C, D, E, F) away
from the contact to the Piché metavolcanic rocks suggests that this contact was likely an erosional
unconformity.
There are two possible scenarios:
(1) The porphyry intruded along the contact between Piché metavolcanics and Cadillac
sedimentary rocks, and it masks the original contact relationship between Cadillac and Piché rocks.
In this case, the porphyry is younger than both Piché and Cadillac rocks.
(2) The porphyry is older than the Cadillac sedimentary rocks and represents basement to the
Cadillac group, which is unconformably deposited above the porphyry and Piché.
In both cases, late dextral shear overprinted the contact and thus obscured these relationships.
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F

Figure 8 Porphyry, Piché volcanics and Timiskaming conglomerate northern contact. A) Quartz-feldspar
porphyry with a pressure solution cleavage defined by metamorphic biotite; B) Turbiditic wacke with tight
folds; C) Timiskaming-style polymictic conglomerate adjacent to the Quartz-feldspar porphyry. Dominated
by granitoid clasts with abundant mafic clasts; D) A polymictic conglomerate further away from the
porphyry. Note the decrease in mafic clasts and increase in sedimentary clasts; E) A polymictic
conglomerate even further away from the porphyry. There is now an absence of mafic clasts and the
conglomerate is dominated by sedimentary clasts; F) Contact between the porphyry and turbiditic wacke.
Bedding within the turbidite is at a low angle (~8˚) to the contact.
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Stop 5 Timiskaming/Cadillac conglomerate’s southern contact to Piché chlorite schist
(704900, 5341115; UTM Zone 17, NAD 83)
Drive south till the end of the logging road. Park the vehicle and walk southward across the logged
area and bush for 10 minutes. Be careful of fallen trees and branches and soft muddy area.
This stop is located on the opposite, southern north-younging limb of the regional syncline visited
at the last stop. This outcrop shows a sharp curviplanar contact between polymictic conglomerate
and Piché mafic metavolcanic rocks (Figure 9A, B). The conglomerate youngs to the northeast
(Figure 9C) away from the contact with the metavolcanic rocks, and mafic clasts are present in the
conglomerate next to the contact, suggesting that the contact represents an erosional unconformity.
This unconformity was then Z-folded and overprinted by the regional cleavage (Figure 9D) during
the formation of the regional syncline. It is also locally sheared as indicated by asymmetrical strain
shadows around clasts in conglomerate, indicating southwest-side-up, dextral movement.
Field relations at this stop and Stop 4 suggest that sedimentary rocks (< 2685 Ma; Davis, 2002) in
the Cadillac Basin are originally deposited unconformably on Piché metavolcanic rocks (ca. 2706
Ma; Pilote, 2015). Piché metavolcanic rocks were uplifted and then eroded as lithic fragments
which were transported to the base of the Cadillac basin. This unconformity contact was then
overprinted by regional folding and principal cleavage.
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Figure 9 Timiskaming conglomerate’s southern contact to Piché chlorite schist. Compass and pen point to
the north. See text for details.

Stop 6 Fold interference patterns in the La Motte-Vassan formation of the Malartic Group
(711182, 5357215; UTM Zone 17; NAD 83)
Drive back to the Highway QC-117N. Head west on Highway QC-117N towards Rue Authier (4.4
km), slight right onto Rue Principale (500 m), turn left onto Rue Principale/Highway QC-109N.
Continue to follow Highway QC-109N (13km). Park away from the turn. Be careful of the traffic.
Walk eastward onto a path and follow the orange flagging tapes.
In the spring of 2018 a high resolution (~50 m spacing) airborne drone survey was completed to
assist in regional mapping of the La Motte-Vassan formation of the Malartic Group because of the
limited outcrop exposure and the presence of strongly magnetic units (komatiite and oxide facies
iron formation). The high resolution aeromagnetic map shows an east-to-northeast–striking,
upright, regional isoclinal fold refolded by northeast–striking open folds.
The outcrop shows an isoclinally folded east-striking quartz vein refolded by late tight to open
NE-trending folds (Figure 10). This fold interference pattern mimics the map pattern outlined by
the magnetic survey and thus not only validates the map-scale interpretation but also illustrates
how structural patterns are repetitive on all scales.

MERC-ME-2018-043_C

Page 17 of 23

METAL EARTH - 2018 MALARTIC FIELD TRIP GUIDE

Figure 10 Fold interference pattern near the Cubric showing.

Stop 7 Cubric Nickel Prospect, Southern Manneville Fault (711038, 5357050; UTM Zone 17;
NAD 83)
Walk southward for 5 minutes following the orange flagging tapes.
The Cubric stripped outcrop is located along strike of the past-producing Marbridge Mine. The
outcrop includes mafic and ultramafic rocks, chert and oxide-facies iron formation, intruded by
coarse-grained gabbro (Figure 11A) and monzogranitic and mafic dikes (Figure 11B, C).
Pegmatitic pods occupy the centre of the gabbroic intrusion (Figure 11D). The ore zones consist
of pyrite-chalcopyrite-pyrrhotite-pentlandite-magnetite lenses (Figure 11E) and are located near
the contact between the gabbro and chert/iron formation. The earliest deformation feature is a
cleavage preserved in angular, randomly-oriented, mafic volcanic clasts within the coarse-grained
gabbro (Figure 11A). Notwithstanding this early cleavage, all rocks have a strong foliation. This
foliation is crenulated and folded by upright, open folds (Figure 11F) with an axial planar
crenulation cleavage. The pegmatitic gabbro has a U-Pb zircon age of ca. 2680 Ma (Shirriff,
unpublished data), which provides a minimum age limit for the development of the early cleavage
and a maximum age limit for the formation of the strong foliation overprinting all rocks.
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Two hypotheses will be tested using ore textures and trace element geochemistry to determine the
origin of the mineralization: (1) the mineralization is magmatic, deposited during the emplacement
of the ultramafic rocks, and remobilized in the iron formation during deformation, or (2) the
mineralization is hydrothermal and upgraded during deformation by nickel remobilized from the
ultramafic rocks.

Figure 11 Bedrock and deformation structures at the Cubric Nickel Prospect. All plan view. Hammer,
compass and pencil point to the north. See text of Stop 7 for details.

Stop 8 Marbridge area, Southern Manneville Fault (Stop 8a, 709016, 5358465; Stop 8b
708952, 5358407; UTM Zone 17; NAD 83)
Walk back to the vehicles. Head northeast on QC-117N towards Ch. Des 5 & 6 Range E (2.6 km),
turn left onto Chemin Preissac (4.7 km), turn left onto Rue du Nickel (1.2 km), turn left and
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continue driving to the end of the path. Be careful of the bumpy area at the Marbridge mine
entrance.
Two outcrops at Stop 8 show foliated mafic flows of the La Motte-Vassan formation of the
Malartic Group and various dikes that intrude the mafic flows. The dikes are good markers to
constrain timing of the principal cleavage and associated folds in the Southern Manneville Fault
Zone. Stop 8a shows a biotite-quartz-feldspar porphyry dike intruding pillowed basalt that
typically contains an epidote core in the centre of each pillow. Both basalt and porphyry dike are
foliated. The east-striking subvertical cleavage is defined by flattened pillows and aligned biotite
in the dike. The porphyry dike is isoclinally folded with an axial planar cleavage (Figure 12A).
The biotite and/or chlorite lineation, developed on this cleavage, plunges moderately (50°-58°) to
the east (086°-108°). A U-Pb zircon age of ca. 2681 Ma was obtained from this porphyry dike,
which constrains the maximum age of the formation of the strong foliation.
At Stop 8b, the mafic flow is intruded by two felsic dikes and one mafic dike. The mafic dike is
cut by one biotite-quartz-feldspar porphyry dike (Figure 12B), which appears to be the same
composition as the dike at Stop 8a. The other felsic dike contains abundant foliated mafic xenoliths
and non-foliated mafic intrusion xenoliths (Figure 13C). Sulfide (pyrrhotite) xenoliths are also
found in this dike. The xenolith-rich dike is Z-folded and there is a late west-striking subvertical
cleavage that is axial planar to this late Z-fold. The mafic dike is boudinaged and the boudin neck
is also parallel to this late cleavage (Figure 13D). The xenolith-rich felsic dike only yielded three
inherited zircon ages of ca. 2693 Ma, 2703 Ma and 2709 Ma. We will also attempt to obtain an
apatite U-Pb age from this xenolith-rich granitoid dike, which will give us the maximum age of
the strong foliation and minimum age of sulfidation.

MERC-ME-2018-043_C

Page 20 of 23

METAL EARTH - 2018 MALARTIC FIELD TRIP GUIDE

Figure 12 Marbridge area. All plan view. Compass and pencil point to the north. See text of Stop 8 for
details.
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Introduction
Archean greenstone belts in the Superior Province are variably endowed with base and precious
metal resources despite similarities in rock types, ages and tectonic settings. For example, both the
Abitibi and Western Wabigoon Subprovinces formed during a similar time frame in the
Neoarchean (~2750-2700 Ma) and are comprised mainly of juvenile mafic volcanic successions
that were emplaced in a subaqueous environment. However, while the Abitibi Subprovince
contains numerous base and precious metal deposits (e.g., >150 Moz Au), the Western Wabigoon
Subprovince contains only a few (e.g., < 10 Moz Au). Identifying the factors contributing to
variable metal endowment in greenstone belts represents one of the primary goals of the CFREF
Metal Earth Research Program, led by Laurentian University. To constrain these factors, the
MERC-ME-2018-043_D
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geology of the poorly mineralized Western Wabigoon Subprovince (WWS) is being resynthesized
in order to develop a new geodynamic model for its formation and to compare to better mineralized
belts in the Superior Province.
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Fig. 1 – Geologic map of the Dryden-Stormy area highlighting the regional deformation zones and locations
visited on this field trip.
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This field trip represents an introduction to the major stratigraphic units and structural domains in
the central WWS, along the Dryden-Stormy geological and geophysical transect (Fig. 1). The
WWS is composed of 2750-2715 Ma mafic volcanic successions, 2715-2710 Ma Porcupine-like
turbiditic successions, and ~2703-2696 Ma Timiskaming-like conglomeratic successions
(Beakhouse, 1995; Dostal et al., 2004; Davis, 2005; Corcoran and Mueller, 2007). These
supracrustal packages underwent greenschist facies metamorphism (protolith names are being
used for simplicity) and were variably intruded by 2750-2680 Ma granodioritic to tonalitic plutonic
rocks. They are juxtaposed between Meso- to Neoarchean gneissic-plutonic rocks of the Winnipeg
River and Marmion terranes (Fig. 1). Outcrops that provide a representative view of the
stratigraphy and structure of the Dryden-Stormy area will be visited. In particular, this field trip
will focus on domains adjacent to the Wabigoon, Manitou-Dinorwic, and Mosher BayWasheibemaga deformation zones. These deformation zones represent major regional structures
that accommodated deformation and acted as possible fluid conduits and, thus, are potential host
to structurally controlled gold occurrences. Furthermore, understanding of these zones is critical
for interpretation of the newly acquired seismic and magnetotelluric data sets that have been
collected as part of the Metal Earth project.
This field trip begins at the parking lot of the Twin Towers Restaurant (13790 ON-17, Dryden, ON
P8N 2P6) on Highway 17 ~13 km to the east of Dryden, ON. From the Twin Towers restaurant,
take a left onto Highway 17 and take the first left onto Elm Bay Road. Stay left at the fork and
proceed south on Elm Bay Road ~350 m to a large shed. Take a left at the shed, continue on the
drive for ~20 m, and park at the top of the entrance to the gravel pit. The outcrop occurs ~50 m to
the east of the parking area.

Stop 1: Structure observed in the Porcupine-like, Thunder Lake sediments north of the
Wabigoon deformation zone (UTM: 15U 522540 mE, 5512550 mN)
This stop illustrates structures common to domains along the Wabigoon deformation zone (Wdz)
and areas to the north, which Beakhouse et al. (1995) referred to as the Sioux Lookout domains.
These domains display a different metamorphic grade (upper greenschist to lower amphibolite
facies) from areas to the south of the Wdz suggesting that they represent a deeper crustal level.
Furthermore, Porcupine-like turbiditic rocks of the Thunder Creek sediments are restricted to
domains to the north of the Wdz (Fig. 1) and have been interpreted to be in conformable contact
with mafic volcanic rocks of the 2735-2730 Ma Brownridge volcanics (Davis and Trowell, 1982;
Beakhouse, 2000). Locally, the Porcupine-like Thunder Creek sediments are interbedded with
magnetite-bearing banded iron formation (BIF). Both the sedimentary and volcanic rocks are
complexly folded and faulted forming a broad zone of ductily deformed rocks. The outcrop at this
stop is comprised mainly of greywacke of the Thunder Creek sediments with minor mafic dikes,
felsic dikes, and quartz veins. Two main deformation events can be recognized including an early
phase of shortening (D1) and a later phase of dextral strike-slip or transpression (D2). Early
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shortening resulted in isoclinal F1 folds with steeply-plunging fold axes that are easily observed in
the northern portion of the outcrop (Fig. 2). The dominant foliation (S1) observed here and within
the Wdz is east-trending, subvertical and defined by aligned grains of chlorite or biotite.
Progressive deformation (D2) was characterized by a transition to dextral shear. D2 shear resulted
in re-folding of F1 folds forming asymmetric F2 Z-folds and boudinage of quartz veins forming σclasts (Fig. 2).
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Fig. 2 – An outcrop map of the features observed in the Porcupine-like Thunder Creek sediments that occur
north of the Wabigoon deformation zone at stop 1.
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Asymmetric F2 Z-folds display an axial planar S2 crenulation cleavage that is NE-trending and
moderately-dipping towards the NW (Fig. 2). Lastly, a late-stage of deformation is documented at
this locality. In the central portion of the outcrop, a small-scale sinistral fault crosscuts the S1/S2
fabrics.
Return to highway 17 via Elm Bay Road and take a right on the highway to head east. Continue
on the TransCanada for ~20 km to Robertson Road, which is ~3 km after the junction of Highway
17 with Highway 72 towards Sioux Lookout. Take a right onto Robertson Road and park alongside
the road before the first curve. Outcrops occur along the side of Highway 17 directly south of
Robertson Road. At this stop, please be aware of the highway traffic and, if available, wear high
visibility safety gear.

Stop 2: Structure and characteristics of the Manitou-Dinorwic deformation zone along
highway 17 at Robertson Road (UTM: 15U 556780 mE, 5501875 mN)
This stop displays structures common to the Manitou-Dinorwic deformation zone (MDdz). The
MDdz is a major, regional, northeast-trending high-strain corridor that extends for >60 km along
strike from Upper Manitou Lake in the southwest through Dinorwic Lake in the northeast where
it is exposed along highway 17 (Fig. 1). The MDdz hosts a number of orogenic gold occurrences,
mainly in the southwest near Upper Manitou Lake where a series of early 20th century mines
collectively produced ~20,000 Oz of gold (Parker, 1989). Along its length, the MDdz is marked
by intense fabric development, heterogeneous alteration, silicification, and structurally controlled
quartz-carbonate veins. At this stop, deformed basaltic rocks display a subvertical foliation that
strikes towards the northeast (~045/88). Aligned grains of chlorite on these foliation surfaces
plunge steeply to the south (82180). These fabric relationships are interpreted to reflect a
transpressional strain regime. In several locations at this outcrop area, the dominant northeasttrending foliation can be observed to overprint an earlier ~east-trending fabric that is interpreted
to relate to deformation associated with the Wdz. This suggests that peak deformation along the
MDdz post-dates D1 shortening and, potentially, D2 shear along the Wdz.
Several generations of veins can be observed at this locality. Early-formed composite quartzcarbonate veins are irregularly folded and are roughly foliation parallel (Fig. 3). Banded vein
structures suggest cyclic emplacement during progressive deformation. These veins are texturally
associated with a younger generation of shallowly- to moderately-dipping vein sets. Both of these
vein generations are locally associated with narrow zones of disseminated sulfide minerals and Fecarbonate alteration halos (Fig. 3B). In contrast, a late generation of veins are represented by
discontinuous, moderately- to shallowly-dipping arrays of tension gashes. These are mainly filled
with calcite and no observable wall rock alteration. The calcite-filled tension gashes crosscut the
foliation and all earlier generations of veins and forming prominent erosional surfaces, particularly
in the southern portion of the outcrop.
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Ongoing work along the MDdz seeks to constrain the kinematic history, timing of deformation to
other regional deformation zones (e.g., the Wabigoon and Mosher Bay-Washeibegama
deformation zones), and potential relationships to orogenic gold mineralization. To establish these
relationships detailed structural mapping, geochemical, and paragenetic studies are being
conducted by Metal Earth researchers, which includes this locality.

Fig. 3 – Features associated with the Manitou-Dinorwic deformation zone at stop 2. (A) Strongly foliated
basalt with composite, early-formed quartz-carbonate veins. (B) Steeply-dipping veins with associated
sulfide and Fe-carbonate alteration of the host rock.

When you are done observing the outcrops at this location please return to your vehicles and
carefully turn them around to return to Highway 17 (there is a driveway just up the road). At
Highway 17 turn right to continue east on the TransCanada. Proceed along the highway for ~8.5
km past Jackfish Lake to Snake Bay Road and turn right. Drive south on Snake Bay Rd for ~9 km
and park along the side of the road. This field trip stop occurs on the east side of the road along
an old logging access trail.

Stop 3: Intermediate volcanic facies in the north-central portion of the transect line (UTM:
537755 mE, 45488770 mN)
This stop illustrates stratigraphic variation of the volcanic greenstone successions in the northcentral portion of the study area south of the Wdz. It is unclear if these rocks are part of the
Kawashegamuk (~2740-2730 Ma) or Boyer Lake (2725-2720 Ma) volcanics (Fig. 1). Based on
apparent structural continuity with the Boyer Lake volcanics, Parker (1989) considered these rocks
to be part of the Boyer Lake volcanics. However, new mapping indicates that these rocks may
belong to the Kawashegamuk volcanics as they are separated from the Boyer Lake volcanics by a
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poorly defined deformation zone. Several new geochronological samples have been collected in
an effort to resolve this ambiguity. Regardless, volcanic greenstone successions in this area consist
of mafic to intermediate volcanics with minor felsic flows. These include massive to pillowed
flows, flow breccia, hyaloclastite, and lapilli to crystal tuffs. Outcrops at stop 3 chiefly consist of
intermediate volcanics that are andesitic to dacitic in composition. Near the road, outcrops of
intermediate dacitic flow breccia dominate (Fig. 4B). These units are locally crosscut by several
parallel quartz-feldspar porphyry (QFP) dikes with irregular intrusive contacts (Fig. 4A). A larger
(10s of m), lobate shaped body of QFP can be observed further along the trail to the north. By
following the trail from the first outcrops, a small exposure of a vesicular pillowed flow can be
observed (Fig. 4C). The pillows are coherent, display well-developed selvages, are northyounging, and contain abundant, large (>1 cm) vesicles. Continuing along the trail, abundant
outcrops occur on a large hill to the northeast. These variably consist of flow top breccia or
hyaloclastite (Fig. 4D). Textures are most commonly clast-supported and contain abundant cuspate
fragments, reflecting primary quench fragmentation.

Fig. 4 – Stratigraphic variation observed in intermediate volcanic rocks in the north-central portion of the
transect area seen at stop 3. (A) A syn-deformational quartz-feldspar porphyry dike that crosscuts
intermediate flow breccia. (B) Clast-supported flow breccia of intermediate composition. (C) Coherent,
MERC-ME-2018-043_D
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vesicle-rich pillowed facies. (D) Hyaloclastic facies that contains abundant cuspate fragments indicative of
quench fragmentation.

Return to your vehicles and continue along Snake Bay Road. Travel ~16 km southward to a large
cliff face outcrop that occurs prior to Stormy Lake. Park along the side of the road as this is the
location of stop 4 where deformation associated with the Mosher Bay-Washeibegama deformation
zone can be observed.
Stop 4: Structure associated with the Mosher Bay-Washeibemaga deformation zone in the
Boyer Lake Group volcanics (UTM: 15U 539445 mE, 5475085 mN)
The Mosher Bay-Washeibemaga deformation zone (MBWdz) is a major east-trending deformation
zone that occurs in the central portion of the study area (Fig. 1). It juxtaposes older mafic volcanic
rocks of the Boyer Lake volcanics to the north with younger sedimentary and volcanic rocks of
the Stormy Lake Group to the south and has been inferred to be a crustal-scale structure (Dostal et
al., 2004). To the north of this field trip stop, pillowed volcanic rocks are essentially unstrained,
steeply-dipping and north-facing, forming the south limb of a km-scale syncline (Fig. 5A). In
contrast, at stop 4, pillow basalts of the Boyer Lake volcanics are more strongly affected by ductile
strain that is localized along the MBWdz. Pillows are still facing to the north but are flattened into
parallelism with a north-dipping foliation (284/67). Based on these observations, it is inferred that
the MBWdz involved an early history of north-over-south thrust kinematics. Progressive
deformation along the MBWdz is characterized by a transition to dextral strike-slip and
transpressional strain. Kinematic indicators are difficult to observe at this location and are better
recognized within deformed sedimentary rocks of the Stormy Lake Group to the south. Vein type
mineralization is rare along the MBWdz. At this stop, narrow (<5 cm) shears contain foliation
parallel quartz-carbonate veins. These are associated with narrow sulfide mineralization in the host
basalt. No significant mineralization is documented at this locality, although thesis-based research
at this location will investigate the potential indicators for mineralization in more detail. Basalts at
this stop locally contain large (1-5 mm) pyrite grains and calcite filled selvages and ‘eyebrow’
structures, which are interpreted to relate to primary volcanic emplacement.
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Fig. 5 – Features observed in the Boyer Lake volcanics to the north of the Mosher Bay-Washeibegama
deformation zone. (A) Unstrained pillows that occur outside of the high-strain zone associated with the
MBWdz. (B) Foliated and flattened pillow basalt within at the margin of the high-strain zone associated
with the MBWdz.

Return to your vehicle and continue south on Snake Bay Road. The next stops (5 and 6) occur
along a recently (2017-18) constructed logging access road. This road is ~3.6 km from stop 4
before Katisha Lake (Fig. 6). Turn right on to the logging access road and continue for ~1.8 km
to a large hilltop where the road begins to veer south. At this spot, there is a small parking area
where the vehicles can turn around and/or park. We will walk down the hill from this parking area
~200 m to stop 5. Stop 6 occurs back towards Snake Bay Road where there is a large T in the road.
Park near the T where abundant exposures occur.

Stops 5 and 6: Sedimentary and volcaniclastic facies of the Timiskaming-like Stormy Lake
Group (Stop 5 UTM: 538145 mE, 5471500 mN; stop 6 UTM: 538860 mE, 5471955 mN)
The Stormy Lake Group is a syn-orogenic, Timiskaming-like sedimentary and volcanic succession
that is structurally bound by the MBWdz in the north and is in unconformable contact with
Wapageisi mafic volcanic rocks to the south (Fig. 1). Stops 5 and 6 occur along a newly
constructed logging access road providing a unique opportunity to observe exceptionally wellpreserved primary depositional features of the Stormy Lake Group (Fig. 6).
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Fig. 6 – Geologic map of the southern margin of the Stormy Lake Group showing the extent of the logging
access road where stops 5 and 6 occur.

Stop 5 occurs at the base of the Stormy Lake Group where large outcrops of conglomerate and
sandstone occur. The larger outcrop area is separated from the basal unconformity of the Stormy
Lake Group by a ~30 m bog. To the east of the bog several large outcrops of sheared conglomerate
and sandstone occur. These display steeply dipping, northeast-trending foliations (302/86) and
sinistral S-C fabrics indicative of simple shear kinematics. Across, the bog a small area of the basal
conglomerate is preserved along its contact with mafic volcanic rocks. There, irregularly
weathered talus material occurs that may represent an in-situ weathering profile (Fig. 7A). The
contact is irregular and moderately- to steeply-dipping to the north. Above the blocky talus, locally
derived, angular, matrix-supported gravel sized clasts dominate. The basal unconformity can be
traced to the west for several hundred meters where conglomerate units form a similar
unconformity with felsic intrusive rocks (Corcoran and Mueller, 2007).
Across the bog to the north, alternating beds of conglomerate and sandstone from a ~300m thick
succession of north-facing and moderately-dipping (~50-60°) units (Fig. 7B). The conglomeratic
units are polymictic with clast sizes ranging from gravel to cobble. The clasts are well-rounded
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and, in part, comprised of felsic volcanic, mafic volcanic, jasperoid, BIF compositions.
Conglomerates occur as thick, m-scale amalgamated beds as well as in association with sandstones
as thinner (<10 cm) normally graded units (Fig 7B). Sandstone units range from coarse sandstone
to fine-greywacke and locally planar and trough crossbeds can be observed. Sedimentary structures
such as grading, pebble channel lags, and crossbeds consistently indicate younging towards the
north. The observed primary sedimentary features at stop 5 are interpreted to reflect deposition in
a subaerial alluvial/fluvial environment similar to the Timiskaming assemblage in the Abitibi
Subprovince (e.g., Hyde, 1980).
At stop 6 felsic volcaniclastic rocks can be observed (Fig. 7D-F). While mafic to felsic flows are
well-documented in the Stormy Lake Group (Corcoran and Mueller, 1998; Dostal et al., 2004),
volcaniclastic facies are poorly documented. Thus, exposures on this newly constructed logging
road provide a unique opportunity to better describe the volcaniclastic facies present in the basin.
Observed volcaniclastic rocks at stop 6 include ash, crystal-rich, lapilli and breccia tuffs (Fig. 7DF) that conformably overlie the conglomerate-sandstone facies that occur in a lower portion of the
stratigraphy at stop 5 (Fig. 7A and B). In general, the volcaniclastic rocks are ungraded forming
meters-thick units that display sharp depositional contacts (Fig. 7F). Crystal-rich tuffs dominate
the southern side of the road at this location. These contain abundant, mm-scale phenocrysts of
quartz and feldspar within a fine-grained matrix. Lapilli to breccia tuff dominate the north side of
the road, are generally matrix-supported, and contain abundant angular clasts of felsic volcanic,
porphyrytic, and more rare mafic volcanic composition (Fig. 7D). Locally, thin (<10 cm) beds of
graded lapilli to ash tuffs can be observed that may represent pyroclastic flow deposits (Fig. 7E).
Volcaniclastic units can be observed for ~175 m along the northern extension of the road at stop
6. Near the end of this section a thick unit of clast supported lapilli tuff breccia can be observed.
Imbricated clasts and additional clast compositions observed lower in the stratigraphy are
interpreted to reflect some degree of re-sedimentation. Stratigraphically above this unit, to the
north at the end of the road, a coarse boulder conglomerate can be observed (Fig. 7C). The boulder
conglomerates contain abundant felsic volcanic and intrusive material that is well-rounded. This
unit indicates that high relief/high energy environments existed in the WWS during the
Neoarchean.
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Fig. 7 – Representative sedimentary and volcaniclastic textures observed in the Stormy Lake Group at stops
5 and 6. (A) The basal unconformity of the Stormy Lake Group with mafic volcanic rocks of the Wapageisi
volcanics observed at stop 5. (B) Conglomerate-sandstone facies that comprises much of the lower
stratigraphic section of the Stormy Lake Group at stop 5. (C) Boulder conglomerate that stratigraphically
overlies volcaniclastic deposits north of stop 6. (D) Ungraded, matrix-supported tuff breccia observed on
the north side of the road at stop 6. (E) A thin, normally graded pyroclastic unit observed near stop 6. (F)
The depositional contact between crystal-rich tuffs and tuff breccias along the logging access road east of
stop 6.
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Introduction
The Geraldton-Onaman transect extends from the granite-greenstone eastern Wabigoon
subprovince through the Beardmore-Geraldton belt (BGB) to the metasedimentary Quetico
subprovince (Fig 1), using the classical terrane nomenclature. The transect thus crosses the eastern
Wabigoon-Quetico subprovince boundary marked by major, crustal-scale faults with Au
mineralization typical of large mineral systems associated with trans-lithospheric structures (Lu et
al., 2013). The northern part of the transect lies within the Onaman-Tashota belt (OTB) a
greenstone belt straddling the proposed boundary between the Winnipeg River and a poorly
constrained terrane in the eastern Wabigoon subprovince (Tomlinson et al., 2004; Lu et al., 2013).
The OTB consists of several volcanic and sedimentary assemblages ranging in age from 2975 Ma
to <2707 Ma all intruded by 2922-2692 Ma granitoid plutons (Stott et al., 2002). The north end of
the transect starts in the 2968-2975 Ma Tashota assemblage that consists of felsic tuffs and mafic
volcanic rocks, and continues southward to the 2740 Ma Willett assemblage with tholeiitic
pillowed mafic volcanic rocks (Stott et al., 2002). In the southern part of the OTB, the transect
intersects the 2740 Ma Elmhirst-Rickaby assemblage of calc-alkaline mafic to felsic volcanic
rocks that were interpreted as the manifestation of a continental margin arc that formed during
subduction along the southern margin of the eastern Wabigoon subprovince (Stott et al., 2002).
To the south of the Onaman-Tashota greenstone belt lies the Beardmore-Geraldton belt (BGB), a
poly-deformed series of fault-bounded panels bounded by the Paint Lake fault and the BankfieldTombill fault to the north and south respectively. The BGB is thus a transitional terrane along the
boundary between the eastern Wabigoon subprovince and the Quetico subprovince and consists of
three metavolcanic and three metasedimentary rock panels. The metavolcanic panels consist of ca.
2725 Ma massive to pillowed mafic and intermediate volcanic flows with lesser felsic to
intermediate pyroclastic rocks that represent back arc, island arc and oceanic crust-like
geodynamic environments from northern to the southern metavolcanic units, respectively (Carter,
1987; Williams, 1987; Kresz and Zayachivsky, 1991; Shanks, 1993; Tomlinson et al., 1996; Hart
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et al., 2002; Lavigne, 2009). The northern, central and southern (NSU, CSU, SSU)
metasedimentary units of the BGB consist of conglomerates, massive, graded and interlayered
sandstones and mudstones and minor iron formation which were deposited as a single, southwardprograding, syn-tectonic clastic foreland wedge between ca. 2700 Ma and 2694 Ma unconformably
atop of the metavolcanic rocks (Pye, 1952; Horwood and Pye, 1955; Mackasey, 1975, 1976;
Barrett and Fralick, 1985; Devaney and Fralick, 1985; Devaney and Williams, 1989; Tóth et al.,
2018b).
To the south of the BGB lies the Quetico subprovince that is composed predominantly of 2700 Ma
to 2690 Ma upper greenschist to amphibolite facies interbedded sandstones and siltstones derived
from the Eastern Wabigoon domain (Williams, 1991; Fralick and Kronberg, 1997; Fralick et al.,
2006). The Quetico metasedimentary rocks represent the distal aquabasinal facies of the foreland
basin clastic wedge formed at the southern margin of the Eastern Wabigoon domain during the
northerly drift of the Wawa subprovince (Devaney and Williams, 1989).
Two mapping teams, a PhD student and a research associate, carried out the field work during the
2018 field season that focused on mapping and reviewing the geology of the southern half of the
transect. The main focus of the field work has been to improve the constraints of the volcanic
stratigraphy of the Onaman-Tashota greenstone belt, to better understand the deformation events
superimposed on the transect, particularly along the major, domain-bounding crustal scale
structures and to characterize various mineralization styles in the Onaman-Tashota and the
Beardmore-Geraldton greenstone belts.
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Figure 1. Geological map and field trip stops of the Geraldton-Onaman transect. Modified after OGS, 2011.
Refer to the next page for the legend.
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STOP 1 – BOUNDARY BETWEEN THE QUETICO AND WABIGOON SUBPROVINCES
Stop 1A Metasedimentary rocks of the Quetico subprovince
Road cut exposure along Trans Canada Highway 11 2.6 km south of the snowman in Beardmore,
ON; UTM 16 429597E, 5492253N
The massive and graded sandstones and siltstones of the northern Quetico subprovince were
deposited between ca. 2700 Ma to 2694 Ma (Tóth et al., 2018b). The metasedimentary beds were
tilted to a subvertical position during their D1 accretion to the southern boundary of the Wabigoon
subprovince, and were subsequently transposed parallel to S2 foliation that strikes WSW and dips
steeply to the north. No unequivocal younging indicators were found at this location, but the
consistent normal grading that was observed on outcrops for over one kilometre southwards
suggests that the sequence is younging to the north. The metasedimentary rocks display
increasingly intense Fe-carbonate alteration towards the subprovince-bounding fault (Fig. 2A).
Along a few cm thick shear zones that are spaced 20 to 50 cm apart, the dominant S 2 foliation
becomes more intense and closely spaced. A weak, steeply NW-plunging mineral lineation is
defined by chlorite along S2 foliation planes (Fig. 2B) that indicates a dominantly vertical
movement along the subprovince-bounding fault. A second foliation (S3) oriented ACW to S2 is
defined by spaced to continuous white mica and chlorite and strikes SW with a subvertical
northerly dip (Fig. 2C). Southwest striking quartz-filled tension gashes extend a few decimetres
across S2 foliation and are buckled by small S-shaped open folds that are similar to ENE- to NEstriking veins in the BGB which were emplaced during D2 sinistral transpression (Fig. 2D; Tóth et
al., 2018a).
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Figure 2. Field photographs from the northern Quetico subprovince. A) Disseminated and vein-related Fecarbonate alteration in metasandstone. B) Steeply-plunging mineral lineation defined by chlorite and Fecarbonate along S2 foliation plane in metasandstone. C) Regional S2 foliation and S3 foliation oriented
anticlockwise to S2 in metasandstone. D) East-southeast-striking regional S2 foliation and quartz-filled
tension gashes oriented anticlockwise to S2.

Stop 1B Pillowed mafic flows of the southern volcanic unit of the BGB
Road cut exposure along Trans Canada Highway 11 ca. 1.7 km south of the snowman in
Beardmore; UTM 16 430129E, 5493140N
Mafic to intermediate amygdaloidal pillowed and massive flows of the southern volcanic unit in
the BGB are exposed at this stop (Fig. 3A). The pillowed mafic volcanic rocks closest to the
subprovince-bounding fault were bleached and affected by Fe-carbonate alteration and
silicification. The flattening of pillows and amygdules as well as preferentially oriented spaced to
continuous chlorite and mica aggregates define the main S2 foliation that strikes WSW and dips
steeply to north. Local S2-parallel shear zones are up to a metre thick and are localized along
lithological contacts (e.g. between two mafic flows) or are spaced several metres apart. Along the
shear zones, the pillows become extremely flattened and attenuated, the S2 foliation intensifies and
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becomes more closely spaced, and Fe-carbonate veins are transposed parallel to S2 foliation. A
strong lineation is defined by stretched amygdules (Fig. 3B) and by mafic mineral streaks (e.g.
chlorite) along S2 foliation that plunges steeply towards NW. The steeply plunging mineral
lineation suggests that the D2 deformation was dominated by dip slip movement. The clockwise
rotation of the main S2 foliation adjacent to quartz veins (Fig. 3C) and the south-side up
displacement of quartz veins parallel to S2 (Fig. 3D) indicate south side up movement along the
subprovince-bounding fault during D2 deformation. A strong second foliation (S3) oriented ACW
to S2 foliation strikes SW and dips subvertically to NW that is consistent with the reactivation of
the shear zones during D3 dextral shearing.
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Figure 3. Field photographs from the southern volcanic unit (SVU) of the BGB. A) Flattened and attenuated
mafic pillowed flow. B) Amygdules in the mafic pillowed flow were stretched so that they define a steeplyplunging stretching lineation. C) Clockwise rotation of the S2 foliation adjacent to folded quartz vein
indicates south-side up movement. D) South-side up displacement of a quartz vein along S2 foliation.

STOP 2 – THE “UNCONFORMITY” OUTCROP
Follow Trans Canada Highway 11 for 42 km east from the snowman in Beardmore (7.5 km east
of the Jellicoe General Store). Turn south (right) onto the Leopard Lake Road and follow it for 4.5
km until a gate to an aggregate pit is seen on the right side. After parking the vehicles in front of
MERC-ME-2018-043_E
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the gate, walk along the east side of the pit to the southeast corner of the pit. UTM 16 467564E,
5501783N.

Figure 4. Geological map of the “Unconformity” outcrop exposing the sheared contact between the
southern volcanic and southern sedimentary units of the BGB. The coordinates are provided in NAD83 UTM
Zone 16 projection.

The sheared contact between the mafic volcanic rocks and the banded iron formation on this
outcrop may represent the unconformity separating the ca. 2725 Ma southern volcanic unit and the
ca. 2700 to 2694 Ma southern sedimentary unit (Fig. 4). Both the mafic volcanic rocks of the SVU
and the banded iron formation of the SSU are metamorphosed into upper greenschist to lower
amphibolite grade. The subvertical laminae of the iron formation strike easterly. The laminae of
the BIF are folded by a gentle S-shaped F2 fold with a strong axial planar S2 cleavage that is
generally subparallel to bedding (Fig. 5A). The contact between the mafic volcanic rocks and the
BIF is parallel to S2 foliation (Fig. 5B). Bedding and the contact between the mafic volcanic rocks
and the BIF, which were transposed parallel to S2 foliation, are folded by Z-shaped, tight, eastplunging F3 folds with a strong axial plane foliation (S3) that is oriented a few degrees
anticlockwise to S2 cleavage (Fig. 5C). The F3 folds are crosscut by a strong foliation oriented ca.
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25˚ anticlockwise to bedding (S3’) that formed axial planar to gentle, Z-shaped F3’ folds (Fig. 5D).
The two Z-shaped fold generations indicate progressive dextral shearing along the contact between
the SVU and SSU. Whereas this exposure may be an unconformity, we note the absence of a
regolith and/or an angular relationship between bedding trends in the two units.

Figure 5. Field photographs from the “Unconformity” outcrop. A) Laminae of banded iron formation folded
by gentle S-shaped F2 fold with a strong axial plane cleavage. B) The sheared contact between the mafic
volcanic rocks (left) and the banded iron formation (right) is parallel to regional S2 foliation. C) Tight Zshaped F3 fold overprinted by S3’. D) Open Z-shaped F3’ fold with axial planar S3’ cleavage.

STOP 3 – THE MISSING LINK
After returning to Trans Canada Highway 11 on Leopard Lake road, drive 230 m west on the
highway, and turn north onto the Kinghorn Road. Proceed along Kinghorn Road for 6.9 km. Find
the Missing Link exposure on the west (left) side of the road. UTM 16 466755E, 5511224N.
The Missing Link outcrop exposes pillowed flows of the ca. 2740 Ma (Stott et al., 2002) ElmhirstRickaby assemblage (Fig. 6). The pillows are strongly flattened and attenuated parallel to the
regional ENE-striking, steeply dipping S2 foliation. Two sets of quartz-Fe-carbonate veins strike
NE and are oriented anticlockwise to S2 foliation (Fig. 7A). One of these veins sets is characterized
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by fibrous and laminated textures, whereas the other vein set consists of lensoid veins. A third
quartz-Fe-carbonate vein set is boudinaged parallel to the main S2 foliation. Z-shaped flanking
folds with orientation similar to F3 folds in the BGB were formed around the NE-striking veins
(Fig. 7B). The description and photographs of the Missing Link exposure were modified after Tóth
et al., 2018a.

Figure 6. Geological map of the Missing Link exposure. The coordinates are provided in NAD83 UTM Zone
16 projection. After Tóth et al., 2018a.

Figure 7. Field photographs from the Missing Link exposure. A) Quartz-Fe-carbonite veins oriented parallel
and anticlockwise to regional S2 foliation in flattened and attenuated pillowed mafic volcanic rocks. B) The
regional S2 foliation is folded by Z-shaped flanking folds around NE-striking quartz-Fe-carbonite vein.
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STOP 4 – THE KENTY ZN-PB-CU SHOWING
Continue north on Kinghorn road for ca. 18 km, to km 25.5. The Kenty showing can be accessed
from three cross trenches that connect with the road. UTM 16 457121E, 5516756N. Property of
Hickman Prospecting.
The Kenty Zn-Pb-Cu showing is hosted within the 2740 Ma Elmhirst-Rickaby assemblage, a calcalkaline volcanic assemblage composed of a lower unit of pillowed mafic flows overlain by a thick
sequence of monolithic and locally heterolithic intermediate volcaniclastic rocks and minor felsic
flows and domes. The local stratigraphy in the area consists of: 1) a lower intermediate
volcaniclastic unit comprising tuff breccia, lapilli-tuff, and feldspar crystal tuff; 2) a spherulitic
flow banded rhyolitic flow (Fig. 8A) with an in-situ brecciated flow top indicating younging to the
south; and 3) an upper intermediate volcaniclastic package of heterolithic intermediate tuff
breccias that contain angular and locally sub-rounded fragments and thin interbeds of laminated
tuff (Fig. 8B). The sequence is intruded by four separate dike swarms: 1) an intermediate feldspar
porphyry that intrudes the mineralized zone; 2) a series of thin fine-grained mafic dikes that
predominantly intrude the top of the felsic flow where it is overlain by tuff breccia; 3) a single,
highly sericite-altered, fine-grained felsic dike; and 4) a late lamprophyre dike with sharp chilled
margins.
Mineralization at the Kenty showing occurs in two distinct styles: 1) a Zn-Pb-Cu+/-Au-Ag-W
sulfide stringer zone dominated by cm- to mm-scale anastomosing veinlets of sulfides mainly
comprising pyrite-sphalerite-galena with minor chalcopyrite; 2) a folded and boudinaged Fecarbonate-quartz vein that follows the contact between the sericitized felsic dike and the
intermediate tuff breccia. These two styles represent a complex mineral system with an early, synvolcanic VMS-like mineralization, overprinted by a later orogenic vein-style mineralization.

Figure 8. Field photographs from the Kenty Zn-Pb-Cu showing. A) highly spherulitic rhyolite flow with
flow banding defined by spherulite content and size, B) interlayered laminated tuff layers within the
heterolithic intermediate tuff breccia overlying the rhyolite flow.
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STOP 5 – GOLDEN MILE EAST EXTENSION
Continue along Kinghorn Road to km 30. The exposure is located on the east side of the road ~
500 metres after the road division ends. UTM 16 453087E; 5517864N. Property of Argonaut
Gold.
The Golden Mile East extension is hosted within tonalitic phase of the Elmhirst pluton, a 2737 Ma
syn-volcanic composite pluton (Fig. 9). Gold mineralization occurs as several crack-seal textured
quartz veins with minor sulfides that are localized near narrow, fine-grained mafic dikes. Assays
from diamond drill holes intersecting the exposed veins at depth yielded gold values up to over 5
g/t (Vanstone, 2009; Haroldson, 2011). Hematite and Fe-carbonate alteration is associated with
the veins and is localized mainly on the western side of the veins, suggesting this may represent
the hanging wall to the mineralization. Following the emplacement of the tonalite and the mafic
dikes, a strong spaced (2-6 mm) foliation (S1) was formed that is defined presumably by chlorite,
micaceous minerals and epidote in the tonalite that is axial planar to steeply SSE-plunging
asymmetrical Z-shaped folds of quartz±sulfide veins (Fig. 10A-C). S1 is the dominant foliation in
the tonalite and it forms an S-C fabric along the vein margins where the shearing intensified. S1
strikes east and dips steeply to the south in the northern segment of the stripping, whereas it strikes
southwest and dips to the north in the southern part of the exposure. The SW-strike and the Zfolding of some of the quartz±sulfide veins suggest that they were emplaced prior to, or more
likely, early during D1 dextral shearing. S1 foliation is folded by steeply SSW-plunging,
asymmetrical S-shaped F2 folds with a penetrative spaced axial plane cleavage (1-2 mm; S2)
defined by sericite-chlorite-Fe-carbonate streaks in the mafic dike that strikes SW and dips NW
(Fig. 10B, D). The SW-striking quartz-sulfide veins were boudinaged and Fe-carbonate was
emplaced along the neck of boudinage. The consistent orientation change of the S1 foliation
suggests that S1 was rotated in anticlockwise manner during a post-D1 deformation event. The Sshaped folding, the boudinage formation, and the anticlockwise rotation of S1 indicate that D2
deformation was sinistral shearing. A strong, steeply SSW-plunging lineation is commonly
observed along the walls of veins that are oriented subparallel to F2 fold axes suggesting that the
strong lineation was developed during D2 sinistral shearing.
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Figure 9. Geological map of the Golden Mile East extension exposure. The inset displays a smaller stripping
to the NW of the main stripping. The coordinates are provided in NAD83 UTM Zone 16 projection.
MERC-ME-2018-043_E
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Figure 10. Field photographs from the Golden Mile east extension exposure. A) S1 foliation axial planar to
Z-folded quartz vein in tonalite. B) A strong, east-striking S1 cleavage is axial planar to Z-shaped fold folding
a quartz±sulfide vein in mafic dike. S1 foliation is folded by S-shaped F2 fold with SW-striking axial planar
S2 foliation. C) Close-up of the Z-folded quartz±sulfide vein with axial-planar S1 foliation. D) Close-up S1
foliation folded by S-shaped F2 fold with strong axial planar S2 foliation.
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2018 North Swayze
Field Trip Guide

NORTH SWAYZE GREENSTONE BELT: LITHOLOGIES AND STRATIGRAPHIC
RELATIONSHIPS

Author: Rasmus Haugaard
Excursion Leader: Rasmus Haugaard
The meeting point for the north Swayze field trip is at the intersection of 101 and the Talc Mine
Road (there is a big Imery’s Talc Mine sign on the road) ca. 60 km west of the 101 and 144
intersection.

Introduction
The north Swayze area is located within the western Abitibi subprovince (Fig. 1) and is likely the
westward extension of the Abitibi Greenstone Belt (AGB). In terms of mineral deposit
occurrences, the area has long been considered the 'poor cousin' to the subjacent AGB. As a
consequence, it has not received as much geological attention nor exploration expenditures.
The Metal Earth mapping and research project in Swayze is running over two years with 2018
being the second year focusing on the geology in north Swayze. The purpose of the project is to
refine the existing 1:50 000 scale geological map and to establish an overall stratigraphy and
geological architecture of the area. Finding important sedimentary interface zones and depositional
gaps between and within volcanic units are crucial as this can help constraining the stratigraphy
and the evolution of the Swayze area. A key question to solve is whether the greenstone belt rocks
in Swayze represent a collage of unrelated volcanic fragments that somehow got amalgamated or
are the rocks a product of continuous stratigraphy that can be correlated throughout not only the
Swayze area but also to the rest of the AGB?
The Swayze project this year also focussed on detailed mapping of the inferred Porcupine (~2690
Ma) sedimentary basin where mapping sedimentary lithofacies (e.g., conglomerate, sandstone,
mudstone) will be crucial to establish the depositional environment (e.g., fluvial vs. marine type
environment). In addition, sampling of sedimentary beds for detrital zircon dating has been carried
out. Note that the successor basins are important in understanding gold metallogeny, the related
major structures and possibly any seismically defined structures.
This field trip presents some of the important rock units and their stratigraphic relationships from
the Metal Earth 2018 mapping in the Swayze area (Fig. 1). It is the attempt to present both older
and younger lithologies thereby encompassing the majority of the stratigraphy.
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Figure 1. A) Simplified Geological map of the Swayze area with the Metal Earth transect in blue. B) The
northern part of the Swayze area with each location stops shown. Maps are modified from Ayer (1995,
2002).
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Stop #1: The Penhorwood Talc Mine (418512 5338675)
The talc mine is currently operated by Imery’s Talc Canada. The open pit mine is located only 1.5
km south of our meeting point at 101 (Fig. 1). For the tour in the pit everyone will need to watch
a 10 min safety video and everyone should bring their personnel safety equipment: Hard hat,
visibility vest, safety glasses and steel toe boots. Metal Earth can provide extra hard hats and
visibility vests for those that do not have these. The pit tour will take around 1h. 15 min.
In the pit wall, large north-north east trending bodies of serpentine altered ultramafic and talccarbonate rocks belonging to the Reeves ultramafic complex of likely Kid Munro age (ca. 27192710 Ma) can be seen. The talc-carbonate ore body is a light grey, medium grained, rock that
beside talc and carbonate contains disseminated magnetite and ilmenite. The production of talc
from the mine in 2017 was 357.000 tons of ore, grading 46% talc (van Hees et al., 2017). Beside
the talc-carbonate altered bodies, also veins of quartz+fuchsite+black tourmaline (up to 10 cm in
size) can be observed.
The structure of the Reeves ultramafic complex is interesting as it is highly discordant with the
easterly trend of the volcanic and sedimentary rock units in the area (Fig. 1). As we will see, the
western margin of the ultramafic body is highly deformed and is in a sheared contact with the
clastic sedimentary rocks to the west (Fig. 1).

Site #2: Penhorwood Sediment – Conglomerate and sandstone (415083 5337277)
This outcrop is exposed along a SE-NW stretch of 101 approximately 15 km west of the Talc Mine
Road (Fig. 1). The shoulder of the road is very narrow therefore we will be parking on a small road
ca. 300 m south-east of the outcrop.
The stop is close to the northern contact between volcanics and the large sedimentary basin to the
south (Fig. 1). The outcrop (Fig. 2) displays cm thin BIF horizons and beds of mudstone-siltstonefine grained sandy siltstone in between deformed pillows. The sediment likely represents interflow
sediment as pillows occur on both sides of the sediment. The mafic volcanics north of the basin
are likely upper Kidd-Munro (2717-2710 Ma) hence it is possible that these sediments are older
than the major basin. Interesting and distinctive alteration features are seen in the pillows that
changes from classic greenstone basalt to bleached and pale, intense silicified, pillows on both
sides of the sediment (Fig. 2). The strain and deformation are moderate-to-high.

MERC-ME-2018-043_F

Page 3 of 9

METAL EARTH - 2018 NORTH SWAYZE FIELD TRIP GUIDE

Figure 2. Sediment sequence within pillowed and bleached mafic volcanics. Looking toward east.

Site #3: Kukatush Porphyry Hill (414783 5337757)
The porphyry strippings are exposed in the northern part of Penhorwood Township just off
Kukatush Road (Fig. 1). The Kukatush Road runs south from the 101 intersection, 4.5 km east of
Groundhog River.
The porphyry represents one of the largest felsic intrusions in the area with an east to west stretch
of almost 5 km and a north to south width of 1 km. The quartz-feldspar porphyry sits within the
sedimentary basin (Fig. 1) and likely intrudes the sediment although no contact is exposed in the
area. The porphyry is in large part homogenous and unaltered but locally it is bleached and sheared
with sericite-ankerite alteration and quartz (±tourmaline) veins (Fig. 3).
The age of the porphyry is unknown. After this season we will carry out geochronology work to
date the emplacement of the porphyry. This is important as it will provide a minimum age of the
sedimentary basin. Furthermore, a large east-west trending porphyry outcrop intruding the
sediment further west at Keith Lake and Slate Rock Lake have similar features to the porphyry at
Kukatush Hill and an age date here will help constrain the timing and formation of the basin.
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Figure 3. A stripping showing the porphyry at Kukatush Hill.

Site #4: Interflow sediment in pillowed mafic volcanics (406842 5338268)
Approximately 1 km further down Kukatush Road we park and walk 15 min east on an old road.
The road takes us to multiple sediment strippings located south-east of Kukatush Hill (Fig. 1).
These strippings are important as the sedimentary basin in northern Swayze is poorly constraint
relative to other parts of the Abitibi greenstone belt. For example, large uncertainties exist in the
depositional ages of the two successor basins in the Swayze area - the Timiskaming-type basin and
the Porcupine type basin. In west the basin starts just west of Foleyet and it terminate at the Talc
Mine in the east - a stretch of almost 30 km (Fig. 1). To date only two detrital zircon studies have
been carried out in the basin. One from the Slate Rock assemblage in the south-west of the basin
(maximum deposition age of <2696 Ma, Breemen et al., 2006) and one from this area by Bleeker
et al. (2015). The latter constrained a maximum depositional age of 2688 ± 2 Ma (U-Pb TIMS age
of youngest zircon) and together with the polymictic nature of the conglomerate they suggested
that the sediment were synorogenic of origin deposited in an active tectonic environment and
concluded that the sediment is part of the Timiskaming assemblage.
The strippings contains clast supported polymictic conglomerate beds interbedded with sandstone
and pebbly sandstone (Fig. 4). Siltstone to finer grained sandstone beds are also evident. Clast
types ranges from granite, gabrro, quartz vein, black chert, fuchsite and talc altered ultramafic
clasts (Fig. 4).
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Figure 4. The Penhorwood sediment just south of Kukatush Hill. Note the brown talc altered ultramafic
clasts in the conglomerate.

Site #5: The Nat River Banded Iron Formation (423489 5334837)
From the 101-Kukatush Road intersection, we drive ca. 12 km east on 101 to the 101-Kenogaming
Road intersection and turn down the Kenogaming Road. The Nat River banded iron formation
(BIF) is well-exposed at two places ca. 10 km south from 101 close to the Penhorwood Road (Figs.
1 and 5). The BIF is part of an anticline (the Hanrahan anticline) and sits on top of ca. 2730 Ma
Deloro intermediate to felsic volcanics and is overlain by ca. 2710 Ma Tisdale ultramafic to mafic
volcanics (Fig. 1). As the deposition of BIF represents a long period of non-volcanic activity, they
represent important gaps and marker horizons in the volcanic stratigraphy. This BIF can possible
be correlated with other similar BIFs in the belt (etc., the Jefferson BIF further south) helping
constraining the overall stratigraphy in in the Swayze area.
The outcrop strippings show isoclinal folded magnetite-oxide-sulphide BIF in contact to the south
with intermediate to felsic volcanics of presumably Deloro assemblage and to the north with
sheared ultramafic to mafic rocks of the Tisdale assemblage. The BIF has been cut by multiple
porphyry and lambroite dikes. The Deerfoot Deformation Zone runs though the lower part of
MERC-ME-2018-043_F
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Tisdale assemblage as these rocks are more highly strained than the adjacent BIF and Deloro
volcanics. A multiple and complex structural patterns are seen in the BIF with both chert folding
and chert brecciation (Fig. 5). The sulfide mineralization ranges from massive pyrite and pyrotite
to mm-scale pyrrhotite veins that cross cuts the banding in the BIF. The mineralisation is also
observed in the Deloro volcanic rocks of the hanging wall.

Figure 5. The Nat River BIF. A) The strippings showing BIF with orange zones with massive sulfide
mineralisation. B) Whale back shaped outcrop of well-banded magnetite-oxide BIF. C) Folding in chert
within the BIF. D) Chert breccia within the BIF.

Currently, Metal Earth has a MSc project on similar style mineralisation and host rocks, although
more extensive, at the Jefferson BIF Prospect in the central eastern part of Swayze (Fig. 1) This
project will provide a detailed characterization of the stratigraphy, alteration and mineralization.
The possible VMS style mineralisation at Jefferson is like here hosted within and proximal to a
BIF (the Woman River BIF) which sits on top of Deloro volcanics as part of a same style anticline
as the Hanrahan.
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Site #6: Komatiite Flows (417776 5333014)
A world class komatiite outcrop with multiple distinctive flows occur as part of an east-west
trending ultramafic volcanic unit likely belonging to either Kid-Munro or Tisdale assemblages. It
is located by going ca. 5 km further south on Penhorwood Road, turn west onto Gehann Road and
after ca. 2 km the entrance point to a trail will show up and we will park at the side of the road.
The walk in to the komatiite is 20-25 min through relatively easy terrain. The outcrop shows flows
with up to 20 cm long platy spinifex that is overlain by randomly finer grained feathery spinifex
(Fig. 6), which again is overlain by chilled margin with thermal contraction-polygonal joints.
Facing is towards south.

Figure 6. Beautiful preserved textures in komatiite flows. The flows belongs to either Kid Munro or Tisdale
assemblages. 25 cent coin as scale.
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List of stops
Table 1: List of stops and locations (UTAM NAD83 U18)
Station
UTME
UTMN
MECH18UCE0171 542934.38 5553122.35
MECH18UCA0042
540659
5555789
MECH18UCB0155
541060
5556021
MECH18UCA0033* 549393.78 5555774.76

Description
STOP #1 – Chevrillon pluton
STOP #2 – Conglomerat (Chébistuan Formation)
STOP #3 – Obatogamau Formation
STOP #4 – Deformed mafic lava flow
STOP #5 – Barlow fault zone (road side
MECH18UCA0058 553282.41 5550066.74
outcrops)
STOP #6 – Barlow fault zone (Chébistuan
MECH18UCA0026* 554121.61 5549511.64
conglomerat)
MECH18UCA0064 556034.92 5550290.9 STOP #7 – Barlow fault (Tarku striping)
Central Camp
547931
5525637 STOP #8 – Kokko Creek open pit
MECH18UCC0086* 535547
5523279 STOP #9 - sodagranophyre
*Optional stops

The Chibougamau area
The Chibougamau transect of the Metal Earth project is 162 km long and extends, from N to S,
from the Opatica Subprovince (immediately north of the Barlow pluton) to south of the Caopatina
basin. The Chibougamau area has been mapped by generations of geologists, and the following
description is based on several syntheses (Daigneault and Allard 1990, Leclerc et al. 2017, Polat
et al. 2018).
Chibougamau is known for its historical mining camp; the Central Camp, a Cu-Au porphyry
mineralisation related to an intrusive phase of the Chibougamau pluton (Pilote et al. 1998b, Pilote
2006). The Chibougamau area displays distinctive features compared to the southern, goldMERC-ME-2018-043_G
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endowed, Abitibi Subprovince, such as an absence of komatiite, the presence of large-scale E-Wstriking folds (10-20 km extent in the N-S direction), and an abundance of magmato-hydrothermal
mineralised systems.
The Chibougamau area comprises some of the oldest volcanic rocks of the Abitibi Subprovince;
i.e. the ~2791-2799 Ma Chrissie Formation (Leclerc et al. 2017). These rocks are overlain by the
two volcanic cycles of the Roy Group. Each cycle comprises a thick accumulation of mafic to
intermediate lava flows topped by felsic eruptive centers. The Roy Group is topped by the ~2700
Ma successor basin sedimentary rocks of the Opémisca Group (Leclerc et al. 2017, Polat et al.
2018).
The rocks of the first volcanic cycle (cycle 1) correspond to the Obatogamau and Waconichi
Formations. The undated Obatogamau Formation has a tholeiitic affinity, contains characteristic
plagioclase macrocryst-bearing mafic volcanic rocks, is mostly made of basaltic to andesite lava
flows intercalated with more evolved volcanic centers, and may be genetically related to the LDC
(Polat et al. 2018). It is topped by the intermediate to felsic volcanic rocks with tholeiitic to calcalkaline affinities of the ~2.730-2.726 Ga Waconichi Formation (Leclerc et al. 2017). The
Waconichi Formation contains several exhalative units (chert and iron formation) and sulphide
accumulations related to VMS systems (e.g. Lemoine mine) (Mercier-Langevin et al. 2014). Based
on their extent in the field, these VMS likely formed around small eruptive centers (Allard 1976).
The second volcanic cycle (cycle 2) comprises the ~2.724 Ga Bruneau Formation (Davis et al.
2014), a pile of mafic lava flows, and the Blondeau Formation, a thick pile of volcanoclastic
deposits, felsic extrusions, as well as chemical and clastic sedimentary rocks with a maximum age
of 2.721 Ga (Leclerc et al. 2012). In the area visited by this excursion (Figure 1), cycle 2 is topped
by conglomerate, arkose, and mudstone of the Bordeleau Formation and by the Chébistuan
Formation (Opémiska Group). The Chébistuan Formation is made of basin-restricted sandstone
and conglomerate, and is equivalent to the Stella and Haüy Formations (Opémiska Group)
observed south of the Chibougamau pluton.
The main intrusions of the Chibougamau area correspond to the Lac Doré Complex, a large ~2.728
Ga (Mortensen 1993) layered intrusion, and to the Chibougamau pluton, a ~2.718 Ga (Krogh 1982)
poly-phase pluton. The Lac Doré Complex contains V-mineralisation and hosts the Cu-Au Central
Camp, which is related to an intrusive phase of the Chibougamau pluton. Other remarkable
intrusions correspond to three ultramafic to mafic sills of the ~2.717 Ga (Mortensen 1993)
Cummings Complex, to several syn-volcanic TTG and syn-tectonic granodiorite, and to sanukitoid
intrusions (Barlow and Opémiska plutons).
Regional greenschist facies metamorphism is ubiquitous in the Abitibi Subprovince and in the
Chibougamau area. Higher grade assemblages (amphibolite facies) are observed in contact
aureoles and near the Grenville Front of Proterozoic age (Rivers et al. 1989). Deformation formed
several E-W- to NE-SW-oriented anticlines and synclines. The stratigraphy is also complicated by
smaller-amplitude folds and by a large amount of reverse and strike-slip faults (Daigneault and
Allard 1990).
MERC-ME-2018-043_G
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Figure 1: Simplified map of the Chibougamau area locating the excursion’s stops (SIGEOM 2016, MERN
map). The red line corresponds to the Metal Earth seismic profile.
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STOP #1 – Chevrillon pluton
The Chevrillon pluton is a relatively small granodiorite emplaced in the Opémiska basin
(Chébistuan Formation). The intrusion may post-date the main deformation event observed in the
sedimentary rocks of the Chébistuan Formation. This pluton has a preliminary age of 2693.1 ± 1.7
Ma (unpublished age by M. Hamilton, University of Toronto, 2018), which provides new
constraints on the timing of deformation in the northern part of the Chibougamau transect.
The Chevrillon pluton is being studied by J. Huguet as part of his master’s project. This project
will provide insights on the intensity of the deformation recorded by the pluton (does the intrusion
post-date the deformation event or is it syntectonic?), and on its structural relationship with its
hosting material. The project also aims at characterising the magma (source? Mode of
emplacement? Redox conditions?) and its numerous enclaves (Figure 2-a).
The main outcrops of the Chevrillon pluton are located far away from the main road and will not
be visited. Instead, we will visit a satellite injection that displays the same petrology as the main
pluton. The outcrop exposes the abundant cm-long zoned feldspar phenocrysts that characterise
the intrusion, as well as mafic enclaves which have been observed in most of the surface exposures
of the plug.

STOP #2 – Conglomerat (Chébistuan Formation)
The northern Opémiska basin, which encloses sedimentary rocks of the Chébistuan Formation, has
been studied in detail by P. Bedeaux as part of his postdoctoral project. In the southern part of the
Abitibi Subprovince, conglomerates (e.g. Timiskaming type) are spatially associated with late
intrusions (syenite and granodiorite) and gold mineralisation. The conglomerate and late intrusion
association is also observed in the northern part of the Chibougamau transect, but no significant
gold mineralisation has yet been found. The objective of P. Bedeaux’s project is to document the
northern Opémiska basin and to compare it with other Abitibi successor basins to gain insights on
the factors controlling gold endowment.
The outcrop visited is an example of a strongly deformed polygenic conglomerate. It is enriched
in mafic clasts, is highly strained, and has been metamorphosed to the amphibolite facies (Figure
2-b). Note the presence of massive sulphide pebbles, deformed quartz veins and cross-cutting
mafic dykes.
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Figure 2: a) Enclaves and hematised fracture in the Chevrillon pluton (STOP #1); b) Highly strained
conglomerate enriched in mafic components and containing massive sulphide clasts (STOP #2); c) Pillow
lava with feldspar macrocrysts (STOP #3); d) lava flow enriched in feldspar macrocrysts (Obatogamau
Formation). This outcrop will not be visited because it is located along a long and poor-quality road. e)
Highly strained basalt (STOP #4); f) Deformed and metamorphosed (amphibolite facies) pillow basalt
located in the Barlow shear zone (STOP #5). Note the volcanogenic sulphides around the pillows.
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STOP #3 – Obatogamau Formation
The Obatogamau Formation is being studied by A. Boucher as part of his master’s project. The
Formation is a pile of mafic lava flows that covers a third of the surface of the Chibougamau
transect. It is an undated unit characterised by feldspar macrocryst-bearing lava flows and sills,
which are interbedded with a minor amount of felsic extrusions. The 2018 field work documented
several volcanic breaks (i.e. cherty and argillitic sulphide-bearing horizons) as well as felsic
rhyolite that will be dated this year as part of the Metal Earth project.
The Obatogamau Formation has mostly been studied in the southern part of the transect, where it
is best exposed. This formation is also observed in the northern part of the transect. The visited
outcrop has been cleaned as part of the 2018 Metal Earth field campaign and exposes: 1) clastic
material; 2) felsic tuff; 3) thinly bedded chemical sediments; and 4) a pile of feldspar macrocrystbearing pillow basalts that correspond to a typical Obatogamau Formation facies (Figure 2-c).
This outcrop is a good example of a volcanic break in the Obatogamau Formation. Note that a
nearby outcrop, that we will not have time to visit, is enriched in plagioclase macrocrysts (Figure
2-d) and corresponds to another typical facies for the Obatogamau Formation.
The visited outcrop is located in a unit formally mapped as the Bruneau Formation. This outcrop
of Obatogamau lava flows is however located a few hundred meters north of Opémiska
sedimentary rocks (STOP #2). One of the contributions of the 2018 field campaign was to provide
field evidence that the Bruneau Formation (cycle 2) may not exist north of the Opémiska basin.
This implies that the northern Opémiska basin (i.e. one of the youngest unit of the Chibougamau
transect) may be in faulted contact (Barlow fault) with the Obatogamau Formation (i.e. one of the
oldest unit; cycle 1).

STOP #4 – OPTIONAL – Deformed mafic lava flows
The northern portion of the Chibougamau transect spans the contact between the Abitibi and
Opatica subprovinces. This contact is obscured by the Barlow pluton (sanukitoid). The visited
outcrop is located along the southern margin of the Barlow pluton and exposes strongly deformed
amphibolite-facies lava flows (Figure 2-e). The outcrop exposes strongly sheared rocks and Zshaped folds that bend the foliation planes. These lava flows may belong to the Obatogamau
Formation, which comprises feldspar macrocryst-bearing and -barren extrusions.

STOP #5 – Barlow fault zone (road side outcrops)
The Barlow fault is located at the contact between the Opémiska basin and mafic lava flows of the
Bruneau Formation, which may actually belong to the Obatogamau Formation (work in progress;
MERC-ME-2018-043_G
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see STOP #3 for details). The fault zone also overprints mafic sills of the Cummings Complex
(Roberge, Venture, and Bourbeau sills), around which the fault splits into two branches, and felsic
deposits of the Blondeau Formation (see STOP #7). This fault zone dips steeply in the west (see
STOPS #2 and #3) and dips shallowly (20-30°S) in the east (STOPS #5, #6 and #7), and the reasons
for this dip variation are under investigation by P. Bedeaux (post-doc) and A. Brochu (BSc
project).
The visited area (STOPS #5, #6 and #7) is a gold showing that is claimed and explored by Tarku
(Richardson project; https://www.tarkuresources.com/en/projects/richardson/), and you will note
the presence of abundant disseminated sulphides in the field. The shallow dipping fault also
correlates with one of the reflectors of the Metal Earth seismic profile. Documenting this structure
is important to our understanding of late sedimentary basin formation and deformation. The area
also corresponds to a recently initiated exploration project focused on a mineralised context that
requires investigation.
The visited outcrop exposes intensely deformed and metamorphosed (amphibolite facies) pillow
basalts, shallow dipping foliation plane, and clear down-dip stretching lineation. Pillow basalts
with sulphide-enriched outlines are still recognisable (Figure 2-f). Note also the garnet-bearing
horizons, which are likely metamorphosed chloritized mafic rocks.

STOP #6 – OPTIONAL – Barlow fault zone (Chébistuan conglomerate)
This strongly deformed conglomerate is also part of the Barlow fault zone and exposes strained
sandstone and conglomerate. Note the down-dip stretching lineation (Figure 3-a). Some mafic
and felsic pebbles are rounded, but most are strongly stretched. The exposed facies is different
from the one shown previously (STOP #2).
The sandstone unit will be dated as part of the Metal Earth project. This age will provide constrains
on the Opémiska basin that has not yet been dated, and will also inform us on the timing of
deformation along the Barlow fault.

STOP #7 – Barlow fault (Tarku 2016 striping, Richardson project)
This striping exposes another portion of the Barlow fault zone. It exposes a deformed sill of the
Cummings Complex (Bourbeau sill) that is in contact with felsic tuff and thinly bedded chemical
sedimentary rocks of the Blondeau Formation (cycle 2). A late dyke with a lamprophyre facies,
abundant xenoliths, and intruding fractures, is also exposed.
The stripping displays abundant sulphides, which may in part be related to fluid circulation at the
contact between the Bourbeau sill and the Blondeau Formation. Another part of these sulphides
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may belong to the Blondeau Formation, which generally contains abundant disseminated
sulphides.

Figure 3: a) Deformed conglomerate, with shallow dipping foliation planes and down-dip lineation (STOP
#6); b) Strained chemical sediments, sulphides and sandstone dyke of the Blondeau Formation (STOP #7);
c) Pit of the old Kokko Creek Mine (STOP #8); d) Brecciated contact between the soda granophyre and
mafic lava flows (block) (STOP #9).

STOP #8 – Kokko Creek open pit
The Central Camp is the main historical mining camp of the Chibougamau area. The camp and the
related intrusion are the “heart” of the Chibougamau transect and will be investigated as part of
Metal Earth (project definition is in progress).
The Cu-Au porphyry-style (Cimon 1970, 1973, Guha et al. 1984) mineralisation of the Central
Camp is related to an intrusive phase of the Chibougamau pluton. The geology and metallogeny
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of the Central Camp have been summarised in several volumes (Pilote et al. 1993, 1998a, Pilote
1995, 2006), from which the following description is derived.
The Chibougamau pluton is a ca. 50-km-long poly-phase, diorite–tonalite pluton emplaced ~2715–
2718 Ma (Krogh 1982, Pilote et al. 1997). The pluton intrudes the ~2728 Ma (Mortensen 1993)
Lac Doré Complex and is emplaced within the core of the Chibougamau anticline. Early mapping
by the Ministère de l’Énergie et des Ressources naturelles (MERN) (Allard et al. 1979) was
completed in the 1980s (Racicot 1980, 1981). The Cu and Cu-Au deposits of the Central Camp
are composed of: 1) massive sulphides (chalcopyrite, pyrrhotite, pyrite, as well as some sphalerite
and galena) located in NW–SE-striking fractures, possibly formed by the emplacement of the
Chibougamau pluton (Robert 1994, Magnan et al. 1999); 2) carbonate, magnetite, and sulphide
veins (Allard 1976); 3) localised breccia (Guha and Koo 1975, Guha et al. 1983); and 4) free gold
associated with sulphides and/or late quartz veins (Guha and Kanwar 1987). Cross-cutting
relationships indicate that the massive sulphides are coeval with tonalite porphyry dykes (Jeffrey
1959, Maillet 1978, Guha 1984) dated at 2714 +3/-2 Ma (Pilote et al. 1997). These dykes are
similar to the 2718 ±2 Ma equigranular tonalite phase of the Chibougamau pluton (Krogh 1982).
Then, during and/or after the syntectonic period, these synvolcanic deposits were remobilised (e.g.
gold-bearing quartz veins) and deformed (e.g. mineralised fractures modified into shear zones)
(Arnold and Guha 1980, Guha 1990, Guha et al. 1990).
The anorthosite units of the Lac Doré Complex host most of the Central Camp deposits. The main
alteration features observed in this mining camp show sulphidation (disseminated to massive
sulphides, with documented metal zonation) and silicification (stockwork and late quartz veins)
(Pilote 2006). The other reported alteration minerals are carbonate (siderite, ankerite), white mica,
chlorite, chloritoid, and, locally, magnetite and tourmaline (Jeffrey 1959, Allard 1976, Guha 1984,
Magnan et al. 1999). Sericitisation and chloritisation are particularly intense in and within
centimetres of the NW–SE-striking shear zones.
The visited outcrop corresponds to the open pit of the old Kokko Creek mine, operated by
Campbell Chibougamau Mines ltd. The mine produced 745,169 tons @ 1.15% Cu and 0.24 g/t Au
between 1959 and 1975. The area is currently owned and explored by Chibougamau Independent
Mines Inc (http://www.chibougamaumines.com/p_kokko_creek.htm). The mineralisation
includes chalcopyrite, pyrrhotite, pyrite and minor sphalerite observed along a N110-striking
structure (Figure 3-c). The structure is injected by a quartz-feldspar porphyry dyke that is exposed
in a nearby outcrop that we will visit if we have time. The mineralisation is hosted by the
anorthosite unit (Lower zone) of the Lac Doré Complex, and the main alterations are chloritisation,
silicification, and carbonatisation.

STOP #9 – OPTIONAL – Blocks exposing a contact between the Lac Doré Complex (LDC)
and lava flows
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The sodagranophyre is being studied by Y. Ahmadou Youssoufou as part of his master’s project.
This tonalite unit (albite, quartz, ±magnetite) is the uppermost unit of the Lac Doré Complex
(LDC) and is exposed only where the LDC is in contact with felsic volcanic units of the Waconichi
Formation (Allard 1976). The master’s project aims at unrevelling the origin of the soda
granophyre, at characterising its contact with the hosting volcanic rocks, and at documenting this
particular mineralised context (i.e. the studied parts of the sodagranophyre are carbonatized,
chloritized, contain disseminated sulphides and are currently explored for gold; e.g. Golden Moon
project of Fildex Exploration, http://www.fieldexexploration.com/properties/detail-19.html).
The visited blocks expose a brecciated contact between the soda granophyre and mafic lava flows
(Figure 3-d). A nearby outcrop located in the forest (and that we will not have time to visit)
exposes a contact between similar units, where the soda granophyre injects in the mafic unit. A
map of this outcrop will be presented.
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1) Meeting point: eastern limit of the Chibougamau city, on the parking lot of the « Place de la
fraternité » park (546338, 5529214).
2) Follow road 167 toward the east-north, for about 19 km, until the junction with the “route du
nord”.
3) Turn left on “route du nord”, and follow it for 25 km.
4) Turn left on road R1029, and follow it for 10 km.
5) Turn left on a small forest road and follow lead truck to STOP #1 (542934.38, 5553122.35).
6) Follow lead truck on the small forest road to get back to road R1029 (this is a loop, no turn
back necessary).
7) STOP #2 and #3 are along the R1029 road (540659, 5555789 / 541060, 5556021).
8) Follow road R1029 toward the east for 8 km, and turn left on “route du nord” and follow it
toward the south for 4-5 km until STOP #4, which is along the road (549393.78, 5555774.76).
9) Follow “route du nord” for 5 km, and turn left on a small forest road that you will follow for 2
km until STOP #5 (553282.41, 5550066.74). The outcrop is located along the road.
10) Follow the lead truck on the same road for 1-2 km, toward STOP #6 (554121.61,
5549511.64). The outcrop is located near the road
11) Follow the lead truck on the same road for 3-4 km. Once you are parked, a 20 minutes walk
on path made by machinery will be necessary to reach the stripping of STOP #7 (556034.92,
5550290.9).
12) Follow the lead truck back to the “route du nord” (this is a loop, no need to turn back). Turn
left on the “route du nord”, follow it back toward the south and turn left on road 167.
13) Follow road 167 toward the Chibougamau city, for 14 km, and turn left on “Chemin
Campbell” and follow it for 4-5 km.
14) Turn left on an unidentified road. Be careful, there is a hole in the middle of the road that is
marked by a stick. Follow this road for 500 m and turn left to park next to the Kokko Creek pit
(547931, 5525637).
15) Backtrack on the same road and turn left on “Chemin Campbell”. Follow this road until it
reaches road 167.
16) Turn right on road 167 and follow it back to the Chibougamau city. Turn left on Rue Moisan
(next to the Maxi supermarket), and follow this road, then follow it on Debilly street. Turn right
on a forest road that leads toward R1040.
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17) Turn left on road R1040, and follow it for 12-13 km until STOP #9 (535547, 5523279),
which is located along the road.
18) Depending of your needs, back track the two previous steps to get back to the Chibougamau
city, or follow road R1040 toward the south to reach road 113, that leads to the “Relais du Lac
Caché” toward the east, and toward Chapais toward the west.

APPENDIX – Stratigraphic column of the Chibougamau area (p. 16 of MERN report RG2015-03) (Leclerc et al. 2017)
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