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Regional geology

The province of Québec is located in the northeastern section of the North American continental plate. It is made up of about 10 % Phanerozoic rocks and 90 % Precambrian rocks, of which more than half are Archean in age. The Archean rocks belong to the Canadian Shield (2.9-2.5 g Ga) and are surrotmded by Proterozoic orogenic zones (2.2-1.8 Ga) and the Grenville Province (1.3-1.0 Ga) to the south. 

The Rouyn-Noranda area is located in the south-central Superior Province, the largest Archean craton in the world. The Superior Province includes four types of lithotectonic domains : volcano-plutonic, metasedimentary, plutonic, and metamorphic. Each domain forms distinct sub-provinces separated by structural and metamorphic discontinuities and was diachronously accreted during the Kenorean orogeny, from 2.75 Ga in the northern portion of the Superior Province to 2.69 Ga in the southern portion. The Rouyn-Noranda area occurs along one of these gg structural discontinuities, where the Abitibi and Pontiac sub-provinces are juxtaposed (figure 1). This structural feature is the Cadillac tectonic zone, a complex E-W trending deformation zone that extends from the Grenville Front in the east to the Kapuskasing structure in the west. In the -south and east, both the Abitibi and Pontiac sub-provinces are trtmcated by the Grenville Front, a Proterozoic tectonic zone reactivating Archean rocks and extending over 1200 km in Québec, Ontario and further to the southwest.

Geology of the Noranda camp.

In Québec, the Blake River Group of the Southern Abitibi Subprovince represents one of the richest submarine volcanic assemblages in the Superior Province, with almost 190 Mt of ore produced. The Blake River Group is located between the Porcupine-Destor and Cadillac-Larder Lake (or Cadillac tectonic zone) faults (figure 2). It is known for its numerous volcanogenic T massive sulphide (VMS) deposits as well as the variety of volcanic facies that are well-exposed, only slightly deformed and weakly metamorphosed (greenschist facies to transitional greenschist - amphibolite facies) (Powell et al., 1995). The age of the Blake River Group is between 2704 and 2695 Ma (McNicoll et al., in prep.). Locally, the Blake River Group is overlain by turbidites belonging to the Cadillac Group or the Kewagama Group, both younger than 2687 and 2689 Ma (Davis, 2002; Lafrance et al., 2005; Mercier-Langevin et al., 2007). The Blake River Group is also locally overlain by the conglomerates and alkaline volcanic rocks of the Timiskaming Group (~2680 to 2669 Ma, Goutier et al., 2009) and the proterozoic conglomerates of the Cobalt Group.

The Rouyn-Noranda district is also recognized for its epigenetic and hydrothermal gold deposits which occur in a great diversity of geological settings (figure 2). Relative timing suggests that most deposits are post-peak metamorphism because hydrothermal minerals associated with the gold mineralization invariably replace metamorphic mineral assemblages. Gold deposits in the Rouyn-Noranda area also show a great diversity in structural settings. Mineralization may be located in first-order structures such as the Cadillac and Porcupine-Destor faults (Astoria, Q Bazooka, Augmitto, McWatters, Beattie, and Donchester); in second-order structures like the · Francoeur-Wasa thrust fault (Francoeur, Amtfield, and Wasamac); in secondary faults related to first-order structures (Duquesne), in small NE- or NW-trending shear zones within granitoids 
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the gold-bearing VMS deposits of the Doyon—Bousquet-LaRonde mining camp (Bousquet 1, Bousquet 2-Durnagami, Westwood, LaRonde Penna) found within the Bousquet Formation, — which is characterised by intermediate to felsic lavas and volcanoclastic deposits (Mercier- Langevin et al., 2009). An important part ofthe Reneault-Dufresnoy Formation was deposited in the Cléricy area during this episode, as well as the Mooshla Pluton in the Cadillac area and the —· Montbray, Dufresnoy, and Dufault gabbros (McNicoll, unpublished). 

The felsic volcanic rocks of the fourth episode (2696.7 to 2695 Ma) are abtmdant in the eastern ·· half of the Blake River Group. They include numerous spherulitic rhyolites of tholeiitic affinity at the top of the Noranda and Reneault-Dufresnoy formations (upper member of the Fish-roe, · Cyprus rhyolite, Cléricy hills rhyolites, Mobrun upper rhyolite) and many felsic plutons " (Monsabrais Pluton, Cléricy tonalitic Pluton). This tholeiitic activity is expressed in the western portion of the area by the emplacement of the gabbroic R.M. Nickel Pluton (McNicoll, unpublished). Finally, the two VMS deposits of the Bouchard-Hébert mine, as well as the " Canagau deposit in Ontario, were formed during this episode (Peloquin et al., 2008; McNicoll et al., in prep.).

The Blake River Group is the result of a succession of submarine volcanic assemblages, some being very similar while others are very different (facies and geochemical affinities). This demonstrates that with a region, numerous magmatic sources can cohabitate and do not simply _ follow the classic tholeiitic to calc-alkaline affinity series. The four episodes of the Blake River Group are host to at least one important VMS deposit. These are distributed over a periodof about 2 Ma. Gold-bearing VMS are not restricted to a single episode. Some areas have seen little — exploration activity or have not been extensively studied because of lack of outcrop or are too remote. All these factors make the Blake River Group an attractive exploration target for the __ discovery of VMS deposits even today. 

Stop 1 — Mafic and intermediate variolitic flows 

The first stop is located in the southern part of the Rouyn-Pelletier Formation (figure 3). The outcrop is stratigraphically positionned below the Fish-roe Lower Member dated at 2700.6+/-1.6 _ Ma (Lafrance et al., 2005). These tholeiitic lavas formed during the second episode and are contemporaneous to the bimodal volcanism in the central part of the Blake River Group dated in · many locations at 2701 Ma (McNicoll et al., in prep.), The variolitic texture is quite common in volcanic rocks of the Abitibi Subprovince. In the Rouyn-Noranda area, variolitic units are found within important marginal tholeiitic sequences, ..» such as the Hébécourt, Rouyn-Pelletier and Lower Blake River (in Ontario), that allow the definition of marker horizons (Gélinas et al., 1984; Dirnroth et al., 1982; Goutier, 1997). These rocks have similar ages (2703 to 2701 Ma) and can be correlated between each other. The variolitic texture is characterised by the presence of small white spherulites in positive relief (varioles), with diameters between 1 mm and 5 cm and typically between 4 and 10 mm. In -— pillowed flows, the varioles are best developed in the pillow margins and coalesce towards the center of the pillows. The bigger, better developed varioles occur in the bigger pillows with 
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the chloritized delicate glass shards and fine lava fragments in the hyaloclastites accentuates the remarkable state of preservation of these Archean mafic flow features. 

Stop 3 — The Lapointe Park volcanic assemblage 
The outcrops located around Lapointe Park are composed of a series of basaltic submarine lava J flows that are only weakly deformed and slightly metamorphosed (figure 4). The flows are oriented WNW and dip steeply to the north, which is also the younging direction. The flows ( include massive, pillowed and brecciated facies and one can observe both vertical and lateral facies changes within individual flows. The three dimensional aspect ofthe various facies can be observed on some of the most prominent outcrops. Gabbroic intrusions are also present within _ the assemblage. These rocks are typical of the tholeiitic units that comprise the base of the Blake River Group (first and second episodes). This assemblage is interpreted as being part of a submarine lava plain (Dimroth et al., 1976 and 1982).

Stop 4 - Cap d’Ours Segment of the Glenwood Rhyolite 
The Cap d’Ours outcrops are located immediately to the north of the Université du Québec en Abitibi-Témiscamingue (UQAT) Rouyn-Noranda campus (figure 5). Deposits in south-central Rouyn-Noranda are dominated by extensive felsic flows known as the Glenwood rhyolite. » Eastem portions of the Glenwood rhyolite (the Cap d’Ours segment) are comprised of in situ brecciated lobes that become increasingly brecciated from west to east. Lobes range in thickness from 10 to >40 m and trend ENE, stopping abruptly at the Glenwood fault. Internal portions of ee lobes are vesiculated and exhibit well developed flow bands and locally jointed areas. Eastern portions of the lobes are typified by flow breccias with angular to subangular vesiculated fragments and flow bands within the glassy matrix. In several areas, fragments are oriented and { demonstrate a flow direction of ENE. As the lobes become more brecciated to the east, the amount of glassy matrix decreases and fragments demonstrate a jigsaw fit. Central portions or the Cap d’Ours are intruded by a series of quartz- and feldspar-phyric endogenous lobes . The endogenous lobes are characterized by 2-5% quartz and 20-40% feldsparand are locally brecciated where they intrude into the pre-existing felsic lobes. The entire Cap d’Ours is later cross—cut by several generations of mafic dykes. 

  Deposits of the Cap d’Ours segment of the Glenwood rhyolite are characteristic of a subaqueous felsic dome-flow complex emplaced in a volcano-tectonic depression within the mafic shield   complex dominated the stratigraphy of southern Rouyn-Noranda. In situ brecciated lobes are typical of felsic lavas extruded proximal to a central conduit. As the in situ brecciated lobes ( flowed more distally from the vent, brittle fragmentation processes developed and formed jigsaw if ( type brecciated deposits found at the easter margin of the Cap d'Ours. Following initial emplacement of the extrusive lobes, a period of extension occurred beneath the dome, allowing endogenous lobes to intrude the central portion of the complex. In conjunction with mafic sequences, these deposits represent the shift from the initial mafic shield building phases to classic bimodal volcanism.
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composed principally of pyrrhotite, pyrite, and chalcopyrite. It was the first and largest VMS deposit discovered in the Noranda camp. The mineralization was hosted by an assemblage of - chlorite-sericite-altered epiclastic rhyolite tuffs which were deposited in a narrow paleo-graben located on the flank of a major felsic volcanic centre (Kerr and Mason, 1990). The Horne deposit is found within an E-W trending assemblage of felsic volcanic rocks, the - "Horne Block”, which is bounded by two major subvertical faults, the Horne Creek Fault to the north and the Andesite Fault to the south. To the north of the Horne Creek Fault lies the rhyolite- hosted Quemont deposit whereas rocks south of the Andesite Faultare dominated by andesite -— flows and quartz diorite to gabbro intrusives. The Home rhyolites are composed mainly of coherent rhyolite and related volcaniclastic deposits, interpreted to represent subaqueous lava flows with lesser syn-volcanic intrusions, redeposited syn-eruptive volcaniclastic deposits, and -· possible primary pyroclastic deposits (Kerr and Manson, 1990; Kerr and Gibson, 1993; Gibson _ etal., 2000).

This stop covers a thick sequence near the top of the West Zone of the Horne Formation (figure 7). According to Kerr and Gibson (1993), the volcanic succession is located in the footwall of the giant Horne deposit and is probably positioned several hundred meters below the Upper H and ’ Lower H ore bodies. The outcrop is located about 1 km to the west of the Home deposit. Many sections of this large outcrop were sandblasted in 2008 to remove the weathered crust formed after the outcrop was stripped in 1985. It was mapped at a scale of 1:200 by Monecke et al., " (2008). 

The following description is taken from Monecke et al. (2009) : _ 

The Horne West outcrop (figure 7) is dominated by a proximal facies including coherent rhyolite and associated volcaniclastic rocks that fonned by autobrecciation and quench fragmentation. — The coherent rhyolite units are interpreted to have been emplaced near their vents where quenching in the subaqueous environment and mixing with unconsolidated or poorly _ consolidated volcaniclastic material limited the overall extent of the rhyolitic lava. 

Voluminous mass—flow-derived coarse volcaniclastic deposits form an important part of the __ Home West assemblage. Abundant chlorite wisps are interpreted to represent formerly glassy particles and the occurrence of altered pumice clasts within these units suggest that the debris was, at least in part, a product of explosive felsic volcanism taking place within or outside the __ immediate area. The explosive volcanic activity is interpreted to have been broadly contemporaneaous with the effusive or shallow intrusive rhyolitic volcanism in the Horne West area. 

Disseminated sulphide mineralization and associated hydrothermal alteration are conspicuous features of the Home West stratigraphy. Significant gold grades were encountered in zones of - disseminated sulphide mineralization occurring in the immediate footwall of coarse volcaniclastic rocks containing abundant sulphide clasts.
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Away from the pit area, the pillowed and massive Amulet Andesite flows are rusty with up to 10 o % pyrite both disseminated in massive parts of the flows and locally concentrated in pillow _ selvages. Chlorite and recrystallized quartz are also present in pillow selvages. 

Approximately 500 m north of the Upper A glory hole along the main gravel road, the Lower A Q exhalite is exposed in an outcrop on the south side of a wide open area (figure ). This Lower A exhalative tuff is a slightly pyritic, siliceous horizon a few centimetres thick that occurs between __ pillowed flows of the Amulet Andesite and the Millenbach Andesite. 

Because this exposure is such a rare surface occurrence of an exhalive tuff horizon, we _ strongly encourage all visitors to abstain from taking samples of the exhalite.
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